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Sine-
Cosine
Function
Generator

#SFG 1374-1

i
Provides A Two
Quadrant =
Sine =
Function
I 1 with

~+— better

— | than 1%
Accuracy

m Scaled for =10V input and output

W
=

m Operates from conventional
+15V power supplies

® No external offset adjustments
required

®m Terminal provided to allow four
quadrant operation

Specifications Include:

DC accuracy:
+ (0.1% + 0.6% x Ew/10V)

DC accuracy over the complete
temperature range:
+ (0.25% + 0.75% x En/10V

Input impedance (pin 1): 9.3K Q
Input voltage range (pin 1): =10V DC
Rated output-voltage: +10V DC
Rated output-current: +5ma

Output impedance: 1 ()

Frequency response for
1% accuracy: DC to 3kHz

There is No Substitute
for Reliability

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
Multipfiers

® Squaring/Square
Root Modules

® Precision Analog
Divider

® Precision A.C.
Regulators

® Demodulators

e Transformers

Analog
Computing
Applications

® Trigonometric
Manipulations

@ Multiplying
@ Dividing

® Squaring

® Modulating

@ Automatic Gain
Control

® Demodulation
® RMS Computation

® Phase Measurement

o AC Amplitude
Regulation and
Modulation

® 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

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

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

B 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: 2% 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

There is No Substitute
for Reliability

GENERAL MAGNETICS, INC.

135 Bloomfield Avenue
Bloomfield, New Jersey 07003
(201) 743-2700
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These amplifiers make your testequipment -
and your budget—look good.

Hewlett-Packard's new wideband
REF amplificts improve the sensitivity
of your scopes, spectrum analyzers,
counters, network analyzers - any-
where you need low-noise, high-gain
amplification.

As a result of HP's hybrid thin-
film microcircuit technology, these
amplifiers bring vou superior perform-

Frequency Range

Nominal Gain

Gain Flatness
Noise Figure

Output Power
@ 1 dB Gain
Compression

Price

ance and high reliability at low cost.
The table below gives frequency
ranges, prices and performance of the
six basic configurations. Dual channcl
versions of the prcamps can also be
supplied to improve the performance

bring you the details of how these
amplifiers can help enhance the test
cquipment you're using now. Or write
to Hewlett-Packard, Palo Alto,
California 94304, Europe: 1217
Meyrin-Geneva, Switzerland.

of 2-channel instrumentation.

They'te ready for delivery now.
A call to your HP field engineer will

HEWLETT PACKARD 8447 SERIES LAB AMPLIFIERS

HP 8447A | HP 844788 | HP 8447C | HP 8447D | HP 8447E HP 8447F
Preamp Preamp Pwr. Amp. Preamp Pwr. Amp. | Preamp/Pwr. Amp
0.1-400 0413 | 30-300 0.1-1300 0.1-1300 0.1-1300

MHz GHz MHz Mlbiz Mtz Niiz
20 dis 22 .dB 30 dB 26 dB 22.dB 48 dB
0.5 dB ~1dB ' 1 dB 1.5dB 1.5 dB =3 .dB
S dB |
Gap |08 G 8 dB <t dB ¢8 dB
1.0-1.3 GHz
| | ‘
>+ T dBm | >—3 dBm +17 dBmn | TdBm | >+ 14 dBm | >+ 14 dBm
S$550 S600 ] $450 $650 $700 SUITS

Circle 1

HEWLETT ﬁ PACKARD
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Are quartz oscillators good enough
for your communication system?

Let’s face it. Your system’s

performance is directly .

related to the quality of its l B
N

@

K

frequency source. And ‘

2R

that’s why so many people
are switching to atomic
frequency standards.

We say this although we make some
of the best quartz oscillators on the
market. But then we make the
best alternative.

The HP 5065A Rubidium Frequency
Standard is 100 times more stable than
quartz. For example, the long-term
stability is 1 x 10-!* per month, and
the short-term stability is 5 x 10-** for
one second averaging—the best
guaranteed rubidium stability available.
This means better accuracy over longer

it

s 1@

$. BT

intervals between cali-
bration and better
signal to noise
ratios.

Then there’s our
3-year Rubidium
Frequency Vapor Reference warranty.
This covers the operation of the
entire module, not just the gas cell
part which only goes wrong once in
a blue moon anyway.

So if you're working in color TV,
navigation or communication systems,
we can solve many of your worries.
The 5065A, which costs $7500, has
proved itself in the field for
the past three years.

Should your applications require even
greater long-term stability, ask about

L)

* s

our Cesium Beam Frequency Standard.
Its long-term drift is virtually
unmeasurable.

In fact, we're the only company that
can supply you with all three types of
frequency source—quartz, rubidium
and cesium. And your local HP field
engincer is the one source for all your
frequency needs. So give him a call.

Or write us for complete information
at Hewlett-Packard, Palo Alto,
California 94304; Europe: 1217

Meyrin-Geneva, Switzerland.
0218

HEWLETT 71“7 PACKARD

FREQUENCY STANDARDS

Circie 2 onreader service card
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e doubled-teamed it once again

to put together this year's spe-
cial report on Japanese electronics
markets (sce page 119). Art Erikson,
our Paris-based Managing Editor,
International, put in a three-week
stint in Tokyo. making the rounds
with our man in the Far East,
Charlie Cohen.

Like everyone involved in elec-
tronics in Japan, Erikson and Cohen
checked in at the Ministry of Inter-
national Trade and Industry (MITI),
the mentor and guide for key indus-
tries in Japan. Writes Erikson:

“Although electronics in Japan
marches to MITI's meter, you'd
never guess it when you first see the
agency’s drab and austere head-
quarters in Tokyo. Nothing at first
glance suggests the kind of place

where decisions aftecting billions of

dollars of business are made.

“The lobby. if you can call it that,
is no more than an oversized corri-
dor badly in need of paint. You go
up to your appointment in what
seems to be a freight elevator long
ago tarted up to carry passengers.
The offices are vast fields of desks
crammed close together amidst
clumps of filing cabinets. The man
who heads the electronics policy sec-
tion receives visitors out in the open
in a niche big enough to hold a set-
tee. a coffee table. and two chairs,

The appearances. truly. are de-
ceiving. And you sense that as your
interview progresses. There's a con-
stant stream of businessmen flowing
through the area, nearly all freshly
groomed and carrying the anxious
look of executives waiting for a fa-
vorable decision.

“Leavetakings between business-
men and the MITI bureaucrats are
marked by lots of polite bowing.

Publisher’s letter

And nearly all businessmen con-
tinue to bow to MITI's ‘adminis-
trative guidance’ when theyre on
their own home ground—their com-
pany boardrooms.

MITI has considerable clout to
convince businessmen to go along
with the decisions it makes—all of
them intended to keep the Japanese
in firm control of key industries, It
portions out import licenses, for ex-
ample. for the MOS/LSI chips that go
into desk calculators. MITI also has
the key say on who can license what
from whom when it comes to tech-
nology imports.

“But MITI men insist their most
potent argument is the way they
reach their decisions. All their pol-
icies are a consensus worked out by
industry and government officials.
And they say industry members pre-
dominate on the committees where
the consensus decisions are worked
out. A rundown of the membership
list for the electronics and data-pro-
cessing groups bears them out.

“One difficulty of intensive inter-
viewing in Japan is coping with the
vast liquid intake that politeness re-
quires. A girl bearing green tea,
black tea. coffee. or cola invariably
appears early in the interview. Dur-
ing a session one hot day at the Nip-
pon Telegraph and Telephone
Corp.. a secretary turned up with a
milky-looking concoction tinkling
with ice. It turned out to be one of
the best-tasting soft drinks I've ever
had, something called calpis. It's cit-
rusy and sweet even though it’s sim-
ply a kind of fermented milk.”

y/ J///Mw
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POWER

SUPPLIES
for the COIVIPUTER
SYSTEIVI

DESIGNER

Specialized versions of the enormously popular Kepco
JQE Power Supplies, the CPS Group is configured for
the quality data processing system.

Typical Fuli Rack
Meteted and Modular
Styles

A linear regulator produces no switching noise or
“spikes to mess up your logic or SCR’s to hack-up the
power line.

A forced-cooled dissipator requires no derating, de-
livers full output—or can be shorted indefinitely, at
71°C with no external heat sinking. The source of
moving air is built-in,

A precision 20 ppm, 10-turn panel control adjusts the
voltage—or you can program by selecting various con-
trol resistors—or using external voltage/conductance
ratios.

ﬂ A fast-acting, overvoltage crowbar can be set from the

panel to stand guard at a selected maximum voltage.
There’s an adjustable crowbar delay you can use to
minimize the false alarm rate.

You can get them in modular form, with recessed
screwdriver controls or in smart laboratory-dress with
a pair of flush meters and knobs for the controls.

Three sizes house a selection of four power ratings in
two voltage ranges. (See the table below.)

’ R —
OUTPUT IMPEDANCE:

DC OUTPUT Ohms + Microhenries RACK [

MODEL RANGE d-c to 1002 1kHz to SIZE | PRICEe
| VOLTS | AMPS 100H2 | te TkHz | 100kHz+uH |
CPS6-10M | 0—-6 |0-10 | 30X10° | 0.02 | 0.05+1 | % |$ 392.00 |

CPS6-22M | 0~6 |0-22|14X10°| 0.02 | 0.05+1 | % | 626.00

CPS6-45M | 0-6 |0-45| 7X10°]| 0.02 | 0.05+1 | % | 707.00

_CPS6-90M | 0—6 | 0-—90 [3.5X10" | 0.02 | 0.05+1 [Full | 1,065.00

CPS 15—6M | 0—15 | 0—6 [125X10°| 0.02 | 0.05+1 | % | 392.00

CPS 15—12M [ 0-15 | 0-12| 63X10° | 0.02 | 0.05+1 | % | 626.00

CPS 15—25M | 0—15 | 0—25 | 30X10"° | 0.02 | 0.05+1 | % | 707.00

| "CPS 15-50M | 0—15 | ofso]‘ 15X10 | 0.02 | 0.05+1 |Full | 1,065.00

Typical Half-Rack L : . - irtuakd

Metered and Modular
Styles

4 Price is for metered unit, deduct $30.00 for modular style.

Kepco’s CPS models aren’t skimpy bargain-basement sup-

plies. They‘re carefully designed, cool-running, husky

power sources that you can depend upon. We've got them
on the shelf. Your Kepco representative will be glad to

arrange a demonstrat

e ——— (212) 461-7000 » TWX

ion.

Write Department ED—-14

K E c D ® KEPCO, INC. » 131-38 SANFORD AVENUE e FLUSHING, N.Y. 11352
— i==n —= = ]

# 710-582-2631
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If You Need A PowerTransformer‘
Tomorrow - Call Abbott Today

Now Abbott Stocks 60 Hz and 400 Hz Transformers
With 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 pcwer 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 lire of Abbott transformers.
60 Hertz 400 Hertz
Input Primary 115 VAC, 6G Hz + 5 Hz, 1 phase 115V, 400 Hz + 20 Hz, 1 phase
Insulation 1750 VAC or 150% of seconcary volt- 2500 VDC or 150% of secondary volt-
age (whichever is higher) age {(whichever is higher) ‘
Constructian T0 MIL-T-27C, grade: 4, class: “S”,  To MIL-T-27C. grace: 5, class: “S”, |
life: “X" (10,000 hrs.), case: steai life: “X” (10,000 hrs.), case: smaller
Environment To operate in 105°C maximum ambient  Encapsulated to meet MIL-E-5272C, I
temperature. Encapsulated to meet MIL-  including vibration to Proc. XH, tem-

£E5272C and MIL-E-5400H for wibration,
shock, acceleration, sand. dust. humid-
itv, saltspray, fungus, sunshine, rain,
explosion, and altitude (to a vacuum)

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

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

Secondary

l

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. y
|

Please see pages 2848 to 2851 of your 1970-71 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott transformers.

abbot KIFLYIEXCA

LABORATORIES, INCORPORATED |
5200 W. Jefferson Blvd. /los Angeles 90016

1224 Anderson Ave. Fort Lee, N.J. 07024
(213) 936-8185 Cable ABTLABS (201) 224-6900
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Readers comment

Acceleration

To the Editor: In the Aug. 2 issue,
p. 16, you quote Harry W. Painter,
technical director of the Picatinny
Arsenal, as saying that he expects
integrated circuits and electronics to
find their way into more and more
fuzes in *high-acceleration (30 g)
systems because of their rugged-
ness.” The actual level of accelera-
tion encountered should be 30.000
g.not 30 g.
Rubin T. Weiss
Picatinny Arsenal
Dover, N.J.

Hard rider

To the Editor: The article on mili-
tary electronics [July 5, p. 24] de-
scribes plans to investigate domain-
tip devices as possible replacements
for disk and drum memories be-
cause of the latters’ fragility. My
company makes a disk memory for
military and industrial hard-ride ap-
plications such as those cited by the
Navy in the article. It has success-
fully completed shock and vibration
tests and is proving of considerable
interest to military and defense es-
tablishments in the UK for mobile,
seaborne. and airborne systems. Its
price brings it well within the *0.1
and 0.3 cent per bit” margin quoted.
C.W. Layton

Process Peripherals Ltd.

Thatcham, Berkshire. England

Mask standards

To the Editor: The Electronics
Newsletter of July 5 cites user prob-
lems concerning the quality of
chrome masks: poor substrates, pin-
holes in the chrome film, and lack of
reproducibility of photoresist prop-
erties. We feel that progress could
be made by introducing standards
for the quality control of mask
blanks. For example. it is still com-
mon to claim very low pinhole den-
sities without giving any details
about the magnification used for in-
spection, or stating the lower limit
of pinhole size. Both customers and
manufacturers would profit from a
general agreement on standards.
G. Zinsmeister
Balzers AG
Balzers, Liechtenstein

Electronics/November 22, 1971
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All about oomph ... and where to get it

The engineer needed a
2” stroke. Little force
at the start, then a
40 Ib. wallop in the
middle. To reduce im-
pact at the end, he
wanted the force to
tail off.

At Ledex we shape solenoids to give
you the exact force and stroke you need.

We call our answer
the solenoid with the
oomph in the middle.
Just as the curve
shows, it's designed
so the maximum out-
put comes out near the
‘ center of the stroke.

For other actuating applications, there are over 300 Ledex shelf
model solutions to choose from. Here are just three examples:

S TR
short A ﬁ F’éﬂ)
fast Ty
stroke || &

$ -

Iong A
linear T —
haut A

’.~
> £

Move a short stroke load in 5 to 10
milliseconds with a Ledex flat-face
pancake shape solenoid.

You can move big loads far with Ledex
tapered plunger cylindrical solenoids.

For action in an arc or uniform linear

new’things
keep
happening
at Ledex

.« . 8 24 gram solenoid,
Size 50

Electronics/November 22,

3
) rotary solenoid.

swift
rotary |- movement, or both, consider a Ledex
action & '
]

To get the exact force, stroke and speed you need, just describe
your application to our actuating technology people. If your ex-
act answer isn't already on our shelf, we’ll design one for you.

: LEDEX INC.
W
¥ A252°4 the total technology people 2 Vevse Sice!
. {513) 224-9891

Rotary For the latest in actuating
Solenoids technology, here are two
catalogs you should have
on hand. We'll be glad to
send them if you’'ll write or
call.

Push-Pull [+~ ]
Solenoids e

C-1000 C-1100

Only one inch long, '/2” diameter. What can it do?

w2
S 15
.y

S N
31 <
S s [~
i
2

1] A 2 3 4 5

STROKE, INCHES

Small, light and powerful, it's built for durability. A heavy duty plunger
stop and resilient impact cushion are built in, so the pole faces never
clobber each other. For smooth travel, the plunger is electroless nickel
plated. Price: about $2 in lots of 500.

1971 Circle 7 on reader service card
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sponsored by
conducted by

We start when it ends.
Successfully.

In fact, ‘71 JAPAN ELECTRONICS SHOW

was a great success. Over 220,000 visitors,
including foreigners, came from 64 nations:
U.S.A., Canada, France, England, Denmark,
West Germany, India, Hongkong, Taiwan, Korea,
to name a few. And hundreds of international
business negotiations were concluded. It's quite
natural for the Asia’s largest electronics show.
But we cannot stop there, and already started
for more successful ‘72 show. Of course, your
application is welcomed. It's a great opportunity
for your international growth,

ElL ECTRONICS
SHOWVV

SEPT. 21-27, 1972, TOKYO

For details of the ‘72 JES{11th ), please write:
ELECTRONIC INDUSTRIES ASSOCIATION OF JAPAN
JAPAN ELECTRONICS SHOW ASSOCIATION

2-2, Marunouchi, Chiyoda-ku, Tokyo, Japan Cable: ELINDASO TOKYO

8 Circle 8 onreader service card

40 years ago

From the pages ot Electronics, November 1931

The development of thermionic
tubes has opened an entirely new
field in the control of theater light-
ing. This development has made
possible the obtaining of pre-set
dimming, proportional dimming
and 2 small compact switchboard
such as has been heretofore impos-
sible. The pre-set dimming feature
allows an operation whereby a
board may be set up for any desired
number of effects in advance, so
that those effects may be called for
at the will of the switchboard oper-
ator simply by operating a single
control.

Proportional dimming, a new fea-
ture, allows the lights to be con-
trolled in a manner so that they may
be dimmed out in combinations and
obtain the same color tone through-
out the dimming process. The third
desirable feature is that a small
compact control board may be ar-
ranged so that it can be placed as
desired in the orchestra pit, or some
similar location so that the operator
becomes a light-artist, taking his
place in the performance along with
the organist or other artists.

Industry at last seems to be making
the discovery that a beam of light,
in itself requiring no power, and no
space for its location when not in
service. can be made to control ma-
chinery consuming vast quantities
of power and housed in consider-
able space, or instead of controlling
power, this same light beam can be
used economically to save power by
turning off illumination when
predetermined conditions of natural
light prevail.

New manufacturers of light-sensi-
tive equipment entering the field,
and increased interest on the part of
general industry in apparatus al-
ready on the market, are indications
of the increasing consciousness of
the engineering public that a new
medium of control and a new ma-
chine for economy is at hand, a
beam of light and a light-sensitive
relay.

Newcomers to the field are Allen-
Bradley of Milwaukee, Struthers
Dunn of Philadelphia, Burgess, and
Weston.

Electronics/November 22, 1971



Our Mcs 6900 MICROWAVE C
CATIONS SYSTEM- ;

Multiptex / ra
serve your voi

dio compi

Contact us for m

ore
You aboyt the h

ettar

“The MCS 59 112252 "G, maodel ig FCC-rype 8Ccepted
for use under Papy o Irdustria) Ra.4i¢ Serv:c

> AN M AR ConN;
ELECOMMUNIICATI‘ONS DIVISION . 544, TRENTON g
EL.: (514q) 343-3411, reyg, No

Co M p A N 4
MONTQEAL 301 PQ, CANADA —
. 05-267563, TwWx NO 610 421~3564 CABLE' ARCON MONTREAL
Cle g O reader Service card

ir



QLT T,

e

SRR SR NN VR L 3 PN P
25 o 4

.
.
-
B
.
-

First in a series

of explorations 1o

illuminate the
numerous facets of
the MOS technology

...Why, How, What,

and Where.

|

1

MOS vs. Bipolar

Struggle For Survival?
Or A Place For Each

MOS sales rose nearly $50 million in 1970 to account
for some 18% of total digital sales. No rampaging whirl-
wind sweeping all from its path. The increase, however,
was principally due to the efforts of a few smaller semi-
conductor companies. Now that some of the major manu-
facturers are showing significant progress in development
of the MOS art, interest is accelerating. MOS technology
is heading toward dominance of digital electronics. The
questions are, to what degree, and when.

On the conservative side is the Electronic Industries
Association, with a projection of 45% by 1975. The
more enthusiastic prognostications of groups engaged
exclusively with MOS technology place the MOS share
at a majority 55% share by that year. Certainly, an
examination of the merits of MOS warrants enthusiasm,
and consideration of the speed with which new technol-
ogies arc implemented today justifies a shift to MOS in
equipment designs. Yet, the hazards of going too far too
fast arc so great that the choice between bipolar and
MOS circuits ranks as a vital decision facing the designer
of future equipment.

The Obvious — Plus and Minus

Today’s state-of-the-art has bipolar circuits operating
well beyond 100 MHz. MOS presently has an upper
frequency limit around 25 MHz. Obviously, for the very
high speed requirements bipolar is the automatic choice.
MOS circuits have the big advantage in power dissipa-
tion, operating in the nW/gate region. Bipolar structures
bottom out at about 1 mW/gate. So, MOS for low power
dissipation (or low-voltage operation) is a must. Tech-
nical considerations clearly place some equipment
squarcly with cach of the two choices. Still, the much
wider range of applications can be satisfied with both
the lesser speeds of MOS and a power level within bipolar
limits.

The Case For MOS

Why the steep growth curve for MOS? Advocates say
the answer is LOWER SYSTEM COST. Several factors
contribute to the smaller size of the MOS chip for an
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equivalent function, thus providing lower material costs.
Smaller chips improve yields by minimizing circuit loss
to randomly distributed wafer defects — another cost
saver for MOS. The lesser number of process cycles in
MOS fabrication is still another cost saver. A by-product
advantage of the greater MOS chip density is the prac-
ticality of LSI now — still in the exotic category from the
bipolar standpoint. When we accept as axiomatic that
“the greater number of functions on a monolithic chip,
the lower the potential cost per function,” practical LSI
is a significant cost bonus. Higher LSI yields are, in turn,
supported by the relatively simpler processing cycle of
MOS.

For the equipment manufacturer planning to build
enough units to make the design cost of custom circuits
practical, additional overall systems savings can be real-
ized. The savings in PC boards, system size, and reduced
assembly cost, all due to fewer packages and intercon-
nects, complement well the lower cost per function of
the more complex chip. A ten percent system saving
expectation is conservative.

The Bipolar Side
Circuit complexity of many designs today is reasonably
within bipolar practicality. Under this condition, the chip
size-related MOS cost advantage is nullified. The savings
advantage of fewer process steps can be cancelled by the
huge production runs of the established bipolar lines.
So where systems aren’t large enough to warrant LSI,
bipolar appears to be the answer for the present.
There is another important consideration, even when
LSI is advantageous. The desire for proprietary chip
architecture can compel custom circuit design, and in
these cases custom design costs form a major part of
each device cost. Close figuring is required to calculate
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whether or not custom MOS/LSI chip costs are, indeed,
lower than the cost of the greater number of mass-pro-
duced, simpler bipolar functions. Not all MOS/LSI will
be custom, however. Standard MOS shift registers and
memories are easily tailored, often less expensively than
the same circuitry could be built with smaller bipolar
units. This factor tilts the decision toward MOS again.
But there are still other factors to consider.

Potential service cost with so large a portion of the
total circuitry on one chip is an MOS/LSI deterrent. A

COST COMPARISON ESTIMATE
FOR BIPOLAR AND MOS SYSTEMS

Number of Systems to be built — 1000

ITEM BIPOLAR MOS
i ] No* PRICE [ WNo.| PRICE
No. of IC Packages {per system) 1 100 1 2 1 ]
Cost per Package $0.40 ;JSZS.OO
Total Package Cost T $40.00 | $6000 |
To. ﬁ Board ;mnnnoct&sr ] 4 T ) 1 41 ]
[ Cost per Board Ts5.00 j 500 |

[ Total Board Cost

$20.00 $5.00
Total Parts Cost $60.00 j $55.00
_Munufactminq Cost (Estimated ) B

$120.00
8t twice the materials cost)

{
4
!
T—1
B TOTAL COST " l S180.0A2‘j- -4] ( 5165.60;

P

relatively long development cycle for very complex cir-
cuits is an obstacle, as is the possible commitment to a
single supply source. A good, long-term future for bipolar
devices appears to be inevitable.

Overcoming Some MOS Obstacles
Reduction or elimination of design-time and develop-
ment-cost limitations of custom LSI is an area of active
concern, and progress is good. In fact, custom systems
have now been designed and built at lower cost than
comparable designs with standard bipolar devices. When
this is the norm, a formidable objection to MOS will
have been dismissed.

Where Do We Stand Now

Some equipment manufacturers have completely
embraced MOS. The desk calculator and electronic
watch markets are good examples. The swing to MOS
for other equipment is predictable. Medical equipment,
particularly for attachment to the body, is a natural can-
didate. So is the automotive market, because of its low
cost and low power drain requirement. On the other
hand, high-speed computer circuitry appears wedded to
bipolar designs at least for the immediate future. Driver
circuits will also remain bipolar until MOS circuits can
provide a significant amount of power. The probability
of mixing MOS and bipolar circuits is yet another design
alternative.

Summing up, bipolar is here for some time to come,
with MOS increasing its share of the load to half or
better. MOS vs. bipolar — the verdict? A place for each,
at least until mid-decade, and opportunities for creative
design have never been greater, nor the rewards for
success more promising.

Motorola is committed in both MOS and bipolar
technologies to the delivery of the electronic equipment
industry’s device requirements, whichever they may be.
This is the first in a series designed to present a realistic,
objective analysis of the position of the MOS technology
in a dynamic, competitive industry. For an examination
of this and other aspects of the MOS technology in greater
depth than is permitted here, circle the reader service
number or write to Motorola Semiconductor Products
Inc.. P. O. Box 20912, Phoenix. Arizona 85036.

MOTOROLA MOS

Directions in digital designs

Coming next— A LOOK AT “THE MANY FACES OF MOS"
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Announcing

a new era
of integrated
electronies




A micro-
programmable
computer

on a chip!

Intel introduces an integrated CPU complete with a 4-bit
parallel adder, sixteen 4-bit registers, an accumulator
and a push-down stack on one chip. It's one of a family
of four new ICs which comprise the MCS-4 micro
computer system—the first system to bring you the
power and flexibility of a dedicated general-purpose
computer at low cost in as few as two dual in-line
packages.

MCS-4 systems provide complete computing and
control functions for test systems, data terminals, billing
machines, measuring systems, numeric control systems
and process control systems.

The heart of any MCS-4 system is a Type 4004 CPU,
which includes a powerful set of 45 instructions. Adding
one or more Type 4001 ROMs for program storage

and data tables gives you a fully functioning micro-
programmed computer. To this you may add Type 4002
RAMs for read-write memory and Type 4003 registers
to expand the output ports.

Using no circuitry other than ICs from this family of
four, you can create a system with 4096 8-bit bytes of
ROM storage and 5120 bits of RAM storage. When

you require rapid turn-around or need only a few
systems, Intel’s erasable and re-programmable ROM,
Type 1701, may be substituted for the Type 4001 mask-
programmed ROM.

MCS-4 systems interface easily with switches, key-
boards, displays, teletypewriters, printers, readers, A-D
converters and other popular peripherals.

The MCS-4 family is now in stock at Intel’s Santa Clara
headquarters and at our marketing headquarters in
Europe and Japan. In the U.S., contact your local Intel
representative for technical information and literature.
In Europe, contact Intel at Avenue Louise 216, B 1050
Bruxelles, Belgium. Phone 492003. In Japan, contact
Intel Japan, Inc., Parkside Flat Bldg. No. 4-2-2,
Sendagaya, Shibuya-Ku, Tokyo 151. Phone 03-403-4747.

Intel Corporation now produces micro computers,
memory devices and memory systems at 3065 Bowers
Avenue, Santa Clara, Calif. 95051. Phone (408) 246-7501.

intgl
delivers.
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New commercial
versions of RCL's |
MINIATURE

ROTARY SWITCHES

as low as

9 6 l
each

. in quantities
of 1,000

DELIVERY
FROM STOCK |

5 Separate Series
6-10-12-24 Position '
(Price Applies to All Multi-Deck |

Miniature Switches)

Completely automated
facilities and mass
production tooling |
now makes RCL highly
competitive in com-
mercial applications
with“obsolete’ wafer-
type open frame
switches.

Resony

Material and tooling
are modified to fur
ther reduce cost, bu:
equivalent perform
ance is maintained
to correspond with
“instrument type’
switches.

® Up to 12 poles
per deck

® As many as
9 decks may
be specified.

: o Life expectancy |

in excess of .

50,000 mechanical
operations. |

11

® Available modifications include |

spring return feature, and

“push-to-turn” and “pull- |

to-turn” spring loaded action. |
|

(U.S. Pat. #3352979)

Write for complete
engineering information

L |
|
General Sales Office |

RCL ELECTRONICS, INC.

700 South 21st Street
Irvington, New Jersey 07111
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Gabor exhorts society
to channel growth

The award of the 1971 Nobel Prize
for Physics to the “father of holo-
graphy,” Dennis Gabor, is bringing
into much wider circulation the
Hungarian-born  physicist’s  sharp
views of the threat to civilization
posed by the impact of rampant
technology.

Both in public speeches and in his
new book, “Innovations™ (Oxford
University Press, 1971), Gabor has
foreseen considerable dangers
caused by man’s “ability to turn in-
ventions into destruction™ and by
his “attentiveness to material
growth™ for the sake of growth,
Rather than concentrating on
growth, society, Gabor says, should
strive for excellence in applying the
myriad of technological accom-
plishments at its disposal.

And Gabor himself has contrib-
uted prodigiously to this store of ac-
complishments. Presently a staff sci-
entist for CBS Laboratories, a
division of Columbia Broadcasting
System, Stamford, Conn.. the 71-
year-old scientist holds over 100
patents in the field of optics, com-
munications, and color television.

His invention of holography. the
lenseless photographic technique of
producing three-dimensional  ob-
jects by projecting lightwave inter-
ference patterns on a glass plate,
goes back 23 years to when he was a
rescarch engineer with a British
electrical engineering firm. He had
gone to England in the 1930s, a ref-
ugee from Hitler's Germany, where,
in 1927. he had carned a doctorate
in electrical engineering at the
Technische Hochschule in Berlin.
His research assistant and good
friend there was Peter Goldmark,
now the president of CBS Labora-
tories.

In 1948, Gabor joined the faculty
of the Imperial College of Science
and Technology in London, staying
almost 20 years. Now he’s professor
emeritus of applied clectronic phys-
ics. spending only about six months
a year at CBS in Stamford. He be-
came a consultant to CBS in 1960.
and joined its staff in 1967.

At CBS. Gabor was part of the en-
gineering team that developed the
Electronic Video Recording system
now being brought to the commer-
cial marketplace.

Another Gabor invention for
which ¢Bs holds out great commer-
cial possibilities applies holographic
techniques to produce three-di-

o

Gabor: Excellence in applying technology

~

mensional movies viewed without
special eyeglasses. CBS is reported to
be in “preliminary negotiations™
with several movie companies and
camera cquipment manufacturers
for the system.

Two of Gabor’s latest projects
also involve holography. One in-
volves “ultraradio sonography™-a
technique for looking at various
parts of the body in three-dimen-
sions using acoustic holography.
And the other project involves “pa-
noramic holography™ which might
offer a touch of the excellence in life
Gabor wishes for society. When il-
luminated from above with white,
not laser. light, this new hologram
offers a picture that has unlimited
depth.

It's high time
for low power

Low-power ICs are becoming a high-
volume business that's looking at-
tractive to engineers with the classic
work-for-yourself itch. The result is
new companies like Micro Power
Systems of Santa Clara, Calif.,
formed to specialize in these cir-
cuits—used, typically. in such places
as pacemakers and timepieces—in

Electronics/November 22, 1971



Tri-State logic marches on...

S

A/

Then: B Now:

J

DM&093 Tri-State Quad Buffer DM8599 (SN7489 Compatible) 64-Bit RAM
DM&8230 Bus Line I)emultiplexer“ 3 DM&8214 Dual 4-Line-to-1 Multiplexer
DM8831 Party Line Driver - DMB8093 Tri-State Quad Buffer
DM8551 Quad-D Flip Flop \J“‘(’ B < - DM8094 Tri-State Quad Buffer
DM8094 Tri-State Quad Buffer . DM8230 Bus Line Demultiplexer
DM8598 (SN7488 Compatible) 256- o~ DMB8551 Quid-D Flip Flop

Bit Expandable ROM DM8123 (FSC9322 or SN74157
DM8214 Dual 4-Line-to-1 Compatible) Quad 2-Input

Multiplexer Multiplexer
DM&121 (SN74151 Compat-

ible) 8-Channel
Multiplexer
DM&8831 Party Line Driver
DM&8597 (SN74187
Compatible)
1024-Bit ROM
DM8598 (SN7488 Com-
patible) 256-
Bit Expandable
ROM

‘Soon:

DM 8095 Hex Buffer
DM&553 8-Bit Latch
DM8096 Hex Inverter
DM8554 Binary Counter/
Latch
DM8552 Decimal Counter/
Latch
DM 74200 (SN74200
Equivalent)
256-Bit RAM
DMB8S5L51 Low Power Quad-D Flip Flop
DMO0000 Quad Transceiver-Transmitter
Disable
DMO000 Quad Transceiver-Transmitter/
Receiver Disable

If what you're doing has anything to do with
mini computers or any digital design, why
not deal directly with the source:

National Semiconductor Corporation,

2900 Semiconductor Drive, Santa Clara,
California 95051. Phone (408) 732-5000.

N h. I TWX:(910) 339-9240. Cable: NATSEMICON,
a ma *Tri-State is a trademark of National Semiconductor Corporation
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AEER FLLEGING

A highly reliable solid state high frequency transmitter — ‘build

it in the field'.

Hermes Electronics Limited manufacturers a 100W Broadband

linear amplifier which replaces tubes in power output stages.

The 100W modules may be used singly or in groups to provide

power output levels from 100 watts to many kilowatts. The

amplifier has interface compatibility with the transmitter used

in the majority of MANPACK systems, and with most mobile,

airborne and fixed ground transmitter exciters.

It covers the frequency range 2MHz to 32 MHz and in combina-

tion can achieve power outputs tc 5SKW.

* unique cooling system gives high reliability under adverse
conditions

* constructed for vehicular use

* embodies overload protection

Hermes Electronics Limited can plug you into a wide range of

HF equipment.

ASK US

Hermes Electronics Limited
Suite 315

2020 F. St., N.W.
Washington, D.C. 20006

Teiephone 202 296 2978
TWX 710 822 1106
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both bipolar and MOS versions.

Micro Power is actually built
around two men: John Hall, its
president, and John Marshall, vice
president. Their thinking, as ex-
pressed by Hall, is that to succeed in
low-power circuits, as in any other
business, “you must produce a re-
liable and a high-quality product.”
And to do this, he adds, you have to
concentrate on low power to the ex-
clusion of all else.

Both men spent three years de-
signing and building low-power cir-
cuits at Intersil, and before that,
they worked together for about
three years at Union Carbide where
some of the basic work in low-power
and low-noise circuits was done.
Hall conducted some of the funda-
mental projects leading to a viable
low-voltage C/MOs process, and
Marshall worked in the area of su-
per data transistors and on silicon-
nitride passivation techniques.

Marshall says that in order to
build low-power bipolar circuits,
high-gain transistors must be used.
These transistors have large gains at
normal operating voltages and thus
at the lower operating voltages em-
ployed in low-power circuits, they
exhibit a decent gain. Normal tran-
sistors are just not useful at low op-
erating voltages.

For both bipolar and MOS low-
power circuits, Marshall says, a pas-
sivation layer is necessary, and this
is where his work on silicon nitride
came into play. He says that while a
silicon-nitride passivation layer on
all devices produced by Micro
Power Systems ‘“might increase
costs slightly,” it will increase relia-
bility greatly. Recently, he adds, “as
the cost of ICs has gone down, so has
the quality. But we will give the user
the quality he needs.”

Marshall sces the low-power IC
business as being a custom one, so
the firm doesn’t plan to introduce
any standard products. “But later
on.” he says, “some of our custom-
ers will see the advantage of their
letting us sell the same parts to oth-
ers, and thus they will become
somewhat standard.” Besides the
digital bipolar and MOSs products,
Hall and Marshall plan to produce
precision linear circuits.

Electronics/November 22, 1971



[ ne most spectacular
MoroveMment IN comparators

snce the 710

You Q(}I da major boost In accuracy
At incredibly high speeds 300% faster
than any other voltage comparator available
to date- ncluding that old standby the 710

527 and 529 Two more products in
Signetics new third generation linears — a
vastly improved IC series developed to jump
performance capabilities without penalties

Both chips offer breakthrough transit tme A 10ns propagation
delay for our 529 comparator (Vs 40-60 ns for the slower 710 )
With input impedance of 5 ks, typical bias current of EuA

At 15ns. the 527 trades a shiver of input-output speed for ten imas higher
input iImpedance. 50 ku. and seven times lower input pias current. 0.7 pA
(Vs the 20-30uA of 710)

And the best 1s yet to come Both comparators carry complemertary
Schottky-diode outputs. Q and Q. a revolutionary two- gates-to-a-chip
concept that minimizes system delay enormously. TTL. and ECL cempatible
operating from balanced *5Vto *+15V power supples

Sophisticated military and commeercia’ versions in production For
applications in any system design where super high soead with optimized
accuracy 1s crucial Analog to digital converters, optical data couglers.
memory sensing  the ideal interface with ECL. TTL end Schottky devices

Do what you re doing better. or find something better to do Sigretics third

generation linears let you have it both ways improvement without penalty

Withthe ultrafast 527 and 529 comparators. as well as our 531 high slew rate op amp

Silnetics

533 micropower opamp. 536 FET input op amp. 537 pre-
cision op amp. 528 4-channel sense amp, and 350 voltage
regulator All at your Signetics distributor or sales rep

Electronics/November 22, 1971

Signetics-Linear
811 E Arques Avenue
Sunnyvale. Calitornia 94086
(408) 739-7700

Rush us everything you've got on the 527 and 529 comparators
And throw in your third generation linear package

Name

Title

Company

Address

City

Telephone (

Circle 17 on reader service card 17



GR Resistance Anodize Trim System
Circle 221 on reader service card

Micronetic’s Laser Trimming System
Circle 220 on reader service card

Full Cagabitity
Logic Circuit Analyzer

oy ‘ Circla 223 on reader service CATUINES

Low-Cost Logic Circuit Tester
Circle 222 on reader service card
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The new 1792 Logic-Test System is GR's
answer to all you guys who looked at our

1790 and said:

Yes, but I also want . . . multiple logic-level testing capability as standard
Yes, but I also want . . . a big 12-inch screen display

Yes, but I also want . . . parametric-testing capability
Yes, but I also want . . . time-measurement capability

Yes, but I also want . .

. a high-speed word generator for MOS testing

Yes, but I also want . . . a high-speed disc for mass software storage

The 1792 is a powerful system
offering several options to give
you all the capabilities listed
above. Select only the options
yaou need to satisfy your current
requirements. You can add more
later as your needs grow.

Now consider this . . . GR has
sold more than twice as many
computer-controlled logic-circuit
analyzers as all three of its clo-
sest competitors combined.

Contact your GR sales engineer
or GR, Concord, Mass. for the
complete story on the powerful
1792. In Europe write Postfach
124, CH 8008, Zurich, Switzerland

& General Radio

NEW YORK (N.Y.J 212 964-2722 (N.J.} 201 791-8990 « BOSTOMN! 617 646-0550
CHICAGO 312 982-0800 » WASHINGTON, D.C. 301 881-5333 « LOS ANGELES 714 540-9830
TORONTO 416 252-3395 « ZURICH (01) 55 24 20
GRASON-STADLER 617 369-3787 « TIME/DATA 415 327-8322



The RIJITSU quality for sale in
Reed Switches

Micro Reed Switches Type FDR-3,4 and 7

® Sub-miniature size - only 2.54 mm in ® | ong life --- filled with inert gas and manufactured
glass diameter. under exacting quality control.
® Fast switching action --- Less than a tenth of ® Variety - center-gap (FDR-3), (FDR-4) and
what conventional magnetic / g offset-gap (FDR-7) contacts, each

switches take. » .

designed for minimized chatter.
® Max. continuous current

— e --- 1 or 2 amperes.
\ R \X\ .
b
i >
~ ~—
S > ~

S
S

- ~C

=
Reed E Contact Contact Carry Pull-in Orop-out Operate Release Initial contact Breakdown Shock Life
switch | form rating current | amp-turn amp-turn time time resistance voltage
;?:&zT 1A 10 min,
FDR-3 50 is max. 590.V DC
minimum

FDR- A (make)}

31-102 | Center gap | OC 5 VA max. = 24 20~60 | 117~25 min.

/0C 50V max. | 800 is max. 150 millohms 30G 10mil_|’ion
OC 0.5A max.| max. (10"
FOR-4 8 min, 100 us max.
| 1A 350 vV OC
| A tmake) minimum
FDR-7 l Offset gap 20~52 11 min. 60 us max.,
I i
® Available with pre-soldered terminals. ®  Glass diameter (max): 2.8¢ mm (FDR-3, 4 and 7)

® Fytt length: 56 mm {FDR-3), 44.2 mm (FDR-4), 40 mm (FDR-7)  ® Glass length: 21,5 mm {(FDR-3), 16.5 mm (FDR-4}, 15.0 mm (FOR-7)}

(® FUJITSU LIMITED

Communications and Electronics
Marunouchi, Tokyo, Japan

MAIN PROBUCTS O Telephone Exch. i 0 Carrier i Equi ORadio C ication Equip ] Space E! ics Systems () Auto Radios & Car Stereos (TEN) O Electronic
Computers & Peripheral Equipment (FACOM; O graph & Data C ion Equil 1N ical Controf Equi (FANUC) O Remote Control & Teiemetering Equipment ) Eiectronic Components
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A year ago we introduced 7 new JCM miniature RF coaxial conneclors

Meetings that ""do the job for a fraction of SMA prices.”
- Here, by popular demand, are 8 more.

Ultrasonics Symposium: 1EEE, Ca-

rillon Hotel, Miami Beach, Dec. 6-9. !
Vehicular Technology Conference: 4
IEEE. Sheraton-Cadillac Hotel, De-

troit, Dec. 7-9.

Reliability Symposium: 1EEE, El
Cortez, San Diego. Jan. 25-27.

Power Engineering Society Winter
Meeting: IEEE, Statler Hilton Hotel.
New York, Jan. 30-Feb. 4.

Aerospace & Electronics Systems
Winter Convention (WINCON): IEEE,
Biltmore. Los Angeles, Feb. 8-10.

International Solid State Circuits
Conference: 1EEE, Sheraton Hotel,
University of Pennsylvania, Phila-
delphia, Feb. 16-18.

International Geoscience Electron-
ics Symposium: [EEE, Marriott Twin
Bridges Motor Hotel. Washington.
D.C.. April 9-14.

International Conference on Mag-
netics (INTERMAG): IEE, Kyoto In-
ternational Conference Hall, Kyoto,
Japan, April 10-13.

Southwestern IEEE Conference &
Exhibition (SWIEEECO): IEEE, Baker
Hotel, & Dallas Mem. Aud., Dallas,
Texas, April 19-21.

Off-shore Technology Conference:
IEEE, Astrohall, Houston, Texas.
April 30-May 3.

CALL FOR PAPERS :
1972 1EEE International Symposium
on Electromagnetic Compatibility:
Arlington Heights. I, July 18-20,
1972. All reviews are to be sub-
mitted by Dec. 14, 1971, to JJ. | e e e e
Krstandsky. Chairman, Program

Committee. 1IT Research Institute, |

10 West 35th Street, Chicago, IIl. |

1972 USNC/URSI-IEEE Spring
Meeting: Statler Hilton Hotel,
Washington, D.C., April 13-15,
1972, Jan. 28, 1972 is the deadline |

date for submission of abstracts to T3
Dr. John V. Evans. Sec. USNC/URSI, | \\

Lincoln Laboratory MIT, Lex.. Mass. N*} E P, ._] [l H N 5 l] N [: [l M PAN Y
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¢ Select-a-Socket

Accessories and special products

_,‘%L:md, square
up to 1;2
, 18, 24, 28

~

e —
—_—

Discrete Component Platform

Pluggable platforms for production
: T . and prototype packaging of selected
q ' discrete components. Available m
single platform for miniature dis-
j 111 cretes, double platform for larger
. discretes, and dual platform for

multiple packaging of miniature
discretes.

(KA

Cable Plugs

A 14-pin or 16-pin adapter plug for
terminating inter-connection wiring,
or component mounting in prototype.

Low profile solder tail sockets Standard profile solder tail
1
Series 93 sockets
With standoff, only .150" above et
board. Same features as saekets Same features as open entry wire
above, except has optional screw- wrap sockets, except standard con-
down or epoxy mounting, built-in tacts are tin-plated phosphor bronze,
barrier to prevent IC contact with with gold platings available.
board. B - i Pin Nos.: 14, 16, 18, 24, 28, 36, 40 Edgemoun.t Connectors
Pin Nos.: 8, 14, 16, 18, 2‘:. (for ceramic substrates)

Single-in-line edgemount connector
has 40 positions. Unique alignment
spring for precise contact mating.

Gold bonded nickel silver contacts.

Cables

Single-or-double-ended, 26 to 30
gauge, 8 to 40 pin termination, single-
or-multi-conductor ribbon cable,
choice of length.




Tl announces
the industry’s broadest line of
off-the-shelf IC sockets.

Meet Texas Instruments family of IC sockets. Closed and
open entry wire wrap sockets. Standard and low profile
solder tail sockets. Not just a collection of prototypes. But
truly off-the-shelf sockets with many unique design features.

Like gold stripe nickel silver contacts, for example. Contacts
metallurgically bonded, not plated, with a thick stripe of
gold to give you better electrical integrity at the contact
point, and superior wear resistance.

Like redundant contact construction and special contact
orientation. Both of which increase contact pressure. Offer
lower contact and constriction resistance. And increase
contact reliability.

Like individually replaceable contacts. Which means you

can pull out a damaged contact without a special tool and
snap in a new one. All without removing the socket body
from the board.

We could go on and on about our family’s attributes. Like
preloaded contacts to assist you when inserting the IC
device. Or the arrowhead design that locks the contact in
the body.

But the best way for you to appreciate our family is to test
and evaluate our |C sockets yourself. That's why we've
developed the T| Socket Selector. So you can send for
samples of our sockets. Free.

How to assemble your own
free Tl Socket Selector.

If you're a qualified engineer, select the socket category (or
accessory) you want from the opposite page. Mark the
appropriate color-coded box in the following coupon. Then
fill in the rest and mail. It's that simple.

If you're interested in a custom-design socket, tell us.

Tl also offers a selection of panel systems: standard
off-the-shelf panels, standard pin panels, Select-A-Wrap®
prototype panels and custom-designed panels. You can
specify any of these on the coupon.

One more thing. Don’t despair if someone’s clipped the
coupon ahead of you. Just send us your request on your
letterhead. After all, it's all in the family. Write

Texas Instruments, Inc., Connector Products, Attleboro,
Massachusetts 02703.

Gentlemen:

P.ease send the free sockets (accessories, panels)
checked below for evaluation.

B Closed Entry Wire Wrap Sockets

@ Open Entry Wire Wrap Sockets

B Low Profile Solder Tail Sockets

B2 Standard Profile Solder Tail Sockets

Accessories and Special Products

¥ Discrete Component Platforms
£ Cable Plugs

& Ceramic Substrate Connectors
& Cables

@ Panels (specify)

£ Custom Designed Sockets (describe)

Name

Title

Company
Address

Job description

Currently working on

Send coupon to: Texas Instruments, Inc.,
Connector Products Marketing, Mail Station 11-1, :
Attleboro, Mass. 02703 C:

% TEXAS INSTRUMENTS

INCORPORATED
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“Why did NATIONAL

SEMICONDUCTOR
buy Macrodata’s
‘FEDIS’ LSI design system?”

National Semiconductor Inc., one of the acknowl-
edged leaders in the design and production of
complex LS| devices chose Macrodata’s “FEDIS ”
tum-key LS! design system for their own in-house
use in designing RAMS, ROMS, Shift Registers
and complex random logic devices.

National’s reasons: speed, simplicity and cost
effectiveness.

FEDIS is more than a simple digitizing and editing
system, it includes nodal analysis and topolcg:cal
design rule validation to provide error-free ari-
work generation.

Circle 24 on reader service card

All validations and analysis are based on digital
data generated by on-line digitizing of composite
layouts. Direct entry can be made :o ""CADIS" soft-
ware packages such as circuit ansient analysis,
logic equation generation, logic simulation and
cross ta‘k analysis.

National, in using Macrodata’'s own in-hcuse
“FEDI!S' for almost one year prior to purchasing
theirs, found the system throughput to be at least
twice that of other competitive units they also
evaluated. The result? Ask National's competitors.

Dr. William C. W. Mow
President
Macrodata Company

Electronics/November 22, 1971



H-P calculator billed
as pocket slide rule

Liquid-core fiber
promises low loss

Read head uses
Hall-effect device

Nixon’s Phase 2
leans to Univac. ..

.. . as House doubles
computer staff

Electronics Newsletter

November 22, 1971

The electronic calculator field continues to draw crowds, with one of the
latest entries being Hewlett-Packard. The company has developed a
battery-operated pocket “electronic slide rule” that.not only adds, sub-
tracts, multiplies, and divides, but also has extensive trigonometric
functions and has a true logarithmic capability. The machine can display,
via light-emitting diodes, an answer as either a floating-point number
or in scientific notation. The company is expected to introduce the
machine by the first quarter of 1972; price will be about $600.

A lignid-core fiber being developed at Bell Labs shows promise as a
technique for reducing attenuation in optical communications lines.
Researchers at the Holmdel, N.J., facility already have measured attenua-
tion as low as 15 decibels per kilometer. The best previous attenuation
performance was 20 dB/km, reported by Corning Glass Works.

The liquid-core fiber’s core diameter of a few mils permits multimode
propagation. Wavelength used in the Corning test was 6,328 angstroms,
but Bell researchers say that 10,800A light was used to test their fiber.

Pioneer Electronic Corp. of Japan has developed a read-after-write tape
head for digital cassette recorders that employs a Hall-effect device for
the read head. The read-after-write mode permits digital data to be
checked for errors after recording.

