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Dialight
sees a need:

(Need: The widest choice for your every appl ication.)

Dialight, the company with the widest

- | choice in switches, LEDs, indicator lights
[y and reaaouts, looks for needs . . . your
;M“ ! needs...and then they develop solutions

2 for your every application. No other com-
T IJ pany offers you one-stop shopping in all
these product areas. And no other com-
pany has more experience in the visual display feld.
Dialight helps you do more with these products than
any other company in the business, Decause we are
specialists that have done more with them. Talk to the
specialists at Dialight first. You won’t have to talk to
anyone eise. Send for your free new copy of Dialight’s
brochure on illuminated —
push button switches I_7IA LIGI‘I I
and matching indicator  oiaignt, A North American Phitips company

203 Harrison Place, Brooklyn, N Y. 11237

lights. Write today. (212) 4377600

: 1922 SERIES Incandescent lighted,
aperates from 5 to 28V. Miniature size, mount in % clear-
ance hole. Life: 1,000,000 operations (bottom switch). [ |
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There’s
something
very special

about this line

of HP XY recorders... A

the newest addition
is the fastest most sensitive machine
we've ever built.

HP’s line of XY recorders is designed to let
you choose the right machine with the
right options to do the right kind of job for
your lab. Firsc: a basic one-pen workhorse.
Then. a fast high-performance version. And
a two-pen model that docsn’t sacrifice
speed.

Now, HP incroduces a very special
combination of acceleration and sensitivity:
The Model 7047A.

This is an outstanding XY recorder, the
top of the line. Sensitivity of 50 xV/in.

Acceleration in the Y axis of 3000 in/sec?
and 2000 in/sec? in the X axis. With fully
guarded input and 130db common mode
rejection.

To meet the demands of the most
exacting lab work, the 7047A gives you a
switchable input fileer, 11 scales of calibrated
offset, internal time base and TTL remaote
control. All as standard equipment.

And like all recorders in che line, the
7047A is built on a strong die-cast
aluminum mainframe. Inside, there are no

Tl it AT D% i

complicated slip clutches, just tough,
continuous duty servo motors that can be
driven offscale independently without
damage.

This is the best of the best XY recorders
ever offered by Hewlett-Packard. Prices
start at $2,850 (domestic USA price only).
For complete details on the new 7047A and
the other recorders in the HP line, see
your HP field representative or write
Hewlett-Packard, 1501 Page Mill Road,
Palo Alto, California 94304. 11408

HEWLETT ﬂ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Wil Road Paio Al torma 94304
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/FOR NEW STANDARDS IN POWER METERS, THINK HP

K 04407A
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l (? | HEWLETT -PACKARD

(CCAL FACTOR )

435A POWER METER

s

It takes more than an accurate meter to make accurate
power measurements. It takes a sensor with low SWR.

And this is just what you get with the HP 435A
Power Meter and its associated thermocouple power
sensor. The HP 8481A Sensor's SWR is typically
one-half that of other mounts. Specs are <1.2 to 12.4
GHz and <1.3 to 18 GHz.

The resulting reduction in mismatch error means
overall measurement accuracy is substantially higher.
Up to now, overall inaccuracies could be as high as
10-20% with high SWR mounts.

The 435A/8481A combination also gives you:

¢ Broad Frequency Coverage: Work from 10 MHz
to 18 GHz without change of setup.

e Wide Dynamic Range: Measure from 0.3 uW
to 100 mW (—35 to +20 dBm) with just one sensor.

e Built-in Power Reference: Verify meter/sensor
calibration at any time for added confidence in your
measurements.

Now available:

e Three New Precision Sensors: For lower

RF (100 KHz to 4.2 GHz); for 75 ohm systems; and for

higher power: 3 mW to 3 W (10 MHz to 18 GHz).

Price: 435A Power Meter $750; 8481A Sensor $400.
Domestic USA prices only.

For complete information, call your HP field engineer

or write.

HEWLETT hp; PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Ml Roac. Pa.n Alto, Califorma 94304

/
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Cover: Standard bus links assorted instruments, 95

International agreement on a standaid in-

strument interface will make it much easier
to build systems out of instruments made by

different companies in different countries. .
This two-part article describes the proposed

bus system from the viewpoints ot the sys-

tem designer and the instrument gesigner.

Opposition to IBM’s satellite proposai grows, 67
Fear of yet another U.S. communications
monopoly has both Government agencies
and private industry lining up against IBM's
proposed entry into satellite communi-
cations.

Charge-transter devices make analog fiiters, 113

The complex filters, delay lines, and multi-
plexers required by today's large cornmuni-
cations systems can be built out of charge-
transfer devices—chips that bring analog-
signal processing the high-performance,
low-cost advantages of MOS technology.

Modeling the bipolar transistor, Part 3, 145

A computer-aided-design program needs
values for many bipolar-transistcr parame-
ters before it can utilize the second-level
nonlinear Ebers-Moll model described in
Part 2 of this series. The third and last article
describes how to measure the parameters.

Andin the nextissue. . .
Special report on the electronics industries
in Japan . . . matching readouts and tem-
perature transducers.
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Publisher’s letter

tandardization is an important

milestone along the road called
technological progress. And right
now, impacted by the rising demand
for automated instrumentation sys-
tems, the world’s instruments
makers are getting together on an
international standard for interface
design. The result: a faster and
cheaper route to creating complex
instrumentation systems.

You’ll find a complete description
of the interface standard and a de-
tailed presentation on what it will
mean to designers in the 12-page ar-
ticle that starts on page 93.

The article was written by David
W. Ricci and Gerald E. Nelson of
Hewlett-Packard Co., which ini-
tiated the interface standard pro-
posal. Supported by other makers,
the proposal was accepted recently
at the Bucharest meeting of the In-
ternational Electrotechnical Com-
mission and referred to national
standards agencies for final action.

The proposal’s impact on instru-
ment system design can be gauged
by the territory it covers—the data
bus’s physical connector, the roles of
the interconnecting bus wires, and
the logic conventions, format, and
timing of control and data signals.
Also covered, as the article points
out, are “other factors necessary in a
communications link that will be ca-
pable of interconnecting instru-
ments and peripherals—computers,
voltmeters, card readers—made any
place in the world.”

Actually, our interface article is
two stories in one. The first part is
for the system engineer and covers
the capabilities and limitations of
the standard when it comes to sys-
tem design. The second part, aimed
at the instrument designer, homes in

on how the interface approach can
be applied to the design of instru-
ments themselves.

he state of the economy—at

home, as well as around the
world—1s not exactly rosy. Along
with other industries, electronics is
feeling the pinch of inflation, high
interest rates, and slackening of de-
mand. To keep you abreast of
what’s happening to the business of
electronics, we’ve put together an il-
luminating pair of Probing the
News stories.

On page 78, you’ll find the results
of a survey we have just completed
on a key short-term economic in-
dicator—money. The conclusion: ac-
counts receivable are still too high
as customers put off paying their
bills. There is a severe money
squeeze, due largely to the high cost
of borrowing, and the emphasis at
more and more companies is on
strict “asset” control, especially of
inventories.

Then, on page 82, you can read
about an important long-term in-
dicator—expansion plans. In the
view of many semiconductor com-
panies, “the world next year will be
flat.” That view has triggered the
delay or abandonment of a host of
plant-expansion projects by U.S.
companies, both here and abroad.
But the picture is not altogether
clearcut for this yeasty segment of
the electronics field, because some
companies are pressing ahead with
plant expansions, despite the gener-
ally grey world economic picture.

Y-
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A new digital phasemeter
that’s accurate t0.05°?

.06° accuracy and .01° resolution

continuous precision measurement
from 0°-360.00°

no 0/360° ambiguity, right down
to readings as small as .01°

5 digit Sperry readout accuracy unaffected by amplitude differences

frequency range 10Hz to 5SMHz

[

g
AT
’
b1

_ﬂ
o
2
o™
£
g

and the best performance
at the best price,
only $1995.—

for immediate action call
(617) 491-3211, TWX 710
320 6583, or contact your
local KH representative,
listed below.

WLl cpoHN-HITE

CORPORATION
580 Massachusetts Avenue, Cambridge, Massachusetts 02139

SALES OFFICES: ALA, Huntsville (205; 534-9771: ARIZ., Scotisdale (602) 937-7841; CAL. San Jose (408) 292-3220, Inglewood (213) 674-6850; COLO., Denver (303) 934-5505;
CONN., Glastonbury (203) 633-0777. FLA,, Orlando (305) 894-4401; HAWAII, Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis {317) 244-2456; MASS.,
Lexin%ton (617) 861-3620; MICH., Detroit (313) 526-8800; MINN., Minneapolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639; N.J., Haddonfield (609)
795-1700; N.M., Albuguerque (505) 299-7658; N.Y., E. Sy:acuse (315) 437-6666, Rochester (716) 328-2230, Vestal (607) 7859947, Elmont (516) £88-2100: OHIO, Cleveland (216)
261-5440, Daytan (513) 426-5551; PA. Pittsburgh (412) 371-3449; TEX., Houston (713) 688-9971, Richardson (214) 231-2573; VA, Alexandria (703) 354-1222; WASH., Seattle (206)
624-9020; TANADA, Mantreal, Quebec (5i4) 636-0525, Toronte, Ontario (415) 424-9111, Stittsville, Ontario (513) 836-4411, Vancouver, British Columbia (604) 688-2619.
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Coolasa
cucumber

Temperature
sensitive
hybrids

welded with

Raytheon
DC Welders.

Rectangular or round —
weld them fast—and cool
—with a Raytheon DC
welder...from the widest
power range of models
available. For more data
or a free evaluation of
your welding needs— call
Tom Daley or Keith
Nutter, Raytheon
Company, Production
Equipment Department,
676 Island Pond Road,
Manchester, N.H. 03103.
(603) 668-1600. -

6
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Readers comment

Storing vested interest?

To the Editor: A real measure of the
effectiveness of a computer is the
number of bits of stored program
required to accomplish a given op-
eration. Considering the instruction
sets of most of the available micro-
processors, one wonders if the de-
signers of these sets had a vested in-
terest in maximizing the required
storage, instead of minimizing it.

One class of instructions in which
the design approach can result in a
differential factor of two or more in
required storage is that of condi-
tional tests. On one side, we see the
skip instructions, which usually re-
quire another instruction to com-
plete the operation, and on the
other side, we have branch instruc-
tions, which are self-contained.

Speaking from experience with
both approaches, I believe that the
conditional-skip approach typically
needs at least twice as many bits of
storage to do anything useful as
does the jump approach. Further-
more, programing with explicit
jump instructions is conceptually
easier and less error-prone, a very
real consideration, since software
accounts for so much of the comput-
ing dollar.

I hope manufacturers of the next
generation of microprocessors adopt
jumps instead of skips; they are
more efficient.

Ernest Stiltner
Boulder, Colo.

Providing a decimal output

To the Editor: Re Jack Lambert’s
article, “Providing a decimal output
for a calculator chip” [Electronics,
Aug. 8, p. 105], I believe that if seg-
ment inputs a, d, e, f (d instead of b)
were used, Mr. Lambert would find
that the only redundancy is on 0
and 8, which still requires the g seg-
ment input to resolve. However, 3
and 7 are now unique (as well as
others). Thus, one inverter and two
NAND gates may be eliminated.
Robert L. LaFara
Naval Avionics Facility
Indianapolis, Ind.
m The author replies: You are indeed
correct, and your selection of seg-
ments will simplify the design since it

frees two NAND gates, one of which
can be used as an inverter so that
only two packs are needed for the
converter.

To elaborate on the published ar-
ticle, however, it was my desire to
have the output dark when there was
no input to the demultiplexer. For the
segment selection a, d, e, fand g, any
unexcited numeral will, when con-
verted, indicate decimal one. Thus a
readout with leading zeros suppressed
will display leading 1s. For my pur-
pose it was worth the extra hardware
to eliminate this.

Arithmetic is simple

To the Editor: In your New prod-
ucts section [Electronics, Sept. 19, p.
156] it is written that National Semi-
conductor’s LM3611 series periph-
eral drivers each contains a pair of
TTL gates driving 300 milliamperes
and 80-volt-output power transis-
tors—“said to be double the voltage
capability of other monolithic pe-
ripheral drivers.”

Simple arithmetic shows that the
80-volt capability of the National
LM3611 is not twice the 100-volt
minimum rating of the Sprague
Series 500 monolithic power drivers,
which have been on the market for
some four years!

The National Series 3611 is in-
tended for relays, lamps, solenoids,
etc., and this is exactly the type of
interface provided by the Sprague
power drivers. Also, our relay driver
versions incorporate integral sup-
pression diodes for use with induc-
tive loads.

Paul R. Emerald
Sprague Electric Co.
Worcester, Mass.

Faster than stated

To the Editor: In the News update
section [Electronics, Sept. 5, p. 42],
the author said the 1BM Word Pro-
cessing System (referring to our
magnetic media typewriters) typed
at a speed of 11 characters per sec-
ond. In fact, all these IBM type-
writers operate at a speed of ap-
proximately 15 c/s.
Fred Steinberg
IBM Corp.
Franklin Lakes, N.J.
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A linear gold mine

in Silicon

Valley

SILICON VALLEY’S BEST LINEARS

perational Amplifiers tage Regu

Dual Timers

“WCTELEDYNE
SEMICONDUCTOR

1300 Terra Bella Avenue Mountain View, California 94043
(415) 968-9241 TWX:910-379-6494 Telex: 34-8416
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Solid Tantalums for

Solid Performance

MOLDED, PLASTIC-ENCASED
ECONOLINE™ TANTALEX® CAPACITORS

Economically priced. Flame-retardant case has

Type 198D flatted section and polarity indicator for easy-to-read »
marking and error-free insertion. High volume fas
production-oriented design for efficient assembly.

Molded straight-wall case eliminates cracking as well | i |
as soldering problems associated with epoxy rundown.

ASK FOR BULLETIN 3546 INFORMATION RETRIEVAL NUMBER 29

EPOXY-DIPPED TANTALEX® CAPACITORS i

Low-cost capacitors that utilize high-quality tantalum
Type196D pellet construction. Dipped coating is hard insulating i s

resin highly resistant to moisture and mechanical
damage. Designed for printed circuit board
applications. Wide range of capacitance values with
voltage ratings from 4 to 50 VDC.

ASK FOR BULLETIN 3545B INFORMATION RETRIEVAL NUMBER 30

HERMETICALLY-SEALED METAL-ENCASED
TANTALEX® TUBULAR CAPACITORS ———

T e 150D Polarized units offer high capacitance, long life, low leakage
YP current, low dissipation factor, and high stability. Also available

to Spec. MIL-C-39003 as CSR09, CSR13, and CSR23.
Type151D Non-polarized capacitors with the same outstanding
characteristics as Type 150D units. Also available to Spec.
MIL-C-39003 as CSR91.
ASK FOR BULLETINS 3520G, 3520.2A, 3521B, 3521.7
INFORMATION RETRIEVAL NUMBER 31

—

MOLDED DOMINO® TANTALEX® CAPACITORS

For hybrid circuit and low-profile printed circuit board
Type193D applications. Offer superior mechanical protection

as well as excellent stability in severe operating and ~

storage environments. Can be attached to substrates &
or circuit boards by conventional methods.

ASK FOR BULLETIN 3532A INFORMATION RETRIEVAL NUMBER 32

ULTRA-MINIATURE TANTALEX® CAPACITORS
FOR MINIATURE CIRCUITS

Types 182D Cylindrical-shaped Type 182C and rectangular- a

shaped Type 183D capacitors, ideal for subminiature .

assemblies requiring the ultimate in component
and 183D density, offer high volumetric efficiency. Housed in

polyester-film sleeving with epoxy resin end seals,
ensuring excellent moisture resistance.
ASK FOR BULLETIN 3517 INFORMATION RETRIEVAL NUMBER 34

MINIATURE RED TOP®

TANTALEX® TUBULAR CAPACITORS B
T 162D Capacitors in resin-sealed cases offer excellent stability. For
ype use on printed wiring boards, in packaged circuit modules, and
in applications where space is at a premium. Priced competitively
with axial lead molded case units. Available on reels, with taped
leads, for automatic machine insertion on PC boards.
INFORMATION RETRIEVAL NUMBER 36
R TR S T ST
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THE MARK OF RELIABILITY

40 years ago

From the pages of Electronics, November, 1934

The home radlo printing-press

Broadcasting had scarcely got
started, before radio men began
asking themselves what other use or
uses could be made of the radio
waves to furnish other services to
the home. And now, after some
years of experimentation, we seem
to be entering upon a new period of
visual broadcasting, when it will be
possible to scatter across the coun-
tryside, to homes in cities and ham-
lets, printed pages and pictures, de-
livered with the speed of light.

Thus “the radio printing press in
the home,” may soon be a reality,
paralleling the commercial use al-
ready made of the same facsimile
methods by the great newspaper
and communication groups.

Home facsimile systems [being
developed include]:

m Otho Fulton’s Fultograph
Sepia-colored solid and half-tone
images recorded by a stylus on
moistened, chemically treated paper
by electrolytic action. One sheet (8%2
by 11 inches) printed at a time, one
sheet in six minutes, with automatic
reloading. Detail: 60 lines to the
inch. Probable retail cost $50. Oper-
ates from modern radio receiver.
Suitable for reproduction of text,
cartoon, and half-tone images com-
parable in quality and appearance
with rotogravure.

m J.V.L. Hogan’s Radio Pen
Black-and-white images recorded in
ink by magnetic pen on a contin-
uous roll of paper, image three
inches wide. Detail: 60 lines per
inch. Probable retail cost: $35. Op-
erates on output of any modern re-
ceiver. Suitable for reproduction of
cartoon and type at a rate of 40
words per minute.

= CJ. Young’s Lawnmower
Black-and-white or half-tone images
recorded from carbon paper on con-
tinuous roll of paper, 8% inches
wide, by a helix-and-bar system.
Detail: 100 lines per inch. Suitable
for continuous reproduction of text,
cartoons, and half-tone images at a
rate of 100 words per minute. Sys-
tem being developed by RCA Victor
Company.

Electronics/November 14, 1974



/ The counter specialists have done it again!

Whether you need a simple frequency counter, a
complete universal counter-timer,or a quality com-
munications counter, Systron-Donner has it.. . at
a sensible price and with features nobody else has.

Low cost frequency counter. Model 6202A is a
simple, straightforward and reliable workhorse for
frequency counting to 5 MHz. Especially suited for
industry and education. Price only $435.

Cemplete universal counter-timer. S-¥s 50 MHz
Moded 6250A offers all universal funcfions along
with such standard features as 1ri ger levels, pre-
st pvsnmms, 2'hdgpeﬂd % toma

_ﬁu

great communications trio. S-D gives you
a choice of three frequency counters, all with 8
digits, tone measurement and sensitivity control to
reject noisy signals. Options include 5 oscillators
to 5 x 10-19/24 hr. and an internal battery pack.
Model 6220A is a 50 MHz unit upgradable to 180
MHz or 512 MHz. Price $650. Model 6251 covers to.
180 MHz. Price $985. Model 6252 (shown) meas-
ures to 512 MHz. Price $1195. Relay overload pro-
tection and metered mpul are standard on the
6251 and 6252..

- For immediate details contact your Scientific De-
ﬁh‘arid"'  vices oﬂa#c dr '

n-Dbmer at 1 Systron Drive,

v 4’ & ~‘.v r “-: |

X
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Q. what'’s new from _
the specialists in waveform analysis?

A. a systems measurement center
that makes 3,000 measurements/sec!

Model 780 measures singile transient to 100 MH z signals + Measures time from 0.1 nsto 10 s

Measures voltage with bandwidth

or computerﬁompahble

svsfmon e,[:> nnNNeg
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rom D.C. to 300 MHz - Calculator
SC l buss ‘programming.

ments n‘ ’.f nlmc Duewces
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In bipolar PRO

fuses canstax

"w ] &

Time has proved that Intel’s polysilicon '+t G
fused, electrically Schottky programmable
ROM:s are the most reliable bipolar PROMs
made. Our polysilicon fuses show absolutely no
regrowth or opening —not in systems in the field,
not even after billions of fuse hours of high tem-

INTEL ADDS 4K PROMS TO THE 3601 FAMILY |  POTature
reverse
PART | WORST CASE IN :
SIZE | NUMBER | ACCESSTIME | STOCK }fé%so% N
o == - have an .
1K 3601-1 50 rs NOW . ny
oo failedin 1.2
oM |2 L billion
2K 3602 70ns 10,1975 | O ¢
(512X4) 3622 70 ns 1Q, 1975 ours tQ
3604 70 ns NOW OpeI‘a 1:??
4K 3604-6 90 ns NOW SYStem 1ie
o tests at
3624 70 ns 1Q, 1975 85°C

Today, the industry’s highest density, highest
performance PROMs have polysilicon fuse re-
liability. Intel's new 3604 is the first 4K design in
real production. It dissipates only 60 uW/bit with
the 3604-6 low stand-by power option. Yet 70
ns is guaranteed from 0-75°C, not just at 25°C.
The new 2K and 4K designs offer three-state
output options— 3622 and 3624. And the
3601-1, at 50 ns worst case access, is the world's
fastest PROM. The ultimate in military PROMs

- , is the 3601M, R
with maximum g5~
access time of e
90 ns from S
Py —55t0 + i
S - - 125°C. R \

These PROMs all program easily, &
in less than a second, with high pro-
gramming yields, using any of several "
standard programmers. Intel distrib- “M"“
utors do it FREE. Or, buy 10,000-up % "
and we'll provide the programmer. Most important, when a polysilicon fuse is blown, it

*IEEE 12th Annual Proceedings on Reliability Physics 1974; Joseph Brauer, "Military Microcircuit Packaging ~ The Electronic Engineer. July, 1972
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Ms, only polysilicon
est of time.

oxidizes completely There 15 no conductive resi- i
due to short other parts of the circuit. In contrast,
blown nichrome does produce conductive resi-
due. Moreover, nichrome can regrow, and
moisture can cause unblown nichrome |
fuses to open over time. No 777
wonder experts question 7/
® the reliability of nichrome |
F fused FROMs*
< The very structure of
» an Intel PROM is inherently |
g- more reliable. You'll find no :
B¢ dissimilar metals, as you do in nichrome-aluminum interfaces, in our bi-
¥ polar PROMs. The fuses are semiconductor material. And polysilicon is
classically simple compared to blown junctions. Blown junctions miss the

__j__ - target, being complex, difficult to fabricate and re-

r | quiring tight programming control. They also require
: { { high current programming pulses that may blow tne
R b ! [ wrong junction.
E |
[
|
L

- , Our prices are low because Intel has always used
L | Schottky and polysilicon technologies for high volume

' _J' memory production. We fabricate the fuses with our

oy T 7 standard silicon gate MOS process and make the rest

Tt CELLSCREMATIC — of the PROM with our standard Schottky bipolar

“ B . technology, also used for our compatible metal mask ROMs.

Write Intel for a PROM application

note. [t shows how to add this monu-

mental reliability to your system

at low cost.

Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.
(408) 246-7501. Free programming

from your ASCII paper tape or master
PROMs at Almac/Stroum, Cramer,
: Hamilton/Avnet, Sheridan Sales, Industrial
~~ , Components, and L. A. Varah.

AP §
) PNy ALY L .
- AN

mtel delivers.
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Dead batteries! Everyone hates ’em. And most
battery powered equipment—cameras, tape recorders,
calculators—don’t warn you until it’s too late.

Now Litronix—the world’s largest manu-
facturer of LEDs—introduces the RLC-400 Battery
Status Indicator. It’s a red GaAsP warning light and
voltage-sensing IC combined in one little T-1 lamp
package. The light is on at 3V, off at 2V.

One of the nation’s most prominent camera
manufacturers uses it. Any battery-powered device
that uses it may acquire an important competitive
advantage at low cost.

The Litronix Battery Status Indicator will

cost you only 60¢ in quantities of 1000. And you

keep production costs down because you don’t

have to test, assemble and inventory several
components.

If you need a warning light that goes on
and off at different voltages, get in touch with us. We
may be able to help you.

You can get a free sample of the Battery Status
Indicator by writing us on your company letterhead. Or
if you want more information quick, contact Litronix,
19000 Homestead Road, Cupertino, California 95014.
Phone 408-257-7910. TWX 910-338-0022.

No wonder
we're No.1
in LEDs

litronix
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a littie A-300
goes a
long way.

RS WS
AR LUNECEN
)
3 L J

In high frequency trans-
mission. RF power generation
for industrial and research
processes. RFI/EMI and
general laboratory
applications, too.

The Model A-300 is a totally
solid state power amplifier,
covering the frequency
range of 0.3 to 35MHz with a
gain of 55dB. Capable of
delivering 300 watts of linear
Class A power and up to 500
watts in the CW and pulse
mode, the A-300 is the
ultimate in reliability.

Although the unit is perfectly
matched to a 50 ohm load,
it will deliver its full output
power to any load (from an

open to a short circuit) without

oscillation or damage.

Complete with power supply,
RF output meter and rack
mount, the A-300 weighs a

mere 89 pounds and operates

from ordinary single
phase power.
High power portability goes
a long way for $5350.
For further information or a
demonstration, contact ENI,
3000 Winton Road South, Rochester,

New York 14623. Call 716-473-6900
or TELEX 97-8283 EN | ROC

The World's Leader
in Solid State
Power Amplifiers

14 Circle 14 on reader service card
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Schulke moves
to manage |IEEE

.

next year as |IEEE’s general manager.

New. Maj. Gen. H.A. Schulke, Jr., right, will take over

scales, better industry employment
statistics through updated Govern-
ment job-identification codes, and
implementation of a new
pension plan that will pre-
vent engineers from losing
benefits each time they
change jobs.

Traveller. Work on those
last two categories is ex-
pected to bring Schulke to
Washington more fre-
quently than his predeces-
sor. And the IEEE clearly
sees the JCS communi-
cations chief’s special
knowledge of the Federal
bureaucracy as a distinct
asset in getting increased
Government cooperation.

Schulke may also receive
interesting feedback from
his oldest son, Lt. Herbert
A. Schulke III, who is creat-

During his rise to the directorship of
communications-electronics for the
U.S. Joint Chiefs of Staff, Maj. Gen.
Herbert A. Schulke, Jr., gave new
meaning to the Gilbert and Sullivan
line that “he is the very model of a
modern major general.”

“Judd” Schulke is a specialist who
supplemented his 1946 bachelor of
science from West Point with a doc-
torate in electrical engineering from
the University of Illinois. And on
Jan. 1, 1975, when he leaves the
Army to succeed the retiring Don-
ald G. Fink as general manager of
the Institute of Electrical and Elec-
tronics Engineers, Dr. Schulke—“I
prefer doctor to general,” he says
quietly—looks forward to becoming
a model modern manager. Consid-
ering the JCS management responsi-
bilities he has mastered, he should
not find the transition difficult.

“I consider this the greatest op-
portunity of my life,” says Schulke,
51, of his new job, one whose title is
due to be broadened soon to that of
executive director. As an IEEE Fel-
low and a lifetime engineer, he sees
new opportunities for the Institute
in offering its members programs in
continuing education, development
of professional standards, better in-
formation on engineering salary

ing a tradition for the fam-
ily by commanding a communi-
cations outfit at an army post in the
South. The younger Schulke is very
likely to be using hardware there
that was earlier approved by his fa-
ther as chief program planner for
the deputy director of defense re-
search and engineering.

Curry gears Monolithic
to n-channel MOS

After giving up on metal oxide
semiconductors about a year ago to
concentrate on bipolar memories,
Monolithic Memories Inc. has again
changed its course. And if the Sun-
nyvale, Calif., semiconductor manu-
facturer meets its goal of shipping
Reentry. Joe Curry's experience makes
n-channel MOS processing seem easy.




Join‘em...
the growing crowd using
MOSTER’s 16-pin4K RAM!

Tne crowd of MOSTEK's 4K RAM
users continues to grow. Why this
prefererce for MOSTEK's 16-pin
MK4096 over 22-pin alternates? Let's
review a few of the reasons:

MOSTEK saves you memory board
space. You can pack over twice the
memory in the same board space as
the 22-pin designer, without
increasing power dissipation. The
result is a more compact and efficient
system.

MOSTEK leads in 4K performance.
Check the comparative performance
table for proof!

MOSTEK gives you direct
compatibility with TTL, DTL, ECL and
CMOS. The MK4096 will interface

MOSTEK moves forward...in memories.

directly with these pogular logic
families without the special
high-voltage clock drivers required by
22-pin RAMs. Fewer address drivers
are required also.

COMPARATIVE PERFORMANCE - "6-PIN US 22.PIN RAMs

Dutpur Levels
OutoutO[Max} '0.4at 2mA |0.4Gat 1.8 mA (0.4 at 3.2 mA
Output | (Min} 243t 5mA 24at100uA  243t2 mA

Access Time | 300ms 30ns | 300ns
Read Cycle Time 425 ns 500 ns 470 ns
W-ice Cycle Tim: 425ns 700 ns 470 ns
| |

Outour Duta

Hold Time 260 ns 40 ns 30ns
Clock

Characteristics 2T One One

Clocks 12V Clock 12V Clack

7 pF 21 pF 27 pF

PARAMETER MOSTEK 207 a0
Power Dics 375 mwW | 425 mW 690 mW
nput Levels

Input O (Max) 08 08 06

Jnput | (Min} 24 ‘ 30 22

MOSTEK's 4K RAM is easy to use.
You can use readily available
automatic handlers both for incoming
test operations and in circuit board
assembly. Not s¢ with 22-pin versions!

Want still more reasons to join the
MOSTEK 4K RAM team? Then contact
MOSTEK at 1215 West Crosby Road.
Carroliton, Texas 75006, (214)
242-0444—or your local MOSTEK
distributor or representative. In
Europe contact MOSTEK GmbH,
TALSTR 172, 7024 Bernhausen, West
Germany, Tel. (0711) 70 10 96.

MOSTEK
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What You Should Know About...

Miniature
High Voltage
esistors

new Mini-Mox resisfors
ofter 100 ppm TCR

olus low noise characteristics

If you are responsible for design of high-voltage, highly-stable
miniaturized electronic networks and equipment, the new Mini-

MOX resistor can be a life saver. Mini-MOX
resistors have all the ingredients you need @
@

to cook-up new designs for ultra-critical

applications. For instance, Mini-MOX :g;,f
resistors are a fraction the size of con- —

ventional types; they meet or exceed

MIL-R-10509-F for environmental

parameters . . . 100 ppm or less; stability

better than £29% for 2,000 hours at full load; low-voltage coeffi-
cient less than 5 ppm/volt, measured between 100 volts and
full-rated voltage; in
addition, typical quan-
tech noise at 20 meg-
ohms is less than 0.5
microvolt/volt.

All these character-
istics combine to pro-
vide extremely-rugged
and highly-stable re-
sistor configurations
TYPICAL LOAD STABILITY that are virtually im-

0.1 mune to environmen-
z tal extremes. Avail-
# able off-the-shelf in a
i wide range of resist-
02 ance values,Mini-
MOX resistors are
3_a 567891000 2 3500 jdeally-suitedforhigh-

TIME (Hours) A .

. voltage applications

Rating Dper. Length Diameter Where long-term sta-
Model Resistance @70°C Volts Inches Inches bility and power-to-

MOX-400  1-2500 megs  .25W 1000V 420  .130 ; 1 Al
MOX-750  1-5000 megs  .50W 2000V 790  .130 size ratios are critical.
MOX-1125 1-10,000 megs 100W 5000V 1175  .130

TYPICAL TCR CURVE
for 100 MEGOHMS

8

o

. TCR-PPM +

g

80 40 0  +40  +80 +120 +160  +200
AMBIENT TEMPERATURE (°C)

0.2

Write for complete Technical Data Sheet on Mini-MOX Resistors:

Victoreen Instrument Div. of VLN Corp., _

10101 Woodland Avenue, Cleveland,
VICTOREEN

DMA 667

Ohio 44104. Telephone: 216/795-8200
Expertise in high voltage
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new MOS devices early in the second
quarter of 1975, it will be Joseph
Curry who helps pull it off.

Curry, an up-and-coming and ag-
gressive 30-year-old specialist in
process technology, has impressive
credentials. Besides holding a bach-
elor’s degree in electron physics and
a doctorate in metallurgy and mate-
rials science, Curry spent three and
a half years at the prestigious Bell
Laboratories, where he became
head of digital development at the
Allentown, Pa. facility.

Following this, he put in two
years at Electronic Arrays Inc.,
Mountain View, Calif., where, as di-
rector of process technology, he was
instrumental in moving that com-
pany’s n-channel, silicon-gate MOS
process from pilot to production
line. It’s just this kind of process that
Monolithic Memories hopes to get
onstream. Very likely, the company
has been influenced by forecasts
that MOS alone of the semicon-
ductor technologies will show any
growth in the years ahead [Electron-
ics, Oct. 31, p. 27].

Repeat. Curry is sure he can do
the same for Monolithic Memories
as he did for Electronic Arrays—and
in much less than the year to 18
months it normally takes to set up
such an operation. “All it takes is
knowing what you are doing and
where you are going, as well as a
corporate commitment to get there,”
he says. “And we’ve got all three in-
gredients.”

Monolithic Memories is concen-
trating on ‘‘high-performance
memories of 1 kilobit and up,” he
continues. The first product, a 1,024-
bit n-channel silicon-gate random-
access memory, is nearing the pilot-
line stage after only a three-month
effort that began shortly after Curry
joined the company last August. A
40,000-square-foot production-line
facility devoted to n-channel MOS
will be completed in February 1975.
The move from pilot line into pro-
duction should happen shortly after.

Curry hasn’t the slightest doubt
that he will put his company into
the MOS marketplace on schedule.
“If I weren’t confident that we could
do it,” he says, “I wouldn’t have
tried in the first place.”

Electronics/November 14, 1974



cMl FILTER
CAPITAL OF THE WORLD

FROM CERAMIC POWDER TO MIL-APPROVED TEST LAB...
ERIE HAS IT ALL, UNDER ONE ROOF ‘

Only one company can deliver your total EM! Ceramiic Filter needs . .. ERIE. We've been
applying sophisticated ceramic and related technologies to developing superior filters for
35 years. Today ERIE has, by far, the broadest ling of subminiature EMI Filters in the world.
From tiny high frequency filers to broad band frlners to custom filter assemblies, ERIE offers
the ultimate in quality. And you get single-source resbomsibili(y too, for we build the
complete filter in a plant devoted exclusively to the design and manufacture of EMI Filters.
So come to ERIE for your filter needs. We'llput 4 tear#: to work on your particular application.
Aerospace. Communications. Avionics. Industrial Equipment. Whatever the market, we can
help eliminate electromagnetic noise’” and emissions. In the meantime, write for our
complete catalog . . . EMI Filtiers or call 613/392-2581. |

ERIE TECHNOLOGICAL PRODUCTS, INC. ER.
| Erie, Pennsylvania 16512
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Your problem is data input and storage.
The answer is ready to ship.

TheTU60 cassette mag tape recorder.

Proven. Reliable.

Priced at 1600 in quantities of a hundred.

Maybe you're storing numerical control data,
communications messages, or data logged from
instruments.

Maybe you're involved with program develop-
ment, file searching, or remote control storage.

Or maybe you want to store your data in small,
rugged, portable packages.

The TUG6O cassette mag tape recorder is the
answer.

We designed the TU60 specially for accuracy
and reliability.

The mechanics are simple and sturdy: the TU60
is tough. Its extra-heavy 1 mil tape resists stretching
and edge wear; it’s spec’d at 1000 passes, with a
typical life of 6000. Reel-to-reel drive and servo-
controlled motors give smooth, easy starts and
stops, with no capstans, pul-
leys or pinchrollers that
could damage tape.

Power variation
or mechanical dif-
ficulty won’t cause
mistakes either: the
read electronics adapt
to tape speed. Each
data record is terminated with 16 bits of
cyclic redundancy checking. The machine reads
even very low data levels, yet rides right over any
noise between the data blocks. Other error reducing
features include automatic leader detection and
single-track low-density recording.

With an error rate ten times lower than that of
most other systems, the TU60 is a machine you can
count on.

Maintenance is rarely necessary. When it is, it’s
no problem. The top flips open, everything is acces-

sible, and the two
main modules can
be replaced in
minutes.

The TU60 is
easy to interface to
any major minicom-
puter —if you want,
we'll even design
and manufacture the
interface for you.

And compared to
paper tape, the TU60 is easier
to handle, less messy, and a lot
more versatile. (Ever try to erase a hole?)

Look at the price: $1600 each in quantities of a
hundred. Low? Low.

So pick up the phone and dial 800-225-9480.
Toll-free from 8:30 AM to 5:00 PM Eastern time.
(US only. Massachusetts residents, please

dial (617) 481-7400, extension 6653.)

We're the Components Group of Digital
Equipment Corporation, One Iron Way,
Marlborough, Massachusetts 01752.

In Canada: Digital Equipment of Canada
Limited, P.O. Box 11500, Ottawa, Ontario,
K2HBKS. (613) 592-5111; extension 154.

dlijgliltiall,

COMPONENTS
GROUP

Unbundling the world's most
popular minicomputer systems.
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FLAT INTERCONNECTS Meetings
YOUR COMPLETE SOURCE | ...cncicrm scrcotucor 1

Conference, 1IEEE, Atlanta Inn, At-
lanta, Ga., Nov. 18-20.

Ribbon Cable / IC Interconnects / Custom Harnesses

You're sold on flat cable, now buy it at its best.
Precise, compact cable packages to fit your specifi-
cations perfectly, computer-loomed for unmatched g 5
versatility by Woven Electronics. | Systems, IEEE and Pr“gg;‘:i‘;afrl‘;‘

Handling ease of independent non-bonded leads ' Printh,on NgJ Novgl9 gle,
speeds production, cuts cost, while technical charac- > T
teristics outrank other flat cable forms.

Make Woven your source for jumpers, continuous
rolls, special harnesses, all your interconnect needs.

Communications Transmission
Seminar on Wideband Analog Cable

Specialist Conference on Tech-
nology of Electroluminescent
Diodes, 1EEE, Atlanta Inn, Atlanta,

Ga., Nov. 20-21.
WOVEN ELECTRONICS . . .
P.O. Box 189 Mauldin, South Carolina 29622 | Flectronica ’74—International Fair
803/963-5131 on Components and Production

Equipment, Munich Fair Co., Mun-
ich, Germany, Nov. 21-27.

Sixth International Congress on Mi-
croelectronics, IEEE et al.,, Congress
Hall and Fairgrounds, Munich,
Germany, Nov. 25-27.

First National Microprocessor Con-
ference, Arthur D. Little Inc., Shera-
ton-Boston Hotel, Boston, Dec. 2-3.

National Telecommunications Con-
ference, IEEE, Sheraton Inn, Harbor
Island, San Diego, Calif., Dec. 2-4.

Eighth Asilomar Conference on Cir-
cuits, Systems, and Computers,
Naval Postgraduate School (Monte-
rey, Calif)), IEEE, et al, Asilomar
Hotel and Conference Grounds, Pa-
cific Grove, Calif., Dec. 3-5.

International Colloquium on Com-
plex Integrated Circuits, Fédération
Nationale des Industries Electron-
iques (Paris, France), Paris, Dec.
3-6

Twentieth Annual Conference on
Magnetism and Magnetic Materials,
IEEE and AlP, Jack Tar Hotel, San
Francisco, Calif., Dec. 3-6.

International Electron Devices
Meeting, 1IEEE, Washington Hilton
Hotel, Washington, D.C., Dec. 9-11.

ICMB 74, International Conference
on Magnetic Bubbles, IEEE, APS, and
iBM Corp., 1BM Research Labora-
tory, San Jose, Calif., Dec. 9-11.
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OLID ROCK
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ROCK SOLID

The most solid, stable glass-sealed ceramic capacitors around. Processed
with unique and proprietary techniques (patents pending). That’s
what makes GTI/Tenso’s glass-sealed ceramic capacitors as solid and

tough as a rock. Results:
= No point contact resistance = Higher insulation resistance
= 50% lower ESR

s Greater volumetric efficiency
s Dielectric stability = Smaller size (resulting in greater
component density on the board)

Body charac:eristics available: NPO (COG), X7R (BX) and Z5U (GP).
GTIl/Tensor tapes and reels your order for automatic insertion.

For hard facts and rock-solid deliveries, write or call us or one of our
representatives; while you’re at it ask for our new catalogs on
Glass Sealed Ceramic Capacitors and Monolithic Chip Capacitors.

‘ tensor by e [
|=T| electronics.inc. e S50

(714) 4537262 Telex: 69-5056
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New solderless
Micro Pierce™ Connector.

connector system

Choose from the most widely accepted solder-  solder-type connectors have been put into tele-
type connectors available or from the newest phone industry service since 1957. And we've
solderless connectors on themarket. Either way  never had a single reported connector failure.

the Blue Ribbon® connector family givesyou  That's proven reliability.

proven reliability. Amphenol’s new Micro Pierce solderless con-
' More than 250 million Micro Ribbon  nectors offer the same quality and reliability
> - AN plus important extras. Like cost savings, con-
' venience and speed. You can now terminate
cablesin the field to the exact lengths you need.
Save thousands of dollars in cable costs alone.
Save on termination costs, too. Terminate a 25-
pair connector in the field in less than 5 minutes
with our field termination tool kit. Or less than 4
minutes with our semi-automatic tool. Factory
or central office termination takes only 2




Blue Ribbon \"

Proven solder-type
Micro Ribbon® Connector.

“,

gives you the choice.

minutes with the new automatic termination
machine.
You also get individual conductor strain relief

to prevent “opens” caused by
cable tlexing. ‘\)\l_y,

K.
Micro Pierce solderless & e
— g —

connectors are completely

intermateabie and inter-

mountable with the millions

of Micro Ribbon solder-type

connectors and bridging

adapters alreacly in service. '
And the price is no nigher.

So your choice is simple.

Use the one that best fits

your individual needs.

Both use the same standard Blue Ribbon
hardware and accessories. And both have tele-
phone industry acceptance plus second sovree
availability.

Get the whole package from Amphenol. Con-
nectors, termination equipment, hardware and
accessories. Whether you buy cable assemtblies
from an outside supplier or make them yourself,
you can’t get a lower installed cost.

Call for details. a demonstration and samples
for evaluation. Or, write for new catalog.
Amphenol Industrial Division, Bunker Ramo
Corporation, 1830 S. 54th Avenue, Chicago, Ill.
60650. (312) 242-1000.

= AMPHENOL
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Theres only one cermet film resistor
with enough design improvements

) )

anew standard of quality,.

\

|

Uitra thick
solder coated wire leads
are both weldable
and soiderable.

Capless design
does away with problems
associated with
end cap construction.

Conformal coating
provides outstanding
insulation properties.

We blended our extensive fixed resistor knowhow
with 15 years of cermet experience to produce an
outstanding cermet film resistor. And we've devel-
oped unigue manufacturing techniques that let us
provide consistent quality.

Available in preferred resistance values (E96 Series)
from 10 ohm to 1 meg; higher values available on
special order. 1/4 watt at 70°C; 1/8 watt at 125°C;
1% tolerance; 100 PPM. Size 0.250 L. by 0.090 D.

N e
..-..’ %

- £ d

Alumina core
is physically
and thermally
strong
to resist fractures.

Crisp, clear,
dual markings
for easy
identification.

Available in tape reels if you prefer.

Approved to MIL-R-10509 for Style RN55, Char-
acteristic D. Write Allen-Bradley Electronics Division,
1201 South Second Street, Milwaukee, Wisconsin
53204 for complete technical details on Type CC.
International Division, Milwaukee, Wisconsin 53204.
Canada: Allen-Bradley Canada Limited, Cambridge,
Ontario. United Kingdom: Allen-Bradley Electronics,
Limited, Jarrow, County Durham NE32 3EN.

If you're really serious about cost, be serious about quality.

ALLEN-BRADLEY
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Problems seenin
T1 watch works

Carlson ousted
as head of Rockwell
Microelectronics

RCA pushes SOS
despite skepticism

Signetics offers
field-programable
logic arrays

Electronlcs/November 14, 1974

Electronics newsletter

Texas Instruments’ decision to postpone its entry into the consumer
digital watch market was due at least partly to problems with the watch
itself, say well placed sources [Electronics, Oct. 31, p. 29]. Those sources
mention exposed wire bonds, low-capacity batteries, and a faulty rotary
switch for making time settings as the defects. They also feel that the
problems may force the semiconductor giant to take another look at its
plans to enter the market initially through sales of its digital modules to
traditional watchmakers for use in their models.

R.S. “Sam” Carlson has been eased out as president of the Micro-
electronics Group at Rockwell International’s Electronics Operations.
His replacement is Don A. Mitchell. The move comes as the company
is experiencing heavy setbacks in MOS-chip production.

Under Carlson, who has headed Rockwell’s MOS activities since they
achieved division status in 1969 [Electronics, April 14, 1969, p. 33],
sales have grown from $20 million in 1970 to $180 million this year. Un-
der him, the group produced the first commercial MOS calculator (for
Japan’s Sharp), and expanded into finished calculators—including, this
year, a line carrying the Rockwell name.

Carlson will become vice president and assistant to Donn L. Wil-
liams, president of the Electronics Operations. Mitchell retains the title
of executive vice president in control of microelectronic (MOS) devices,
products (calculators), business equipment (the former Unicom Sys-
tems), and Britain’s Sum-Locke Anita.

RCA is moving steadfastly ahead with its silicon-on-sapphire IC pro-
gram, despite growing skepticism by competitors of SOS’ worth. Such
semiconductor manufacturers as Texas Instruments, Intel, and Na-
tional Semiconductor doubt that the cost of developing SOS devices is
worth their advantages over devices made by established technologies.

RCA is introducing a host of new standard C-MOS circuits on sapphire
substrates that are aimed at both digital processing and timekeeping
functions. A 4-megahertz timing circuit for analog electronic watches is
now ready for sampling. Because the circuit runs at higher frequencies
than today’s standard 32-MHz circuits, it can be driven by a smaller,
cheaper 4-MHz crystal. A digital-readout SOS circuit will follow.
Planned for first-quarter introduction is a 1,024-bit C-MOS-on-sapphire
RAM (see p. 42) aimed at high-speed buffer and cache-memory systems
for computers. In addition, selected standard circuits from the com-
pany’s large 4000 family will be produced on sapphire to boost their per-
formance into the mainstream of data-processing applications. Among
these are SOS versions of the 4017 decade counter/divider, the 4040 12-
stage binary ripple counter, the 4066 quad bilateral switch, and the
4518 synchronous dual BCD counter.

The future of programable logic arrays has been greatly enhanced
by a field-programable device developed by Signetics. Until now most
PLAs, which many designers predict will become the next generation of
control circuits for microprocessors, have been mask-programable
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only. The Signetics design is programed by applying current to “blow”
nichrome lines in the desired program configuration, much in the man-
ner of programable read-only memories. The PLA will have 16 inputs, 8
outputs, and an access time of 50 nanoseconds. It is scheduled to be in-
troduced in the second quarter.

After more than two years of development, National Semiconductor of
Santa Clara, Calif,, has come up with an integrated voltage reference
on a chip, the first zener function ever made in IC form. Planned for
the first quarter, the part is specified at 0.1 ppm per degree centi-
grade drift; a long-term stability of 100 ppm (or 0.01%); a dynamic im-
pedance of 1 ohm (compared to 15 ohms ordinarily); and a current
drain of 200 microamperes. It will be the first in a family of zener-type
ICs to be introduced over the next year.

Goldmark Communications Corp. has landed the initial contract to
study telecommunications needs for the proposed $200 million New
York City Convention Center. If the complex is built, over the objec-
tions of neighborhood groups, Goldmark Communications could even-
tually be responsible for designing, purchasing, and installing a com-
plete communications network. The system would include management
information, security and safety, teleconferencing, TV broadcasting,
possibly through satellites, and audio-visual systems.

Scientific Micro Systems of Mountain View, Calif,, formerly Signetics
Memory Systems, is re-emerging after two years in the doldrums and
an infusion of new capital from its parent company, Corning Glass
Works—this time as a microcomputer house. By year-end, SMS will
make available a proprietary “MicroController” that will be a com-
plete microcomputer system incorporating an in-house-developed
bipolar Schottky microprocessor with a cycle time of 300 nanoseconds.
Combined with unique system architecture, the SMS microcomputer
will allow control sequences to be executed up to 100 times faster than
many currently available microprocessor systems.

Field-effect liquid-crystal displays with direct-current time-shared mul-
tiplex drive have been developed for digital multimeters and panel me-
ters by Shinshu Seiki Co., a manufacturer of watches and printers. The
company, which will start sales by year-end, hopes to take business
away from light-emitting diode and fluorescent tubes because the new
dynamic displays reduce power requirements by an order of magnitude.

TI says more layoffs will follow the 2,250 in Taiwan and Singapore.
Some 490 also were furloughed at U.S. and other operations, and
another 2,500 to 3,000 will be laid off in the fourth quarter. .. . At the
same time, Motorola Semiconductor is laying off 3,000, including 2,000
in Phoenix. . . Electronics firms plan to increase capital spending by 8%
next year, but cut back 1% in 1976, according to the latest McGraw-
Hill capital-spending survey.
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Perfect for
power supply

design.

Unitrode’s new ESP Power Switch provides the power transistor and
catch diode functions required in switching regulator applications.
One convenient package delivers the extra Efficiency, Sgeed, and
Power needed to improve response time over regulating components
ccmmonly used in power supplies...and at no extra cost.

Jnitrode selects and matches its exciusive ESP high speed recti-
fiers and power transistors to produce a single, plug-in TO-66
package...saving hours of design time.

This new ESP power switch operates with more than 80% effi- >, 3
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RFI. Circuit designers can use a smaller LC filter, further reducing
total power supply size, weight and cost.

Fcr detailed specifications and performance characteristics on
bcth SA and 15A units, send for our ESP Power Circuit literature.
Or, for faster action call Ernie Crocker at (617) 926-0404.

Oupy lopus T Typical Typical
ut t ical
Type Cur%nt chrt)auge E |cnlgnacy R«syeP ﬁrane Fal 'Fn:r?re
|1 P Vq,.z— _n' - : _tTVv el "v. 1!
POSITIVE OUTPUT
PIC600 60V . |
PICEOT 5A 80V 85jfo @iA 30nSec 50nSec
PIC625 60V .
_ PIC828 15A Sov 82% @ 10A 45nSec 70nSec

NEGATIVE OUTPUT

o
B ~5A —6ov 8% @-2A  40nSec 50nSec Avallable

—-80V

PIC635 _ 60V | P :
g e wem oo wse G the shelf

“Measured with Vin = 25V, Vot = 5V. t - 20 KHz, lnput pulse width - '0uSec
See Electronics Buyers’ Guide Semiconductors Section tor more cerplete product listing.

Circle 27 on reader service caral

UNITRODE

PLEASANT STREET. WATERTOWN, SIS B2



Gut your design costs

with our optimized 27 dB gain combined
units for FM broadcasting

TH 361 | e | TH 2908

+ TH 18106 cavity + TH 18104 cavity

for 10 kw for 3 kw |

two unparalleled solutions with
Pyrobloc’ grid tetrodes
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Sigrificant developments in technology and business

Tl readies family of
bipolar parts aimed
at processor designs

Dallas company draws bead
on TTL computer, peripheral
customers with new family of
fast Schottky components

The wraps are off the long-awaited
decision on how Texas Instruments
will enter the growing micro-
processor business. The company

gramable computer capability.

TI has already been quietly intro-
ducing some of its bipolar processor
parts to principal customers as ex-
tensions to the TI Schottky family.
Formal introduction is scheduled
for Ist quarter 1975. Among these
processor-oriented products are
byte-organized PROMs, first-in first-
out buffer memories, bipolar RAMs,
byte-sized input/output ports, high-
speed 8-bit shift registers, counters,

But since the new Schottky parts,
which can operate at speeds as high
as 70 to 100 megahertz, are clearly
capable of more performance than
is needed for either an n-channel or
I2L central processor, there’s no rea-
son to believe that TI won’t even-
tually be offering a full-performance
Schottky TTL central processor, such
as the kind already being offered by
makers such as Intel, Monolithic
Memories, and others.

will go after the Significantly,

computer and no accom-
peripheral mar- CENTRAL panying sofi-
ket—heretofore PRUUCNEISTSUR ware package is
served by TI's 1/0 PORTS being contem-
own transistor- cock plated in TI's
transistor logic— processor pro-
with a family of ' SYSTEM DATA BUS gram. Again,
LsI bipolar pro- ! unlike other mi-
cessor products = + CIrOprocessor

that include -L— —————— 9 T'L —————— 1 e —=T ‘ manufacturers,
both integrated : L l : bor ( L | Tl is clearly aim-
injection loglc | '§225 | | '§225 1| '§225 ! ‘8225 ing 1ts processor
and compatible [ RS I L R FIF0 L) FIFO program at the

| ) ! ! .
Schottky TTL de- ! ! L I established com-
vices. : ! 1| ! puter customer
. . ! ! MEMORY : .

This family of ! weie | ! were | ! ! tagic | 4 in an industry
medium- and I & : ! & : : cons ] g that already has
high-performing I CONTROL | : CoNTROL | ONTROC ] CONTROLLER a high level of
circuits will be L e d e Jd b J cLock software devel-
aimed squarely N 1/0 TERMINALS - - opment.
at TI’s present Shunning the
digital bipolar Example. TI's new LSI Schottky technology is likely to be applied in first-in first-out memory new n-channel
TTL customers— device of 400-gate complexity ‘or remote terminal or memory interface. controller busi-
the mini- ——— — - ness and leap-

computer and peripheral manufac-
turers who make up the bulk of the
company’s standard 54/74 TTL and
Schottky TTL product sales. This is
in sharp contrast to most micro-
processor suppliers, who generally
have pitched their n- and p-MOs de-
vices at an emerging, new controller
market that hitherto had no pro-
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and octal bus drivers.

Star. As for the processor itself, it’s
no secret that TI is close to an LSI de-
vice built with integrated injection
logic that promises two to five times
higher performance than today’s n-
channel microprocessors, and that’s
destined to play the central role in
TI's new Schottky LsI family.

frogging into the performance range
that competes with its own TTL
dominance was apparently a tough
corporate decision for TI to make.
But planners had determined that
because standard TTL had reached
the decline point in the product life-
cycle, it would gradually give way to
the newer, more cost-effective, pro-
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gramable LSI designs.

And although this replacement is
not expected to occur overnight,
they want to have their own LSI cir-
cuits when it happens. As Charles
Clough, vice president of marketing,
puts it: “This is an innovative busi-
ness. If you don’t innovate, someone
will innovate for you.”

But the company has not
launched its expensive develop-
mental enterprise simply to replace
itself in old designs. Instead, it is
looking to expand the market as it
did with conventional TTL products.

“True, by leapfrogging n-channel
designs,” says M. Douglas Rankin,
market manager, digital circuits,
“we are going straight to the heart
of existing computer designs—our
traditional TTL users in the medium-
and high-performing minicomputer
and peripheral market. But with our
new LSI programable family we’ll let
these manufacturers emulate their
own machines with upgraded LSI
bipolar designs at lower LSI prices.”

TI’s hope is that these manufac-
turers will, using existing software,
be able to penetrate new low-cost
markets with higher-performing sys-
tems. Says Rankin, “With a general-
purpose bipolar LSI processor fam-
ily, they can compete even in the
low-end n-channel controller mar-
ket as well as enlarge their share of
the minicomputer market.” O

4-kilobit RAMs get
smaller, run faster

Now that certain semiconductor
memory suppliers have developed
their processes to manufacture
4,096-bit random-access memories,
they are gearing up for large-scale
production in 1975 with sig-
nificantly faster and smaller parts.
For example, Intel Corp., Santa
Clara, Calif., in a surprise move, has
developed its higher-speed “B” ver-
sion with a single-transistor cell
structure, similar in concept to the
structure used in Texas Instruments’
TMS4030 RAM.

The technique offers Intel a sig-
nificantly smaller die size (about
16,000 mil?) than its current 2107A
part, as well as a maximum access
time of about 200 nanoseconds, a
third faster than the 2107A. The
new product, which Mike Mark-
kula, North American marketing
manager, says will be available in
December, is clearly what industry
observers have in mind when they
predict the death of core memories.
Markkula predicts that a high-speed
random-access-memory that sells at
only 0.1 cent per bit is around the
corner.

Concurrently a 22-pin 4-kilobit

Along with the Schottky and integrated injection logic bipolar micro-
processors that Texas Instruments is planning to produce, the company is
offering an expanded family of processor-oriented parts. Many already have

been identified and scheduled for first-quarter 1975 entry. Among them are:
® A 45-nanosecond 2,048-bit Schottky TTL programable

read-only

memory arranged in a 256-word-by-8-bit format for microprocessor de-

signs.

B A 400-gate 20-MHz first-in first-out Schottky memory in a 50%-space-
saving 20-pin package that's oriented in a 16-word-by-5-bit processor for-
mat for high-speed bipolar processor systems.

m New small bipolar memories built with an inverted (injection-like) array
that reduces the cost of bipolar memory design (the first is a 42-ns 256-bit
RAM, to be followed by 1,024-bit inverted-cell random-access-memory

types).

m Octa! latches and multiplexers capable of serving 8-bit input/output

ports with 6-ns data throughput.

® 70-MHz 8-bit shift registers for buffer and memory-interrupt data-storage

duty.

® 100-MHz 4-bit asynchronous counters. .
8 Octal bus-drivers capable of managing 8-bit bus systems.
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RAM is also going through design
iterations at Texas Instruments,
Dallas, increasing speed and reduc-
ing die sizes. For early 1975 intro-
duction, the 200-ns part is built with
an optimized one-transistor cell
structure that reduces chip space by
an undisclosed but considerable
amount.

Ed Huber, marketing manager
for the product, says that significant
reduction in chip area can also be
achieved by tightening the design of
the chip’s peripheral circuitry, which
now occupies almost half the chip.
This means smaller, more efficient
clocks, sense amplifiers, and buffers
in the foreseeable future.

Dean Toombs, technology man-
ager at TI, estimates that a 16-kilobit
n-channel RAM with an optimized
capacitance-type  single-transistor
cell design, such as TI uses in its
present 4-kilobit RAM, is technically
possible as early as 1976 on die sizes
not significantly larger than TI's
present product.

And in Carrollton, Texas, Mostek
Corp.’s third iteration of its 16-pin
MK4096-P is 127 by 148 mils—only
about 80% the size of the original
chip. The new version, dubbed the
MK4096-6, will be phased into pro-
duction in the second quarter of
1975, and the company will have se-
lected units operating at an access
time of 200 nanoseconds. Mostek,
says Dave West, director of market-
ing, is also close to an alternate-
source agreement with a third semi-
conductor manufacturer. Fairchild
Semiconductor is the original sec-
ond source.

Motorola’s Durrell Hillis, man-
ager of p-MOS and n-MOS market-
ing, claims the latest version of its
MCM 6605 has brought “a dra-
matic yield improvement” with its
size of 144 by 166 mils. He adds that
some 40% of the smaller dice are op-
erating at 210 ns and the remainder
at 300 ns. Hillis is counting on the
new memory to crack the large-
mainframe market, which he says
won’t consume significant quantities
of the parts until late next year. He
says the 4-kilobit-RAM business is
“still a real horse race.”

Meanwhile, in Santa Clara, Calif.,
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Motorola second-sourcer American
Microsystems Inc. is also beating
the drum for its smaller chip—iden-
tical in size to the Motorola part.
But Norman Grannis, AMI vice
president and general manager for
standard products, says the device
will be faster than 210 ns. Even
though AMI isn’t in volume produc-
tion, Grannis points to a substantial
yield improvement since September,
and emphasizes that the company’s
experience in silicon-gate MOS pro-
duction will make AMI a contender
in the 1975 4-kilobit-RAM derby. He
believes demand will top 6 million
units next year, and adds that if the
major suppliers all make their pro-
duction milestones, 8 million units
could be shipped. O

Medical electronics

Device measures
blood oxygen

A number of situations require a
doctor to know the ratio of oxygen-
ated hemoglobin to total hemoglo-
bin in a patient’s blood: to deter-
mine whether the oxygen level is too
low, to monitor the effects of exer-
cise, and to control oxygen therapy.

Ordinarily, the doctor takes a
blood sample from an artery and
sends it to a lab for analysis, a time-
consuming procedure that does not
allow for continuous readings. But
Hewlett-Packard’s Medical Elec-
tronics division in Waltham, Mass.,
has developed a device that can give
quick and continuous oxygen-satu-
ration readings without a blood
sample. Called the model 47201 ear-
probe oximeter, it analyzes the ab-
sorption of light transmitted
through the pinna, or top part of the
ear, to determine saturation.

The light is generated by a quartz
iodine lamp, and passed through a
fiber-optic cable to a device that fits
over the ear. It is transmitted
through the ear, which absorbs
some of it, and the rest is sent by an-
other cable to the oximeter. There, a
wheel of thin-film interference fil-
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Tester. By measuring light transmission through the ear, earprobe oximeter from Hewlett-
Packard automatically reads out the amount of oxygen present in the blood hemoglobin.

ters breaks the light into eight
wavelengths, in the red and infrared
regions, between 650 and 1,050 na-
nometers in 50-nm increments, ex-
cluding 950 nm, a wavelength found
not to contribute much to the final
result. Eight wavelengths are used
to minimize the effects of other opti-
cally interfering substances in the
ear such as pigment, cartilage, and
hair follicles. The absorbance spec-
trum of hemoglobin, which goes up
as wavelength increases, and of
oxyhemoglobin, which goes down as
wavelength increases, can then be
determined.

Volunteers of all races and ages
and both sexes were tested, to deter-
mine the coefficients of absorbance
that provide the best fit of oximeter
readings to base-line oxygen satura-

tions determined by an arterial
blood tap. These coefficients are
stored in a 1,024-bit field-program-
able read-only memory and used in
a set of simultaneous equations for
handling the total absorbance ex-
pected for each wavelength.

Once analyzed by the filter, the
light is converted to current by a
silicon photodetector, gain is added
with a current-to-voltage converter,
and a triple-slope analog-to-digital
converter synchronized with the fil-
ter converts the voltage to a 16-bit
digital word. A 1,024-bit PROM aver-
ager removes noise, and then the
signal goes to a digital processor
with 1,024 bits of ROM for program
storage where equations to deter-
mine saturation are done. The result
is converted to binary-coded-deci-
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mal (BCD) form and sent to a 2%-
digit LED display on the front panel.
Alternatively, it can be converted to
an analog signal for remote record-
ing or display.

While Hewlett-Packard claims an
accuracy ranging to within *1% in
the 99-to-100% saturation range and
to within £2.6% in the 60-to-70% sa-
turation range, in tests there has
been only a 0.25% variation among
five units. And results are available
quickly; readings settle 20 seconds
after the earpiece is in place, and a
change in saturation level can be
detected in as little as 1.6 seconds.

The oximeter is quite simple to
operate. When power is first turned
on, the operator pushes a “STD,” or
standardization, button, which
causes the oximeter to store the
light-intensity levels of each
wavelength at the open, unattached
earpiece. Once the values are stored,
the earpiece is attached to the pa-
tient, and saturation levels are dis-
played continuously. Two sets of
thumbwheel switches can be used to

set high and low saturation values,
and an alarm sounds if the reading
departs from these values.

Pushing a “test” button tests the
CPU by generating a simulated satu-
ration level, one that depends on the
coefficient set individually calcu-
lated for each unit. If the earpiece is
detached or if there is not enough
blood to make an accurate measure-
ment, an “off ear” signal lights.
Other conditions such as “instru-
ment inoperative,” “ear probe tem-
perature,” and “standardization re-
quired” are also displayed.

The oximeter does have a draw-
back. It is limited to use with pa-
tients who have good arterial circu-
lation, so if blood flow to the ear is
impaired it cannot be used. But H-P
figures there is a fairly sizeable mar-
ket, since in the U.S. alone there are
an estimated 1,600 pulmonary-func-
tion labs and 3,000 respiratory-ther-
apy centers. H-P feels the $8,200
price will be no drawback because
a single unit can be used to serve
many patients. O

Materials

Thin liquid-crystal coating reveals
design faults in integrated circuits

32

Conventional test equipment can
determine whether an IC is function-
ing properly, but these tests may be
of little value in determining exactly
why and where an IC has failed. To
solve this problem, scientists at the
RCA Physical Electronics Research
Laboratory in Princeton, N.J., say
they have developed a nondestruc-
tive technique that enables both the
electric fields and temperature dis-
tributions at the surface of an oper-
ating IC to be viewed through con-
ventional optical microscopes.

The method, which involves ap-
plying a thin liquid-crystal layer to
the surface of the bare device, en-

Telltale. RCA's Donaid J. Channin adds lig-
uid-crystal material to IC wafer surface. Cir-
cuit faults show up when operating devices
are viewed under a microscope.

ables observers to watch electrons
flow through an IC, and they can
pinpoint defects by observing where
the electron flow is interrupted.

Engineers at RCA’s Solid State di-
vision, Somerville, N.J., used the
liquid-crystal technique to locate the
exact point of design and fabrica-
tion failures, as well as to uncover
other faults in ICs being manufac-
tured or under design tests. The pro-
cess, say its developers, Donald J.
Channin and Gerald E. Nostrand,
can be used for complementary-
MOS, bipolar and other IC types.

Liquid-crystal material has been
used in the past for detecting grosser
flaws in ICs. For example, the Brit-
ish Royal Radar Establishment has
used the material to detect pin holes
[Electronics, Feb. 28, 1972, p. 6E].

In the RCA technique, a surface-
wetting agent, or surfactant, is first
placed on the device, followed by a
drop of nematic liquid-crystal mate-
rial. A glass cover plate is then
placed over the liquid, much like a
contact lens on an eyeball. The sur-
factant causes all the rod-like mole-
cules in the liquid crystal to align in
the same direction. However, when
electrons travel through the IC, the
electrical field they create rotates
adjacent liquid-crystal molecules,
thus changing the index of refrac-
tion of the liquid.

Viewing. The I1C, which is placed
in a conventional metallurgical mi-
croscope, is illuminated by light
passed through a set of polarizers
arranged so that normally none of
the light reaches the microscope’s
eyepiece. However, when the IC is
operating, the changes in refractive
index caused by the electrons’ elec-
trical fields allow light to pass
through the polarizers and, in effect,
give the viewer a “live” picture of
the pulses or signals flowing in the
1c, Channin explains.

He also says the technique pin-
points mask defects and metal-
ization failures. In addition, so-
called “hot spots™ caused, for ex-
ample, by shorts, change the liquid
from its crystalline state to an iso-
tropic one. This shows up as bright
spots under a microscope.

Channin says the technique is

Electronics/November 14, 1974



THE 741 OPAMP
FOR TIGHTWADS.

If you're watching your dollars these days (and
who isn’t?) here’s some neat news.

National’s 741 op amp (the LM 741) is just as good
or better than anyone else’s 741, but it costs a bunch less.