Use of the Hall-effect read head allows a packing density of up to
800 flux reversals per inch, independent of tape speed. Previously the
read-after-write operation could not be performed economically at a
packing density this high because of the characteristics of the normally
used induction (coil) type read head. This is also believed to be the first
application of a Hall-effect device in a recording head.

Phase 2 of President Nixon’s economic stabilization program will require
at least one computer, possibly two, for the Cost of Living Council, and
early indications are that the hardware will be Univac 1108s. But poten-
tial of the Phase 2 EDP business falls in the trickier area of enhancing
the supplier’s corporate image, rather than the bankroll.

The apparent advantage for Univac lies with the Office of Emergency
Preparedness, whose 1108 program (called Emisari, for Emergency
Management Information System and Reference Index) is being pro-
posed to manage and distribute data flow in the council’s system. That
system embraces the Price Commission, its counterpart Pay Board, and
their surveillance arm, the Internal Revenue Service. Though officials
concede that Emisari could be adapted to other business machines,
betting is that Phase 2 managers will turn to Univac.

The House of Representatives is moving to develop its own computer
system design capability and is doubling its staff of systems analysts and
computer programers to 32. Automation of the Congress, seen by some in
the computer industry as an impossible mission, now will be explored
in-house.
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National to offer
54/74 C/MOS series

Computer delivered,
says Marchuk

JPL overcoming
Mariner 9 glitches,
expects success

DEC adds 3-inch
11/03 to PDP line

26
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National Semiconductor is set to enter the C/MOS marketplace before
the year is up by second-sourcing several RCA gate functions. The big
push into C/MOS, however, will come early next year with a family
called 54C/74C that’s designed to be power-supply-compatible with, and
pin-for-pin replacements for, 54/74 series TTL. Thus, rather than intro-
duce a new separate logic family, National will offer the TTL user the
ability to update his circuit cards with C/MOS where, for example, lower
power may be needed and without redsign.

The first of the highly touted laser computers built by Laser Computer
Corp. of Irvine, Calif., has been delivered, says the firm’s president,
Frank Marchuk, who won’t say who got the machine. It’s said to have a
main memory capacity of 10 trillion bits and a read-write cycle time
of 20 nanoseconds [Electronics, June 21, p. 36; March 29, p. 81]. Nor will
Marchuk say who is to get the second LC-100, scheduled for December
delivery, heightening the mystery that has surrounded the firm and its
supercomputer from the outset.

Laser Computer Corp. is to complete its move to a new facility in
Irvine soon, and promises to exhibit the machine in a new showroom.
Meanwhile, magazine and business publication ads announcing the
machine’s availability—along with more technical details—are scheduled
for December, January, and February. A spokesman says the firm has
also developed a mini-version of its larger LC-100 and L.C-500 machines,
designated the LC-10.

Mariner 9 scientists at the Jet Propulsion Laboratory in Pasadena,
Calif., overseeing the first orbit of a manmade spacecraft around Mars,
say they are optimistic about the chances for a successful mapping mis-
sion lasting the scheduled 90 days. What's more, a spokesman at JPL
says the spacecraft could remain active for up to a year if its batteries
hold out.

The optimism comes in the face of slight difficulties during Mariner 9’s
close approach and when it first went into its elliptical Martian orbit.
It’s thought that a speck of dust interfered with the spacecraft’s star-
tracking sensor, but that problem was corrected within a few hours.
Then the initial closeup photos relayed to earth from the wide-angle
television camera showed a residual image of the earlier approach shots.
Mariner officials think the problem may have been caused by overex-
posing the camera’s vidicon.

Digital Equipment Corp., which recently has been busily extending its
line of computers upward and outward, took another step at the Fall
Joint Computer Conference with its PDP-11/03—the sixth in the PDP-11
family.

It is a 16-bit, fully parallel machine with a 1.2-microsecond-cycle
memory coming in 4,096-, 8,192-, or 16,384-byte sizes, all in a box 3%
inches high. It sells for $3,995 singly or $2,560 in quantity. Eventually,
says DEC, a terminal will be introduced for the new computer.

The new DEC machine will compete with Data General’s just-unveiled
trio of additions to its Nova line [see p. 109], each with 4,096 words of
core. The smallest of the three machines, the Nova 1210, reaches a height

of 514 inches.
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Ever try to find an xy recorder de-
signed to adapt to your OEM system?
We've built a totally new cast glumi-
num fecorder pecause you've been
buying modified laboratory machines
for OEM applications. And paying for
them n more ways than one.

HP's 7040 wan’t force you inta buy-
ing anything you can't use. An OEM
mazhine from the ground up, it's de-
signed around a one-piece, die-cast
aluminum mainframe...a ruggec plat-
form for the modular features ycu se-
lect. Eut only the ‘eatures you select.

A complete cast of opticns lets you
specify exactly what you neec to do
the job. Everything from a control
panel {stown above) to rear connec-
tor. Nearly 40 indeoerdent cptions
in all.

You get standard features that make
sense in any OEM application. Things
like Autogrip electrastatic holddown,
IC circu try, a long-life hybrid poten-
tiometer, disposable pens and more.
All the things we learned whie pio-
neering the development of xy record-
ers for two decades

’

Loy
o -

A rugged die-cast mainfiame. A
comglete cast of opticns. HF's new
7040 is the only OEM xy recorder cast
for the role. Get specifications and
discount data from Hewlett-Packard
16399 West Bernardo Cr.. San Diego,
Cali‘ornia 92127; Eurnpe 1217
Meyrin-Geneva. Switzerland.

HEWLETT @ PACKARD

GRAPHIC RECORDERS
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It can become four different systems

It can go anywhcre you do.
It can protect you against obsolescence.
It can muake buying and maintaining a
counter less expensive than ever before.
Meet the Hewlett-Packard 5300,
the snap-together counter that's not much
bigger than the palm of your hand. It
has six digit accuracy, solid state display
and autoranging. It'll make period,
frequency, time taterval and ratio
measurements, operate on its optional
snap-on battery pack and drive a printer.
Rugged dust-proof aluminum case
resists almost any bumps it might get in
the field. Prices start at only $520 for
onc of the most amazing counters
you've cver owned.

Introducing thelittle counter that can.

Start with the basic mainframe
($395). Then snap on any of the
following modules (more on the way)
to make just the counter you nced,
and avoid obsolescence, too:

10 MHz frequency module, Model
S301A, $125.

50 MHz all-purposc nodule in-
cludes period, time interval. Model
53024, $250.

500 MHz module with both 502
and I M inputs. Model 5303A, $750.

100 ns time interval module with:
unique “time holdoft” feature, dc
coupling, slope and trigger level con-
trols, and period and frequency measure-
ments to 10 MHz. All the functions
you'd pay $1200 for in a universal
counter. Model 5304A, $300.

G 51062 WEASURIKG SYSTEM

MEWLETT - PAUKARD

¢ < i
¥

Exetwty

Rechargeable battery pack module
works with any of the other modules for
cord-free operation. Model 53104, $175

The 5300 is one system vou have
to use to appreciate. If you've ever
needed to accurately measure frequency
or timne interval, you owe it to yourself
to call your nearby HP field engincer
for further information. Or write
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

Counters that promise a lot and
deliver it all. 1

HEWLETT @ PACKARD

ELECTRONIC COUNTERS
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Signiticant developments in technotcgy and business

ICMS could be

a Tri-Tac

i|_1_ Air_Forgg blue

Triservice switch system,
closely watched by industry
as Phase 2 nears, parallels
triservice network concept

What the Air Force calls its 1CMS
(Integrated Circuit and Message
Switch) could one day become the
Defense Department’s triservice
computerized communications
switching system. the much dis-
cussed Tri-Tac. ICMS has a potential
for 30 switches at roughly $1 million
each exclusive of R&D. But even if it
doesn’t evolve into Tri-Tac—with its
projected $10 billion potential over
the next decade—the ICMS effort is
sure to influence the evolution of
Tri-Tac specifications [Eleetronics.
June 21. p. 31].

“The two programs are not com-
petitive,” contends David Solomon,
head of the Pentagon’s tele-
communications  operation.  “You
could say they are parallel efforts.”
Nevertheless, the Defense Depart-
ment makes clear it is keeping a
close rein on Air Force ICMS spend-
ing. limiting funding to studies of
concept, feasibility. and initial specs.

Interested. The Defense Depart-
ment’s caveats did nothing to deter
24 manufacturers of communi-
cations gear from sending 32 repre-
sentatives to an ICMS briefing last
month. They heard the 1CMS project
office spell out the system’s specifi-
cations and proposed timetable.
This includes plans to issue momen-
tarily requests for proposals for the
second-study phase in the four-
phase program. The first conceptual
phase called for a feasibility model
of a transportable 1CMS, with an up-

<-Circle 28 on reader service card

per limit of 3,000 switch matrix ter-
minations for voice and data. and
150 automatic store-and-forward
message switches. It was completed
in May by RCA, and that could give
the company a leg up in subsequent
compettions.

Award of the second phase. now
forecast for June 1972, will begin a
15-month *‘validation™ of major
program characteristics. including
an ongoing update of system re-
quirements. Full-scale development
(Phase 3) “should be awarded in
December 1973, and completed in
March 1975, says the Air Force’s
Electronic Systems Division. “*After
satisfactory demonstration of devel-

opment models. production of

switches will begin. with incremen-
tal acceptance to May 1978 and op-
tions for additional switches.”

The Air Force says its ICMS engi-
neering group—which includes sup-
port from Rome Air Development
Center and the not-for-profit Mitre
Corp., Bedord. Mass.—*"also partici-
pated in the writing of the Tri-Tac
Model *A’ specification to make sure

than an interface with the TTC-39
Tri-Tac switch would be accom-
plished.”” But industry sources
strongly suspect that the 1CMs effort
is sufficiently far along that it could
well be adopted for the Tri-Tac role.

The big difference between the
two concepts at this point is that the
tactical applications of 1CMS would
call for more rugged “shake. rattle.
and roll hardware,” as one industry
bidder puts it, while Tri-Tac’s theo-
retically less vulnerable installations
could be less rugged.

Versatility. It is cvident that the
Air Force is contemplating many in-
house applications for 1CMS apart
from the switch’s potential as a Tri-
Tac system. And the ICMS concept
of expandable modules is rational-
ized this way by an Air Force
source: “The more Air Force pro-
grams we can satisfy, obviously. the
less R&D dollar spent. and the lower
per-unit cost of acquisition.” From
industry’s viewpoint, the 1ICMs could
satisfy every Air Force program
now on paper and more.

The Electronic Systems Division

Into the sky? Air Force's Integrated Circuit and Message Switch could find its way into Army
and Navy as the computerized communications switching system known as Tri-Tac.

CIRCUIT MESSAGE
AUTOVON—>1 i1 TCHING SWITCHING [« AUTODIN
COMMUNICATION
PROCESSOR
, MAGNETIC SUPERVISOR RANDOM CARD AND
PRINTER TAPE es? ACCESS i
STORAGE STORAGE
29
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identifies 11 of them, including Bare
Base, the 407L Tactical Air Control
System, the 485L Emergency Mis-
sion Support System, Overseas
Autovon, Autodin Replacement, the
Local-Digital Message Exchange,
the Military Airlift Command Infor-
mation Management System, 427M
with its special-purpose data re-
quirements, plus the Air Force com-
munications service ICCMs, and
Fifth Air Force command control
and communications net.

As to the argument that tele-
phone and message switch require-
ments could be better served by sep-
arate hardware packages. the Air
Force rebuttal is that cost savings
can be achieved in using a central
processor when both circuit and
message switching are required.
And when the requirement calls for
only one kind of switching, there is a
“very small penalty in cost,” since
the outlay for a processor is only
about 10% of the total price for the
switch.

Avionics

Lockheed getting ahead
of itself with S-3A

After the financial furor over Lock-
heed-California Co.’s L-1011 Tri-
Star commercial airliner program,

as well as huge cost overruns on the
Lockheed-Georgia Co.’'s C-5A
transport for the Air Force, the Cali-
fornia division undoubtedly has
more incentive than ever to meet
the major milestones in the develop-
ment of the Navy's twin-jet S-3A
carrier-based antisubmarine air-
craft. In “trying to track well ahead
on all milestones.” as one Lock-
heed-California source put it, the
S-3A was rolled out publicly for the
first time this month, slightly ahead
of the Navy’s schedule.

January target. But rollouts are
only ceremonial cvents, and the
firm is hustling to be 60 to 90 davs
ahead of the more critical mile-
stones. Lockheed is still aiming for
an initial flight in January. The for-
mal laboratory demonstration of the
plane’s integrated avionics system
(some 50% of the aircraft’s cost will
go for avionics) also is targeted for
January or February—two to three
months ahead of the April I, 1972,
contract requirement.

All avionics systems, including
the Univac general-purpose digital
computer and Loral Corp. tactical
displays, have been integrated and
their interfaces checked out at Lock-
heed’s Rye Canyon. Calif.. test facil-
ity. As the interfaces are worked
out, key portions of the avionics are
being transferred to a P-3 avionics
testbed, which has been flying since
late August. Eventually. the P-3 will

MISSION AVIONICS
SENSO

TACCO

CO-PILOT

PILOT

RADAR

AIRCRAFT AVIONICS INFRARED

FUEL SYSTEM

ATTACK STORES

MAGNETIC |
“BOOM"’ {
DETECTOR

AIRCRAFT
AVIONICS

COMPUTER SbNOBUOY CHUTES

Big avionics package. That's the Navy's S-3A, which Lockheed sees as a way to save face
after the L-1011 and C-5A problems. The antisub craft will begin flight testing next July
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carry a duplicate of the avionics,
which then will be put in the third
development craft: flight testing be-
gins next July.

Lockheed-California’s  develop-
ment contract. covering cight devel-
opment aircraft, has a ceiling of
$494 million to be parceled out over
five years. That contract gives the
Navy the option of buving a
planned 191 production models if
the development program goes well.
Since no technological break-
throughs are required for the avion-
ics package—and because Lock-
heed-California wants to prove it
can come in within budget and
ahead of schedule—there’s a mood
of determined optimism,

_ ComEnies

RCA, CBS set to lock horns
over quadraphonic approach

Thé entertainment Goliaths are at it
again. RCA and CBS. veterans of bat-
tles over color television and long-
playing records, are preparing to
fight it out over a potentially lucra-
tive new market: quadraphonic
sound. And here the issue is ma-
trixed vs. discrete sound.

RCA is putting its money on the
discrete technique and has teamed
up with Japan Victor Corp., a pio-
neer in discrete four-channel sound,
to produce the disks: Matsushita
(Panasonic) and JvC, putting their
own rivalry aside. will make the
hardware. Meanwhile, the CBs-Sony
matrixed system is due to appear at
the end of this month.

Matrix leads. So far, matrixing
appears to be the more popular ap-
proach, with ElectroVoice (and its
licensees) and Sansui making enco-
der/decoders. and many turning out
hardware. Discrete is available now
only on eight-track tapes and in the
Dorren broadcast system. However.
the RCA team hopes to head off a re-
petition of the monaural-to-stereo
conversion confusion. “Matrixing
does seem to be farther along at this
point.” says Jerry Orbach, market-
ing manager at JVC America Inc.
“But discrete is true four-channel
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sound: matrixing only simulates it
There's no question in my mind that
anvone who hears the two will go
with discrete.”

Togetherness. The goal for RCA is
complete compatibility with two-
channel equipment; the target date
is next summer. Partial compatibil-
ity is available now. with no deterio-
ration of the carrier signal in the
track after many plays on stereo
equipment. Frequency response.
says the firm, is comparable to
stereo. and four-channel playback
on two-channel equipment offers
better separation. Also. signals are
not reduced or eliminated as with
matrix disks, and disk life is equal to
that of stereo records played on two-
channel equipment.

But there’s a hitch: since produc-
tion requires laying two channels in
each groove. getting the same
amount of program on the record in
the same space is a problem. Hard-
ware also will be two-channel com-
patible.

Commercial electronics

Microwave system
fights shoplifters

Shoplifting is a worsening headache
and rising expense to stores of all
sizes—hence to everyone who must

pay more for a product when the
cost is passed on. Several electronic
protection systems have been devel-
oped to help counteract this pil-
ferage: one of the most interesting is
a microwave tagging system devel-
oped by Sensormatic Electronics in
Hollywood. Fla.

Sensormatic’s system. which uses
small tags that are. in effect. micro-
wave repeaters, work with a trans-
mitter and receiver that scan store
exits.

It has been on the market about
two years, and now about 600 are
installed. Among the users. say Sen-
sormatic officials, are 25 of the top
100 department stores in the coun-
try. The setup consists of two or
more unobtrusive pillars about
three feet high at exits, an alarm
unit, and the merchandise tags.

Doubler. Each pillar contains a
transmitter operating in the 915 me-
gahertz industrial, scientific, and
medical band, a receiver for twice
that frequency, plus small dish an-
tennas. control circuitry, and power
supplies. Each plastic tag, which
measures about | by 3 inches, and
3716 inch thick. contains a printed
receiving antenna, a small, appar-
ently beam-lead diode used as a
doubler. and a transmitling an-
tenna/tank circuit. The alarm can
be audible. visual. or both.

The tag is applied to the mer-
chandise with a special clamp that

Gotcha! Shoplifting-detection system uses a tag that must be removed from article when
purchase is made. If it 1sn't, passage between two pillars sets off audio or visual alarm.

1}

.
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makes the unit very difficult to re-
move inconspicuousty.

A signal is transmitted in the arca
of the exit. If it is received by the
tag. it is doubled, retransmitted.
then picked up by the microwave
receiver, where it sets off an alarm.
Range of the system, according to
Kenneth M. Lowe of Sensormatic. is
about eight feet.

The fixed transmitter and receiver
are both crystal controtled. but Sen-
sormatic is working on a less expen-
sive system. A typical sctup rents for
$180 per month. The tags are also
rented. at 1.5 cents apicce per
month. Typical cost to a small store
is about $3,000 for the first year.
says Lowe. The system is most valu-
able with soft goods. records, and
tapes. Metal items are hard to tag.
but Sensormatic is introucing a con-
figuration for expensive office
equipment.

- Computers

Univac’s 9700 attacks
IBM with emulation

Univac has taken dead aim with its
new 9700 computer at a large chunk
of the market now occupied almost
exclusively by 18BM. The means, Uni-
vac hopes. is to incorporate a facility
for emulating the old 1BM 1400
series computers.

With the capability, users can
load a program written in the 1400-
style language into a new machine
and run it—in some cascs better
than the old machine could. Per-
haps as many as 50% of present-day
1BM installations are running all or
most of the time in emulation mode,
and Univac sees many of these as
ripe for conversion to 9700s.

In the machine. To nail these cus-
tomers, Univac has included in the
9700 a microprogramed control sec-
tion. Like microprograms in other
machines, it is the principal control
logic for the machine. It also con-
tains the emulator, which handles
the most time-consuming instruc-
tions for the 1400 line. leaving the
rest to software simulation.

The control section uses read-only
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Emulation is the key. Univac's 9700 computer contains microprogramed control section
that hotds emulator. It's with emulation that Univac hopes to grab piece of IBM's market.

and read-write memories—both
bipolar semiconductor arrays. The
rcad-only section contains the criti-
cal part of the new system's micro-
program. which must be maintained
at all times. even through power
failures. The read-write section of
the 9700 contains other parts that
are not in constant use and can be
rcloaded as needed.

The fact that Univac is now mak-
ing emulation available on its ma-
chines is of considerable signifi-
cance. IU's another step along the
road to computers that. while per-
haps technically incompatible, nev-
ertheless can run one another’s pro-
grams casily.

Surprise. 1BM introduced the con-
cept in its 360 computers back in
1964, as a stopgap mcasure o per-
mit its customers to convert their
programs from older languages into
360 language at their leisure. To
IBM's surprise. many customers
never got around to the conversion.
They found it casier to live with
cmulation indcefinitely, even at a
small degradation in machine per-
formance. than to convert their pro-
arams.

This reluctance was the impetus
for IBM’s integrated emulation in
the 370 line, which permits old-lan-
guage programs (o run concurrently
with new-language programs in
multiprogramed mode. The 360

32

could run only with one language or
the other.

Only one other company pres-
ently makes computers with emula-

tion—Standard Computer Corp.. of

Santa Ana. Calif. Its 1€-7000 has the
capability of emulating any other
computer, but has no identity of its
own. Standard’s resources have
been somewhat limited: it has built
only about 20 of these machines. Its
emphasis now is on time-sharing
services, which it operates through
subsidiaries in various parts of the
country.

Two sales paths. Univac expects
1o sell the 9700 not only to custom-
ers now using IBM’s System 360
models 30, 40, and 50. but also to
upgrade its own customers’ existing
installations of earlier machines in
the 9000 line—tae 9200. 9300, and
9400. All the machines use nonvola-
tile plated-wire memory capable of
nondestructive readout. Like Uni-
vac’s larger 1100 and 490 series ma-
chines. the 9700 has a dedicated
storage unit for its operating system
software, which permits sections of
this software to be removed from
the main memory. yet doesn’t com-
pete with the conventional in-
put/output channels. The computer
has an optional chaanel for commu-
nications-oriented processing, up to
four high-speed selector channels,
and one multiplexer channel.

Communications

Agreement disappointing
to CATV expansionists

It looks as though hopes of cable
lelevision operators wanting 10 ex-
pand into auxiliary services in the
major cities are going to be partially
disappointed. With the Office of
Telecommunications  Policy  prod-
ding. cablecasters and over-the-air
broadcasters have come to an agree-
ment that will put cable into large
cities. but will also serve to slow
penetration of the 50 largest centers
by imposing copyright restrictions
on programing.

The main issue has been import-
ing distant signals into the video-
glutted metropolitan areas. As it
stands now, cable companies will be
able to bring in two nonlocal chan-
nels. but will have to pay for movie
rights in the 50 top television mar-
kets in the country.

Not enough. This plan is less lib-
eral than the distant signal formula
proposed by the FCC last summer
and later studied by the Rand
Corp.—before the agreement—to
analyze its impact on the cable in-
dustry. The Rand report points out
that imported channels will contrib-
ute to cable’s penetration of the big
cities. But that penetration alone
will not be enough to support aux-
iliary activities such as community
services, education programing, and
local shows.

“The rules by themselves are
probably not sufficient to make
cable profitable in most of the 100
largest markets.” says Rand analyst
Rolla E. Park. *To succeed in these
cities. cable must attract customers
with new services. in addition to the
traditional package of better recep-
tion plus distant signals.”

Signals needed. Without the FCC's
provisions for distant signals. ex-
pected penetration would be 5 to 10
percentage points lower than the
20% to 35% of all households pre-
dicted for the center of the market.
There are slightly more subscribers
at the edges of the market, estimates
Park, “but if some of the affiliates
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a programmable calculator
that speaks your language,

whatever you do!

There's a universal janguage for chemistry, biology, phys-
ics, engineering, and all other scientific disciplines and
business. That language is mathematics.

There’'s also a universal language for programming TEK-
TRONIX Desk-top Calculators. That language is mathe-
matics.

All calculators solve mathematical problems. But there is
only one scientific calculator that you can program with the
universal language of mathematics. That calculater is the
TEKTRONIX Scientist 909.

The unique mathematical keyboard, which contains pro-
grammable keys for trigonometric and hyperbolic func-
tions plus inverse trig and hyper functions, is standard at
no extra cost.

The keyboard also contains one-key functions for logarithms,
raising any number to any power over a dynamic range of
—+10 digit mantissa times 10:9%, a square root of the sum
of the square key, and keys for solving directly expressions
such as ((@a + b) — ¢ = d) X (f — g) == y. These and other
unique keys, plus the machine’'s ability to observe mathe-
matical hierarchy, make TEKTRONIX Calculators easy 1o
use AND easy to program. Even more significant is the
calculators’ power to solve complex mathematical prob-

lems involving as many as 5120 steps when used with the
optional 926 Programmer.

You never have to learn a machine language or develop
tecnniques for circumventing nonprogrammable keys which
are often found on other machines. All keys on TEKTRONIX
Calculators are programmable to save you time and to
reduce the number of program steps.

For complete information or to arrange a demonstration,
contact any TEKTRONIX Field Office. Our offices are lo-
cated in or near major cities and industrial centers—
worldwide. If you prefer, write Tektronix, Inc., P.O. Box
500, Beaverton, Oregon 97005.

Scientist 909 Calculator .. ...... .. ... oo $3200
Statistician 911 Calculator . ........ ....... ... .. $3200

U.S Sales Prices FOB Sunnyvale, California

TEKTRONDG
technical excellence
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are low-powered uhf stations, poor
over-the-air reception at the edges
of the market can push expected
penetration over 60%.”

Park warns of what he calls
cream-skimming due to high pene-
tration where over-the-air reception
is bad. “If cable is allowed to grow
in an uncoordinated way, cable op-
erators may well wire up communi-
ties on the fringes of the markets.
where higher penetration is ex-
pected, and leave the central cities
unserved—or at best served by their
own separate, impoverished sys-
tems.” He adds that increasing use
of color TV receivers, which demand
a higher quality signal, will boost
penetration.

Using a statistical model based on
a survey of operations in 63 repre-
sentative markets, Park quantifies
expected increases in penetration
due to other sources. For example, a
2% annual increase in real income
would add 6% to penetration over
the next 10 years. And reducing the
subscription cost from the average
of $63 a year to $36 could mean a
substantial increase in penetration.

“This suggests that one way out
may be new kinds of ownership
agreements,” Park says. such as
“cable systems owned by entities
that are not much interested in
near-term profits.”

B Lasers

Material suspended
in light beam

A pair of Bell Laboratories re-
searchers has come up with a poten-
tially valuable communications re-
search tool by suspending a particle
in a laser beam and keeping it
stable. Since minute bits of material
could be manipulated without sup-
port. the technique “could be useful
to measure scattering loss caused by
particles,” says Arthur Ashkin, who
worked with Joseph Dziedzic on the
project at Bell’s Holmdel, N.J., facil-
ity.

Presently, scattering cannot be
measured in real time because of in-
terference from any support used.
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Hangup. Twenty-micron patticle suspended
in laser beam by Bell Laos researchers.

=l AW

And in designing microwave com-
municatiors systems, it’s important
to know just how much scattering
will be caused by rain, fog, or other
natural conditions that can wreak
havoc with transmissions.

What's more, “When used in an
evacuated environment, where
damping effects on the particle are
negligible, optical levitation may
also have applications in inertial de-
vices such as gyroscopes and accele-
rometers,” adds Ashkin.

It’s radiation. Ashkin and Dzied-
zic have suspended a 20-micron
glass sphere supported by a vertical
light beam. The sphere comes to rest
about | millimeter above the point
where the beam is focused. Radi-
ation pressure from the light not
only counteracts gravity and raises
the particle, but also traps the
sphere in the beam and prevents it
from slipping sideways, out of the
beam.

The sphere is launched by l:fting
it off a transparent glass plate. Ini-
tially, the molecular attraction be-
tween sphere and glass plate is bro-
ken acoustically by vibrating a
ceramic cylinder attached to the
plate.

Then, the sphere rises in the light
beam and comes to rest where the
upward pressure caused by the laser
is balanced by gravity.

The particle :s enclosed in a glass
box to reduce air-draft effects. Two
surfaces of the glass box are painted
black to show the right-angle inter-
ference patterns due to scattering.

In the Bell experiment, the-trap-

4

.

ping forces holding the sphere
within the beam also were studied.
A second laser was focused on the
particle from the side; as its power
was increased, the particle being
suspended was displaced within the
first beam until it was finally driven
out and fell.

“Using this method,” says Ash-
kin, “we found that the force that
centers the particle in the verticle
beam is about a good 0.5 G, or
about half the force holding the par-
ticle aloft.”

Coherent light does not have to
be used to suspend the glass par-
ticle. But with coherent laser light,
say Bell's Ashkin and Dziedzic, “we
have a means of focusing the light
beam to a flux concentration suit-
able to that required to lift the par-
ticle.”

Consumer electronics

NRMEC chips to go
into cash register

By early next summer, an electronic
cash register will be on the market
using the basic MOs/LSI building
blocks that have been evolving at
North American Rockwell Micro-
electronics Co. These first went into
Sharp Corp.’s Micro-Compet desk-
top calculator more than two years
ago.

Officials at NRMEC, in Anaheim,
Calif., won’t name their customer,
but they're basing their predictions
of increased growth in MOS/LSI
sales heavily on the programable
calculator processing unit that now
goes into both Sharp and Victor
Comptometer Corp. calculators.
There are four such chips in the
Sharp and Victor machines on the
market.

Michel Ebertin, NRMEC’s new di-
rector of business machines devel-
opment [Electronics, Oct. 25, p. 26],
says it’s no great chore to change the
processing unit over from calculator
to cash register applications. What
he describes as a simple cash regis-
ter also would have four of NRMEC’s
chips, plus a programable read-only
memory chip and an interface chip
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In Answer To Your Gripes About
Every Other Portable Recorder

The no jazz CPR 4010. A 7 speed, ¥2" or 1" tape, 10%2" reel portable recorder/reproducer.

Old Clicheés Revisited

What's so great about it? Mainly, it's the easiest machine around to use. maintain and service. (We know you've
heard that before, but bear with us for a minute.)

N\ 4
Operation

We've got a single knob for transport speed and electronics
equalization. Automatic. Other transport functions are push-
button controlied including our proprietary AUTOLOAD
automatic, mistake proof tape loader that works precisely.
Every time. All the electronics are in one housing. Even
monitor meters, voice logger, 7 speed servo card, and all

14 record and reproduce modules. It's easy to add options
because it's pre-wired. All you do is plug in.

(.3

T O

Maintenance and Servicing

Time for the annual P.M.? It's no big deal. The back panel’s
hinged. Just flip it down. All motors, power supplies, electronics,
etcetera, are right there. (It even runs in this position.) Nothing
special needed. How's that for simplicity?

Performance

Briefly, from the top: 7 speed transport, 15/16 to 60 ips; 7 speed direct, all automatically switched, 300 kHz at
60 ips; 7 speed FM record; 40/20 kHz, automatically switched. Any 2
speeds of FM reproduce; low tape flutter and TBE; isolation from reel
oerturbation via dual capstans and tension sensors. Low mass,
closed loop IRIG servo system. The same electronics design

as our top-of-the-line VR-37008B.

._é:'_
]

ANAND A

Bell & Howell & the CPR 4010 7
L N

Get all the specs. Just ask Bell & Howell, CEC/Instruments
Division, 360 Sierra Madre Villa, Pasadena California 91109. —aa

CEC/INSTRUMENTS DIVISION

¥ BeLLe HOwELL
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SCIENCE. "SCOPE

The Federal Communications Commission has received 11 proposals for U.S. domestic
communications satellite services and comments from many interested parties. Hughes
proposes to launch two satellites of the type it is building for Canada's Telesat
Corp. Each would provide 12 channels of color TV capacity or the telephonic equi-
valent. The primary satellite would carry long-haul telephone traffic for General
Telephone & Electronics Corp. under a long-term lease arrangement signed last fall.

Multiple-channel TV programming would be distributed to inexpensive ground sta-
tions throughout the U.S. on other circuits of the primary Hughes satellite sys-
tem, Programs would then be distributed to homes by independent cable TV systems.
By matching the satellite's wide-band capacity with the CATV cable, the Hughes
system would significantly broaden the TV programming available to the public.

The first airborne flight test antenna for AWACS, the U.S. Air Force's Airborne
Warning and Control System, was delivered recently to Boeing -- three weeks ahead
of schedule, Boeing will install the Hughes-built antenna in a radome assembly
for testing. Hughes is one of two competitors for the AWACS radar contract. The
winner will be determined by a flyoff next year.

AWACS is designed for the vital roles of air defense and tactical command and con-
trol. It will employ a three-dimensional radar capable of long-range detection
and tracking of enemy aircraft through dense ground and sea "clutter'.

A connector for instrument and remote-control cables that can survive the rough
handling and rugged environments encountered in geophysical surveying for oil and
minerals has been developed by Hughes. Trademarked the RUF-NEK connector, it has
164-contact capacity, enabling it to accommodate up to a 78-trace system with eight
spare contacts. A unique contact design provides eight wiping surfaces to assure
low circuit noise.

Electrical engineers or physicists are needed at Hughes for an R&D program involv-
ing the use of advanced millimeter-wave semiconductor devices and the development
of new concepts of mm-wave systems for applications to communications, radar, and
other uses. Qualifications: MS in electrical engineering or physics, analysis and
hardware experience in microwave or mm-wave devices and/or systems, U.S. citizen-
ship, Please write: Mr. A.J. Simone, Hughes Research Laboratories, Malibu, Ca.
90265. An equal opportunity M/F employer.

Laser rangefinders for the U.S. Army's M551 Sheridan armored recomnaissance vehi-
cle will be built by Hughes under a contract awarded recently by Frankford Arsenal
in Philadelphia. The production award followed the successes of the prototype
program, which was begun in February 1970, and of the laser for the M60AIE2 tank,
for which Hughes produced 300 systems. The Sheridan rangefinder consists of a
ruby laser, telescope-like optics, and associated control panels and electronics.

Creating a new world with electronics
i < 7 ekl = bl

HUGHES

HUGHES AIRCRAFT COMPANY

| I,
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to drive a display that would prob-
ably be implemented with liquid
crystals, which NRMEC also makes.

Four-phase. The four chips are
control, arithmetic, timing, and a
steering circuit. These four, plus the
programable ROM for the various
cash register function keys, and the
interface chips. are all fabricated
with NRMEC's four-phase MOS pro-
cess.

The programable ROM will
handle a wide range of function
keys. They are an item key that, for
example. could indicate whether the
purchase article is meat or produce
(in a supermarket application): a re-
fund key: a discount key: a key that
calculates how many trading stamps
the total transaction is worth: a key
to calculate sales tax that can be lo-
cally programmed; and a key to in-
dicate the sale is complete readying
the cash registed for cash input.
Other functions include a “for” key
to accommodate sales of multiple
items of the same kind at a sale
price; an “at” key that’s used to help
calculate the price of several of the
same items at the same price: and a
key that opens the cash drawer.

There will be a keyboard with nu-
merals from 0 to 9. In a representa-
tive transaction. the clerk would
punch the numeral 5, the “at™ key,
and the item key to indicate five
cans of soup at 27 cents each. The
machine’s logic and registers will
multiply and accumulate the total
so that the price key doesn’t have to

be punched more than once. And if

the customer also has a taxable item
such as detergent or a skillet. the
clerk would enter the price with the
keyboard, punch the item key and
tax key and the ROM would calcu-
late the tax on local basis in much
the same way as a calculator ac-
cumulates and totals.

Locked. If the clerk punched the
“end sale™ key the total would be
calculated. and he or she would acti-
vate the cash drawer key aflter enter-
ing the precise amount of cash or
check the customer has given. If that
number were less than the transac-
tion total, the drawer wouldn’t
open: if it were equal to or more
than the purchase toal, the drawer
would open and the customer’s
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change. if any, would be displayed.
Ebertin says a single ROM can
handle all the listed function keys
“and not come close to taxing the
processor and ROM capability.”
NRMEC officials say the electronic
cash register will cost only a tenth as
much to manufacture as its elec-
tromechanical counterpart. and
could sell for about half the price of
today’s $1.500 to $3.000 machines.

One-chip design aimed
at under-$100 calculator .

Chalk up another entry in the
single-chip. under-$100 calculator
sweepstakes, and the name of the
firm may surprise many people—
Garrett Micro-Circuits Corp. of
Rahcho Bernardo. Calif.. a subsidi-
ary of the Garrett Corp. [Electron-
ics. Nov. 8, p. 26]. When the parent
firm sold Garrett Micro-Circuits’ as-
sets to the Burroughs Corp. last Au-
gust it retained the corporate name
as well as a team that was working
on proprietary developments. The
one-chip calculator is the first prod-
uct to result from these efforts.

Garrett Micro-Circuits has built a
prototype. but does not plan to
manufacturer either the chip or the
calculator itself; the company will
supply mask and engineering know-
how to semiconductor firms, which
will custom-bond the chips. “We
have firm quotes on the chips and
iU's just a matter of placing the or-
ders,” says George Cone, director of
operations for Garrett Micro-Cir-
cuits. “"Production should start in
January.”

Smaller chip. The calculator will
be produced in the U.S., and be-
cause the chip is small and the labor
in assembling the calculator is min-
imal, it should sell comfortably for
less than $100, says Cone. The chip
measures 150 by 170 mils against
230 by 230 mils for the Texas In-
struments calculator chip and 220
by 220 mils for the two chips used in
the Ragen under-$100 calculator
[Electronics, Oct. 25, p. 32].

Cone concedes that the T1 chip
has wider applications than Gar-
ret’s. However. he also points out

Hughes is more than
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equipment.
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...and
even fill the
10th with your
custom
order

A Ay

Fill 9 outof 1
sockets...off-the-shelf!

= with immediate delivery from

your Motorola distributor To locate the I‘Ight device
Your nearest franchised Motorola distributor can give FAST. .u ask for your FREE

you same-day service on 9 out of 10 of your silicon

plastic small signal tran:;Q;tor needs. “MOTOROLA I.OW'COST

Do you need T0-92’s, Micro-T’s or Uniwatt devices. .. TRANSISTOR DIRECTORY"

FAST? In large volume? At low cost? With proven I

reliability? And are some of them the hard-to-find variety? s tOday .
Just specify MOTOROLA and you’ll get evervthing! »

We'll even help you order faster with our brand new edition

-~

Just write or

of the MOTOROLA LOW-COST TRANSISTOR DIREC- phone the OTOROLA
TORY — for small signal plastic. Motorola OW-COST
. . Lo . . distributor RANSISTOR
Contains comprehensive listings of T0-92, Micro-T who's nearest Fli(ITlBY
and Uniwatt transistors, including: you. Z;);al:' IRE
1. Device number to line cross references evaluation ¢ ¢

. . . samples, too. =
2. Line source to device number cross references

»
3. Replacement cross references When you ask about “same-day v

service™ at your Motorola distribu-

— and many other valuable reference listings such as a e g}vi&égl,{rblf‘lﬁgn"Hglll’::g(?(i‘l"‘l“"fc'
selector guide by applications and a new products preview. for the kids!
UNIWATT* MICRO-T*
- O
TO-92 UNIBLOC .
. .. for higher power
) \ requirem(-nts.I)ar.ling . . . for high-density packaging
\\ ... for almost any appli- \ \ ton Amplifiers. Differ- requirements. General Purpose
A\ \  cation requiring a_low N\ \ ential Amplifiers. RI Switches and Amplifiers. High-
L% cost, rugged transistor, \ . Small Siznal Ampli- Speed. Low-Current Switches. RF
© fiers. General Purpose Small-Signal Amplifiers. PNP
Switches. Low-Level Amplifiers.

* Trademark of Motorola Inc.

MOTOROLA PLASTIC
1,000,000,000 Proven Devices
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FRANCHISED MOTOROLA |
SEMICONDUCTOR DISTRIBUTORS

ALABAMA, Huntsville 35805
803 Oster Dr. NW

Mail: P. 0. Box 1095, Huntsville, Alabama 35807
ARIZONA, Phoenix 85009

1739 N, 28th Ave

CALIFORNIA, E) Segundo 90245
124 Maryland St 3) 322.8100 |
CALIFORNIA, Los Angeles 90230 Hamilton Electro Sales
10912 West Washington Bivd. (213) 871-0404
CALIFORNIA, Los Angeles 90022 K-Trontcs/Wesco
5650 Julison St. (213) 685-9525
CALIFORNIA, Mountain View 94040 Etmar Electronics
2288 Charleston Road (415) 961-3611
CALIFORNIA, Mountain View 94041 Hamilton/Avnet
340 Middletield Road (415) 961-7000
CALIFORNIA, Palo Alto 94303 Kieruitt Electronics, Inc
3969 East Bayshore Road (315) 968-6292
CALIFORNIA, San Diego 92123 ... . .. ... .... Hamilton/Avnet
5567 Kearny Villa Rd (714) 279.2421
CALIFORNIA, San Dlego 92123 Kierulff Electronics, Inc.
8797 Balboa Ave (714) 278-2112
COLORADD, Denver 80211 Hamilton/Avnet
1400 W. 46th Ave

COLORAOO, Denver 80239

10890 E. 47th Ave.
CONNECTICUT, North Haven 06473
35 Dodge Ave., Wharton Brook Ind. Center
FLORIOA, Hollywood 33020
2830 N. 28th Terrace
FLDRIOA, Miami Springs 33166
P. 0. Box 514

FLORIDA, Oriando 32809

7233 Lake Ellenor Drive

Gult Electronics Corp.
(205) 539-2731

Hamilton/Avanet
(602) 269-1391

Liberty Electronics Corp.
21

{303) 433-8551

Keeruiff Electronics Co , Inc
(303) 343.7090

Cramer Electronics, Inc.
203) 239-5641
Schweber Electronics
(305) 927-0511

Gulf Electronics Corp.
(305) 887-6541
Hall-Mark Electronics Corp.
05} 855-4020

GEORGIA, Atlanta 30325 .Jackson Eiectronics Corp.
1135 Chattahoochee Ave., N.W. (404) 355.2223
ILLINOIS, Chicago 60624 Newark Electronics Corp.
500 N. Pulaski Rd. 312) 638-4411

ILLINO{S, Chicago 60666
P. 0. Box 66125, 0'Hare International Airport
ILLINOIS, Schiller Park 60176

Semiconductor Speciatists, Inc. |

(312) 279-1000

Hamilton/Avnet Electronics
3

3901 Pace Court 2) 678-6310
KANSAS, Lenexa 66215 Hall-Mark Elec!romcs Corp.
9006 Rosehill Rd (913) 888.4747 |
MARYLAND, Baltimore 21230 Pyttronic Indusmes Inc
2035 Worcester St 301) 539-6525

MARYLAND, Rockville 20850 Cramer/EW, Washington
8 01} 948-0110
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MARYLANO, Rockville 20852 Schweber Elecnomcs
5640 Fisher Lane (301) 881-2970
MASSACHUSETTS, Lexington 02173 R&D Elecnomcs
44 Hartwell Avenue {617) 861.9200
MASSACHUSETTS Cramer Electromcs Inc
Newton Centre 02159. 85 Wells Ave 17) 969.7700
MICHIGAN, Oetroit 48240 Semiconductor Sneualls!s. Inc.
25127 West Six Mile Road (313) 255-0300
MICHIGAN, Detroit 38227 RS Electronics
12775 Lyndon Ave, (313) 491-1012
MINNESOTA, Edina 55435 .Lew Bonn Co.
7275 Bush Lake Road {612) 941.4860
MINNESOTA, Minneapolis 55420 Semiconductor Specialists, inc
8030 Cedar Ave. South 12) 854.8841
MISSOURI, St. Lours 63134 Semiconductor Snecialists Inc
10062 Natural Bridge (314) 428-6100
NEW JERSEY, Moorestown 08057 . Angus, Inc.
(P. 0. Box 126), Pteasant Valley Ave
NEW JERSEY, Pennsauken 08110
Airport & Central Highways

NEW MEXICO, Albuquerque 87119
2524 Baylor Drive, S.S.
P. 0. Box 9107 AMF
NEW YORK, Binghamton 13902

P. 0 Box 1208

NEW YORK, Hauppauge, L.l. 11787
29 Oser Avenue

NEW YORK, Rochester 14623

3259 Winton Road South

NEW YORK, East Syracuse 13057
6716 Joy Road

NEW YORK, Westbury, L.). 11590
Jericho Turnpike

NEW YORK, woodbury, L.1. 11797

60 Crossways Park West

OHIO, Cincinnati 45237

10 Knollcrest Drive (P, 0 Box 37826)
OHI0, Cleveland 4410
4800 £ast 131st Shee(

{609) 235 1900

Radio Elecmc Service Co.
09) 662-4000

Kierulff Elechomcs. Inc.
Sunport Station/Albuquerque, N.M. 87119
(505) 2471055

Federal Electronics, Inc
(607) 748-8211

Cramer Electronics, Inc
(516) 231.5600

Cramer Electronics, Inc
(716) 275-0300
Cramer/Eastern

(315) 437-6671
Schweber Electronics
(516) 334-7474

.. Harvey Radio Co., Inc.
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(513) 7615432
Pioneer-Standard Electronics, Inc.
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ORI0, Cleveland 44125

7800 Wall Street (P. 0. Box 4457)
OKLAHDMA, Tulsa 74145

4846 S. 83rd East Avenue
PENNSYLVANIA, Pittsburgh 15238
538 Alpha Orive

TEXAS, Oallas 75231 ...

Hall-Mark Electronics Corp.
(918) 835.8458

Semiconductor Specialists, Inc.
(412) 781-8120

. Hail-Mark Electronics Corp.
9333 Forest Lane (214) 2315101
TEXAS, Dallas 75229 . Sterling Electronics, Inc
2875 Merrell Road (214} 3579131
TEXAS, E) Paso 79903 Midland Specialty Co
2235 Wyoming Avenue (915) 533-9555%
TEXAS, Houston 77042 Hall-Mark (lecuomcs Corp
8000 Westglen (713) 7816100
TEXAS, Houston 77001 . Sterling Electronics, Inc
4201 Sou!hwes( Freeway (P. 0. Box 1229) (713) 623-6600
UTAH, Salt Lake Cl(y 84115 Cramer Electronics, Inc
391 West 2500 Sout (801) 487-3681
WASHINGTON, Seanle 98121 Hamitton/Avnet
2320 North Sixth Avenue (206} 624-5930
WASHINGTON, Seattle 98108 Liberty Etectronics
5305 Second Avenue South (206) 763-8200
WISCONSIN, Milwaukee 53226 Hall-Mark Eleclromcs Corp
11925 W. Ripley Ave. (414) 476-1270

CANADA
MONTREAL, P.Q. Cesco Electronics, Ltd
4050 Jean Talon St. West 514) 735-5511
MONTREAL, Zentronics (Quebec) Ltd
5765 Pare S!reet ) 735-2471
OTTAWA, Ont. Cesco Electronics Ltd.
1300 Carting Ave. 13) 7295118
QUEBEC CITY, P Q. Cesco Electronics Ltd.
98 St. valler 0 (418) 524-4641 |
DDWNSYIEW, Ont. Cesco Electronics Ltd
24 Martin Ross Ave. (Toronto) (416) 6385250 |

TORONTO, Ont
185 Bridgeland Ave.
VANCOUVER 9, B.C.

Zentronics Ltd
(416) 787-1271

Bowtek Electric Co. Ltd.
604

993 West 8th Ave ) 736 7677
VANCOUVER, B.C. Varatronics Industries Ltd.
1641 West 2nd Ave (604) 736- 9252

WINNIPEG, Man.

397 William Ave

. Cam Gard Supply L
(204) 9424 0901
|

MOTOROLA

Semiconductor Products Inc.
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that Garrett has some “design
tricks™ for which it is sceking pat-

ents, and adds that the clock is in-
cluded in the Garrett chip. whereas
TU's requires 13 external components
for a clock. The company is also ap-
plying for patents on some tech-
niques used for the keyboard input
logic and for segment blanking to
avoid crosstalk between the calcu-
lator digits.

Dense. “We have achieved high
density without violating good prac-
tices, reliability. and yield.” he
claims. “We have close to 4.500
gates. whereas a typical industry fig-
ure would be 1.000 gates,™

Garrett uses a standard process
for its chip, a p-channcel. high volt-
age (4.5 to 5.5 v) unit. The calcu-
lator uses 18 discrete transistors for
drive circuitry and the Digitron-type
display tubes. The prototype unit
operates from an ac power source.,
but Garrett has designed an ac/dc
unit which will run for five or six
hours on rechargeable batteries.

The calculator performs all four
arithmetic functions, including
chain-type problems, and also can
handle negative figures. It has cight
digits with full floating point and
zero suppression, and will calculate
up to 16 digits internally.

. as new firm designs
machines for others

Still another firm has found a path
into the broadening calculator busi-
ness without making or sclling the
machines. Optimized Technology
Inc.. Santa Clara, Calif. a company
formed a few months ago, is design-
ing calculators with half’ a dozen
companies.

All of the chief design cngineers
at Optimized Technology. including
its president. Lloyd Taylor. made up
the customer engineering center at
American Micro-systems Inc. in
Santa Clara. There they were re-
sponsible for interfacing AMI's sales
and engineering divisions and were
involved in applications engineering
on many projects. including elec-
tronic calculators.

Taylor describes his new oper-

ation as “Putting together packages.
We work with a customer who
wants to apply MOS/LSI to his sys-
tem and we are not limited to calcu-
lators.” though they are the focus of
some of Optimized Technology's
first projects. Taylor says that in
working with a customer the firm ei-
ther designs the logic or specities
one of the logic sets already avail-
able. “Then we marry a display and
keyboard to it and specify a power
supply and a case. We then send it
out to a manufacturer (an assem-
bler) and have it built for our cus-
tomer.” One such customer is Com-
modore Business Machines
[Elcctronics. Nov. 8. p. 41].

Lower cost. While this approach
may scem complicated. Taylor says
“actually there are less partics in-
volved with this sctup than you
might find in normal channels
within one company that does it all
itself.™ The result, he savs. is a lower
manufacturing cost for the product.
For calculators, this means that ma-
chines can be built in the U.S. more
cheaply than in Japan. “We can cas-
ily compete with the Japanese.” he
says. A machine that costs them
$80 can be done in the U.S. for $47
factory cost.”

That is why he savs the calculator
industry has done a complete about
face. It used to be that people
would consider a machine on its ap-
plication, quality of the service
available. appearance. and finally
cost. But now it’s cost first and then
appearance.” says Taylor. “The cal-
culator is now a consumer product.”

] Integraléc! ?Ie_ctr@icé

Solid state Loran-C
on Coast Guard horizon

The Coast Guard may be able to get
a solid state Loran-C vet. This ap-
peared unlikely when projected cost
overruns forced a halt to Sylvania’s
development of  Transloc  (trans-
portable Loran-C). because there
was no apparent successor. But
Symbionics Inc.. a spinoft of Syl-
vania’s own Advanced Rescarch
Laboratories, was soon proposing
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in 1% Tolerance

1-Watt Zeners

SCHAUER

ed and
assembly

Gold plated
leads

Prices

ANY voltage from 2.0

to 18.0
Quantity Price each
1-99 $1.07
100-499 .97
500-999 91
1000-4999 .86
5000 up 82

Write for complete rating data and
other tolerance prices.

Buy TheKit!

AOER

TWATE ZiRER i00ts
e W 10038

Kit contains a 51-piece assortment
of SCHAUER 1% 1-watt zeners
covering the voltage range of 2.7
to 16.0. Three diodes of each volt-
age in reusable poly bags. Stored
in a handy file box. Contact your
distributor or order direct.
Semiconductor Division

SCHAUER

Manufacturing Corp.
4514 Alpine Ave. Cincinnati, Ohio 45242
Telephone: 513/791-3030
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what it hoped was a better method
of doing the job.
The Coast Guard was interested

enough to fund $70.000 worth of

initial development. Symbionics, in
turn. formed Megapulse Inc. in
Waltham, Mass., to develop a semi-
proprietary rf power generation
scheme called the Megatron [Elec-
tronics. Oct. L1, p.26]. The first
model only filled a relay rack. but
generated 30 kilowatts  effective
radiated power.

Now the service has an $840.000
contract with Mcgapulse for a solid
state.  computer-controlled  trans-
mitter module. 1t would be capable
of more than 200 kilowatts ERP
and also capable of being paralleled
with other modules to reach the
megawatt power levels the Coast
Guard requires. Though the con-
tract reads “engineering model.”
Megapulse is trying hard to come
up with the equivalent of a prepro-
duction prototype, according to S.
C. Bigelow, systems manager.

The rf portion of the 200-kw
module is to be tested before spring
1972, and a version using a com-
puter to control several of the criti-
cal parameters of the complex sinu-
soid that make up a Loran-C signal
are to be detivered by October.

Package. The Megaltron is a com-
bination of a power supply and stor-
age capacitors, coupled with solid
state and saturable inductive switch-
ing elements. The solid state
switches are off the shelf. 1.000 v.
110 ampere silicon-controlled recti-
fiers. and there are six for each
switching function—three paralleled
stacks of two SCRs each. Thus, while
the transmitter emits peak outputs
of 520 A. individual $CRs draw only
about 40 A rms. Part of this is due to
use of a nonlinear inductor in the
megatron’s output stage: with it in
the loop. the system achieves a pulse
compression effect.

Timing is overwhelmingly impor-
tant in Loran: pulse timing decides
navigational accuracy. Thus, the
Megatron modute will be built with
an analog-digital servo loop around
it to aid timing control. One figure
of merit for a Loran signal is the
tightness with which the sinusoid’s
zero amplitude crossings are con-

trolled. Mcgapulse is shooting for a
Coast Guard-specified +10 nano-
seconds. After tests of the rf system,
a computer will be added in an at-
tempt to improve control of pulse
shape. amplitude. and zero crossing.

Although the Coast Guard is far
from writing purchase orders for
Megatrons, engineers at Megapulse
look toward a hypothetical system
comprised of paralleled Megatrons
as a Loran station, with each mod-
ule under the control of a central
computer: DEC’S PDP-11 would be
their choice.

Industrial electloni_cs

Word-processing market
drawing more entries

Business machine makers are get-
ting the message: the newest hot
market is word processing, or au-
tomatic typewriting. Such equip-
ment, using cassettes, paper tape, or
cards. is being sold as the last link in
the automated information-process-
ing chain by more and more com-
panies out to cut into a market vir-
tually owned by 1BM.

The market already includes at
least one other business-machine
giant, Remington Rand, and a host
of more specialized firms, such as
Quindata Inc. of New York. Infor-
mation Control Systems of Ann Ar-
bor. Mich., and Spiras Systems of
Waltham, Mass., and among the lat-
est entries is Wang Laboratories
[Electronics, Nov. 8, p. 41.]

Word-processing gear is either a
typewriter/terminal, or typewriter
and separate terminal connected to
a logic console. Information is keyed
in, stored. and printed out. Mistakes
are corrected in the console by
pushing a button and typing over
the error. Revisions can be localized
and retyped the same way, since the
units have edit capability. Training
can take as little as a few hours.

Various versions. Remington and
Quindata build single-station  sys-
tems. On the other hand. Spiras’ Ac-
cutext, also a single-station arrange-
ment. has a CRT display. And.
Information Control's Astrocomp 8
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Next time you want Micronmask
ask
for something else

Ask for Millimask

and you’ll get Micronmask

(Micronmask just changed names)

Millimask a new name
in microcircuitry maskplate

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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WANG
THE WORLD'S
MOST TESTED
CALCULATOR

When you buy a calculator,

you want to get the best. That’s us.

We built our reputation and our company producing calculators
for professional testers and examiners — scientists and engineers.

We've expanded our line to produce Wang calculators for any
application you can think of, but we still maintained our
exacting standards. Every calculator we make, and Wang is the
widest line in the industry, has the best price/performance ratio
in its class. And we still believe that the only good calculator is
one that never becomes obsolete. That’s why we designed every
Wang product to be expanded in your office as your require-
ments increase. We have a world-wide sales and service organization
to back up that promise.

By building the best calculators we’ve become the largest
manufacturer in the United States. Give us any test you want;

we've passed them all. Call Mr. Courtney, collect, at 617-851-7211.

Dept. E-11

w g NG LABORATORIES, INC.
836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876,

TEL. (617) 851-7311, TWX 710 343-6769, TELEX 947421
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links from two to cight typewriters
Lo a minicomputer.

Accutext, according to product
manager Edward Devin, is “the
only word processor using a CRT
display.” Information is keved in on
the terminal and simultancously
displayed: the operator doesn’t have
to wait for typewriter printout to
catch errors or revisions. The tape
accepts and transfers copy at 300
characters per second and cach cas-
sette stores 100,000 characters.

Taking the single-station concept
further is Wang's system 1200: it
works with an 1BM computer or
1200s.

IBM’s entry also offers computer
hookup and point-to-point oper-
ation. Moreover, individual dictat-
ing machines can be replaced by
PBX telephone or remote micro-
phone systems, permitting feed into
one or more central recorders-trans-
cribers at a word-processing center.

. Fortherecord

Good count. Nerem is estimated to
have drawn about 12,000 attendces
this yecar, only 3,000 fewer than in
1970, and not nearly as poor a
crowd as was feared. Exhibits at the
Boston meeting also were better
than expected, though fewer and
smaller than last year.

Down. Varian Associates of Palo
Alto, Calif,, has expericnced the
most significant loss in its 23 ycars
in operation. In the fiscal year
ended in September, Varian re-
ported a net loss of $6.7 million or
94 cents per common share. In fiscal
1970. Varian had a profit of $4.7
million.

Ampex change. Arthur H. Hausman
has been clected president of Am-
pex Corp.. Redwood City. Calif,,
following the resignation of William
E. Roberts. Roberts will continue as
chairman. While the company says
that Roberts resigned because of
health, financial analysts and com-
pany watchers note that Ampex has
been losing money—$12 million for
fiscal 1971. Hausman, 47, was for-
merly chicf operating officer and ¢x-
ecutive vice president.
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DESIGN

Let us mill.

Not all sheet-metal parts should be manufactured
by force and violence. It’'s much more humane to dis-
solve away the unwanted metal. Tkis process, called
photo chemical machining, leaves the parts unstressed,
unbent, unbroken, unbeaten. It’s extremely accurate.
And it may cost less than militant methods such as
stamping and machining.

We became expert in photo chemical machining by
running one of the largest chemical milling operations
ever set up. It's a continuous process that turns out a
couple of million color TV aperture masks per year.
(Each mask is pierced by half-a-million tiny, round
holes.)

If we can make masks, we can make almost any-
thing by photo chemical machining: parts such as IC
lead frames, display-tube numbers, grids, heaters,
computer-card guides, electric-razor cutter heads. We
do everything: artwork, milling, finish plating.

Wy

i

40-lead IC frame. (PCM part)

Naturally, we welcome run-of-the-mill chemical
milling work. (It’s our bread and butter.) But we're
overjoyed when people give us a really tough PCM
job. We have a whole crew of metallurgists, chemists
and designers, and they can come up with sweet an-
swers where others produced sour notes.

So if you're having any problem with PCM parts,
come to us.

Instead of just milling around.

For more about PCM, call Bill Iohnsonat 717-265-
2121. Or write him at GTE Sylvania, Chemical &
Metallurgical Division, Towanda, Pa. 18848.

SYLVANIA

Gold-plated transistor lead frame. (Stamped part)

Stamp out everything.

One of our most creative areas is the stamping of
electronic parts.

We can bang them out like a machine gun—about 10
million parts per day. From a wide range of materials.
In all sorts of finishes and tempers. To extremely close
tolerances.

We’ve got presses that will blank, cup, draw, pierce,
bead, knurl and trim—all in one pass.

We’ll take on the most intricate shapes you have,
make our own dies for them and knock out beautiful
parts by the barrelful.

And we’ll do it at a rcasonable cost. (After all,
stamping is thc most economical way to mass-produce
metal parts.)

So give us your huddled contacts. Your teeming
lamp bases. Your integrated circuit parts. Your cans
and headers. Your anything and everything.

And we’ll stamp ’em out for you.

Call our stamping people at 717-764-9853. Ask for
Hal Martin. Or write to him at: GTE Sylvania, Parts
Division, 1128 Roosevelt Ave., York, Pa. 17404.

(G113 SYLVANIA
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100” of our reputation
comes from

O”*of our business

There’s more to Siliconix than FETs.

We're known for FETs. We're big in FETs. For the past seven
years we've participated in 70% to 80% of all hi-rel FET
sales. We have the broadest line of FETs. We have the big-
gest name in FETs.

But FETs represent only 50% of our business. We also
build and sell integrated circuits. ICs account for the other
half of our business. And sales are growing. We're getting
bigger in LSl and MOS too.

So how does a “FET company’ become a standard in
the IC business? Lots of ways.

High reliability (military) experience. A low commercial
price structure. The same technical competence that made

us big in FETs. And a willingness to tackle any circuit prob-
lem you have, large or small.

The way things are going, it won’t be long before we're
much bigger in specialty ICs too.

Then we’ll write an ad telling people we make FETs.

If you have a special problem—in FETs or ICs we want
to help. Call us.

Siliconix incorporated

2201 Laurelwood Road ¢ Santa Clara e Calit. 95054
Phone (408) 246-8000 Ext. 201  TWX: 910-338-0227

Siticonix distributors. Hamilton/AVNET, Semiconductor Specialists, Cramer E'ectronics, Liberty Electronics, Elmar Electronics, W-astern Radio. Norelcom. Siliconix
sales offices. Bethpage, NY (516) 796-468C / Norwood, MA (617) 769-3780 / St. Louis, MO (314) 291-3616 / Minneapolis, MN (612) 920-4483 / Long Beach,
CA (213) 420-1307 / Santa Clara, CA (408) 246-8000 / San Diego. CA ZE 7-1301 / Denver, CO (303) 744-0404 / Phoenix, AZ (602) 947- 3183. Overseas sales
offices. Siliconix Limited, Saunders Way, Sketty, Swansea, Great Britain / Siliconix GmbH, 7024 Bernhausen, Postfach 1340, W. Germany / Siliconix S.A.R.L.,

94-Saint-Maur, France, Tel. 283-57-90.
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ElA trade policy
seen doomed by split
in membership. ..

... but noone
seems too sorry

DOD pressured
on prototyping
by Congress. ..

... but still may
get more $% than
last year '

Washington Newsletter

November 22, 1971

Fearful of a split that could result in a loss of member companies, the
Electronic Industries Association appears ready to let its draft “white
paper” on international trade policy die a quiet death. This is the private
estimate of two EIA executive committee members, who contend that
the association’s first effort at establishing an industry-wide policy foun-
dered on the opposition of the Consumer Electronics Group.

Group members, it is said, found that the draft presented to member
companies at a recent meeting in Los Angeles “tended to be protec-
tionist even though it wasn’t far right of center.” The draft reputedly
called for free trade insofar as it did not affect U.S. industry jobs, and
also for U.S. retaliation against nations raising artificial nontariff trade
barriers against American exports.

One consumer group member argues that opposition also exists among
companies with multinational interests outside the consumer area, and
faulted EIA staff work that had the draft document still in preparation
as the Los Angeles meeting began—a situation that precluded circulation
of the text among members prior to the meeting. However, a spokes-
man for the traditionally protectionist Parts Division termed the docu-
ment “innocuous,” and Government Products Division sources expressed
similar feelings, adding that “three-quarters of the association is for it.”
EIA’s top Washington executive Jim Adduci also said he has “no concern
about losing members” over the nine-point position paper.

Nevertheless, most sources suspect it is a dead issue. If so, EIA will
remain one of the few major trade organizations without a position on
foreign trade, apart from its recent resolution urging increased trade
with East European nations.

Because of Congressional criticisms that Deputy Defense Secretary
David Packard is not putting his money where his mouth is when it
comes to competitive hardware prototyping, the Pentagon is leaning on
the three services to give the program stronger support in fiscal 1973
and provide funds for competition in some major projects. The House
Appropriations Committee delivered a critique along these lines to the
full House recently, along with its fiscal 1972 defense spending bill.

While expressing enthusiasm for the Packard plan [Electromics, Aug.
30. p. 65], the HAC was also irritated that DOD wanted an additional
$67.5 million to carry it out instead of reprograming existing funds.
Moreover, the committee said it was disappointed that the concept “was
not applied to some higher-priority existing development,” and hinted
that the services were exploiting the Packard plan merely to get fresh
money for “low-priority programs similar to other programs that have
been discussed for some years but have not received funding.”

The total $71 billion appropriation recommended by the House Appro-
priations Committee cut nearly $2.5 billion from the DOD request, but
generally pleased the Department—it was still left with more than $1.4
billion above the figure it finally received last fiscal year.

Areas containing money for electronics—procurement, research and
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Air Force STOL,
fighter win praise,
but not sensor group

HEW to unveil
device bill, finally

Microwave Landing
System award slips
to next year

46

Washington Newsletter

development, operations and maintenance—were all higher than fiscal
1971 funds. Procurement increased by $2.15 billion to nearly $18.2
billion, research and development by $507 million to $7.5 billion, and
operations and maintenance by $313 million to $20.4 billion.

The only good things the House Appropriations Committee could find
in the three services’ competitive prototyping plans were the Air Force
proposals for a short takeoff and landing transport and a lightweight
fighter. In fact, the HAC didn’t just recommend, it directed that the
entire $12 million approved for that service’s prototyping be spent on
those two programs. Even so, the bill warns that preliminary Air Force
plans for the STOL should get a hard second look since “it would be
unfortunate to have goldplating doom this program effort.” As for the
fighter, it appeals to Congress because of the trend to planes costing
“$15 million a copy” and the concern that the U.S. have small, viable
fighters to cope with vastly superior enemy numbers.

However, a $34 million budget request for the Defense Special Proj-
ects Group—the Pentagon’s heavyweights in sensor technology, who
achieved fame with their Southeast Asia efforts—was chopped to $7
million. The appropriations body noted that the group’s continuation is
another “classic example of the bureaucratic tendency never to end an
organization” even after its job is done.

The long-awaited Administration medical device bill, now being circu-
lated in final draft form among Government groups outside the Depart-
ment of Health, Education, and Welfare, will surface by the end of the
year, say HEW officials. In the bill, the burden of clearing products for
the market—the provision that the $400 million medical electronics indus-
try opposes most strenuously—falls on advisory panels drawn from industry,
Government, and scientific experts. Essentially, the details parallel last
fall’s recommendations by a special HEW committee on medical devices
and the proposals introduced earlier this year by Paul G. Rogers (D,
Fla.) in the House and Gaylord Nelson (D., Wis.) in the Senate.

The Food and Drug Administration would have three years from the
date of passage to review those devices currently on the market and
subject to clearance. For devices subject to standards but not clearance,
design and performance requirements would go into effect immediately.
The FDA would also be allowed to inspect factories, to require man-
ufacturer registration and record keeping, and to order repair, replace-
ment, or refunds for faulty or ineffective medical devices.

Awards for the contract definition phase of the potentially lucrative
Microwave Landing System, originally intended for December, will not
be made until next year. But that may still mean January, if the Federal
Aviation Administration’s evaluation committee can complete the unex-
pectedly prolonged selection process by the end of the year and if the
FAA’s topside concurs.

Up to six companies may be selected for the $3 million contract defini-
tion phase, which is the first in a three-phase, five-year development
program to produce prototype ground, shipboard and airborne hardware
for both civilian and military uses. The FAA plans to buy 454 ground
units for about $190 million and to start installing them in 1978.
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The new Merlin 1 connector.

40% lighter than anybody else’s.

Through the magic of Amphenol engincering we
now bring you a reer-release, cylindrical, environ-
mental connector tnat is not only 40% lighter than
competition, but ¥2-inch shorter than most.

A one-piece thermoplastic retantion disc, molded
of tough Astrel 360" replaces the individual metal
retention clips ccmmon in h2avier connectors.
Therefore, a €1-pin Merlin configuration has one
retention disc instead of 61 individual metal clips.
The result is a lot less useless weight. And, without
all those parts, more reliability.

Adds a little magic to ccst-cutting, toc.

Our new Merlin exceeds all performance require-
ments of MIL-C-83723, MIL-C-26482 and NAS-1599
and is fully intermateable and intermountable with
all three of these types.

Shell sizes are available in the eight most popu-
lar configurations with your choice of straight plug
ard both wall-mounted or jam-nut receptacles.

To get the full story on the new Merlin 1 connec-
tors, just write or call Steve Kelleher, Amphenol
Connector Division, Bunker Ramo Corporation,
2801 S. 25th Avenue, Broadview, Ill. 60153, (312)
261-2000.

*Registered Trade Mark 3M Company

) AMPHENOL
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From our TTL Family Tree, simple new solutions for
A/D converters, minicomputers, high speed systems.

| 1)
21113 'l |
i
&
m

9334 8-Bit Addressable Latch for general purpose
storage in high speed digital systems. Combined with
other MSI devices, it can be easily expanded to form
large storage arrays. By itself, the 9334 can serve

as an 8-bit addressable lateh memory, one-of-eight
decodor or one-of-eight demultiplexer.

Four new high quality members
have been added to the Fairehild
family of 96 TTL/MST circuits,
Each can be used in a variety

of designs —alone. or combined
with other members of our TTL
and/or MOS families —for simple
solutions to complex systems
problems: For example:

SUCCESSIVE APPROXIMATION A/D CONVERTER

PARALLEL OUT

ANALOG IN

SERIAL OUT

In an A/D Converter, the 4334, combined with a 9316
Binary Counter and standard lincar devices, provides
a suceessive approximation analog-to-digital
conversion, Send for our Appl. Note 294,

9338 8-Bit Multiple Port Register for high speed
storage inan arithmetic logic unit is probably the most
significant new funetion yet designed for minicomputer
memories. Uniquely. it eliminates any addressing
restrietions by permitting simultancous read/write
without race problems and by allowing data to

be written into any one of the 8 storage locations and
read out of any two of the locations simaltaneonsly.

M

16-BIT ALU WITH 8 ACCUMULATORS

ADDRESS

MODE

DATA

Used as a one-bit slice of eight registers/
accumulators, it combines with either the 9340 or
9341/74181 ALU device to become the powerful heart
of a minjcomputer central processing unit. It's
equivalent to a 9301 decoder, a 9308 lateh, two 9312
multiplexers and a dual flip-flop. Send for our

Appl. Note 220,

93H00 and 93H72 High Speed 4-Bit Shift Registers
improve system performance up to 300% over a wide
range of design applications that are based

on the 9300 industry standard shift register.

The 93H00 has the same pin configuration as 9300
but has improved minimum shift rate by a factor of 3
{to 45M1z). This high-speed 4-bit shift register is

a multi-functional sequential logie block, useful in a
wide variety of register and counter applications.

The 93172 has a minimum shift frequencey of 45MHz
and typical H58MIHz. It uses the same basic 4-bit

shift register configuration as the 9300 but with
additional logie flexibility. 93001 and K inputs are
replaced by single D type input and a eloek enable
input E. providing a HOLD ("do-nothing™) state.
This eliminates the need for external elock gating.

These MSI devices are indicative of the problem-
solving power of the Fairehild TTL Family Tree.
most comprehensive TTL line in the industry. They
are available. along with product and application
inforniation. from yvour friendly Fairchild Distributor.

ADE W

ARCHIL

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera and Instrument Corporation, Mountain View, California 94040. (415) 962-5011. TWX : 910-379-6435
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 BOURNS

BOLDB NEWW

DIGITAL

1@ BRIz

... AT LESS COST* THAN MOST SEPARATE
DIAL /POTENTIOMETER COMBINATIONS



CONCEP!

A DIAL POTENTIOMETER
IN' A SINGLE UNIT —

combinations.

Model 3610 Model 3600

NO DIAL S T(O) COMPARE PRICES . ..
ASSEMB

| I 3600 cost /ess than separate dial and potentiometer

Unlike SEPARATE Digital dial and potentiometer
combinations . . . the dial and pot are INTEGRAL
IN ONE, 7& 7 DIAMETER UNIT. No screws, nuts, or
bushing to mess with . . . JUST SNAP UNIT INTO
PANEL AND» CONNECT TERMINALS.

*in 500-999 quantities

NO PHASING REQUIRED [ s

Model 3610 is prephased at the factory to a GUARAN- NOW CHECK THE SPECS!
TEED ACCURACY OF +0.5% BETWEEN ELECTRICAL ACCURACY: +0.5% (Maximum error between electrical
OUTPUT AND DIAL (This is equivalent to BETTER output and dial reading.)
THAN 0.5% terminal base linearity). REPEATABILITY: 0.1%
POWER RATING: 1.5 watts
RESISTANCE RANGE: 100 to 250,000 ochms
RESISTANCE TOLERANCE: +5%
.. ask about the Model 2600: TEMPERATURE COEFFICIENT OF RESISTANCE WIRE:

# clockface brother of the Model 3610. 20ppm/°C
Also an INTEGRAL DIAL/POTENTIOMETER, TEMPERATURE RANGE
it's only 3 inches in diameter and PRICED EVEN Model 3610 Model 3600
LOWER THAN MOST SEPARATE DIAL/PCTEN- —25 to 4-85°C —65 to +85°C
TIOMETER COMBINATICNS. For details, contact your local Bourns Distributor,
Representative, or Bourns Sales Office.




Call on the power of the Kokomoans
for your systems of the 70’s.

The tough breed of High Voltage

Silicon Power Transistors.

Con- Maximum
VCEX tinuous VcEo Power
Transistor Voltage Ic (sus) Dissipation  Typical Applications
*Ic Peak=5A
DTS 401 400V 2A* 300V Vertical magnetic CRT deflection, has good gain linearity.
DTS 402 700V 3.5A* 325V *Ic Peak=10A . L
Horizontal magnetic CRT deflection, features fast switching
DTS 410 200V 3.5A 200V 80w \ time, high reliability under horizontal sweep fault condition.
DTS 411 300V 3.5A 300V 100W Voltage regulator, switching regulator, DC to DC converter,
class A audio amplifiers.
i 5W
DTS 413 400V 2.0A 325V 5 *Ic Peak=10A
DTS 423 400V 3.5A* 325V 100W High Vceo and VcEo ratings make it practical to operate
directly from rectifier 117V or 220V AC line.
SA* \" \%%
DTS 424 700V 3.5A 350 100 *Ic Peak = 10A
DTS 425 700V 3.5A 400V 100W High VcBo, Vceo (sus) ratings make them ideal for use in deflection
circuits, switching regulators and line operating amplifiers.
DTS 430 400V 5A 300V 125W - - —
Voltage regulators, power amplifiers, high voltage switching.
DTS 431 400V SA 325V 125W
DTS 701 800V 1A 600V 50w Vertical magnetic CRT deflection circuits.
DTS 702 1200V 3A 750V 50W Horizontal magnetic CRT deflection circuits operating off-line.
DTS 704 1400V 3A 800V 50w
DTS 721 1000V 3A 800V S0W High voltage DC regulators.
DTS 723 1200V 3A 750V S0W Very high voltage industrial and commercial switching.
DTS 801 1000V 2A 700V 100W Color vertical magnetic CRT deflection circuits.
DTS 802 1200V SA 750V 100W Color horizontal magnetic CRT deflection circuits.
DTS 804 1400V 5A 800V 100W
2N3902t 700V 3.5A 325V 100W *Ic Peak =10A
Ideal for switching applications. Can be operated from rectified
2N5157 700V 3.5A* 400V 100W 117 or 220 volt AC line.
2NS5241 400V SA 325V 125W For general use in electrical and electronic circuits such as
converters, inverters, regulators, etc.
2N2580 400V 10A 325v 150W
2N2581 400V 10A 325v 150W
2N2582 500V 10A 325V 150W f
”
2N2583 500V 10A 325V 150W ~ 4
2N3079 200V 10A 200V
2N3080 300V 10A 300V

tMil. qualified units available.
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Transistors are NPN triple diffused.

DIVISION OF GENERAL MOTORS CORPORATION,
KOKOMO, INDIANA

Delco F.Iet:l;rnni
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Now available from these distributors
in production quantities.

ALA., BIRMINGHAM « Forbes Distrib-
uting Co., Inc. (205)-251-4104

ARIZ., PHOENIX + Cramer Arizona
(602)-263-1112  «  Sterling Electronies
(602)-258-4331

CAL., LOS ANGELES « Kierulff Elec-
tronies, Ine. (213)-685-5511  +  Radio
Produects Sales, Inec. (213)-748-1271
CAL., PALO ALTO + Kierulif Elee-
tronics, Inc. (415)-968-6292

CAL., REDWOOD CITY + Cramer /San
Francisco, (415)-365-4000

CAL., SAN DIEGO « Milo of California,
Ine. (714)-232-8951
CAL., SAN DIEGO -
Sales, Ine. (714)-292-5611
COLO.,COLORADOSPRINGS
Electronics (303)-636-1661
COLO., DENVER + Cramer Denver
(303)-758-2100 « Denver Walker Elec-
tronies (:303)-935-2406

ILL., ROSEMONT (Chicago) « Kierulif
F-J-R (3121-678-8560

[LL., SKOKIE (Chicago) -
Electronies (312)-282-5400
IND., INDIANAPOLIS « Graham Elec-
tronies Supply, Ine. (317)-634-8202
MD., BALTIMORE . Radio Electric
Serviee Co. (301)-823-0070

MASS., NEEDHAM HEIGHTS .
ulff Electronies, Inc. (617)-449-3600

Radio Products

» Walker

Merquip

Kier-

MASS.,, NEWTON « The Greene-Shaw
Co., Ine. (617)-969-3900
MICH., ROMULUS .
(313)-729-5500
MINN., MINNEAPOLIS « Stark Elece-
tronics Supply Co. (612)-332-1325
MO., KANSAS CITY « Walters Radio
Supply, Ine. (816)-531-7015
MO., NO. KANSAS CITY - LCOMP-
Kansas City, Inc. (816)-221-2400
MO., ST. LOUIS .« LCOMP-St. Louis,
Ine. (3141-647-5505
N.J.,, CLIFTON « Eastern Radio Cor-
poration (201)-471-6600
N.M., ALBUQUERQUE » Cramer 'New
Mexico (5051-265-5767 « Sterling Elec-
tronies (5051-247-2486
N.Y., BINGHAMTON -
eral (607)-748-8211
N.Y.,, EAST SYRACUSE -«
Eastern (315)-437-6671
N.Y., NEW YORK « Harvey 'New York
(212)-382-2590

Y., ROCHESTER -
ester (716)-275-0300
N.Y, WOODBURY « Harvey New York
(516)-921-8700
OHIO, CINCINNATI « United Radio,
Ine. (513)-761-4030
OH10, CLEVELAND -« Pattison Supply
(216)-441-3000
OHIO, DAYTON .
H13)-278-9411

Harvey Detroit

Harvey /Fed-

Cramer

Cramer, Roch-

Kierulff /F-J-R

OKLA., OKLAHOMA CITY .
Inc. (405)-235-1551
OKLA.,, TULSA .
(918)-587-9123

Radio,

Radio, Ine.

PENN., PHILADELPHIA « Almo
Eleetronies (215)-676-6000
PENN,, PITTSBURGH . RPC Elec-

tronies (412)-782-3770

S.C., COLUMBIA « Dixie Radio Supply
Co., In(' (803)-253-5333

TEXAS, DALLAS .« Adleta Electronies
Company (214)-741-3151

TEXAS, FORT WORTH « Adleta Elec-
tronies Co. (817)-336-7446
TEXAS, GARLAND
tronies, Inc. (214)-271-2471
TEXAS, IIOUSTON + Harrison Equip-
ment Co., Ine. (713)-224-9131
UTAH, SALT LAKE CITY
Utah (201)-487-3681

VA., RICHMOND « Meridian Elec-
tronies, Ine., a Sterling Electronies Com-
pany (703)-353-6648
WASH., SEATTLE -
tronies, Ince. (206)-763-1550
WASH., TACOMA + C & G Electronics
Co. \206) 272-3181

CANADA, ONT., SCARBOROUGH -
Lake Engineering Co., Ltd. (416)-751-39%0
ALL OVERSEAS INQUIRIES:
General Motors Overseas Operations
Power and Industrial Products Dept.,

Kierulff Elec-

» Cramer

Kierulll Elec-

767 Fifth Avenue, New York, N.Y.
10022, Phone: (212)-486-3723.
Ready Now for Your Systems of the 70’s: The Kokomoans' new
breed of silicon power is ready to handle your high energy switching and
amplification circuits. Our high voltage transistors permit the design
of simplified cireuits . . . without the extra weight, bulk and complexity you
get with low voltage, higher current systems.
Delco silicon power transistors have earned a reputation for survival
in the most rugged applications. Their proven performance in
\ﬁ; solid state deflection circuits in the new, large-screen color TVs
A ¢ is but one example.
w It’s because we design Delco transistors to have greater peak
Q ", ' energy capability—to be able to withstand higher surges of
voltage and current for a specified time. And we back it up with
o Peak Energy Testing to verify our safe operating curves.
/ Designing for your new systems of the 70’s? The Kokomoans
have the silicon power you need.
/ /
Kokomoans’ Regional Headquarters.
p , Union, New Jersey 07083, Box 1018, Chestnut Station, (201) 687-3770.
1;4 g El Segundo, Calif. 90’43, 354 Coral Circle, (213) 772- )181
il Kokomo, Ind. 46901, 700 E. Firmin, (317) 459-2175 (Home Office).

MARK OF EXCELLENCE
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For built-in reliability,

design

with

‘““scotchflex”
Flat Cable/Connector

“*$COTCHFLEX’? IS A REGISTERED TRADEMARK OF 3IM CO.

“Scotchflex”” Flat Cable and Connectors
can offer you trouble-free packaging for
your next generation equipment.

There's built-in reliability for your circuit
inter-connects. Our flat, flexible PVC Cable
has up to 50 precisely spaced conductors.
The gold plated U-contacts are set into a
plastic body to prov de positive alignment.
They strip through the insulation, capture
the conductor, and provide a gas-tight
pressure connection.

Assembly cost reductions are built-in,
too. "“Scotchflex” Connectors make up to
50 simultaneous connections without strip-
ping or soldering. No special training or

Circle 54 on reader service card

costly assembly equipment is needed.

Off-the-shelf stock offers you flat cable
in a choice of lengths and number of con-
ductors from 14 to 50. Connector models
interface with standard DIP sockets, wrap
posts on .100 x .100 in. grid, or printed
circuit boards. Headers are available to
provide a de-pluggable inter-connection
between cable jumpers and printed circuit
boards (as shown). Custom assemblies are
also available on request.

For full information on the ""Scotchflex”
systems approach to circuit-
ry, write to Dept. EAH-1, 3M Bm

COMPANY

Center, St. Paul, Minn. 55101.
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Technical

rticles

Q

Whether it's implemented by software or hardware, multiplication is a stow process
in computers, asserts author Clive Ghest. A new medium-scale IC gets the lead out
by multiplying two-bit by four-bit numbers and adding the constant. Moreover,
iterative arrays can multiply larger numbers and still bypass the complex designs
and long sequential operations of previous hardware.

<
<

h a phase o Y TS ™

The phase-lock loop lands in the consumer electronics designer's ballpark via a
stereo decoder integrated circuit that provides better separation and lower har-
monic distortion than conventional approaches, says author Michael Gay. And just
as important, it comes in an IC package, so that assembly, alignment, and compo-
nent costs can be sharply reduced.

Ask a designer of fast digital circuits about ringing and delay calculations, and he's
likely to groan. But he won't buckle under the weight of load-effect dogwork, says
author Laurence P. Flora, if he uses Line. It's a computer program that analyzes
digital interconnections as if they were transmission lines, and computes line volt-
age and plots ringing characteristics as well.

How bright is bright in strobed LED displays? p. 78

With light-emitting diode displays proliferating rapidly, it's becoming easier and
more economical to strobe the diodes, rather than power them individually. But
what of the all-important brightness factor—will the results satisfy the viewer? Au-
thor Richard Ahrons offers a factor derived from measured data that can help de-
termine the right point at which to strobe.

- 'Y 1 " 240 7

oPp al report: The R S t: p.

“"Spectacular’ used 10 be the appropriate word to describe the growth curve for
the Japanese economy in general and its electronics industries in particular.
“Soggy'’ best describes the outiook now, however. With U.S. economic policies
forcing the yen's exchange rate upward, the 10% import surcharge hurting sales to
Japan's number-one customer, and a mild recession to boot, Japanese electronics
this year should grow only half as rapidly as last year.

The cover: The prime movers of Japan's electronics industries, as they were photo-
graphed by Arthur Erikson, Managing Editor, International, and Charles Cohen of
Electronics’ Tokyo bureau, during the dozens of face-to-face interviews that went
into this report.

Optoelectronics pits lasers against air pollution . . . protecting bipolar transistors
from avalanche damage . . . charge-transport devices give designers new options
for memories and imaging . . . capturing and digitizing fast transients . . . getting

better digital ICs for minicomputers.

Electronics/November 22. 1971
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Multiplying made easy
for digital assemblies

New IC multiplies 2-bit by 4-bit number and adds constant; iterative
arrays of the device can multiply larger numbers, yet bypass complex
designs and long sequential operations of previous multipliers

by Clive Ghest, Advanced Micro Devices Inc., Sunnyvale, Calif.

00 Computers have always been slow at multiplying,
whether they relied on a software subroutine or on a
hardware multiplier. The first requires complicated pro-
graming. and the second is generally only available as
an expensive option that is wired or plugged into the
basic machine. Even the large general-purpose ma-
chines that include multiplication as a standard instruc-
tion usually implement it with quite complex hardware.

Minimal hardware, however, is needed with a new,
medium-scale monolithic multiplier that can be used in
iterative arrays for high-speed 2s-complement multipli-
cation. Advanced Micro Devices’ Am2505 multiplies a
two-bit number by a four-bit number and adds a con-
stant to the product in a few nanoseconds. To multiply
larger numbers of M and N bits requires % (M X N) of
the new ICs.

Obviously, this multiplier allows direct hardware
multiplication in minicomputers. Less obviously, it
streamlines the design of complex special-purpose
machines like fast Fourier transform processors and
time-shared digital filter networks. It also completely
bypasses the need for slow sequential methods in con-
ventional arithmetic units, and for the special-purpose
control and shifting logic that some processors use to
speed up the multiplication process.

Basically, binary multiplication is a series of additions
and single-bit shifts. Generally, a multiplier requires
one fewer shifts than it has bits. Following each shift, a
decision is made either to add the other factor—the mul-
tiplicand—to the partial product, or to add 0, depending
on whether the digit for that bit position of the mul-
tiplying number is 1 or 0. Then the multiplicand is
shifted one place relative to the partial product, or vice
versa, and another similar decision is made.

The new multiplier is fast because, instead of pro-
ceeding one bit at a time, it inspects several bits simulta-
neously in one of the two factors to be multiplied.

No step-by-step shifting

It derives from one almost obvious method of speed-
ing up multiplication—which is to shift past all consecu-
tive Os in the multiplying factor in a single operation.
For instance, a row of four Os in a factor can be made to
trigger a four-position shift. This is clearly quicker than
alternately shifting one position and deciding not to
add, four times over.

The new unit extends this technique by also shifting
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past strings of Is in one go. For example, the decimal
number 127 corresponds to the binary number 1111111.
Straightforward multiplication by this number would
require seven additions and six shifts, or 13 separate op-
erations. But

127 = 128 - 1 (decimal notation)

=2"-2°

= 10000000 - 1 (binary notation).
This corresponds to a subtraction of the multiplicand in
its right-most position, a single shift of seven places, and
one addition with the multiplicand one place to the left
of the most significant bit. In this way, the product is
found with only three operations instead of 13.

Most numbers, of course, comprise several alternat-
ing strings of Is and Os, with a few individual bits scat-
tered here and there. In such numbers, each string of Is
would cause the multiplicand to be subtracted once,
shifted the necessary number of places, and added once,
just as in the previous example. An isolated | in a bi-
nary number would cause a subtraction, a one-place
shift, and addition. In binarv notation this pair of oper-

X3 Xg Xy Xg X 4
le—Y
SHIFTING ARRAY MULTIPLIER Yo
DECOOE [ Y,
SIGN t—"
ANO « I
OVERFLOW | COMPLEMENTER
CONTROL Ko
J K1
3 K,
HIGH-SPEED | [ K
ADDER ‘~—I_CJ
IN

L

85 S4 CourS3 82 81 So

{

_ i _
1. Multtiplier. These five sections multiply a four-bit number, x, by a
two-bit number, y, and add another four-bit number, K, to the prod-
uct. Inputs x_, and y_, are among connections used when several de-
vices multiply longer numbers. Pin P determines logic onvention;

it's grounded for positive logic, unconnected for negative logic.
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MULTIPLICAND CONSTANT
BITS4-7 BITS0-3 BITS4-7 BITSO-3
BIT 3 X
T U .
Y
Ko-a Xg-a -—Y—'_]_ Ko-a Xo-3 : X
Yo X Yo
Am2506 Yole Am2505 Y,
NC
Cour Cin Cour Cin
P P
Sy-5 81 Sy _l Ss Ss  S3 Sz S S _l
- TN T T :
| | BIT 3 l—J L
X ll X 0|
; |-
w
U U; iy [+ |
| Ko-3 Xo-3 X Ko-3 Xo-3 Yoy E
35
( x" Yo =
e Am2505 - Am2505 Yy
Cout Cin Cour Cin ‘J
etk
| Sp-5 _l Ss Sy Sp-a3 o 1
- - -
NC]
V Y
| Se-1 So5 Sy So

2, Iterative connection. Four multipliers can produce a 12-bit product from eight-bit and four-bit inputs. Successive rows are staggered;
four K inputs to multiplier at lower right are connected to S outputs of multiplier immediately above and of multiplier at top left.

ations is the same as subtracting the multiplicand from
twice its value. This, of course, is equivalent to adding
the multiplicand once—which is exactly what the single
1 bit calls for.

This subtract-shift-add sequence is the basis for an al-
gorithm for multiplication:
® Throughout the process, the multiplicand shifts from
right to left, or from the least significant to the most sig-
nificant digit of the multiplier.
® [t is subtracted from the partial product at the begin-
ning of every sequence of Is in the multiplier.
® [t is added to the partial product at the beginning of
every sequence of 0s,
(The word “multiplier” in this context refers to the fac-
tor by which the multiplicand is multiplied. It is not to
be confused with the main subject of this article, a de-
vice that multiplies).

Lookahead is faster

This algorithm applies even to single digits. Thus a
multiplier (a device) built according to this rule would
not have to look ahead as it shifted along the multiplier
(the factor), but would respond to each bit immediately,
adding or subtracting whenever it found two adjacent
bits that differed.

Following this rule, the worst possible sequence in a
multiplying factor would be a series of alternating bits
(101010 . . .). This would require an addition or sub-
traction for every bit position—clearly a slower oper-
ation than straightforward multiplication. But a sub-
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stantial speed-up can be attained. at the expense of a
little more hardware, if the multiplier (the device) is en-
able to look ahead and allowed to follow the consecu-
tive string rule only for strings of two or more bits. Isc-
lated Is in the multiplier then cause simple additions,
just as in the straightforward operation. With this modi-
fication of the rule, the worst case is again when the bits
alternate; the speed then is equal to that of straight-
forward multiplication.

The basic rule and its modification can be summa-
rized by writing a multiplying factor in its original form
and in modified forms that indicate the operation to be
performed. To take a typical 16-bit multiplier,

010011101000011°1
it1oioo1 110001001
oioioo10io001001

In both algorithms, either the shifting takes place one
position at a time, or additional logic is required to
count the number of bits in a string and to shift the
multiplier a corresponding number of positions. But if
the number of shift positions is made constant and
greater than 1, this logic is eliminated without serious
degradation of the speed. Furthermore, a constant shilt
makes it possible to build an iterative array for mul-
tiplying longer numbers than a single array can handle.

In the previous example, in the first equality, the op-
eration to be performed is alternately addition and sub-
traction. If the shifting is always done two places at a
time, then the multiplier bits must be paired, and sign
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12-12 | 12-8 | 12-4 S10-11

p
12| 15-8 | 14-4 |10

Si213

I
‘SZG 31 S22-25 Sz 21 Syaaz
MSE

3. Larger array. For longer words, iterative connection can be ex-
tended indefinitely. Block labels identify bits connected to that block:
tor example, 6-12 refers to multiplier bits y, and y,, and multiplicand
bits x,, through x,,. Solid color line shows path of longest delay
through this array; tinted muitipliers are the ones rearranged in Fig. 4
to reduce this propagation time.

Toble [
Two-place shift algorithm

X1 X X, Operation in position i {
0 0 0 Add 0

0 0 1 Add multipticand

0 1 0 Add multiplicand

0 1 1 Add 2x multiplicand |
1 0 0 Subtract 2x multiplicand ‘
1 0 1 Subtract multiplicand ‘
1 1 0 Subtract multiplicand

1 1 1 Subtract O

- |

combinations can occur only in the two bits in a pair. In
this way the preceding example becomes

01,00 11,10,10,00 01, 11
i1.,0i.00 11,10, 00 10,01
i

0i.01, 00 01, 10,00, 10,0

In the first equality the algorithm is the same as when
the bits were considered singly, but certain simplifica-
tions become immediately obvious. Two pairs of 1 bits
with opposite signs are present. Both can be combined
by changing the more significant bit to a 0 and altering
the sign on the less significant bit. This changes the sec-
ond equality, but the result of the entire multiplication
operation is unchanged.

The algorithm for multiplication with paired bits is
summarized in Table 1. This algorithm calls for two-
position shifts. After each shift the more significant bit
is compared with the less significant bit of the same pair
and with the less significant bit of the next pair to the
left. As a result of this comparison the multiplicand or
twice the multiplicand is added or subtracted from the
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0-12)
|
ZIﬂ
4-12 J48 4-4
Z,
6-12 ||6-8 | 6-4 | 6-0
fam
8-12 [Js-8 | 8-a | -0 | a0
r
10-12 [J1o-8 [ 1w0-a [ 00| 2-4 | 2-0
L
12 IZJIZS 12-4 | 12-0 | 0-8 | 0-4 | 0-0
r—1
14-12 Jm-a -4 | -0 | 2-8 [SsoSe7 Sos
ity

¥ S26 31 Sz2-25 Sig 21 Si1a17 Sio13

\

4. Faster array. Moving the tinted blocks down from their location in
Fig. 3 without changing their horizontal position relative to each
other decreases longest propagation path from 335 ns to 290.

partial product, in the position corresponding to the
more significant bit of the pair. Commas in the table
correspond to commas in the example above.

That example is contrived to contain all eight combi-
nations of three bits. For example, the combination 00,0
occurs as the third pair from the right end, and part of
the second pair. The table says that this combination
calls for a 0 to be added to the partial product; and a 0
appears in the third bit pair of the second equality.
Again, the combination 00,1 appears as the second pair
from the left, calling for the multiplicand to be added
directly: and a +1 appears in bit position 12 of the sec-
ond equality. Finally, the combination 10,0 appears as
the fourth pair from the right, calling for twice the mul-
tiplicand to be subtracted; and a -1 appears in the
higher-order bit position, which has twice the weight of
the other bit, the x; of the table. The combination 11,0
is the right-most pair; the 0 is understood.

Functions and complements

Several characteristics of the algorithm are evident
from the table. The x,Q, bit indicates whether an addi-
tion or a subtraction is to occur. The exclusive-OR of x;_,
and x; indicates that the necessary operation is to be
performed_on the multiplicand directly. The function
(X)) () (xi€2)) + (xi.,) () (x,9,) indicates that the op-
eration is to be performed on twice the multiplicand.

Besides, this algorithm can produce a 2s-complement
product when the multiplier or multiplicand are repre-
sented in 2s-complement form. A 2s-complement is a
representation of negative numbers obtained from the
positive number of the same absolute value by replac-
ing every 0 with a 1, every | with a 0, and adding 1 to
the result. In a preceding example, unsigned number
1111111 as a multiplier was shown to be equivalent to
10000000 - 1 = 27 - 2°. In a 2s-complement form, how-
ever, it represents -1 = -2° (the addition is omitted in
the (n + 1)th position of the n-bit number). In 2s-com-
plement notation, if the number is negative, the most
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significant digit is always 1, so that a subtraction always
occurs at the last bit position, as in table 1.

Logic designs can work with this algorithm, whether
they use positive or negative logic. In positive logic, a
binary 1 is represented by the more positive signal level.
In negative logic it is represented by the more negative
level. The only other requirement is the need to inter-
change addition and subtraction in the algorithm when
negative logic is used.

Parts of the multiplier

As its block diagram (Fig. 1) shows, the Am2505 con-
sists of five parts: a multiplier decoder, a shifting array,
a complementer, a high-speed adder, and an overflow
and sign control. All are contained in a single 100-by-
100-mil chip in a 24-pin dual-in-line package.

The multiplier decoder’s inputs are the two bits of the
multiplier, the high-order bit of the next lower pair
when the unit is part of an iterative array, and a signal,
P, that defines whether positive or negative logic is
being used (either ground or open-circuit). It imple-
ments the two logic functions mentioned previously and
the exclusive-OR of x;§, and P.

These three outputs indicate whether the next oper-
ation involves the multiplicand itself or twice the mul-
tiplicand, and whether the operation is an addition or a
subtraction. When twice the multiplicand is involved,
the shifting array moves it over by one bit position, and
transmits the result to the complementer. Here the 2s-
complement is determined, if a subtraction is called for.
The output of the complementer goes to the adder,
where the modified multiplicand is added to the prev-
iously determined partial product, which appears at the
K inputs. The adder produces a four-bit sum plus a
carry output, and also has a carry input that can accept
the carry output from another device.

From time to time the operations of these four parts

Other ways to speed

Various other schemes for speeding up multiplica-
tion are in use. but they suffer from several disadvan-
tages. For example, straightforward multiplication
takes a long time largely because of the carries that
arise as a multiplier adds successive partial products. So
one speed-up technique bypasses the carry propagation
time by using a carry-save adder to accumulate the car-
ries and restore them in a single step at the end. Unfor-
tunately, this technique requires a great deal of hard-
ware, and the final full-parallel addition itself imposes
a significant carry propagation time.

A fast technique for medium-sized systems employs
read-only memories for multiplication. Essentially the
memory is a look-up table containing all possible prod-
ucts of words of a limited number of bits. These memo-
ries can multiply longer words if they are combined to
form partial products that are added together. But the
approach has four major disadvantages: custom masks
are required for the read-only memory: a lot of hard-
ware is necessary: the ROM cannot be built into an
iterative structure. unlike the Am2305 described in this
article: nor can it perform 2s-complement arithmetic
directly.
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of the multiplication unit may cause an overflow, or a
carry out of the most significant bit position. To take
care of this overflow, and to generate the necessary sign
bit, usually shown at the left of the most significant bit
of the result, a small fast logic array is appended at the
high-order end of the adder. This array also has inputs
from the complementer and shifting array.

If the multiplication units were used alone, the prod-
uct of a two-bit and a four-bit number would require six
bit positions, which would appear at the output of the
adder and the output of the sign and overflow control in
about 45 nanoseconds. Most of the delay occurs in the
multiplier decoder, the shifter, and the complementer.

But when the multiplicand has more than four bits, or
the multiplier has more than two bits, an iterative array
must be laid out. In such an array all the subsections
mentioned operate in parallel, and the limiting factor
per multiplier is the adder time, which is about 20 ns.
Furthermore, the sign and overflow control outputs of
only the most significant bit positions are used.

The basis of the iterative connection for multiplying
longer words is shown in Fig. 2, where four Am2505s
multiply an eight-bit multiplicand by a four-bit multi-
plier. It uses as many units in a horizontal row as the

0-12
4-12 | 4-8 | 4-4
OVER- 8-12 | 8-8 | 8-4 | 8-0 | 4-0
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5. Divided for speed. Separating the iterative array into two or more
parts and then adding the results produced by the parts decreases
the propagation time even more—in this case to 185 ns.
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6. Truncation cuts cost. Dropping the least significant half of the
full product without rounding gives a product with an error at most
equal to the value of the least significant remaining digit, and permits
omission of some of the multipliers.

number of multiplicand bits requires, and successive
rows staggered by two bit positions as determined by
the number of multiplier bits. In the figure, multipli-
cand bits are numbered x, through x;; the connection
for bit x., is ground; bit 3 is connected both to the
highest-order multiplicand input of one unit and to the
x., input of the next unit to the left. Similar remarks ap-
ply to the multiplier inputs. Positive logic is assumed
(pin P grounded). In the case of negative logic, P would
be left unconnected.