It costs less ‘cause it's smaller. We've managed to
get it on a die 40%
smaller than other
741 amps.

Us 'I'hem

That'’s an example of the kind of technology
leadership that we’ve been displaying for some time now
in the linear field.

And that’s a pretty good example of something else
about us and the linear field.

We're cheap.

When it comes to pricing, National can be the most
competitive semiconductor outfit around.

We figure that technology made us the linear
leaders...and our price/performance
capability will keep us there. ;

To pursue the possi-
bilities further write National
Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara,
California 95051 or call (408) 732-5000.
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useful in examining 1Cs undergoing
life testing and in investigating
other subtle problems. He says an I1C
can be examined with or without
load, to determine, for example,
what the load does to the device’s
timing. ICs can be examined at vari-
ous speeds and at normal operating
voltages—from 8 to 10 v for C-MOS
circuits to as low as 2 or 3 v for
bipolars.

Advantages. Channin says that
earlier research indicates that oper-
ating circuits can be observed satis-
factorily through a scanning-elec-
tron microscope, but the equipment
is expensive. Also, he says “infrared
microscopy appears to require
higher current density for a visual
effect than does the liquid-crystal
technique. And observation time on
scanning-electron microscopy is
sometimes limited by surface-charge
accumulations on the circuit.” In
contrast, he says the liquid-crystal
process requires only conventional
microscopes and electronics of the
types that are generally used in IC-
development laboratories.

In addition, the time required to
conduct electron-microscopy tests is
relatively long, but 30 to 50 ICs can
be prepared in about an hour with
the new process, Channin points
out. Future development of the
technique, he says, will be directed
toward increasing sensitivity by us-
ing a variety of liquid crystals. ]

Industrial

Microchips meet
buyer resistance

Microprocessors were a hard sell at
the recent Instrument Society of
America conference and exhibit in
New York, but few were buying.
Manufacturers of measurement
and control equipment at the an-
nual event substantially agreed that
microprocessors will wind up in
their equipment—particularly in
data-acquisition systems and pro-
gramable controllers. However,
most of them aren’t quite ready to
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Users. Robert O. Wilson, right, head of FX Sys-
tems, says he's a year away from using micro-
processors. Robert H. Rech, left, general manager
cf Struthers-Dunn’s Systems division, likes them
when large orders need different configurations.

buy the new chip sets.

Applications engineering takes
time, the potential customers insist,
and they want to evaluate competi-
tive products, including those that
have been announced but are not
yet available for delivery. Several
readily admit to window-shopping—
they are interested, and they’re
looking, but they won’t buy until the
price drops.

At the same time, some systems
manufacturers are disturbed about
the prospect that microprocessors
will be marketed much like certain
products in the computer industry,
which are announced well in ad-
vance of their actual availability.
This practice could even slow the
adoption of microprocessors in their
hardware, they contend.

Monday look. Microprocessors,
says Robert O. Wilson, president of
FX Systems Corp., Saugerties, N.Y.,
are “something we look at every
Monday morning. We’re keeping up
with all the developments and look-
ing forward to using them, but
they’re still not economical for our
products.”

Wilson says he can replace all but
four of the 13 function cards in his
Series 1 programable data-acquisi-
tion system, but will hold off for

about a year, when he expects the
price to fall significantly. He’ll hold
off even longer on using micro-
processors in programable controi-
lers, he adds, because “they don’t
have the horsepower yet.”

Allen-Bradley Co., Cleveland,
uses a microprocessor in one of its
programable controllers to decode
binary information for generating
graphics, but not for control fune-
tions. “We evaluated a number of
microprocessors before we went
with one,” says an Allen-Bradley
systems engineer, “but as for con-
trols, we'll probably stick with core
memory for a while just because it’s
reliable and low-cost. We’ll get
there, but we’re not going to dive in
[to microprocessors], I'll tell you
that.”

The systems division of Struthers-
Dunn Inc., Bettendorf, Iowa, uses
microprocessors only when building
a large number of systems in differ-
ent configurations. “We program for
each job,” says Robert H. Rech,
general manager. “But in all jobs,
we’ve had the customer pay for the
programing,” which he describes as
difficult and time-consuming,.

Another firm, Modicon Inc.,
which bills itself as “the program-
able controller company,” recently
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introduced a system using micro-
processors to handle 23 data-trans-
fer functions. “I’m getting more
speed, and that means I can add
more functions,” says Fred U. Hen-
derson Jr., regional manager. “It
may even give us a cost-reduction in
terms of what we can do in control
functions. But we really won’t know
until we get into it.”

Mark Levi, director of National
Semiconductor Corp.’s Micro-
processor group, says his company
has designated measurement and
control as one of the three prime
markets for its microprocessors,
along with communications and ter-
minals. “We’re telling the end user
that he should be talking with his
vendor about the flexibility that mi-
croprocessors can provide.”

But Levi admits that equipment
makers’ investment in existing prod-
ucts is something National and
other chip suppliers will have to
contend with, at least for a while.
“In the late 1970s, we’ll see dedi-
cated microprocessor systems,” con-
cludes Levi. “It makes the ‘smart’
instrument a reality.” O

Communications

Digital microwave
test set by Bell

The Bell System will soon start test-
ing its first digital microwave sys-
tem, the DR-18, for transmitting
over relatively short distances in
metropolitan areas. The announce-
ment follows hard on the heels of
the Federal Communications Com-
mission’s release of operating pa-
rameters for digital microwave sig-
nals [Electronics, Oct. 3, p. 63].
Commercial service is planned to
begin early in 1976.

The DR-18, which will operate
with the longer-distance WT4 and
T4 systems now also undergoing
field trials, will be installed over a
9.7-mile link spanning the Hudson
River between Nyack, N.Y. and
White Plains, N.Y. The DR-18 op-
erates at 274 megabits per second,
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Transmission Bit rate Number of Date
System : {megabits 2-way .
+ medium per second) voice channels introduced
G'W\M oR1g | T 197G 90 476 (D54 28,224 In development
0 40 - 110 GHz |
WT4 Circular waveguide 274.176 (DS-4) 250,000 In development
~=ﬂ:\ T4 Coaxial cable 274.176 (DS-4)* 4,032 in development
"Locap” .
> oA T2 twisted pair 6.312(DS-2) 96 1972
S T Twisted pair 1.544 (DS-1) 24 1962

*The Bell System refers to its hierarchy of digital-signal-bit rates as DS levels. 0S-1 s the lowest and slowest level — 1,544 Mb/s
Four DS-1s make up a 0S-2. 0S-3 — 44.736 Mb/s — is an intermediate multiplexing level and is not presently used for
transmission. DS-4 now has the highest speed level — 274.176 Mb/s.

the same bit rate as both of the
longer-range systems which carry
both voice and data signals. The
new DR-18 digital microwave sys-
tem can be used to feed both the
WT4 millimeter-waveguide and the
T4 coaxial-cable systems.

The DR-18 tops off a hierarchy of
Bell digital systems that use a vari-
ety of transmission modes tailored
to different bit rates (see chart). In-
cluded are twisted-wire pairs, circu-
lar millimeter waveguides, coaxial
cables, and digitally modulated mi-
crowave links. Now that the FccC
rules have been issued after several
years of study, other manufacturers
will probably soon begin marketing
microwave systems using digital
modulation techniques for tele-
phone companies and private indus-
trial users.

Big band. The DR-18 is the Bell
System’s first move into the com-
mon-carrier band that lies between
17.7 and 19.7 GHz. The 2-GHz band
is split into two halves, separated by
a guard band about 200 megahertz
wide. Four frequencies are used in
each half-band, and by transmitting
cross-polarized signals, the capacity
of each band is doubled so that each
half of the band handles eight 220-
MHz channels. Each repeater station

has 16 receiver-transmitter pairs—
seven for each direction and one
pair in reserve.

Repeater spacing for the DR-18 is
determined primarily by the at-
tenuation caused by rain. Repeaters
installed in the microwave systems
operating at the lower common-car-
rier frequencies of 4 and 6 GHz are
normally spaced at intervals of 25 to
30 miles, a distance that is limited
primarily by the curvature of the
earth. But at the higher frequencies,
rain attenuates signals by as much
as 10 decibels per kilometer, and to
maintain a 40-dB maximum path
loss during heavy rain, repeaters are
spaced much closer together—only
about 2.5 miles apart.

Transmitters and receivers use
solid-state components. Impatt
diodes that serve as local oscillators
in the receivers are also used for the
main transmitting elements. These
elements radiate about 200 milli-
watts from antenna dishes 32 inches
in diameter.

One possible use of the system
will be to assemble six groups of 28
TI pulse-code-modulated channels
for transmission between cities. To
do this, 28 T1 channels would be
multiplexed in one step and then six
of these would be combined to
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make up one DR-18 channel, carry-
ing 4,032 two-way voice conversa-
tions. O

Scientific-Atlanta
takes Marisat

When Scientific-Atlanta Inc. in late
October was awarded a Comsat
General Corp. contract for 200 be-
low-deck terminals for use with the
Maritime Communications Satel-
lite, the Georgia company appeared
to have locked up the Marisat mer-
chant-ship terminal business. The
contract follows closely on another
the company received for the above-
deck equipment package from
Comsat the Marisat consortium
leader [ Electronics, Oct. 3, p. 95].

But the awards have angered
some competition. What upsets
them is Comsat General’s refusal
“for competitive reasons” to disclose
contract price for the shipboard
package. Scientific-Atlanta’s Peter
M. Pifer, Electro-Systems division
manager, says only that single-ter-
minal cost for a merchant ship is
“less than $60,000.” But Washing-
ton-based Comsat General refuses
to discuss price on the ground that
“we don’t want someone figuring
out unit costs so they can build a
cheaper package to sell” to ship op-
erators.

Market. At stake is the market
described by Pifer as serving “80%
of all the ships at sea” in the Atlan-
tic and Pacific oceans when the two
planned Marisats become oper-
ational. Comsat General now says
the 1975 launch of the first satellite
has slipped again from the first
quarter to the end of the second be-
cause of difficulties over launch lo-
gistics. Allowing 60 days for system
test, this first Marisat may not be
operating until the end of August.

The second launch is expected to
follow within three months. Scien-
tific-Atlanta’s commercial terminal
interests would best be served if the
U.S. Navy, principal user the first
two years, opts for satellite place-
ment over the Atlantic. Reason: the
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System. Complete shipboard Marisat terminal is being supplied for Comsat General by Sci-
entific-Atlanta. Four-foot parabolic dish antenna took three years to design.

company has licensed Far East
manufacturing and marketing rights
of its terminals to Japan’s Nippon
Electric Co., a major earth-station
supplier in its own right. With an
Atlantic Ocean satellite, Scientific-
Atlanta would sell more systems of
its own.

To provide real-time service for
the four-function system—telephone
fm voice service, teleprinter, facsim-
ile, and digital data transmission—
and do it at “a viable price,” Pifer
notes that antenna control and the
teleprinter, telephone and display
panel have been integrated into a
single console smaller than an office
desk. The console control box, Pifer
adds, contains a microprocessor for
automatic frequency shifting within
the system’s operating bandwidth.
The system uses a TDM/TDMA
phase-shift-key carrier system for
control, signalling and teleprinting,
A single-channel-per-carrier com-
panded fm signal is employed for
voice. An up/down converter inter-
faces at L-band with two above-
deck amplifiers—a 40-watt unit for
transmission and a low-noise pack-
age on the receiving end (see dia-
gram).

Toughest part of the shipboard
system design was the 4-foot-diame-
ter parabolic antenna above deck,
Pifer says. “We’ve been working on
it for three years.”

To solve antenna-design prob-
lems, a computer model simulated
ship and satellite motion and calcu-
lated optimum beam-pointing sys-
tems and cost tradeoffs. A four-axis
slave-pointing method was selected,
which gives the 10°-beamwidth an-
tenna a pointing accuracy of better
than *2°, Pifer says. The four-axis
gimbal package can be mounted on
deck or on a ship’s mast, he says.
Gearless servo drives are used in all
four axes, and slip rings or rotary
joints are not used at all. O

Business

Few bright spots in
1975 sales forecast

With few exceptions, any gains next
year in shipments of electronic
equipment are not expected to
match inflation rates, according to
figures released early this month by
the U.S. Department of Commerce.
The only bright spots are soaring
shipments of electronic calculators
and accounting machines, expected
to expand by 65% through 1975, to
rise to $3 billion from this year’s
$1.81 billion, and to maintain the
growth rate set a year ago.
Shipments of computers and re-
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lated products, however, have been
projected to rise only 14% to $10.3
billion in 1975—only slightly above
the current rate of inflation in the
U.S.,, and down from the 20%
growth reflected in this year’s esti-
mate of $9 billion.

Integrated-circuit shipments are
forecast to rise 15% next year to
$1.77 billion following a 20% in-
crease to $1.54 billion this year from
last. The performance of ICs is well
above that for components overall.

Instruments present a mixed sales
picture next year, the Commerce
forecast shows. Engineering and sci-
entific instruments—about half of
which are used for aeronautical,
nautical, and navigational appli-
cations—are expected to show a 13%
increase in shipments this year, to
$1.4 billion, and then climb another
10% to $1.5 billion in 1975.

Within this category, however, la-
ser instrumentation is expected to
rise by 26% to $118 million in 1974,
and then expand another 22% to
$144 million next year.

Electrical test and measurement
instrument shipments are expected
to jump 22% this year to $1.96 bil-
lion—including $425 million in ex-
ports—but then grow by no more
than 13% in 1975 to $2.23 billion, of
which $540 million will be exported.
Profit margins, however, have been
eroded by materials price increases
and shortages as vigorous competi-
tion has held down instrument price
increases.

No inflation? But the really bad
news for the electronics industries
contained in the 1975 edition of the
“U.S. Industrial Outlook,” pub-
lished by the Domestic and Inter-
national Business Administration, is
that the dollar value of 1975 compo-
nents shipments will rise only 8%
next year to $9.9 billion. This is less
than the rise caused by inflation—a
crucial consideration not given offi-
cial recognition in the 432-page
Federal document—and down from
1974’s estimated growth of 10% to
$9.2 billion.

An even lower level of growth—
6%—is reflected for the broad cate-
gory of “Commercial, Industrial,
and Government Electronic Sys-
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tems and Equipment” in which
Commerce deals largely with Fed-
eral buys of communications equip-
ment. Shipments for these products
are predicted to reach $8.67 billion
this year, up 3% from 1973, and
then rise to $9.2 billion next year.
Omitted from these figures is con-
sideration of the value of electronics
procured by the military.

Decline. Consumer-electronic
products are expected to register a
6% drop in domestic shipments this
year to $3.58 billion, although Com-
merce optimistically forecasts a
small 3% rise to $3.7 billion in 1975.
Imports of consumer electronics this
year are forecast to drop 7% to $2.1
billion before rebounding to register
a 14% increase in 1975 to $2.4 bil-
lion, according to the study.

In its discussion of the outlook for
domestically produced consumer
electronics, Commerce puts the
value of industry shipments in 1980
at $5.2 billion, a 2.6% gain based on
the industry’s compounded rate of
annual growth. Total value of all
U.S. industry shipments and ser-
vices in 1975 is expected to reach
$27.18 billion, up 5% from this
year’s level of $25.76 billion.

For 1980, Commerce predicts that
U.S. industry shipments will reach
$35.33 billion, reflecting a 5.5%
compounded annual growth rate.
The equipment segment is to reach
$16 billion in this period, based on
an 8.9% annual growth rate. Com-
ponents will account for $12.6 bil-
lion of the total, growing 3.3% per
year, while R&D outlays will reach
$830 million by 1980, up from $570
million in 1975. O

Packaging & production

Mask makers stay
with experience

Semiconductor manufacturers have
been getting by for years with tried
and true (usually) photolithographic
techniques, using ultraviolet light to
define patterns on a wafer’s surface.
And things are likely to stay that

way for some time to come.

“To read the literature, one would
think that photolithography is being
outmoded,” scoffs Aubrey C. Tobey,
who is director of marketing for
GCA/David W. Mann Co., Bur-
lington, Mass., a production-equip-
ment manufacturer. “Within the
next several years,” he asserts,
“photolithography will not be re-
placed by electrolithography or
X-ray lithography. Rather these will
augment the capabilities of semi-
conductor houses.”

Economics. Tobey contends that
for most of the circuits being built
today, photolithography will con-
tinue to be used because the tech-
nology is economical, the problems
are well-defined and its limitations
are well-known. “In only a very few
instances must electron-beam tech-
nology be used. In other instances,
there will be a combination of
electrolithography and photoli-
thography where the electron beam
process will create the 10X master
pattern and the photorepeater will
make the final mask.” Such combi-
nations could be useful in extremely
dense devices for memories or for
gigahertz communications.

Despite certain difficulties with
the electron-beam technique—it is,
for example, strongly affected by
electromagnetic fields—Tobey says,
“there can be little question but that
electron-beam systems or electro-
lithography will be a major work-
horse for the manufacturers of cir-
cuits with geometries of a micron or
less. Also it will be used as a pat-
tern-generation system for irreg-
ularly shaped patterns and for de-
fect-free master patterns.”

Bell Laboratories in particular
has been working diligently with the
newer lithographic technologies—
proximity printing, electron-beam
lithography and, to some extent,
X-ray lithography.

Proximity printing, in which the
mask is close to but not touching the
wafer, has not caught on very rap-
idly, according to John D. Cuthbert,
supervisor of Bell Labs’ Photoli-
thography group, Allentown, Pa.
One of the reasons for this, he says,
is that the early proximity printers
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were unable to reduce diffraction ef-
fects to a tolerable level. The result
was unpredictable line widths and
feature shapes.

Cuthbert reports steady progress
toward overcoming these problems,
however. After studying proximity
printing techniques over the past six
months, he says, “we are now fairly
confident that it can play a role in
the manufacture of our LSI circuits.”

Also reported working on a
proximity system, but for the com-
mercial market, is the Photo-Lith-

ographic Products division, Kulicke
& Soffa Industries, Horsham, Pa.
Bell Labs’ Cuthbert also found
that proximity masks degrade at a
rate of about 1/16th that of contact-
printed masks. The studies were
done with a gap between mask and
substrate of 10 micrometers on
metal-oxide semiconductor devices.
This degradation rate, according
to Cuthbert, implies that at least 60
prints should be attainable from a
mask in proximity printing before it
is discarded. For devices within its

Electronics Index of Activity
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1973

Segment of Industry

B Industrial-commercial electronics

Il Consumer electronics
B Defense electronics

[ Totalindustry

Sept. '74

1974

Aug.'74* Sept.'73

160.6
151.8
121.9
138.5

161.7
150.5
125.7
140.6

148.7
158.8
108.8
129.9

The total industry index, up 1.5% in September from the previous
month, was a healthy 8.2% higher than September 1973's 129.9. De-
fense electronics climbed the most—3.1%—to 14.4% above last year's
level. And industrial-commercial electronics inched up 0.7% to 8.7%
ahead of last year's level. The consumer sector fell, however—down al-
most 1% from August’s level and 5.2% below that of September 1973,

Indexes chart pace of production volume for total industry and each segment. The base period,

equal to 100, is the average of 1965 monthly output for each of the three parts of the industry
Index numbers are expressed as a percentage of the base period. Data is seasonally adjusted.

*Revised
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resolution capabilities, proximity
printing can play a significant role
in chip production, he says. He con-
cludes that, “the obvious route to go
is towards reduced wavelengths,
with X-ray lithography the ultimate
extension of this route.” 0O

Solid state

C-MOS memories
overcome volatility

At least three semiconductor manu-
facturers are nearing introduction of
1,024-bit static complementary-MOs
memory devices that will go a long
way toward defeating that nemesis
of semiconductor memories in many
applications—volatility. Intel Corp.’s
entry will be unveiled next month,
and several fast versions from Inter-
sil Inc., as well as a C-MOS-on-sap-
phire part from RCA, are expected
early next year. Not to be left be-
hind, Inselek, Inc., Rockwell Inter-
national, and Harris Semiconductor
are also known to be developing
1-kilobit C-MOS RAMS, as is AMI.

Semiconductor memories lose
stored data when power is removed.
This means an auxiliary store must
be available so the data can be re-
stored before operation can be re-
sumed after a power down. A non-
volatile auxiliary store such as a
core memory, however, consumes a
lot of power—a deterrent to its use
in electronic cash registers, many
minicomputer-based systems, and
other applications in which power
must be conserved.

Hero. Enter C-MOs with its negli-
gible standby power dissipation. It’s
an ideal solution to the volatility
problem because very little power is
consumed when the memory system
is not operating (in standby), and a
simple low-power battery backup
can assure the memory is never lost.
What’s more, C-MOS is a static-
memory design requiring no refresh
clocks and only a single simple-to-
use power supply.

Mike Markkula, Intel’s North
American marketing manager, says
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MONOLITHIC CRYSTAL FILTERS

TELLING vs. SELLING

The purpose of this column is to
disseminate information. Or, to be
absolutely honest, to sell by inform-
ing. As a responsible engineering or
procurement person, you're quite
capable of making your own deci-
sions, given the facts. So that's what
we give you. We think that the more
facts about monolithic crystal filters
we present, the more fikely you are
to buy ours. That's our “let the
buyer be aware” theory.

ON SPECIFICATIONS

Writing a component specification is
a lot like writing a legal contract.
Both can be precise and complete,
or vague and ambiguous. Or mis-
leading.

In specifying monolithic crystal fil-
ters, one simple method —the
boundary method — guarantees de-
sired selectivity — precisely, under
specified conditions, without ambi-
guity. That's why all of PTl's stan-
dard specifications are boundary
specs. While other methods of spec-
ification may make the filter appear
in a more favorable light, we feel
that this kind of “specmanship” is
not in your best interest and hence
not in ours.

And boundary specifications — since
they are usually intimately related to
system requirements — represent a
“natural’’ for the equipment de-
signer preparing a filter spec. One
pitfall: in writing boundary specs
don't try to include filter manufac-
turing tolerances. We'll take care of
that. Specifying selectivity is only
one part of the story. If you need
guidance in any aspect of writing
specifications for monolithic crystal
filters, we may be able to help.

11

Piezo Technology Inc.

2400 Diversified Way Orlando. Florida 32804

305-425.1574

The Standard in monolithic crystal filters.
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the Santa Clara, Calif.-based com-
pany’s 1-k RAM (the 5101) will be
produced in the 256-word-by-4-bit
organization that’s growing in popu-
larity for microprocessor-based sys-
tems. Operating from a single +5-
volt power supply, the silicon-gate

C-MOS device has a respectable 450-
nanosecond access time. Its ex-
tremely low standby power rating of
0.15 microampere per bit makes the
part desirable for low-power appli-
cations where battery backup or
nonvolatility is required.

U. S. demands new structure
to break IBM’s ‘monopoly’

After six years of legal sparring, the
U.S. Department of Justice has at
last declared that a major restruc-
turing of International Business Ma-
chines Corp. is the only way to
break its '‘monopoly power’’ and re-
store competition in the computer
industry.

In a stunning 349-page pretrial
brief filed early this month with the
U.S. District Court in New York, Jus-
tice spells out in detail the basis for
its charges of monopoly and pro-
vides a road map of how it intends
to develop its case in court. Al-
though many of the antitrust allega-
tions against iBM have been widely
discussed within the data-process-
ing community, the pretrial brief is
the first forma! documentation by
the Government.

Next year. Judge David N. Edel-
stein is expected to begin hearing
the Government's antitrust suit early
next year. After six years of prepa-
ration since the charges of violating
the Sherman Antitrust Act were
brought against 1BMm, the trial is ex-
pected to be “‘a long one, even by
antitrust standards,” according to
the Government brief, “in part be-
cause IBM's power base in the rele-
vant markets is very broad, touching
a very large percentage of the com-
mercial establishments that are the
heart of U.S. commerce and indus-
try.”

Justice disclosed that evidence
used to prove allegations of an iBM
monopoly "‘will be largely reflected
in iBM's own documents, culled from
millions that have been examined”
by U.S. attorneys during the years
of preparation.

Specifics. ''The markets that 1Bm
has monopolized,” says the Gov-
ernment, include not only the sys-

tems market, but the peripheral
equipment and terminal markets, as
well. Using 1BM documents and
those of other manufacturers, Jus-
tice says 1BM estimated in 1968 it
had nearly $40.8 billion or 68.2% of
the $59.8 billion value of the com-
mercial computer installations.

In September, 1972, Sperry Rand
Corp. calculated that 1BM had a
$22.7 billion slice of the $31.9 bil-
lion in U.S. installations plus $10.5
billion of the nearly $15.7 billion
worth of computers in the rest of the
world. Sperry's Univac division esti-
mated that by 1977, i1BM would have
$36.2 billion of the $50.7 billion U.S.
market plus $22.4 billion of the
$33.6 billion foreign market, exclud-
ing the Soviet Union and Commu-
nist-Bloc nations.

A 1971 Honeywell document also
subpoenaed by Justice credits 1BM
with 72% of the market, ranking
Univac next with 8.3%, Honeywell
8%, Burroughs 4.5%, Control Data
Corp. 3.4% and NCR, 1.9%. Another
internal 1BM report estimated its
share of the market for machines
with capabilities ranging from the
system/360-20 class through 360-
67 held at 73% from 1970 through
1973 after gradually slipping from a
high of 84% in 1965 to 75% in 1969.

Fatal. The pretrial brief cites in
detail '‘the demise of GE'' and ‘‘the
demise of RCA'’ as examples of 1BM's
power to exclude even well-fi-
nanced competition from the mar-
ket, in part because BM'S massive
resources were enhanced by a
huge cash flow from equipment
rentals. The document also details
"“IBM’s ability to set de facto industry
standards’’ and its "'predatory con-
duct" in controlling the peripherals
market. |
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Markkula points out that the de-
vice is another of Intel's growing
family of static MOS RAMs, the oth-
ers being in the n-channel 2100
series. The C-MOS RAM can be inter-
changed with any member of the
2100 series.

Intersil’s C-MOS RAM, also a sili-
con-gate structure, will be organized
in the more traditional 1,024-word-
by-1-bit format, but Joseph Rizzi,
vice president for digital and C-MOS
operations, says that a 256-by-4-for-
mat will come later. Although Inter-
sil’s standard part (the IM6508) is
specified at 600 ns maximum at 5 Vv,
it typically can be accessed at 300
ns. Further, Rizzi points out that at
10 v the part can be pushed as fast
as 80 ns. The company plans to se-
lect a 10-v, 100-ns part for custom-
ers who need the speed and are will-
ing to live with the higher power.

Rizzi sees the RAM as part of a
family of C-MOS microcomputer cir-
cuits now under development,
among them a 12-bit micro-
processor chip, 12-bit-compatible
interface circuits, 256-bit synchro-
nous and asynchronous RAMs, and a
C-MOS universal asynchronous re-
ceiver-transmitter capable of
gigahertz operation, as well as a C-
MOS first-in first-out memory and
buffers for modem-based systems.

RCA will have samples of its 1-
kilobit C-MOS-on-sapphire RAM in
February and production quantities
in the third quarter of 1975. The
part, which also operates from a
single power supply, is specified at a
speedy 125-ns access at 10 v and a
cycle time of only 130 ns. Operating
power is 15 milliwatts at 1 mega-
hertz.

RCA is also developing a 1-kilobit
C-MOS RAM in which standard sili-
con-gate technology cuts the size of
each cell to a small 134 by 168 mils.
As a result, each high-density, six-
transistor memory cell occupies only
13.4 mil?, and packing density is al-
most five times better than that of
present commercially available
C-MOS memories. The memory,
which will operate from supply volt-
ages of 5 to 15 v, has a 500-ns access
time and standby power consump-
tion of less than 10 uA per chip. [
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Built to save energy —modular STM switching-transistor power
supplies from Sorensen. Exceptional power density and efficiency. Up
to 1.5 watts per cu. in., and up to 75% efficiency in half the space of
comparable corpetitive units. £0 models offer outputs from 72 to 780
watts (3 to 56 vclts) —all with these features: cool running . .. excellent
performance characteristics . . . built-in overvoltage protection ... quiet
operation ... adjustable current limiting. For comolete data, contact the
Marketing Manager at Sorensen Company, a unit of Raytheon Company,
Manchester, N.H. (603) 668-4500.

Representative Specifications— STM

Regulation N
(comb. hne & load)
rms 310 10 mv
Ripple (PARD) p-p- 30 mv typ. 50 mv worst case
Moduie Size Price
I 512"x331"x950" $240-270
Module Sizes HIA 512"x33""x 14" $300-330
& Prices IVA 75"x494 x 105" $475-435
Nl 75"x4£94"« 14" | $600-650
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Closed-flux-memory test What's potentially
resuits coming soon as fast as a bipolar
semiconductor memory, and is smaller, more re-
liable, and uses less power than any other type of
memory? The answer, the Ampex Corp. intends to
prove, is the closed-flux memory. Results are due
soon of tests conducted by the Ampex Corp. under
contracts from the Naval Air Development Center
at Warminster, Pa. [Nov. 22, 1973, p. 65] The idea
was to determine if the promise of closed-flux
memory devices could be fulfilled: inexpensive
mass production through batch-fabricated metal-
izing, etching, and plating. The result would be
memories that are planar counterparts of plated-
wire memories, with each basic plane only 3
inches square and capable of storing 4,096 com-
puter words. Ampex set up a pilot plant at its re-
search and advanced technology division in Red-
wood City, Calif., with a capacity of 500 planes a
year. The Navy, which put up $500,000 for the pi-
lot operation, was to receive last summer 50 fully
tested planes and a statistical study of yields. Now,
an Ampex spokesman says results on yields and
feasibility aren't ready yet, but should be by the
end of the year.

Industry, U.S. talking A year ago the Bu-
about laser goggles reau of Radio-
logical Health asked the electronics industries for
comments and data to help set safety standards for
laser protective eyewear [Nov. 22, 1973, p. 36].
The bureau at the time said that it hoped to work
out ‘‘as soon as possible'’ criteria for selling and
using goggles with manufacturers and other af-
fected groups. Well, laser users, you're pretty
much on your own because negotiations between
the bureau and industry are still going on, says the
bureau. Where or when it will all end is anybody’s
guess. But what might evolve prior to any joint
mandated U.S. standard, says one bureau official,
is a set of voluntary standards put together by the
goggle makers themselves. Meanwhile, the danger
that started the whole thing—bureau lab tests
showing that some goggles may melt, lose their
color, bubble, or even shatter when exposed to
sufficiently high laser power—presumably is still a
threat.

$75 home video player Can a home video
promised in 15 months player made of $75
worth of off-the-shelf parts make it in the steely-
eyed world of consumer electronics? Tune in again
in about 15 months, says Peter G. Wohimut, and
you'll see. Wohlmut is president of a Sunnyvale,
Calif., firm called i/o Metrics Corp. that said last
year it had used the parts, and a 25-watt bulb, to
build its system [Nov. 22, 1973, p. 39]. At the time,
Wohimut envisioned applications in audio-visual,

Intended to bring Elactronics readers up to date on news stories of the past months.

mass-memory, and industrial-control markets as
well as home video. Now Wohimut says that his
company will come out with the machine in 15
months and that it will be marketed in a joint ven-
ture with what he says is a major firm in the TV in-
dustry. Meanwhile, says Wohlmut, i/o Metrics has
put prototypes of its player in children’s hands and
at airline baggage check-in points to test its dura-
bility; it has reduced the size of the bulb to 10 W;
and has gotten production cost down to the $50-
to-$75 range. What's more, says the company
president, an automatic file-retrieval system will be
in production in six months. Price will depend on
configurations used, but will be under $8,000. The
system, for banks, real-estate firms, and law-en-
forcement agencies, will handle up to 36,000
frames on one disk, can be randomly accessed,
and can be built to interface with any computer.
Coast Guard arrays The U.S. Coast
still on station in tests Guard would like
the sun to power its untended buoys and shore
aids. With that in mind, the service has placed so-
lar-cell-powered buoys in selected waters and at
shore facilities. If the test program proves to be
successful, says the Coast Guard, it will buy such
solar-cell units for at least some of its total of
14,000 untended buoys and shore points [Nov. 8,
1973, p. 34]. The test is still going on—it will likely
last two to three years—and the focus at the mo-
ment is the ratio between battery and array size. In
all, 73 arrays are bobbing around on the ocean or
are sitting atop buildings: 53 are in place at the
R&D center in Groton, Conn.; nine are on a “‘small-
buoy farm on Long Island Sound;” six are in Los
Angeles at the plants of their suppliers, Centralab
and Heliotek; and one is on an oil rig on the Gulf of
Mexico.

Englineering academy An unhappy Na-
stays in sclence body tional Academy of
Engineering first threatened to leave the National
Academy of Sciences [April 12, 1873, p. 36], then
decided to try to work out a plan designed to keep
it within the body [Nov. 8, 1973, p. 49]. The plan
was worked out, submitted to the members of both
groups, and approved. The result is that the sci-
ence academy is in charge with resulting limits on
the engineering body's autonomy. It now functions
as one of four entities under the National Research
Council dominated by the science academy. Also,
its executive committee serves on the council and
its president is vice chairman of the council’s gov-
erning board. But the rub is that the engineering
group can inaugurate only preliminary studies on
its own—full-blown studies must be presented to
the 11-member council, seven of whom are from
the National Academy of Sciences. —Howard Wolff
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Cut out the coupon
ard send it in for

because you'll be dealing with
one source of supp'y for

veur FREE Graphic paper and toners. with a
Controls Electrostatic nationwide distribution
Recording Chart system. Always ready to

sample. Not just

a snippet of paper
... butafull roll
sample of the
newest finest quality
electrostatic paper on the
market. Put it into your GOULD,
VARIAN or VERSATEC recorder

for your own in-use test.

deliver what you want
when you want it, from
inventory. In addition
to our standard rolls
and fanfold packs (with
exclusive page numbering),
we offer preprinted formats in any
color or configuration that you want.
Fill out and mail the coupon today. Or call
If you like what you see—and we're betting Ray Newstead. our Industrial Marketing
you will—the rest is easy. Easy for you Manager. Phone: (716) 853-7500, Ext. 352.

I'D LIKE TO TEST a FREE sampie of your electrostatic paper ‘n the foilowing recording equipment:
O GOULD, Chait Ne. VARIAN, Chart No VERSATEC, Chart No

Estimated Annual Chart Usage ___

Title

GRAPHIC CONTROLS CORPORATION

18 VAN RENSSELAER STREET, BUFFALO NEW YORK 14210

C RECORDING CHART DIVISION

®R
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Clean up your act!

Opto-isolate your critical
circuits with
Monsanto’s MCT?2’s.

Here's a cost-effective way to get top
signal transfer (50% CTR for MCT2's,
250% for MCA 230's), yet isolate
critical components against transients
of 1.5 to 2.5kV: Put an opto-isolator
in the circuit. Switching speeds range
from 150kHz (MCT?2) to 10kHz
(MCA230). Millions of them are in
daily use in industrial controls,
telephone interfaces, computer
mainframes and peripherals. Clean-
ing the noise out of critical paths.
System interface problems?
We've put together App Notes on
sixteen of the thorniest design
problems that O/I's can help solve.
Includes:

¢ |nput drive circuits.
Solid-state 125 MA relay.
Low-cost AC relay.
O/I's in linear coupling.

Gated amplifier functions.
Phone line coupler isolator.
Logic isolation, line receiver.
Interfacing Darlington O/I's
to TTL logic . .. and more!

We'll be glad to send you a copy of
this 64-page applications book.
Simply ask for it on your letterhead.
And give us an idea of your applica-
tion, will you please?

And now. .. more!

We've increased our production of
these wicely accepted components
during the past six months and can
now deliver the quantities you
specify when you need them. Call
your Monsanto distributor or
Monsanto Commercial Products
Company, Electronics Division,
3400 Hillview Avenue, Palo Alto, CA.
94304. Phone: (415) 493-3300

Putting innovation to work.

48 Circle 48 on reader service card

Monsanto
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FAA wants
$96 million for R&D
infiscal 1976. . .

. .and makes
unwelcome change
in MLS requirements

U.S. trade deficit
falls to $235 million
in first 1974 half
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Washington newsletter

Two big-ticket prototype procurements could help boost the Federal
Aviation Administration’s fiscal 1976 research and development fund-
ing by two-thirds from the current $58 million. The agency has
asked the White House Office of Management and Budget to approve
an R&D budget of more than $96 million, a figure that includes $19 mil-
lion for prototype of microwave landing systems and $11 million for
prototypes of the discrete address beacon system [Electronics, Oct. 31,
p. 31 and p. 41].

The much-debated flight-service-station proposal, for the purchase
of hundreds of keyboard terminals to enable rural pilots to submit their
flight plans, continues to be advocated and would cost $6.3 million. En-
hancement of air-traffic controllers’ existing visual displays is put at
$7.6 million, and about $3.5 million is allotted to communications re-
search, which an industry source says may mean a “rebirth” of the
electronic voice switch project [ Electronics, Aug. 22, p. 49].

The Federal Aviation Administration’s proposal to change one of the
ground rules for its microwave landing system program has upset com-
petitors for the potential $1.5 billion market, according to industry and
agency officials. The agency wants the present frequency-division-mul-
tiplex format abandoned and a time-reference-signal format adopted in
the scanning-beam approach to MLS—the rival approach uses doppler
scan [Electronics, Oct. 31, p. 51]. FAA staffers say their decision is based
on a comparison of the costs, complexity and reliability of the two
formats.

ITT Gilfillan and Hazeltine Corp., doppler-scan proponents, are said
by officials to be worried about the change, and ITT reportedly has al-
ready protested informally to the FAA. Bendix Corp. and Texas Instru-
ments, with a total of $12 million between them in FAA funding, have
already tested FDM scanning-beam versions of MLS.

The U.S. trade deficit in communications and electronics dropped 4&%
to $235 million in the first six months of 1974 compared with a $459
million deficit in the same 1973 period, according to the Commerce
Department. Exports jumped 48% to $1.82 billion, offsetting a 22% rise
in imports to more than $2 billion. Consumer electronics imports con-
tinue to dominate the deficit, accounting for $894 million in red ink in
the half, of which $589 million represents Japanese products. Although
imports from Japan dropped 12% from a year ago, sharp rises in Korea
and Taiwan shipments more than offset the decline.

Other significant trends: telephone and telegraph equipment exports
rose to $81 million in the half, cutting the trade deficit to $4 million
from $10 million a year ago. Military, industrial, and commercial
equipment exports jumped 58% to $380 million, boosting the favorable
U.S. balance to $147 million in the half—nearly equal that for all of
1973. Component exports, more than half of them semiconductcrs,
rose to $1.15 billion, producing a $493 million positive balance. How-
ever, imports of integrated circuit continue to climb, generating a first-

half negative balance of $138 million, nearly equal that for all of 1973.
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Washington commentary

IBM’s challenge in communications

A proposal that could ultimately lead to a sig-
nificant restructuring of the U.S. communi-
cations business is scheduled for oral argument
on Monday, Nov. 25, 1974, before the Federal
Communications Commission. It is the joint
proposal of International Business Machines
Corp. and Comsat General Corp. to restructure
cML Satellite Corp. in a way that would give
IBM a controlling 55% interest and thereby
mark the entry of the world’s largest computer
maker into the business of communications ser-
vices (see p. 67).

The FCC has now assigned the petition a
docket number—2022 1—which suggests that the
proceeding is likely to be a prolonged one, es-
pecially in view of what the commission calls
the “voluminous comments, replies and respon-
sive pleadings” that have been filed. Most of
these, including those of the Department of
Justice and the Federal Trade Commission, are
opposed to letting IBM into the domestic satel-
lite business in a joint venture with Comsat
General. FCC approval is necessary, of course,
since its domsat ruling of December 1972 or-
dered that Comsat General not increase its in-
terest in CML beyond the 33% it now holds.

The arguments

Key arguments being raised against IBM’s en-
try—and the company’s responses—are worth
examining. In summary, they are that
= 1BM would not compete head on in the mar-
ket with customer AT&T: “unfounded” and “ab-
surd,” says IBM, contending that if it were *“con-
cerned about its role as a supplier” to AT&T, it
would not be before the FCC seeking to com-
pete in the first place.
® 1BM and AT&T would divide between them
the data and voice markets, thereby substitut-
ing a duopoly for AT&T’s monopoly: “ridiculous
from an economic standpoint,” says IBM, “be-
cause the market is simply not capable of divi-
sion.” A successful domsat operation must offer
a full spectrum of service, and “there is no way
it can succeed without voice.”

» Discriminatory CML interfaces would favor
1BM products: wrong because “IBM’s competi-
tors will be watching it closely.”

= 1BM’s entry would be anticompetitive for the
data-processing industry: “unwarranted,” 1BM
claims, since CML’s plans “will necessarily pro-
vide new communications services” for all EDP
users and thereby “stimulate further develop-
ment” of the data-processing industry overall.

® Permitting IBM’s entry would encourage
other anti-competitive vertical integration:

what about RCA? asks IBM in effect. RCA was
not denied entry despite its vertical integration,
combining interests in communications-equip-
ment manufacturing and network TV broad-
casting. 1BM quite cleverly quotes the Justice
Department’s 1971 opinion when the anticom-
petitive threat of RCA’s entry was first raised:
“Although . . . there may well be competitive
dangers in authorizing suppliers or users to
construct and own satellite systems, we affirm

. . that such dangers are outweighed by the
competitive benefits of permitting such entry”.

Word-eating time

Turning the words of Justice as well as the
FCC’s own domsat ruling against the Govern-
ment may prove IBM’s strongest argument.
Partner Comsat General, too, has been quick to
remind the commission that its 1972 judgment
was that “if we adhere too strictly to conven-
tional standards in this unconventional situ-
ation, such as requiring a persuasive showing
by new entrants that competition is reasonably
feasible . . . most such new applicants may in
effect be denied any opportunity to demon-
strate the merits of their proposals at their own
risk and without potential danger to existing
services—thereby depriving the public of the
potential benefits to be derived from diverse
approaches by multiple entrants.”

That argument’s screw is being turned also
by CML, which contends its restructuring would
give it “unique qualifications” to innovate. If
the FCC now excludes it, the company believes
that “would leave the public with the lower
grade of performance which others are now
capable of offering—a sacrifice the competitors
would have the public make in order to protect
their weaker capacities to compete.”

Now that the battle is certainly joined, no
one should be misled by the arguments of 1BM,
cML, and Comsat General, however good, that
would limit the issue to a skirmish around strict
legalities. The FCC’s failure in 1972 to consider
the possibility and impact of IBM’s entry into
satellite communications should not be held
against the commission—it was never meant to
forecast the future, and in the end, IBM may in-
deed turn out to be the only company with the
resources to challenge AT&T effectively. But
there is far more at stake here than the interests
of AT&T and IBM. The commission has a re-
sponsibility towards all parties and must not al-
low itself to be hustled into making a quickie
decision on a single legal point before hearing
all sides. —Ray Connolly
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NEED A 1/4°" x 1-1/4"’
TIME-DELAY FUSE OR
QUICK-ACTING FUSE?

Time-curreni characteristics of FUSETRON®
dual-elemant time-delay fuses

BUSS HAS IT!

Time-current characteristics of BUSS*
fast-acting fuses
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FUSETRON® dual-element fuses
Time-delay characteristics avoid nuisance openings from
starting currents or surges—yet, give full protection from
short-circuits or dangerous overioads.

BUSS® fast-acting fuses
Fast-acting characteristics provide the instantaneous high
speed opening necessary to protect sensitive instruments
or delicate apparatus.

Voltage Symbol Amperes
250 or ess  AGC 1/500, 17200, 1/100, 1/32, 1/16, 1/10, 1/8,
15/100, 175/1000, 3/16, 2/10, 1/4, 3/10, 3/8,
45/100, 1/2, 6/10, 3/4, 1, 1-1/4, 1-1/2, 1-6/10, 2
MGB 1/160r1/8
MBW & MBB fuses now called AGC.
250 orless  AGC  2-1/2, 3
20 orless MTH 4,50r6
For 250 volt fuses above 6 amperes—See ABC fuses.
1250rless GLH 7, 80r10
32 orless AGC 4,5,6,7 7-1/2, 8 1D, 15, 20, 25 or 30

Symbol
MDL

Voltage
250 or less

Amperes

17100, 1732, 1/16, 1/10, 1/8, 15/100, 17571000,
3/16, 2/10, 1/4, 3/10, 3/8, 4/10, 172, 6/10, 7/10,
3/4,8/100r 1

1-1/4, 1-1/2, 1-6/10, 1-8/10 or 2

1-2/10, 1-1/3, 1-1/2, 1-6/10, 2, 2-1/2, or 2-8/10
3,3:2/10,4,5,6-1/4 or 7

3,3-2/10, 4,5, 6-1/4, 8, 10, 15, 20, 25 or 30

MDX 250 or less

MDL
MDX
MDL

250 or less
125 or less
125 or less
32 orless

/

For z complete selection of BUSS fuses and tuszholders ask for bulletin SFB.

v O 5
4 o) Ry
# =
BUSS HGB C

Fuseholder

Military Typs
FHL11L

BUSS

HWR Shielced
Panel Mounted
Fuseholders

BUSS

Snap Lo:k
Rear Pamel
Mounted
Fuseholcers

USs)

THE QUALITY LINE

BUSS
In the Line
Fuseholders

Fuse Blocks Fo-
14 x 1% Inch
Fuses No 4408
2 poe

HKP Fusenclde EUSS
Pasel Mounted
Fuseholders

Lamp: Indicat ng

Pamel Mounted
Fuseholder

Space Saver
Panel Mounted
Fuseholders

SLUSSMANN MANUFACTJRING
a McGraw-Edison Company Division
St. Louis, Mssour 63107
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Signiticant developments in technology and business

ICL introduces two computers in new series
for communications-oriented applications

International Computers Ltd.
claims to have started with needs of
the intended user and worked back-
wards to design its new range of
computers. The 2900 series was de-
signed first for the types of jobs it
might do, and the software was de-
veloped to support those jobs. The
hardware was then designed to sup-
port the software, so that the ma-
chine architecture is technology-in-
dependent, the company says.

The 2900 series, based on modi-
fied Motorola MECL technology,
will continue to compete in inter-
national markets in the 1980s. Five
and a half years in design, the fam-
ily is slotted for medium-scale num-
ber-crunching, as well as communi-
cations and scientific uses.

Markets. Introduced last month
were the 2970 and the larger 2980.
A single 2980 processor, the com-
pany claims, is equivalent to IBM’s
System/370-168 in raw power.
Priced at about $5 million, the 2980
will “have particular usefulness for
communications.” Prime market
targets will be universities and in-
surance companies, a spokesman
says. The 2970 will sell for about
$2.5 million in a typical configura-
tion.

The new range won’t be sold
abroad the first year because the
company is filling orders totalling
about $50 million from UK govern-
ment agencies and large retailers,
among others. The government, a
10.5% owner in the ICL amalgama-
tion, has contributed about $100
million toward the development,
which cost about $400 million, ICL
says. The company seems prepared
to introduce other models if any
gaps are found in the market be-
tween the 2980, the 2970, and the
small 2903, introduced 18 months
ago. Although not technically part
of the series, $150,000 little step-
brother has been sold to 750 cus-
tomers, most of them overseas.

52

The basic 2980 has a main store
of 2 million bytes, in steps of 256 ki-
lobytes, expandable to four store
modules of 2 million bytes per mod-
ule. Memory speed is 600 nanose-
conds for 16 bytes. Instantaneous
throughput rates range from 27 me-
gabytes per second for the ma-
chine’s store-multiple-access con-
troller (SMAC) to 4 megabytes per
second for the internal trunk lines.
The smaller 2970 comes with 768 ki-
lobytes of main storage, expandable
to 6 million bytes. Memory speeds
are 500 nanoseconds for eight bytes,
or two eight-bit words, and 16 me-
gabytes per second for the SMAC.

The new range provides virtual-
machine processing, virtual
memory, a high degree of modu-
larity, use of high-level machine
languages, and an “organic” data-
management system that enables a
customer to go from input/output
stages to the data base “without
changing his mode of behavior.”

Moreover, the new range is com-
patible with other ICL machines and
peripherals, as well as IBM equip-
ment on the data-interchange level.
The 2900s are not IBM-compatible
on the order-code level, and the two
computers cannot operate together
in an integral system.

Autonomy. Virtual-machine pro-
cessing, explains William Talbot, di-
rector of hardware development,
means that “the machine is so seg-
mented that the user appears to
have it all to himself.” Each module
functions autonomously and in par-
allel with other modules, the com-
pany says. Modules include the
high-speed order-code processors,
the store-access controllers, which
free the order-code processors from
handling main-store access by pe-
ripherals, and the main-storage
units. All main-storage units are in-
dependent or can be accessed simul-
taneously through the SMAC.

ICL’s architecture exploits two ad-

ditional processing concepts—pipe-
lining and slave stores. Borrowed
from the larger 1900 series, pipelin-
ing is the simultaneous execution of
several instructions. Each computer
instruction is broken into a number
of logically separate operations so
that corresponding sections of the
hardware logic can handle the in-
structions. By the use of hardware
interlocks, several instructions can
be processed simultaneously, even
though they are at different stages
of execution.

To support pipelining, slave
stores ensure that the machine’s
pipeline gets quick access to the in-
structions and operands. Compared
with traditional general-purpose
cache memories, slave stores consid-
erably shorten access time to oper-
ands, the company claims. Quick
access is achieved by stack process-
ing, which allows rapid identi-
fication of operands and enables
rapid controlled switching of soft-
ware procedures. The architecture
distinguishes between the types of
information the machine is handling
so that there are separate slave
stores for different types of informa-
tion, he says. O

Japan

Fast n-MOS imager
needs no clock

A solid-state imager with an un-
clocked shift-register scanner, devel-
oped at Central Research Labora-
tory of Hitachi Ltd., greatly
decreases spike noise and operates
faster than those with clocked regis-
ters. This experimental device has
670 picture elements.

The device uses p-MOS technology
because n-MOs devices tend to leak.
Each stage of the shift register,
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which gates one picture element,
consists of two cascaded inverter
stages and one transfer gate. Direct-
current voltages are applied to the
load-transistor drain, Vpp, load-
transistor gate, Vgg, and to the gate
electrode of the transfer gate, Vrg.

The output of the second inverter
in each stage is connected to the
gate of a transfer gate between the
picture-element photodiode associ-
ated with that stage and a common
video-output line. A battery and a
load resistor are also connected be-
tween the video line and ground.
The load resistor, rated at 100 ohms,
gives a resistance-capacitance prod-
uct of 7 to 12 megahertz.

Propagation. A short negative-go-
ing pulse is applied to the input
stage, and this pulse propagates
through the register, turning on the
transfer gates connected to the
video-output line, one after the
other. The photodiodes are thus suc-
cessively sampled, and the video
signal flows in the output circuit.

During operation, the output of
each inverter pair is a pulse with the
same polarity as the input pulse,
which has, in effect, been inverted
twice. But the negative-going lead-
ing edge of the output pulse has a
speed only about 1/15th that of the
positive-going trailing edge. This is
caused by the large ratio of trans-
conductance, Gy, between the
driver and the load, which is neces-
sary for proper operation of the in-
verter. Delay is a function of trans-
conductance ratio, circuit
capacitance, and voltage of the
MoOs-transistor threshold.

The second stage of the shift reg-
ister does not start to turn on until
the output of the first stage exceeds
the threshold voltage of the input
driver of the second stage. In that
way, the speed of the negative-going
output pulse of each stage and the
threshold voltage of the following
stage control the rate the input pulse
propagates through the shift regis-
ter. The transfer gate between the
stages also has a small effect.

Speed. Scanning speed of the de-
vice is about 12 MHz when 12 volts
of direct current is applied to all
three power-supply lines. By vary-
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‘Cold’ IC doping is cheap and easy

A researcher at the Max Planck Institute for Physics and Astrophysics in
Munich has developed an electrochemical method of doping semicon-
ductor crystals at room temperatures that's simpler and less costly than dif-
fusion or ion-implantation techniques. Jovan Antula, a graduate of the
Technical University of Belgrade, Yugoslavia, has fabricated functional lab-
oratory-type pn junctions in silicon materials. The material to be doped is
subjected to an electrolyte containing positive ions as dopants. Then, undet
the influence of an electrical field, the ions are gradually drawn into the ma-
terial’s surface. In this way, the electrical characteristics of semiconductors
can be altered over a wide range to produce pn junctions

Digitizing improves hybrid computer

Designers can combine the speed of an analog computer with the accuracy
of a digital processor, but the resulting hybrid computer often suffers from
three problems—difficult interfacing, complex programing, and different
maintenance and operating specifications for the two machines. At the
Computer Systems and Technology Conference of the Institute of Electrical
Engineers, however, a University of Surrey team described a way to solve
the problems—they digitized the analog part of a hybrid. The team has built
an experimental machine and has funds to build another

Two firms develop diai-a-bus systems

Aerospace firms Messerschmitt-Bélkow-Blohm GmbH and Dornier Systems
GmbH are making feasibility studies of a dial-a-bus systems that differ
somewhat from U.S. and other configurations. Both companies are well
along in developing slightly differing concepts of enabling passengers to
summon buses from terminal-equipped stops by selecting destinations and
depositing fares. Dornier’s system is intended primarily for rural districts,
and mMBB's is aimed at thinly populated urban areas where regular bus ser-
vice often tends to be inadequate. West Germany's Ministry for Research
and Technology is contributing $1.4 million to the program.

ing the voltage applied to the gate
of the inverter load transistors from
about 8 v to 20 v, the scanning rate
can be varied from less than 10 MHz
to about 35 MHz. A much smaller
change in scanning rate can be ob-
tained by varying the voltage on the
transfer gates between inverter
pairs, and this voltage can be used
for vernier control.

Threshold voltage of the inverter
transistors has a large effect on
scanning speed—a 1-v change in
threshold causes about a 20%
change in scanning rate. Hitachi en-
gineers say they can hold threshold
voltage to within 0.1 v, which limits
variations in scanning speed to 2%.

The scanning rate varies about
20% between temperatures of 25°C
and 75°C, which is reduced by a
control circuit on the chip. The pe-
riod between the output of the last
stage of the register and the next

start pulse is measured and con-
verted into a voltage, which is ap-
plied as a correction to the inverter-
load transistor-gate voltage line,
Vga, to correct the scanning rate.

Overlap. Because the propagation
delay between stages is shorter than
the width of the pulse propagated
through the register, the pulses ap-
plied to the transfer gates connected
to the video-output line overlap.
This could cause superpositior of
the output signals of several picture
elements if the charge time of the
photodiodes were not shorter than
the propagation time. The experi-
mental device has no superposition
of picture elements for scanning
rates below 10 MHz.

Output waveforms of the experi-
mental device show no spike noise,
and the signal-to-noise ratio is
about 25 to 30 decibels, even with-
out noise-elimination processing. []
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Here are two of the world’s best oscilloscopes.

Hewlett-Packard 1707B Tektronix 465

Here’s why you shouldn’t own either one.

You can lease one for as little as Call your closest Instant Inven-
$45 per month. tory Center and ask us about short
We can give you immediate term rentals, delivery, and other
delivery on either the Hewlett- lease terms for scopes or any other
Packard 1707B or the Tektronix 465, electronic equipment you need, up

in quantity. to and including minicomputers.

. The Hewlett-Packard scope lease ﬂa Anaheim, California (714) 879-0561

is $45 per month for 36 months. ~|/ Dallas. Texas 213 661°5082

The Tektronix 465 i $50 K th Fort Lauderdale, Florida (305) 771-3500
L he lekironix 1S per mon Gaithersburg, Maryland (301) 948-0620

for 36 months. Burlington, Massachusetts (617) 273-2770

. C Mountain View, California (415) 968-8845
Anyway you choose, leasingisthe o 110 4 New Jersey (201) 337-3757
best thing that ever happened to a Rexdale (Toronto Ont.. Canada (416 677-7513
tight capital equipment budget. Des Plaines, Illinois (312) 827-6670
You pay for your scope as you use it

...and you pay for it out of the Rental EleCtroniCS; InC.

profits it generates. A REPSICO |easing company.
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Components firms
in Germany lay off
workers in slump

Soviets weigh
Stansaab, Univac
bids for ATC gear

French score hits
in armaments sales
to foreign navies

Optical fiber may
cut transmission
losses for British
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International newsletter

Some of West Germany’s components makers, faced with prospects of
a flat or possibly declining semiconductor market next year, have
started to retrench. Texas Instruments GmbH has decided to shut down
its Ingolstadt facilities in Bavaria by the end of this year, which will idle
350 workers engaged primarily in producing small-signal transistors. TI
will also throttle production of integrated circuits at its main West Ger-
man plant in Freising by not replacing workers lost through attrition.
Other semiconductor producers are getting increasingly jittery over
the slackening demand for components. Fritz G. Hohne, manager for
worldwide semiconductor marketing at AEG-Telefunken, says, “We
hope that the chalice [of hemlock] will pass by.” Erich Gelden at Sie-
mens AG in Munich, says “In times like these, it’s no use hanging on to
excess capacity.” Philips Gloeilampenfabrieken, Europe’s largest com-
ponents maker, has decided to cut the length of work weeks in West
Germany, Belgium, and the UK because ““in the third quarter of 1974,
the increase in Philips’ sales volume was lower than expected,” says the
management board. Similar measures, the firm says, will shortly be-
come necessary also in the Netherlands, Philips’ home base. The hard-
est-hit facility in West Germany is the Philips subsidiary Valvo GmbH
in Hamburg, where 620 people—20% of work force—in the tube and
semiconductor plants have had their work hours reduced.

The Sperry Rand Corp. Univac division and Stansaab of Sweden are
finalists in the competition for an order from the Soviet Union of air-
traffic-control equipment, valued at an estimated $75 million, says a
Univac official. Other companies, including Lockheed, Marconi, and
Plessey, are reported to have dropped out after hard bargaining with the
Soviets, who are said to be only “weeks away” from a decision. Urivac
submitted a final bid after the Soviets reportedly pressured the U.S.
firm by leaking information that Stansaab was on the verge of getting
the contract. “That’s the hard-as-nails bargaining style of the Rus-
sians,” observed an industry official.

French manufacturers of naval armaments have been filling their order
books this year. At a late-October exposition of naval weapons aimed
at boosting sales to foreign navies, the French defense ministry’s weap-
ons-sales agency, the Délégation Ministérielle pour I’ Armament (DME)
reports that orders for ships and equipment during the first half of 1974
reached about $210 million, roughly triple the comparable figures for
the past four years. The surge in orders won’t affect deliveries much be-
fore 1977. DME estimates this year’s deliveries of naval vessels at about
$63 million and practically the same for 1975.

Production of such components as parametric amplifiers, modulators,
and isolators inside of optical waveguides is likely through use of a
single-crystal optical fiber developed by the British Post Office’s Re-
search department. This compact configuration would increase effi-
ciency of fiber-optic transmissions because it would dispense with exter-
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Spain defers try
to create joint
computer company

Japanese to export
$165 LCD digital
quartz wristwatch

British to test
data-transmission,
message services

International newsletter

nal planar coupling, which induces losses, and could stimulate
development of all-optical repeaters for fiber-optic communications.

The BPO experimental fiber has a core of nonlinear optical-crystal
meta-nitroaniline. Hollow optical fibers, having internal diameters of
less than 20 micrometers, are pulled from lanthanide-flint optical glass
and filled with the molten meta-nitroaniline. Controlled cooling pro-
duces a single-crystal meta-nitroaniline-fiber core. The process auto-
matically aligns the principal axes of the crystal core with the geometric
axes of the glass cladding. The BPO is developing low-frequency electro-
optic modulators for use with the fibers.

Spain’s deepening political turmoil has hit Instituto Nacional de Indus-
tria (INI), the government industrial holding agency, which is deferring
the launching of major electronics projects until the Spanish govern-
ment is reorganized. Fernandez Ordonez, working in tandem with Bar-
rera de Irimo, economic vice premier, was to have decided on the for-
mation of a government-dominated computer company by INI and a
foreign partner, but both men have now resigned. Japan’s Fujitsu ap-
peared to be the favorite for the foreign-held minority interest in the
venture, but Nixdorf of Germany was reported to have been still in the
running,.

A digital quartz wristwatch with a liquid-crystal display, to go on sale
Dec. 5 in Japan at about $165, will be by a wide margin Japan’s lowest-
priced digital watch. Orient Watch Co., which teamed with Sharp
Corp. to produce the watch, says it will also export it to 60 countries
around the world where its more conventional watches are sold. Sharp
produces the watch insides, and Orient produces the jewelry. The ini-
tial production rate is said to be 10,000 units a montbh, to be increased to
20,000 next spring and 50,000 by the end of new year.

The watch differs from many others in using single chip for all func-
tions, including a 32-kilohertz oscillator, divider, and display driver.
Circuits for the first two functions operate from 1.55-volt power supply,
and those for third function operate from a stepped-up 4.5-V power
supply. The package for the device and wiring substrate are integrated
to form a sort of hybrid circuit. The field-effect display has three and a
half digits, and a comma between them winks out the seconds.

The British Post Office is planning to start several projects in data
transmission that will lead to a pilot circuit-switched service by the end
of the decade. Two-phase trials for the private-line, or exclusive end-to-
end, service are to begin in 1976, but the BPO says that demand for a na-
tional switched service appears to be less than originally thought when
the plans were announced in 1971.

Nevertheless, next fall, the BPO intends to open an experimental
packet-switched public service for individually routed messages through
a London exchange, followed soon by exchanges in Manchester and
Glasgow. Also in 1975, the BPO plans service based on time-division
techniques that will give the UK access to circuit-switched asynchro-
nous transmission systems now being introduced in Europe.
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The Great Tufted Single Sided Strain Relief Conductor:

(Very rare. Only 400 in existence.)

To an ornithologist, maybe single sided strain relief conductors aren’t much of a
turn on. But if you're an engineer wrestling with a next to impossible design problem
involving limited space, circuitry needs on several planes, and low volume
restrictions, then single sided strain relief conductors are not for the birds—they
may be your answer.

Flexcircuits, like the small volume one you see here (we built only 400), get
the same Sheldahl engineering attention, 1009, quality control and on-time delivery
as high volume orders. We don’t think our customers come in different sizes.

They come with different needs.

For short runs of flexcircuits we offer the same capabilities as for high volume
production: single or double-sided circuits, plated through holes, reflow coated circuits,
solder-plated conductors, solder-fused pads, film or epoxy covered coated circuits,
back bared pads and flexcircuit /hardboard hybrids.

So whether it’s a new product, design change, or a prototype to help start an idea
toward reality, consider flexcircuit technology
and quality. It’s been the answer for many
companies—large and small—and could be just

the answer you’ve been looking for.
Call Sheldah! and find out, '! | She I d a h I

(Flexcircuit watcher? To get an 11x 14

reprint of the above bird, suitable for E,'gﬁ}{;ga,gf’mﬂﬁgfo?a”géﬁ’5”7
framing, just write on your letterhead.) Phone: (507) 645-5633

Electronics/November 14, 1974 Circle 57 on reader service card 57



* 1t we've missed any, we apologize

For fast help on INDUCTION MOTORS For assistance on UNIVERSAL/DC MOTORS
call Bill Samaras (815) 889-4105 call Art Grau (815) 889-4107

Circle Card No. 58 for data on FHP MOTORS/GEARMOTORS



if you need UNIVERSAL/DC...
INDUCTION...SHADED POLE
FHP motors, gearmotors, fans
or blowers— Call Howard now.

When price, quality and delivery are
prime considerations—Ilook into what
Howard can offer you. Today, because
of greatly expanded facilities, you (just
as many other major firms) can depend
on Howard as a prime source for more
of your FHP motor, fan and blower
needs. Geared to work closely with
O.E.M. customers, Howard can meet
your particular design requirements.

’

Prototypes and production models can
be developed to your specifications.

And delivery is much earlier than you’d
expect! With the broadest line of FHP
motors, gearmotors, fans and blowers in
the industry—Howard is large enough to
insure dependable service, small enough
to respond to your individual needs.

Our customer service representatives
and phone numbers are listed below.

For another reliable prime source
call Howard now!

HOWARD INDUSTRIES / Division of MSL Industries, Inc.
One North Dixie Highway, Milford, Hlinois 60953

If you need SHADED POLE MOTORS —FANS, BLOWERS
call Larry Taylor (815) 889-4106

Circle Card No. 59 for data on FANS/BLOWERS
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New EMCON' BLUE DAI‘-I:!‘ Drip-free Ceramic Capacitors hit the mark.

Call it a breakthrough. Because
that's what our new line of Blue Dart
Ceramic Capacitors is. A
breakthrough in axial-leaded,
dipped-type capacitor technology.

Here's a conformally-coated
capacitor that finally eliminates
dripdown or “pantsleg” ... a
problem that results in broken seals
when leads are bent. We solved it
with tighter meniscus control. So,
when you bend the leads of a Blue
Dart capacitor, seal breakage is
very unlikely.

Our breakthrough also brings you
a stronger lead attachment (probably
the strongest) and total dimensional

N

N

f/ N
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,/"l \\\
//" Blue Dart Ceramic Capacitors
/7
A shown actual size.

uniformity. That makes Blue Dart
capacitors ideal for automatic
insertion equipment.

No, you don't sacrifice low cost
for these important advantages.
Fact is, Blue Dart capacitors may well
cost less than you're now paying for
ordinary ceramic capacitors. You
can order new Blue Dart Ceramic
Capacitors in two sizes, covering a
capacitance range of 10pf. to 12mf.

Choice of three styles: general
purpose, X7R and COG (NPQO).
General purpose units are rated at
25,50 and 100 WVDC. X7R cnd
COG (NPO) are rated at 50, 100
and 200 WVDC.

If you are using, or are planning
to use, automatic insertion, reel-taped
sample parts are available upon
request. For complete information,
write: EMCON, Division lllinois Tool
Works Inc., 11620 Sorrento Valley
Road, San Diego, California 92121.
Or phone (714) 459-4355,

TWX 910-332-1130.

f— .
2 EMCON

’ 1 A DIVISION OF ILLINOIS TOOL WORKS INC.

 S—
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The Innovative Electronic Groups of ITW. .. EMCON-PAKTRON-LICON
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You get exactly the resistor you need
for your application.

No compromises. No “favorites.” Just quality.

Carbon comp.

Billions used in consumer, industrial, military
applications. TRW/IRC carbon comp.
capability ranges from standard commercial
types through established reliability RCR's,
to ultra-high range (10! ohms). Where
you're using carbon comp.’s in automated
assembly, TRW/IRC packaging options can
help cut the cost of interfacing with your
machines. Card packs, lead tape reels, cut
and formed leads. .. we'll be glad to explore
the potential economies with you.

Metal Film

TRW/IRC has brought the state of the art in
hin-film to a performance level equaling
righ-stability wirewounds. Capabilities
nclude resistors with tolerances to + 0.01%
and = 3PPM T.C. ... high-rel units. ..
srecision subminiatures. .. and, of course

the popular RN's. You can also look
at clloy films offering high-temperature and
high-voltage capability at low cost

Resistive Networks

Advanced resistor technology here. These
IC compatible, precision tartalum-film
circuits provide inherent low noise, excellent
stability, and hermetic performance without
hermetic cost. Tolerances from 5% to 0.05%
available in custom designs.