Partial products accumulate through the array via the
K inputs. These inputs can be connected to ground at
the top of the array, or a separate number can be added
through them, to appear at the least significant end of
the product.

The input carry of the multiplication units in the least
significant positions is connected directly to the higher-
order multiplier bit. According to the algorithm of
Table 1, when this multiplier bit is 1, the multiplicand is
subtracted from the partial product. To subtract a num-
ber, its 2s-complement is formed, which requires adding
1 to the least significant bit position. This | is most eas-
ily added by using the multiplier bit directly.

More speed .. . .

Though this is the most straightforward, it's not the
fastest way to multiply two numbers of more than four
and two bits respectively. Speed is limited by the max-
imum number of multiplication units through which a
particular bit must propagate in forming a product.
This number can be reduced by rearranging the itera-
tive array so that some multiplication units change their
relative vertical positions but not their horizontal posi-
tions.

Figures 3 and 4 show how this rearrangement can be
made in an array that multiplies two 16-bit numbers. In

60

Fig. 3 there are four units in each horizontal row. and
eight rows. The units are identified by the designations
of the least significant bits of the multiplier and mul-
tiplicand, respectively, that are connected to their in-
puts. Thus unit 2-4 is connected to multiplier bits y, and
y, and to multiplicand bits x, through x.. The solid color
line shows the path of longest propagation time through
the array.

When the position of a particular unit is changed so
as to shorten the propagation path, the unit retains all
its original multiplier and multiplicand inputs, and ac-
quires new constant inputs and internal carry lines. To
insure that the product has the proper sign, the S, and
S. outputs of the units at the most significant edge of
the array must be connected to the appropriate K, and
K, inputs in the next row, following the arrangement
detailed in Fig. 2.

When the units shown with a color tint in Fig. 3 are
moved downward to the position tinted in Fig. 4, the
path of longest propagation shortens from 18 units to
15, or from 335 nanoseconds to 275.

. . .and still more

For still faster multiplication, the iterative array can
be split into several parts, and the respective products
added, as shown in Fig. 5. Here the array is divided into
two parts. Their respective partial products are com-
bined in a row of seven external four-bit adders chosen
for their speced (Advanced Micro Devices' Am9340
would be suitable, for example). The least significant
four bits of the product come directly from units 0-0
and 2-0. The other 28 bits are generated by the adders.

The interconnections between the multiplication unit
arrays and the adders are rather complex. Their details
are not important here, but, before the two partial prod-
ucts are added, one is skewed to one side by two bits

Table 11
Delays and package count
Typical delay times”
(nsat 25 C)
Word Number of Number of Adder fevels
length Am2505s adders 0 1 2 ‘
8x8 8 0 135 ‘
12x 12 18 0 205 ‘
18 5 155
16 x 16 32 0 275
32 7 185 |
32 16 180 [
20 x 2C 50 ] 345 1|
50 9 220 |
24 x 24 72 0 415 ‘\
72 1 255 ‘
72 24 215 |
= = |
28 x 28 98 0 485 ‘
| a8 13 290
32 x 32 128 0 555 ‘
128 15 325
128 32 250 |

* Maximum delays at 25 C are approximately 40% longer than
typical delays
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relative to the other. This two-bit skewing is analogous
to the skewing that occurs between successive rows in
the basic iterative array.

This arrangement can complete the 16-by-16 multi-
plication in about 185 ns—almost a third faster than
with the single array of Fig. 5. The time can be de-
creased even further if the iterative array is broken into
four parts, and three rows of adders are used.

The number of packages required to multiply various
word lengths, and the length of time they require to
generate a product, are shown in Table 2.

Integers and fractions

The Am2505 can multiply numbers in either integral
or fractional form. Either way. if the multiplier and
multiplicand have n bits each, the product has 2n bits.
The only caution when numbers are in fractional form
is that, if the bit at the left end of the factors is a sign
bit, then the binary point is between the first two bits,
not at the left of the sign bit. It is analogous to the situ-
ation in decimal notation, where the decimal point does
not precede but follows the sign, and a negative fraction
is properly -.142857, not .-142857. Since the Am2505
can’t distinguish between numbers with and without
signs, the 2n-bit product can have two bits to the left of
the binary point, if an overflow occurs.

Often only the n most significant bits of a 2n-bit
product are desired. These are obtained by either trun-
cation or rounding.

Rounding is more accurate. The easiest way to do it is
to add a | to the most significant dropped bit—that is, to
the nth bit, counting from the right-hand end and be-
ginning with 0. If this nth bit is itself a 1, the dropped
portion of the result is equal to or greater than ', and
the least significant bit of the rounded number should
be increased by |. Rounding requires a binary | to be
connected to the K input in the nth position, but unfor-
tunately it offers no saving in hardware in the multipli-
cation array itself.

In truncation the least significant n bits are simply
dropped, and the result may be incorrect by the value of
the least significant remaining digit. When truncation is
designed into a system, some of the multiplication units
in an iterative array can be omitted, because they con-
tribute nothing to the truncated result. For example, in
a 12-by-12 multiplier, shown in Fig. 6, full-length prod-
ucts would require 18 Am2505s; but if truncated results
are satisfactory, four of these 18 are unnecessary. The

Number of packages
Array size
Untruncated Truncated

8x B 8 7
12x12 18 14
16 x 16 32 23
20 x 20 50 35
24 x 24 12 50
28 x 28 98 66
32 x 32 128 84
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7. Other applications. Principal applications of new multiplier are in
digital function generators. fast Fourier transform processors, and
arithmetic function generators, which will be able to use contfigura-
tions like these to expand their capabilities.

bottom row of this array yields the 14 most significant
bits of the result, numbered 10 through 23. Inputs to
unit 10-0 come from unit 8-0, whose least significant di-
git is bit 8. Those multipliers whose outputs are less sig-
nificant than bit 8 —namely, units 0-0, 0-4, 2-0, and 4-0—
can be removed (see also Table 3). But this truncation
does not increase speed, because the removed multi-
pliers are not in the critical propagation path.

Although the Am2505 multiplier can be applied to
general-purpose and special-purpose computers, it is
more useful in digital filter circuits, fast Fourier trans-
form processors, and arithmetic function generators, all
of which are components in digital assemblies that are
usually less sophisticated or more limited in application
than computers. Four such applications are shown in
Figure 7. The quadratic polynomial generator, and by
extension polynomial generators of higher degree, sim-
ply pass the inputs through a series of multiplication
units; the desired quantity appears at the output
directly. In the digital low-pass filter and the reciprocal
evaluators, the output is fed back to the input through a
register, whose contents converge to the desired result
after a number of time iterations. Of the two reciprocal
evaluators shown, the one with two multiplication units
uses Newton's approximation method and converges
more quickly. O
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Phase-lock loop comes to fm stereo

wrapped in an IC package

Now consumer electronics designers can obtain better separation
and lower distortion with a phase-lock loop stereo decoder;
because it's in IC form, assembly, alignment, component costs are cut

by Michael Gay. Motorola Semiconductor Products division, Mesa, Ariz

[J The virtues of the phase-lock loop principle are well
known to communications engineers. Now they’re avail-
able to help out the consumer electronics designer in a
monolithic stereo decoder circuit that requires no tuned
circuits.

The IC yields impressive performance benefits over
conventional discrete circuits—harmonic distortion is
lower, channel separation is better over the frequency
range. and long-term stability is improved. But equally
important, this decoder chip requires a less complex
factory alignment procedure and fewer external compo-
nents. In fact, if this phase-lock loop stereo IC is used in
conjunction with ceramic filters replacing i-f trans-
formers, the alignment process for the complete receiver
is reduced to just adjusting the discriminator trans-
former, front-end trimmer capacitor, and the free-run-
ning decoder frequency.

Most stereo decoders used in fm stereo receivers use a
frequency-doubler circuit to convert the 19-kilohertz
carrier into the required 38-kHz subcarrier frequency.
Three external tuned circuits usually are required.
These must be adjusted after assembly and can degrade
performance if they become misaligned due to vibra-
tion, mechanical shock, or component aging. In addi-
tion to increasing alignment costs, the coils also drive up
overall component costs. The new XC1310 iC. however,
uses the phase-lock loop (PLL) to regenerate the 38-kHz

subcarrier and manages to avoid these disadvantages.

Figure 1 shows the system block diagram. The PLL
which regenerates the 38-kHz subcarrier comprises a
phase detector, low-pass filter, dc error amplifier. volt-
age-controlled oscillator, and a divide-by-four module.
The internal vCO runs at 76 kHz. This signal. which
passes through two divider stages, returns as a 19-kHz
signal to the input modulator, or phase detector. It is
there that the returned signal is multiplied by the in-
coming signal so that when a 19-kHz pilot tone is
present in the received signal a dc component is pro-
duced. The dc component is extracted by the low-pass
filter and used to control the frequency of the internal
oscillator. Consequently, the VCO becomes phase-locked
to the pilot tone. This insures that the 38-kHz output
from the first divider has the correct phase for decoding
a stereo signal.

It’s beneficial to run the vCo at 76 kHz and derive the
38-kHz signal to use as the regenerated subcarrier using
a single divider stage. That way, the 38-kiiz waveform
has a precise 50% duty cycle regardless of the 76-kHz
waveform. A 50% duty cycle, in turn, is essential in ob-
taining good channel separation and excluding any sec-
ond-harmonic component that could demodulate un-
wanted Subscription Carrier Authorization signals in
the 60-to-74-kHz band.

The regenerated 38-kHz subcarrier is fed to the stereo

PHASE LOCK LOOP

INPUT 38 kHz
| kH
—— AN Terase LOW PASS VCO UL . o0 kb2 190
AMPL DETECTOR FILTER 76 kHz ’
] 38 kHz
J L +V
o | PHASE LOW PASS TRIGGER /» . STEREO
" | DETECTOR FILTER CIRCUIT . SWITCH

‘I DECODER I L & R OQUTPUTS

1. Stereo demodulator. Three functions—a phase-lock regeneration loop, a stereo switch, and a decoder section—are combined in a single
integrated circuit to form a complete fm stereo demodulation system. A regenerated piiot tone, which is obtained from the phase-lock loop, is
modulated with the composite input in the switch section to determine whether the input signal is in stereo or is monaural
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decoder module when an internal stereo switch is
closed. The decoder essentially is a modulator that mul-
tiplies the incoming signal by the regenerated 38-kHz
subcarrier. Since this process degrades the signal-to-
noise ratio, it must be muted if the received signal is not
stereophonic or of adequate strength. The procedure is
to allow the stereo switch to close only when a 19-kHz
pilot tone of sufficient amplitude is received.

Here’s how the pilot tone level is detected and the
switch is operated by the stereo switch section of the cir-
cuit. The 19-kHz signal returned to the PLL phase detec-
tor is in quadrature with the 19-kHz pilot tone when the
loop is locked. A third divider stage is connected so that
a 19-kHz signal, in phase with the pilot tone, is gener-
ated. This signal then is multiplied with the incoming
signal in the stereo-switch phase detector, producing a
dc component proportional to the pilot tone amplitude.
This dc component is passed through a low-pass filter
and drives the trigger circuit. which activates both the
stereo switch and a stereo-signal indicator lamp.

On the chip

The complete circuit is shown in Fig. 2. The audio
amplifier Q, through Q, provides a high input imped-
ance and boosts the input signal to provide optimum
performance from the phase detectors in the 38-kHz
regeneration loop and the stereo switch section. The
decoder is driven with an audio signal at the incoming
amplitude. but to reduce distortion the level is shifted
by diode D, in the audio amplifier feedback network.

The amplifier is coupled to both phase detectors by
an external capacitor and a series resistor (between pins
3 and 11) at 500 ohms. This provides a convenient point
to add a capacitor to ground for correction. divider re-
lays. etc.

The phase detectors are balanced chopper types com-
bined with the filters. External components are con-
nected to the appropriate terminals to produce the re-
quired filter characteristics. This type of phase detector
was chosen over the commonly used emitter-coupled
pair type because its superior dc balance minimizes
phase errors.

Generating control current

In the phase-lock loop. the phase detector output
(pins 12 and 13) is amplified and converted to a control
current by the two-stage differential amplifier (Q,-Q.).
This amplifier requires an input level of +5 millivolts to
produce a change of +2 microamperes in the control
current which, with typical external components. would
produce a +1.2% variation in the oscillator frequency.
These values allow 40 decibels of channel separation to
be maintained at the mono/stereo threshold signal
level, with no more than 1% error in the oscillator free-
running frequency.

The oscillator is a relaxation type (Q.-Q,,) that uses a
specially designed trigger circuit for very good stability.
The thresholds of this trigger circuit are made indepen-
dent of the transistor base-to-emitter voltage. These
threshold levels. which are fractions of the supply volt-
age. are controlled solely by the ratio of the 1C’s resis-
tors. The result is that thresholds in the oscillator trigger
circuit are almost independent of temperature and scale
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Fm stereo decoding basics

A standard fm stereo broadcast signal after frequency
demodulation. comprises the sum (left plus right) and |
difference (left minus right) of the two channels and a
19-kilohertz pilot signal. The sum information is avail-
able directly. The difference data is in the form of a
double-sideband. amplitude-modulated signal on a 38-
kiz suppressed subcarrier. But since the 19-kHz pilot
tone is phase-coherent with the suppressed subcarrier it
can be used to regenerate the subcarrier.

The demodulated stereo signal has the form:

0.45 (V. + V) + 045(V, - V) sinw,t

+ 0.1 sin (w.1/2)
where V,_and Vy are the left- and right-channel instan- |
taneous signal levels normalized to unity: w, is the sub-
carrier frequency. and «.t/2 is the pilot tone.

Thus. a sterco decoder circuit must perform four ba-
sic tasks: it must select the pilot tone frof the compos-
ite signal: regenerate the subcarrier from the pilot tone:
demodulate the channel difference signal using the re-
generated sub carrier: and add and subtract the sum |
and difference signals (matrixing) to separate left and
right channel information.

w b FM STEREO SIGNAL SPECTRUM

S AFTER FREQUENCY DEMODULATION
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together with any change occurring in supply voltage.

The oscillator timing components are connected be-
tween a single pin (14) and ground, include an external
capacitor and resistor (nominal value is 19 kilohms with
a 470-picofarad capacitor). The resistor, however, is
normally variable for precise frequency setting. More-
over, the capacitor’s discharge through the external re-
s:stor occupies 90% of the cycle time so that any vari-
ations in the charge time, through an internal resistor,
have little effect on the oscillator frequency. Both these
factors contribute to the excellent frequency stability.

Because the switching threshold voltages depend only
on the IC resistor ratios, their tolerances are minimized
so that only a small variation in the total timing resist-
ance is required for frequency adjustment. Since this
variation in timing resistance is but a small part of the
total, an inexpensive, relatively unstable potentiometer
can be used for this trimming. Values of external timing
components may be altered to vary the capture range of
the circuit (allowable frequency error of free-running
oscillator over which circuit will lock) which is +3% with
the values quoted.

The oscillator output is a fairly narrow pulse. The
pulse rise times are sharpened by a buffer stage (Q,,)
feeding the first divider. The first and second dividers
are of the master-slave type. One output of the first di-
vider drives the second divider in the PLL: the other out-
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Phase-lock loop basics

The phasc-lock loop is a closed-loop electronic servo |
that provides an output frequency which locks onto and
exactly tracks the phase of a reference signal. This is
done by comparing the phases between two signals and
using the resulting difference to correct the voltage-con-
trolled oscillator’s frequency. If either the output of the
vCo or the reference signal changes phase, the phase

detector and filter produce a de error voltage whose
l magnitude and polarity depend on the phase change.

This error voltage changes the oscillator frequency until
l phase coherence of both signals is regained.

Implementing this concept is quite simple. All that's
needed is a phase detector (modulator), a loop filter,
| and a voltage- or current-controlled osciltator. How-

ever, if an output which is a muitiple of the input refer-
ence signal, but still phase-locked to it, is desired, a fre- |

put feeds the third divider. The latter is a conventional
bistable that generates the 19-kHz waveform for the
stereo switch section. The input to this divider is steered
by the state of the second divider. This arrangement
generates a 19-kHz waveform in quadrature with the
regeneration-loop waveform and of unambiguous
phase. The dc level in the second and third dividers are

Manageable. Although the phase-lock loop and its divider chain
make the XC-1310 rather complex for a linear IC, producibility is ex-
oedited by stage designs tolerant of process and operating variables.
Typical network includes filter, timing, de-emphasis, and coupling
components, and oscillator-trimmer potentiometer.
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Cholce characteristics. Because of the oscillator’s excellent temperature stability, overall channel separation remains good even during de-
tuning (a). When the oscillator is correctly tunec. channel separation is impressively high over the frequency range (b), and the circuit’s total
harmonic distortion characteristics stay at a very low level right through the range of the input signal (c).

designed for direct coupling to the appropriate phase
detectors. To facilitate the adjustment of the free-run-
ning oscillator frequency, a 19-kHz output from one of
the dividers is available at pin 10 to drive a frequency
counter.

Since pilot-tone triggering levels from the stereo
switch phase detector are quite low (36 mv for the
stereo-on threshold and 18 mv for the off threshold), a
very-low level trigger circuit is required. This is
achieved using an input differential stage (Q,; through
Q.;) in a dc amplifier. followed by a constant-current
trigger circuit comprising Q,.. Q,,, and D,. The differ-
ential input stage has a 36-mv unbalance generated by
making Q,, four times the emitter area of Q,,. Thus, un-
til an input dc level reaches 36 mv, Q,; is saturated and
holds the trigger circuit off. But once the input level
rises above that value, a current is drawn from the base
of Q.,; it causes the trigger to switch on. To switch off
the trigger, a current must then be fed to the junction of
the base of Q,, and the collector of Q,,. To obtain this
current, the input to the differential stage must fall sub-
stantially below the 36-mv initial triggering level pro-
viding the necessary hysteresis. Current value is deter-
mined by the relative areas of D,, Q,,, and its emitter
resistor.

With the trigger on. currents are drawn from the
stereo switch (Q., and Q,,) and fed to the lamp driver
(Q... Q..). which lights the stereo-on lamp. The lamp
switch-on surge current is limited by Q..

Stereo demodulation

The decoder itself (Q..-Q.,) is of the type used in the
MC1304 fm demodulator. The incoming composite sig-
nal plus a bias voltage is applied to one side (Q,,) of the
lower emitter-coupled pair, and the other side (Q.,) is
returned to the same dc bias level. The regenerated 38-
kHz signal from the first divider stage also is applied to
that side of the stereo decoder in differential mode
through the stereo/mono switch. The switch is turned
on by the trigger circuit and interrupts the path from
one side of the divider so that with the stereo switch off,
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only a common-mode 38-kHz signal is applied to the
decoder. and decoding ceases.

Handling ditferential and common modes

When a composite stereo input signal is applied to
the base of Q,,, currents will flow in both Q,, and Q,,.
The currents can be separated into differential mode
components (i.,-i.,3/2 and common-mode components
(i, + i,,)/2 flowing in each collector. These currents are
commutated between the two outputs by the switching
action of the upper emitter-coupled pairs (Q,, through
Q.,) when the 38-kHz regenerated subcarrier is applied.
The common-mode current components emerge unaf-
fected at the outputs (pins 4 and 5), but the differential
mode current components emerge multiplied by the 38-
kHz square wave.

Multiplying the stereo signal by the decoder transfer
function (output current/input voltage) and neglecting
supersonic terms yields outputs of:

045 A (V. + V,)+0.45B/2(V,-Vy)

With appropriate values for constants A and B, which
depend on the resistor matrix ratio, one output will con-
tain only V, and the other only Vy. To accomplish this,
the resistor matrix ratio, R,/R,, must yield (w/4-%)
with appropriate modifications to compensate for the
emitter resistances of Q. and Q.,, and finite decoupling
of the signal applied to the base of Q..

Typical device characteristics shown in the table and

BASIC STEREO DECODER CHARACTERISTICS

Supply voltage range 8 to 16 volts

Temperature range 40 Ct0+85 C

Input signal range pilot leve! composite level
Stereo on threshold 16 mV rms 90 mV rms
Stereo off threshold 8 mV rms 45 mV rms
Maximum input before distortion 100 mV rms 560 mV rms

Audio output (560-m V compaosite input) | 500 mV rms

Stereo lamp current (nominal) 100mA
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Compensation counts. These distortion tests were achieved with a 1-kilohertz modulation of a composite signal that was assumed to con-
tain only right- or left-channel signals. When a bypass capacitor was added to the shunt leg of the filter (b), distortion figures were greatiy
reduced. The distortion peaks themselves were primarily accountabie to loop resonances and phase jitter. (Equivalent distortion curves for a
conventional decoder at 200-mV levels should be compared with the 300-mV curves of the IC.)

the performance curves shown in Fig. 3 and 4(a) were
measured with the circuit configuration shown in Fig. 2.
The curve in Fig. 4(b) was obtained from the same cir-
cuit except with a modified loop filter between pins 12
and 13. The stereo input (composite) signal is assumed
to contain only left or right channel signals with 1-kHz
modulation.

Figure 3(a) shows channel separation as a function of
signal level at 1 kHz with the oscillator set precisely and
with a 1% oscillator free-running frequency error. Fig-
ure 3(b) shows separation against frequency at 300 mv
rms composite input level. Note that separation is al-
most independent of frequency and of signal level when
the device is correctly tuned. The 1% tuning error re-
duces separation to about 30 dB at low signal levels but
full performance still is obtained at higher levels. In a
typical conventional decoder a 0.2% tuning error in any
of three tuned circuits will degrade the separation to 30
ds at all signal levels.

Decreasing distortion

Figure 3(c) shows total harmonic distortion vs signal
level at 1 kHz; Fig. 4 shows total distortion components
against frequency at input levels of 300 mv rms and 560
mV rms with single- and double-capacitor phase-lock
loop filter networks. The distortion peaks that occur at
low frequency are due to loop resonance, while those at
high frequency are caused principally by beat notes due
to phase jitter of the oscillator.

The phase-lock loop decoder offers a significant im-
provement in distortion even with a single capacitor in
the loop filter. And with a double capacitor filter the
distortion products are about 20 dB lower than for the
conventional decoder at an equivalent input level.
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Equivalent distortion curves for a conventional decoder
are shown for comparison. These were measured at lev-
els 200-mv rms and should be compared with the 300-
mvV rms curves for the phase-lock loop decoder.

In all cases, however, relatively high beat-note distor-
tion figures are measured due to attenuation of the fun-
damental component in the de-emphasis network.

Odd and even harmonics

Ultrasonic outputs occur at the odd harmonics of 19
kHz (38 kHz, 57 kHz, etc.). They are inherently gener-
ated by the passage of the 19-kHz pilot tone through the
decoder, while even harmonics are due to circuit imbal-
ance. The 19-kHz output with a normal fm de-emphasis
time constant of 75 microseconds is 34.4 dB below the
normal recovered audio level. The 38-kHz output is typ-
ically 45 dB down.

Imbalances in the PLL circuit will also cause demodu-
lating of SCA signals, thus giving rise to audio beat
notes. However, its performance is 20-30 dB better than
that of the conventional decoder. Measurements
showed a beat note level of 80 dB down from the 1-kHz
output level with a 67-kHz input level. Rejection of SCA
signals was measured with a composite input signal
containing 1-kHz modulation to which a standard 10%
signal in the 60-74 kHz band was added. O
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Finally... AMpecenemation
there's a new and better way
to transmit high-speed

digital data. e

Better than ribbon cable, twisted pairs, shielded and
coaxial cable,

I’'s AMP-manufactured flat-conductor transmission cable
assemblies.

With impedance and cross talk matched to user require-
ments. Closely controlled by our own design and flat-
cable manufacturing process.

which brings us to terminations. Connectors specially
aesigned for flat-conductor transmission cable.

Result? Flat-conductor transmission cable assemblies,
custom made in sizes up to 32 conductors, in lengths
up to 5C continuous feet, with matched impedance from
end to end—ready for installation.

That's it. The whole story except for some technical
details on our flat-conductor transmission cable assem-
clies which we’ll be happy to supply when you write:

AMP Incorporated, Industrial Division,
Harrisburg, Pa. 17105.

ANMP

INCORPORATED

Manufacturing and Direct Sates Facilities in: Australia,
Canada, France, Great Britain, Holland, Italy, Japan, Mexico,
Puerto Rico, Spain, Sweden, United States and west Germany.
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Accept
No Substitutes!

The New HP Series 9800 is the best program-
mable calculator system now—and in the foreseeable
future. Price. Performance. Simplicity of operation.
No matter what criterion you use, there is absolutely
no other system on the market that can match the Series
9800.

Only HP Offers You All This For The
Low Price Of $2975

To build your personal desk-top computing sys-
tem, start with the Series 9800/Model 10 Program-
mable Calculator. Your basic Model 10 comes with
standard equipment that is either not available, or
available only as an extra-cost option, on other ma-
chines.

If bad experiences have taught you that basic is
synonymous with stripped—have no fear. The basic
Model 10 can perform a complete regression analysis,
or solve asystem of 10 simultaneous equations.

Only HP Offers You A Fully
Modular Calculator

The unique, modular/plug-in architecture of the
Model 10 lets you “design”™ your own problem-solving
system. You can expand the memory, add peripherals.
or change the keyboard of your existing Model 10, at
any time.
Only HP Gives You A Fully
Expandable Dual Memory

The Model 10 has a unique dual memory system
—one memory for programs and one for dara. You can
expand from the basic 500 program steps und 51 data
registers to 2030 program steps wnd 111 dara registers.

Beware of simple number comparisons with other
calculators. The refinements in the memory design and
the keyboard make the Model 10 so efficient that in
most cases it requires fewer steps to execute « girven
problem.
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Only HP Lets You Design Your
Own Keyboard

Interchangeable keyboard plug-in blocks give you
a choice of powerful Statistics or Mathematics func-
tions, complete with their own memories, under single
keystroke command. Another option, the User Definable
Function plug-in, lets you customize individual keys
with operations uniquely important to you.

Only HP Offers An Alphanumeric Printer

By simply inserting the exclusive HP Alphanumeric
Printer Plug-in, you can automatically generate labels,
program instructions, or messages —in English —right
on the printer tape.

Only HP Gives You A Wide Choice of
Sophisticated Peripherals

The 1/O bus of the Model 10 lets you plug-in a
Marxed Card Reader, Paper Tape Reader, Digitizer,
Typewriter, Tape Cassette, or the exc/usive X-Y Plotter
that plots linear, log-log, semi-log, or polar plots, and
writes alphanumerics.

Only HP Offers You A Totally New System

The Series 9800 is no paper tiger. It's available
now to free you from the drudgery of problem-solving
$0 you can get on with your job of innovative thinking
and designing. For more information or a “hands-on
demonstration™ at your desk, write: Hewlett-Packard,
P.O. Box 301, Loveland, Colorado 80537. In Europe:
1217 Meyrin-Geneva Switzerland.

HEWLETT W PACKARD

CALCULATOR PRODUCTS
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Program calculates load etfects

of high-speed digital circuits

Digital interconnections are analyzed by program called Line as if
they were transmission lines; from a minimum of input data it
accurately computes line voltage, plots ringing characteristics

by Laurence P. Flora, Burroughs Corp., Pasadena, Calit.*

O High-speed digital circuitry often lands its designer
with the job of analyzing the loading effects, like circuit
ringing and delay, that result from line discontinuities.
This analysis is highly complex, and requires a com-
puter’s speed and accuracy.

However, it has to be performed in terms of trans-
mission line equations, and ECAP (electronic circuit
analysis program) and its equivalents are really only
satisfactory for standard lumped-constant circuitry. A
lumped-element model doesn’t fit transmission lines too
accurately. Besides, the programs take an extremely
long time to solve even moderately complex problems
of this nature.

To help the engineer plot an accurate analysis of a
high-speed transmission line, a program called Line was
recently developed. It's based on a general load config-
uration that represents all circuits to be used in the sys-
tems under study. It also is based on what the general
load effects are when a unit step or unit ramp function
is transmitted down the line, and closely approximates
any reflection without reference to the line’s history
from time zero. The program, which is written in For-
tran, is conversational, and can be run on a time-shared
terminal. In contrast to existing computer programs,
Line can precisely analyze a transmission line problem,
but it cannot handle a general circuit consisting of vari-
ous lumped components.

Line makes use of the accurate. yet general, load con-
figuration of Fig. 1. Besides being an adequate repre-
sentation of the circuits used in most systems, this RC
network may also model a purely resistive discontinuity
(i.e., when R, = 20) or purely capacitive discontinuity
(R, = XO,R. = 0,and R, = ).

Computing the reflection

To understand how Line solves for general load ef-
fects, consider the response of a line to a unit step or a
unit ramp function. These two forcing functions are
chosen since either provides a good approximation for
most input waveforms.

For the load of Fig. 1, the reflection voltage due to a
unit step function is:

[V;-([)]u«p = K'.' + (KI - K._,)C v (l)
while a reflection voltage due to a unit ramp function
can be expressed as:

[v:(l)]ramp = K'Jl + r(Kl) - K,)(l - € ! r)

*Now on educational leave at Massachusetts Institute of Technology Cambridge, Mass
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(2)

where:

K, = (R.R,-ZR.-ZR)/(R,R, + ZR. + ZR))
and:

K.=(RR,+R.R,-ZR,-ZR.-ZR})/

(RR, + R.R, + ZR, + ZR. + ZR))
and:

r=C(R,R.R, + ZR,R. + ZR,R,)/(R,R;

+ R.R. +ZR, + ZR, + ZR)
and Z, is the line output impedance.

Now the solution can be generalized, and compu-
tation time minimized. Since the reflection voltage may
assume an infinite number of waveforms, the final solu-
tion must be some approximation that produces accu-
rate results from a minimum of information. With such
an approximation, comparatively little need be known
about the line’s immediate past history, and the com-
plexity due to multiple reflections is minimized.

Of course, any waveform can be approximated as a
series of small steps. But a better approach in this con-
text is to use a series of small ramps, since this is nearly
an exact approximation of a pulse with a finite risetime
and falltime — the usual shape of waveforms trans-
mitted over lines in high-speed digital systems.

Assume that the input waveform is a ramp with a
slope of A volts per second up to time T,. Then, at T,.
the slope increases by an amount B, which gives a new
slope of A + B. By superposition, reflection voltage is:

V, = A[V.()],.,U(t) + B[V, (t-T]..,,U(t-T)
where U(t) is a unit step function, and U(t - T)) a de-
layed unit step.

The forward voltage at time T,, which is represented

1. General load. RC network accurately represents most loaded
transmission lines in high-speed digital systems. When R, = oC, it is
resistive; when R, = o0, R, = 0and R, = oC, it is capacitive
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ENTER

!

o1 REQUEST COMMAND

READ AL STRING

:

A

:

WHAT IS NEXT
WORD ?

b

)

.

x

!

y

NOT IN NO MORE ADD CHANGE LOAD RUN EXECUTE PLOT sToP
VOCABULARY WORDS AND LOADS COMPUTE GRAPH END
PRINT ERROR ! A EXIT
MESSAGE Y Y
! Y ¥
READ LINE IMPEDANCE, ARE DISCONTINUITY YES READ DISCONTINUITIES,
PROPAGATION VELOCITY CONSTANTS STORED ? MAX AND MIN VOLTAGES
| Tno N
READ CALCULATION TIME PLACE PLOTTING
- READ CONSTANT
INTERVAL, LINE LENGTH CONS s CHARACTER IN OUTPUT
ARRAY FOR EACH VOLT
l | |AGE TO BE PLOTTED
A
IS LINE TOO LONG ?  |-YES READ TIME LIMIT, Y
INITIAL LINE VOLTAGE
. PRINT ARRAY
lNO GENERATOR VOLTAGE
REPEAT FOR
PRINT ERROR EACH |
STORE CONSTANTS et VOLTAGE
DOES SEGMENT CONTAIN | NO A
l DISCONTINUITY ?
READ GENERATOR lves
IMPEDANCE | N
CS{%QE?;%%&E T NEW INCIDENT
l REFLECTION CONSTANTS VOLTAGE - INCIDENT
AND DATA FOR VOLTAGE OF
IeCICERIEIOR ADJACENT SEGMENT ADJACENT SEGMENT
REFLECTION CONSTANTS l
| ;
STORE INCIDENT VOLTAGES Y
READ DISCONTINUITY AT THIS DISCONTINUITY
DATA
le
l '
FIND REFLECTION ADD LEFT AND RIGHT
CONSTANTS FOR EACH INCIDENT VOLTAGES
DISCONTINUITY i
R STORE TOTAL VOLTAGE

REPEAT FOR
EACH
SEGMENT A

2. Flow chart. Once initial data is entered, Line computes incident voltage and reflection constants for each line segment, storing only inci-
dent and transmitted voltages from previous adjacent segment. There are three basic instructions: LOAD (describing physical line proper-
ties), RUN (establishing initial electrical conditions), and PLOT (graphing reflection voltage at several load points).
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VOLTAGE

3. Input voltage. Line accepts input waveforms as piecewise linear
functions with up to 20 breakpoints. For example, the voltage wave-
form shown is described by an initial value (0,0) and four break-
points with coordinate locations of (1,3), (4.3), (56,0), and (10,0).

by V((T,), can be expressed as:

Vi(T)) = A[Km + r(K1 - K2> (1 - e_T"'>]

And the final equation for the reflected voltage is:

V.= V(T)e " + (A + B)[VAdD)]uny

+ (AT)[V.AD]..., - (AT)K, + De " (3)
where:

V(T,) = forward voltage at the end of the last time
interval

V.(dt),..,, = the unit ramp reflection of Eq. 2

A + B = the new ramp slope

V.(dt).,., = the unit step reflection of Eq. |

AT, = the incident voltage at the end of the last time
interval

dt = the time interval.

Note that only two pieces of information about the
line’s history need be saved for the next calculation—the
incident voltage, AT,, and the transmitted voltage.
V((T,). at the end of the last time interval.

Using the results

To program Eq. 3 into a computer, the values of cir-
cuit variables R,, R., R., and C,, or mathematical vari-
ables K,, K., and r must be stored. Also, the input
waveform must be represented in memory, for example,
by a table of voltages or by an equation.

The reflected and transmitted voltages are calculated
at each discontinuity, but need to be stored for only one
time interval. However, it is convenient to save the
transmitted voltage for each interval since the instan-
taneous line voltage is the sum of two transmitted volt-
ages (one for each direction). Some provision should
also be made for the distance between loads so that the
transmitted voltage (plus the reflected voltage due to
the voltage incident in the opposite direction) reaches
the next load after a suitable time delay.

The program Line reads the values of R,, R.. R, and
C,, and calculates and stores K,, K., and r. The input
waveform is described by a piecewise linear function
that has up to 20 breakpoints. Total line voltage at each
discontinuity is also stored and can be plotted. The
computation interval is determined from the resolution
requested by the user; it is the output time interval di-
vided by 10. This allows a very close approximation of
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any waveform, including a step with a fast risetime.

The instruction sequence for Line is shown in the
flow diagram of Fig. 2. To start the program, the com-
mand RUN LINE (or equivalent instruction, depending
on the time-sharing system used) is used. After this,
there are three operating instructions that can be re-
peated as many times as desired.

Operating instructions

The first of these is LOAD or LOADS, which allows the
user to describe the line’s physical properties. For
proper operation, Line requires the line impedance, the
propagation velocity on the line, how often (at what
time intervals) the voltages should be computed, the to-
tal length of the line, the impedance of the driving gen-
erator, and the positions and values of loads on the line.

To describe a load for Line, load position (distance
from the generator), and the values of R,, R., R, and C,
must be entered. Up to 19 loads can be accommodated.
Constants representing the loads are saved in a disk file.

Any consistent set of units may be used. For instance,
the system of ohms, feet, seconds, and farads is accept-
able, and velocity would then be entered in feet per sec-
ond. But this system may be cumbersome, and a more
convenient set of units is kilohms, inches, nanoseconds,
and picofarads. Velocity is then expressed in inches per
nanosecond. (It should be noted that the unit of capaci-
tance multiplied by the unit of resistance must be con-
sistent with the unit of time.)

The second operating instruction describes the inci-
dent voltage waveform, and uses the command RUN.
EXECUTE. R. E. or COMPUTE. For this computation, Line
requests the maximum time for which the voltages are
to be computed, the initial line voltage, and the break-
points of the input voltage waveform. For instance, an
input voltage like the one illustrated in Fig. 3 would be
described by initial voltage (0, 0) and breakpoints (1.3),
(4.3), (5.0), and (10,0).

The time at which the last breakpoint occurs must be
equal to or greater than the maximum time for which
the voltages are computed. When this last breakpoint is
entered. Line calculates the voltage waveforms at every
load and writes them in a disk file.

If one of the commands describing the incident volt-
age is given before the physical properties of the line
have been established (through a LOAD command), an
error message is typed. When this occurs, the command
RUN LINE must be entered again.

The third and last operating instruction, PLOT or
GRAPH, causes Line to graph the voltage at one or more
of the load points. If several separate plots are desired,
the command must be given several times. Line prints
each load’s number and position, and asks for the num-
ber of waveforms the user wants plotted, plus the num-
bers of those loads for which plots are desired.

Along with the load numbers, Line lists load posi-
tions, and the typewriter character with which each load
will be plotted. Finally, the program asks for the desired
minimum and maximum voltage scale for each plot. All
plots are superimposed. If either the PLOT or GRAPH
command is given before the voltage waveforms have
been computed, an error message is printed, and the
command RUN LINE must be given again.
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RUN LINZ

RUNNING

WHAT [0V SQNVANDTAD 9..05

0. .5000E 01 . 7500E 01
5 piE CE L2 AT I I 1
NHAT TS5 THE DILE L1 2 Al R R
AT 13 THE P TART N +.2000E 01 o
¥HAT I3 THE FROPAGADI N *3000E 81 o
. o B PRSLe Y AeR] RS = AR . : i
AT WHLT TI.E INTER/ALS DO OU #aNT THS VOLTAGES?] ok .
R 8 T . 6000 01: & .
HON LONG IS THE JINE 60 .gOOOE 01 Y 0
T4E LINE WILL % BROKED IN70 SEGMENTS .GOOE 0O LONA. -8000E 01 : G ©
WUAP [~ g TP AT 5 . A P .S000E 01 3 & &
WHAT I T TAPEDANCE OF THE GELERATORT.Q20 “1000E 02 q i .
an T ISR MBI G 151 . oo 1100E 02 8 .
DISCONTINUITIES ALE OF THE <OKN K1 TN PARALLEL WITH *
C, ALL IN SERIES WITH R2, ALL IN PAKALLEL WITH R3. L0 1.
Y:UT L0/D POSITL(N. C, K1, K2, AND R3. oppens S
1 10T § 2EROS LF RO WORE DISCOLTIRUITIES. o (Rl . .
#1,0,1000,1000, 1000 op At (OH] htJ :
212,10,1000, .100,1.0 -1600E 02 & :
?24,5,1000,.200,2.0 -1700E 02 & :
?36,15,1000,.0¢ 7,.6t7 .1800E 02 . & q
748,5,1000,.2,2 .1900E 02 » & :
?60,10,1000,.1,1 .2000E 02 * & .
20,9.0.0.0 .2100E 02 * &
' .2200E 02 . & 8
i S Yo . .2300E 02 . % .
WHAT IS YJOUR COLIAND?RUN {2300E 02 o s q
VOLTAGES WILL "E COiUTED FOR AVERY o2 00ER02 . SR
.100E 01 INCREMENT I TIN:. i 2o % M
i 3B 0 G .
WHAT IS T.e MAXIVUM TI'E?100 {2800R 02 v &
CHER 18 0 e .2900E 02 v &
WHAT I3 THE INITIAL LI.E VOLTAGEYQ '33803 Og .z
TUELT WAVneORY 8K 25 uY BHTHRING R AO0ER0 23 6
'rfgrzq,‘vomlmf:” SRSAKPOINTS oY ENTERING *32008 02 e
2.6 .3300E 02 .
2100,5 . 3400E 02 &+
’ . 3500E 02 : &%
TIE VOLTAHS AT THE DIICONTINUITLES HAVE oglol3 (O L
EEN WRITTEL Th PIE OUTEUT »1LE LINEV. :ggggg o L
TG - R —— . .3900E 02 &
VAT IS TOTH COMMANDUFIOT AND 3TOP. '4g00E og & -
KU ER 1 2 3 4 5 6 ofeXind (1 8 S
POGITION 0.80 12.00 24.00 36.00 48.00 60.00 'ﬁggg % A
HON MANY VOLTAGES DG YOU WAKT FLOTTED?3 .4400E 02 & *
] RO i g o " g .4500E 02 & *
It 0T TA% NUN-8R3 O- THE DISCONPINUITIES
Eynm s 3 = .4600E 02 : &%
2{‘ \;H(I)CI] THe VOLTASES Ahk TOU sE FLOTTED. .4700E 02 Y
T .4800E 02 1&¥
DISC VITINUITY PLOTTING -4900E 02 &%
NUMbZR  POSITION  CHARACTER -5000E 02 &
1 .800E 00 * .5100E 02 g
3 L2408 02 & .5200E 02
6 .t O0E 02 : .giggg 82; :.
WA TuE MINIMUM A%D MAXINMUM VOLTAGES? : :
tAT ARE TuE MINIMUM AND MAXINUM YOLTAGES®?),10 5500E 02 "5
.5600E 02 *g:
] .5700E 02 g
~5800E 02 .
4. Line example. Sample program and plot shows total line voltage -ggggg 83 :::
versus time for three points of discontinuity along a line. Different :6180}: 85 "
. N . .6200E *&:
typewriter characters represent the three ringing waveforms, which .6300E 02 g
n * Ko
are plotted at 1-nanosecond intervals. ;ﬁgggg 83 .:;
-6600E 02 va:
. . .6700E 02 2
A RUN command may be given several times, as can e o *
B o *2
the PLOT command. RUN causes Line to find the re- ~7000E 02 .
. . . . 0. *3
sponse of the loaded line to different input waveforms. R oocels ]
Either STOP or END terminates the program. RSt :
It is also possible to obtain the voltage response at L :
some point on the Line where there is no load, without O :
affecting voltage at that point. The user simply inserts a :Z‘)OgE 02 i
B B .8000E 02 &
load where desired by letting R. and R, be several or- .B100E 02 &
ders of magnltgde larger than the line impedance. jS§88§ o i
To make Line’s commands more readable. punc- ok &
tuation and the words ADD. CHANGE and AND may be -gf’lggg 9 :
used. Then a simple command to completely describe a oL :
problem, compute the waveforms. obtain a plot, and ~9000E 02 :
.9100E O 3
stop would be: ADD LOADS. RUN. PLOT AND STOP. 132008 02 :
. o ~ oY
_Figure 4 is a sample run of the program to find the “Si00s o2
ringing characteristics of a line at three points of dis- O
continuity for 100 nanoseconds. Total line voltage is e
plotted at 1-ns intervals along the line. The program re- :;’3°8E 02
o o o g &~ & N .1000E O
stricts minimum and maximum voltage excursions to 0 s
and 10 volts, respectively, if the line voltage exceeds END LINE 1 MIN, 33.4 SEC.

these limits.

Printed copies of Line are available at $0 75 each from the author Laure;e P Flosa 40
Highland Ave . Cambndge Mass 02139
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Designer’s casebook

Low-voltage regulator uses
reversed error amplifier

by Claus H. Claasen
iBM Corp.. Systems Development division, San Jose, Calif.

A regulator circuit with an upside-down error amplifier
can provide a regulated voltage of less than 4 volts at 2
amperes, while operating from a higher-voltage unregu-
lated supply. Since zener diodes and IC regulators can-
not supply an output at this voltage and current level,
an auxiliary voltage of opposite polarity is commonly
used to achieve low-voltage regulation. The voltage
may be obtained from another supply or from an exist-
ing circuit voltage.

Reversing the regulator’s error amplifier and invert-
ing the amplifier’s output with a current-sink transistor
can result in voltages of less than 1 v and a regulation of

better than 1%. The circuit shown provides a low posi-
tive voltage. but a small negative output can be ob-
tained very simply if all diodes are reversed and all npn
transistors changed to pnp types and vice-versa.

Zener diode D, is a common reference for current
sources Q,. Q.. and Q.. Transistor Q, feeds zener volt-
age reference D.; Q. supplies the error amplifier, which
consists of transistors Q, and Q,; and Q, feeds a series
pass clement, the Darlington configuration of Q, and
Q..
Under the control of the error amplifier, transistor Q,
sinks all or part of the current coming from Q.. The er-
ror amplifier compares the regulated voltage with a
fraction of the reference voltage, as determined by po-
tentiometer R,.

For the components indicated, the circuit regulates
3.2 v at 2 A maximum from an unregulated supply of 14
v nominal. When unregulated supply tolerance is
+10%, circuit regulation is better than +1% after initial
adjustment. A regulated output of 1 v can be obtained
from an unregulated supply of about 8 v.

Regulating small voltages. Regulator circuit supplies output voltages as low as 1 V. Current sources Q,. Q.. and Q, feed zener reference (D,
and R,), error amplifier (Q, and Q,), and series-pass Darlington pair (Q, and Q;), respectively. Error amplifier compares regulated output to
zener reference, while Q, acts as current sink for Q,. Circuit provides 3.2-V regulated voltage from 14-V bulk supply.
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Hard-limited sinusoid eases
frequency multiplication

by Donald F. Dekold

An audio-trequency multiplier achieves a multiplica-
tion factor of 40 (for a 625-hertz input) by hard-limiting
a damped sine wave, The design uses a minimum of
components and circumvents the problem of inherently
low-Q inductors at audio frequencies.

If the input is a symmetrical square wave, the circuit
performs  odd multiplication:  for an asymmetrical
square wave, it functions as an even multiplier. A true
square wave can only yicld odd harmonics. but even
harmonics can be introduced by varying the square
wave's duty cycle. For even or odd multiplication. both
tank circuits will ring at their natural frequency.

Duc to L’s normally low Q. the ringing response will
be a damped sinusoid (e,). Resistor R, isolates the tank
circuit from a source that may have a low output im-
pedance. which could further lower the tank’s Q. Since
the field effect transistor has nearly infinite input im-
pedance, it does not load the tank circuit.

Because the input is periodic with a frequency of .
the ringing responses are also periodic. A source-fol-
lower stage couples these periodic ringing wavetforms
into an integrated circuit limiter.

Duce to the high gain of the limiter, the ringing wave-

form is hard-limited. and the decaying sinusoid be-
comes a positive quasi-square wave of relatively con-
stant amplitude at point b. The voltage, e,. appears
across load resistor R..

Another tuned circuit, formed by L. and C.. filters the
limiter’s output. producing a sine wave whose frequency
is nf,. The filtering task at this point in the circuit is
casy. since the limiter’s constant-amplitude output pri-
marily contains frequency component nf, and odd mul-
tiples of nf,. The single tank circuit is sufficient to pro-
vide sine waves with good spectral purity.

Care must be taken to adjust both tuned circuits so
that their natural (ringing) frequencies are exactly the
desired multiples of the input trequency. If this is not
done preciscly. an objectionable amount of spectral im-
purity appears in the output signal as amplitude modu-
lation.

For an input frequency of 625 Hz. the multiplier pro-
duces an output frequency of 25 kiloheriz, which corre-
sponds to a period of 40 microseconds. The total period
of the input square wave is. of course. 40 times the pe-
riod of the output sine wave.

In addition. the duty cycle of the input square wave
must be adjusted so that it can be coupled into the first
tank with a phase relationship that does not destruc-
tively interfere with the tank’s ringing voltage. An
asymmetrical square wave of this type can be supplied
by a one-shot multivibrator. For example, a standard
one-shot with a variable pulse-width control can be
used as the multiplier’s input stage: the one-shot would
be driven by a source whose frequency is £ The wave-
forms shown are tor a times-five multiplier.

Multiplying audio frequencies. Either symmetrical or asymmetrical input square wave causes L,C, tank circuit to ring at its natural fre
quency; symmetrical square waves yield odd multiplication, asymmetrical yield even. Source-follower couples ringing waveform into wide
range imiter. Resulting puise train is filtered by second tank (L C_). producing sine wave. Multiplication factor i1s 40 for 625-hertz input.
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Flip-flop sequences
conversion register

by Richard J. Mann
TRW Systems. Redondo Beach. Calif

The conversion register for a successive-approximation
analog-to-digital converter can be made to sequence
automatically by adding a control flip-flop. Usually, bit
time signals are used to sequence cell setting and condi-
tional resetting in the conversion register.

If the converter is closely associated with a large digi-
tal system. these bit time signals generally are available.
But if the converter is a remote self-contained unit, a
counter and a decoder must be added to generate the
bit-time signals. A more eflicient register design elimi-
nates this extra circuitry by adding one flip-flop.

If the register is seen as a conventional sequential ma-
chine. its operation can be represented by a state map,
as illustrated in (a) for four-bit conversion. The conver-
sion sequence begins with the most-significant bit, the
1000--0 state. which corresponds to the midscale analog
value.

After a comparison between this analog value and

the data value, the first cell may or may not be reset. In
cither case, the next cell is set. For example, the register
will jump from the 10000 state to the 11000 or the
0100-0 state depending on the comparator value. This
process is repeated for each less-significant bit.

Therefore, the register for an n-bit converter is se-
quenced from its initial 10000 state to one of 2" pos-
sible final states. Since the total number of register
states is 2"9' — 1, adding a flip-flop as a control bit per-
mits each register state to have a unique value so that
the register is self-controlled.

The last state always has a logic 1 as the control bit.
Depending on system requirements, a | in the control
cell permits the control bit to signal completion of a
conversion cycle, to dump the register data into an ex-
ternal buffer, to make the converter wait for data
sampling by the user. or to initiate a new conversion
cycle. In any case, re-initialization occurs by foreing the
1000—0 state and clearing the control bit.

An auto-sequencing four-bit register, then, can be im-
plemented with five flip-flops (b). The mechanization
scheme, which is easily expandable to any number of
bits, uses J-K flip-flops like Texas Instruments’ type
SN5472. Converter operation is stop-and-hold.