TRW/IRC also offers the industry's most
complete line of discrete fixed resistors.

!/’._
L So

Wirewound

The line starts with molded wirewound
resistors—"'space-savers' that bridge the
cost-performance gap between composition
resistors and precision wirewounds.

It proceeds to standard, non-insulated types

for appliance/ automotive use. .. to precision
subminiatures offering high power density ...
to low cost fusible, flameproof units for
consumer and industrial applications. ..

to tubular and flat power wirewounds

with ratings to 250 W.

Metal Glaze™

This is TRW/IRC's thick-film technology—for
all types of low power resistor applications.
Metal Glaze is widely accepted for its built-
in power handling reliability, resistance
range, and cost effectiveness. Numerous
standord and special designs—precision,
semi-precision, flameproof, high-rel, high-
voltage.

All types...all technologies. ..
one source

To wrap it up, TRW/IRC offers you the
most complete line of fixed resistors in the
business, with many of the popular types
available from one source—your local
TRW/IRC distributor. Having a direct
pipeline to each of our plants, he can give
you fast delivery.

Contact your local TRW sales office for
application assistance, custom designs, and
special engineering help when you need it.
TRW/IRC Resistors, an Electronic
Components Division of TRW, Inc. Plants at
Boone, N.C., Burlington, lowa, and
Philadelphia, Pa. Write TRW/IRC Resistors,
401 N. Broad St., Philadelphia, Pa. 19108.
Or call (215) 923-8230.

TRW/ irc rResisTORS
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Introducing Echpse.
Suddenly a lot of computers dont look so bright.



The most expensive part of a computerisn't the computer
anymore.

It's the people who work withit.

So Data Generalis introducing a family of mediumscale
computers that cut down onthe work people have to do.

Eclipse.

You won't haveto cleanup the mistakes this computer
makes. Eclipse has automatic memory error correction.

You won't have to rewrite complicatedinstructions every
time youneed them. Eclipse’s microprogrammed architecture
includes a comprehensive new set of instructions so powerful
they do the work of entire subroutines.

You won't have tolose speed doing special subroutines
with software. Eclipse has a Writeable Control Storage Unit that
lets you keep theminthe hardware.

Youwon't have to use assemblylanguage to make your
programs go fast. Eclipseis sofast it can run highlevel languages
at assembly language speeds. (It has abipolar memory cache
that makes semiconductor memoryalot faster. Plus coreand
semiconductor memory interleaving for even more speed.
Andthefastest Floating Point Processorintheindustry. )

AndeventhoughEclipseis abrand new computer, you
won't haveto writealot of systems software orjury-rigyour
peripherals. Eclipse is upwards compatible with the Nova line.
Soallthe software and peripherals weve already made can go
right to work onthe Eclipse.

Writefor our brochure. And see how bright an Eclipse

can be.
DataGeneral

The computer company you can understand.

¢+ Data General Corporation, Southboro, Massachusetts 01772, (617) 485-9100. Data Gen of Canada Ltd., Hull, Quebec, J8Y3S6,
Data General Europe, 116 Rue de la Tour, Paris 75016 France. Data General Australia, Melbourne (03) 82-1361/Sydney (02) 908-1366.
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The programmable laser trimmer

The Teradyne W233 Unitrimmer.
The first programmable laser trim-
mer with a trimmed-down price.

The Unitrimmer is designed for
people who trim only one or two
resistors at a time, do development
work or multiple trims in low-
volume applications.

And it’s from Teradyne — the
company that makes the finest
computer-controlled laser trimming
system in the business — the W311.

The Unitrimmer lets you
program two trims at a time by
setting front panel digit switches. It
can also be programmed electrically
to interface with other systems. The
trims can be on the same resistor, or
one each on two resistors. Additional
trims can be handled in multiple
passes.

Length and direction, resistance
or voltage, Q-switch rate, bite size,
and trim speed are all program-
mable. A single joy-stick lets you
position the start-trim point
in seconds.

] for people who never thought
i they could afford one.

The laser, optics, beam positioner,
and parts handler are all identical to
those on the W3l11. So you get
galvanometer-controlled beam
positioning for unmatched speed,
resolution, and reliability; a clear
view of work in process via TV
monitor or microscope; your choice
of in-line, rotary, or step-and-repeat
feed. And if you ever want to
upgrade to computer-controlled
trimming, the Unitrimmer can be
field-expanded into a W311.

Best of all, since the Unitrimmer
doesn’t need a computer, mag tape
unit, software, etc., you can get one
for less than half the price of a
computer-controlled system.

The Teradyne W233 Unitrimmer.
Programmable laser trimming.

At a trimmed-down price.

Write Teradyne: 183 Essex
Street, Boston, Mass. 02111. In
Europe: Teradyne Ltd., 12 Queens
Road, Weybridge, Surrey, England.

f ERADYNES

W2535

CHICAGO (312) 298-8610/DALLAS (214) 231-5384/NEW ENGLAND (617) 458-1256/NEW YORK (201) 334-9770/SUNNYVALE (408) 732-8770
LONDON (0932) 51431/PARIS 265 72 62/ROME 59 47 62/MUNICH (089) 33 50 61/TOKYO (03) 406-4021

66 Circle 66 on reader service card Electronics/November 14, 1974



Probing the news

Analysis of technology and business developments

IBM plan: individual earth stations

Computer giant’s attempt to gain control of CML Satellite Corp.

stirs strong opposition, with FCC ruling seen by early 1975

by Ray Connolly, Washington bureau manager

Visualize a domestic communi-
cations system served by-a satellite
launched by a company controlled
by International Business Machines
Corp. To IBM’s potential competi-
tors, the system’s most terrifying
characteristic would be creation of
another U.S. communications mo-
nopoly, and they are urging the
Federal Communications Commis-
sion never to let that satellite get off
the ground.

The FCC would first have to ap-
prove its joint petition with Comsat
General Corp. to restructure CML
Satellite Corp. to give the giant
computer company a 55% share
[Electronics, July 11, p. 26].

IBM so far has said little about the
system it proposes to launch. But
the little the computer company has
said lately to the FCC about its plans
has some commission staffers want-
ing to know more before a recom-
mendation is made to the full com-
mission by year’s end.

A restructured CML’s satellite sys-
tem “will be different from the first-
generation systems proposed by the
other entrants,” IBM acknowledges.
CML goes somewhat further: its “ul-
timate system will be a digital satel-
lite transmission system for inte-
grated voice, image, and data
service, including high-speed data
transmission on a multipoint-net-
work basis, utilizing the higher
transmit/receive frequencies and
heavily dependent on numerous
single-customer-dedicated as well as
some multiple-user earth stations.”

Test plan. The companies have
been unwilling to go beyond that,
except for IBM’s admission that it is
busy acquiring “more expertise
about the relationship of data pro-
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cessing and satellite communi-
cations.” To get it, the company
says, it will ask the FCC for construc-
tion permits “within a few months”
to build “two or three” earth-station
transceivers at as many IBM sites. Its
goal is to further explore and de-
velop techniques and hardware for
“flexible and efficient use of full
transponders” using the company’s
internal voice and data communi-
cations. It’s believed that 1BM will
use Comsat’s Intelsats for the test,
although Westar and Canada’s Anik
1 are available.

“For several years we have been
studying satellite-communications
technology,” IBM concedes. The first

disclosure of that interest, however,
came long before the latest state-
ment before the FCC. Internal IBM
documents, subpoenaed by Telex
Corp. in its successtul antitrust suit
now in appeal, show that in 1970
the company established a commu-
nications task force on the premise
that “our strategy must be to pro-
vide a total system.” From the hints
it has given the FCC, IBM’s system
apparently would be total.
Reactions. Despite this, the com-
pany with the most at stake in a
competition with an 1BM-controlled
CML—American Telephone & Tele-
graph Co.—is playing it decidedly
cool. This contrasts markedly with

Carnation. That was code name for this IBM model 3750 PABX, made and now m.ariketed in
France. Computer Industry Association says IBM plans ''Carnation-to-satellite transimission."”
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its determined opposition to terrest-
rial competition from such infant
specialized carriers as Data Trans-
mission Co. and MClI Communi-
cations Corp. Of course, MCI, one of
the sellers in the CML deal, along
with Lockheed Aircraft, is silent on
the proposal. But Datran and nu-
merous others strongly oppose ap-
proval of the IBM-Comsat general
linkup (see “The defensive team,”
p- 68).

AT&T says it “has no objection to
the proposed change in ownership”
of CML. But it reserves the right “to
address the public-interest ques-
tions” it expects will be raised when
cML files formal applications with
the FCC “setting forth its actual sat-
ellite plans.” That carefully struc-
tured AT&T reaction drew Wwry
chuckles from communications law-
yers in the nation’s capital.

“AT&T knows exactly what it is
about, of course,” explains one of
them. “It wants IBM’s entry into the
communications business approved
50 it can get the commission to let it
into the data-processing-services
business. If it can get FCC to turn
around on that, then Bell probably
will fight to limit what IBM can do.”

That course of action is in fact
suggested in AT&T’s brief comments
to the FCC, in which the company

foresees later questions asking
“whether the public interest would
be served by permitting IBM in-
directly to engage in both common-
carrier satellite and data-processing
activities” while restricting AT&T.
AT&T appears to have charted its
course precisely, responding only to
the single question asked now by
Comsat General and IBM—will the
FCC, while reserving action on spe-
cific service plans still under com-
pany study, make the “threshold de-
cision” that will let the two of them
restructure CML?

In a capital made conspiracy-con-
scious by Watergate, the Computer
Industry Association’s assessment of
IBM’s strategy is the most intriguing.
“Quite simply, this may amount to a
careful attempt to monopolize the
market for information-handling
services and hardware by obtaining
a total systems lock” in both areas,
charges the association.

On the rooftop. Prior to CML’s re-
cent statement that its “ultimate sys-
tem” will depend heavily on indi-
vidual customer earth stations—its
most significant disclosure thus far—
the computer association’s forecast
that one component of an IBM/CML
end-to-end system would be a
“rooftop antenna for direct Carna-
tion-to-satellite transmission” cost-
ing between $1,200 and $1,600.

Carnation was the IBM code name
for its model 3750 automated pri-

The defensive line-up

IBM's wish to buy the controlling interest in CML Satellite Corp. is not going
unopposed after all. Trustbusters in the Department of Justice, after ex-
pressing disinterest in July, came out in opposition in October. So did the
Federal Trade Commission, which shares antitrust authority with the Jus-

trice Department.

Both warned the FCC that it might be creating a new U.S. communi-

‘ cations monopoly by letting IBM and Comsat subsidiaries join forces. The
Justice Department called for FCC deferral of the plan at least until signifi-
cant competitive questions are resolved; the FTC called for denial since it
has ‘‘no information which would lead us to conclude that other potential
applicants in these fields could possibly match the combined expertise, re-
sources, or access to customers’ of IBM and Comsat, “‘and therefore we

think none is likely to try."”

Domsat applicants opposed in varying degrees to IBM's entry include:
American Satellite Corp. and its parent Fairchild Industries Inc.; Data Trans-
mission Co.: ITT World Communications Inc., RCA Global Communications
Inc. and RCA Alaska Communications Inc.; Southern Pacific Communi-
cations Co., and Western Union. Electronics companies opposed include
computer-maker Sperry Rand Corp., and CRT terminal maker Sanders As-
sociates Inc., which recently disclosed plans to sue IBM for allegedly mo-

nopolistic marketing practices.
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vate exchange equipment (PABX)
that is being made and successfully
marketed by IBM in France, widely
regarded as a test market for later
introduction to the U.S. [Electronics,
Nov. 8, 1973, p. 68]. The association
says Telex documents show a U.S.
version would add such features as
“direct dialing, tie lines, data access,
signaling, 60-cycle power, call direc-
tors, satellite connection, automatic
overflow routing,” and possible en-
cryption capability for privacy.

The threatened competitors re-
call, as does the association, the IBM
communications task-force report of
May 1972 calling for formation of
an Information Systems division
that would ‘“keep options open
based on 3750 success and future
developments in CATV, satellite
communications, etc. Strategy
would support both voice and data
applications—focus on data/word
entry in office environment.” IBM
management reportedly rejected the
new-division idea on the ground
that it could lead to “fragmentation
of market requirements for commu-
nications products.”

What IBM proposes now is crea-
tion of a wholly owned subsidiary,
IBM/S, with separate accounting, of-
ficers, equipment, and facilities to
handle 1its controlling interest in
CML. Moreover, it argues it “has no
desire for a permanent position as a
majority owner” in CML, but plans
at some unspecified date to make
available, along with Comsat Gen-
eral, “a substantial number of
shares of CML common stock to
other investors after CML has gained
operational experience.”

Should these and other argu-
ments of IBM, Comsat General, and
CML fail to convince the FCC staff
study being directed by the Com-
mon Carrier Bureau’s Ruth Reel,
they may be sufficient to get the
commissioners themselves to rule
favorably on the “threshold deci-
sion” on IBM’s eligibility that the
companies want. That could come
near the beginning of the new year.

But even if that action and all of
CML’s later service and tariff filings
go smoothly for the petitioners—an
unlikely prospect—the companies
themselves believe it will be 1979
before a reorganized CML is oper-
ational. O
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Manufacturing

Automating the epitaxial process

Effort at Motorola Semiconductor will produce 25,000 wafers weekly,
with only 2 workers a day needed instead of 50 now on the job

by Paul Franson, Los Angeles bureau manager

Automated production is considered
by many major semiconductor
makers as the way to deal with ex-
pected offshore labor restrictions
and to increase productivity without
adding personnel. One important
effort is at Motorola Inc.’s Semicon-
ductor Products division in Phoenix,
where a long-term program to auto-
mate epitaxial growth on wafers is
nearing fruition.

The three-year-old program, a
joint effort of Motorola and the Air

Force Manufacturing Technology
division at Wright Patterson Air
Force Base in Ohio, has many im-
plications beyond labor savings. The
long-term commitment by Motorola
is one that few semiconductor firms
can afford, but automation on this
scale by the giants in the industry
may increase their domination of
the market.

The Motorola system, which was
developed under the direction of
Bernard van Pul of the epitaxial

products group, will eventually pro-
duce 25,000 finished 3-inch wafers a
week—one every 12 seconds. Only
12 workers a day in two shifts wil.
be required in contrast to the 50
now needed.

After the computer-controlled
system accepts Motorola-developed
cartridges holding 50 wafers, the op-

. . . And it comes out here. Here's Moto-
rola’'s automated epitaxial production line,
developed jointly with the Air Force.
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eration is completely automatic. The
wafers move through cleaning, in-
spection, epitaxial growth, more in-
spection, and binning into desired
categories.

James H. Williams, manager of
automation and instrumentation for
epitaxial products, says a Control
Data Corp. 1700 medium-scale
computer was chosen to control the
system partly because of experience
gained using another CDC 1700
that controls a separate epitaxial fa-
cility. The two systems may be inte-
grated eventually. The reactor on
the epitaxial production line is not
computer-controlled, but growth is
automated as part of the system.
There’s also a system to check epi-
taxial thickness and resistivity.

Each section of the system was
developed separately. Epitaxial-
products manager Don M. Jackson
Jr. says, “We didn’t try to bring it all
up at once. That’s probably more
than we could handle.” He adds
that the company tried to buy parts
for the system, but nothing suitable
was available, so that everything is
custom-made—including the epi-
taxial reactor—except for a highly
modified dry-plasma-wafer cleaner
from LFE Corp.

Jackson says that he doesn’t ex-
pect this type of automated equip-
ment to be available from com-
panies in the business. “Not many
people in the world need this level
of complexity.” Motorola’s central
epitaxy facility produces all the epi-
taxial wafers needed worldwide for
its 1C operations. Other semicon-
ductor companies typically split the
operation among separate produc-
tion lines, even in a single location—
so Motorola can take advantage of
much greater economies of scale.
The firm does not expect to sell sys-
tems to others, but will use subsys-
tems, such as automated inspection,
in other parts of the company.

At present, the line is limited by
the capacity of the epitaxial reactor,
but Jackson expects it to handle a
significant part of Motorola’s pro-
duction by the end of 1975. Addi-
tional reactors can be added simply
by extending the track of the forklift
boat-loader.
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1. Start. Three-inch wafers are
fed from cartridge in foreground
onto track. Air bearing system
suspends and moves them;
vacuum inlets stop them.
Instrument just beyond car-
tridge reads binary coded
number scribed earlier on back
of wafer by a laser. In back-
groundis Bernardvan Pul, who
directed development of the
system.

4. Boat. Wafers are queued, then picked up and placed on boat (behind instrument). They
are lifted by Bernoulli jets rather than vacuum to prevent contamination. The boat is then
lifted by fork lift beyond it and inserted into the epitaxial reactor Emerging, wafers are placed
aboard track at left and moved forward. Two sensors at elbow check for warpage, after
which the good wafers turn left and bad ones simply continue over end into a waste bin,
since warped wafers are useless. The instrument in foreground is the electronics package
for the vertical warpage sensors. The next stop, shown on the page opposite, is the epitaxial
reactor—in this case, an experimental model using tungsten bulbs
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2. Cleaner. At this station, left,
wafers are loaded in carriage.
Moditied LFE plasma cleaner then
moves over the carriage to clean
the wafers. LFE system is only
commercial equipment in the en-
tire Motorola epitaxial setup.

3. Inspection. From cleaner, wa-
fers move individually to inspec-
tion, right. Defects reflect bright
light to phototransistor sensors;
defect data is recorded to help
monitor cleaning operation. De-
fective wafers go back to cleaner,
good ones move to next step.

6. Tests. After leaving the warp detector, the wafers are visua'ly inspected
again. They then pass to stations that check the thickness and resistivity of the
epitaxial layer. The units on left are four contact resistivity probes; at right is
rapid-scan Michelson interferometer that checks thickness.

5. Reactor. The forklift inserts the boat into the epitaxial
reactor. In production, any number of reactors can be
loaced and unloeded by the forklift simply by extending
the track, but Motorola expects thet larger capacity mod-
els will become available within the next year—an arrange-
ment that is better than the use of many small reactors.

7. Stacked up. The final stop on the automated Motorola
line 1s for separation into one of five bins. This is espacially
valuable, for though the system yields much higher uni-
formity among wafers than manual epitaxial oroduction
lines, wafers that co not meet specifications for cerain ap-
plications still can be quite suitable for others.

Electronlcs/November 14, 1974




3
» -l 3
V7 Ay

Y

Why companies who supply power
will tell you that
“RCA"and"“Power Transistors"are
practically synonymous.

Power/Mote Corp. e Tronsistor Devices Inc o ACDC Elect-onics Inc. ¢ Fower-One, Inc. o Power Poc Inc. ¢« Hewlett Poca ord ¢ Powerter, Inc o



One reason is our product.

But an even bigger reason is
what we know about our prod-
uct and its applications.

We’ve made it our business,
for instance, to understand
power supplies so we can prop-
erly specify the requirements of
the power transistors that go
into them.

Where necessary, we've
done power supply develop-
ment work. We've studied the
transient and stress conditions
to which power transistors are
subjected— and produced a
line of hometaxial transistors to
cope with them. We've devel-
oped characterization and
rating systems to help assure

PEM SERIES

POWERTEC 1‘1]

-
~

that our products perform as
designed; built in extra rugged-
ness to help increase reliabil-
ity; implemented a real-time
process and quolity control
system in manufacturing.

That's why the companies
whose power supplies are pic-
tured above use RCA power
transistors.

Low power devices up to 4
watts packaged in plastic and
hermetic TO-5's and TO-18's
with heat sink. A high-frequency
epitaxial family that meets non-
critical, high energy require-
ments up to and beyond 20kHz.
Transistors that are tailor-made
for high-speed switching up to
and above 50kHz. Darlingtons

108133 V- 108
47-430 Mg 199

170 .2 54

with gains of 1,000 at 5 amps
and 100 at 10 amps in hermetic
and VERSAWATT packages.
High voltage pi-nu structure
transistors, that provide inher-
ently better current capability
than conventional triple-diffused
devices.

All of which has resulted in
products that power people
rely on. If your industry is one
that supplies power, you should
know more about RCA. Write
RCA Solid State, Box 3200,
Somerville, N.J. 08876.

Phone (201) 722-3200,
Extension 2129.

Better still, call your local

RCA Solid State distributor for

off-the-shelf deliveries.
Solid

“ﬂ" State

A power house in transistors

International: RCA, Sunhury-an.Tnames, UK. RCA, Fuji Buildirg, 7-4 Kosumigaseki:, 3-Chorne, Chiyoda-Ky, Tokyo, Japan. RCA bimited, Ste. Anne de Bellevue 810, Canada.
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Six things
our salesmenare
oing toease the

energyCrisis.

eliminate wire and cable supply
shortages overnight.

Buteveryone at Brand-Rex is committed to provid-
ing the best service we can — not least of all our
salesmen.

Here are a few things they’re doing to help — with an
assist from our Marketing people.

1. Working closely with customers to project annual
needs so we can make long-range commitments with
our vendors. That gives us a better chance to get the
continuing and on-time supply of materials necessary
to meet your requirements.

2. Keeping tabs on hard-to-obtain or over-committed
materials so Product Engineering can be alerted to find
acceptable alternates.

BRAND-REX CO. A PART OF Akz0ne INCORPORATED

3. Helping customers to lower costs and
conserve raw materials through the use of smaller
gauges and thinner insulation walls. Without sacrificing
performance.

4. Reviewing daily computer printouts of orders
behind schedule to get immediate corrective action
under way, or where this is impossible, advising
customers of the delay.

5. Making expediting calls on vendors in an attempt
to keep vital supplies flowing.

6. Helping the Marketing Department to keep in
closer touch with conditions and trends in the industries
we serve.

None of these steps will end the energy crisis by itself.

But add them up, and they can make a difference in
our ability to serve our customers.

Frankly, we hope the “Yes We Can” attitude of our
sales people becomes contagious. It’s already spread
throughout Brand-Rex, helped by strong management
commitment. We think you’ll see results in a very short
time. And if it becomes standard practice throughout
the industry, so much the better.

Because if we all do everything we can, we’ll all be
better off.

Brand-Rex

Willimantic, Conn. 06226
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Communications

Fax speeds up

New technology, in the form of laser-based systems, and other

techniques could give industry long-awaited impetus

by Ron Schneiderman, New York bureau manager

“If we can go along with the old
premise that technology influences
growth.” says a facsimile transciever
marketing executive, “then the fax
market is in for some long-awaited
growth.”

Facsimile manufacturers have
prophesied such great things of
themselves for so long that little at-
tention has been paid even to the
few that command over half the
market. Not surprisingly, they’re
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still prophesying, but now that they
have new high-speed terminals, de-
signed primarily to cut transmission
costs and improve reliability, fax
may finally snap out of its years-old
reputation as one of the more som-
nolent of the electronics industries’
sleeping giants.

“The fax market,” says Howard
M. Anderson, a fax consultant and
market researcher, “is getting more
competitive as new entries raise the

Quick study. Rapifax 100 machine can
send letter-sized page in 35 seconds. It uses
Rockwell MOS LSI modem and an electro-
static printing technigue.

stakes by increasing the tech-
nological kitty.” Xerox Corp. which
is about to announce its first sub-
three-minute system [Electronics,
Oct. 3, p. 39], continues to dominate
the field. But others, such as Faxon
Communications Corp., the Elec-
tronic Associates Inc.-Comfax Com-
munications Corp. partnership, and
Rapifax Corp., a spinoff of the old
CBs-Dacom-Savin venture, are also
pushing new high-speed models. In
addition, stalwarts like Minnesota
Mining & Manufacturing Co. (3M),
Graphic Sciences Inc., Stewart-
Warner Corp., and Visual Sciences
Inc. are busily developing their own
high-speed fax transceivers, aiming
for late 1975 or early 1976 introduc-
tions.

Xerox is expected to announce its
new model within the next few
months. The laser-based two-min-
ute system was field-tested a year
ago at the Los Angeles Times, but
the test was halted for additional
debugging. Although faster termi-
nals are already on the market, the
Xerox unit will be the first high-
speed system available backed by a
major national sales and service
force.

Some pluses. The laser approach
to facsimile has several advantages
over the more conventional electro-
static, electrolytic, or even stabiliza-
tion paper reproduction system.
Among them are low noise, poten-
tial low cost, and the elimination of
relatively expensive silver-halide
film as a recording medium. In ad-
dition, says Philip Vokrot, manager
of laser market planning at the RCA
Industrial Tube division, Lancaster,
Pa., new helium-cadmium lasers
should be able to record on inex-
pensive papers more quickly and
with better resolution than most
existing fax recording techniques.

Laser-based fax is also drumming
up new interest in the medium
among military communicators. Lit-
ton Industries’ Datalog division at
Melville, N.Y., which has a pro-
prietary data-redundancy-reduction
technique for high-speed fax trans-
missions, is developing an all-ser-
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vice portable system. It will use a la-
ser light source with digital
encoding to transmit documents,
fingerprints, weather charts, and
photos of satellite cloud cover
within 30 seconds. Edgar L. Moore,
Datalog president, says the $1.3 mil-
lion contract to develop and deliver
four of the systems is part of a De-
fense Department effort to stan-
dardize tri-service tactical commu-
nications. The new system, adds
Moore, will improve on previous
data-reduction systems that com-
press printed material into digital
pulse groups for selective trans-
mission, and will be designed to
transmit and receive up to 32 kilo-
bits of data per second.

Speed is important since a leading
end-user objection to fax has been
transmission costs. Now, with one-
and two-minute terminals available,
fax sellers feel they are operating
from a stronger marketing position.
The new terminals come with a
higher price tag—up to $350 per
month lease compared with an aver-
age $76 for conventional equip-
ment—but they’re being aimed, at
least initially, at large-volume users
who can justify the rates yet still
save money.

For example, John R. Hopf,
Rapifax’ marketing program man-
ager, says that the Boeing Co. uses
about 50 Rapifax 100 machines to

transmit some 10,000 pages monthly
to its vendors. By substituting high-
speed fax for its older four- and six-
minute machines, Boeing estimates,
monthly savings between Seattle
and two locations in California
alone amount to $20,000.

Rapifax is using a custom Rock-
well International Corp.-designed
MOs LsI modem capable of speeds
of 4,800 and 2,400 bits per second in
its 100 series transceivers. Able to
send a letter-sized document in 35
seconds, the Rapifax uses an elec-
trostatic printing technique with a
stationary multi-stylus printer.

Electronic Associates has been
making its high-speed Fax 1 since
last December under a license from
Comfax, which developed the dig-
ital data-compression techniques
used in the system. The Fax 1 leases
for $335 per month, including ser-
vice, or sells for $9,800 without
modems. So far, EAI has leased 50
Fax 1 machines and sold two to Net
Com Corp., the communications or-
ganization serving New York’s
World Trade Center.

Acquisition. In Danbury, Conn.,
Graphic Sciences expects to have its
sub-three-minute fax available by
early next year. What’s more, Bur-
roughs Corp. has reached an agree-
ment in principle to acquire the
company for stock worth $30 mil-
lion. From Graphic Sciences’ stand-
point, the acquisition would give the
fax maker a built-in national sales
and service organization.

Wanted: 65,000 terminals

Anyone interested in selling 65,000 facsimile terminals to a single cus-
tomer? That's quite a deal, considering that there are about 130,000 fac-
simile transceivers in use in the United States today, but Harvey R. Berke,
McGraw-Hill Information Systems Co.’s senior vice-president for manufac-
turing, says he would be willing to boost that figure by 50%—if he could find

the right terminal.

For openers, says Berke, it would have to be a low-cost unit, but not
necessarily very fast since all transmissions would take place between 11
p.m. and 8 a.m., when rates are lowest and traffic lightest. The system
would also require a selection code and must transmit in a broadcast mode
to multiple fax receivers simultaneously. The terminals would be in the of-
fices of subscribers to McGraw-Hill's F. W. Dodge construction-business
reports. ‘| want next-day delivery and | don’t need two-way fax since | just

want to send, not receive.”

What prompted his interest in fax, says the McGraw-Hill executive, is the
rising cost and irregularity of postal service throughout the country. Berke
adds that when he finds the right terminal, he'll probably go for a five-year
contract with the supplier. 'l have talked with a number of communications
[equipment] companies and some of them are interested."’
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In Minneapolis, meanwhile, 3M
has been working with a fiber-optic
light source in the development of a
high-speed fax terminal that isn’t
expected to go to market before
1976. However, Visual Sciences Inc.,
under a long-term contractual ar-
rangement with Matsushita Graphic
Sciences Inc., a jointly owned com-
pany, buys co-developed facsimile
transceivers from Matsushita
Graphic Communications Systems
and sells them to 3M and Plessey
Co. for marketing.

Next year. At the moment, none
of these companies has a high-speed
fax, although James McCarthy, Vis-
ual’s sales vice president, says a two-
to-three-minute model will be avail-
able to both 3M and Plessey early
next year. This will be an analog
system with an integral modem, but
will not compress data. Visual does
have a prototype sub-one-minute
model that operates in both digital
and analog modes and compresses
data to eliminate white space during
transmissions, but McCarthy says
he hesitates to guess when it will be
available to 3M and Plessey to bring
to market.

Faxon, White Plains, N. Y., which
has been working on its Faxon 811
for close to five years, will introduce
it within the next few months, ac-
cording to John Ransom, president.
The 811’s scanning and recording
system uses a flying-spot CRT as its
light source. Neither the original
document nor the copy moves dur-
ing transmission with the 811, says
Ransom. Also, unlike some data-
compression machines, which read
everything but eliminate the white
spaces during transmission, the
811’s skips the white areas and nei-
ther reads nor transmits them. Ran-
som says Faxon has just been
awarded a patent on the system.

Helping to stir up interest in fax,
meanwhile, is a recent flurry of mar-
ket studies—from The Yankee
Group and Arthur D. Little Inc,
both in Cambridge, Mass., and In-
ternational Resources Development
Corp., New Canaan, Conn. Also, a
major effort is expected from Stan-
ford Research Institute, Palo Alto,
Calif. srI published a fax report in
May 1972 at $7,500. Its latest study,
due in May 1975, has already been
priced at $12,500. O
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Positions Wanted

QUAD OP AMP WITH COMPLETE
SPEC BACKGROUND SEEKS
AMPLIFIER GAIN FUNCTION

You'll find it difficult to top the qualifications of the new MC3403 quad
differential input op amp. Its resume includes 38 different parameters
with 26 of these sporting min and/or max values. So now you don't have
to put up with the uncertainties of the common “typical’ spec.

The new quad although electrically similar to the industry standard 741
boasts several advantages over such standard op amps. For instance, the
MC3403 can operate at single supply voltages starting at 3.0 V and going
all the way up to 36 V with about one-fifth the quiescent power supply
currents of the MC1741 (per amplifier). Or choose split supply. Either
way, you can design confidently with the MC3403 as performance min/
max is specified for both.

Also, we've reduced crossover distortion to a mere 1% (typ) using a
class AB output stage.

Price? Quoted at $2.60 (100-up). But that's only the surface of the sav-
ings. In most cases, each MC3403 can replace four industry standard
741's. That affords you much greater economy than the already low price
implies.

So interview the MC3403 quad op amp today. Use the coupon below or
the reader service number to retrieve the comprehensive MC3403 data
sheet. Circle 76 on reader service card

FREE LINEAR
“THEM-TO-US” CROSS REFERENCE

We'd like to familiarize you not only with the MC3403 quad op amp but
with all the linear *‘professionals’” from Motorola. So we're offering a
new ‘‘Linear IC Cross Reference' which telis you at a glance what
Motorola linear IC to use in place of whosever else's you were thinking
of using!

As far as we know, it's the most complete linear IC cross reference in
the industry today. Fast and easy to use. Handy, fileable format. Free for
the asking.

’ If you have anything to do with linear ICs, you should have Motorola's

“Linear IC Cross Reference'. Send for it today via coupon or reader
| service number.

Circle 77 on reader service card

. HIRE MOTOROLA LINEAR TODAY
; MOTOROLA LINEAR

’ From quad op amps to interface, we'll handle your linear IC job.

—practical innovations for systems design!

Snip Out and Attach to Company Letterhead.
Show me your qualifications:
Send: _____ MC3403 quad op amp data sheet
Motorola Linear Cross Reference Guide
Name
Title

Mail Drop

Mail to: Motorola “Quad"’
P. 0. Box 20912
Phoenix, Arizona 85036
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The economy

Tight money means tight belts

Electronics firms are pressuring slow-paying customers, keeping

inventories down, furloughing workers—all to avoid borrowing

by Howard Wolff, Associate Editor

Money is tight. Electronics execu-
tives across the country are fretting
about mounting accounts receivable
as customers put off paying their
suppliers for 90 or 120 days, instead
of the more customary 60 days, sim-
ply to avoid borrowing money. The
situation has become one in which,
as one company official puts it, “We
find more customers deciding to pay
late and, in effect, running their
business with our money. This puts
us in the position of having to put
more pressure on them without ac-
tually driving them away.”

Not only are electronics suppliers
facing the slow-pay problem, but
they too must strive to finance oper-
ations out of earnings rather than go
to the money market because high
interest rates prevent profit on bor-
rowed money. They are also tight-
ening up on inventories, deliveries,
and, generally as a last resort, clos-
ing portions of their facilities and
laying off work force.

“Were all caught in the same

The revenge list

squeeze,” says one company official.
“The idea is to avoid borrowing
money except as a last resort, so
we’re being very careful to tie up as
little cash as possible in inventory,
production, or capital improve-
ments. And with interest rates show-
ing no real sign of dropping rapidly,
it looks as though we’ll be treading
carefully for a while.”