Designer’s casebook 1s a reguiar feature in Electronics We invite readers 1o submit onginal
and unpublished circuit 1deas and solutions to design problems Explain briefly but thor-
oughly the circuit’s operating principle and purpose We'll pay $50 for each item published

Automatic sequencing. State map of register (a) for four-bit a-d converter shows 2* - 1 total states, and 2' - 1 final states, indicating that
self-sequenced operation can be realized with extra flip-flop. Self-controlled four-bit register (b) uses five flip-flops, instead of usuai four. In
general, n-bit converter has 2" final states, 2"#' - 1 total states, and requires n + 1 flip-flops for automatic sequencing
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PM 3210

TIME/7em

-

POSIION
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price/
performance
ratio

25 MHz/1mV
15 pf input capacitance
No dc drift*

PHILIPS
ELECTRONIC

INSTRUMENTS

750 S FULTON AVE . MT VERNON N Y 10550
A DIVISION OF PEPI INC
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For service application in production
testing, quality control, medical
research and computer servicing,
Philips’ new PM 3210 easily gives
you the best all around price
performance ratio of any scope

in its field: dual trace 25 MHz at 1 mV
sensitivity per channel ... dual delay
lines ... input impedance 1M §2/15pf
... X-Y displays with only 2° phase
shift from 0to 5 MHz ... 16
combinations

of vertical display modes

‘NP
18] 0

PM 3210
$1350

Easy to use

“No correction needed for dc drift,
self-correcting ... push button mode
selection ... automatic triggering, 10
H, to 25 MHz

Easy to read

10kV acceleration and 8 x 10 cm
screen produce clear, unambiguous
displays

Easy to service
Plug-in circuit boards throughout

Easy to buy

Call Dick Rude, Sales Manager, Test
& Measuring Instruments today
(914-664-4500). He's holding a
demonstrator for you.
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In strobed LED displays,

how bright is bright?

Multiplexed displays using light-emitting diodes can give circuitry
economies, but will the results be satisfactory to the viewer?

by Richard W. Ahrons, Opcoa Inc., Edison, N.J

[J More and more designers of alphanumeric displays
are considering the use of multiplexing or strobing tech-
niques with individual light-emitting diodes. By driving
these elements on a time-shared basis, the amount of
decoders, drivers, and other peripheral circuitry is re-
duced.

The LED lends itself to use in strobed circuits because
i’s a rectifier, requiring no isolating elements. In addi-
tion, its fast response is compatible with pulsing and its
light output increases with the drive signal’s amplitude.

However, an essential but generally misunderstood
aspect of strobed systems is the effective light output
seen by the viewer, which is related to the peak absolute
value of light output under pulse conditions, and the
duty factor. In some cases. strobing results in a gain in
average light output with dc operation, under the as-
sumption that the average strobe current equals the di-
rect current. A gain or loss depends on the slope of the
light output-vs-current characteristic.

Obviously, gain or loss as defined here is only one
measure in determining the performance of a display.
The overall evaluation of a strobed system must be de-
termined by the absolute value of light attained [see “A
fair comparison,” p. 80]. An LED yielding high gain but
with a lower absolute value of light output cannot be
considered superior to a device exhibiting a loss but
with a higher absolute value of light output.

Fortunately, there’s a method that can quickly deter-
mine the gain or loss obtained when strobing LEDs un-
der any set of electrical conditions. The method uses
one plotted curve of light emissions vs current. Circuits
for measurement of this characteristic can be readily as-
sembled in the laboratory.

Plotting the curve

For plotting meaningful curves to evaluate strobed
display performance, it is convenient to define a strobe
intensity factor, S, as:

S = Light intensity per unit current at L.,

Light intensity per unit current at I,
where 1,,, the average current into the LED, equals I,..«
times the duty cycle. This average current corresponds
to the current supplied by the dc power source.

From a plot of measured points of light intensity per
unit current vs current, the factor S can be derived con-
veniently. Since only relative values of light are re-
quired, the measurement method does not require so-
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One aid is a strobing factor easily determined from measured data

phisticated or expensive light-measuring equipment. All
curves are normalized to the peak output per unit cur-
rent. Typical curves for commercially available seven-
segment displays are shown in Fig. I.

The strobe intensity factor, S, may be found for sev-
eral seven-segment displays using the curves in Fig. 1
by dividing the value of light output per unit current at
the specified peak current by the value of light output
per unit current at the specified average current. If the
resulting value for S is larger than unity, pulsing the de-
vice to the peak current value will effectively produce
more light than operating continuously at the average
current level.

In the curve derived for the Monsanto MAN-3 display
of Fig. 1(b), the normalized output for a peak current of
50 milliamperes is 0.94. Assuming a 2% duty cycle, an
average current of 1 mA yields a relative light output of
0.2. Calculating S from this data, we get S = 4.7, a sig-
nificant gain over unstrobed operation at the average
current level. This value is close to the published figures
of 4.4 for MAN-3 units operated at these current levels.

The curves, of course, only indicate gain or loss due
to strobing. The absolute value of the light output must
be included to determine the total effect of strobing,.

For example, S can be calculated from the curves of
Fig. 1(a) for three different types of displays, at, say, a
peak of 40 mA and an average of 10 mA. For Opcoa’s
SLA-1. S = 0.68: for Monsanto’s MAN-1 and MAN-4, S
= 1.03 and 1.35, respectively. Thus, although the MAN-
4 yields the best gain for strobed operation, the SLA-I,
with its higher absolute output at 40 mA, will give the
brightest output.

The curves in Fig. | also illustrate the relative quan-
tum efficiency of the LED as a function of current; the
ordinate could just as well be labeled “relative quantum
efficiency.” When the curves deviate from unity, there
will be a decline from maximum efficiency. Most gal-
lium-arsenide-phosphide diodes have relatively low ef-
ficiency at low current levels and thus produce a strob-
ing gain when average current is low compared to that
required for maximum efficiency. In effect, strobing at
higher peak currents in this case compensates for the
loss in efficiency of light emission at low currents in
some diodes. Quantum efficiencies at the peak are typi-
cally 0.12% for GaAsP (emission centered at 660
nanometers) and 1.2% for gallium phosphide (emission
centered at 690 nm).
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In designing strobed displays. both S and system or-
ganization should be taken into account. For example,
consider a large 14-digit LED display with each digit
containing seven cathodes and one anode. If all 14
digits are strobed in one bank, 21 driver interconnec-
tions would be required (14 anode drivers and seven
cathode drivers). Since one of 14 digits is “on™ at any
time. a 7% duty cycle is required.

An alternate form would be to organize the displays
into two banks of seven. requiring seven anode drivers
(one driver shared by one digit in each of the two
banks) and 14 cathode drivers; this would still require
21 driver interconnections, and, incidentally, lower peak
currents. However. the latter organization results in a
14% duty cycle: a more favorable S can result with this
greater duty cycle if the LEDs are operating on the nega-
tive slope or loss portion of the curves.

The data needed to obtain the curves of Fig. 1 does
not require accurate absolute measurement of emitted
light as a function of current but does call for accurate
relative measurements, achievable without sophis-
ticated equipment. A small silicon photovoltaic cell
(such as Centralab Type 58C. International Rectifier
Type SOS0SE. or Solar Systems Type S-23). with low

LEGEND

leakage current, may be utilized as the photodetector.

To operate the LED at low currents, dc measurements
are used. Either a dc light-measuring instrument or a
suitable solar cell can serve as the detector in the circuit
shown in Fig. 2(a). The cell should be placed directly
over the segment to be measured. The operational am-
plifier provides the nccessary gain and presents a low
impedance to the solar cell. The variable resistor serves
as a range adjustment.

Selecting resistors

About 330 kilohms is a typically useful value when
operating in the current range of 1-10 ma through the
LED. When operating in the 0.1 1-mA range, the value
should be increased to 3.3 megohms. In this lower cur-
rent range, the dark-level reading should be recorded
first and subtracted from the light output reading. The
operational amplifier should not be overdriven lest lin-
earity be affected: the input current offset also must be
taken into account.

When the LED’s bias conditions begin to cause appre-
ciable heating. light output can decrease: this decrease
is a function of temperature at the diode’s p-n junction.
A typical LED's light output will decrease about 0.5 to

OPCOA SLA-1, GaP — 0.33-IN. CHARACTER
MONSANTO MAN -1, GaAsP—0.27-IN. CHARACTER
MONSANTO MAN-4, GaAsP—0.19-IN. CHARACTER

LEGEND

MONSANTO MAN-3 MONOLITHIC GaAsP
FAIRCHILD FND 10 MONOLITHIC GaAsP
MONSANTO MAN-3A HYBRID GaAsP

1. Helpful data. These curves, plotted from measurements made on several commercially available types of seven-segment displays, are
the first step in determining the factor S, a comparative measure of the gain or loss obtained under multiplexed operation. Ratio of values at
specified peak current to those at specified average current yields S. Similar curves can be derived for dot-matrix-type LED displays.
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2. Simplicity. Uncomplicated setups simplify meagur—emmof data
required to derive curves of Fig. 1. At lower current levels, dc
measurement with arrangement (A) should be used. When current
level through LED exceeds 5 mA, pulsed setup of B) is required.

| A fair comparison

| To compare the absolute value of light emitted by two LED
| displays identical in geometry (character size, area of
emission, etc.), almost any standard measure of light emis-
sion can be used. However, when display geometry differs,
the comparison becomes more difficult. For example. the
three standard measures—luminous flux (lumens), lu-
minous intensity (candelas or lumens per steradian), and
luminance (foot-lamberts)—do not adequately allow a
comparison between various seven-segment geometries.

Luminous intensity is an excellent measure for a point
source; therefore, it is meaningful when applied to a single
solid state indicator lamp. Luminance, on the other hand.
is based on a unir area of the source and thus is more suit-
able for a large, flat emitter like a TV screen. It is a poor
measure for comparing different types of seven-segment
displays—they are highly structured and neither approxi-
mate a point source nor a large continuous flat source, but
fall somewhere in between. Thus, some standard measure
that is a compromise between luminous intensity and
luminance appears to be desirable.

A quantity, candelas per unit character area, would scem
to fill this requirement. (Character area is defined as the
product of character height and character width.) Such a
measure takes into account both the total light produced
by a segmented display and the effect of the size of the dis-
play character. In that way, effective brightness of the
whole display is quantified, unlike, say, the foot-lamberts
measurement, which expresses the brightness of only a
small area—usually measured by most manufacturers at
the brightest point. .

Luminous intensity, in candelas. can be determined. for
example, with a calibrated, 1-in.-diameter detector placed
about two feet from the display. As in all such measure-
ments, detector response must be corrected to match the
response (photopic) of the eye. For a display with a char-
acter height of % in. or less, the resulting candela measure-
ment is a good engineering approximation, unless the dis-
play is highly directional. Dividing the measured value
obtained this way by the product of character height and
width results in the desired value of candelas per unit
| character area.
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1.0% per "C. Thus, for higher excitation currents, pulse
measurement becomes necessary. A current level of 5
mA is a good crossover between pulse and dc measure-
ments. For pulse measurements a reasonably sensitive
dual-trace oscilloscope (about 5 mv/cm) and the silicon
photovoltaic cell should suffice. A pulse repetition rate
of several hundred hertz and pulse width equivalent to
a 2% duty cycle will give reasonably accurate results,

One scope channel is used to measure the current
through the LED by displaying the voltage across the 27-
ohm resistor: the other channel measures the relative
output light power from the LED. The resistor, R, should
be adjusted so that detector output at low LED current
levels can be read conveniently, while at higher levels
the voltage across the resistor shouldn’t exceed .05 v.

To assure a smooth curve plot, overlap in current
scale should be used in taking data for the low-power dc
measurements and the higher-power pulse measure-
ments (data should be taken for the dc case up to about
10 mA, and for the pulsed case, down to about 2 ma). In
the overlap area, the two curves can be matched and an
appropriate multiplier applied to yield a smooth curve.
The curves can be normalized to the peak value of light
output per unit current by dividing the values of light
power per unit current by the maximum value,

Brightness as a function of current, as presented on
many LED data sheets, cannot be used to generate the
curves. This is apparent when a straight line on linear
coordinates is shown on a data sheet; it obviously re-
sults in an S equal to | for any set of values used in
strobing operation. Also, some data sheets give dc char-
acteristics only and do not take into account the effects
of heating at higher current levels.

Matrix displays

The same type of curve also can be generated for an
LED element in an X-Y matrix. In this case S becomes a
pulsing factor for the matrix. An X-Y matrix can be
scanned line by line (line sequential), or a dot at a time
(dot sequential). Dot-sequential scanning imposes a
duty factor inversely proportional to the number of
dots; one dot of information is presented to the display
at a time. Line sequential scanning requires a duty fac-
tor inversely proportional to the number of lines, which
are presented a line at a time. Assuming a constant av-
erage LED current, S can be calculated from the re-
quired duty cycle, the peak current, and the curves gen-
erated for the individual LED. Determining the S value
for both scanning arrangements influences X-Y matrix
display organization. Also, the decision on whether to
line scan relatively to the X-axis or Y-axis can be made
on the basis of the S value for either case.

The seven-segment display can be set up in an X-Y
matrix layout. Thus, the seven-segment display may be
analyzed as in the case of an X-Y matrix of light-emit-
ting diodes. O
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WE WROTE
THE BOOKON
MINICOMPUTERS.

Our book is full of pertinent ques-
tions and straight answers about “how to
buy a minicomputer.”

Buying a minicomputer isn’t simple.
There’s a lot more to consider besides
mainframes and cycle time. You have to
stack your requirements against a whole
system: peripherals, software, interfac-
ing, reliability, and service.

Data General peripherals, from dises to
System 360 interfaces to line printers to
mag tape units to A/D converters.

In the course of installing those two
thousand systems, we’ve heard a lot of
good questions about minicomputers —
enough questions to write a book called
“How to Buy a Minicomputer.”

Section I of our book has

We think we're questions and answers you
pretty well qualified to {L should think about before buy-
write the bookonall [ HOW TO BUY ing anybody’s minicomputer.
these things. , A MINICOMPUTER. Section I1I stacks our

Afterall, we're / products against the questions
the number 2 company | raised in Section I.
in the minicomputer After you’'veread the
business, and on our whole book, we think you’ll
way to becoming be more likely to buy some-
number 2, we’ve in- thing from us.
stalled over two That’s how we plan to
thousand mini- become the number 1
computer systems minicomputer company.

in hundreds of applications.

Each of those two thousand systems
is built around one of the Nova line of
minicomputers — the broadest line of
16-bit computers available, offering the
best price/ performance in the business.

These systems use Data General’s
broad range of software, including
Extended FORTRAN IV, Extended
ALGOL, Disc Operating System,
Time-Sharing BASIC, and assemblers,
editors, and utility packages.

They also incorporate a long list of
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FREEQ Send me your free book, “How to

Buy a Minicomputer.”

Name _
Company
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¢{» DATA GENERAL

Southboro, Massachusetts 01772, Tel. (617) 485-9100
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of the semiconductor
memory systems built
and operating today use the

AMS 6002 MOS RAM

The AMS 60G2 MOS RAM has already established more than
16 million hours of field performance in more than
40 installations. Six months after its introduction, the 6002 is still the
fastest 1024-bit RAM available with 150 nanosecond access and
250 nanosecond cycle times. It is the only MOS RAM that utilizes
field-proven P-channel processing and a ceramic package.

That’s why most of the systems out there today use the 6002.
Shouldn’t you?

ALY

Advanced Memory Systems, 1276 Hammerwood Avenue, Sunnyvale, Ca 94086 (408) 734-4330

Powell/Philadelphia Powell/Viashington PowellsHuntsville Powell/Florida Powell/Calilornia Powell/Caihformia Apollo Electronics, Inc
S. Istand Road/Box 8765 10728 Hanna Street Box 48&. Fayetteville 2049 W. Central Bivd. 411 Fairchild Dr./Box 997 Southern Cahfornia 101 Binney Street
Philadelphia, Pa. 19101 Beltsville, Md. 20705 Tenn, 37334 Orlando. Fla. 32814 MountainView, Ca. 94040 (213) 988-3330 Cambnidge. Mass, 02115
(215) 7241900 (301)474-1030 (615) 433-5737 (305) 423-8586 (415) 964-0820 (213) 873-6431 (617) 868-3120
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Probing the news

_B_o_ard tester_s_ l_nakg_mps_t_-wanted list

Digital system makers, seeing how |C failure rates devastate logic

board yields, are demanding—and getting—better board testers

by Stephen E. Scrupski. Packaging & Production Editor

Now that logic boards holding 100
1ICs are becoming common, even a
19 failure rate in ICs can turn al-
most every board into a reject. This
situation. which promises 1o get
worse rather than better as digital
syslems increase in complexity, is
creating such a demand for board
testers that it could overshadow
even the soaring LS testing market.
The urgent need is for automatic
systems that diagnose which I1Cs are
faulty. so that the costly board can
be repaired rather than thrown out.
Robert McClure. chairman of the
board of Telpar Inc., a Dallas-based
company that provides test pro-
grams for logic testing. estimates
that a year ago the average IC pack-
age had about eight gates. but now
i's up to 16 and probably will rise
1o 20 or 30. Such increased com-
plexity coupled with the decreased
cost of less complex circuits has re-
sulted in higher likelihood of circuit
failures. Typically. says McClure,
about 2 o 5% of the incoming ICs
are bad. and if the devices are not
pretested. often only about 2% of

boards holding 100 ics will com-
pletely pass the final board tests.
Even if bad ICs are screened out in
incoming inspection. he continues,
failures of the board itself. such as
open etches or solder bridges on the
more dense wiring paltterns can cut
final board yields in half,

To test logic boards. “most com-
panies have ended up with a mixed
bag.” says Howard Painter, market-
ing manager for logic circuit testers
at General Radio Co.. West Con-
cord. Mass. Its Model 1790 tester.
originally developed for in-house

use, was introduced a couple of

years ago at a base price of $30.000.
The companies that have developed
their own testers, says Painter, “find
they've accumulated things from a
scope to a tape-controlled tester; the
cost has gotten out of hand. and the
system isn’t readily adaptable. Com-
puter-controlled testers are more
general; it's a simple matter of writ-
ing a new program.

General Radio. in fact, is getting
ready to announce a new lest sys-
tem, the 2200, which, with modular

plug-in circuits, will handle digital,
analog, and passive circuits. Based
on the 1790, the new system uses a
ppP-8/E with a 4.000-word memory
that can be supplemented in 4,000-
word increments up to 32.000. It will
handle boards having between 12
and 256 pins. in increments of 12,

Texas Instruments Digital Sys-
tems division, Houston, is another
company that has decided to market
an originally in-house system. the
ATS960 tester [Electronics. Oct. 11,
p- 117.]. Hal Phelps. test systems ap-
plications engineer, says that there’s
a trend away from specialized. in-
house testers “because they're ex-
pensive.”

Another reason for the growth of
the commercial tester market is cut-
backs in personnel at the systems
houses. according to Sam Duran,
marketing manager for Datatron.
Inc.. Santa Ana, Calif. He points
out, “The big in-house instrumenta-
tion groups are gone, and while a
company might have the tech-
nology. it doesn’t have enough
people to do a better job of tester

Picky, picky. Fault-finding 1s the virtue of the Capable logic tester made by Computer Automation. Like most logic testers, the system pro-
vides on-line capabilities for automatic fault isolation. The operator can troubleshoot at the console, or tag boards for later repair.
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development.™ Thus, says Duran,
the market for logic board testers
“dwarfs™ the market for LS testers,
which his company also makes.

Pinpoint logic. Testers designed
for LsI are not directly useful for
logic circuits, since, for LSI circuits,
all the operator wants to know is
whether or not the circuit is bad.
But with logic boards, the operator
also wants to pinpoint which par-
ticular circuit on a board is bad and
should be replaced. The speed of
the LSI tester also is usually far
greater than is needed for logic
board testing.

Ramon Alonso, president of Adar
Associates, Cambridge, Mass., a
maker of device testers which also
are being used as board testers, con-
firms that “there is an obvious split
between card and device testers,
and it's growing.” Adar’s testers are
in fact being aimed at memory
board tests, which do need speed.

Comparison checks. The simplest
test of a logic board is to operate
one that's known to be good in par-
allel with the board under test, and
then compare their outputs. The
more complex the boards, the more
time it takes to get each into the
same logic state to begin the test.

Despite such difficulties, at least
one commercial supplier is follow-
ing the comparison route. Trendar
Automation Corp., Mountain View,
Calif., is offering a tester [Electron-

ics, Aug. 16, p. 115] that automat-
ically makes the logic states identi-
cal and then applies test inputs in
three sequences—high, normal, and
low voltages. Any output that fails
to respond is displayed with its pin
number. The system fixes the input
in that state, enabling the operator
to trace the source of the error.

Donald P. Allen, Trendar vice-
president and director of marketing,
defends the comparison method,
pointing out that programed testing
is not as flexible as it seems. If there
is an engineering change in the pc
board design, he says, a programing
change is more time-consuming and
more difficult than a change in the
comparison system “where you
might only need to add a jumper or
take one way.”  *

Program changes. Robert C. Al-
lan of the marketing department of
E-H Laboratories Inc., Oakland,
Calif., sees it differently: “With the
comparison method, every time you
want to change the board specs you
have to unwire and rewire. With
minicomputers, you only have to
change the program.”

Hewlett-Packard also had a com-
parison tester, the 2060A, but the
system was discontinued as a com-
mercial product, even though the
company still uses several in-house.

Most other test manufacturers,
however, are following the pro-
gramed tester route. William S.
Routh. director of product market-
ing at Fairchild Systems Tech-
nology, Sunnyvale, Calif., says, “I

Tradeofts. Testing costs vary. depending on the number of units tested. For most board lot
sizes, programed testers cost least. These curves are from a Texas Instruments study.
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don’t like comparison testers.
They’re fine for simple boards, but
cannot do fault isolation without
operator intervention, which rules
out an unskilled operator.” In prac-
tice, however, most computer-con-
trolled systems are operated by
technicians who troubleshoot
boards as soon as a fault is found,
says Stuart Daniels, at Digital Gen-
eral, Cleveland, Ohio, makers of
programed testers. His view gains
credence from the fact that many
such systems come equipped with
circuit probes and scope hook-ups,
which imply usage by technicians
rather than unskilled operators.

The tester made by Teradyne
Inc., Boston, Mass., for example, is
interactive and can be interrogated
when there is a failure. It can also
be programed to stop at certain
tests, so that the operator can
“walk™ the machine through the
procedure, and to cycle the tests to
get a continuous display, so that the
user can revise the circuit board and
then see the results.

I’s capable. Computer Automa-
tion Inc., Newport Beach, Calif., al-
though better known for its comput-
ers, has been marketing a computer-
controlled tester since January 1970.
The tester, called Capable, includes
the company’s own model 216 com-
puter. Douglas Cutsforth, produc-
tion line manager for tester prod-
ucts, reports, “We can test about 20
boards an hour, counting fault isola-
tion time, and so reduce the testing
cost to about 30% of the board’s to-
tal cost—down from more than
50%.”

To make the fault isolation
model. Computer Automation takes
an actual circuit board, inserts fail-
ures, and stores the output patterns
and corresponding inputs. A table
then is printed out, showing the log-
ical string involved in a failure.

A different method of generating
a fault location table was developed
by Data Test Corp., Concord, Calif.
[ts tester analyzes the board design
and counts the number of transi-
tions on each output line for a full
range of inputs. When a board is
checked, the tester simply compares
the total number of transitions
made in each output. O

Contributing o this article were James Brinton, Lawrence
Curran. Gail Farrell, Paul Franson, Stephen Wm' Fields, and
Roberta Schwartz
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Markets

Japanese firms sprouting in U.S.

Jolted by ‘Nixon shock," Japanese electronics firms accelerate trends to

set up joint ventures in U.S. with American technical, marketing aid

by Lawrence Curran, Los Angeles bureau manager

The U.S. commercial electronics
sector is providing fertile soil for a
new species of Japanese company:
the multinational firm  seeking,
through joint venwures, U.S. tech-
nological and marketing help for
American sales. If nourished care-
fully. it could bloom as handsomely
as the consumer electronics planting
that was accomplished so success-
fully back in the "60s.

At least three Japanese electronics
firms are seeding ventures in Cali-
fornia. Sharp Corp. of Japan is
backing Datapet in Santa Ana; Om-
ron Tateisi is bankrolling Omron
Systems and Omron R&D in Moun-
tain View, and Toyo Electronics In-
dustry Corp. is investing in Exar In-
tegrated Systems Inc., which is in
Sunnyvale.

The Japanese government ap-
proved the Sharp-Datapet deal only
this month: Omron, which began al-
most two years ago as Myko Sys-
tems, consummated the deal with
Omron in Japan in September 1970;
while Exar started up last April 30
after getting a satisfactory financial
commitment from Toyo.

Moreover, such moves by Japa-
nese companies are likely to be
spurred by the 10% import sur-
charge and the upward movement
of the yen caused by President
Nixon'’s new economic policy. That
game plan produced “Nixon shock™
among Japan's electronics firms,
(sce p. 119).

James Imai, president of Imai
Marketing Associates Inc., Sunny-
vale. says that beforc the Adminis-
tration’s Aug. 15 move, interest in
scting up in America was only
moderate. “But now,” he says. “the
difference is like night and day.
Now instead of just doing business
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with the U.S. it may be more rea-
sonable to set up a company in the
Us.”

What's more, he adds, the Japa-
nese interest in overseas joint ven-
tures may not be limited to the U.S.
For calculator manufacturers. he
points out, the labor content is con-
tinually decreasing while for labor-
intensive operations. the advantage
of offshore assembly is being offset
by import tariffs. Japanese com-
panies are realizing that the solution
is to manufacture a product with la-
bor and parts coming from the
country where the end product will
be sold. Thus Japanese firms will be
looking for joint ventures in Europe
expanding into much broader multi-
national companies, says Imai.

The Japanese clectronics com-
panies. he adds, can succeed in the
U.S. if they make sure that Ameri-
cans are actively involved in the
business. Most Japanese electronics
companies, says Imai. don’t know
how to do business in the U.S., and
so when Sony and Matsushita
(Panasonic) set up American sales
organizations. they hired Americans
to work in an Amcrican environ-
ment. Toshiba and Hitachi. how-
ever, sent Japanese nationals to run
their U.S. sales offices, and it didn’t
work as well, as evidenced, says
Imat, by comparing the U.S. market
penetration of the four companies.

California. here we come. The
Japanese commercial electronics ac-
tivity in the U.S. centers about the
three California firms. Datapet is an
acronym for Data Phone Equip-
ment and Terminals, illustrating the
firm’s marketing goals. William F.
Sauers, a former executive at the
Autoncetics division of North Ameri-
can Rockwell Corp.. Anaheim,

Calif., and now Datapet’s president,
agrees with the adage that “you ei-
ther cross another nation’s borders
with trade or with armies.” He'd
rather do it through the trade route.
he says.

Omron systems is headed by Ber-
nard Jacobs, past director of re-
search and development at General
Instrument Corp., Hicksville, N.Y.,
who says he predicted the trend
toward multinational companies
eight years ago. Omron Systems is
in the calculator business. but is ex-
panding into data processing and
other digital systems. Omron R&D is
the U.S. arm of Omron Tateisi, and
will market such products in the
U.S. as dollar-bill changers, turn-
stiles, and credit card. banking. and
traffic control systems.

Markets. Exar makes liner inte-
grated circuits for the speech and
data communications market in this
country, and is designing some de-
vices for Toyo that will be used in
Japanese home cntertainment
equipment. Exar’s president, S. Paul
Davis, comes from Signetics Corp..
Sunnyvale, Calif,, and characterizes
himself as “‘mostly a manufacturing
manager kind of guy.”

Of the three firms, Omron is the
only one that’s been in business long
enough to have a delivery and sales
history. Last April. Jacobs says. Om-
ron shipped “well over 100.000 cal-
culators” from both its Japanese
and Mountain View facilitics, and
adds that sales are running at a rate
of $1 million a month now. He ex-
pects the firm to do “considerably
better” next year.

Datapet’s business plan calls for
sales of $1 million the first year, $4
million the second, and $12 million
in its third year. And for his part,
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Exar’s Davis says his firm’s outlook
is based on making linear ICs to cap-
ture an initial 5% of a potential $6
million business in speech and data
communications devices. This figure
was turned up in a survey of 15
companies that will use such cir-
cuits.

Better yields. “It’s a hell of an as-
set to get Japanese labor involved
with your products,” says Davis.
“U.S. firms may be able to meet
Mil-M-38510 and Mil-Std 883, but
they're still unsophisticated. Where
U.S. wafer probe yields would be
20% 1o 30%. we’re getting 50% to
70% with the circuits that are being
made in Japan.”

Exar’s plan is to make linear-1Cs
for a range of speech and data com-
munications products, ranging from
modems to repeater amplifiers, as
well as paging and public-address
amplifiers for U.S. consumption.
Also included will be the parts for
home-entertainment equipment
that Toyo will sell in Japan.

At Datapet, Sauers says Sharp is
a “substantial” stockholder in the
firm. Both companies intend to
maintain their equity relationship
even after Sharp begins to infuse
further funds into Datapet through
contracts. T. Mitsutomi, executive
vice president, says Datapet’s objec-
tive is to supply Sharp with a high-
technology base in data communi-
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cations at a low price: the vehicle
will be exploitation of fast-moving
technologies like MOS/LSI.

“Sharp has enormous manufac-
turing and design know-how in elec-
tronic calculators. scientific calcu-
lators, and terminals,”” says
Mitsutomi, who is American. *So
we want 10 combine the forces of
the two companies in data commu-
nications systems and terminals that
tie in with such systems.”

Datapet will provide the pro-
totype and low-volume production
of such products where needed, and
will market the products in the U.S.
and Canada, but Sharp will do all of
the high-volume manufacturing
that’s required in Japan. Sauers says
Sharp wants to diversify its indus-
trial products group beyond its cal-
culator lines—into electronic cash
registers, electronic scales, printers,
copiers, and credit-authorization
terminals. “They feel they need U.S.
know-how and systems engineering
capability.” Sauers notes, “because
the first big market for these prod-
ucts is in the U.S.™

Americanization of Sharp. One of
Datapet’s functions will be to Amer-
icanize these products. Another will
be to bid on opportunities that bring
Datapet’s remote terminal data
communications expertise (a goodly
number of the firm’s 14 present em-
ployees come from Autonetics) to

bear. Datapet has bid on two such
jobs. One would use the Autonetics-
developed embossed card reader
and associated modems in a system
that would provide automatic dial-
in to a central computer. Still an-
other proposal of the company, a
terminal to be used in warehouse in-
ventory and stock control, has becn
submitted to “one of the largest
time-sharing systems,” Sauers says.

Datapet also will pick another
U.S. affiliate to jointly acquire a
large national system and a soft-
ware, marketing, and service organi-
zation to handle products that
Sharp Electronics Corp. of New Jer-
sey doesn’t sell in this country.
Sauers believes Datapet will need a
20% price advantage over estab-
lished U.S. firms such as NCR and
Sweda to successfully market
Sharp’s electronic cash registers in
this country.

“Before the Nixon shock, it would
have been fairly easy,” he says, but
he’s not giving up on it. Because
Sharp has worldwide joint ventures,
notes Sauers, it will be looking for
the lowest-cost manufacturing it can
find.

Omron Systems’ Jacobs says that
Omron machines on the American
market were formerly being built in
Japan with Japanese parts, except
for the LSI arrays, “but we are
switching over to all U.S. parts and
labor. For the Japanese market, we
will assemble in Japan with Japa-
nese parts and labor, and we are set-
ting up an operation in Mexico,
100.” He also adds that Omron Sys-
tems is turning out 35,000 of the
lower-priced ($175 to $200) calcu-
lators a month for such companies
as Commodore and Unicom, among
several others.

Small profile. The Japanese atti-
tude about doing business abroad,
Jacobs says, is that “you do it with
direct participation of local people:
you must maintain a small-business
image in a foreign market.” Japa-
nese companies have tended to do
business abroad as a block: Jacobs
thinks this is the only way to go in a
foreign market, and he says Ameri-
can firms will have to learn to par-
ticipate in foreign markets that way.
He maintains it’s a trend that points
very clearly toward how inter-
national business will be conducted
in the future. g
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Multimeter. Measures everything—dc and ac
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Commercial electronics

Electronlcs in the drlver S seat

Bendix’s new test track brlngs electronlcally controlled urban

transport systems that much closer for the crowded cities of the U.S.

by Alfred Rosenblatt. New York bureau manager

By leaving the driving to nobody.
Bendix expects to be one up on the
testing of urban transit vehicles of
the future under actual operating
conditions. By next January, they
will have completed the first full-
scale, computer-run track—covering
15 acres—devoted to checking the
electronic guidance and controls of
urban transit systems now being de-
veloped.

More than $10 bllllon over the
next dozen years has been ear-
marked by the Federal government
for urban transit. And much of the
money will go for unmanned. elec-
tronically controlled cars. Until
now, engineers have used computer
models or model-railroad-type sys-
tems to check out electronic systems
for driverless transit vehicles. But to
test vehicles under the real oper-
ating conditions they will encounter,
Bendix Corp.’s Aerospace division
in Ann Arbor, Mich., decided to
build as true-to-life a test set-up as
possible.

“This is the first full-scale model
that routes cars automatically
through the use of a centralized
computer,” says Ralph Mason, mar-
keting manager for Bendix’ trans-
portation department. The ap-
proach allows realistic examination
of the problems imposed by
weather, vibration, and electrical
noise. Test cars can be programed to
maintain a safe distance from each
other and be switched on and off the
track. Merging and de-merging. ac-
celerating, braking and cruising
automatically from station to station
can be not only calculated but wit-
nessed.

The test facility is not built for
any particular vehicle propulsion or
tracking system. When the track
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opens, three, small Swedish-built
utility vans, with battery-powered
dc motors replacing the original en-
gines, will be used to check controls
that can be applied to just about
any of the wheeled. air-cushioned.
and duo- and monorailed vehicles
being designed for people mover,
personal rapid transit, mass transit,
and intercity railroad systems. Ve-
hicles in such systems may carry as
few as a half dozen passengers—as
in a personal rapid transit car that
moves directly to a commanded des-
tination—or more than 100 passen-
gers in mass transit and railroad sys-
tems serving stations on a specified
route.

Underground. On the Bendix
track, vehicles will move under elec-
tronic control from communications

Where's the bus? Two antennas on the
front bumper help keep the vehicle (at right)
centered on Bendix's test track. Its position
is shown continuously in the central station
on a mimic panel displaying the track’s out-
line (below).

loops buried in the roadbed. The
track itself consists of a main. circu-
lar guideway about 300 feet in
diameter that is joined by several
feeder lanes. A vehicle passing over
every portion of the track once
would travel about one mile. The
track also has the equivalent of
three “passenger stations.”

Bendix’s control scheme will

maintain 10-second (later on, 5-sec-
ond) headways, or spacing between
vehicles travelling at top speed of 30
mph. Signals are fed to and from
the vehicles, over a pair of parallel
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wires buried 2 feet apart in the
roadbed. These wires cross over
each other every 25 ft in the main-
line section of the track. and every
12.5 ft in the sharper curves where
the maximum speed is limited to 15
mph. By counting the crossovers, at
which the magnetic field drops to
zero, each vehicle monitors its posi-
tion and transmits the information
to the central computer over a fre-
quency-shift-keved 96-kilohertz car-
rier signal. In the reverse direction,
the computer uses a similar carrier
at 145 kHz.

Signals sent from the computer
and from the vehicles are separated
in “wayside communicators™
around the track. These units am-
plify the signals from the vehicles
and transmit the command signals
into the buried communications
loops.

The Bendix track also is outfitted
with an independent backup that
will keep the vehicles safely sepa-
rated and the track operating should
the primary crossover-counting sys-
tem fail. This backup uses magne-
tometers to sense the vehicles’ loca-
tion. Each magnetometer—spaced in
blocks 100 feet apart in the 30 mph
zones and as close together as eight
feet in the slower speed zones—is
hardwired back to the central com-
puter. The computer is programed
to allow minimum headways of five
seconds between vehicles in  the
backup mode, with a minimum of
onc open block spacing between
them. If this one-block spacing re-
quirement is violated. the FSK com-
munications carrier going to the ve-
hicles is removed and the vehicles
are braked to a halt.

The message format consists of a
16-bit word followed by its comple-
ment and including three bits for
identification. Data rate is 4,800 bits
per second, and each vehicle can re-
ceive up to four commands per sec-
ond. Typical commands direct a ve-
hicle to start. brake, proceed to a
particular station, maintain velocity
levels at anywhere from 25% to
110% of the maximum speed. and
turn its lights, air conditioning and
windshield wipers on or off.

Station command. Vehicle desti-
nations are dictated by the central
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Vehicle control. Coded digital commands sent from the central computer on a 145-kHz
carrier are received by the electronics on the vehicle, decoded and used to control speed

computer, and the commands are
stored by the cars. In a future modi-
fication, destinations may also be
entered from pushbuttons on a spe-
cial passenger input unit in the ve-
hicle cabin. To prevent information
hlackouts as the vehicle passes over
the zero-field crossovers. two pairs
of receiving and transmitting coils
are used—one pair mounted at the
front, the other at the rear of the ve-
hicle.

The central station computer used
by Bendix is a Digital Equipment
Corp. pDP-11/20. a machine “nicely
adaptable to real-time control,”
points out Stewart McMillan, man-
ager of the transportation labora-
tory. This computer also has *“re-
spectable memory storage
capacity,” he adds. The 12,000
words it has now can be expanded
to 32,000 words.

Lateral guidance. A vehicle is
kept on track and prevented from
wandering from side to side by two
coils that are mounted on its
bumper, about 15 inches to each
s:de of the center line. These coils
sense current flowing in a third wire,
also buried in the center of the
roadbed. The magnetic field created
by current in this wire induces a
voltage in each coil, A servo system
then steers the vehicle to keep these
voltages equal.

To route a vehicle to various
points. sections of the guidance wire
are driven by one of two oscillators.
At junction points, the vehicle is
commanded to seek a particular fre-
quency and, in so doing, switches
off onto its new path. A slight over-
lap of the two frequencies insures
guidance will continue smoothly af-
ter a switching command is re-
ceived.

When the vehicle must stop at a

station, a special tone is transmitted.
and the vehicle slows down with a
predetermined velocity profile. This
profile is now stored in a diode
matrix, but in a production system
would be stored in a solid-state
read-only memory, says McMillan.

During deceleration. an odometer
on the vehicle produces a pulse ev-
ery 9 inches. A comparison is then
made between the actual velocity
and that stored in the memory. By
controlling the propulsion and the
dynamic braking on the vehicle, the
two velocity values are matched as
closely as possible. The aim is for a
vehicle to stop within 6 inches at a
station. In a full-fledged people
mover, Mason hopes passengers will
be given the impression that they
are riding not in cars without drivers
but in horizontal elevators, because
“people are used to elevators, not to
driverless cars.”

When a vehicle is running at its
commanded speed. its velocity is al-
ways checked against the com-
manded velocity by counting the
time intervals between the zero-
magnetic-field points of the buried
communications  wires. McMillan
explains. However, below speeds of
five miles per hours, the crossover
wire counting method becomes too
inaccurate, and the system relies on
a tachometer.

No special cffort has yet been
made to compress the electronics
into as small a volume as possible. It
presently takes up bulky racks in the
front and rear seats of the vehicles.
But once in production, medium-
scale integrated circuitry should be
sufficient to scale everything down
1o a reasonable size, says McMillan.
Cost of production electronics is es-
timated at between $5,000 and
$8,000 per vehicle. O
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Varian's 620/f with VORTEX:
more than you bargained for.

Our 620/f with VORTEX is a hardware/
software combination that can take on the
big boys and beat them at their own game.
For a lot less.

The 620/f is the 750 nsec member of
Varian's 620 Family. Powerful and versa-
tile. it's the minicomputer definition of
“FAST? VORTEX is the real-time oper-
ating system built to match the capabili
ties of the 620/f. Put them together and
you've got the most potent combination
ever offered in the minicomputer market!

But the payoff is in dollars. Compare
the 620/f with VORTEX to the IBM
1800. In equivalent configurations—

Theirs: $110.000. on up. Ours: $55.050,
and you sacrifice nothing.

How about flexibility? Our minimum
memory requirement is 16K: rheirs is
24K. If vou need more. our plug-in add-ons
are much less expensive. We have dynamic
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partitioning of memory and “load & go”
capability. two things the big boys over-
looked. In the background we've got
automatic checkpoint/restart. a more
powerful Job Control Language. and
a macro assembler to boot!

When it comes down to specific real-
time applications, you'll find that a
VORTEX system goes to work faster and
cheaper. It’s the hammer in our hands.

Call or write today for complete
information on the hows and whys of
VORTEX vs the IBM 1800. Varian Data
Machines, 2722 Michelson Drive, Irvine,
California 92604. (714) 833-2400.
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Manpower

Will it be: “Thank God it’s Thursday’?

Electronics firms are among the vanguard of companies switching over to the

four-day work week; they find morale and production up, absenteeism down

by Marilyn Offenheiser, New York staff

The latest tradeoff in the electron-
ics industries is one less workday per
week in return for higher profits and
productivity. That's the goal of an
increasing number of electronics
firms that are looking into the 10-
hour-per-day, four-day week. Those
that have tried it find that both the
relative efficiency of their workers
and their drawing power for recruit-
ment have improved.

Electronics firms recently making
the switch include Smith Kline In-
struments Inc.. Palo Alto, Calif.;
Weinschel Engineering Co.,
Gaithersburg, Md.; and Hugle In-
dustries, Sunnyvale, Calif. And ac-
cording to John Morgan, labor re-
sources consultant for General
Electric Co., New York City, that
company is studying 4/40 mainly
with recruitment in mind.

All kinds and sizes. Kenneth
Wheeler, president of Wheeler As-
sociates, a management consulting
firm in Lowell, Mass., calculates
that of the 800 to 1,000 companies
on 4/40, about 20 are electronics
firms—from  sophisticated  R&D
houses to assembly-line operations.
and from small 40-people ‘“‘shops™
to those employing 400 or 500.

“It’s only a question of time,” says
Wheeler of 4/40's prospects. “When
a large company gets in. there will
be a domino effect to compete for
labor.” And William Standring Jr.,
vice president at Hugle, calls it a
“trend of the future.”

However, the negative comments
are equally emphatic, ranging from
“it's a fad™ to “poor economics.”
Doug Anderson, senior consultant
at Arthur D. Little Inc., manage-
ment consultants in  Cambridge,
Mass, says, “The system can create
too much overtime which raises la-
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bor costs, making it too difficult to
meet foreign competition.”
Productivity is higher. Nonethe-
less, those electronics firms on 4/40
have found that productivity and
quality sometimes increased, but

never fell. And though a poll of

managers indicated fatigue was a
problem at first, workers quickly ad-
justed to the longer day and com-
plaints stopped.

Weinschel’s  personnel director,
Richard Hoftfman. feels efficiency
always tends to fall off near quitting
time no matter how long the day.
Adds Wheeler, “Production does
tend to go down in the ninth and
tenth hours, but this is more than
made up for by continuity in work
flow, and 20% savings on startup
and shutdown time as well as coffee
and lunch breaks.”

Few companies approach 4/40 in
exactly the same way. In some cases,
employees work Monday through
Thursday: in others, the days are
staggered. At Hugle, workers and
technicians report for 10 hours on
Monday through Thursday while
management and secretaries work
nine hours on those days and four
hours on Friday morning.

The reasons for going on 4/40—
and those for not going on—vary,
too. Warwick Electronics Inc., Chi-
cago, is studying 4/40 but does not
expect to convert. if at all, until after
the recession is over and the labor
market loosens. But at Weinschel,
the switch was made at employee
request: as Hoffman puts it, happy
workers are productive workers.

EEs bring up the rear. In general,
though, engineers are lagging be-
hind production workers in getting
on the system. At Weinschel, for ex-
ample, EEs are not on 4/40, but per-

sonnel director Hoffman sees no
reason why they shouldn’t; their
work is production-oriented any-
way, he feels. At Smith Kline, as-
sembly-line people went on the sys-
tem first, and now EEs are also
included. However, other managers
feel engineers should not be paid by
the clock.

Of course, 4/40 is not without its
problems. So far, most of the com-
panies implementing the program
are small: larger firms find it diffi-
cult to coordinate 4/40. Customer
requirements arc also germane—
Xerox Data Systems Inc., El Se-
gundo, Calif., says it cannot make
the change since it is geared to
clients still on a five-day schedule.

Overtime hurts. Another signifi-
cant deterrent is the Walsh-Healey
Public Contracts Act, which requires
time-and-a-half’ pay for work be-
yond eight hours per day if the firm
has Government contracts. Some
companies, such as Motorola Com-
munications Inc., Chicago, and Mi-
crowave Associates Inc., Burlington,
Mass., are holding off because these
provisions would prove too costly
under 4/40. But on the other hand,
the premium pay situation also can
cause a drop in tardiness and ab-
senteeism. At Smith Kline, “If a
worker misses a day,” says person-
nel director Thomas Lowden, “he
loses 25% of his weekly salary rather
than 20%. and since the last two
hours are on time and a half, a late
worker misses a greater portion of
pay.”

Lowden says that 4/40 employees
are ‘“enthusiastic about the pro-
gram.” And Hugle’s Standring cites
“improvement of employee mo-
rale,” and that’s the essential first
step toward greater productivity. [J
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EW'1024 PROM ROM.

For greater flexibility in obtaining economical bipolar read-only
memory devices from design through volume production.

We invented the PROM concept,
established its reliability, and delivered
in volume. Now we re adding to the
most complete line offered in the
industry and have used the knowledge
obtained over a year's experience to
bring you an even more dependable
product. The application flexibility of
our new PROM/ROM is achieved
because both are electrically identical
and pin-for-pin interchangeable with
each other and other 1024 bit devices.
The PROM is available with two
outputs—open collector or tri-state.
The ROM is mask programmable and
available in standard ASCI| to EBCDIC

A

HPRQM-1024A and HROM-1024B

*s@

New too!

HROM-2561M Character Generator
One of the highest speed devices of
its kind, with guaranteed A C.
performance over the full military
temperature range.

Features:

1.5 MHz over full military temperature
range

512 x 5 organization
ASCIi to 5 x 7 dot matrix, p-MOS

HPRQ@M-1024 Block Diagram
Interchangeable with

100-999 units

code converter patterns. Custom 0“Cto 55°C to
programming is also available. The | HPRQ® M-1024A Biock Diagram (5aC +125°C
reliability of both PROM devices is | Interchangeabie with HPROM-8256
documented by 260,000,000 fuse | HPROM ;‘Q?i and HROM-10248 ] Bipolar $12.00 $24.50
hours of life test data. For further , @ e Bl o 32x8 Ta 40ns
details see your Harris representative ' ‘ | el e HPROM-1256
or distributor. 19 | L EX D0 | Bipolar $1475  $24.50
Features: | ~0-§ ‘ 4 el 256x 1 Ta 35ns
256 words/ 4 bits per word sl | ’i; [ e HPROM-0512
Fully decoded : o7 | N 1 P Bipolar $27.50  $43.00
. | 2@ *bJ»_‘LI jE o | M'ﬁ" 64x8 Ta 55ns
DTL/TTL com.patlble | v — = +HPROM-1024
50 ns access time ' :-_«.%: ,L — o & Bipolar $55.00 $71.50
Expandable—"Wired-OR " outputs :‘f L 256 x4 Ta  60ns
with chip select input sf% (g = . ‘ THPROM-1024A
g S : bt = S Bipolar $55.00 $71.50
Available in military and commercial
temperature ranges LI
HPRQ® M-1024 and HPRO M-1024A +HROM-10248B
PO Fa LA ¥ Bipolar $15.00* $18.75°
3‘ H 256x4 Ta 60ns
oD THROM-2561M
p-MOS $19.25 $28.60
512x5 f, 15MHz
+ Naw * 500-999 units

1024 's are also available in the innovative
Diacon package

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS - INTERTYPE CORPORATION

P.O. Box 883, Melbourne, Florida 32901
(305) 727-5430

DISTRIBUTORS: Schweber Electronics: Westbury, New York
Harvey/R & D Electronics: Lexington, Massachusetts t617) 86

Minneapolis (612) 884-8132; Kansas City (816} 452-3900; St Louis (314) 428-6100; Dallas (214

Pittsburgh (412) 781-8120; Dayton (513)
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278-9455," R.V. Weathertord Co.: Albuguerque (508) 265-5671, Anah
Austin (512) Enterprise 1443; Dallas (214) 231-6051, Denver (303) 427-3736, Glendale (213) 849-3451, Houst
Palo Alto (415) 321-5373; Phoenix (602) 272-7144; Pcmona (714) 623-1261, San Diego (714: 278-7400; Seatt|

(516) 334-7474, Rockville, Maryland (301) 881-2970; Hollywood. Florida (305) 927-051 1
1-9200/ Semiconductor S pecialists, Inc.: Chicago (312) 279-1000; Detrcit (313) 255-0300:
) 358-5211, Indianapolis (317) 243-8271;

eim(714) 547-0891,

on (713) Enterprise 1443;

e (206) 762-4200
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Heath/Schlumberger?

That'’s right . . . Heath/Schlumberger. A new name in design-quality,
factory assembled and calibrated instruments.

The “Heath” part of our name comes from being a division of
that well known manufacturer of kits. But we don’t make kits. In fact,
Heath/Schlumberger is an entirely separate operation.

The “Schlumberger” (pronounced Shlum-bear-zhay) part of our
name comes from being a member of that world-wide corporation
devoted to measurements of many kinds. Schlumberger is one of the
leading European manufacturers of electronic instrumentation.

With that background, you can see why we are producing state-
of-the-art, ready-to-use, instrumentation ...comparable to some of
the best in performance . . . but with better performance/price ratios.