A spot check of electronics firms
reveals agreement that the major
soft spot is accounts receivable. The
Electronics Components divisions of
TRW Inc. in Los Angeles, which
makes resistors, capacitors, connec-
tors, and semiconductors, pins the
blame for today’s poor cash flow
squarely on slow payments from
customers.

“The key thing is asset control,”
says James E. Gwyn, manager of
market research and analysis. TRW
has a corporate official, as well as
task forces at the division levels,
constantly watching and forecasting
inventory levels and receivables so

Most electronics companies, asked what they are doing to get customers to
pay bills faster, talk about aggressive collection programs. Those programs
can take many forms, ranging from phone calis to curtailment of deliveries.

One company, which must go unnamed, is in the unique position of being
both a supplier and a customer to the same manufacturers. So what it does,
simply, is withhold its own payments from slow-paying customers. The re-
sult is a kind of revenge list of those vendors that are also on the receiv-
ables list—to keep the books in order, checks are made out but not for-
warded. The total of such withheld checks recently was in five figures
involving four companies—several of them among the best known in the
electronics industries. And in still another category are late-paying vendor-
customers for whom checks have not been made out at all.

it's too early to tell how such a program works, although not many firms
find themselves in the vendor-buyer position. Still, the company withholding
the checks has also had to lay off 10% of its work force.

78

that a healthy balance can be main-
tained between the two. Also, “We
are making an aggressive effort to
collect,” says Gwyn, while attempt-
ing to increase productivity with the
current TRW work force so that the
company can utilize its inventory of
materials more effectively.

Another component supplier, Al-
len-Bradley Co. of Milwaukee, a
major resistor house, says it’s buying
less in the way of raw materials and
other goods used in manufacturing.
The company also is keeping a
sharp eye on inventory levels—its
own as well as those of its custom-
ers. As soon as business slows, the
company does a study to determine
how immediately to cut expenses
and what additional steps must be
taken if the situation continues to
worsen. The system seems to be
working, since there have been no
layoffs at Allen-Bradley during the
current slump, though there have
been personnel shifts due to reorga-
nization.

Computer Automation Inc. of Ir-
vine, Calif., a minicomputer maker,
finds itself forced to put pressure on
accounts receivable. “We're delay-
ing shipments to those with heavy
accounts payable which have gone
on for some period of time,” says
David Methvin, president, adding
that his company is trying to get all
its customers on a 60-day payment
schedule.

But the company says it’s not de-
laying payments to its own suppliers
while financing operations out of
cash flow or earnings.

“A lot of companies typically pay
in 90 to 120 days. That’s not neces-
sarily due to tight money, it’s prob-
ably the way they’ve done it all the

Circle 79 on reader service card—>



Centralab

DErspecives

To get the latest generation component,
engineers are saying Selectashaft--
before they say rotary switch.

THE SELECTASHAFT SYS-
TEM consists of preassembled
standard rotary switches and a

Distributor assembly cf this
mechanically superior

rotary switch gives them
instant delivery on over
10C,000 custom assemblies
and eliminates secondary
modification costs.

If you’re specifying or buying ro-
tary switches, your Centralab Se-
lectashaft Distributor would like
to let you compare this totally
new switch with any old style
switch. One sample is all you’ll
need to see how it can meet cus-
tom specifications yet save from
3% to 17% on total cost, depend-
ing on switch type and quantity.

Selectashaft is the first name for

THIS CATALOG, available from your Dis-
ributor, gives complete specs, dimen-
sional drawings, circuit diagrams and
easy ordering instructions. Ask for it.
Yau'll find the answers to your design
and delivery probiems.

series of individual exact shafts.
Factory trained Distributors, us-
ing specially designed equipment,
assemble these parts to meet cus-
tom requirements. You choose
from three shaft styles — .250”
plain round, .218” and .156” flat.
There are 24 shaft lengths, .687”
to 2.375" and 24 shaft flat angles
in 15° increments. You select from
92 subminiature and miniature
switches — 1”, 1.325” and 1.500”
diameters; diallyl phthalate, phe-
nolic or ceramic sections. You
have your choice of knobs, dial
plates, index assemblies and hard-
ware. You get the design freedom
of over 100,000 possible custom
switch combinatious. O

rotary switch. Electrically equiva-
lent to our famous PA-Series
switches, it’s the latest generation
component. Mechanically superior
to any old style rotary, it gives
you adjustable torque, better feel
and longer life. It uses a new dual

ASK FOR SELECTASHAFT ROTARY SWITCHES
AT THESE CENTRALAB DISTRIBUTORS:

CALIFORKIA IND!INA NEW YORK

Abacus Eectronics Radio Distributing Co., Inc. Peerless Radio Corp.
Mountain View 94040  South Bend 46624 Lynbrook, L.I. 11563
41579611500 219/287-2911

PENNSYLVANIA
Cameradio Electronics
Pittsburgh 15222
412/288-2600

516/593-2121 Herbach & Rademan, Inc.

. . . ‘ . Ra-Dis-Co, Inc. it Distri Philadelphia 19134
ball, mde-thrgst index, and incor- :ﬂlmtafilﬁin::ngs“lﬁcl. Indianapolis 46202 ﬁﬂm‘ llil;}]nzbutors peadelpha 1
porates an adjustable stop ring in- 41579613611 317/631-5571 716/884-3450 Philadelphia Electronics Inc.

. . . KANSAS Philadelphia 19107
S,Itfﬁzd of the old flt}éle tsj:op tabtf {‘;‘;";r";ff:scggg'g ¢ Radin Supply Co. lnc.  NORTH CAROLINA 215/568-7444
Té are no modification prob- 213/685.5511 Wichita 67211 Kirkman Electronics TEXAS

lems — no bare metal to rust or 31642675214 Winston-Salem 27108 Harrison Equipment Inc.
corrode, no scrap, no loss of war- COLORADO MASSACHUSETTS 919/7124-0541 Houston 77004
ranty and no secondary modifica- Acacia Sales, Inc. Wilshire Electronics/NE. gy o ;

. A Lakewood 80215 Cambridge 02138 Texas Instruments Supp!
tion cost. You get everything you 383%3"2.2332 617/491-3300 Esco, Incorporated Dallas 75235 PPy
need —exact shaft length, end de- MICHIGA Dok a0 214/2386811

FLORIDA RS Electronics Southwest Electronics Inc

tail and shaft flat angle without

B 5 Pioneer-Standard Electronics  Stafford 77477
modification. And, when you con-

Electronic Equi t Co. Detroit 48227
mi 33143 Cleveland 44105 713/494-6021

Miami 33142 313/291-1012

sider the cost savings, the reasons 305/871-3500 MINNESOTA 216/587-3600 WASHINGTON
lectashaft — before you Hammond Electronics Gopher Electronics Co. Stotts-Friedman Company Almac/Stroum Electronics

to say Se eCt.S}L t el e X X Orlando 32802 St. Paul 55113 Dayton 45402 Seattle 98108

say rotary switch—are clear. As 305/241-6601 612/6450241 513/224-1111 206/763-2300

for a sample and see.
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Pl;obing the news

time. But now, Computer Automa-
tion, like everyone else, is saying
that’s a no-no,” explains Methvin.
The company also reduced its bank
indebtedness during the first quarter
of its fiscal year to $3 million from
$4 million and “anticipates doing
more of that during the second. The
cost of money is just too expensive,”
says Methvin. To keep from bor-
rowing, Computer Automation is
also trying to keep its inventory
down. As a result, says Methvin, the
company is “slowing shipments to
customers to some extent; by and
large, however, the customers seem
to be responding well. Everybody
understands the problem.” As for
layoffs, the company says there were
two in August and September, total-
ing 60 people. Twenty more left
through attrition and for other rea-
sons.

Across the country in Maynard,
Mass., another mini maker, Digital
Equipment Corp., wound up its fis-
cal year on June 30 with $144 mil-
lion in accounts receivable on the
books. Although George Chamber-
lain, assistant treasurer, won’t say
how much is outstanding now, he
did say that compared to a year ago,
payments are coming in quicker: an
average of 96 days vs 112 days.

DEC finds itself in a good position
overall. Its assets at year end were
$324 million, including $38 million
in cash, while its liabilities were only
$85.5 million. The result is that it
can afford to be generous with slow-
paying customers. Chamberlain
says that DEC often will sit down
with a customer and work out a pro-
gram for extended payment that is
suitable for both parties. While it
has cut off shipments to late payers,
such instances are relatively rare. As
for paying its own suppliers, Cham-
berlain says that DEC pays twice a
month as well as taking any dis-
counts that are offered. And the
company apparently isn’t having
too much trouble with borrowing;
Chamberlain says DEC will need ad-
ditional outside capital for the next
fiscal year and that the money is
available.

National Semiconductor Corp.’s
attitude on borrowing is that it
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“would be willing to borrow even at
these awful rates if we needed it for
future growth,” says John Hughes,
finance vice president. But National
finds that the current business cli-
mate discourages expansion (see p.
82). “We don’t need to expand, but
we do need to cut costs,” says
Hughes.

The Santa Clara, Calif., firm also
sees more and more customers de-
laying payments and resisting col-
lection efforts. National has taken to
reminding customers more aggres-
sively—over the phone—that they’re
late.

One Eastern instrument maker,
Leeds & Northrop Co. of North
Wales, Pa., has had to borrow
money. David T. Kimball, presi-
dent, says the company is in the fi-
nal phases of negotiations for a $15
million loan with a group of life-in-
surance companies. Availability of
the additional capital, he says, will
permit Leeds & Northrup to reduce
its bank loans and also to support its
growth during a period of strong
business activity. But the cost of the
money is high, notes Kimball, and
the “challenge is to pull in our belts
to cover the costs and still deliver
our earnings.”

Another East Coast company,
semiconductor maker MOs Tech-
nology Inc. of Norristown, Pa., re-
peats the litany of receivables and
collections. Donald L. McLaughlin,
engineering vice president, says,
“We are well matched in our ability
to sell what we can make, but a
glitch in the system is the customer
who wants our product and may
even order it but can’t pay his bills
within a reasonable time.” This,
says McLaughlin, “is an increasing
problem, but we have an aggressive
program to collect receivables and
enforce it regularly because we have
to.”

What about the future? Methvin
of Computer Automation takes an
optimistic view of what’s coming up.
“There’s business out there,” he
says, “and we’re going to be in a
good position to go out and get it.”
While a high-ranking official at an-
other company seconds the motion,
he is a bit less cheerfully optimistic.
“What we need,” he says, “is a Fed-
eral economic policy with teeth in
it.” 0O

SCANBE

DISTRIBUTORS

WESTERN
Almac/Stroum, Seattle, WA
(206) 763-2300

Almac/Stroum, Portland, OR
(503) 292-3534

Electronic Parts, Denver, CO
(303) 744-1992

Moltronics of Arizona, Phoenix, AZ
{602) 272-7951

Moltronics, San Diego, CA
(714) 278-5020

Moltronics, Santa Clara, CA
(408) 244-7600

Molitronics, South Gate, CA
(213) 773-6521

Rose Electronics, Burlingame, CA
(415) 697-0224

EASTERN

Car-Lac, Bohemia, NY
(516) 567-4200

Garden State Electronics, Roselle, NJ
(201) 241-9000

Pyttronics, Montgomeryville, PA
(215) 643-2850

QPL Electronics, Waltham, MA
(617) 891-0460

Summit Distributors, Buffalo, NY
(716) 884-3450

Summit Distributors, Rochester, NY
(716) 334-8110

Time Electronics, Woburn, MA
(617) 935-8080

Treeko Sales, Beltsville, MY
(301) 937-8260

CENTRAL

Hall-Mark Electronics, Elk Grove Village, IL
(312) 437-8800

Hall-Mark Electronics, Houston, TX
(713) 781-6100
Hughes-Peters, Inc., Columbus, OH
(614) 294-5351

Hughes-Peters, inc., Cincinnati, OH
(513) 351-2000

Industrial Components, Minneapolis, MN
(612) 831-2666

Marsh Radio Supply, West Allis, Wi
(414) 545-6500

Olive Electronics, St. Louis, MO
(314) 863-7800

Pioneer-Cleveland, Cleveland, OH
(216) 587-3600

Pioneer/Michigan, Livonia, M|
(313) 525-1800

Specialized Products, Dallas, TX
(214) 358-4663

SOUTHERN

Hall-Mark Electronics, Orlando, FL
(305) 855-4020

Powell Electronics, Huntsville, AL
(205) 539-2731

SCANBE MANUFACTURING CORP.
3445 Fletcher Av. / €l Monte, CA 91731
(213) 579-2300 / TWX: (910) 587-3437
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All sockets look alikke, g EDGE
(VY1 | S GRIPPING

CONTACTS

provide greater contact pressure.

CLOSED
ENTRY
DESIGN

accurately guides I.C. leads into
contacts.

TAPERED
ENTRY
" CHANNELS

insure that I.C. leads enter
contacts in perfect alignment.

SOLDER
RELIEF

keeps solder from wicking
into contacts.

, 1; PRECISION
"MOLDED

cap and body assures accurately
positioned and aligned pins.

“ MATERIAL
U.L. aporoved glass filled nylon
with gold over nickel or tin

contacis.

Scanbe produces 14, 16 and 24
pin Sockets...11, 12, 14, 18 and
20 pin Pin Strips...and Scanne
includes all the features all the time.

Give us a call or write today for
our latest Socket information.
You'll be glad you did.

Scanbe Manufacturing Corp.
3445 Fletcher Avenue

El Monte, California 91731
Tel: (213) 579-2300

= SCANBE
CANOGA INDUSTRIES
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PHILIPS |

Philips
PM5771, a 1
pulse |
generator
with<2.4
nsec risetime |
designed for
TTL/ECL
work

Rugged enough and simple
enough for industrial use.
Pushbutton controls simplify
selection of operating modes.
Fast, easy calibration mini-
mizes down t.me. Can be
stacked for true dual-channel
operation. Priced at $ 1440

e Riseand fall times adjust- |
able to < 2.4 nsec. Permits

ECL tests at rated conditions.

® Internal triggering to 100 MHz;
external to 50 MHz.

o Amplitude from 80 mV tc

10V in 50 ohms; baseline offset :
to ¥ 5v. |
@ Single, double pulses. Gated, l
continuous, or single shot.
® Output positive or negative, |
normal or inverted. |

e Jitter less than 50 psec.

® Pulse width and delay from 5
nsec to 100 msec.

e Duty cycle nearly 100% with I
inverted output.

SPECIAL APPLICATIONS
INFORMATION ‘HOT LINE’
DIAL TOLL FREE NUMBER
(800) 645-3043

NEW YORK STATE, CALL
COLLECT (516) 921-8880

Philips Test & Measuring Instruments, Inc.
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Probing the news

Manufacturing

Semiconductor makers
delay expansion

Downturn in business causes companies to take second look
at plans for new plants in this country and abroad

So far as semiconductor marketers
can see, the world next year will be
flat, what with WEMA and others
predicting almost no rise in 1975
sales figures [Electronics, Oct. 31, p.
27]. That, coupled with the gener-
ally gray world economic outlook,
has had the effect of delaying or
curtailing some manufacturers’
plans for plant expansion.

In the words of Robert Noyce,
president of Intel Corp., “The whole
output needed is not as great as be-
fore.” His Santa Clara, Calif, firm
has canceled the study phase of two
construction projects: one that in-
cluded an overseas assembly oper-
ation and another that was to have
added testing facilities in the Bay
Area. The two plants would have in-
creased Intel’s capacity by 20%, says
Noyce, though final decision on
whether to proceed won’t be made

RN e o oy N
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Headquarters. This is Advanced Micro Devices Inc. in Sunnyvale, Calif. The company has

until the beginning of next year.

A bipolar facility that Advanced
Micro Devices Inc. had planned for
the first quarter of 1975 in half of a
new 116,000-square-foot building in
Santa Clara won’t be installed after
all. “We don’t need the capacity of
the second half of the building,”
says a company official, “because of
the downturn.” AMD also has put off
a 40,000-ftz addition to its Malay-
sian plant.

Deep in the heart of Texas, there
is also some constriction. Texas In-
struments Inc.’s policy is to lease
space as requirements grow, then
build. Decisions to lease are con-
trolled by market conditions and re-
quire a shorter lead time than deci-
sions to build. For this reason, many
determinations do not have to be
made at this time. However, it’s in-
teresting to note that TI’s second-

> : = a s Gt Sl

decided it won’t need a bipolar facility scheduled to go into half of arother building in nearby

Santa Clara.
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Three basic reasons
to specify Panasonic ZNRs.

1. Panasonic ZNR'’s greater nonlinearity coeffi-
cient gives your design unique protection against
repeated high-voltage surges. ZNR’s extremely
fast response time is in the order of 40 nano-
seconds. Unlike the zener diode, ZNR clamps
and shunts energy. ZNR'’s protect your circuit by
limiting both surge and pulse voltages from
either transients or lightning. ZNR’s maintain
circuit integrity by preventing reverse leakage
and stabilizing DC currents.

2. Panasonic ZNR'’s come in a wide range of
ratings to match your design. Disc-type ZNR's
range from 33V to 1800V at IMA. They give you
superior voltage stabilization and surge absorp-
tion for semiconductor circuits. In higher volt-
ages, stacked-type ZNR’s range from 6KV to
26KV. Ideal for voltage stabilization of high-volt-
age power supplies and inputs to CRT's.

3. Panasonic ZNR's have a bilateral and sym-
metrical VI characteristic curve.This gives your
circuit clamping protection in either direction.

Superior surge protection. Wide range of voltage
ratings to match your design requirements.
Clamping protection in either direction. Con-
sider the Panasonic ZNR for your next circuit
design or system.

All are readily available. All at a reasonable
price. All made with the kind of quality that
delivers high performance. It's what you expect
from Panasonic. For more information on
Panasonic’s ZNR's, fill out the coupon.

L L T 1T ]

i Matsushita Electric Corp. of America, E-2
Industrial Division, 200 Park Avenue, N.Y., N.Y. 10017

i [] Please send ZNR literature.
[] Please have representative call.

1

1
! 1

1
i |
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l Title _ _ I
l Company - - l
| Address - i
| i

City E— State Zip -
L-------------------J

Panasonic Electronic Components

our technology is all arounc you
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Probing the news

quarter report put 1974’s capital ex-
penditures at no more than $175
million, whereas its earlier estimate
was $190 million. But TI does have
some construction plans, and is
completing four buildings in
Texas—multipurpose structures in
Houston, Austin, Sherman, and

Lubbock—for the manufacture of
components, calculators, circuit
boards, and systems. The Houston
and Sherman facilities are more
than 100,000 ft* apiece; Austin will
total less than that, and Lubbock
will come to 385,000 ft2.

The word at Mostek Corp. in Car-
roliton, Texas, is “delay.” Robert B.
Palmer, engineering, vice president,
says, “We don’t expect to need any

PLASMAC ™

A ﬂ/ew DISPLAY OPPORTUNITY

Custom Design Capability Allows
Significant Cost Reductions

e Unlimited combinations of fixed messages,
numeric and alphanumeric characters in

a single panel.

e Minimized drive requirements with internal
bussing and multiplexing.

Large panels with Large Characters.
High Brightness with Uniformity.

Superior Readability.

Call or write for full details

Low Power Consumption.

NATIONAL ELECTRONICS

a varian division

geneva, illinois 60134 (312) 232-4300
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additional production space before
the second quarter of 1975. We
don’t see any need for real aggres-
sive growth.” Late last year, Mostek
bought a group of buildings from
Avco Corp. in Lowell, Mass., with
the intention of building n-channel
metal-oxide-semiconductor parts
there in 100,000 ft2 that CBS Labora-
tories had originally built for semi-
conductor processing. Mostek
wanted to start the move into the
Lowell plant by the fourth quarter
of this year.

However, now that the market for
calculator chips is weakening,
Mostek has replaced those parts in
its Carrollton facility with 4,096-bit
random-access memories; n-channel
memories are manufactured in a
Worcester, Mass., facility totaling
8,000 ft? leased from Sprague Elec-
tric Corp., which owns 42% of
Mostek. “I don’t see a need now to
go into thé Lowell facility as rapidly
as we had originally planned,” sums
up Palmer.

Broad lines. There are several ex-
ceptions among the semiconductor
manufacturers, notably National
Semiconductor Inc. and Motorola
Inc.’s Semiconductor Products divi-
sion. That’s not too surprising when
one considers what these two com-
panies have in common—broad
product lines where slumps in sales
of some parts can be made up by
the rest of the line.

A spokesman for National says it
has completed its 150,000-ft plant
in West Jordan, near Salt Lake
City, Utah. That plant will house
an MOs wafer-fabrication facility,
plus an assembly area for Nation-
al’s Novus calculators. The com-
pany says the new West Jordan
facility was scheduled to go on line
this month.

At Motorola, building plans have
remained unchanged because the
semiconductor operation is strong in
discrete and linear circuits, but not a
major factor in transistor-transistor
logic and MOs, which have been hit
the hardest. A spokesman says, “We
have speeded up our building in
certain areas, or slowed down as the
result of availability of materials,
but haven’t made any major
changes.” This applies to facilities in
Austin, Texas; Tempe, Ariz.; and
Kuala Lumpur, Malaysia. In fact,
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the Austin MOS plant, now in early
operation, may even be ahead of
schedule due to the availability of
certain capital equipment. However,
engineering and marketing person-
nel won’t move until 1975.

The manufacturers of processing
equipment also are beginning to
feel the semiconductor pinch. Ac-
cording to Robert F. Graham, direc-
tor of corporate planning at Applied
Materials Technology Inc. in Santa
Clara, “Business will be flat to
down, which means the semicon-
ductor business will be flat to up
10%” through the rest of the year.
“We’re more sensitive as an eco-
nomic indicator than the semicon-
ductor companies,” he explains.

Applied Materials is “not booking
at the rate we’d like,” says Graham,
but adds that “some customers say
they will continue capital spending
next year.” The company’s business
has risen in the last few months, pri-
marily because of increased over-
seas sales, says Graham. Based on
orders in hand and customer in-
quiries, Graham predicts a better
year in 1975—that’s why “we have
to start running before they get go-
ing again,” he says. So Applied Ma-
terials is moving into a new 80,000-
ft? building later this year, increas-
ing total area by 14%.

Lower rate. At the Cobilt division
of Computervision Corp., Sunny-
vale, Calif., Peter Wolken, market-
ing vice president, says, “Customers
are not buying at the rate they did
at the beginning of the year.” Wol-
ken also sees “a tendency for more
emphasis on automated equip-
ment.” Business has leveled off in
every sector, the official says, pre-
dicting the industry “will remain
flat until the middle of next year
when [semiconductor companies]
will pick up on their expansion
plans.” Cobilt is acting on this be-
lief, planning to move into a new
84,000-ft> plant that will double
present capacity.

As for his business generally, says
Wolken, there’s no doubt that it has
been affected by the conditions in
the semiconductor industry. How-
ever, the Cobilt executive is optimis-
tic, as anyone who deals with semi-
conductor makers must be. “Our
business is really young,” he says.
“and it’s growing fast.” O
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Reticon Corporation, a pioneer in solid state image
sensing, has now applied its technological
leadership to the field of analog memories.

These devices are large scale integrated circuits
which sequentially time sample an analog input
signal and store each sample as an analog voltage
level on one of a series of storage capacitors. The
stored samples are then read-out in sequence to
reconstruct the original input signal with a new
time base. Several device types are available from
inventory with up to 128 elements of storage.

Applications include time base correction (expan-
sion or compression), tapped delay lines,
correlation, digital filtering, real time Fourier
transforms, chirp radars and many others.

Write or call for further information including
detailed peripheral circuits.

There are over 60 salesmen and 14 distributors to
serve you worldwide.

ReTICON’

910 Benicia Avenue,
Sunnyvale, California 94086
Phone: (408) RET-ICON TWX: 910-339-9343
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A different point of view .. . that’s
often the key to a problem solution.
And that's just what HP analyzers give
you. A look at your problems in the
frequency domain instead of the
time domain.™

*HP high-frequencey analyzers have
a solid reputation for providing RF and
microwave designers with accurate
frequency-domain measurements. But
what about analyzers to help engineers
with low-frequency problems?™”

“1'd like to tell you about HP's
broad line of low-frequency analyzers
that can solve some of your tough
measurement problems. Problems
such as making low-level
measurements in

“Think Hz fora

the presence of noise. analyzing
frequency components of a signal.
determining the transfer function of a
network. or making distortion mea-
surements on analog circuits.”

“Take the narrow view. HP's
3581A wave analyzer lets you home-in
on a specific frequency for amplitude
measurements. 1.ook at a signal
through a 3 Hz bandwidth. Monitor
low-level signals to 30 nV overa 15 Hy
to 50 kHz range. This ability to mea-
sure low-level signals in the presence
of noise simplifies transducer signal
monitoring. Helps you isolate ground-
loop problems.™

**L.ook for a bread picture. Spec-

trum analyzers display your wave-
form’s Fourier components on a

CRT. That's an casy way to see your
signal and its component relationships.
1s also an ideal way to characterize
mechanical devices that have unique
spectral “signatures.””

“HP's 35R0A spectrum analyzer
gives you a S Hz to 50 kHz range and
the sensitivity to operate directly from
the lowest level transducer outputs.
Its digital memory lets you store traces
for accurate comparison of two signals.
And a narrow 1 Hz bandwidth allows
you to resolve 60 Hz sidebands.”




differe

“There’s also an in-depth view pro-
vided by HP's network analyzers.
These dual-channel analyzers provide
amplitude and phase measurements as
a funcuon of frequency . This simpli-
fies transfer-function measurements.
speeds the location of poles on a Bode
plot. and accurately determines reso-

nant frequencies and phase margins in
circuit design.”

“QOur broadbund 35735 A gain-
phase meter gives vou a range of | Hz
to 13 M H7z und lets vou select your
own stgnal source to do low -cost
network analysis.”

“For high-accuracy network
analysis, plus optional group
delay and otfset determinations
to 13 MH/. HP's high- performance
3040 analyzer is the answer.

By adding the computational power
of a culeulator

tview”’

to either the 3575 or 3040 analy zers
you can view the results of 108 tests in
less than 20 seconds .. and with
greater pregision.”

“And there’s a reciprocal view.
HP's distortion analyzers give you the
reciprocal function of a wave analy zer
By rejecting the tundamental and
monttoring the remaining harmonic
and spurious components. distortion
is measured and displayed on a meter
Our 331 10 334\ series provides a

wide range of S H/z 10 65 MH/
And automatic nulling
speads the mea
surement of total
harmonic
distortion.”

Circle 87 on reader service card
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“*So think hertz and get a different
view . in designg m o manufacturing.
and in servicing. Think hertz and get a
ditferent view of everything from elec-
tronic components and networks 1o
mechancial devices and systems. Think
hertz tor adifferent view and look to
HP for help in applying analy ze1s 10
your measurement problems.”

“You're local HP field engineer
will be happy to give you additional
details on our broad line of analyzers
that operate from 1 Hz into the GH/
range. Give him a call today .

Measurement wi

HEWLETT @ PACKARD

Sales and service from 172 offices in 65 courtries
“haor MO8 30 AL fLartoerag 940
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SiX goodreasorns

1- Brush has the broadest line
in the industry.

We make a recorder/signal
conditioner to meet just about
any industrial or scientific
application.

Choose from 1 to 8 channel
direct writing recorders with or
without built-in preamps; full
scale frequency responses from
35 Hz to 55 Hz; 40 mm, 80 mm
and 4% " wide channels;
portable and rack mounted
models.

2- Brush guarantees better
than 99.5% linearity.

There are two reasons ‘why
we can guarantee such a high
degree of accuracy. First, our
Metrisite non-contact servo-
loop feedback device. Second,
our recorders have a rectilinear
presentation which eliminates
geometric errors.

3- The Brush pressurized
inking system gives yau the
highest quality traces.

For twelve years, Brush traces
have been the standard of the
industry. Our pressurized inking
system writes dry; It eliminates
smudges, smears, skips and
puddies. The record you getis
crisp, clear and permanent.

4- Brush recorging systems
give you trouble-free operation.

All of our instruments require
minimal maintenance. For
example, our disposable ink
supply usually lasts mpre than
a year. And all of gur electronics
are solid state.

5- A Brush system is easy
to operate.

All of our systems are self-
calibrating. Controls are
conveniently placed to give
you maximum flexibility. Chart

Brushrecording
s are your best buy.

paper can be replaced in
seconds. Switching signal
conditioners is a snap.

6- Brush is a single source
for everything you need.

We offer custom financing
and leasing plans. Our
installation, training, and
maintenance programs are
geared to your needs. And our
warranty and replacement parts
packages are two of the best
in the industry.

If you’d like to find out more,
contact your nearest
Gould Sales Engineer or
Representative. Or write for
detailed performance
information and specifications.
Gould Inc., Instrument Systems
Division, 3631 Perkins Avenue,
Cleveland, Ohio 44114, Or
Kouterveldstraat Z/N, B 1920
Diegem, Belgium.

== GOULD
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HEADQUARTLRS
Applications Mgr.: Mr. Julius Hertsd
MOS Technology, Inc., Norristown, Pa 1944
CENTRAL REGION

MOS Technology, InC, 838 S. Des Planes S
Chicago, Illinois 60607 (312) 922.0.2%
EASTERN REGION

Mr. William Whitehead, Suite 307

83 Sunnyside Blvd., Plainview, N.Y, 11803 (506) 822-424
WESTERN REGION

MOS Technology, Inc., 2172 Dupont Dr., Suite 22

Patio Bldg., Newport Beach, Calif. 92660 (7 14) 833-16¢
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K he First
Single Chip
SC|ent|f|c Calculator

With (N N 1

FULL SCIENTIFIC FUNCTIONS
ALGEBRAIC ENTRY

TWO PARENTHESIS LEVELS
FULL SCIENTIFIC NOTATION
- o B e 12 DIGIT DISPLAY (S,8,S.2)

n B ﬂ n FULL FEATURE MEMORY

v B B~ CHS And
n E ﬂ = REDUCED POWER

DIRECT SEGMENT DRIVE

'ﬁi ﬁ é e NO EXTERNAL COMPONENTS

FOR e POWER-ON-CLEAR
® CLOCKS
e DISPLAY CUTOFF
ONE 28 PIN DIP

o0 0 0 00

VE'VE TURNED
A TECHNOLOGY
NTO A COMPANY

ViIOS TECHNOLOGY, INC.

VALLEY FORGE CORPORATE CENTER, NORRISTUWN, PA. 191€1 (215) 6667950
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What price Zeiss?

The small Epi-Microscope is the best buy
anywhere...

... and, for the other five microscopes shown here, too,
the price depends entirely on your needs. Whether production
line, industrial research, or quality control, Zeiss quality and
features always add up to true economy. Zeiss microscopes do
more now, can be expanded to do more later, never become
obsolete. The Zeiss range of optics and accessories is unequaled.

1. Epi-Microscope. A small and versatile upright incident-
light microscope for production, QC and R/D. Rugged and sturdy.
Can be mounted on various stands, or attached to machinery in
the shop. Switches instantly from brightfield (for regular surface
examination) to darkfield (to detect scratches, dirt, small de-

fects). Nomarski interference contrast makes minutest eleva-
tion differences stand out. Accepts cameras and TV attach-
ments. Best buy on the market. Reader service number 90.

2. Standard KK-08 —the Semi-Conductor Microscope.
Features Epi-Nomarski optics at production-line cost. Makes
it easy to spot pinholes, stacking faults, alignment errors, etch-
ing problems, bonding defects, mechanical damages, and many
minute irregularities not detectable with any other light micro-
scope technique. 3 x 3" stage with stainless steel plate makes
loading and unloading rapid and easy. Can be expanded for re-
search with wide range of accessories, also for photomicrog
raphy. Reader service number 91.

3. Invertoscope M. The smallest, most compact metal
lographic microscope. Ideal for fast, routine examinations. Yet
has great optical features found in our larger microscopes. Ex
cellent for brightfield and microscopy in polarized light and
Nomarski interference contrast, even with Glarex projection
screen. Great stability, low price. Reader service number 92.

World Radio History



4. Universal Microscope. Recognized as the most uni-
versal microscope. With fully interchangeable optics and com-
ponents for all microscope techniques in reflected and trans-
mitted light, including UV. Accepts all accessories and camera
formats, including TV and projection screen. With automatic
scanning stage, ideal for photometry and quantitative stereo-
metric image analysis. Reader service number 93.

5. Ultraphot HIB with fully integrated, fully automatic
camera systems for 4 x 5” and 35mm, and correct exposure
reading from the center of the image field. For all microscope
techniques in transmitted and reflected light. Continuous mag-
nification from 2.5x to the limits of light microscopy. Holds 3
lamp housings simultaneously; the flip of a lever se‘ects the illu-
mination seurce and mode. Ideal for grain-size determinations
by either micrometer eyepieces or projector. Reader service
number 94.

6. Axiomat—a revolutionary modular microscope system.
The finest, most stable metallograph ever made. Newly com-

puted optics, topped by a new Epiplanapochromat 125/1.6 with
highest resolution ever achieved. Extreme widefield, and built-in
zoom system for easy magnification change to the limits of light
microscopy. All standard ASTM magnifications. Exceptionally
large stage (8 x 17”). Stages remain stationary for utmost sta-
biity while focusing is done by moving the objectives — also
remote-controlied. Two fully integrated, fully automatic camera
systems. Quantitative image analysis by photometer or TV. Mod
ular concept permits different assembly of modules, also for
upright microscopy. Reader service number 95.

For details write Carl Zeiss Inc., 444 5th Avenue, New
York, N. Y. 10018. Or phone (212} 736-6070.

In Canada: 45 Valleybrook Drive, Don Mills, Ont., M3B
2S6. Or phone (416) 449-4660.

Nationwide service

BRANCH OFFICES: BOSTON, CHICAGO, COLUMBUS, HOUSTON, LOS
ANGELES, SAN FRANCISCO, WASHINGTON, D.C.

THE GREAT NAME IN OPTICS

WEST GERMANY

Radio History



report on circuit art

A production. Norman is a
conceptual genius. A little sloppy
perhaps, but a genius nonethe-
less. His greatest idea was
conceived halfway through an
anchovie and pepperoni pizza at
Bruno’s last Wednesday. After

lunch, a
young
lady
earning
$8400
per year
turned
Norman’s
napkin into flawless circuit art in
just 54 minutes. She did it on a
Calma interactive graphics
system. She did it one hundred
times faster than a speeding
draftsman, about twice as fast as
she could on any other system.
The Calma system checked her
accuracy, drew all the lines and
symbols automatically, relieved
her of the drudge work.
Changes made lightning
fast. While eating pretzels two
days later, Norman had a brain-

Interactive Graphics

94 Circle 98 on reader service card

or drafting at the system’s six
work stations. The secret of
Calma’s non-stop productivity is
that no function ever interferes
with another.

Reliable sophistication!
For all its sophistication a Calma
svstem is incredibly reliable.
More than 100 have been
installed and almost all were up
and operating the day they
were delivered. Learn how this
powerful computer-based
graphics system can speed vour
circuits from conception to
production. For literature or to
arrange a demonstration, phone
or write Calma Company,

storm. A way to get even hotter
performance out of the same
circuit eoncept. Presto. In micro-
seconds, the original design was
retrieved from storage and dis-
played on the CRT at Norman’s
own interactive work station.
In about three minutes Norman
himself modified the original.
Electronically. Just that fast the
company benefited from his
fertile mind with a totally new
and conmpetitive cireuit.
Incidentally, up to six work
stations can be included in one
system with no degradation
of performance.

The fast generation.

Corporate Marketing Head-
quarters, 1930 Isaac Newton
Square East, Reston, Virginia
20090. Phone (703) 471-1450.
European Marketing Head-
quarters, P.O. Box 6, Marlbor-
ough, Wiltshire, SN8 4EW,
England. Phone 067286
(Lockeridge) 658.

is the transition
from art to production.
Each Calma system
drives up to three
high speed plotters in
the background mode.
All operate at
full rated speeds,
never interfering
with design
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Technical articles

Standard instrument interface
elmpln‘lee system deelgn

Instruments made by any company anywhere in the world WI|| be easy
to link up into systems when all the elements conform
to an international standard on interface circuitry and bus interconnection

by David W. Ricci and Gerald E. Nelson, Hewiett-Packard Co., Santa Clara Division, Calif.. and Loveland Division. Colo.

Once the international standard for an instrument interface
is agreed cn, it will become quicker and more economical to
construct automated instrumentation systems. Until now,
sophisticated, cost-effective instruments have been readily
available—but their generally incompatible inputs and out-
puts have forced the system designer to put a lot of effort
into interface design. A standard interface is the rational so-
lution, and for once the rational solution is being attempted.
The International Electrotechnical Commission recently
met in Bucharest, Romania [Electronics, Sept. 19, p. 67], to
discuss just such a standard. The proposal before the IEC's
Technical Committee 66 was an instrument bus standard ini-
tiated by Hewlett-Packard Co., Palo Alto, Calif., and sup-
ported by many other instrument makers. The document de-
fines the bus's physical connector, the roles of the
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interconnecting bus wires, the logic conventions, format,
and timing of control and data signals, plus the other factors
necessary in a communications link that will be capable of
interconnecting instruments and peripherals—computers,
voltmeters, card readers—made any place in the world.

The IEC technical committee voted to accept the draft
standard for ballot by the Commission’s member nations, but
further changes, if any, should be minor. Final adoption is now
about a year off [Electronics, Oct. 3, p. 56].

Details of the standard are presented here in a two-part
article. The first part is aimed at the system designer, to help
im make the most of the interface by understanding its ca-
pabilities and limitations. The second part covers the inter-
face from the instrument designer's viewpoint and includes
examples of how to use it in instruments.

95



UJBuilding an automated system of instruments already
equipped with standard interface circuitry is almost a
matter of plugging them into a standard data bus—but
not quite. In the case of the Hewlett-Packard interface,
which soon may become the international standard, the
system designer needs to know how the data bus is used
to transfer commands and data between the attached
instruments and why some methods of data coding are
more useful than others. He also needs to be aware of
the constraints that exist on the length of bus cables and
the number of instruments that may be connected to it.
In short, an understanding of the HP standard interface
helps in configuring a system around it.

Figure 1 diagrams the basic interface structure. A set
of 16 signal lines interconnects a number of instru-
ments, each of which fulfills at least one interface func-
tion or role, depending on the interface capabilities de-
signed into its circuitry.

At any one time, any particular instrument connected
to the bus may be either idle, simply monitoring the ac-
tivity on the bus, or it may be functioning as a talker or
listener or controller. As a talker, it sends data over the
bus to a listener or listeners. As a listener, it receives
such data. As a controller, it directs the flow of data on
the bus, mainly by designating which instruments are to
send data and which are to receive data. An instrument
may be equipped to serve in more than one of these in-
terface roles, depending on the kind of system expected
to be built around it.

A minimum system need not contain a controller but
may consist of just one talker and one listener—a
counter and a printer, for example—provided that the
two instruments have the interface options that allow a

OATA BUS

(8 SIGNAL LINES) (3 SIGNAL LINES)

......

INSTRUMENT A
ABLETO

INSTRUMENT B
ABLETO
TALK AND
LISTEN

ABLETO

TALK, LISTEN
AND CONTROL

LISTEN ONLY

E.G. CALCULATOR E.G. DIGITAL

VOLTMETER

E.G. SIGNAL
GENERATOR

1. Data bus. The Hewlett-Pac

96

HANOSHAKE OR DATA-BYTE
TRANSFER CONTROL BUS

INSTRUMENT C

local control to assign them their interface functions.
Otherwise, a system must include a controller to desig-
nate talkers and listeners. A typical system might in-
clude one element with a talker, listener and controller
interface, such as a calculator or computer, and a vari-
ety of other elements that may be talkers or listeners or
both, such as tape readers, signal generators, or digital
voltmeters.

All of the active circuitry equipping an instrument to
talk or listen or control and simply to monitor the bus is
contained within that instrument. The interconnecting
bus is entirely passive. Circuitry and bus together make
up the interface.

The bus itself consists of 16 signal lines, grouped
functionally into three component buses. The data bus
(eight lines) is used to transfer data in bit-parallel, byte-
serial form from talkers to listeners; it also transfers cer-
tain commands from the controller to subordinate in-
struments. The transfer bus (three lines) is used for the
handshaking process, by which a talker or controller
can synchronize its readiness to transmit data with the
listener’s readiness to receive data. The general inter-
face management bus (five lines), as its name suggests,
is principally used by the controller.

The operation of the interface is generally controlled
by the one member of the instrumentation system that’s
equipped to act as controller. It uses a group of com-
mands, referred to as interface messages, to direct the
other instruments on the bus in carrying out their func-
tions of talking and listening.

The controller has two ways of sending interface mes-
sages. Multiline messages, which cannot exist con-
currently with other multiline messages, are sent over

GENERAL INTERFACE
MANAGEMENT BUS
(5 SIGNAL LINES)

DID 1-8 — DATA INPUT/OUTPUT LINES

DAV — DATA VALID
NRFD — NOT READY FOR DATA*
NDAC — DATA NOT ACCEPTED*
| P+ IFC — INTERFACE CLEAR
i o ATN — ATTENTION
SRQ - SERVICE REQUEST

I oi Ll REN - REMOTE ENABLE
/ [LLllll  EOI - END OR IDENTIFY

INSTRUMENT D

*INOICATES THAT NEGATION
ABLETO IS REPRESENTEO BY LOW
STATE ON THESE TWO LINES

ONLY.

TALK ONLY

E.G. TAPE READER

kard bus uses a 16-line cable to quickly link up any instruments equipped with appropriate interface circuitry
into a system. Data transfer is byte-serial, bit-paralle! at rates as high as 1 m

egabit per second.
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2. Connector. Cables used with the interface system have dual
male-female cornectors at each end so that they can be stacked,
thus allowing more than one cable to be attached to any instrument.
This permits either star or daisy-chain configurations.

the eight data lines and the three transfer-bus lines.
Uniline messages are transferred over the five individ-
ual lines of the management bus.

The commands serve several different purposes:

® Addresses, or talk and listen commands, select the in-
struments that will transmit and accept data. They are
all multiline messages.
® Universal commands cause every instrument
equipped to do so to perform a specific interface oper-
ation. They include multiline messages and three uni-
line commands, interface clear (IFC), remote enable
(REN), and attention (ATN).
® Addressed commands are similar to universal com-
mands, except that they affect only those devices that
are addressed and are all multiline commands. An in-
strument responds to an addressed command, however,
only after an address has already told it to be a talker or
listener.
» Secondary commands are multiline messages that are
always used in series with an address, universal com-
mand, or addressed command (also referred to as pri-
mary commands) to form a longer version of each. Thus
they extend the code space when necessary.

To address an instrument, the controller uses seven of
the eight data-bus lines. This allows instruments using
the Ascii 7-bit code to act as controllers. As shown in
Table 1, five data bits are available for addresses, so a
total of 31 addresses is available in one byte. If all sec-
ondary commands are used to extend this into a two-

| TABLEN:

i

| Code Form Meaning
{ X 0 0 As Ay Ay A A Universal Commands
| x 0 As Ay Az A, A Listen Addresses
| except
| X 0 1 1 1 1 1 1 Unhisten Command
X 1 a As As Az Ay Ay Talk Addresses
‘ except
X G 1 1 1 i 1 Untalk Command
X 1 1 As Ay Az Ay Ay Secondary Commands
except
X 1 1 1 1 1 1 1 Ignored
‘ Code used when attention (ATN) is true (low) 1
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byte addressing capability, 961 addresses become avail-
able (31 addresses in the second byte for each of the 31
in the first byte).

Addressing details

A talk address selects one instrument to send data
and disables all the others with talker circuitry from
sending data. That is, sending a talk address selects one
and only one instrument to transmit on the data bus,
preventing data errors due to wire OR’ing on the data
bus. A listen address selects one instrument to receive
data, but does not affect the others—they remain as they
were, addressed or unaddressed. Thus, several instru-
ments may listen at the same time. Sending a talk ad-
dress does not affect listeners or vice versa.

Also shown in Table | are two other commands asso-
ciated with the addressing process—the untalk and un-
listen commands. They are called “un” commands be-
cause they perform exactly the opposite function of an
address; that is, they disable an instrument from send-
ing or receiving data. The unlisten command is used
whenever a new listener or group of listeners is to be se-
lected in order to disable all the previously selected lis-
teners. The untalk command disables all previously se-
lected talkers. In fact, the untalk command is merely a
talk address using an address number to which no in-
strument may be assigned, and instruments make no
distinction between an untalk command and a talk ad-
dress to a different device.

During the configuration of a system, each device
must be assigned one or more addresses unique to it.
However, two listeners may have the same address if
they are always to receive the same data. An instrument
is assigned its address by some convenient means such
as switches on the rear panel or jumper wires on a
printed-circuit board. Typically, there are five switches
or jumpers to be set which specify the five bits of the
talk or listen address (or both if the instrument is both a
talker and a listener). The particular value of the ad-
dress is the system designer’s choice. In the case of in-
struments using more than one talk and/or listen ad-
dress, only four bits of the address may be settable.

The actual bus

Instruments are connected into a system with a spe-
cial piggyback cable (Fig. 2) which has a single male-
and-female connector at either end and a lockscrew
mechanism which allows one cable to be stacked on top
of another and secured. This arrangement allows the
user to assemble a system in any configuration he
wishes—a line or a star or any combination that’s conve-
nient in terms of the space available. (Although the con-
nectors are in theory infinitely stackable, in practice

Closing the loop

The authors will both be available on Nov. 26 and 27
to answer any questions readers may want to ask
about their article. Call either David Ricci in California
at (408) 246-4300, ext. 2192, or Gerald Nelson in Col-
orado at (303) 667-5000, ext. 2158, in office hours.
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ARE BOTH

NRFD ANO NDAC

SENSED

HIGH
?

NO

4

PUT OR CHANGE
OATA ON
OATA LINES

SET DAV HIGH

Lo

1S
NDAC
SENSEOQ
HIGH
?

YES

SET DAV LOW

YES

( START ’

A

SET NRFD ANO
NDAC LOW

ERROR
CONDITION

READY

ENO

TO ACCEPT
0ATA

SET NRFD HIGH

ACCEPT
DATA BYTE

SET NRFD LOW

Y

SET NDAC HIGH

HAS DAV
GONE HIGH
YET

SET NDAC LOW

A

3. Handshake. To ensure that data is properly transferred, this handshaking procedure must be performed every time a talker sends data to
a listener or listeners. The DAV line is controlled by the talker, NRFD and NDAC by the listeners.
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TABLE 2: HOW TO USE ASCII IN CODING

INTERFACE COMMANDS

Recommended To be avoided

The upper-case alphabet: A —Z The lower-case alphabet: a — 2
{some controllers rannot generate
The digits: 0-9 \ or display these)
Common punctuation, used for
their standard meanings

(100

Punctuatian used by computer
languages for syntux control
(*) (space) ()

End of record: {CR) (LF)
(carnage return and hne feed}

Most nonprinting thaiacters: ECT |
hangs up telephones; (NUL), (DEL) |
mean no informatson; (BEL) rings
abell; (SO), (ESC} alter the meantngs

[ of subsequent bytes; (X 11 11111)

| is sometimes used as a “rub-out” code, |

|
only two to four are actually stacked to avoid creating a
cantilevered structure that may damage a panel.)

Electrical considerations limit the total number of in-
struments to 15 and the maximum length of cable to 20
meters, although both of these limitations can be over-
come by extender or terminal units (to be discussed in
Part 2). The fact that the cable terminations are distrib-
uted (each device contains a termination) imposes an-
other restriction—the maximum length of cable for any
given configuration is two meters times the number of
devices up to the maximum of 20 meters. This restric-
tion only applies to the maximum length of cable, not to
how it is distributed between the devices.

Data transfer and data rates

When a talker sends a listener data over the data bus,
they coordinate their activities by a handshaking pro-
cess, which is carried out over the three-line transfer
bus. As a result, the rate at which data is transferred is
determined only by the characteristics of the instru-
ments involved. Moreover, several instruments can lis-
ten to the same data simultaneously.

There are essentially four phases to the data transfer
cycle: the talker or source generates a new data byte;
the states of the data bus’s signal lines settle; the listener
or acceptor instrument accepts the data (i.e., no longer
requires it to be held on the data bus), and the acceptor
becomes ready for the next byte. Figure 3 is a flow chart
detailing the handshake process.

The time taken to generate data is determined by the
characteristics of the source, and the times taken to ac-
cept data and to become ready for more depend on the
acceptor’s characteristics. The data settling time is de-
termined by the characteristics of the transmission sys-
tem (the drivers, receivers and terminations in the in-
struments, and the bus cable).

Between them, therefore, the source, acceptor, and
transmission system set the upper limit for the data rate
at which a bus system will operate. Note that acceptors
can be designed to store data for a while, to permit the
data-generation and data-settling times to overlap with
the acceptor’s ready-for-data time and thus increase the
bus’s data rate.
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By careful design and configuration, a rate of |
megabyte per second can be achieved on a burst basis.

The logic levels employed on the bus’s signal lines are
TTL levels (high at or above 2.4 volts, low at or below
0.8 v). Driver and receiver circuits must, therefore, be
TTL or TTL-compatible devices. The driver circuits are
open-collector types capable of sinking 48 milliamperes
at 0.4 v. Three-state drivers may be employed on some
of the signal lines to increase the speed of data transfers.
The receiver circuits may be standard TTL gates or in-
verters, or equivalent. For higher noise immunity,
Schmitt trigger-type gates or inverters are better.

Each signal line is terminated within each instrument
with a 3-kilohm resistor to +5 v and a 6.2-kilohm re-
sistor to logic common. Distributing the terminations
among all the instruments (rather than having a
lumped termination) is a compromise between an ideal
design for a transmission-line termination and the de-
sire to minimize the job of configuring a system (i.e., by
not restricting the interconnection scheme or requiring
an external load device).

Data coding

The only functional restriction on data transfer be-
tween a talker and listener imposed by the bus is that it
must consist of a sequence of 8-bit bytes. Even though
the interface imposes no restrictions on information
coding, conventions obviously must exist between the
talker and listener, and the system designer is free to
choose whichever he prefers.

Still, he should bear in mind that the computers and
calculators used as controllers in many systems have es-
tablished coding and format conventions built into their
software. If he can use these conventions, his task will
be much easier than if he makes the machines generate
and accept arbitrary coding.

The two most common of these conventions are Ascii
coding of information bytes and Fortran-style number
representations (formatted and free field). Though both
of these are subject to ANSI (American National Stan-
dards Institute) standards, the American National Code
for Information Interchange (Ascii) conforms to the
ISO 7-bit code used internationally. In fact, though the
kind of bus now proposed as the international standard
can be used with other codes, it has used Ascii so often
that it became commonly known as the “Ascii bus.”

It still is very useful to implement instrument pro-
gram codes and numeric ddta with Ascii, where pos-
sible, because of the ease with which most controllers
read and write Ascii strings and numbers. However, a
further restriction to a subset of these codes is also
highly desirable, because certain codes have special
meanings in these controllers and their software. Table
2 gives recommendations on code use.

Number representations

Note that a measurement instrument that reads out
numbers with the least significant digit first causes se-
vere headaches for the system programer. He must read
the data as individual bytes and rearrange them to re-
construct the number. On the other hand, a simple read
statement in the controller’s language is all that’s neces-
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sary if the meter puts out its data in a form acceptable
to standard software. This form for numbers is largely
identical to the conventional way numbers are written.
Examples are [12976], [-42.67], [+ 1.00298 E-04]. Mul-
tiple values should be delimited by commas, and the

(JWhile the system designer has merely to understand
how the standard interface works, the instrument de-
signer has to be able to build part of the standard inter-
face into a piece of equipment. He therefore needs to
specify how an instrument must behave if it’s to be clas-
sified as conforming to the standard.

Writing a specification for this interface, however,
presents a significant challenge. The requirements must
be explicit enough to ensure compatibility yet flexible
enough to allow the designer to tailor an instrument to
his particular needs. To achieve this goal, the specifica-

Part_2: Tl;e_ sta_r|dafd interface a:d instrument g—esign

most convenient end-of-record indication is [CR] [LF).

If numeric data must be mixed with alpha status in-
formation, the alpha characters can generally be made
to precede the number and either be read as a string of
binary bytes or optionally skipped. O

tion is written in terms of interfuce functions (as distinct
from instrument functions), messages to and from the in-
terface functions, and state diagrams describing the be-
havior of each of these functions (Figs. 3 and 4).

Interface functions and messages

Figure 4 shows how to conceptualize the interface
functions and the messages.

Each instrument contains a set of driver and receiver
circuits that serve as the electrical interface between the
bus signal lines and the instrument’s internal logic. To

INSTRUMENT (APPARATUS)
CAPABILITY
R 0 DEFINED BY
DESIGNER
\
5
3 3 6
e —
L - 4 T
— ——
// T -
i I T T T T
SOURCE | ACCEP || TALKER || LISTENER INTERFACE FUNCTIONS DEVICE |1 | CON
HAND- TOR | | 1 TRIGGER || TROLLER
SHAKE HAND- 1 SERVICE REMOTE | PARALLEL| DEVICE 11
SHAKE : : 1 REQUEST LOCAL PULL CLEAR I :
! 1l
—— —_— B —
— =
\ b . / i g
T— —~— o —
—— CAPABILITY
> DEFINED BY
INTERFACE
REQUIREMENTS
V4
MESSAGE CODING
(N}
DRIVERS AND RECEIVERS
[ K]
I
KEY: 1 INTERFACE BUS SIGNAL LINES
2 REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS
3 INSTRUMENT DEPENDENT MESSAGES TO AND FROM INSTRUMENT FUNCTIONS
4 STATE LINKAGES BETWEEN INTERFACE FUNCTIONS
5 LOCAL MESSAGES BETWEEN INSTRUMENT FUNCTIONS AND INTERFACE FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS
ARE DEFINEO, MESSAGES FROM INTERFACE FUNCTIONS EXIST ACCORDING TO THE DESIGNER'S CHOICE)
l 6 REMOTE INTERFACE MESSAGES SENT BY INSTRUMENT FUNCTIONS WITHIN A CONTROLLER

4. Partition. Instrument designs can be conceptualized as being partitioned into two areas: instrument functions and interface functions. But
this division does not necessarily imply two separate physical layouts within the instrument.
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leave the designer free to decide what kind of logic to
use for an instrument, the instrument’s functions are
distinguished conceptually from the interface functions
and are independent of the needs of the data bus. The
interface functions ensure that the instrument behaves
correctly with respect to the bus signal lines and are
constrained by the needs of the standard interface.

Note that this theoretical separation between the
functions of interface and instrument need not imply
that they are also physically separated. The aim is sim-
ply to make it easy to analyze each of the interface re-
quirements in relation to the instrument’s requirements.

Communication between the instrument, its interface
functions, and the bus signal lines is described in terms
of messages. Actually, every such message is coded into
particular electrical states (high and low voltage levels)
of the bus signal lines. But in writing a specification, it
would be tedious to have to describe exact electrical val-
ues of the bus lines for each message, so instead the
messages are treated simply as binary functions with
values of true or false.

The total capabilities of the interface are grouped
into 10 interface functions—five basic functions and five
supplementary functions (Tables 3a and 3b).

The basic functions are the ones that appear most fre-
quently in most systems. Almost all instruments will
contain either a talker or a listener function or both. Al-
though only a few will incorporate the controller func-
tion, an instrument with controller capabilities will al-
most always be included in a system, and in certain
cases multiple controllers can be utilized. The source
and acceptor handshake functions are always used in
conjunction with the talker, listener and controller.

In Table 3b, the service request function must always
be used in conjunction with a talker function, since the
instrument has to identify itself as the source of a ser-
vice request during a serial poll. The parallel poll func-
tion differs from serial polling in being initiated by the
controller rather than requested by the instrument.

State diagrams are used to describe the sequence of
states the interface goes through as it fulfills a particular
function in relation to the instrument and the data bus.
Two examples are given in Fig. 5.

How to select interface functions

In selecting interface functions, the instrument de-
signer has two degrees of freedom: which functions to
choose, and which capabilities of each to choose.

The interface functions are selected by being matched
with the instrument’s requirements. All the combina-
tions allowed are compatible with each other. That is, a
given set of interface functions is guaranteed always to
work with other, appropriately equipped, instruments in
the sense that the set will not limit the other instru-
ments’ operation. Thus, the only mistake a designer can
make is omitting a function required for his instrument
or the system designers’ applications for his instrument.

Once the interface functions are selected, a second set
of choices can be made. The various combinations of
capabilities that form subsets of each function allow
certain capabilities to be omitted if they are not relevant
to the instrument’s needs. Again, the omission of a ca-
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Device is unaddressed
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Device grounds
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NFRD-Not Ready For Data
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RDY - Internal Ready

Message (from punch)

L

5. States. One way of looking at an instrument's interaction with the
data bus is to use state diagrams like the two shown here for any lis-
tener tied to the bus {above) and for a listener in the process of re-
ceiving data and handshaking with a talker (below).

pability does not limit the operation of the over-all sys-
tem, just the particular instrument.

Four interface design steps

However, selecting the proper group of interface
functions and capabilities is only the second step in de-
signing an interface. The first and crucial step is to gen-
erate a detailed list of objectives for the remote in-
put/output behavior of the instrument for which the
interface is being designed.

These objectives, plus the interface functions chosen
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TALKER

Basic Talker

Talk Only

Unaddress
if my listen
address (MLA)

Extended Talker
(TE)

Serial Poll

LISTENER

Basic Listener

Listen Only

Unaddress if my
talk address
(MTA)

Extended Listener

(LE)

SOURCE
HANDSHAKE

ACCEPTOR
HANDSHAKE

CONTROLLER

System Controller

Send Interface
Clear (IFC)

Send Remote
Enable (REN)

Respond to
Service
Requests (SRQ)

Send Interface
Messages
Receive Control
Pass Control

Paraliel Poll

Take Control
Synchronously

- INS
LE FUNCI INS

To let an instrument send data to an-
other instrument.

To let an instrument operate in a sys-
tem without a controller.

To prevent an instrument capable of
functioning as both a talker and a lis-
tener from talking to itself.

Same as talker function with added
addressing capability.

To send a “status byte'’ to the con-
troller and identify itself as the source
of a service request.

To let an instrument receive data
from another instrument.

To let an instrument operate in a sys-
tem without a controller.

To prevent an instrument capable of
functioning as both talker and listener
from listening to itself.

Same as listener function with added
addressing capability.

To synchronize the transmission of
information on the data bus by the
talker when sending instrument-gen-
erated data and by the controlier
when sending interface messages.

To synchronize the receipt of infor-
mation on the data bus for all inter-
face functions when receiving inter-
face messages and for the listener
function when receiving instrument-
generated data.

To let an instrument send the inter-
face clear (IFC) or remote enable
(REN) messages.

To let a system controller take charge
from another controller and/or initial-
ize the bus.

To let a system controller enable in-
struments to switch to remote control.

To let a controller respond to service
requests.

To let the controller send multiline in-
terface messages

To let the controller accept control on
the bus from another controller.

To let the controller pass control of
the bus to another controller.

To let the control execute a parallel
poll.

To let the controller take control of
the bus without destroying a data
transmission in progress.

to implement them, plus the rules in the interface stan-
dard applying to those functions, form the basis of the
interface design. They must be detailed enough to spell
out exactly the behavior of every wire on both the bus
side of the interface and the instrument side.

The third step is to choose a method of logic imple-
mentation that fits one’s knowledge, economic consider-
ations, and so forth. This part of the procedure is the
subject of an entire science and will necessarily be
passed over rather lightly in this article, although it is
undeniably the most difficult part of the design.

The fourth and final step is to verify hardware per-
formance. If the interface is part of a very general-pur-
pose piece of equipment, like a measuring instrument,
calculator, or data peripheral, it is virtually impossible
to check its performance in the same system configura-
tion as the customer’s. (The number of different system
configurations is large and in all likelihood, some of the
pieces of some of those systems are not invented yet.) It
is very important, therefore, to check very thoroughly
that the interface standard rules are adhered to.

Some examples of this design procedure follow. Each
involves a different set of interface functions and illus-
trates a different combination of principles, but they are
not completely detailed and do not necessarily repre-
sent designs now in development or production.

The first example, a paper-tape-punch interface, will
be carried all the way to the schematic level. The other
examples—interfaces for a digital voltmeter and a pro-
gramable calculator, plus a serial terminal unit—will be
carried only through the definition phase.

Interface for a paper-tape punch

Though this is a specific type of data peripheral, its
list of objectives fits many other instruments—in fact, all
those that take digital information from a remote input
and convert it into some other form. Printers, program-
able power supplies, function generators, X-Y plotters,
scanners, and programable attenuators all do this.

A block diagram for the tape-punch interface is given
in Fig. 6. As for its objectives, it must be able to:
® Be told by the controller of the bus when and when
not to punch received data.
® When told to punch, take data bytes from the bus
and pass them to the punch data-input lines.
® Provide a punch-initiate signal to command the
punch circuits to punch the data byte onto the tape.
® Accept a punch-ready signal from the punch and use
it to control the timing of bytes received from the bus
(to ensure the data remains stable while punching and
notify the data source when ready for the next byte).
® Not punch data received in the bus command mode,
and handshake as fast as possible to avoid slowing the
bus down unnecessarily.

The most obvious interface function required is the
listener function. This is needed to satisfy the first objec-
tive. The listener function is the one that basically re-
members whether the instrument is addressed to listen
or not. Of the subset of four capabilities, only the basic
listener capability is needed here.

The only other interface function required for the
punch is the acceptor handshake function. This function
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meets the third objective by indicating when the bus
data is valid. It also allows control of byte timing for the
fourth objective. Actually, the bus standard requires the
acceptor handshake to be included in any interface hav-
ing a listener function.

The standard rules for these two interface functions
are most easily shown by means of state diagrams. The
listener function is provided by a flip-flop that is set
when the punch’s listen address is received and cleared
when the unlisten command or interface clear is re-
ceived. In Fig. 5a, the set states are listener addressed
and listener active, with the condition of attention on
the bus distinguishing between the two states on the
diagram. The cleared state is listener idle.

The acceptor handshake is also provided by one flip-
flop plus some gating. In Fig. Sb, if attention is false and
the listen flip-flop is not set, the handshake must be idle.
The two not-ready states (acceptor not ready and ac-
ceptor wait for new cycle) can be one state of the hand-
shake flip-flop, data valid being used to distinguish the
wait-for-new-cycle from the not-ready state. The two
ready states (acceptor ready and accept data) similarly
can be the other state of the handshake flip-flop.

Because of the simplicity of this interface, standard
TTL ICs were chosen to implement it. The complete
schematic is shown in Fig. 7.

Interface for a DVM

Digital voltmeters represent the very large class of de-
vices that must both listen and talk on the bus. Other
measuring instruments that belong to this class include
timers or clocks that must be set as well as read re-
motely, and terminals having both keyboard and dis-
play. The DVM interface must be able to:
® Provide two alternate means of controlling the volt-
meter’s program information—front-panel controls or
remote commands.
® When in remote control and addressed, respond to
program commands from the bus and pass them on to
the voltmeter’s control logic (range, function, etc.).
® Accept either a universal command from the bus or a
normal program command to initiate a reading.
® Send measurement results and program status data to
the bus when addressed to do so by the controller.
® Operate in a controller-less system with a printer or
tape punch by being configured to talk without requir-
ing an address.
® Asynchronously request the bus controller’s attention
for either of two reasons—programs not understood, or
measurement complete—and, when polled by the con-
troller, indicate to it which was the reason.

The first of these objectives is completely met by the
remote local function in the bus standard. A subset of
this function with no local lockout capability could be
used for simplification, but full capability is preferable,
especially with little foreknowledge of system usage.

The listener and acceptor handshake functions are
needed for the second objective. The designer of a
talker-listener combination such as a DVM might want
to add the “unlisten if my talk address” capability.

For the third objective, the device trigger interface
function should be included to allow response to the
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TABLE 3B
SUPPLEMENTARY INTERFACE FUNCTIONS j
Function Description I

} SERVICE REQUEST

|

To let an instrument indicate to the
controller that some event has oc-
curred and request it to take some
specific action asynchronously with
respect to other bus operations (one
SRQ function is required for each in-
dependent reason for requesting ser-
vice).

REMOTE-LOCAL
Basic
Remote-Local

To let the controt of the instrument be
switched between its local (manual)
controls and remote control (pro-
graming codes received while ad-
dressed as a listener).

Local Lock Out To let the local control ‘return to lo-

cal" be disabled.

PARALLEL POLL
Basic Parallel Poll  To let instruments return one-bit
status to the controller. Up to eight in-
struments may respond simulta-
neously. More than one instrument
may respond on the same status line
so that logical operations (AND, OR)
may be performed on a group of in-

struments.
Paratiet Poll To let the instrument be configured
Configure by the controller.
DEVICE CLEAR
Basic Device To provide a means by which an in-
Clear strument (device) may be initialized to

a predefined state. All instruments are
cleared concurrently.

Selective Device
Clear

To clear individual instruments (de-
vices) selectively.

DEVICE TRIGGER To let instruments (devices), either
singly or in a group, be triggered, or
some action be started.

universal command, GET (group execute trigger). GET
has the obvious meaning of “take a reading”. The nor-
mal program command to take a reading can be
brought in the same way as range and function infor-
mation, under control of the listener function.

The talker function is required for data output to ful-
fill the fourth objective of the DVM interface. It is prob-
ably appropriate to include all the capabilities of the
talker function (except perhaps the extended talker). Se-
rial poll will be necessary to be able to indicate reasons
for requesting service via a status byte to meet the last
objective.

Talk-only mode is the means of achieving the second-
last objective. Unaddress-if-my-listen-address is a pos-
sible inclusion, providing the controller with a minor
saving in software by not requiring an unlisten com-
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mand to be sent between programing the DVM and ac-
cepting its data. Moreover, since the DVM is a talker, it
also requires the source handshake function.

Finally, the service request function is required, since,
to meet the last objective, the DVM must be able to
request asynchronous attention. Normally, an instru-
ment having two reasons for requesting service would
need two service request functions, but in this case the
reasons are not independent. The DVM probably cannot
take a reading and then request service if its program
was not understood. Conversely, if the DVM is request-
ing service to indicate a measurement is complete, it is
probably not working on program data or it is receiving
erroneous program data.

In general, to minimize hardware logic costs in an in-
strument, it’s best to consider the design as a unified
whole (rather than assume hardware partitions from the
start) and to make the circuitry operate time-serially (as
far as is consistent with speed requirements). Appli-
cation of these two principles maximizes the opportu-
nity to share logic hardware among many tasks, though
it may increase trouble-shooting time. It also enables
the designer to take more advantage of available or cus-
tom LSI and MSI circuits.

This approach suggests that minimum cost to the cus-
tomer would result from combining the interface func-
tions described above with the voltmeter’s functions
(analog-to-digital conversion, program interpretation,
etc.) and do one logic design for them all.