So when you are ready to buy electronic instruments, check the
growing Heath/Schlumberger line.

We're the group to watch.

To order or receive additional information, write Dept. 520-28.

Heath/Schlumberger
Scientific Instruments
Benton Harbor,
Michigan 49022

Schlumberger

A. SM-104A 80 MHz counter. BCD output. 1 MHz TCXO with 1 ppm/yr. stability. $500.

B. EU-205B solid-state strip chart recorder. 23 speeds, 30 in/min. to 0.2 in/hr.; 18 calibrated
ranges, 1 mV to 500 V full scale. 0.5 sec. pen response. 0.1% tracking accuracy and linearity.
Completely programmable. $675.

C. EU-70A solid-state dual trace scope. DC-15 MHz. Complete dual trace capability. Triggered
sweep. 18 calibrated time bases. X-Y capability. $595.

D. SM-105A 80 MHz counter. Same as SM-104A above but without BCD output and uses a
1 MHz crystal with =10 ppm/yr. stability. $350.

E. EU-81A function generator. Sine, square and triangle wave output. 0.1 Hz to 1 MHz. Linear
dial. External voltage control. $245. EK-308

00000000

@
©
©
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New products

H-P broadens its
computer role with
;[n_ql_timoc_le_machine

System /3000 runs real-time,
batch, and time-shared jobs
simultaneously; is aimed at
school, instrument markets

A move into the small-scale com-
puter market from a minicomputer
base is a giant step. Hewlett-Pack-
ard took four years to complete that
move, announced formally last
week at the Fall Joint Computer

Conference with the introduction of

the System/3000.

H-P has two primary marketing
targets in mind for the disk-based
general-purpose system: automated
instrumentation networks. a logical
extension of the company’s basic
field: and computer-aided instruc-
tion, which the company sees mov-
ing into a new cra of substantial
Federal funding. Marketing officials
expect first-year sales to be split 50-
50 between education and instru-
ment applications.

Technically, too, H-P sces the ad-
vent of the System/3000 as a giant
step. “It's the first small-scale com-
puter system with true multipro-
graming and multilingual capa-
bilities.” says Robert T. Bond, plan-
ning manager for the Data Products
group in Cupertino, Calif.

The system, which contains new
peripherals and a mainframe with a
completely new architecture, can si-
multaneously handle real-time re-
quirements, like those of automatic
testing systems, time-shared com-
puter terminals like those used in
computer-aided instruction, and
batch operations in data processing
or administrative tasks.

In designing the System/3000.

Electronics/November 22, 1971

Bond says, “We took three hard-
ware specialists and three software
specialists, and tried to evolve a sys-
tem, not just & new piece of hard-
ware with some modified software.
The result is a stack architecture
similar to Burroughs but with some
concessions.”™ It allows dynamic al-
location of resources and provides
for concurrent input-output  and
CpU operation. Central processor
hardware provides inherent re-en-
trant code. relative addressing,
memory protection. and virtual
memory through variable-length
code segmentation. The addressing
flexibility provided by the hardware
stack design of the central processor
makes possible a verv large instruc-
tion set— 70 instructions—which in-

cludes hardware floating-point op-
erations as a standard feature.

These 170 instructions are con-
tained in a microprocessor based on
a large-scale I1C read-only memory,
with an instruction time of 175 na-
noseconds. The ROMs are 256-by-4
Tri-state bipolar devices. The svs-
lem can accommodate up to four in-
dependent main core momory mod-
ules with a combined capacity of
131.000 bytes. A high-speed data
path provides for a system data rate
of up to 2.85 million words per sec-
ond among svstem modules.

Plug-in boards enable the user to
expand the core memory capacity
from 32.000 to 131.000 byvtes in in-
crements of 16,000 bytes. For mass
storage, disk files now available

Multilingual. A new architectural approach to design of smail central processors enables
System/ 3000 to handle three modes simultaneously, each in more than one language

95



We make them
pure and
simple.
e ANTIMONY

e ARSENIC
e BISMUTH
« CADMIUM

e COPPER

e GOLD

¢ INDIUM

e LEAD

e SELENIUM
e SILVER

e SULFUR

e TELLURIUM
e THALLIUM

e ZINC

High purity elements readily available. Asarco offers the
widest selection in the business. For semiconductors, electron-
ics, metallurgy, and other applications. In research or pro-
duction quantities.

New facilities are on-stream to meet the rising demand.
Our purity capabilities meet ultra (or lesser) requirements.

For data sheets, or further information, on Asarco high
purity elements, write our By-Products Department.

s\

ASARCO
="

AMERICAN SMELTING AND REFINING COMPANY
120 BROADWAY NEW YORK, N.Y. 10005
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from H-P range in capacity from 5
million to 50 million bytes, with
data transfer rates of up to 250.000
bytes per second. On-line storage
can be expanded to more than | bil-
lion bytes. and for greater system
performance. new high speed H-P
swapping disk files are available
that can store up to 4 million bytes
with average access time of only 8.7
milliseconds and a data transfer rate
of 470,000 bytes per second.

High-level language. According to
Bond. “an important key to Sys-
tem/3000’s abilities is the H-p-devel-
oped spL/3000. a high-level system
programing language. which allows
programs to be encoded three to six
times faster than with traditional as-
sembly languages.” He says that H-P
was able to reduce software devel-
opment time by a factor of five, us-
ing sPL/3000 exclusively. The com-
puter has a comprehensive file
management system to simplify file
usage.

In addition to $PL/3000. H-P will
offer a new version of Fortran 1v
and Basic 3000, a more powerful ex-
tension of H-P Basic, now the stan-
dard of the industry. The two lan-
guages will be provided for all
operating modes.

The first System/3000 machines
will have folded planar core memo-
rises for main storage. The 32-
kilobyte memories are expandable
in 16-kilobyte increments to a max-
imum of 131 kilobytes. The com-
pany plans to add semiconductor
memory modules next year. Among
possibilities. system designers are
looking at the n-channel MOS
memories being made for H-P's new
calculator.

Presently. System/3000 software
includes text editing and formatting.
statistical analysis, system diagnosis.
flowcharting.  and  user-program
diagnosis. Complete system  soft-
ware will be demonstrated at the
factory in the spring of 1972. Deliv-
eries are scheduled to begin in the
fall of 1972.

Prices will range from about
$100,000 to $300,000 depending on
system configuration. Leasing prices
will start at $2.000 per month.
Hewlett-Packard Co., 1501 Page Mili Road,
Palo Alto, Calif. 94304 {338]

Electronics/November 22, 1971



i

6 Answers to Your Technical Needs

g DIGITAL DESIGN
By R. K. Richards,
Engineering Consultant

A practical aid in the

:,R"”"": p b design of real machines,
“’" ) ; Digital Design discusses the
EE ; s ‘“logical” or “switching” de-

! g’ sign of electronic computers
“d: s 7'  and other digital equipment.
«*”% .+’ Including material not pre-

p o viously available in book
form, the volume covers all
aspects of the subject from basic Boolean nota-
tion, component minimization procedures, and
error-control methods, to arithmetic implemen-
tation methods and complete digital system
considerations.
1971 §&77 pages

MATHEMATICS OF
DYNAMICAL SYSTEMS

By H. H. Rosenbrock, University of Manchester
Institute of Science and Technology and C.
Storey, Loughborough University of Technology

A volume in Studies in Dynamical Systems, a
series edited by H. H. Rosenbrock and Roger
W. Brockett

Written in the terminology of modern mathe-
matics, this volume presents the chief mathe-
matical results which underlie and support the
area of dynamical systems in engineering. Top-
ics include matrices and determinants, linear
vector spaces, limiting processes, Reitmann-
Stieltjes integration, Laplace transform, and
z-transform, 1970 355 pages $13.95

RUSSIAN-ENGLISH DICTIONARY
OF ELECTROTECHNOLOGY AND
ALLIED SCIENCES

Compiled by Paul Macura, University of Nevada,
Reno

Approximately 60,000 entries—covering the
fields of radar, radio, television, electronics,
electrotechnology, and related areas—are con-
tained in this dictionary, which is so extensive
and detailed that individuals without special
knowledge of technical subjects, as well as
specialists and technicians, will be able to trans-

late and understand specialized Russian texts.

134 illus. $22.50

1971 707 pages $32.50

»”

o)\ U [
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DEFECT ELECTRONICS IN

SEMICONDUCTORS
By Herbert F. Mataré, International Solid State
Electronics Consultants

Defect Electronics in Semiconductors pre-
sents an up-to-date survey of the electronic
features of defects with emphasis on the most
active and lasting defect—the dislocation. It is
the first book to cover the mechanical proper-
ties of dislocations in connection with their elec-
tronic properties, to describe their influence in
devices and crystals, and to offer a compact
guide to electronic crystal property measure-
ments. 1971 639 pages 289illus. $24.95

FIELD-EFFECT ELECTRONICS
By W. Gosling, W. G. Townsend, and J. Watson,
all of University College of Swansea, Wales

Here is the most complete text available on
the theory and applications of field-effect tran-
sistors and allied devices. Both junction and
insulated gate transistors are given intensive
coverage. In addition to describing the physics
and applications of discrete devices, the book
treats monolithic and film integrated circuits
embodying field-effect devices.

1971 364 pages $22.00

OPERATIONAL AMPLIFIERS
By Arpad Barna, University of Hawaii

This book presents the basic principles of the
use of operational amplifiers in linear circuits.
Ir addition to introducing various amplifier cir-
cuit configurations and analyzing the effects of
feedback, the author describes the influence of
component variations on accuracy; transient
and frequency responses; stability criteria; and
compensation techniques.

1971 176 pages 75illus. $9.95

! &
wiley
WILEY-INTERSCIENCE
a division of JOHN WILEY & SONS, Inc.

605 Third Avenue, New York, N.Y. 10016
In Canada: 22 Worcester Road, Rexdale, Ontario

D Q
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you? It means fast, re-
liable turn-around on
your custom pattern
requirement. It also
means proven relia-
bility and low cost
production. We re-
peat, low cost — be-
cause of their low
price tag and short
delivery cycle. EA has

We can turn around
on a custom ROM
pattern faster than
you can say superkal-
ifragelisticexpealido-
cious—Well, maybe
not that fast, but fast
—like 28 days or less.
And we build them in
volume. In fact, last
year we shipped over

25%* of all ROMs, a ROM to suit your
1025 bits or over. need. Select from our

What's that mean to EA ROMs SAVE YOUR DAY growing family:

Standard ROMs Bits
EA3100 256 word, 10 bits/word ROM 2560
EA3500 512 wora, 5 bits/word ROM 2560
EA3300 512 word, 8 pits/word ROM 4096
EA4000 512 word, 10 bits/word ROM 5120
Standard Patterns

EA3101 Selectric LINE CODE/ASCH Converter 2560
EA3132 Selectric bail/ASCIl Converter 2560
EA3501 ASCII 5 x 7 character generator—row 2560
EA3513 ASCII 5 x 7 character generator—lower case—row 2560
EA3307 EBCDIC/ASCII code converter 4096
EA3701 ASCII 7 x 5 character generator—column 2240
EA3517 IBM 2265 input/ASCII character generator—row 2560
EA4001 ASCII 7 x 9 character generator—column 5120
EA4004 ASCII 5 x 7 character generator, full 128 char. set—row 5120
EA4015 EBCDIC/ASCII code converter 5120
EA4016 EBCDIC input Katakana character generator 5120
EA4501 ASCIIl 5 x 7 character generator—row 2240

* Percent in dollar shipments according to EIA data.

)

BectPonic arrays, Ic.

501 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA 94040 TWX: 910-379-6985 TELEPHONE: (415) 964-4321

(

Stocking Distributors: Computer Compenents Corp., Cramer, Intermark
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Instruments

Meter is small
in size, price

Panel-type readout offers
3" digits, 5-V operation,
and accuracy of 0.05%

There are already about 30 makers
of digital panel meters. but that did
not stop a module supplier—Analog
Devices Inc.—from moving into the
business.

“We feel we have the right prod-

uct at the right time.” savs Ray
Stata. president. “Our model
AD2001 is the smallest currently
available digital panel meter, and it
offers the best performance at the
lowest price.” With its latest activity.
Analog hopes “to make the digital
panel meter a true component, not
the pseudo-instrument it is today.”

The Ap2001 is priced at $89 in
100-lot quantities and $135 singly. It
measures a mere 1-% inches high by
3 in. wide by 1-%2 in. deep. and
needs only a 5-volt supply. such as is
used 10 power integrated circuits.
Morcover, this litle 3-%2-digit DPM
provides an accuracy of 0.05% of
reading, + | digit.

Autopolarity. a BCD output that is
compatible with both TTL and DTL
circuits, and out-of-scale indication
are standard features. The AD2001
also responds to computer com-
mands to cither take or hold a volt-
age reading. Full-scale range is
199.9 millivolts. And bias current is
less than | nanoampere, with an in-

Electronics/November 22, 1971

put impedance of 1.000 megohms.

A novel circuit approach called
Analok is responsible for the new
DPM’s high stability (50 ppm/ C)
and accuracy. Analok. according to
Analog Devices. locks out the
sources of meter drift while locking
in meter accuracy. Errors that affect
resolution and accuracy are due
principally to offset voltages and
currents in the integrator and com-
parator sections of a DPM’s dual-
slope analog-to-digital converter.

The analog portion of the
AD2001's converter includes a stabi-
lizing network. An input signal is
first filtered to improve meter nor-
mal-mode rejection. An analog
switching network then accepts the
filtered input as well as correction
signals from the stabilization net-
work. The correction signals are de-
rived from offset errors at the com-
parator output.

Analok also allows the new DpPM
to handle bipolar inputs without us-
ing a dec-to-de converter, as other
meters usually do. The input refer-
ence level is removed from ground
by operating with the integrator and
comparator converter sections  at
plus and minus levels with respect
to the reference. Level shift is ac-
complished with analog switching
and stabilizing networks.

Another significant feature of the
AD2001 is its very bright display
(4.000 foot-lamberts); RCA Numit-
ron tubes are used for the readout.
Within a year. Analog intends to
round out its new 8 DPM line with
2'2-digit, 4%2-digit. differential. and
isolated units.

Analog says the AD2001 is suited
to a wide variety of applications be-
cause of its automatic polarity indi-
cation, resolution, TTL-compatibil-
ity. and numerous control signals.
Among them: voltage and current
measurement, and instrumentation.
Analog Devices Inc., Route 1 Industrial Park
Norwood, Mass. 02062 [351]

Reflectometer includes
high-resolution recorder

A time-domain reflectometer system
that is battery or ac operated is for

CATV applications. The model 1501
has a plug-in recorder: high-resolu-
tion recordings of 4 by 25 cm can be
made at the touch of a button. The
unit displays signals on an oscillo-
scope screen, or on graphs directly
without ar oscilloscope. The 1501 is
suitable  for quantitative analysis

and fault location. Its step pulse rise
time is 1.3 nanoseconds. amplitude
1 volt. The 1501 can be used out to
10,000 teet. Price is $1.900 for the
reflectometer alone. and $2.950 with
the 323 oscilloscope.

Tektronix Inc.. P.O. Box 500. Beaverton,
Ore. 97005 [353]

Phase-sensitive detector's
input amplifier is wideband

A digitally derived square wave ref-
erence oscillator output with a
linear phase-adjustment control is
provided in the model, ESE3000
phase-sensitive detector. The input
amplifier is wideband so that Q ad-

Justment and frequency trim con-

trols are not needed. All Fourier
components in a square wave are

- o ‘Lo“
e qe@

9| 8
) ? ®

|

detected with their appropriate
weighting.

For most operating conditions the
phase-sensitive detector has a 100-
dB peak noise/minimum detectable
signal ratio.

The amplifier-detector unit and
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Got Reject-itis

from your tying operation?

Arc vou suffering through an extra amount
of rejects? Things popping loose - work
losing its shape after it comes off the

hoard—vibration and heat causing havoc
systems and tools that tear
that
add too much weight and cost

up hands and tempers
to the ftinished product? Tapes and
ties that can’t handle fungus or chemicals

and refuse to hold a knot . .. 77?7

Want a better system?
®

TALK TO GUDEBROD!

Write to this address Now for prompt return of our Product Data Catalog

Ci)/eclronicé :Z}iuijion

Dept. 8211
@udebrod Bros. Silk Co., Inc. 12 South 12th Street, Philadelphia, Pa. 19107
Circle 100 on reader service card

FIGHT
THEM ALL...

Heart Attack

Stroke

High Blood Pressure
Rheumatic Fever

GIVE W% HEART FUND®

100

- New products__ '

oscillator are decoupled from each
other and isolated from the chassis
ground.

Advanced Research Instrument Systems
6500 Tracor Lane

Austin, Tex. 78721 [356]

Potentiometric recorders

have 3-second response

A line of 10-inch chart recorders
that provide response time of less
than 0.3 second have a one-moving-
element linear servo motor and a

disposable unitized pen-and-ink sys-
tem in single- or two-pen crossover
models. Units of the Speed Servo 2
recorder line have up to 10 chart
speeds, and optional metric speeds.
Prices start under $1.000.

Esterline Angus Division of Esterline Corp.,
Box 24000, Indianapolis, Ind. 46224 [354]

Radiometer combines

amplifier, electrometer

Measurement of irradiation is per-
formed by a lock-in amplifier/dc
electrometer system called the Ir-
radiscan 900. Dial settings and read-
outs are directly calibrated in the

:_...f’..%g.og o

— Lowem

i
- -

units of interest. Operation in the
two basic modes is selectable by a
single front panel switch. An analog
recorder output and a 3'%-digit bi-
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Now—rubber that won’t burn.

Here’s news about an important break-through for de-
sigrers of products in which consumer protection or
industrial safety are ot utmost importance: Depending
upon part size and performance requirements, Stalwart
now offers rubber parts that either will not support com-
bustion at all or will self-extinguish in as litt'e as ‘wo
seconds after the source of the fire has been removed.
This snuff-out rate is many times superior to other so-
called fire-retardant elastomers. Stalwart fire-retardant
custom rubber parts not only meet, but far exceed the

fire resistance standards established by industry and
underwriter groups. No, we do not uge Formula X or
other miracle ingredients. This unique capability is
born of more than twenty years experience in laboratory
and tield research, with performance-proven results. Oyr
customers simply specify the design and ogerating con-
ditions, plus the ‘eve! of lire resistance required. We
select the elastomer, then compound for fire retardancy
with no sacrifice of performance. Write today for the
new Stalwart Rubber Selector and technical bulletins.

SR

Subsidiary of

BLASIUS

NDUSTRIES, INC

Stalwart Rubber Company 160 Northfield Road, Bedford, Ohio 44146
Dependable deliveries of quality rubber parts from 3 automated plants.

Electronics/November 22, 1971
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Almost
anybody
can make
PCB Fixtures

s bt nObody
builds in
reliability and
versatility
like
Systomation

Faulty PCB Fixtures can seriously disrupt

production schedules. Knock cost projec-
tions awry. Turn the profit picture sour. So
why take a chance?

Systomation specializes in the design and
production ot automated PCB Inspection
Systems (FIXIT) and Vacuprobe Fixtures
Well over one thousand fixtures have been
produced for industry leaders during the
past five years. You can count on the
proven reliability and exceptional versatility
of Systomation’s vacuum fixtures of any
size or shape, ones to hold the PC board
at any angle, high or low volume fixtures
with a choice of pins, multiple wells and
special hardware.

Write or phone for fast quotations and ex
pert service

CONTRACT PCB TESTING

ALSO AVAILABLE!

Ask about Systomation Service Centers lo
cated strategically around the country for
PCB testing services on a contract basis

. H Clifton Park, Elnora, New York 12065
\Systomatlon Inc- Telephone: 518-877-7424 A ‘02)
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_ New products

nary coded decimal output are also
provided. Price of the Irradiscan 900
radiometer is $3,865.

International Light inc

Dexter Industrial Green

Newburyport, Mass. 01950 [357]

A freelook at the best
industrial buildings available in
Georgia. Photos, specs and all.

Suppose you've % : up to the

read our free 1971 %ﬁ. minute portfolio
Industnal Sur- , of the most

vey and you've desirable industrial
got a pretty good / buildings available
idea that Georgia could in Georgia. Photos,

be the perfect location for  dimensions,costs and all.
your next facility. ot e 1

Industry Division, Dept. EL-8, P.O. Box 38097,

. |
The next step1s | Atlanta, Georgia 30334. |

I [J Please send me your buildings portiolio. |

eas}" [ Please also send me your 1971 Industrial Survey. I
|

Giveusacallat ) Tide
404-656-3599 or '
sendus the coupon.

We'll send you an
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Displacement-measuring
system has 0.5% linearity

A low-cost displacement measuring
system consisting of a modular sig-
nal-conditioning package and a
linear variable differential trans-
former has a linearity of +0.5%
over a 0.200-in. displacement mea-
suring range, operates over a
temperature span of -65 to + 180 F.
and gives an output of +5 Vv dc.

Use of hybrid circuitry permits
housing the signal-conditioning
components in an encapsulated
package measuring 1.9 by 2.5 by 1.0
inches, making it suitable for OEM
applications. The system’s signal-
conditioning package is available
separately. Price is $75.80.

Schaevitz Engineering, P.O. Box 505
Camden, N.J. 08101 [355]

IC test system handles
1,000 circuits per hour

Testing of all functionally specified
parameters of integrated circuits is
performed at a rate of 1.000 circuits
per hour by the model 7000 system.

. 8060 '
» <& |y

® §

No special carriers are needed for
DIPs, and shipping tubes are used
for both input and output contain-
ers.

The circuits are gravity-fed, re-
leased by touch, positioned, and
then they are automatically tested.
Price is less than $2,000.

Electrodata Concepts Inc.. 69 Connecticut
Ave., Norwalk, Conn. 06854 [358]
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Mark your calendar now
for the 4th National
Conference on Electronics

In Medicine. It's coming
March 27, 28,& 29,1972,
| atthe Conrad Hilton
in Chicago.

| The 4th National Conference on Electronics in Medicine is unique in its field and shouldn’t be
| missed. It represents the only continuing effort to develop and maintain a dialogue among the
medical and engineering professionals who are, and will be, responsible for the most significant

Program Highlights:
Applications cf instrument and computer
technology

Instrument obsol_escenpe and related
| problems cf repair, maintenance and cost

l Another look at the problem-oriented
medical record

| A study of physician/hardware interface

The growing role of nurses in the operation of
| sophisticated instrumentation
The continuing government role in
developing device legislation

advances in the application of electronics to worldwide health care.

Workshops:

Emergency care
Automated clinical laboratories

Upcoming applications of space technology
to medicine

The increasing role of minicomputers in the
nealth care industry

The latest advances in cardiac equipment
Liability and malpractice
New developments in prosthetic devices

Watch these pages for further details or write:

Il Confererce Cnairman, 4th Natioral Conference on Electronics in Medicine
il C/0 Medical World News, 299 Park Avenue, New York, N.Y. 10017 s,

¢

Sponsored by McGraw-Hill's Medical World News l"-}ﬂ K
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New products

Components
Active filter
has high Q

Low-cost thick film device
designed as building block
for variety of circuits

Universal or state-variable active
filters were essentially custom de-
vices until two companies—
Varadyne Inc. and Kinetic Tech-
nology Inc.—took the first steps
toward standardization.

Now, the Microcircuit Operations
at Beckman Instruments Inc. is tak-
ing what it calls a further step in
that direction with its model 881
state-variable active filter. It’s a hy-
brid thick film device instead of dis-
crete components in a potted mod-
ule, and it’s more flexible than
previous devices, says George
Smith, director of research and de-
velopment.

Because of the low price (8§25 for
1-9) and the standardization, Smith
says the 881 will allow users to stock
active filter building blocks, much as
they stock operational amplifiers,
and put them together in a variety
of circuit configurations.

According to Smith, the model
881 has overcome the limitations in
frequency range and Q that have
hampered single-amplifier networks
used as active filters. He looks for
the unit to find widespread use in
data communications modems, in
which they’ll select the specific fre-
quency of interest, or in phase-
locked loops—essentially any cir-
cuits or systems that require
bandwidths up to 20 kilohertz.

104

The Beckman unit has four op
amps, of which three give the three
basic filter functions simulta-
neously—low-pass, high-pass, and
bandpass—and the fourth, being un-
committed, might be used to accom-
modate an extra pole for odd-pole
filter configurations, to sum the
components in a filter, or to invert
the outputs of the other poles.

The 881 can be tuned over a wide
range of frequencies (practical
range is 10 hertz to 10 kHz), and the
practical Q range is from 0.3 to 200.
“You can get the same frequency
range from a single-amplifier net-
work.” Smith explains, “but not at a
stable Q of 200.”

The ceramic-packaged, polymer-
sealed 13-pin unit has these key
specifications: it can maintain 6%
frequency stability from 0 to 70" C;
Q is 6% initially at 25" C and 10%
from O to 70°C; gain is 1.5% over
that temperature range: and the
model 881 runs off + 15 volts.

Three external resistors are re-
quired. Two establish the filter’s cut-
off frequency, and the third adjusts
the circuit Q and therefore the
sharpness of the rolloff.

screened onto the back of the sub-
strate, and they can be trimmed to
1% tolerances, Smith says.

Microcircuit Operations, Helipot Division,
Beckman Instruments Inc., 2500 Harbor
Bivd.. Fullerton, Calif. 92634 [341]

Micropower a-d converter
needs a battery a year

Using complementary MOS logic cir-
cuits to conserve power, a 12-bit
analog-to-digital converter can op-
erate for one year from the same 15-
volt battery. The unit holds its static
battery drain to less than 600 micro-
watts and its power consumption to
7.5 milliwatts when the conversion

rate is 100 hertz. Power consump-
tion rises to 75 mw when conversion
rate increases to 1 kilohertz.

Designed primarily for remote
data acquisition, the device could be
used on ocean buoys, earth and
space probes, and in radiation
monitoring devices. Another use is
in highly sensitive or portable in-
strumentation, including medical
electronic equipment.

The new converter accepts + 10-v
signals and yet runs from a single-
polarity battery. It is also virtually
immune to supply voltage vari-
ations. Output error is kept below
+1 bit (0.025%) for a battery volt-
age drop from 1510 12 v.

A clever circuit trick allows the
unit to handle dual-polarity inputs
with its single-polarity positive
source [Electronics, March 29,
p. 71]. An internal capacitor is
charged to the 15-v battery level.
When a conversion command is re-
ceived, the voltage across the ca-
pacitor is used as the missing -15-v
battery level. Since conversion time
is only 85 microseconds, capacitor
voltage remains relatively constant.

Some additional features include
full monotonicity from 0 to 70°C, a
relative accuracy of 0.01%. and a
maximum conversion rate of 5 kHz.

Both serial and parallel outputs
are provided for compatibility with
TTL and C/MOS circuits.

Two models are available: the
ADC-12QL/K, offering a tempera-
ture coefficient of 50 ppm/'C and
the ADC-12QL/J, with a temperature
coefficient of 20 ppm/ 'C. The first
unit is priced at $950, and the sec-
ond at $675. Delivery time is two
weeks.

Analog Devices Inc., Route 1 Industrial Park,
Norwood. Mass. 02062 [342}

Digital, alphanumeric units
provide mixed display

For mixed-display applications, two
readouts offer a %-in. character
height and operation on 5 volts for
7,000 foot-lamberts brightness. The
Dip 1050-Digital is a seven-segment
unit that can be mounted into a 14-
pin dual in-line socket. The Dip
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Headrest.

When you are tired of working your multimeter instead of your problem, try our
AUTORANGING DIGITEST 750 daily and get plenty of headrest. Automatically
selects five ranges each of DC-AC volts, DC-AC current and ohms with an accuracy

to 0.1%, automatic polarity, auto- Pushbutton...Compact...Rugged
matic zero and built-in calibra- Our R for meter-needle whiplash.
tion reference. Resolution to DIXSON INSTRUMENTS
100 v Protection to 1000 v, im- Box 1449, Grand Junction, Colorado
put impedance to 10 meg Q, on 12 Product of

volts DC or 117 volts AC power. Schneider Electronique, Paris, France
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Now divide and conquer
your sensor’s wildest curves.

+20

+10+4

[

~.
104
20+
30+

40
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Digilin's linearizing readout breaks up
your non-linear sensor information into
ten straight-line segments that approxi-
mate the most capricious curve with all
the accuracy you need for just about any
transducer.

And our exclusive piecewise linear ap-
proximator works so well with our stand-
ard A/D conversion technique that you
get the 3V2-digit linearizing readout com-
plete in one small panel meter package in

dig

DIGITAL
Circle 106 on reader serwce card

. CENTIGRADE

your choice of engineering units with
BCD output for as low as $195 in OEM
quantities.

(Which means that now transducer
manufacturers can expand their product
line with an accurate digital readout and
keep prices sharply competitive.)

Be first in your marketplace with Digilin
linearizing digital readout. Call Stan
Ericsson today. Digilin, Inc., 1007 Air Way,
Glendale, Calif. 91201. (213) 240-1200.

INSTRUMENTS

For Quality Control of ~

all kinds of batteries

BATTERY |

1. Charge/discharge panel:

2. Multi-input scanner

4, Digital printer:

Tokyo Office:

CHARGE/DISCHARGE <
RECORDNG SYSTEW &

10 — 1,000 pcs.
Constant resistance discharging or constant power
charging/discharging method

3. Comparator: 4 digits (example: 1.222 V)
10 digits max.

Other products : Sorters for batteries, capacitors and resistors

CHUKYO ELECTRIC COMPANY,LTD.

1-21-1, Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan
New York Office: 155 East 65th Street, New York, N.Y., 10022, U.S.A.
Phone: (212) 832-3888

~:'_','j.;j;':;::"dm
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New products

1050A-Alphanumeric is a 16-seg-
ment device for a 14-pin DIP socket.
Pinlites Div., Refac Technology Develop-
ment Corp., P.O. Box 453, Caldwell, N.J.
07006 [343]

Readout, potentiometer
combined in one assembly

Unlike separate digital turns-count-
ing dials and potentiometer combi-
nations, the model 3610 Digital
Knobpot combines the readout and
potentiometer into a single 7-in.-
diameter assembly. No phasing is
required because the unit is factory-
phased to an accuracy of +0.5% be-

tween electrical output and dial
reading. This is the equivalent of
better than +0.5% terminal base
linearity. Price is $15.30 in 500 to
999 quantities and $14.80 in 1,000
to 1,999 quantities.

Bourns Inc., 1200 Columbia Ave., Riverside,
Calif. 92507 [347]

Capacitors for pc mounting
offer tolerances t0 0.1%

Tolerances of the type 54pX poly-
styrene film-foil capacitors extend to
+0.1%, and they offer stability or
retrace of less than 0.05%. The series
is designed to maintain size uni-
formity for mounting primarily in
printed circuit board applications. A
premolded plastic case provides
protection against moisture and
physical abuse. Operating tempera-
ture range is from -55 C to +85C.
Applications are in oscillators, tim-
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ing networks, filters, and othe
equipment requiring closely con-
trolled values. The 54pX is available
in capacities from 0.001 uF to 0.022
uwF at 100 v dc.

Wesco Electrical Co. Inc.. 27 Olive St
Greenfield, Mass. [344]

Reed relay is compatible
with TTL integrated circuits

An integrated reed relay is designed
to be totally compatible with TTL in-
tegrated circuits. Called the IR", it is
a magnetic reed with provisions for
including an electromagnetic coil.
coil termination, external pack-

aging. and magnetic shield. Its
glassless ferromagnetic contacts are
sandwiched in a ceramic/glass
polymer matrix.

Kam Corp., A subsidiary of Compac Engi-
neering Inc.. 845 Commercial St., San Jose,
Calif. 95112 [346]

Terminals of switches
are molded in position

Rotary switches in the series 71 have
terminals that are molded into the
switch decks, and one-piece hous-
ings are used in place of several-
piece parts. The result is said to be a
switch that is comparable in price to
open-wafer switches but has addi-
tional environmental protection.
Price is $5.10 for a one-deck switch.
In 100 lots, the price drops to $3.06
each.

Grayhill Inc., 561 Hillgrove Ave., taGrange.
. 60525 [348]
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Those are sirong words.

But we car back them up. The
reliability of these famed Franklin
digital list printers is no myth.
And no accident.

They're all built on heavy
alumirum castings. And use TTL
circuitry tarcughout. Wirth just
two moving parts — the drum
and the hammer — there’s not
much opportunity for wear.

The hammer design is simplicity

itself. Only two pieces, instead
of the usual four, five or six.

Franklin Electronics — now
part of Mohawk Data — started
making these printers almost a
decade ago. The bugs have long
since been worked oat. And re-
finements worked in.

It won
quit.

The Mohawk 2016, 2017.

2018 and 2019 printers are com-
pletely buffered. They come
standard with parallel or serial
interface. With widths up to 20
columns. And speeds up to
1200 1Ipm (1800 optional).

You get format control and
switch programmable zero sup-
pression at the standard price. too.

Compare that price with any
other. At any quantity. Often
you'll save from S700 to $900/ unit.

Cull us collect or write
for prices and full specifications.
Then see for yourself.

You not only get more for what
you pay — you

also pay less for D
what you get. s

Mohawk Data Sciences Corp.
Phone (215) 337-1910

Circle 107 on reader service card

MDS OEM products. You get more for your money.

OEM MARKETINGEPO. Box 406, Allandale Road and Third Ave.. King of Prussia, Pa. 19406



Let us help solve your
production problems

May we help you save money, time, and headaches on the production of
your electronic assemblies. Clairex can handle the purchasing, stocking,
assembling and testing for you...and deliver on schedule. Ask us to quote.

Call (914) 664-6602 or write Clairex®, 560 South Third Avenue,
Mount Vernon, New York 10550.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX CORPORATION

Circle 108 on reader service card
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Data handling
3 Novas join
mini battle

Data General also introduces
8,192-word memory card,
plus ROM in main storage

In a price war, the customary tactic
is to answer a low price with a lower
one. But Data General Corp. has re-
sponded to the low-priced mini-
computers introduced by the Digital
Equipment Corp. and by Texas In-

struments Inc. by pricing two of its
new machines higher than either
company’s new minis.

DEC’S
Aug. 16, p.40]. entered the lists at
just under $5,000 cach; TI's 960A
[Electronics. Nov. 8. p.111] at
$2.850. But DG’s answer is three ma-
chines priced singly at $6.450 for the
820. $5.250 for the 1220, and $4.350
for the 1210. Each includes 4,096
words of core memory. The original
Nova 800 sells for $6.950 and the
1200 for $5.450.

“Our sales tools will be perform-
ance, options. and discounts.” says a
DG ofticial. He notes that a Nova
1210 with 4,000 words of memory
(but without Teletype interface elec-
tronics) would sell in lots of 100 for
about 3400 less than the TI mini-
computer. And a 1210 with a turn-
key console. 2,000 words of mem-
ory. and no Teletype interface
would run about $2.046 in lots of
100. Tt quotes the $2.850 price in
quantities of one to 100.

To cut production costs of the
new machines, the power supply
and back-pancl structure have been

Electronics/November 22, 1971
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integrated in a heavy-duty printed
circuit assembly. “Everything we've
been able to put on a pc board is on
there. including a lot of wiring that
was point-to-point on previous
Novas,” says a DG spokesman.

Discount schedules start fast:
“About 25% below base price at 10
units,” says a sales ofticial.

Software for the machines in-
cludes Fortran, Basic. Algol. various
assemblers, a real-time operating
system, editor, debugging routines.
math routines, a floating-point
package, diagnostics. and a ma-
chine-tool programing language
called Datapoint. DG does not
charge for this software.

Data General also introduced for
Nova-line computers a single-board.
8.192-word core memory priced at
$4.100 and a 1,024 word bipolar
read-only memory for $1.750. This
is believed to be the first use of an
electrically alterable semiconductor
ROM to protect a debugged main
memory [Electronics. Sept. 30. 1968,
p. 147].

The Data General Corp., Southboro, Mass
01772 (361]

High-resolution 2-color CRT
aimed at display terminals

Resolution of color cathode ray
tubes is largely determined by the
spacing of the holes in the shadow-
mask: the closcr they are. the better
the picture. In a 14-inch, two-color
CRT developed by GTE Sylvania, the
shadowmask contains almost twice
as many holes as a conventional
mask. They are both smaller and
rearranged in a compact pattern
that reduces the spacings. Sylvania
says mask resolution is improved
61% over that of entertainment-type
tubes. and that the hole arrange-
ment also increases brightness.

To match the capability of the
two-color shadowmask. Sylvania
has developed a high-resolution,
electrostatically  focused  electron
gun, two of which are mounted on
the horizontal axis of the tube.

The tube. which is designated the
14vspP5110 and priced at $120 cach
for 100-999 quantitics, is used in a

two-color video monitor exhibited
last week at the Fall Joint Computer
Conference. Designed for computer
terminals. the monitor can display
80 alphanumeric characters per line
and more than 3,000 characters in a
single frame of data.

GTE Sylvania Inc., 730 Third Ave
York, N.Y. 10017 [362]

New

Magnetic tape transport
operates at up to 200 in./s

A magnetic tape transport for the
OEM muarket provides bidirectional
tape speeds of up to 200 inches per
second. The automatic-load, single-
capstan device has a packing den-
sity of 1,600 bits per inch (phase-
encoded) and/or 800 bits per inch
(nine-track). and 800. 556. or 200
bits per inch NRZI (seven-track).
Transfer rate is 320 kilobytes per

second at 200 in/s, and rewind
speed is 2,400 feet of tape in 45 sec-
onds. The model ¢Ds 340 includes
electrically operated reel/hubs. reel
servo control by means of vacuum
switch sensing. and in-column re-
wind under capstan control. Deliv-
ery time is 30 days.

Century Data Systems inc.. 1270 N
Kraemer Bivd., Anaheim, Calit. 92806 [ 364]

Computer system designed

for factory automation

A real-time process control and data
acquisition system for industrial ap-
plications is designed to operate in
severc environments.  Designated
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O New products
our the IDACS ll/Q7, it can be ¢ith;r a
stand-alone unit or a satellite in a
little hierarchical system. in which case
11/07s can be linked to each other
and to medium- and large-scale
] computers. The 11/07 can monitor

up to 256 analog or 512 digital
points, and a specialized package
permits it to communicate with
other computers in DEC and IBM
families. The system is enclosed in a
steel cabinet to protect it from con-
taminants and extreme tempera-
tures.

Digital Equipment Corp., Maynard, Mass.
01754 [368]

Terminal verifies data
at remote locations

Automatic verification of computer-
generated data at remote locations
on a character-by-character basis is
performed by the Holmes Tycom
35/37 Model E terminal. Appli-
cations include payroll check writ-
ing. tabulated balance sheets. pur-
chase orders, invoicing, inventory
control, and other business oper-
ations. Since the computer transmits
10-element ASCII code at 30 charac-

L 10

ters per second, the remote terminal
can absorb the delay caused by the
verification process and still print
the data at 15 characters per second.
Functions such as up-shift, down-
shift, carriage return and line feed
are delayed automatically by hold-
W ing the verification phase.

["', \ ll\’:. ey : e ' Terminal Equipment Corp., 750 Hamburg
k .., » [Ul e N "l I L RV (Y A , Turnpike, Pompton Lakes, N.J. [365]
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RS A 1 e ‘ ) Universal programer
also verifies any ROM

Interchangeable adapters permit the

DUNCAN ELECTRONICS model 500 universal programer/
sSuUBSIDIARY .

verifier to program any pro-

SYSTRON @ DONNER gramable ROM and to verity any

2865 FAIRVIEW ROAOD (O COSTA MESA, CALIFORNIA 92626 semiconductor ROM. The program-

PHONE: (714) 545-8261 O TWX 910-585-1128
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ing is done automatically from a
master ROM, an optical scanner,
punched tape, or interfaced with
other equipment. Data is manually
entered through nine program

| SRS

switches into a random-access
memory, making it possible to set
up and check an entire word before
programing. Address capacity Is
4,096 words, expandable to 65,536
words. Price for the basic model is
$1,500, and adapters start at $360.
The model 500 is modular in design,
with plug-in circuit boards used
throughout to facilitate service and
minimize downtime.

Spectrum Dynamics, 2300 E. Oakland Park
Blvd., Fort Lauderdale, Fla. 33306 [366)

Calculator can provide
formatted printed output

An interface device for Tektronix’s
Scientist 909 and Statistician 911
calculators permits the user to for-
mat printed information and pro-
duce alphanumeric output under
calculator control. The unit connects
any standard Tektronix calculator
to the Teletype ASR-33 without
modification of either unit. The
printed output exactly reproduces
the display of the calculator, ap-
pearing in floating-point, fixed-
point, or scientific notation and
complete with sign. Price of the in-
terface, type 944, is $1,390.

Tektronix Inc., P.O. Box 500, Beaverton,
Ore. 97005 [367]

the grabber

Our plunger action Mini-Test Clip

is designed specifically for reaching
into densely packaged miniaturized
circuitry to make rapid, reliable tests.

+ Gold plated copper contact hook makes positive
connection, and won't damage lead wires.

*» Specially designed tip slides down over square
Wire-Wrap*pins for solid contact.

* Integrally molded wire assures greater reliability
and eliminates time-consuming assembly.

» Molded nylon probe provides complete insulation
to point of connection.

+ Four models offer widest selection of connecting
plugs. Write for complete infcrmation and prices.

P, = <
. =1 =T .

POMONA ELECTRONICS
1500 E. Ninth St., Pomona. Calif. 91766 - Telephone: (714) 623-3463

*Registered lrade mark ol Garaner-Denver Co
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Roll Out the Red Carpet

— For Toko's
New Low Cost
High-Speed
Memory
System

Here's a real eye-opener for computer
designers- Toko’s new 65K byte memo-
ry system, HS-400L. It's constructed with two
basic sub-assemblies- -woven-plated-wire memory stacks
and electronics packages. Designed for medium and large scale
computers, the HS-400L offers high reliability, easy maintenance and a
flexible arrangement of word lengths.

General Specifications: ® Memory Capacity: 32,768 words-— 18 bits ‘Internal Or-
ganization is 8K words 72 bits) ® Access Time: 220 ns Random Access ® Cycle
Time: Clear/Write 450 ns Read/Restore 450 ns @ Operating Mode: Destructive
Read-Out ® Temperature Range: 0" C to 50° C (Operating) ® Measurement
16.5(H) x19.0(W) x10.0(D) ® Interface Level: TTL compatible ® Power Dissipa-
tion: 0.3 m W/bit max.

For further information, just call or write

r.Y 0 TOKO, INC.

Head Office:  1-17, 2-chome, Higashi-Yukigava, Ohta-ku, Tokye, Janar

Toko New York Inc.

350 Fifth Avenue, New York, N.Y. 10001 U.S.A. Tel: 565-3767

Los Angeles:  Toko, Inc, Los Angeles Liaison Office

1830 West Glympic Bivd., Los Angeles, 90006 Cal. U.S.A. Tel: 380-0417
Toko, Inc. Europe Liaison Office
4 Dusseldori, Kolner Strale 246, Dusseldorf, W. Germany Tel: 78-7064

a New York:

Diisseldorf:
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HaL 200

NEW "*MICROFORK®"
New Version for Reliability
and Cost Saving
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Murata has introduced ‘the new Micro-
fork EFM-U for versatility application that
is much improved version of our long sell-
ing subminiature piezoelectric tuning fork
EFM-S and EFM-R.

When simply coupled with the new
Hybrid Amplifier Module Model H8C-200,
EFM-U ensures its functions as either one
of transmitter, receiver and transceiver.

See Fig. 1 and Fig. 2 for typical circuit
design for transmitter and receiver respec-
tively.

The standard frequency for EFM-U is
available from 150 Hz to 1,700 Hz.

Model EFM-U itself is ideal for such
applications as paging, selective call,
mobile communication, remote controlled
tone operating systems, traffic signal con-
trol, etc.

For further information call or write
to Murata Corp. of America.

mulata
MURATA CORP. OF AMERICA

2 Westchester Plaza, Eimsford, New York 10523
Telex: MURATA EMFD 137332
Phone: 914-592-9180
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New products

Semiconductors
Converter built
for flexibility

Low-priced six-bit d-a chip

can be adapted to user’s
op amp, voltage reference

Truly monolithic digital-to-analog
converters are rare and expensive. A
six-bit multiplying d-a converter de-
veloped by Motorola, on the other
hand, sells for $3.95 and is described
as more important for what is not

’"‘"r‘lﬁ. = f! [y _._w‘
»—-—T B e ~um
o & q ‘ ﬂ 4"‘ =
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included on the chip than for what
is.

“We've gone to great lengths to
think about that” says William
Howard, product manager at Mo-
torola’s Semiconductor Products di-
vision. “We leave out some parts
that others include, such as the out-
put device—an operational ampli-
fier— which is slow and can’t take
advantage of the 200-nanosecond
settling time of the converter.” The
device is designated the MC1406L.

Howard adds that an op amp can
take up considerable area if it’s built
into a monolithic chip, cutting into
yields and boosting prices. This way,
the user is free to add an op amp or
not, as he wishes. Nor has Motorola
included a voltage reference in the
chip, because doing so would have
compromised the device’s tempera-
ture coefficient. By not including
these components, Motorola be-
lieves it has given the user greater
flexibility in applying the converter.

A typical application might be in
a simple analog-to-digital converter
system, in which the MC1406L
would be inserted in a feedback

Circle 112 on reader service card

loop to compare the input signal
with the d-a converter's output.
Such a system might consist of six
chips in all.

“This way we give the user the
flexibility of configuring his a-d con-
verter any way he wants,” Howard
says, adding that the Motorola unit
is still less expensive than cither
monolithic competitors or hybrids
that perform a similar function. The
unit can also be used for automatic
gain control, to boost telephone line
signals, for example.

Digital inputs to the converter are
DTL- and TTL-compatible. Relative
accuracy of the device is 0.7% max-
imum, and typical power dissipation
is a low 95 milliwatts. Delivery is
from stock.

Motorola Semiconductors,
Phoenix, Ariz. 85036 [411]

Box 20912,

32-stage shift register uses
bucket brigade technology

As far back as 1952, cven before
MOs, the first proposals for bucket-
brigade circuits were being dis-
cussed. But the technology, which is
easier still than MOS to fabricate, got
bogged down in manufacturing and
engineering problems. Now the first
commercially available bucket bri-
gade device, a p-channel MOS inte-
grated circuit, has been introduced
by the Amperex Electronic Corp.,
Cranston, R.I.

The unit, called the M31, is an
analog shift register that transfers
information from stage to stage. in
32 stages or “buckets,” in response
to timing signals. It also contains an
input sampling circuit and an out-
put follower. Since the device oper-
ates directly on the analog input sig-
nal, no analog-to-digital or digital-
to-analog signal conversions are
necessary.

The M31 consists of a chain of
storage capacitors and charge trans-
fer circuits, acting as the shift regis-
ter, with an externally controlled
shift rate. Information is stored in
the array of capacitors as charge
deficit rather than as charge level.
This permits the use of a single tran-
sistor per storage capacitor and re-
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TRW presents

the small,

precision,

economical,

self-insulated

tantalum

capacitor...

that laughs at shock and environment

Space savings of up to 40%. A
one-piece dense epoxy resin
case which 1s self-insulated and
provides complete environmen-
tal protection. High shock and
vibration resistance due to the
elimination of all voids. Precision
dimensioned for high-density
packaging. Great flexibility in
mounting positions and lead
options, and ideal for automatic
insertion

These are just a few of the
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edvantages offered by the TRW
Type 935 tantalum capacitor. In
addition, they are remarkably
inexpensive, due to the high
speed molding techniques used
in their production.

The versatile 935 is available
from 6 through 50 volts, and from
0C47 to 56 mfd. It is designed to
operate from - 55°C to +85°C
at ‘ull rating, and up to +125°C
with 4 derating

For complete information and

technical data, contact TRW
Capacitor Division, Box 1000,
Ogallala. Nebraska. Phone: (308)
284-3611. TWX:910-620-0321

TRW
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111V semiconductors

|
. | Size EPD 2 It
Materials (mme) Dopant| (. -2) (cm=3) (cm2?/V.s.)
l
c;aAJCZ 20~40 | Te. S| 103] 1017~1018 [1,500~4.000
IHB 50 x1/2 Sone Semi-insulator (R.T.)
| _ t
l —~ Te, S, ~ 4 16~ 18 70~180
GaP |CZ | 20~30 | (o0 | 2~8x104| 1010~10 (T
I | 6~8x10¢
- Te, 103 15 18 (RT)
InSb [CZ | 20~70 | 1 | 10~10% | 10!5~10 s
(LNT) |

%Crystal forms: ingot, wafers, polished wafers and others can be supplied.

< SUMITOMO ELECTRIC

Electronic Materials Project Group.
P.0O. Box 1, Konohana, Osaka, Japan

Overseas distributors*®

U.S.A./Mitsui & Co. (U.S.A)) Inc. Head Office: Pan Am Bldg., 200 Park Ave. New York, N.Y.
10017 Tel. 973-4600. San Francisco Office: 1 California St. Suile 3000 San Francisco, Calif.

94111 Tel. (415) 981-2277

England/Mitsui & Co., Ltd. Buck!lersbury House 83, Cannon St. London E.C.4 Tel. (01) 248-6454
F.R. Germany/Mitsui & Co. G.m.b.H. Dasseldorf 1, Berliner Allee 26 Tel. 87981
Canada/Mitsui & Co. (CANADA) Ltd. The Royal Trust Tower Toronto-Dominion Centre Suite
3304, Toronto 111 Ontario Tel. Empire 6-0733/8
Italy/Mitsui & Co., ltalia-S.p.A. Piazza Del Liberty 2, 20121 Milano Tel. 780251, 782251

*In New York—2nd Metal Dept. Others—Metal Dept.
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WIDE-RANGE ENGRAVER

NEW FEATURES FOR
HANDLING PANELS UP
TO 23 x 25 INCHES

FOR LONG AND
MULTI!-LINE WORK

NO. 885

AMERICAN
MADE

« A time-saver for large plate work.

« Engraver letters 1/32” to3” high using standard masters.

« Seven pantograph ratios—from 1:5:1 to 6:1.

« Choice of 3 ball-bearing spindle assembties or /5"
3/16” or taper-shank cutters.

« HSS, Cobalt and Solid Carbide Cutters.

« Single and multi-fine copy carrlers for holding
blanks 34" to 3/2” high.

« Accommodates Mico standard mccessories.

Send for bulletins and prices

MICO INSTRUMENT CO.

77 Trowbridge St. Cambridge, Mass. 02138
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HIGH RELIABILITY’

PHOTOCELLS

QUALITY OF
THE FIRST ORDER

MAIN PRODUCTS

e CdS Photoconductive Cell
CdSe Photoconductive Cell
Photocell-Lamp

Se Photovoltaic Cell

* For catalog, please write to:
MORIRICA ELECTRONICS. LTD.

205, Tozuka-machi, Tozuka-ku. Yokohama, Japan
Tel: 045-881-233) Cable Address MORIRICA YOKOHAMA
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New products

sults in less complex circuitry. And
because of the absence of dc gate
currents, attenuation is negligible.
Applications include variable delay
lines, scanning circuits, and time-
axis conversion. Price in sample
quantities of under 50 is $10 with
delivery in from three to four weeks.
Amperex Electronic Corp.., a North Ameri-
can Philips Co., Cranston, R.I. 02920 {413]

Quad transistor array
delivers pulsesup to 1 A

A high-current transistor array
called the HT-6500 is intended pri-
marily as a memory core driver, re-
lay driver, or in similar applications
requiring pulsed currents of up to 1
A at up to 50 v. The npn device con-
sists of four transistors on a common
chip, and in operation, one of the
four functions at any one time. With

500-mA pulsed output current, out-
put voltage is less than 0.5 v. In the
nonconducting state, each transistor
can withstand up to 70 vV between
the collector and emitter. Price is $9
for the military version, $5.85 for
the commercial.
Harris Semiconductor,
32901 [414]

Melbourne, Fla.

Dual-preamplifier IC offers
gain of 68 dB per channel

Designed for stereo tape players,
dictating machines and other con-
sumer equipment, a dual-preampli-
fier IC for low-level signals in low-
noise applications is a pin-for-pin
replacement for the GE type PA239
preamplifier. Called the ULN-2126,
the linear IC provides a typical gain
of 68 dB per channel at a single
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More

power|

to
you!

In fact, our model 320L delivers
the most power and widest
bandwidth of any solid state

instrument amplifier available.
Easily mated with a wide variety of
signal sources, it amplifies AM,
FM, SSB, TV, Pulse and other
complex modulations with
minimum distortion. Constant
forward power is continuously
available regardless of load match
(from an open to a short). The
320L provides over 20 watts of
power from 100 KHz to 125 MH,
with useful output all the way to
160 MH, . . . and there's no tuning.

Applications include:

B RFI/EMI testing
B NMR Spectroscopy

B Transmitter
applications

B Laser modulation

B Signal distribution

B Test equipment
calibration

W Cable isolation

For complete information
write or call
Electronic Navigation Industries,
3000 Winton Road South,
Rochester, New Yark 14623,
(716) 473-6900

ELECTRONIC
NAVIGATION
INDUSTRIES
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New products

power supply operating voltage be-
tween 10 and 24 v. The gain is de-
fined by internal resistors rather
than by external feedback. The
ULN-2126 is available in the plastic
14-pin dual in-line and the plastic
14-lead quad in-line package.
Sprague Electric Co., North Adams, Mass.
01247 [416]

Reference amplifiers aimed
at high-stability applications

A family of reference amplifiers is
for use in power supplies and preci-
sion measuring applications, includ-
ing high-precision digital volt-
meters. Designated CH2001-CH2004,
the units provide high stability, with
a temperature coefficient of refer-

JocBhe

ence voltage of +10 v, +50
ppm/ C and +25v. +100 ppm/
C. Prices start at $4.25 each in 1,000
lots.

Centralab Semiconductor, 4501 N. Arden
Drive, El Monte, Calif. 91734 {417]

Modular MOS memory has
cycle time of 450 ns

A self-contained memory system us-
ing 1.024-bit MOS RAMs is designed
for mainframe and bulk storage ap-
plications. The in-10 system has a
maximum cycle time of 450 ns and
a maximum access time of 325 ns.
Systems are assembled modularly,
from 8- by 10-in. memory cards,
each storing 4,096 18-bit words or

f

Togetherness...

DIALCO
DATALITES

mount as close as
/2 inch center to center

&E >

i

l

|
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Designed to meet
or exceed requirements of
MIL-L-3661B.

Replaceable piug-in
cartridges: Incandescent for
1.35-120V; reon—high-brightness
operation 110-125V AC, and
standard brightness operaticn
105-125V AC-DC.

Wide range of lens
shapes, colors and finishes.

Broad selection of
positive or negative legerds.

Avaiiable off-the-shelf
for prompt delivery.

Send for free catalog

i
el

Dialight Corporation

60 Stewart Ave., Brooklyn,N.Y.11237.
(212) 497-7600

DIALCO

A NORTH AMERICAN PHILIPS COMPANY
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NEW! First comprehensive guide
to every aspect of TTL devices

and their practical applications

DESIGNING WITH TTL
INTEGRATED CIRCUITS

Prepared by the IC Applications Staff
of Texas instruments Incorporated

Edited by Robert L. Morris and John R. Miller

This thoroughly comprehensive and practical volume—
the first to explore the entire family of TTL integrated
circuits—is a complete source book on the newest, most
versatile, reliable, and economical innovation in systems
technology. It covers not only design philosophy, eco-
nomics, basic descriptions, and electrical performance
of TTL devices; but many practical applications of the
circuits in digital systems.

It will save you time and work by providing many com-
pleted designs easily converted to your particular needs
...reduce costs by suggesting the most cost-effective
integrated circuits to use in your system... help your de-
cision making by reviewing all modern logic types and
giving you a comparison of the characteristics of sub-
series within the TTL series.

The first book devoted exclusively to the transistor-
transistor iogical family of integrated circuits, this
volume will prove invaluable to electronics engineers,
computer designers, and systems analysts and to non-
engineer managers who want information on the best
uses of TTL devices.

384 pages, 380 illustrations, $18.50

Offer good in U.S. and Canada only. 23.6-7
© 0 00 00 00000000000 00000000OCD

® 000 0000000000000 00O 0O OO OO PO OIOOPS
: MAIL COUPON TODAY .
o McGraw-Hill Book Company °
N 330 West 42nd Street, New York, N. Y. 10038 .
o Send me Texas Instruments’ DESIGNING WITH TTL INTE- o
A GRATED C!RCUITS (637458) for 10 days' examination. At the o
A end of that time I will remit $18.50 plus tax, postage, and han- o
- dling charges. If | decide not to keep the book | will return it in -
. the carton prov:ded within 10 days. (Remit in full with coupon,

o plus tax, and McGraw-Hill pays all delivery costs.) :
o Name N .
® Address _ _ _ _ ®
[ ] [ ]
e City _State Zip °
° °
° .
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YOU'RE
WHISTLING
IN THE
DARK . . .

. . . if you think that heart disease and stroke hit only

the other fellow's family. No one is immune. Protect
the hearts you love. For authoritative information, ask your
Heart Association. For medical advice see your doctor. To

safeguard your family . . .
GIVE...

so more will live

HEART
FUND .l
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New _brodugt_s__

8,192 nine-bit words. One control
card serves up to eight memory
cards. Price is about 1%2 cents per bit
for large orders.

Memory Systems, Intel Corp.. 3065 Bowers
Ave., Santa Clara, Calif. 95051 {415]

10 LED characters can be
mounted in one square inch

Designed for use in calculators,
hand-held instruments and probes,
the Data-Lit 30 seven-segment LED
display is only 0.125 inch high. It is
housed in a 10-pin DIP with leads on
0.100-in. centers, and up to 10 of the
readouts can be mounted in a
square inch of space. Power dissipa-
tion is 50 mw, and continuous for-
ward current is 80 mA maximum.
Large-order price is $3.80.

Litronix Inc., 19000 Homestead Rd., Cuper-
tino, Calif. 95014 [419]

Contactless switch built for

industrial environments

A light-emitting diode, photo-Dar-
lington amplifier, and Schmitt trig-
ger are all contained in a contactless
switch that gives contamination-free
operation and is specified at a min-
imum life of 10 million operations.
The design of the pushbutton switch
makes it suitable for industrial envi-
ronments.

The output is an open-collector
transistor that can sink 50 mA and
withstand 16 v, enabling it to inter-
face with discrete circuitry and 1€
logic families. Typical rise and fall
times are 100 nanoseconds.

Both snap and nonsnap types are
available in single-pole. single-
throw and double-throw versions.
Price is $6.82 each for one to nine.
$4.03 in quantities of 1.000.

Dialight Corp.. 60 Stewart Ave., Brooklyn,
N.Y. 11237 [418]

Resistor

After years of develcpmental effort,
Micaply Ohmega affords circuit design-
ers and fabricators exciting new di-
mensions in combining conductors and
resistors in the same circuit. And it's
available now in 8"’ x 12" min. sheets.
This unique new materig! is
an epoxy-glass substrate
completely covered on one or
both sides with a bi-layer
cladding. The layer against
the substrate is resistive, the =
top layer is conductive. Using =
conventional printed circuit
production technigques, pat-
terns of conductors and re-

Epoxy-Glass
Substrate

Conductor

sistors can be etched to produce cir-
cuits complete with integra! resistors.
The entire process is subtractive — no
screening, firing, or vacuum equipment
is required!
For many printed circuit board applica-
tions it means the cost of dis-
crete resistors can be elimi-
nated. For many thick and
thin film circuits it eliminates
the cost of expersive sub-
strates and deposition tech-
niques, and enables the use
I of economical step-and-repeat
methods on large sheets of
Micaply Ohmega.

Onimega
D

Find out more about how Micaply Ohmega saves time and money. Call Don Loundy
at (213) 870-6861 or request our new brochure shown above.

Micaply

T™M*

The Mica Corporation / 4031 Elenda St., Culver City, Ca. 90230 / (213) 870-6861
TWX: 910-340-6365, Cable: Micaply
Micaply International / Siiloth, Cumperland, England / Silloth 571
Telex: 85164120 / Cable: Micaply Silloth

* Trademark for po'yfunctional taminztes made by The Mica Corporation
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New REED FILTERS
from Panasonic pinpoint
frequencies at 15 Hzintervals.

Constant bandwidth and selectivity regardless of

center frequency:

Standard Panasonic Reed Filters have center frequencies
between 502.5 and 1,912.5 Hz, at 15 Hz intervals.

(Special types covering the 200 to 5,000 Hz range are also
available.) Thanks to a new square U-shaped tuning fork,
they provide the same bandwidth and high selectivity

at any center frequency, and a very high Q. This permits,
for instance, the design of large scale paging systems
with these reed filters.

High temperature and humidity stability:

Changes in center frequency and attenuation
characteristics are negligible between 14 and 140°F

and after long-term operation in high humidity. This makes
Panasonic Reed Filters ideal for outdoor applications such
as telemetering equipment, mobile transceivers and others.
Protected against vibration, shock or aging:

Vibration and shock tests reveaied only very small

(0 to 0.2Hz) shifts in center frequency. Recovery took
place within about ten hours. 5,000 hour continuous
operation tests at room temperature and at 158 'F showed
practically no change in characteristics. Unlike reed
selectors, Panasonic Reed Filters have no contacts.
Instead we use bonded piezoelectric ceramic as electro-
mechanical conversion elements.

¥ Precision engineering in a variety of shapes and design:
*" Panasonic Reed Filters are extremely compact—the
smallest is less than three quarters of an inch long.

And any design can be supplied for any center frequency.
For somewhat wider bandwidth and higher selectivity,
there's a parallel tuning fork type with two forks.

Available shapes are shown in the photographs below.

e

Attenuation Characteristics

S t Pt

just slightly ahead of our time

Panasonic

MATSUSHITA ELECTRIC CORPORATION OF AMERICA
Pan-Am Building, 200 Park Ave., New York, N.Y, 10017, U S.A. TWX: 710-5681-4158 Tel: 973-5710 Area Code 212
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speciAl REpPORT

O 1t’s high noon for the rising sun of Japanese indus-
trial power. Throughout the late 1960s, the island na-
tion, which to Westerners often seems one bewilderingly
large industrial enterprise, consistently piled up yearly
gains of 10% or more in its output of goods and services
and catapulted into third spot among the world’s indus-
trial powers, behind the U.S. and the Soviet Union. But
last year, recession started to slow that climb, and while
the rising sun has yet to hit its zenith, what’s in sight for
this year threatens to cloud the bright light even further.
When Japan closes out its books for the 1971 fiscal
year next March 31, it presumably will chalk up a total
output of some $242 billion. That’s more than enough
to stay safely notched in the number-three ranking
among industrial nations. But the $242 billion repre-
sents a rise of 5.5%, only half the growth rate the coun-
try was counting on. Just when it seemed Japan was
ready to snap back from a near-year’s recession, Presi-
dent Nixon in late summer stunned the country doubly
with the import surtax and a monetary move that
forced an upward shift in the exchange rate of the yen.

Growth rate halved

As a result, Japan’s economists found a new term—
Nixon shock—for their lexicon, and the country’s elec-
tronics companies acquired a discomfiting set of condi-
tions—a slowing market at home and a certain setback
in their prime export market, the U.S. It will take some
time after the yen gets a new parity and the world mon-
etary situation settles down before Japanese companies
can take a sure reading on what’s ahead for them. Until
then, “‘we are walking in a fog,” says Tamefusa Onoye,
an executive director of the trade association Electronic
Industries Association of Japan (EIA-J).

One thing is certain: there’s a stall in store for Japan’s
electronics production. The output of components and
equipment for 1970 totted up to $9.65 billion, a hefty
25% rise over the 1969 level. This year’s figure will be
something on the order of $10.6 billion, judging by the
figures released up to early fall by the Ministry of Inter-
national Trade and Industry (MIT]), the mentor and
guide for kingpin industries in Japan. Those numbers
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work out to a drop of more than half in the electronics
industry’s growth rate.

I’s equally sure that Japan’s electronics producers,
who’ve grown accustomed to boom times, will have to
narrow their horizons for the domestic market over the
next year or so. Electronics sampled a cross-section of
the country’s equipment and component makers early
this fall and came up with a wide assortment of views
on the domestic market—but hardly any were optimis-
tic. The sampling turned up an equipment market of
$4.65 billion for 1970 and $4.99 billion for 1971.
Chances are the market will move up to $5.36 billion
next year, the survey showed. Until the monetary
muddle clears, though, forecasting Japanese markets
will be tricky. Much depends on how the Japanese fare
in exports.

Whatever the market amounts to, its mainstay still
will be consumer electronics. Color TV sales are boom-
ing this year, and some 60% of Japanese families now
own a set. Even though this represents the beginning of
saturation, and a slight slide is in sight for 1972, the set
makers still will have a $1.45 billion market to romp in
next year.

But the consumer sector won’t provide what litle
growth is in store next year. Computers will shoot up
19% to $1.46 billion—not bad unless you're used to the
30% annual jumps that Japanese computer companies
have enjoyed. Best off are the communications-equip-
ment people. Premier Eisaku Sato’s government is
boosting its spending to counter the turndown in the
economy, and a chunk of the money will go to improve
the telecommunications network. Worst off are the pas-
sive-components producers. They're doubly hit by a
lackluster overall market and a surge of linear inte-
grated circuits in consumer hardware.

Consumer market grows up

For consumer electronics producers, 1970 was all too
aptly characterized by the Oriental lunar calendar. It
was the Year of the Dog and set makers generally found
themselves out in the doghouse at year-end, consigned
there largely by a consumers’ strike that sent color TV
sales plummeting. Manufacturers sailed into 1970 confi-
dent they'd sell at least 5 million color sets in their home
market; they struggled out with a disappointing 4.8 mil-
lion.

This year the trade winds are blowing consumers
back into the appliance shops and department stores.
That's why 1971 is shaping up as a fat year for color TV
sales—about 5.6 million sets. Color TV, of course, cur-
rently is the big-money item in consumer electronics in
Japan and the solid rise in color sales is carrying the
consumer market to an estimated $2.44 billion this year.

But even at that total, the 1971 market is up only
about 6% over 1970’ $2.30 billion. That’s a far cry from
the giant steps set makers had been taking until they
stumbled in 1970. And few in the industry see a return
to the good old days of 15% and 20% annual growth be-
fore several years. When they wind up their New Year’s
festivities, set makers will face a fast-saturating color TV
market. The tape recorder and hi-fi markets, to be sure,
are still robust, but together they can barely offset the
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sag in color sales that seems sure for 1972. Electronics
survey pegs the 1972 consumer electronics market in Ja-
pan at $2.46 billion, essentially the same as this year's
figure.

Although their color Tv sales apparently have
peaked. the major Japanese set makers by and large
don’t see their long-term outlook as particularly bleak.
Flourishing a poster-size set of market charts, Noboru
Yoshii, a managing director of Sony Corp., asserts, “By
1975, we'll have a need for 6 million color sets every
year in Japan.”

Next big item: VTRs

The company has high hopes that video recorders
will mushroom into a mass market. “Our next big ob-
jective,” Yoshii says. “is a complete video player system,
from a dubbing machine to produce the tapes through
to a consumer VTR player.” Sony’s first bid to start a
consumer market for VTRs came late this summer when
it set retail prices of $720 for a playback-only version
and $1.060 for the play-record unit.

Sony will have plenty of native company in its quest.
At least a dozen of the most powerful Japanese elec-
tronics producers have VTRs on the market or close to it.
Hitachi Ltd., Matsushita Electric Industrial Co., Mitsu-
bishi Electric Corp.. and Tokyo Shibaura Electric Co.
(Toshiba) have both VTRs and Columbia Broadcasting
System’s Electronic Video Recording (EVR) in mind.
Hideo Abe, assistant general manager for consumer
products at Hitachi, expects the market for what he calls
“video packages™ will start coming along strong in two
or three years.

Like many executives at consumer electronics com-
panies, Abe isn’t unduly concerned over the lack of a
single standard for video playback equipment, with cas-
sette VTR, EVR, and other systems still in the running.
“To a large extent,” he says, “the growth of video-pack-
age sales will depend on the growth of available soft-
ware.” Concurs Sony’s Yoshii. “Interchangeability is
not the overriding question, the key is getting the con-
cept of video players across to the public.”

So far, little has gotten across. This year’s sales of
consumer VTRs amount to a scant $12.1 million, accord-
ing to Electronics’ survey. In 1972 they'll spurt about
50%. but even then will reach only an estimated level of
$18.2 million. For several years, then, set makers will
have to find most of their sustenance in a saturating,
increasingly competitive market for color television sets.

New customers: new equipment

The market will start to polarize in 1972, figures
Teiichi Asabe, head of TV development at Sharp Corp.
His reasoning: next year a new class of customers, blue-
collar workers whose household budgets run between
$120 and $240 a month, will be coming into the market.
In Japan, practically every one who works collects a
substantial bonus twice a year and so there’s no ques-
tion of where the cash for a down payment—or even an
outright buy—is coming from.

A new class of equipment will be on hand to welcome
the new class of customers. The trend started late this
summer when Dai-ei Inc.. a supermarket chain. started
selling a no-frills, 18-inch color receiver for $260. Crown
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Radio Corp.. an export-oriented company hard hit by
the slump in the U.S. market, produces the sets. But
Crown can count on plenty of competition as set makers
angle for shares in the low end of the market. All of the
color sets now sold in Japan are all-solid state.

At the high end. prices figure to rise as set makers
pack their receivers with deluxe features to attract well-
heeled replacement-set buyers. So thoroughly has
Sanyo Electric Co. billboarded its top-of-the-line set
around Tokyo and Osaka, for example. that even vis-
iting foreigners are soon aware that it features an ul-
trascnic remote control. Sanyo has no exclusive on re-
mote control, and it’s just one frill that’s being offered
among several, including digital clocks and fm radios.
Electronic tuning, already common in Europe. is in
sight, too.

Inside, the top-of-the-line sets are studded with 1Cs.
Sharp’s. for example. has no less than 17 IC packages:
so does Matsushita’s. Mitsubishi checks in with 15,
Toshiba with 11, Hitachi with 10, and so on. Usually,
these IC sets include both monolithic and hybrid pack-
ages, and a mix of standard and custom circuits. Video
i-f, automatic frequency control, automatic fine tuning,
audio i-f, and audio drivers are the functions most often
handled by standard chips.

The custom linear ICs figure to get more and more
complex. Matsushita’s $575 top-of-the-line color Tv, for
example, has an MOS/LSI chip among its 17 1¢s. The
200-element chip is a 10-step frequency divider that
counts down a 31.5-kilohertz frequency to 60 hertz for
the vertical deflection pulse. Sharp is moving to larger
chips so it can improve color saturation and hue circui-
try for sets with wireless remote control. Toshiba plans
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to lump bandpass filters and the sound i-f functions on
a single chip; other chips it’s working on are oscillators
for horizontal and vertical deflection paired with afc
and video amplifiers. All told, the rush to get ICs into
color TV sets and audio equipment has been so great
that Masataka Takedai, Toshiba’s semiconductor con-
sumer-device application manager, says that sales of
consumer ICs are tenfold higher this year than they
were last.

But the race for distinguishing features wasn’t the
only spur for consumer ICs. Last year, set makers
thought there might be a tax break for IC sets, then de-
fined as having fewer than 18 discrete transistors. So
they all started girding to produce IC sets. MITI and the
finance ministry later decided against it, but with the

sets in the pipeline, the set makers brought them to
market.

Most set makers are sticking with 90" picture tubes.
The major exception is Mitsubishi, which is making a
strong push with its thin-neck 110" models. Matsushita
started selling a 110" tube set this summer, but TV divi-
sion officials in Osaka say they’re not terribly enthusias-
tic, mainly because of the higher power consumption
and—Matsushita contends—poorer picture quality. Mit-
subishi, however, maintains its 110" tube matches 90
tubes in brightness, and does it without special deflec-
tion circuits; the key is in the way the company lays
down the phosphor color triads in the corners of the
tube, says Shigeo Sugita, a Mitsubishi assistant general
manager.

Higher volume for audio

In contrast to the certain slide in store for video in
1972, the outlook for audio equipment is definitely up—
very slightly for complete stereo sets, somewhat for ra-
dios, significantly for tape recorders, sensationally for
hi-fi components.

Stereo record players seem on the way to becoming as
outmoded as kimonos in offices. The engine for change
is quadraphonic sound: except for bottom-of-the-line
models, quad matrix circuits will turn up in practically
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all stereo record players introduced for the year-end
flurry of consumer buying.

Yasuhisa Mochizuki, manager for hi-fi product engi-
neering at Toshiba, expects that more than half of the
stereo sets sold during the peak season will be fitted to
supply sound all around, although in many cases the
second set of speakers will be optional extras. But the
phono-combination market nonetheless looks rather
lackluster. Electronics’ survey puts the business this year
at $297 million, and the forecast for 1972, at $305 mil-
lion, shows practically no gain. As Mochizuki puts it,
“Quadiri is half a search for new sound effects and half a
search for a new market.”

Innovations in radios

The slight gain for radios, Electronics’ survey esti-
mates, will boost the market to $204 million next year
from $187 million in 1971. Asked to single out the main
factors behind the steady rise in a seemingly saturated
market, Keiichi Takeoka, chief of the radio and stereo
division at Matsushita, the country’s top producer and
exporter of radios, replies, “fm and clock radios.”

Takeoka and the other brass at the radio division
have opted for unique products to make headway in a
radio market that’s mature in Japan and worldwide.
One of their latest “ours-alone” products: a talking
clock radio that announces the time when you touch its
top. The actual mechanism is a reading head that
sweeps across two concentric magnetic disks, which
have hour and minute announcements recorded on
them. The disks, of course, are driven by the radio’s
clock movement.

There’s a significant gain ahead next year for sales of
tape recorders in Japan. Electronics’ consensus charts
show a boost to $219 million next year from 1971s esti-
mated $196 million. That amounts to 12%, but it’s not
good enough for Masao Matsumoto, head of Matsu-
shita’s recording instrument division: he figures the
market for annual gains from 15% to 20% this year, next
year, and in 1973.

As their market rises, tape recorder makers will be
improving on their goods. In high-quality tape equip-
ment, Matsushita, for example, has shifted to hot-press
ferrite for the heads instead of laminates. The hot-press
heads are almost as hard as diamonds and they boost
frequency response up to 30 kilohertz. Toshiba now
tucks IC oscillators for erase and bias into the heads of
about half the tape recorders it turns out; the idea is to
prevent radiation from these oscillators from getting
into the audio amplifier circuits. Matsushita, Sony, and
the Victor Co. of Japan have worked out a Dolby-like
system to suppress hiss on tapes. Unfortunately, the
Japanese system, dubbed ANRS (for automatic noise re-
duction system), is not compatible with standard cas-
sette players, and it seems certain to run into stubborn
resistance from Philips’ Gloeilampenfabrieken, which
controls the patent rights on cassettes and sternly insists
that anyone producing them keep them compatible.

As they puzzle out new strategies for entertainment-
electronics markets, Japanese producers can find some
solace in the outlook for one emerging market—micro-
wave ovens. Last year, the oven makers’ great expecta-
tions of a wild rise in sales were dashed by a radiation
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scare. This year the market dawdled again. dipping
slightly below the 1970 level of $68 million, according to
Electronics’ consensus estimate. Next year most people
think the market will start cooking again. The survey
puts 1972 sales at $85 million.

Confidence has been spurred since the radiation scare
was banished by new designs that shut off the cooking
magnetron before the door can be opened. The usual
combination: a squeeze handle on the oven door
backed up by a microswitch near the door hinge.
What's more, the new ovens are “a piece of kitchen
equipment. not a piece of communications equipment,”
asserts Tetsujiro Nakao, executive vice president of
Matsushita. The company redesigned a magnetron for
mass production and currently turns out between 15.000
and 20,000 a month.

Sharp Corp., too, is counting heavily on bringing
electronics into the kitchen. Some Japanese oven
makers stoutly maintain that “browning™ isn’t impor-
tant for Japanese cuisine: others insist that it is. When it
comes to exports, there's no dispute, and Sharp is trying
to come up with something better than an infrared
heater to do the job. A hot-gas surround could be the
answer, suggests Sanai Mito, an executive director of
the company and its top technical planner. Mito sees
household appliances as a major avenue for growth and
has development teams looking at all sorts of equip-
ment, even the kitchen sink.

Westward ho

The outlook for exports of Japanese consumer goods
reflects changing horizons, too. Now that their home
market shows signs of dwindling and their major export
market—the U.S.-has soured. Japanese color Tv
makers must move out into new territory if they want to
keep their production lines purring efficiently.

Europe comes to mind immediately. It's mostly pal
country, though, and AEG-Telefunken has been wary
about granting licenses to Japanese producers for its
color TV system. The upshot has been a rash of color-de-
coding circuits that skirt Telefunken’s patents. All the
major producers have something of the sort ready or in
the works.

Sony excepted. the big producers stoutly maintain
they have no plans for an assault on Europe. Hayata
Tokizane. director of Matsushita’s TV division, says his
company wants to talk with Telefunken before treading
into PAL land. Rather than color TV now, Matsushita
plans to mount a worldwide campaign to push unusual
products like its 1'2-inch black-and-white set. Hitachi
Ltd. has a PAL license good for all countries except West
Germany and Italy, but Hitachi's Abe insists his firm is
going to “self-restrict™ its color TV business in Europe—
it doesn’t want to get hit there the same way it was in
the U.S. Sharp’s president, Akira Saeki. has gone on
record with much the same sentiment.

How long this self-limitation will last remains to be
seen. Sony Corp. has launched a strong sales push in
Europe for its small color sets with resounding success.
“We’re increasing sales 50% yearly there.” says Yoshii.
Europe now accounts for 9% of Sony’s sales, which to-
taled $414 million for fiscal 1970. And to handle its fast-
rising business on the Continent and in England. Sony
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i1 setting up a big new inventory center at Utrecht in the
Netherlands. The center should be operational by the
last half of 1972. Sony also is making a big investment
in the U.S. with a plant in California to produce small-
screen color Tvs.

For Japanese tape recarder producers, Japan is just
another market. The 28 producers that belong to EIA-J
are turning out some 15 million tape recorders this year,
between 85% and 90% of them cassette types. A scant
30% of these found their way into the home market. In
addition to the E1A-] members, about 100 smaller outfits
are building a total of 11 or 12 million units, practically
all of them for export. Thke numbers are fairly stagger-
ing. but so is the capacity of consumers around the
world to snap them up. Matsushita’s Matsumoto ex-
pects there'll be at worst a slight slump in Japanese sales
to the pivotal U.S. cassette recorder market. Since U.S.
production of cassette machines is insignificant, the
Japanese won't lose market shares, as they are in color
TV, because of the cost edge American producers ac-
quired through the 10% surcharge and the upward float
of the yen.

Some wind leaves computer sales

It's a different game of “go,” too, for the Japanese
computer industry. “We've had abnormal growth rates
of 30% to 40%." says Kaoru Ando. a top computer exec-
utive at Fujitsu Ltd. “Now it's normalizing at 20% to
25% a vear.”

Quibblers about percentage points excepted, no one
would quarrel with Ando’s assessment. At IBM-Japan,
the word is that banks and financial institutions con-
tinue to plump out their data-processing facilities as be-
fore, but that there’s a definite falloff on the industrial
side. The hitch in Japan’s economic growth, in fact, has
transformed many medium and small companies from
seemingly sure customers to merely good prospects.
And at big companies, notes Shiro Omata, an executive
vice president at Nippon Univac. “End users are most
sophisticated and nobody is buying a computer any-
more just for the sake of having another computer.”
What's more. a reshuffling of domestic computer sup-
pliers is in the offing. And who wants to order a ma-
chine that might in onlv a year or two turn into a lame
duck?

Even in the changed game, though, there are plenty
of pebbles for the players’ bowls. Electronics® survey
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puts the data-processing market this year at $1.2 billion.
including minicomputers and desk calculators. Next
vear, the consensus outlook is for something close to
$1.5 billion, an increase of 19% and admittedly way off
the mark of previous years. The Japan Electronic Com-
puter Co. (JECC), the government-backed firm that fi-
nances leases for the six domestic computer makers,
logged a 44.4% annual gain when it made its annual
count of computers in service at the end of the fiscal
vear last March 31. At that time, there were nearly
9,500 computers (not counting minicomputers), worth
roughly $2.5 billion. operating in the country.

MITI protects computer makers

Many of the rules of the old game, to be sure, remain
in effect. MITL, as before, will keep them rigged as much
as possible to help the native companies snatch points
from the Japanese subsidiaries of 1BM, Univac, National
Cash Register, and other U.S. computer companies.
MITI's “administrative guidance™ for key industries
keeps computers a “nonliberalized” sector. That makes
new capital investments by foreigners taboo and puts
computer imports on a “case-by-case” basis, much to
the detriment of would-be foreign suppliers. Explains a
computer industry watcher at the U.S. embassy in
Tokyo, “It’s very difficult to do business in nonlibera-
lized sectors. The burden of proof is on the importer:
he’s put through the wringer to explain why he’s buying
a non-Japanese product.”

Under MITI's watchful “guidance.” Japanese com-
puter makers have steadily upped their collective mar-
ket share over the years. At the end of fiscal 1970, 55.3%
of the computers in Japan were made by Japanese pro-
ducers. A decade ago, the figure was 27.3%. Fujitsu, Hi-
tachi, Nippon Electric Co.. Toshiba, Mitsubishi, and
Oki Electric Industry Co. are the native producers
(computers made in Japan by 1BM count as foreign ma-
chines).

Japan, of course, has been under heavy pressure from
her major trading partners—particularly the U.S.—to
knock down the barriers that keep foreigners from
doing business freely in key industries. Late this sum-
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mer, MITI threw some crumbs to the pack pounding on
its doors. It announced that it would liberalize imports
of computer peripherals—memories excepted—starting
next April, and after another three years, liberalize in-
vestments in computers, including mainframes.

MITI, of course, has its own peculiar definition of lib-
cralization. New investments in liberalized sectors must
be 50-50 joint ventures with a Japanesc partner. And
the choice of partners so far is subject to cvery sort of
restrictive criterion. For example, the Japanese partner
must already be in the computer business, but it can’t
transfer its existing business wholly to the joint venture.

While MIT1 keeps outsiders from setting up computer
plants in Japan. it's continuing to nurture the native in-
dustry so that it can meet the competition when liber-
alization finally comes. To make sure the home produc-
ers will have top-drawer machines by the middle of the
decade, MITI put the six native producers to work on a
$35 million large-computer project. They have brought
forth a machine that’s in the same class as Control Data
Corp.’s CDC 6600 [Electronics, May 24, p.42]. Already
some of the technology developed for the project’s cen-
tral processing unit has been incorporated into commer-
cial machines. Hitachi has orders for three.

MITH, though, doesn’t plan to bow out of the act when
the large-scale project winds up officially next spring.
Late this summer, the agency’s Electrotechnical Labo-
ratory bared a $106 million plan to ready the country’s
computer industry for the 1980s. The new giant com-
puter will emphasize fast processing of large quantities
of pattern information, like the ideographs used to write
Japanese. The first large-scale project emphasized pro-
cessing speed and a large. fast memory: 50-nanosecond
add time and an 8-million-byte main memory with a
cycle time of 700 ns.

Hitachi and Fujitsu team up

But MITI isn’t just strengthening the six native pro-
ducers’ technological hand. The word has gone out that
MITI thinks two or maybe three would be a much better
complement of computer companies for the nation than
the current half-dozen. The pairing off already has
started. Last month. Hitachi and Fujitsu signed a pact
to work together on “post-3.5-generation” computers.
The alliance makes sense: Fujitsu is the sole native
Japanese computer company with solely native tech-
nology: Hitachi found itself completely on its own tech-
nologically when RCA suddenly pulled out of the com-
puter business in September. However, the firm for
some time before that had been edging toward indepen-
dence—witness the commercial versions of the large-
scale computer added to the top of its line. Between
them, Hitachi and Fujitsu account for more than half
the computer sales by native companies and together
compare favorably to 1BM in Japan.

The Hitachi-Fujitsu tieup should make an arrange-
ment on computers inevitable for NEC and Toshiba.
Both have technology ties to Honeywell Information
Systems. Executives at both companies shy away from
talk about specifics, but Yujira Degawa, an executive
vice president at NEC, reluctantly admits that the indus-
try will come around to MIT1’s way of thinking.

That leaves Oki and Mitsubishi. Oki builds comput-
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ers jointly with the Univac division of Sperry Rand (the
venture is called Oki-Univac-Kaisha Ltd.), and Mitsu-
bishi works as a subcontractor with Oki-Univac in addi-
tion to building some computers on its own. That seems
like the makings for a group, and if it comes off, the
computer market would be split mainly among four
groups—Hitachi-Fujitsu, NEC-Toshiba, the Univac crew,
and I1BM-Japan.

The time-sharing competition

There’s no guessing about what’s ahead in time-shar-
ing: it should spurt in the next few years. By law, only
the government’s Nippon Telegraph and Telephone
Public Corp. has been able so far to tic a group of
strangers into a central computer facility. Among other
things, NTT runs a scientific and technical computer
service, based on a Nippon Electric NEAC 2200-500
computer; there’s also a sales and inventory service that
ties 30 users into a Fujitsu Facom 50.

Now there’s competition in sight for NTT. Starting in
September, the government authorized shared data
services among unrelated companies as long as the lines
are leased. By the summer of 1973, NTT expects to have
shifted to message-unit counting for local times: after
that’s been done, time-sharing service operators can
start using regular switched lines. It points to a boom
for data terminal makers.

Of course, NTT will bow out of the time-sharing busi-
ness—it has NEC, Fujitsu, and Hitachi at work on a proj-
ect known as DIPs-1 (for Dendenkosha Information Pro-
cessing System-1). DIPs-1 is slated to go into commercial
service in 1973, and its technology largely fell out of the
large-scale project. Two, three. or four central proces-
sors will be paired with as many as 16 memory modules
of l1-megabyte capacity. A three-processor system, NTT
says, could handle some 600 subscribers and would
have triple the capacity of the largest domestically pro-
duced computer available.

Holding the line in minicomputers, calculators

MITI’s hand shows up again in minicomputers. The
agency this spring gave its blessing to a deal that li-
censes Data General Corp.’s Nova machines to a new
company called Nippon Minicomputer. Takeda Riken,
a ranking instrument producer. is a major stockholder
in Nippon Minicomputer, along with Kozo Keikaku
Kenkyusho, a software outfit.

Meanwhile, MITI is keeping Digital Equipment Corp..
which wants to set up shop in Japan, at arm’s length.
It’s not DEC’s hardware that’s feared, good as it is; what
concerns the Japanese is DEC’s extensive software in-
ventory. DEC has nonetheless managed to get some 200
machines into Japan, many of them as OEM units in test
systems, but hasn’t been able to score heavily. Says a
DEC applications engineer on the scene, “MITI usually
approves applications by end users for single machines.
But OEM orders for more than 10 machines get turned
down.”

Thus DEC and other U.S. minimakers are shut out of
an emerging big market: this year’s figure is $22 mil-
lion, up 30% over the 1970 mark. Before Nixon's double
shock shook up the prospects for Japan's economy,
Japanese minicomputer makers figured they’d sell at
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least 3.000 units in 1972. Now no one knows how high
that estimate will turn out to have been, but Electronics
hazards a 1972 figure of $27.6 million for minis.

In computers, the Japanese have yet to make much of
a mark in exports. Fujitsu has had some success in East
Europe (and a flop in the U.S.) and NEC has sold a few
units in Rumania. but that’s about the extent of it.
However in electronic desk calculators, the tail end of
the data-processing market, Japanese producers domi-
nate the market around the world. Last year, for ex-
ample, the score or so of companies churning out calcu-
lators nearly tripled their output and made some 1.3
million units. Slightly more than 60% of them went
overseas. This year's figures are 1.6 million units, better
than 70% of them exported. Next year the Japanese ex-
pect to make something like 3 million and hold their ex-
port ratio.

Nonetheless, it figures to be a rough year for the cal-
culator makers. Prices have plummeted in the domestic
market: an eight-digit, battery-operated model listing
for less than $100 debuted at the September Business
Machines Show in Osaka and others will follow. One
upshot of the price cuts is a downturn—in value—for
desk calculator sales even though the number of unit

Calculators multiply. After tripling production to 1.3 million units
last year, Japan's calculator makers will make 1.6 million this year
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sales is up. Electronics’ survey puts the 1971 market at
$136 million, $30 million below the 1970 figure. Therc'll
be a slight gain for 1972, according to the survey.
What's happening in the domestic market, of course,
is a tipoft to what’s ahcad in exports. There'll be heavy
pricc competition, particularly for eight-digit “con-
sumer™ calculators built around one- or two-chip
MOS/LSI circuits. Tadashi Sasaki. an executive vice pres-
ident at Sharp and the man largely responsible for
Sharp’s top spot among calculator producers, expects

the market will split into two distinct segments next

year, “consumer” and business machines. Home and
school calculators, he expects, will go for well below
$100 by mid-1972. The eight-digit machines with lig-
uid-crystal readout, no memory, and throwaway dry
cells will dominate that market. The upper end of the
“consumer™ range will be the province of eight- or 16-
digit office units with light-emitting diodes readout, a
memory registor, and ac-dc operation. Defined this way,
this year’s market for consumer calculators will amount
to 336,000 machines. Anything fancier gets classed as a
business machine, and some calculators are fancy
enough to pass as junior computers.

Hajime Karatsu, an executive at Matsushita Commu-
nication Industrial Co., also sces a shift coming in the
domestic calculator market. Up to now, he points out,
companies with big sales networks—like Matsushita,
Toshiba, Hitachi, Sharp, and Sony—have been market-
ing high-priced machines, while companies without
widespread sales organizations have been peddling low-
priced units. Karatsu expects that the big companies
will soon enter the lists with under-$100 machics, and

that may force some of the smaller firms to drop out of

the tow end of the business.

Telecommunlcatlons still thnvmg

Telecommumcallons equipment makers in Japan
seem to flourish no matter what. When all is going well
in the country they come in for their cut of the general
prosperity, and when things aren’t going well—the case
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now—they can count on the government to boost the
budget of its telecommunications monopoly. N1T. An
added $75 million looks likely for this fiscal year. In the
telecommunications club, about the only members who
don’t enjoy this best-of-all-worlds arrangement are the
microwave-link makers: more than half of their output
goes for exports and the new parity for the yen means
they face harder times abroad.

But weep not overly for the microwave makers. Their
companies are all wired into other facets of the tele-
communications business and can find solace in NTT's
whopping investment budget-—$2.48 billion for the 1971
fiscal year. Some of the major items: $265 million for
switching equipment (overwhelmingly clectromechani-
cal). $120 million for carrier equipment, $55 million for
microwave links, and $49 million for handscts.

This kind of spending should go on for several years:
there’s much communicating to be done in Japan and
still not enough hardware to go around. Right now,
3 million applicants are lined up for telephones and
25 million handsets are in use. “The demand will con-
tinue until there are 50 million phones. perhaps in
1977.” says Kanji Yamamoto, a director at Fujitsu. And
when demand dwindles for voice equipment, a surge for
data-transmission hardware will take its place. Hiroya
Enda. manager of the engineering planning department
at Oki Electric. is convinced that data transmission will
be the fastest-growing segment of the telecom-
munications market over the next few years, logging an-
nual gains of 30%.

As if this weren't enough. there’ll be new communi-
cations equipment markets opening up after 1973. NTT
expects to have message-unit counters installed on all
its lines by then and will throw them open to all sorts of
acoustically coupled hardware. Facsimile, particularly,
should flower.

This year. communications equipment makers will
ring up sales of $717 million in Japan. according to
Electronies’ survey. Next year's prospects show a jump
of 11%. to just below $800 million. These figures ex-
clude nonelectronic equipment like carbon-granule hand-
sets and crossbar exchange gear.

The exclusion will cover less and less of NTT’s equip-
ment. NTT has started a transition to electronic ex-
changes and to electronic pushbutton handsets. Two
prototype electronic exchanges are under trial in Tokyo
and seven production models, with a capacity of 40,000
lines each, have been ordered. In what a U.S. phone
company executive has called *“‘cooperative competi-
tion,” the business is going to NEC, Fujitsu, Hitachi, and
Oki.

All-purpose phone hardware

The first seven production exchanges, designated the
D-10. are just a beginning. NTT's research laboratory is
hard at work on software that will make D-10 hardware
much easier to fit into the telephone system. Since
blocks of 40.000 lines aren’t handy outside big cities,
NTT's idea is to split the control and spcech-path por-
tions of the exchange so that a single master control in a
big town can supervise one or two satellite switching
units in small towns up to 20 kilometers away. The sat-
cllites can handle up to 16,000 lines, and the master can
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control satellites with a total of 40.000 lines, including
its own. Ties between the two portions are 24-channel
pulse code modulation links with a 1.54-megabit-per-
second rate.

The combination gives the economies of a large elec-
tronic switching system without paying a penalty for ex-
cess speech paths. “The system works near capacity
from the outset.” says Ei Shikiba. an NTT staff engineer.
*and growth is no problem. You can add a control unit
later and turn a satellite into a master if it becomes nec-
essary.” NTT calls the split system master R-1 and plans
to start field tests at its laboratories next spring. with
commercial tests to follow by a year.

Electronics hardware also is moving into handsets,
where the potential is tremendous: NTT will add some
2.5 million subscribers this year and even more next.
Only a lucky relative few get electronic pushbutton
handsets. “*Some 100.000 will be in use by the end of
1971 and 160,000 by 1972, reports Masao Miyake, the
NTT managing director in charge of construction and in-
stallation.

New telephone services

Pushbuttom-phone subscribers pay just under $4 a
month extra for their phone. but with the added extra
on the phone bill comes the right to have 20 preregis-
tered numbers that can be dialed by punching only
three digits. And anyone with such a phone in Tokyo or
Osaka can ring for calculator service and punch out his
problems on the phone keyboard. The tariff for this
service is just over 2 cents for every 21 seconds a sub-
scriber remains connected after he accesses the NEAC
2200-500 computer that does the calculating.

Like telephone systems in industrialized countries
around the world. NTT isn’t quite sure what to do about
video phones. The problems: what bandwidth to use
and how much to charge for video phone service. Trials
will start next year with both 1-MHz and 4-MHz band-
widths and the 50 subscribers involved will get
billed (but won’t have to pay) for the service. “We want
to sce how they react,” says Miyake. The wait for the re-
action will put commercial service a year behind NTT's
original 1973 startup. But whatever the actual date,
equipment makers will be ready: NEC and Fujitsu. for
example, have experimental systems in their headquar-
ters buildings.

Although the decision still could go either way, Mi-
yake thinks NTT may have to go with a 4-MHz band-
width. In his opinion. video phones will be used more to
transmit drawings. documents, and pictures of products
than for face-to-face conversation, applications that re-
quire 4 MHz for adequate picture quality. NTT will be
moving up to 60-MHz cable-carrier equipment, Miyake
points out, making it possible for NTT to keep video-
phone bills in line.

Facsimile to peak before videophones

Before the lines form to sign up for video phone ser-
vice, though, facsimile should be firmly entrenched.
Most cquipment makers expect the market to boom
once NTT opens its switched lines to other than voice
equipment. Yuichi Makino, general manager of To-
shiba’s telecommunications division. spots the facsimile
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market this year at around $6 million, zooming to
around $30 million by 1974 or 1975, he predicts. In Ja-
pan, remember, a teleprinter is not the medium for the
message. That's why there’s such potential for facsimile,
so much so that consumer-oriented companies like Mat-
sushita and Sharp. too, have facsimile equipment in the
works.

All the new services NTT has in mind will force it to
continue the unflagging effort to expand its trunkline
capacity, much to the benefit of NEC, the major sup-
plicr. And as the needs go up. so do operating fre-
auencies. NTT is beefing up its Tokyo-Osaka main route
with 12-gigahertz. 2.700-channel coaxial-cable carrier
systems. By 1973, the phone people expect to start work
on a 60-MHz cable carrier system. Initially, it will have
two cables, each with six 10,800-channel coaxial pairs.
This system should be in service by 1975.

As for radio links, there's a fourth main route along
the Pacific coast slated for 1972, and most of the year's
microwave money will go there. This will be NTT’s last
go with 6-GHz, 1.800-channel hardware. The 6-GHz
band is overcrowded and NTT has wangled some 5-GHz
allocations, for which 2.700-channel gear has been de-
veloped. Quasi-millimeter-wave equipment will follow
as NTT solves its spectrum problem by going higher
than any other user. NEC will supply some 70 repeaters
for NTT’s experimental 20-GHz link next year. By 1976,
NTT expects to have a 20-GHz backup line in service be-
tween Tokyo and Osaka. Then the phone system’s engi-
neering brass will have to decide whether it’s to be mil-
limeter waveguides or fiber optics for transmission in
the 1980s.

In communications satellite ground stations, most of
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the action for Japanese manufacturers at the moment is
overseas. NEC has orders from nine countries for its
Spade terminal equipment and seems on the way to at
least doubling its customer list. With Spade (for single-
channel-per-carrier PCM multiple-access, demand-as-
signment equipment). groups of ground stations can
share a pool of satellite channels. a more efficient ar-
rangement than assigning channels to individual sta-
tions.

Like telecommunications equipment manufacturers,
radar makers have a commendable prime customer—a
government that steps up its spending when the econ-
omy starts to sour. There’s a setback in supertanker in-
stallations., to be sure. but no signs of a turndown in
fishing radars. Next year. civilian airways authorities

will start a three-year crash program to equip a score of

airports with electronic aids, including radars. instru-
ment landing systems, and precision distance-measur-
ing equipment. All told, the radar market should move
up steadily—but not spectacularly—over the next few
years.

Industriai seaor falls odt 6f bed

Industrial electronics makers have found out that
sometimes what's bad for Japan can be horrible for
them. They were braced for a lull in instrument sales
this year but figured there would be an upturn with a
new round of plant-building starting in 1972,

The round is nowhere in sight. “*Most big projects
have been delayed or cancelled.” reports Carlton W,

Johnson, Honeywell Inc.’s Far East regional director for
control systems. Capital investments in general sagged
with the recession. And worries about pollution regu-
lations have made petrochemical companies uneasy
about ordering new plants.

What’s more. invoices for boiler controls are very low.
“They are a key indicator,” says Masaaki Toyama. who
heads the sales engineering department at Yokogawa
Electric Works. Japan’s ranking controls company.
“The boilers are usually ordered a year before the ac-
tual start on a plant.”

With the telltale indicator, and most of the lesser ones
showing no growth, the market figures in Electronics’
survey come as no surprise. They show a drop to $400
million in this year from 1970’ $420 million. and
though the outlook for 1972 is a very slight rise over
$400 million. even that unexciting prospect may not
come to pass. “If the market holds steady we’ll be
lucky.” says Toyama.

Almost to a man. controls makers feel it will be an-
other 18 or 24 months before their sales get back on the
track. Meanwhile, “We're in a period of preparation.”
says Masahiro Shimizu, president of Hokushin Electric
Corp. Hokushin and Yamatake-Honeywell are neck-
and-neck behind Yokogawa in the running for the con-
trols business.

Hokushin’s preparations include a new minicomputer
and a drive to boost exports, items that turn up high on
the works lists of other industrial electronics producers.
Although the market is off overall, a strong rise—per-
haps 20%—is in sight for integrated test systems, and
they depend on minis. Any system, in fact, that saves la-
bor has a good chance of finding a customer since labor
is tight in Japan despite the economic growth slow-
down.

Hokushin. for example. is developing a medium-size
process-control computer that fills a niche between the

Coming attraction. As in the U.S.. videophone service in Japan is behind schedule. One big question remaining is whether to use a 1-me-
gahertz or a 4-MHz bandwidth. Trials with both systems are delaying commercial service at least a year beyond the 1973 launching date.
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1BM 1800 model and the Digital Equipment Corp. pDP-
8. It has a 32.768-word wire main memory and can have
up to four [-million-word drum memories tacked on to
it. The Hokushin machine is intended mainly for direct-
digital-control applications.

Yokogawa, too. is thinking about building its own
mini. This computer likely will be an offshoot of the
special-purpose machine it builds for direct digital sys-
tems. Japanese oil and chemical companies are moving
into those systems faster than U.S. companies. Yoko-
gawa Electric’s Toyama. who of course has systems to
peddle. attributes the lead to a “Japanese™ style that’s
evolving in that sector. Early installations had a single
computer to handle the relatively slow chore of process
supervision and the fast one of direct digital control.
With the computer working both fast and slow. pru-
dence dictates heavy analog backup.

In the new Japanese style, Toyama says, a general-
purpose computer takes over the supervisory chore and
a fast special-purpose computer (Yokogawa’s Yodic-
600. for example) pulses the digital controls. The sav-
ings in analog backup controllers, Toyama contends.
mean that a two-computer system costs only 10% to 15%
more than a single-computer setup. This initial out-of-
pocket extra, he continues, gets paid back over the life
of the plant through the savings possible in operators’
wages.

Hokushins Shimizu. however, maintains the next

wave of installations will be one-computer systems—of

sorts. The latest trend he says. is to a single process-con-
trol-computer but with little analog backup. The insur-
ance a big plant needs against frequent shutdowns
comes from a standby general-purpose machine—an
1BM 370, say— whose main job might be inventory con-
trol. It’s this concept that shaped the design of Hoku-
shin’s new computer. The 32,768-word internal memory
is adequate for direct digital control and the 4-million
word external memory is plenty for interfacing with the
standby computer.

Projects for traffic, pollution control

Some things that are bad for Japan. though, are good
for industrial electronics manufacturers. Auto traffic is
so awesome in urban centers that the government has a
$550 million program under way to computerize traffic
controls in all cities with populations of 200,000 and
more.

Last year. “preprogram™ systems went into Yoko-
hama, Nagoya. Hiroshima, Sendai, and Fukuoka. This
year's slice of the program is $45 million—for the green-
ing of the main thoroughfares of Sapporo, Chiba. Shi-
zuoka. Kobe. and Kitakyushu. Matsushita Communi-
cation Industrial Co.. Sumitomo Electric Industries
Ltd.. and Omron Tateisi have the contracts.

Pollution. too. should bring in some business. Air and
water pollution monitoring networks are popping up
throughout Japan: the Tokyo metropolitan govern-
ment. for example, has been using a laser link to trans-
mit pollution charts over closed-circuit television be-
tween two offices. Japan Radio Co. has in the works a
balloon-tracking system for pollution control. Karatsu
of Matsushita Communication says his company is
counting mainly on traffic control, pollution control.
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and educational hardware to bring an 18% to 20% up-
ward burst in sales next year. Under conditions that Ka-
ratsu terms as “very difficult.” Matsushita Communi-
cation managed only to stay even with 1970 sales this
year.

Tough time for testers

Test instrument makers, too, had to rework their mar-
ket digits and the new numbers aren’t encouraging. This
year's market should just about reach $133 million. ac-
cording to Electronics’ survey. a scant 6.5% rise over last
year’s figure. That estimate is pretty firm: the survey
turned up only a whisper of a rise to $137 million.

There are some differences of opinion. though. on os-
cilloscopes. Fred Bode. a director at Yokogawa-Hew-
lett-Packard. thinks that sales of top-drawer. 250-MHz-
and-up units perhaps won’t fare as poorly as less-so-
phisticated models. Research and development can’t
come to a halt even during a recession, and it’s R&D that
buoys that sector of the market, he feels.

At lwatsu Electric Co., the reading is exactly oppo-
site. Kozo Uchida, the company’s chief engineer for in-
struments, figures that the R&D people will have to
make do with their old scopes as companies hold down
spending. “The upward drift in frequencies.” he insists,
“has halted.” In his view, the market mainstays next
year will be scopes for computer and color TV service.

Luckily. all sectors of the test instrument market
don’t scem condemned. as do oscilloscopes. to a no-
growth year. Digital voltmeters. for example. should
score a 10% rise. Takeda Riken hopes to bolster its mar-
ket share with a $330 DVM that has autoranging over
four ranges from | millivolt to 1,000 volts. Takeda.
Iwatsu and Yokogawa are main contenders in the DVM
market. There’s also strong potential for computerized
test systems, everyone agrees, but a market size is nearly
impossible to pin down.

Whatever the mainstays turn out to be. they’ll fall far
short of maintaining the sharp upward climb Japanese
test instrument makers got used to in recent years. So
Iwatsu has started looking more outward than ever: it’s
going into the low end of the U.S. market with oscillo-
scopes in the 2-MHz to 50-MHz range. At the other ex-
treme, Iwatsu intends to offer an 18-GHz sampling
scope. It’s an offshoot of a pulse generator with 130-
picosecond rise time for a 15-volt output. Iwatsu is al-
lied with E-H Rescarch Labs Inc.. Oakland. Calif.

Takeda Riken also has eyes on the U.S. and Euro-
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pean digital counter and meter markets; the company’s
president has been sounding out possible partners in
both areas.

Deep into space

A significant space program is one of the trappings
that mark a major industrial power and Japan intends
to deck itself out suitably. This year’s spending for space
is pegged at $60 million, but next year the figure will
double, maintains Yasuhiro Kuroda. director of systems
planning at the National Space Development Agency.

Nasda now has the space program. once scattered
throughout 14 different agencies, well in hand. To be
sure, the University of Tokyo still carries on with its
own program of small scientific satellites and rockets to
get them into orbit, and had its first successful launch
this September. But Nasda carries the weight for the
Major programs.

Last fall, in fact, the Prime Minister’s Space Activities
Commission charted a new course for Japan's space
program and put Nasda at the controls. The new short-
term cornerstone of the Japanese program is an engi-
neering test satellite that replaces an ionospheric sound-
ing satellite now given a secondary role. The rocket pro-

gram, too, has been revamped: instead of going it
strictly on its own, Japan plans to tap the U.S. for Thor-
Delta technology to speed things up.

Originally, plans called for Nasda to develop a four-
stage “Q” rocket that could put a 185-pound payload in
orbit. In the revamped program “Q™ is out and the *N”
rocket gets priority. It will develop 150,000 pounds of
thrust from a Thor-Delta liquid-fuel first stage. topped
by two solid-fuel stages developed for the “Q” version.
There’s a strong chance that the first *N” rocket to fly
will have an imported knocked-down Thor-Delta first
stage. The following birds will be made in Japan under
license. Contractors are Mitsubishi Heavy Industries,
Ishikawajima-Harima Heavy Industries, Nissan Motors,
NEC, and Mitsubishi Electric.

To keep its new schedule, Nasda must have two “N”
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rockets ready by 1975. The first will launch ETS-1 in a
circular orbit at 1,000 kilometers altitude with an incli-
nation of 30 . The second will loft the 1SS into a circular
orbit, also 1,000 km high, but with an inclination of 70 .
Both satellites will weigh 185 pounds.

With ETs-1, Nasda will check out its launcher, train
crews in tracking and control, try out antenna-rod de-
ployment. and get a precise idea of the environment in-
side the satellite. It all goes well, ETS-2 will be put into a
36.000-km synchronous orbit in 1976.

It will be a 220-pound bird with an experimental
communications satellite. Down for a 1977 launch, the
ECS design is in the concept stage, but Nasda and the
other organizations involved—notably NTT, the broad-
casting service NHK, and the overseas telecom-
munications company KDD—are aiming at something
like 1,000 channels operating above 10 GHz.

Then, too. Nasda has a rough outline for a post-1977
program. On the tentative agenda: a meteorological sat-
ellite, a full-fledged communications satellite, a naviga-
tion satellite. a geodesic satellite, and a broadcasting
satellite to beam TV programs to Asian countries. At the
moment, the meteorological unit is uppermost on Ku-
roda’s mind. It may have to get pushed way up on the
schedule: Japan has signed on for a world program of
weather-watching from space that will start next year
with a U.S. launch and can’t fall too far behind her
partners. “It’s a very sensitive subject.” says Kuroda.

Defense creeps up

Defense electronics doesn’t count for much in Japan.
The country channels very little of its technology and
manpower into its armed forces, which, after World
War 2 were baptized the ground, maritime, and air Self-
Defense Forces. What's more, companies that do “self-
defense” work make as little ado about it as possible. In
Japan. no one wants a militaristic image.

All the same, the budget for defense gets a little
higher every year. Japan gets Okinawa back next year
from the U.S., and that will stretch the defense perime-
ter so much that heavier outlays seem inevitable. For
the current fiscal year, a little more than $2 billion was
earmarked for total defense spending. Next year, the
defense forces establishment wants the Diet to boost its
budget to just under $2.5 billion. “I don’t expect we'll
get quite that much,” explains an official of the defense
agency. Even with $2.5 billion, the defense agency
would have less than 1% of the country’s gross national
product to dispense, a portion that would make military
men in Europe and the U.S. feel they’d been banished
to the poorhouse.

Whatever their funding, the defense people will get
their fourth tive-year buildup plan started during fiscal
1972. The major procurement during the plan’s span
will be some 150 F-4 Phantom fighter-interceptors. At
the outset, they'll be assembled from imported kits by
Mitsubishi Heavy Industries. But over the years, the
Japanese content will be stepped up.

“Make it in Japan” is the byword and the dictum ap-
plies particularly to electronics. The avionics for Japa-
nese F-4’s will be mostly black boxes designed in the
U.S. but fabricated in Japan. Following generations of
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Into the air. Japanese avionics makers are rnding a “"Made in Japan'' trend. with more and more of its Self-Defense Forces equipment made
there. The home-grown C-1 transport. of which 30 will be built in the next five-year plan. will carry a phased-array. early warning system.

Self-Defense planes—a close-support fighter and an an-
tisubmarine patrol plane could be first— will almost
surely have avionics hardware designed in Japan.

During the fourth plan, for example. Mitsubishi,
Toshiba, and NEC will complete the R&D for an active
antenna for aircraft fire-control systems. A tiny solid
state transmitter-receiver will be tucked into each array
element. and the elements will be scanned under the
control of a common computer.

Fourth plan defense projects

There's also an airborne early warning system in the
works., “something like the Grumman E-2". in the
words of an official at Self-Defense headquarters in
Rappongi. But instead of the E-2's big umbrella-like an-
tenna. the Japanese plane wiil bristle with phased ar-
rays at the rear of the luselage. The system will fly on
the C-1 twin-jet transport. of which 30 will be built dur-
ing the fourth plan by Kawasaki Heavy Industries.
Only one will be fitted with the unit, however: it's sup-
posed to be flying by 1976.

Some noteworthy on-the-ground clectronics hard-
ware will be readied during the fourth plan, too. All six
of Japan’s native computer companies have a hand in
the new automatic data-processing system. It's a $30
million project to develop a ruggedized. medium-size
computer for field headquarters of divisions and will be
paired with a status board so the commanding general
can see what he has to cope with on the battlefield. As
yet, the production unit contractor is not selected.

Then there’s an electronic field telephone exchange,
another $30 million project. for which NEC is prime con-
tractor. This exchange will handle several hundred pcM
channels, with rardom access to channels and discrete
addresses. It's slated to be ready by 1976. Then there’s
an artillery-shell-spotting radar: the prototype should
be ready next year.

Finally. the fourth plan will see some cleaning up of
projects started earlier. The Self-Defense microwave
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network, a $45 million affair, will get its last links. And
the air defense network will be bettered by replacing
old hardware with Mitsubishi three-dimensional radars.
The radars are similar to the air traffic control Mitsu-
bishi offers [ Electronics, June 21, p. 68].

Components get sidetracked

Components makers, by and large. have much the
same notion of where they're going as do tourists stroll-
ing with the crowds in the back streets of Shinjinku. one
of the fun-and-games sections of Tokyo. Like many a
tourist, many a components maker has a gnawing feel-
ing he’s headed in the wrong direction.

And there’s much to throw components manufac-
turers off the track they were on until last year. That
track led to annual sales gains of 25% and more, but
now, equipment makers, their own headlong rush
checked. have slowed their components buying. In Ja-
pan. “it's traditional for companies to squeeze their sub-
sidiaries when there’s a recession.” says Sharp executive
director Sanai Mito. Export markets for components.
too, have sagged.

There’s an added woe for capacitor and resistor
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makers. Their growth has long been stunted by ICs.
which have been moving into the many fields of indus-
trial hardware. Now there’s a heavy rush to linear ICs
for Tv sets, a further jolt to resistor and capacitor
makers. To cushion the jolt, EIA-J is trying to persuade
its members to slow the rush. Even so, the outlook is so
touch-and-go that an executive at one big maker of pas-
sive components, who understandably doesn’t want the
company identified, says the question top brass is ask-
ing these days is “What should we make and what tech-
nology should we use?”

Equally difficult is the question of market sizes. At
Alps Electric Co., an independent parts maker. the feel-
ing is that this year's components market will wind up
between 6% and 10% ahead of 1970 and that 1972 at
best will see no gain. At Murata Mfg. Co., Alps’ assess-
ment would' look about right. Some other makers.
though, expect a drop from 10% to 20%. Electronics’
survey turned up a 1970 market of $2.35 billion, a 7.5%
rise to $7.53 billion this year, and a slight drop to $7.52
billion next year.

MOS/LSI leads IC rise

There are pockets of visibility, nonetheless, when it
comes to integrated circuits. They’ll continue to zoom
upward: it’s not a question of whether, only how much.
One big flurry at the moment centers on MOS/LSI pack-
ages for desk calculators. “There’s almost as much
controversy over calculator LSI here as there was over
the SST back home,” says an executive of a major Amer-
ican semiconductor house. So far, U.S. producers hold
around three-quarters of the Japanese MOS/LSI market.
“We hope to make it 50-50 next year” says Toshio
Inoue, deputy manager for engineering of the devices
group at Hitachi. The survey spots a rise in MOS/LSI
next year to $102 million from this year’s $64 million.

Hitachi, NEC, Toshiba, and Mitsubishi all have calcu-
lator-on-a-chip packages well along in development.
Hitachi, in fact, already has a single-package unit—but
with two chips inside—in production. The pair of chips
totals 2,300 elements, and Hitachi insists it’s competitive
in cost with Texas Instruments’ one-chip device, which
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touched off the rush to one-chip calculators. The TI
package, competitors say. sells for $12 to $15 in large
quantities. “TI is so strong that the fact they have a
plant in Japan is not a factor,” says a competitor.

Thus, a scramble for calculator LSI customers is in the
offing. But it seems likely that prices will not tumble the
way they did for transistor-transistor logic. Hiroe Osa-
fune. general manager of the semiconductor division at
NEC. cites two main reasons: only the smaller calculator
producers. he feels, will settle for standard chips, and
MITI undoubtedly will keep a protective cocoon around
the Japanese MOS/LSI makers. MITI already has started
throttling calculator LSI imports. “If we'd approved all
the import applications. there would have been enough
kits this year to make 4 million calculators.” insists
Yoshihiko Sekiyama. head of the agency’s electronic
and electrical machinery division.

Don't forget memories

By the time the calculator LSI market has stabilized.
there'll surely be a groundswell for MOS/LSI memories
for peripherals. Name any big Japanese semiconductor
maker and you've named a company that is readying a
line of MOS memories. At the outset, peripherals will be
the main market. but by late 1973 or 1974 mainframes
will be getting semiconductor memories. t00. NEC's Osa-
fune, as a matter of fact, expects that computer main-
frames will head the list of outlets for the company’s LSI
production in two years or so. Memories for peripherals
will rank second, followed by linear ICs, and finally by
calculator LSI.

It's high tide already for consumer linear 1Cs. They’ll
spurt from $27 million this year to $50 million next, ac-
cording to Electronics’ survey. Japanese companies
dominate that market, largely because most of the big
IC companies have semiconductor divisions. Motorola,
nonetheless, has managed to line up three setmakers as
customers for its low-level synchronous detector for
color TV and has been talking with three other good
prospects. Shoji Akutsu, the company’s sales manager
for Japan, has high hopes for another advanced con-
sumer IC, a coil-less multiplex decoder for fm stereo
sets. Fairchild Semiconductor, too, has ‘“‘some substan-
tial programs” for color TV ICs, reports R.J. Coan, mar-
keting manager for Japan.

Substantial will be an outright understatement for the
orders that the first company on the market with a low-
cost, solid state display will write. The advanced-tech-
nology companies are moving at flank speed to develop
light-emitting diodes, liquid crystals, or anything else
that can outshine the Nixie tube. The price threshold
for a market explosion for seven-segment displays is 1.8
times the cost of a Nixie, estimates Hitachi’s Inoue.

At the bottom of the list (or very close to it) must
come receiving tubes, fast fading as OEM items. So
shaky is the outlook for production of receiving tubes
that the Self-Defense Agency next year will buy all the
replacements it needs to keep its obsolescent tube-based
hardware in action for the rest of its now-limited service
life. Taps for the last receiving-tube plant in Japan will
probably sound before 1980. O

Reprints of this article are available at $2 00 each. Wate to Electronics Reprint Dept P.O
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CoMpONENTS

(millions of dollars)

1970 1971 1972
Antennas, TV 23.3 25.7 23.6
Capacitors, fixed and variable 280.0 297.0 277.3
Connectors, plugs and sockets 53.0 61.0 63.6
Crystals and crystal filters 10.9 11.8 12.1
Delay lines 38 4.2 4.2
Display tubes 20.8 24.6 24.5
Loudspeakers (OEM type) 69.7 72.7 72.7
Magnetic tape 38.0 455 49.4
Microphones (OEM tvpe) 18.8 20.8 21.8
Potentiometers, composition 65.3 71.5 71.5
Potentiometers, wire wound 15.8 16.8 16.8
Printed circuits 88.0 95.3 89.1
Relays 91.4 98.8 97.0
Resistors, fixed 113.5 115.0 100.3
Semiconductors, discrete 463.1 461.3 462.6
Microwave diodes 6.8 8.7 9.2
Rectifiers and diodes (rated more
than 100 mA) 76.6 80.8 84.4
Signal diodes (rated less than 100 mA) 59.6 49.4 49.1
Thyristors, SCRs, four-layer diodes 26.7 32.1 37.9
Transistors, power 122.7 130.3 131.8
Transistors, small-signal 159.5 148.2 137.0
Zener diodes 11.3 11.7 13.2
Semiconductors, integrated circuits 204.9 259.9 320.4
Hybrid ICs, all types 23.2 28.8 39.2
Digital bipolar, small {less than 12 gates) 57.0 60.9 59.1
Digital bipolar, MSI {12 to 100 gates) 133 17.5 25.9
Digital bipolar LS| {(more than 100 gates) 3.5 6.3 9.5
Digital MOS, small and MS| 59.1 46.8 22.7
Digital MOS, LSI 25.8 63.5 102.1
Linear ICs, {except operational amplifiers) 15.8 27.0 49.5
Operational amplifiers, monolithic only 7.2 9.1 12.4
Semiconductors, optoelectronic devices 2.9 7.9 12.6
Switches (for communications and electronics) 59.1 64.9 64.5
Transformers, chokes and coils
(including TV yokes and flybacks) 255.5 301.5 297.0
Tubes, cathode ray [except for TV) 4.2 3.9 3.8
Tubes, power type {including microwave) 33.3 37.3 37.9
g Tubes, receivin 50.0 31.8 21.2
e Tubes, TV picture 387.9 4000  375.8
market tigures and ! TOTAL COMPONENTS 2,353.2 2,529.1 2,519.7

were developed from

inputs supplied by some

80 companies. They retlect

the market outlook as of Oct.

15, 1971, and are based on a

conversion rate of $1=330yen. Since

at that time the value of the yen in terms

of the dollar had not been tinally set and

there was no indication of how long the U.S.

import surcharge would remain in effect, subsequent -
changes in both will signiticantly attect market prices.
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EQuipmenT

‘gctory prices in millions ¢l dobars)

1970 1971 1972
CONSUMZR PRODUCTS
Electronic ranges 58.2 66.7 84.9
Hi-fi component equipment 37.9 51.1 64.8
Stereo sets and combinztions 280.6 296.7 304.5
Radios (including car redios) 169.7 186.7 204.2
Audio tape recorders 166.0 195.5 219.1
Video tape recorders (far home use) 8.5 12.1 18.2
TV sets, black and white 173.6 131.5 113.3
TV sets, color 1,403.0 1,500.0 1,454.5
TOTAL 2,307.5 2,440.3 2,463.5
COMPUTERS AND RELATED HARDWARE
Analog and hybrid computers 6.1 6.1 6.1
/ Digital computers {except minicomputers) 395.2 456.1 530.3
5 Digital minicomputers (value to S13M) 17.4 22.0 27.6
,l‘g; Mass memories, external 261.0 3121 387.9
‘|f' Read-in and readout equipment 168.2 181.8 187.9
O Remote terminal equipment 59.1 106.1 174.2
LY Electronic desk calculators 166.7 136.4 142.4
(Y TOTAL 1,073.7 1,220.6  1,456.4
5‘/" COMMUNICATIONS EQUIPMENT
fri Broadcast equipment 73.56 75.5 78.2
J{ Closed-circuit TV 15.8 16.7 18.6
[:; Intercoms and intercom systems 13.6 15.2 16.8
o Microwave relay systems 53.0 58.5 64.2
i Navigation aids (except radar! 55.8 65.3 73.9
;t‘ Radar (air, marine, ground) 430.6 43.6 47.6
[‘b Radio communications {except public broadcast) 134.7 150.5 168.2
Telephone switching, electronic or semiefectronic 5.1 14.8 27.3
] Wire message equipment {except telephone) 97.9 106.% 116.7
‘ Wire telephone carrier equipment. 154.5 170.5 187.3
”[ TOTAL 645.2 716.7 798.8
ql INDUSTRIAL EQUIPMENT
\ I Industrial X-ray inspection and gauging equipment 30.3 32.1 33.3
: Machinz tool controls 40.9 42.4 42.4
[&“\ Power electronics equipment 2C.6 19.1 18.5
*\ Process controls and related equipmenrt
\",\ {including computers) 291.5 266.7 266.7
Ultrasonic cleaning and inspection equipment 6.1 6.7 73
1 Welding equipment 30.3 33.3 34.8
\ | TOTAL 419.7 400.3 403.0.
b TEST AND MEASURING INSTRUMENTS
Amplifiers, laboratory type 10.6 11.2 11.9
Calibrators and standards, active and passive 15.2 16.4 16.7
Components testers 7.6 8.0 8.0
&”\ Counters and timeis 7.3 7.8 7.9
\ Electronic meters, analog 10.3 11.8 15157
n Electronic meters, digital 4.4 4.9 5.4
lf‘"\ Generators and synthesizers (to 1 GHz) 12.0 12.3 12.9
V; Microwave test and measuring instruments
\ (above 1 GHz) 85 9.3 9.9
Oscillators 9.6 10.5 10.6
Oscilloscopes and accessories 285 29.8 30.0
Recorders, analog and digital 10.6 1.1 1 le)
TOTAL 124.6 132.8 136.5
MEDICAL ELECTRONICS EQUIPMENT
Diagnostic equipment, except X ray 22.7 26.7 31.2
Patient monitoring equipment 3.9 5.5 6.5
Therapeutic equipment, except X ray 76 8.8 10.2
X-ray equipment, diagnostic and therapeutic 400 43.0 49.4
TOTAL 74.2 84.0 97.3
134 TOTAL EQUIPMENT CONSUMPTION 4,647.9 4,994.7 5,355.5
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Everyth|ng czlled for to open up scores of high performance, new-design application
possibilities. So whatever your power control needs, call confidently for Hitachi diodes
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California Street, San Francisco, Calif. 94111 Tel (415 981.7871

Nissei Sargys GmbH (Deutschland) 4000 Disseldorf. Am Wehthahn 41 Tel. 36 09 03 Nissel Sangyo Co., Ltd.. Talpe
Office: Nanking Bldg.. No. 165, Sec. 2, Nanking East Rd., Taipei 104 Tel. 570704 Nissei Sangyo Co., Ltd., Hong Keng
Branch Office: Room No. 904, Realty Bidg., 71 Des Voeux Road, Central Hong Kong Tel. 227403, 22747%

Electronics/November 22, 1971 Circle 135 onreader service card 135



Electronics advertisers

Abbott Transistor Labs., Inc. 6
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THIS SPACE CONTRIBUTED BY THE PUBLISHER

LISTL
TOYOUR
BODX\.

If something’s going wrong,
it'll tell you.
1. Change in bowel or bladder habits.
2. A sore that does not heal.
3. Unusual bleeding or discharge.
4. Thickening or lump
in breast or elsewhere.
' 5. Indigestion or difficulty
in swallowing.
6. Obvious change in wart or mole.
7. Nagging cough or hoarseness.

If you have a warning signal,
see your doctor. Ifit'sa
false alarm, he'll tell you.

If itisn't, you can give him
time to help. Don’t be afraid.
It's what you don't know
that can hurt you.

American Cancer Society
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SEARCHLIGHT SECTION

WELDING HAND TOOL
TWI1TA T J,

$4800 ‘ﬁ{/ -

3
EWALD Ins(rumen(s Corporatlon

CIRCLE 970 ON READER SERVICE CARD
HOW MANY

MILLIONAIRES

ARE THERE IN THE

UNITED STATES?

. and how many NEW mil-
lionaires join the ranks every
year? How did they acquire
their weahh" ’I‘he number and
the r ish you! This ing story
is revealed m a valu-ble new booklet,

"NEW ROADS TO WEALTH AND OPPORTUNITY."
Even more exciting are the factual details about
a specific business opportunity that is nothing
short of a gold mine. %Vhy” Because, as an asso-
ciate of the organization providiag the oppor-
tunity, you help others to succeed.

For your free copy of “New Roads to Wealth and
Opportunity,”* one, wire, or write immed:ate-

ELEK. INTERNATIONAL
Box 22125 «Denver, Colorado 80222 -(303) 757-5500

CIRCLE 969 ON READER SERVICE CARD

1y to:

RADAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC
TRACKING ANTENNA SYSTEMS. NIKE AJAX NIXE MHER.
CULES M-23. MSO-TA. MPS-19. MPS-% SCR S84 TPS-1D
TPS-28 FAA-ASR-2 AIRBORNE SYSTEMS. APN-84 APN-102
APS.20. APS-27 APS-45. DPN-19. DIGITAL COMPUTERS

18M 650, 18M 704
LARGEST INVENTORY OF RADAR AND
MICROWAVE EQUIPMENT IN THE WORLD
RADIO RESEARCH INSTRUMENT CO.
45 WEST 45TM ST N Y. 10036 220 6489

CIRCLE 966 ON READER SERVICE CARD

N VACUUM PENCIL

ucl\ml

mmulme

parts
PHILIP FISHMAN COMPANY

7 CAMERON ST  WELLESLEY MASSACHUSETTS

CIRCLE 968 ON READER SERVICE CARD

EMPLOYMENT
71 OPPORTUNITIES

AGENTS & REPRESENTATIVES
WANTED

For Quality Electronic Producls
 of Ind

he Electronics Corg
ment of India Enterpris
representatives for the
international standards

* Nuclear instruments and systems unodular

* Solid state oscilloscope with plug-in facilities

* Analogue gearmotors

* A-C gearmotors

e Carbon film resistors, metal fim resistors, helicat

potentiometers and zener diodes

* G. M. counters and neutron counters

Please write to
Export Sales Departman®

Electronic Corporation of India Ltd.

Indus Development Area Hyderabad +0. A P NDIA

EMPLOYMENT SERVICE
Electronies / Avionics Emplovment Oppor-
tunities. Report on jobs naw open. | ree
detards. Aviation Employment  Informa-
tion Service. Dept. B Boy 240, Northport,
NY 11768

CUSTOM SERVICES
Handwork At Low Cost—Assembling,
Iransformer core winding. ete. Gemaco
Industries. P.O. Box 744, Port-au-Prince.
Haiu.
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Advertising Sales Staftf

Pierre J. Braudé [212] 971-3485
Advertising Sales Manager

Attanta, Ga. 30309: Charlion H Calhoun
1375 Peachtree St.. N E

[404) 892-2868

Boston, Mass. 02116: James R Pierce

607 Boyleston St [617] 262-1160
Chlcago. 1. 60611: Robert W Bartlett
Kenneth E \_r\a': 645 North Michigan

Avenue. [312] MO 4-5800

Cleveland, Ohio 44113: William J. Boyle
716] 586-504(

Dallas, Texas 75201: Richard P Poole
1340 Republic National Bank Buiiding

(214] RI 7-9721

Denver, Colo. 80202: Harry B yle

Tower Bldg., 1700 Broadway

[303) 266-3863

Detroit Mlchigan 48226 Robert W Bartlett

(313]962-1793
Hous!on Texas 77002 Richard P Pome
2270 Humble Bidg [713] CA 4-8381

Los Angeles, Cailf. 90017: Robert J Rielly
Bradley K Jones, 1125 W 6th St

Minneapolis, Minn. 55402: Kenneth £ Nickias
1104 Northstar Center [6127332-7425
New York, N.Y. 10036

330 W.42nd S

Warren H. Gardner [212] 971-3617
Michaet J Stoller [212]971-3616
Phlladelphla. Pa.19103: Jeffrey M Prest,
6 Penn Center Plaza

[215]LO 8-6161

Pittsburgh, Pa. 15222: Jeffrey M Preston
4 Gateway Center.[412] 391-1314

Rochester.N Y.14534: W|I am J Boyle
)| ) f Y

St. Louis, Mo. 63105: Kenneth E Nickla
The Clayton Tower. 7751 Carondelet Ave
3411 PA 5-7285

San Francisco, Calif. 94111: Don Farn
Richard R. Butera, 425 Battery Street
[415] 362-460C

Paris: Alain Ottergeld
17 Rue-Georges Bizet, 75 Fars 16, France
Te

Geneva: Alain Oftergeld
1 rue du Temple, Geneva. Switzerland

United Kingdom: Keith Mantle
Tel- Hyde Park 1451, 34 Dover Street. London W1

Tel 13-65-03

Stockholm: Brian Bowes
Office 17, Kontor-Center AB, Hagagarten 29
113 47 Stockholm. Tel- 24 72 00

European Special Project Manager: Oliver Ba
Tel Hyde Park, 1451, London 34 Dover Street

Frankfurt/Main: Fritz Krusebecker

Tokyo: Masaru Wakeshima, McGraw-Hilt
Put ) e Y e

Kasumigaseki. Chiyoda-K
(58119811

Osaka: \knmko Kamesz
Publications Overseas
Bldg 163. Urnegae -cho Kita-ku {362] 8771

Australasla Jarren E Ball 1PO Box 510

Business Depanment

Stephen R. Weiss, Manager
[212]971-2044

Thomas M. Egan.

""" 2r [2121971-3140

Carol Gallagher
Assistant Production Manager [212] 971-2045

Dorothy Carter, Contracts and Billings

Frances Vallone, Reader Service Manager

Electronics Buyers’ Guide
George F. Werner, Assoc ate Publisher

Regina Hera, Directory Manager
(212)971-2544

Durango,
Colorado’s
INndusTrial
Development
CoRrpoRraTioN
has some space
for you.

P .

Choose your company s 5|te
in Durango’s 400-acre indus-
trial park orin any of numer-
ous other low-cost locations.
They have the transportation,
the power and the kind of
educated manpower you
need.

Butyou're probably
wondering what you’d do
after office hours in Durango.
Orin any other Colorado city
with a population of 12,000 or
less. How about skiing? Or
hunting, fishing, golfing,
boating, bowling .. . how
about finding out more?

Send for our free 83-page
Executive Portfolio. It de-
scribes 127 Colorado com-
munities—including Durango
—that have prime industrial
sites to suit your business.
Write William C. Hacker,
Colorado Division of
Commerce and Development,
1225 State Capitol Annex,
Denver, Colorado 80203.

where there's room to live and breathe
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Circle 140 on reader service card

Push ON Push OFF

Exceptionally high cur- AL TERNATE ACTION
rent. 6A @ 125 VAC.

Snap-action —  with
fast make & break con-
tacts. SPDT, DPDT &

4PDT — useable either
as Norm. Open, or
Norm. Closed switch.
Silver contacts & term-
inals. Also available as
momentary.

ALCOSWITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS

Shown with
optional switch guards

Circie 138 on reader service card

soron' MIINIATURES

Mustang series have a

§tandard 15/32 bqs?_l- STANDARD
ing, and ultra-minia-  15/32

ture case for rear- BUSHING
panel compactness.

Hi-volt barriers inside

and out. 6A @ 125

VAC, DPDT. Alter-

nate action or mom-

entary types. Replace- \ ;
able red or black caps. 71 _ TURRET

ALCOSWNITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS. INC. LAWRENéE. MASS

COLORED
CAPS

CASE SIZE

Circle 139 onreader service card

i’ DFFERS MORE

Ideal for space lim-  MODERN NEON PILOTS

tations. BNE's lens
appears slightly
above panel. BNF
lens is higher for

greater illumination.
BND square lens
projects from panel
for max. light inten-

-.‘"—‘ ~ .
Sl - o
sity. With and with-

@-‘-ﬁa - oo
out internal resistor.

nL:o ELECTRONIC PROD:J-(;TS,- LAWRENCE, MASS
ISOLATION
remore contro. IRELAY

For safe, shock-free

remote control cir-

cuit applications.

Compact, plastic -_—
case houses step- :

down transformer &
relay. 115 VAC in-

put, 5A capability. A ' ]
Available with U/L 4 ‘ o

approval. FR-105. ‘6

ALCOSWITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS

u/L
AVAILABLE

138 Circle 141 on reader service card

MINIATURE

=~ TERMINALS

How much
free time
do you have
available for
reading?

Add up the number of magazines that
come across your desk.

Multiply them by an average reading time
— minutes to scan, an hour or more to dig in.

Most people canonly spend six hours cach
week on all sources of occupational information.

So how do you fill your professional nceds
and still keep vour reading within reason?

Leaf through this issuc again.

Notice how much of its editorial 1s
designed to keep you aware of trends, show
you how new technologies are being appliced,
and give vou information on new products.

If you want to keep y()urs‘elf up todate and
cutdownonyour readmg time, do the same
thing with every issuc of Flectronics.

When you make Electre nics your regular
habit, you Il find you have only occasional
need for other electronics magazines.

More information, in less reading time, is
one reason it pays vou to have yourown
subscription to Flectronics.

Electronics.

It's all you need to read.

Electronics/November 22, 1971



November 22, 1971

Electronics

Reader service

— — e — —— —
Use these handy post- | o4 14
cards for more detailed ' *For employment inquiries fill in home address.  November 22, 1971 card expires January 22, 1972
information on | Neme B Titte o
products advertised,
new products, | companys , :
~ new literature. : rddrese -
Clrclg the number on the Reader | City _ - State Zip Code
Service postcard that corresponds
to the number at the bottom of the l 1 22 43 64 85 106 127 148 169 190 211 232 253 274 295 316 337 358 379 400 42" 442 463 484 960
verti roduct item. or 2 23 44 65 86 107 128 149 170 191 212 233 254 275 296 317 338 359 380 401 427 443 464 485 961
ad e?;serr:ent, .newt?_ h t "in- | 3 24 45 66 87 108 129 150 171 192 213 234 255 276 297 318 339 360 381 402 423 444 465 486 962
new literature in which you are | 425 46 67 88 109 130 151 172 193 214 235 256 277 298 319 340 361 382 403 424 445 466 487 963
terested. 526 47 68 89 110 131 152 173 194 215 236 257 278 209 320 341 362 383 404 425 446 467 488 964
. . 6 27 48 69 90 111 132 153 174 195 216 237 258 279 300 321 342 363 384 405 426 447 468 489 965
_ Please print clearly. All written 728 49 70 91 112 133 154 175 196 217 238 259 280 301 322 343 364 385 406 427 448 460 490 966
information must be legible to be 829 50 71 92 113 134 155 176 197 218 239 260 281 302 323 344 365 386 407 423 449 470 491 967
correctly processed. 930 51 72 93 114 135 156 177 198 219 240 261 282 303 324 345 366 387 408 429 450 471 492 968

10 31 52 73 94 115 136 157 178 199 220 241 262 283 304 325 346 367 388 409 430 451 472 900 969
11 32 53 74 95 116 137 158 179 200 221 242 263 284 305 326 347 368 389 410 431 452 473 901 970
12 33 54 75 96 117 138 159 180 201 222 243 264 285 306 327 348 369 390 411 432 453 474 902 971
13 34 55 76 97 118 139 160 181 202 223 244 265 286 307 328 349 370 391 412 433 454 475 951 972
14 35 56 77 98 119 140 161 182 203 224 245 266 287 308 329 350 371 392 413 434 455 476 952 973
15 36 57 78 99 120 141 162 183 204 225 246 267 288 309 330 351 372 393 414 435 456 477 953 974
16 37 58 79 100 121 142 163 184 205 226 247 268 289 310 331 352 373 394 415 436 457 478 954 975
17 38 59 80 101 122 143 164 185 206 227 248 269 290 311 332 353 374 395 416 437 458 479 955 976
18 39 60 8i 102 123 144 165 186 207 228 249 270 291 312 333 354 375 396 417 433 459 480 956 977
19 40 61 82 103 124 145 166 187 208 229 250 271 292 313 334 355 376 397 418 433 460 481 957 978
20 41 62 83 104 125 146 167 188 209 230 251 272 293 314 335 356 377 398 419 440 461 482 958 979
21 42 63 84 105 126 147 168 189 210 231 252 273 294 315 336 357 378 399 420 441 462 483 959 980

If the cards have already been
used, you may obtain the needed in-
formation by writing directly to the
manufacturer, or by sending your
name and address, plus the Reader
Service number, to Electronics
Reader Service Department, Box 444,
Hightstown, N. J. 08520.

I

I

I

I

I

I

All inquiries from outside the U.S. |
that cannot reach Electronics before

the expiration dates noted on the I

Reader Service postcard must be |
mailed directly to the manufacturer.

The manufacturer assumes all re- I

sponsibilities for responding to in- I
quiries. Electronics merely provides

and clears requests for information l Company* o o -

|

|

I

I

I

I

I

|

|

|

I

I

24 “

*For empioyment inquiries fill in home address. November 22, 1971 card expires January 22, 1972

Name Title

from inquirer to manufacturer.

Correct amount of post must be LGS - —— - -

affixed for all mailings from outside
the U.S.

Multi-product advertisements

For information on specific items
in multi-product advertisements
which do not have a specific Reader
Service number indicated, write di-
rectly to manufacturer for informa-
tion on the product in which you are
interested.

City S State. — ZipCode.

22 43 64 85 106 127 148 169 190 211 232 253 274 295 316 337 358 379 400 421 442 463 484 960
23 44 65 86 107 128 149 170 191 212 233 254 275 296 317 338 359 380 401 422 443 464 485 961
24 45 66 87 108 129 150 171 192 213 234 255 276 297 318 339 360 381 402 423 444 465 486 962
25 46 67 88 109 130 151 172 193 214 235 256 277 298 319 340 361 382 403 424 445 466 487 963
89 110 131 152 173 194 215 236 257 278 299 320 341 362 383 404 425 446 467 488 964

27 48 69 90 111 132 153 174 195 216 237 258 279 300 321 342 363 384 405 426 447 468 489 965

28 49 70 91 112 133 154 175 196 217 238 259 280 301 322 343 364 385 406 427 448 469 490 966

29 50 71 92 113 134 155 176 197 218 239 260 281 302 323 344 365 386 407 428 449 470 491 967
9 30 51 72 93 114 135 156 177 198 219 240 261 282 303 324 345 366 387 408 429 450 471 492 968
10 31 52 73 94 115 136 157 178 199 220 241 262 283 304 325 346 367 388 409 430 451 472 900 969
11 .32 53 74 95 116 137 158 179 200 221 242 263 284 305 326 347 368 389 410 431 452 473 901 970
12 33 54 75 96 117 138 159 180 201 222 243 264 285 306 327 348 369 390 411 432 453 474 902 971
13 34 55 76 97 118 139 160 181 202 223 244 265 286 307 328 349 370 391 412 433 454 475 951 972
14 35 56 77 98 119 140 161 182 203 224 245 266 287 308 329 350 371 392 413 434 455 476 952 973
15 36 57 78 99 120 141 162 183 204 225 246 267 288 309 330 351 372 393 414 435 456 477 953 974
16 37 58 79 100 121 142 163 184 205 226 247 268 289 310 331 352 373 394 415 436 457 478 954 975
17 38 59 80 101 122 143 164 185 206 227 248 269 290 311 332 353 374 395 416 437 458 479 955 976
18 39 60 81 102 123 144 165 186 207 228 249 270 291 312 333 354 375 396 417 438 459 480 956 977
19 40 61 82 103 124 145 166 187 208 229 250 271 292 313 334 355 376 397 418 439 460 481 957 978
20 41 62 83 104 125 146 167 188 209 230 251 272 293 314 335 356 377 398 419 440 461 482 958 979
21 42 63 84 105 126 147 168 189 210 231 252 273 294 315 336 357 378 399 420 441 462 483 959 980
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To subscribe to
or to renew Electronics
Fill in the subscription card ad-
joining this card. You need to send
no money. Electronics will bill you
at the address indicated on the card.
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Electronics

Reprint service

Reminder: The Post Office now requires your Z/P CODE on all mail. Please include your
Z1P CODE number when filling out your reply card.

First class
Permit no. 42
Hightstown, N.J.

Business reply mail

No postage stamp necessary if mailed in the United States

Postage will be paid by

Electronics

Reader service department
Box 444
Hightstown, N.J. 08520

e e e e e e e e A

First class
Permit no. 42
Hightstown, N.J.

Business reply mail

No postage stamp necessary if mailed in the United States

Postage will be paid by

Electronics

Reader service department
Box 444
Hightstown, N.J. 08520

'World Radio Histo!

Only Electronics editorial
matter listed on this page
available in reprint form:

You may order any of the below listed
reprints by key number. Discounts on
quantities over 10.

Bulk reprints of editorial matter can be
ordered from current or past issues. The
minimum quantity is 500 copies. Prices
quoted on request: call 609-448-1700 Ext.
5494, or write to address below.

Optoelectronics Makes It At Last
16 pages. $2.00
Key no. R-113

Automation For Survival
12 pages. $2.00
Key no. R-110

Computers in The 70's
24 pages. $4.00
Key no. R-107

Reshaping The EE For The Seventies
24 pages. $1.00
Key no. R-18

Special Report on New Look
in LSI Packaging.

Parts | & Il. 16 pages. $2.00
Key no. R-15

Electronics Markets (1971). U S.A.
& European Combined Forecasts.

46 pages. 2 foid-out charts. Bound.
$5.00. Key no. R-13

Computer-Aided Design.
148 pages. $4.00.
Key no. R-11

Active Filters.
96 pages. $4.00.
Key no. R-032

Circuit Designers Casebook.
217 pages. $4.00.
Key no. R-031

Consumer Hazards: Why they
Happen, How they Can Be Fixed.
14 pages. $2.00. Key no. R-027

Special Report: Tomorrow's
Communications. 32 pages. $3.50.
Key no. R-023

Special Report on Ferrites.
16 pages. $2.00. Key no. R-017

Special Report on The Transistor:
Two Decades of Progress.
48 pages. $3.00. Key no. R-016

Field Effect Transistors.
Parts I, 11, and Iil. 64 pages.
$4.00. Key no. R-64

1970 Electronics Index to Technical
Articles and Authors. $1.00.
Key no. R-32

To order reprints or for further informa-
tion, please write to:

Electronics Reprint Department
P.O. Box 669
Hightstown, N.J. 08520

Only orders with cash, check, or money
order wlll be accepted. No invoicing will
be done.



Do you face a make or buy decision on power supplies?

BUY
LAMBDA LZ SERIES

. AC to DC, field repairable
adjustable voltage, single and dual output

power supplies for $35-$65

L - Others
argilida
YES NO | Fully repairable
Continuously adjustable
YES e voltage
YES NO [ Multi-voltage-rated
YES NO Foldback current

LZ-10 $35

Lambda- Others
Pak

Wide input voltage
e — range —105-132 Vac
YES NO | Short circuit proof
YES NO Vacuum-impregnated
transformer
[ Three different power
YES lNO packages

a0 ¥
TAIAL REGULATED POWER SLPeY
SUTRUT T 1RV 1BOMA O
T 100 1REVAC 87

ArAaMBDALT T -

LZ-20 $40-$55

Voltage and current ratings

LZ-10 SERIES S5INGLE OUTPUT MODELS

2% x 32" x Ta*

COMPETITOR COMPARISON CHART

(tracking) outputs

L - Other
ar';\ulria s
YES NO
YES NO
YES NO

LZ-20 SERIES DUAL TRACKING OUTPUT MODELS

202 x 3V2" x 1V4"

MODEL VOLTAGE VDC CURRENT mA  PRICE MODEL  VOLTAGE VDC  CURRENT mA _ PRICE
L2510 5 450 35 1ZD-21 + 5 300 $55
s 120r 15 195 or 150 s __ 1z0-22 2 0071 40
LZ-20 SERIES SINGLE OUTPUT MODELS 12029 L2 1% 2
22" x 3Va" x 1 Va”’ }_Zng =0 L SO
1zD-23 +15 150 55

*Single output ratings for dual output models conrected in serivs

MODEL VOLTAGE VDC CURRENT mA  PRICE =
LZ-30 SERIES DUAL TRACKING OUTPUT MODELS
*1LZD-20 120r15 268 or 300 $55 2% x 32" 2 17"
*LZD-22 24 73 40 MODEL VOLTAGE VDC  CURRENT mA PRICE
*LZD-2. 2 129 55
'532: 2; 84 40 MLID:3) = e 156508
LZD-32 *+120r 15 186 or 220 65
_*1ZD-23 28 143 55 — -
*Single outpul ratings for dual output models connected in series CVERVOLTAGE PROTECTOR ACCESSORIES
LZ-30 SERIES SINGLE OUTPUT MODELS FIXED VOLT
27 x 3%2" x 1%" MODEL RANGE VDC  FOR USE WITH PRICE
MODEL VOLTAGE VDC CURRENT mA  PRICE 1Z-OV-13 68+10% Al SV units® $10
125-30 5 500 $65 1Z-0V-14 16803V Al 15V units® 10
125-33 20r 15 _'336 or 400 &5 2 Z dual units require | overvcltage ac: essovy for each output.
*1ZD-32 24 or 28 186 or 208 65

.-unl:‘”‘"“’ ol
BUTRUT L aavAC 8788 K2

T YO

cvaace Sone
‘w-n‘.‘_.u v

WHETHER
YOU MAKE
OR BUY...

ALAMBDA

ELECTRONICS CORP.

Single and dual

Designed for
series operation

Stocked and distributed
from Los Angeles,
Chicago, Montreal

and New York

LZ-30 $65

A @ Company

MELVILLE, NEW YORK 11746 515 Brocd Hollow Rood Tel 516-694-4200 ARLINGTON HEIGHTS, (CHICAGO) ILL. 60005 2420 East Oakton St., Unit Q  Tel 312-593-2550

NORTH HOLLYWOOD, CALIF. 91605

7316 Vornc Ave

Tel 213 875.2744 MONTREAL, QUEBEC

Circle 901 on reader service card

100C Hymus Blvd , Pointe.Claire, Quebec-730 Tel 514.697.6520



Make your move to RCA’s new “Hometaxial I’ line-up
to find exactly how much transistor you need

i

'
» 2N8261 : 2N5260
i c*).° (m;})wso v qﬁ (lel ) 55V N Vcw m:x )= 40 v
a8y &iEN ey . k]
)‘; 2N6254 2N3055 2N6253
FAN Veeo (Max)=80V Veeo (Max.)=60 ¥ Yoo (Max)=45V

[ L hn = 20-70 hre =20‘70 h;s =20-7

@ lc=5A @lc=4A @l.=3A

2M3172 \ 2N6257
Veeo (Max) =60V
Rec = 1560
@Il.=10A

vug (mx)_aov

o

@lc_{sn i '

2N6264 / 2N3441 2N6263
” Vch (Max )v— 150V I \ sto (Max.) =140V cho (Max.) =120V
FE" 0-60 v h;5=25-lm e = 20-100
@lc=1A @lc=05A @Ic=05A

2N6262 ' A\ 2N3442 ¥ 2N4347

Voo Max) =150V ° \ Veeo (Max) =140V TN Voo Max) =120V
b, = 20-70 b, = 20-70 e h, =15-60
@1.=3A @l.=3A @Il.=2A

2N6259 2N3773 2N4348
Veeo (Max) =150V Veeo (Max.) =140V Veeo (Max)=120 V-
hFE = 15‘60 hFE = 15‘60 hFE = 15‘60
@Il.=8A @Il.=8A @I1.=5A

RCA now introduces ‘"Hometaxial ||

, a second-gener-
ation hine-up of silicon power transistors that will change

Check the chart for exactly which—and how much
transistor you need. Then call RCA. See your local RCA

your design thinking—with new heights in current, volt-
age, and dissipation ratings. Pick your device and price.
Already workhorses of the industry, Hometaxial-base
silicon devices measure up to their specifications—reli-
ably. That's because Hometaxial-base means freedom
from second breakdown!

Representative for more information. For technical data
on specific types, write: RCA Solid State Division, Sec-
tion 70K22 UTL25, Box 3200, Somerville, N.J. 08876.
International: RCA, Sunbury-on-Thames, U.K., or P.O.
Box 112, Hong Kong. In Canada: RCA Limited, Ste.
Anne de Bellevue, 810 Quebec.

“c" Solid State

products that make products pay oft

Circle 902 on reader service card