A calculator interface

A programable calculator is representative of control-
lers of medium complexity. Modern calculators are
powerful enough to replace minicomputers yet inexpen-
sive and simple enough to use to replace paper-tape
readers in many system control applications.

Let’s suppose that this particular calculator is charac-
terized by having a complete algebraic language (Basic,
for example) and no interrupt capability (the calculator
can execute only one program statement at a time).
Moreover, it must be in control of the system it is inter-
faced to. There is no convenient way to treat the ma-
chine as a number-crunching peripheral to something
else, or to wake it up and make it accept and execute
programs from the 170 port.

The interface to be designed in this example is the
combination of an 10 card, to handle specifics of com-
munication between the bus and the calculator’s inter-
nal 170 structure, and a “firmware” driver (software en-
coded into read-only memory), to handle special
protocols and details relating to bus operation.

The calculator interface must be able to:
® Send data to instruments on the bus (numeric data
and program data). This data could be binary bytes, As-
cii-coded numbers, or Ascii strings.
® Receive similar data from the instruments on the bus.
® Send addresses and universal commands to the bus
s0 as to control information flow.
® Control remote local functions in other instruments.
® Test the status of the service request line at any time,
allowing software branching to service routines in lieu
of true interrupt capability.
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6. Punch. As shown by its block diagram, a tape punch can be par-
titioned into the punch circuits that will enable it to perform its func-
tions as an instrument and the interface circuits tha: are necessary
to connect it to the data bus.

® Take charge of and initialize the bus at any time, so
that erroneous operations can be halted and a program
be run from a known initial condition for the system.

The first of these objectives is met by the talker and
source handshake functions. Even though the calculator
is a controller, it is worth reemphasizing that the send-
ing of instrument-generated data with attention false on
the bus is done only by controllers, never by talkers.
The capabilities of talk only and unaddress on my lister
address are not necessary for this type of instrument.

The second calculator-interface objective is realized
by including listener and acceptor handshake functions.
The listener function has one additional capability
when combined with a controller; the calculator can, if
it wishes, tell the listener function to listen or unlisten
internally, without sending those commands to the bus.

The next three objectives are implemented by various
capabilities of the controller function—send interface
messages, send remote enable, and respond to service
requests, respectively. The send remote enable capabil-
ity also requires the system controller function.

For convenience, the calculator could also include the
“send interface clear and take charge” capability to al-
low bus initialization by pulling one line. But the last
objective can also be implemented by the “send inter-
face messages” capability since by sending attention
true, all instruments must listen to the calculator.

A serial terminal unit

Sometimes it is necessary to extend instrument-sys-
tem interconnection length beyond the 20 meters pro-
vided by the bus. For instance, monitoring or test sub-
systems might have to be scattered throughout a
manufacturing plant, so that a group of instruments
might need to be several hundred feet from their con-
troller. The technique that best meets this need is a to-
tally serial transmission. This minimizes the cost and
bulk of interconnection cables and makes it possible to
transmit the information by telephone.

Use of a terminal unit can supply the designer with
the advantages, where appropriate, of having two dis-
tinctly different interfaces. In this example, by designing
a bus-to-serial interface, he could preserve the party-
line communication and standardized instrument in-
put/output of the bus yet still allow easy communi-
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7. Design. Because of the simplicity of a tape-punch interface, standard TTL integrated circuits were chosen to impiement the design. The
class of devices that take digital data and convert it to soine other form may make use of similar circuitry.
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8. Extenslon. Serial terminal units may be used to extend the length of the data bus, either through dedicated lines or by common carrier
The units lower the cost of transmission by taking parallel data from the bus and converting it to serial form.

cations among instruments that may be separated by
anything from a thousand feet to thousands of miles.

A serial terminal unit must be able to:
® Be used in two system modes (as in Fig. 8).

» Convert bus information on 16 lines into 8-bit serial
words as efficiently as possible.

® Minimize software problems by acting in as “trans-
parent” a fashion as possible. A controller on one end of
the phone should be able to converse with an instru-
ment at the other end exactly as if instrument and con-
troller were on the same bus in the same room.

® Control an automatic dialer to allow communication
to be established over the telephone network without a
human at each end. (The information for the dialer will
come from a bus talker.)

® Take into account the fact that modems used for
voice-grade line communications greatly restrict the
data rate achievable on the bus (details below).

® Provide a service request to the controller from either
end for these five conditions: parity error in serial;
handshake error (handshake overrun at receiver serial
terminal unit when in on-line mode); line disconnect;
and (if used with a dialer) busy, and call complete.

To elaborate on the fifth objective, these modems op-
erate at 10, 30, and less commonly 120 bytes/second.
Faster speeds can be achieved over dedicated private or
leased lines, but require synchronous operation. If a
complete asynchronous handshake is required by the
system, data rates are at least halved again because a
byte would have to be transmitted in each direction se-
quentially to insure a correct handshake cycle. Fortu-
nately, most instrument and controller responses are
rapid enough, compared to the above data rates, to al-
low information to be transmitted “open loop” without
overrunning the receiving device handshake.

To allow bus systems to operate efficiently with these
terminal units, the units must be provided with three
modes of operation—off-line, on-line and handshake—
all of which must be programable from a controller.
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The off-line mode allows the controller to communi-
cate with the bus devices at its end of the phone line at
rapid bus speeds when information does not have to be
exchanged with the remote part of the bus system. The
on-line is an open-loop mode used when device re-
sponses are rapid enough for the byte rate of the
modem not to overrun them. The handshake is a
closed-loop mode that allows full asynchronous oper-
ation by having the receiving terminal unit re-transmit
a byte to the sender as soon as the data is accepted.

What interface functions will meet these objectives?
The transmitting terminal unit will operate by accepting
data from the bus, using the acceptor handshake func-
tion, and transmitting the data bytes serially to the
other end. Any changes in state of the five management
bus lines (attention, remote enable, service request, end
or identify, and interface clear) will cause a “cycle
steal:” the transmitter will sense those changes and gen-
erate a two-character code sequence over the serial link.
This sequence is decoded by the receiving terminal unit
which drives the management bus at its end.

The prerogative of driving the three management bus
lines called remote enable, attention, and interface nor-
mally belongs exclusively to the controller function
when in active control. In this special instance, however,
the terminal unit will drive those lines from instructions
received by the system’s active controller, but only on
the bus side having no active controller of its own. In
the strictest sense, the terminal unit has a controller
function that from the bus’s viewpoint behaves indis-
tinguishably from a standard controller function. Func-
tionally, however, the unit is only operating to keep the
management bus lines in the same condition at both
ends of the serial link.

The serial terminal unit does require these interface
functions of its own: the source handshake, the acceptor
handshake, the talker function (for responding to serial
poll), and five service request functions (i.e., five inde-
pendent reasons for requesting service). O
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Missing
some test data?

Are you missing some test data because
you don't have an instrument that can
captureit. .. or one that can adequately
read it out?

The missing link may well be a Nicolet
1090 digital oscilloscope.

There are many good laboratory
measuring instruments that suffer either
from lack of adequate speed or from their
inability to retain a signal for detailec
analysis. For instance, an X-Y recorder
may not react quickly enough to record all
the transitions in your sigral of interest. By
the same token a voltmeter or analog
oscilloscope typically makes only a
fleeting readout. Even those instruments
that have the ability to hold a reading
usually cannot read it out as a permanent
record, nor can they present it for more
detailed analysis.

This is one area where the 1090 reaily
shines. You can record two waveforms
simultaneously, and display up to four
waveforms simultaneously for easy
comparison. Since wavefcrms are stored
digitally you may retain them until you
wish to store new information.

The 1090 offers numerical readout of
any selected data point. Selection is made
with an easily moved cursor. Wherever the
vertical cursor intercepts the waveform
the alphanumeric readout on the CRT
displays time from trigger and voltage

Electronics/November 14, 1974

recorded at that point in time. Both values
are calculated by the 1090 so that the CRT
alphanumerics are in actual time and
voltage. (You don't have to multiply a
number times a switch setting.)

So you can closely inspect any
particularly interesting portion of your
signal the 1090 offers expansion of the
stored waveform up to 64 times on both X
and Y axes revealing selected detail of the
4096 x 12-bit word memory.

The 1090 also offers mid-signal trigger
capability so you can “look backwards'* in
time as well as forward from the trigger.
This feature permits you to inspect the
events leading up to, and following, a
trigger.

Besides being much easier to use than
an analog 'scope, the digital 1090 aiso
offers harawired interface to magnetic

A. An unexpanded view of a signal from an
accelerometer. Vertical marker shows center
of reg.on which will be shown when display is
expanded

B. Fig. A with X and Y scale magnification of 8

D. Fig. Awith X and Y scale magnification of 64

tape recorders, programmable
calculators, and X-Y recorders. Some
customers have interfaced it to a
minicomputer.

Waveforms previously stored on digital

magnetic tape may be recatied frcm your

tape library and examined using the
1090’s expansion and comparison

features.

1
f Phone or write

| for details on the 109G and its
piug-ins and how they might apply
to your measurement needs in the
frequency range of d.¢. to 1 MHz.

NICOLET

5225 Verona Road
Madison, Wisconsin 53711
Telephone: 608/271-3333

= INSTRUMENT
CORPORATION
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Announcin o
the 120-
nanosecond

1103 with
alday |,
access time!




We took the most popular 1K semi-
conductor RAM ever built and made it
smaller and faster.

The result is the S1103-X. At 120
nanoscconds. it’s the fastest member of
the world’s quickest 1103 family.

And it has another feature that’s unique
toour RAMs: guaranteed 7-dav delivery!
Within a weck. you can start putting more
speed into your systems.

Guaranteed quantity, too!

Our production lines in Santa Clara and

Pocatello are turning out 1103 circuits so

fast that we can ship any number you need.

This year. we have already produced
millions of them.

And our whole 1103 RAM family has
several unique characteristics that are
worth remembering.

If your system has trouble with pattern
sensitivity like the Bodio effect. our circuit
will eliminate it. It automatically solves
tewproblems, too. which gives you more
flexibility in systems design.

And having the largest and most
experienced RAM testing capacity in the
industry, we cut down your incoming test
problems.

Our spectaular specs!
In addition to the super-fast S1103-X
there are three RAMs in this AMI line—

the S1103.S146and S1103-1.The
difference between them is speed. They
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have access times of 300/205/150 ns
respectively and fast cycle times of
580/390/360) ns.
Other memorable features of our 1103

family are:
* Full internal decoding
* Or tie capability
* Chip enable for low power distribution
* Simple memory expansion
* Input protection against static charge
* 2 msec refresh period
* 18 pin plastic or ceramic dual-in-line

package

Ao w
A ] x ',R R 3243
A ADDRESS ! MEMORY
A ] :;22:’ ARRAY
A X
I 1
| t
|
| |
V--]32y¢1-y-32
| D
REFRESH
CEN + A AMPLIHIERS rJV
.
‘ LD
|
l
v“o—>
Vo R/W -
V oo——-
PRECHARGEDO—
Logic 0 = High Voltoge f ‘ ‘ 4 i
logic 1 = Low Voltoge A A A A A

S1103-X Block Diagram

Call now for immediate
delivery!

Yor fastest possible access to our 1103
RAMs. call or write Frank Rittiman, AMI,
3800 Homestead Road. Santa Clara, CA
95051. Phone (408) 255-3651. Or get
your distributor to truck some over.

Hes got all you can handle.

More good news

from AMI

AMERICAN MICROSYSTENIS, INC
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ARE SO GOOD
WE USE THEM OURSELVES.

20,000 TIMES A DAY.
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That's the rate at which Delco Electron-  in the Delco AM radios, AM/FM radios
ics supplies a variety of products for  and stereo tape systems we produce for
GM cars. GM cars. They are also used in the GM

Under one roof we design and manu- High Energy Ignition systems, I.C. volt-

facture complete sys-
tems, including the
power semiconductors
that help make those
systems work. This can
mean a lot to you.
Here’s why:

We know the require-
ments and standards
that must be met to
produce over 20,000
systems a day. We know
what it means to de-
liver on time, to meet
our own production
schedules. And we know

age regulators, alterna-
tors,and in the
combinationfront seat/
shoulder belt interlock
systems you find in all
the 1975 GM cars.

And all the capabil-
ities that go into Delco
semiconductors can
work for you, too.

There are select dis-
tributors with stock on
hand strategically lo-
cated coast to coast.
For the distributor
nearest you, phone

the importance of component quality in ~ your closest Delco Electronic regional

assuring reliability of the end product.  sales office: Kokomo, Ind. (317) 459-

Our semiconductor devices are used 2175, Van Nuys, Calif. (213) 988-7550,
Union, N.J. (201) 687-3770.

Deico_
Electronics

] [

Division of General Motors

Py
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INTERDATA ANNOUNGES
THE INDUSTRY’S FIRST
$3200 MINICOMPUTER T0

CHALLENGE THE NOVA.

.
INTHRDATA

PDP-11 performance at a Nova 2 price.
Minicomputer myths you can live without:

1. There is no such thing as a high-performance,
low-cost minicomputer. 2. You have to choose
between two extremes — pay a ton for a machine
like the PDP-11 and save on software costs, or buy
a cheapie like the Nova 2 and pay the price later.

All wrong. Because now there’s the Interdata 7/16 —
an extremely flexible 16-bit OEM minicomputer
that combines the best of both worlds.

It’s easier to program than the PDP-11 because it
has 16 hardware registers, up to 64K bytes of
directly addressable main memory, 255 /O
interrupts with automatic vectoring to service
routines and a comprehensive set of more than 100
instructions. That’s a lot of muscle.

It’s completely modular in design — plug-in options
can be installed in the field to meet your specific
application requirements.

Options like multiply/divide, programmers’ console
with hexidecimal display, power fail/auto restart,
memory protect and a high-speed Arithmetic Logic
Unit that includes floating point hardware. In fact,
you can expand the low-cost 7/16 all the way up to
the 32-bit Interdata 7/32.

Yet it costs as little as $3200. Just like tne machines
that give you the barest minimum. And quantity
discounts can reduce that low price by as much

as 40%.

112 Circle 112 on reader service card

I_ Performance 716 W Nova 2/4 1 PDP-11/05 ]
Data word length (bits) 4,8,16 16 1,8, 16
R ] T — - ]
Instruction word
length (bits) 16, 32 ] 16 16, 32,48
General-purpose
registers 16 4 8
Hardware index ﬁ
registers 15 2 8
- § us -+ i — _ -
Maximum memory
available (K-bytes) 64 64 | 64
R T — —1 - .|
Directly addressable T 1
memory {K-bytes) 64 | 2 64
. 1 . | — _ ]
Automatic interrupt |
vectoring Standard Not available Standard
Parity Optional l Not available Special order
Cycle time (usec.) 1.00r0.75 | 1.00r08 | 0.9
Available /O slots | 4 2 2
' Price ' 7/16 ] Nova 2/4 11 PDP-11/05
8 KB processor 1 $3,200 | $3,200 $4,795
16 KB processor 3,700 | 3,700 | 6.495
32 KB processor 5,300 5,300 ] 10,895
| |
Multiply/Divide option L $950 1 $1,600 4 $1,800 T
Floating Point option $4,900 $4,000 plus | Not available
$1,000 for 2/10 |
l | configuration |

Source: Data General Price List, Capyright 1973, and addendum dated 5/15/73.
Nova 2/4 bulletin 012-000060, 1973. DEC OEM & Product Services Catalog,
1972. Auerbach Minicomputer Characteristic Digest, June, 1973. “How to use
Nova Computers™, 1973.

So you no longer have to make the painful choice
between good performance and good price. Or

between hardware economy and software efficiency.
Now you have a minicomputer that gives you both.

The Interdata 7/16.

We put our muscle where their myth is.

L J
TN IEIRIDATTA

2 Crescent Place, Oceanport, New Jersey 07757 (201) 229-4040.

Boston — (617) 890-0557. Washington — (703) $25-4806. Philadelphia - (215) 436-5579.
Orlando — (305) 851-6962. Chicago — (312) 437-5120. Detroit — (313) 356-5515.

Dayton — (513) 434-4193, Kansas City — (913) 384-1606. Houston — (713) 783-3060.
Dallas - (214) 238-9656. Denver — (303) 758-0474. Los Angeles — (213) 640-0451.
Phoenix — (602) 968-2477. San Diego ~ (714) 565-0602. San Francisco — (415) 969-1 180.
Seattle — (206) 455-0680. Toronto — (416) 677-8990. Tokyo — (270) 7711.

Sydney — 439-8400. London — Uxbridge $2441. Munich — 0811-8543887.
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Charge-transfer devices filter

complex communications signals

CTDs combine the simplicity, high speed, and low power requirements
of analog filters with the stability and programability of digital

systems without the need for large, expensive computer installations

by J. J. Tiemann, W. E. Engeler, R. D. Baertsch, and D. M. Brown, General Eiectric co Schenectady, N. ¥

U Designers of large communications systems—both
military and commercial—have found a new tool for
their increasingly complex filtering jobs. This is the
charge-transfer device (CTD), also called the charge-
coupled device (ccp), which had been considered by
many to be useful only for memories and imaging.

These CTDs are providing designers with a new way
to apply the formidable capabilities of MOs integrated-
circuit techniques to analog-signal processing. The re-
sult is a happy combination of high performance and
low cost not previously attainable by other means.
Communications gear being developed is using CTDs
for delay lines and multiplexers, as well as for matched
filters and Hilbert and Fourier-transform processors.

Although the earliest devices could only perform the
specific function for which they were designed, recently
developed structures permit the filter function to be
programed by electrical means so that it can perform
several filter functions. This device, which makes use of
a “sloshing” charge-transfer method, has been built into
a successful experimental correlator chip (Fig. 1) that
holds 32 analog samples and 32 binary tap weights.

In each clock cycle, this chip computes the sum of the
products of the analog samples and the binary tap
weights, then shifts them one position. Thus, a 32-point
correlation can be computed in only 32 clock periods.

For computing correlations, a combination of several
of these correlator chips with a microprocessor can out-

1. Correlation. With a change-transfer device that makes use of a
"'sloshing" charge-transfer method, analog-signal processors such
as this 32-stage correlator, which operates at frequencies as high as
3 MHz, can be built with standard integrated-circuit techniques.

l
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perform even a large general-purpose computer. For
typical signal-processing tasks, CTDs provide flexibility
and precision previously attainable only by digital
methods without the cost of the computer and the asso-
ciated equipment, and they can implement these highly
complex filters with the simplicity and low power de-
mands of analog methods. True, charge-transfer losses
limit the length of the impulse response that can be im-
plemented with serial transfer devices, but the present
state of the art is adequate for a wide class of appli-
cations.

The art of signal processing

The time-honored approach to signal processing has
been to interconnect a number of discrete passive and
active filtering devices—RC and LC passive networks,
and operational amplifiers—to form filters with a de-
sired frequency response.

The main advantage of analog filters is that they con-
sume negligible power, especially if passive components
are used, and can operate at frequencies as high as their
active components, if any, will permit.

If accurate frequency characteristics are to be
achieved, however, the component values must be pre-
cisely determined, and they cannot be permitted to
change with temperature or drift in time.

In addition to the cost problem associated with
needed component precision, the analog approach also
requires a separate device for each filter in a system.
Thus, in applications where a large number of filter op-
erations need to be performed on the input signal a
prohibitive number of filters may be required. To solve
these problems, designers turned to the digital com-
puter to process the analog signals, which were sampled
and digitized before processing.

The advent of the fast Fourier transform algorithm!
gave the digital approach a tremendous boost. and as
the cost and performance of digital hardware improved,
digital signal processing became increasingly attractive.
Generally speaking, the digital approach entails a
rather high minimum cost, and the hardware involved
consumes a relatively large amount of power and space.

The digital approach is economically attractive when
several thousand filters must be implemented. This is
because a single central processing unit can implement
essentially any number of different filters, which de-
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2. The basic delay line. A simple charge-transfer device (a) acts as
a delay line when a signal is passed along from element to element
and detected at the output. For signal processing, the a weighted
signal is collected along the way (b) to form a summed output corre-
sponding to a particular analog-signal transformation.
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3. Weighty. The correct weighted output at each tap can be ob-
tained by simply splitting the electrode at that position so that a fixed
quantity of signal is detected. Summing all such taps produces the
desired signal transformation.

creases the cost per filter as the number increases. The
digital approach is also preferred when low-frequency
responses are needed because of the stability problems
of the analog methods or the sheer size of the compo-
nents—it increases with decreasing frequency—may
make the analog implementation impractical.

Enter the CTD

Digital filters achieve high accuracy and stability, and
highly complex filters can be implemented with the
same hardware used for simple ones. The disadvantage
is many operations are required to compute each output
point. This requires that the computer operate at much
higher speed than the bandwidth of the signal, limiting
the bandwidth that may be obtained with digital tech-
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niques. In addition, the minimum cost of a digital signal
processor may be too high for many applications.

The charge-transfer device combines the simplicity
and low power requirements of analog filtering tech-
niques with the complex filter-handling properties of
digital methods. The conventional CTD (Fig. 2a) is se-
rially organized, and the charge packets, consisting of
successive samples of the input signal, are physically
moved from cell to cell along a linear array.

This structure can obviously function as a delay line
if the charge packets are recovered at the end of the
line. The delay is simply the clock-transfer rate times
the number of transfers or CTD elements. This is a use-
ful function in signal processing, but CTDs are even
more powerful than simple delay lines because they can
have multiplicative output taps (Fig. 2b) at every stage.
If these outputs are appropriately summed during each
period, a transversal filter can be implemented.

This property of CTDs can produce a signal of a mag-
nitude corresponding to the summed series of output
signals of fixed magnitudes. This summing can provide
complex analog-signal transforms because a network of
linear components obeys a linear differential equation
in which the magnitudes of the constant coefficients are
also precisely the sums of series of fixed weighted val-
ues. This equation can be converted to a simple alge-
braic equation by use of the Laplace transform. This
equation, which is characterized by the locations of
poles and zeroes in the complex frequency plane, deter-
mines the frequency response of the filter.

It is quite easy to implement signal-processing func-
tions with transversal filters. Since the tap-weight func-
tion along the delay line corresponds exactly to the im-
pulse response of the filter, only the impulse response of
the required filter is needed. Because the impulse re-
sponse of a filter and its frequency response are related
by the Fourier transform, one can easily translate a de-
sired frequency response to a set of tap weights.

The output from all the taps on a CTD transversal fil-
ter (Fig. 3) can be summed by splitting the clock elec-
trodes for each stage into two portions corresponding to
the desired tap weight and connecting these portions to
two separate clock drivers.? Since the total loading on
the clock drivers is proportional to the total amount of
charge being transferred, the loadings on these two
clock drivers can form an output signal that is the sum
of the charges in the packets times their respective tap
weights. Thus, CTDs can implement the convolution of a
fixed set of tap weights and a set of signal samples; they
can therefore simply implement the difference equa-
tions employed by a digital signal processor.

However, because signal output depends on a fixed
tap weight that is built into the device geometry, a new
device is required for each new filter. Thus, a prohibit-
ive number of devices are needed in applications where
a large number of separate processes are performed on
the input signal, as in spectrum analysis, character rec-
ognition, or aperture synthesis. For these applications, a
great cost advantage would be achieved if it were pos-
sible to implement a variety of filters by reprograming a
single hardware element.

A new CTD structure (Fig. 4) provides this program-
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4. New method. In the CTD method of signal processing, the analog
signal is connected to input diffusions (a) that are connected to all
the charge-transfer cells, where they slosh back and forth until the
desired output is achieved at that cell. A detail of the basic cell in a
charge-sloshing structure is shown in (b).

ing capability, along with the low power and high-speed
advantages of analog methods. The architecture of the
conventional serial CCD has been changed to take ad-
vantage of the mechanism of charge transfer. In the
new device, the charge packets representing the samples
of the input signal are not clocked along from cell to cell
as in Fig. 2; instead, each is inserted into its own
charge-storage region, where it stays until replaced.

Readout is accomplished by transferring the charge
back and forth between electrodes within this storage
region and deriving an output signal by means of the ac
coupling, produced when the charge “sloshes” under an
output electrode. These output electrodes serve all cells
in the system, and cells are summed in the same manner
as in the split-capacitor structure.

This organization has the advantage that charge-
transfer losses are not cumulative, which permits co-
herent processing of several thousand samples at one
time. But the derivation of a multiplicative tap weight,
which was convenient when the charge packets moved
from cell to cell, now becomes a problem. This is solved
in the new structure by providing two separate output
regions for each storage cell and by controlling the di-
rection of charge transfer during readout. Since each
charge packet can be read out on either of the two out-
put electrodes, tap weights of +1 are obtained.
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Although limitation to only two tap-weight values
may seem to be a serious problem, it can be overcome
by using additional binary correlators. Suppose, for ex-
ample, that the analog signal is fed in parallel to a num-
ber of correlator chips and that the first is assigned a
weight of *1, the second, a weight of 214, and so on in
descending powers of two. These tap weights could be
set either by combining the outputs of identical correla-
tors with a resistor ladder, or a family of devices having
reservoir areas that correspond to the desired weights
could be used. A combination of these two methods
could also be employed.

If the outputs of these separate correlators are
summed, every signal sample can be assigned an arbi-
trary weight corresponding to the binary number whose
digits are sent to each of the correlators. Usually, four to
eight binary correlators are required to achieve a tap-
weight resolution appropriate for typical applications.

The schematic in Fig. 4a shows the simplest version
of this basic architecture, and Fig. 4b shows the layout
of a single cell. The analog input is connected to the in-
put diffusions of all the charge-transfer cells, and con-
trol circuits sequentially gate each time sample of the
input signal to the selected cell. Once the charge is
loaded into a cell, it remains there for repeated cycles,
sloshing back and forth between storage reservoirs un-
der the control of the clock voltage and transfer gates.

How this is accomplished is shown in a plan view of
the charge-transfer cells (Fig. 5a), and the cell detail is
shown in Fig. 5b. After each charge sample enters the
cell, it is transferred to a holding reservoir, where it is
held until readout is desired. Readout of each of the
charge samples is independently controlled by the volt-
age on the transfer gate of the cell. If the gate voltage is
sufficiently above the threshold, the charge is trans-
ferred, and a signal proportional to the magnitude of
the charge is induced in the output circuit. But if the
voltage is below threshold, transfer is prevented, and no
output is induced.

Since the clock electrodes overlie all of the cells, the
total output signal is proportional to the total charge
contained in all the cells involved in the transfer; that is,
all the cells in the system are summed. This summation
can be extended over more than one chip simply by
connecting the corresponding electrodes of the individ-
ual chips together. The cycle can be repeated as often as
desired until the signal charge is replaced by a new
sample or has been rendered inaccurate by thermal
leakage to the extent that it must be refreshed. The in-
put gate is then reopened, and a new signal is inserted.
Since the signal charge is returned at the end of each
cycle to the location from which it started, any charge
that was left behind in the transfer operation is later
added to the transferred portion. Therefore, charge-
transfer losses are not cumulative in this structure.

Building a correlator

One signal-processing application that can be con-
veniently realized by charge-sloshing is a polarity-
coincidence correlator (Fig. 6). A binary reference word
controls the polarity of the tap weight of a given charge
sample, and the reference word shifts one position after
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6. Correlator. In the CTD correlator chip, a binary reference word
controls the polarity of the tap weight of a given charge sample. Two
transfer gates control the direction of charge transfer. Charge sam-
ples assigned a positive weight are transferred toward one output
fine, while negative-weight samples go toward the other one.

each readout. Two output electrodes are used, and the
sample charge is held under a third electrode between
them. Two transfer gates are present to control the di-
rection of charge transfer. Charge samples to be as-
signed a positive weight are transferred toward one out-
put line, while those requiring a negative weight are
transferred toward the other output. The operation of
this device is similar to the basic structure, except for
the presence of the extra reservoir electrode and trans-
fer gate in the correlator.

A charge may be inserted in each cell by the action of
the input gate as before; however, the charge is always
returned to the central reservoir before the readout por-
tion of the cycle. From the central reservoir, the charge
is transferred under the control of the transfer gate to
cither of the outer reservoirs. Tap weights of *1 are
formed by subtracting the signals that appear on the
two output lines.

The experimental correlator, which holds 32 analog
samples and 32 binary control signals, can be operated
at speeds as high as 3 megahertz, and demonstrated
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tap-weight accuracy is within +1%. The photomicro-
graph (Fig. 1) shows the device layout and geometry.

There are two ways to view the development of this
type of correlator chip. It can be considered either as a
programable transversal filter or as a peripheral device
capable of performing hundreds of thousands of mul-
tiply-add operations per microsecond.

Implications and applications

As a programable transversal filter, many signal-pro-
cessing applications are suggested. The most familiar—
bandpass filtering, matched filtering and spectrum anal-
ysis—can be implemented with a cTD device having
fixed tap weights, but when turnaround time or low vol-
ume makes the design of a special chip unattractive, a
universal programable device is advantageous. Appli-
cations in which programability is necessary include
automatic equalizers for modems, secure communi-
cations systems in which the signaling waveforms must
be changed from time to time, and multiplexed systems.

The viewpoint that the correlator is simply a high-
speed multiply-add peripheral to a computer is in many
ways more intriguing. The combination of a small mi-
croprocessor and a peripheral correlator can outperform
even the largest general-purpose number-cruncher.
Specifically, a correlator subsystem containing 128 of
the modules described above, together with the neces-
sary drivers and readout circuits, can accomplish several
thousand 8-bit multiply-add operations per micro-
second—all under program control. Thus, operations
such as matrix inversion and tomographic reconstruc-
tion, which require large number of multiply-add oper-
ations, but which are not usually regarded as signal-pro-
cessing problems, are among the applications ahead for
this new analog-digital approach. O
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When it comes to precision p.C. board drilling

its Excellon vs. Excellon.

; When itcomestop.c. drilling systems
nobody can compete with Excellon.

, That's why the leaders in the electron-

[ icsindustry look to Excellon equip-

[ ment for unparalleled quality. They
also enjoy the service. The innova-
tions. The dependability.

l Here is a short-form roster of
Excellon equipment.

Excelion

Mark lll. unequalled for high
production, high utilization.

The most advanced p ¢ drilling system in
the industry today. the Mark Ili is an
8-spindle, granite-framed automatic drilling
system. it has its own minicomputer, plus
tape and typewriter output. Drill hit rates up
10 200/ min , high-quality holes on ¥ move
| ment with 3-high stacks and 0.002 chip load
Spindle motor speeds 15,000 - 45,000,
15,000 - 60,000 rpm hquid-cooled, frequency-
controlied motors; 30,000 - 80,000 rpm
air-bearing, frequency-controlled motors

|
|
|
|
|
|
|

|
|
i

d
= UNI-DRILL",

XL-2. The ultimate in versatility
for medium to high production.

Many of the features of the magnificent
Mark It are on the XL-2. But not quite as
many options The XL-2. with 1-, 2-, 3-spindie
configurations, is a computer-controlled p.c
board drilling system Designed primarily for
automatic operation, the XL-2 operation
modes can also be semi-automatic, single
block and manual feed.
A Programming option is available for the

XL-2 which allows the machine to be used
In a tape preparation mode of operation . .

| performing both programming and drilling

| functions

| Drill hit rates up to 300/min with 3 stacks

| Spindle motor speeds: 20,000 - 60,000 with
Excellon Quiet-Drill Model 700 Liquid-
cooled & variable speed
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QUAD-DRILL"

1218. For short-to-
medium runs.

This quahty
Excellon

4-spindle

drilling machine
mass produces
holes with minimum
tooling investment
Takes four stacks of
12.5” x 18.5” boards
Features an adjustabie
semi-automatic drilling cycle by a
template-foliowing stylus Hit rate to
55/min. Highly accurate, dimension
ally stable granite working surface

c—

For prototype/short-
run drilling. ‘

This single-spindle dri.l
takes a stack of boards
pinned to either template
or negative. Drill cycles
upward from below when
conical stylus centers in
template or. with negative,
centers in optional projec-
tion scope. Production rates @
of more than 250,000 holes/day

OPIC II". Optical Program-
ming Inspection Center.

Makes extremely accurate punched-tape
programs directly from circuit art, negative
or etched board, up to 1300 positions/hr
Master 1s centered in 10x projection scope
and triggered Encoding is to word address

or fixed sequential format: optional unit adds
other formats, permitting OPIC 1l to program
any Excelion drilling machine and almos*

all others operating today
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'Excelion

[ Telex: 67.45.62 Cable: Excellon Torrance
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GALE wave

soldering
systems. ,

Excellon’s family
of quality equip-
ment for the p ¢
board industry
now Includes the
Gale systems
Featuring the
unique oil intermix design (Ui.S. Pat No
3.589,590), Gale is the only wave soldering
system with a single infinitely vanable, step-
less control dial to adjust both wave height
and ol intermix ratios.

Availablein8”, 11”7, 16” and 18” board width |
capacity. Conveyor permits optional paliet or |
palietless operation, single ar double row.
Excellon’s Gale systerns ofier maximum flexi-
bility, economy, ruggedness and quelity out- ’

|

put. .. featuring solid state control centers,
electrostatic smoke el.minators, and efficient,
reliable solder wave generators

Other products distributed worldwide
exclusively by Excellon.

The Barnaby pin routers.
Manual pneumatic (Model
103) spindle lift pin router
for internal and external

routing of p.c. boards. Belt
driven (Model 104) offers quiet
long-life operation

Model 202A

Model 103
L

Beveler. High speed down-

ward cut. .nodelamiration

or burrs Ya-hp, 22.000 rpm

spindle with carbide tools

Model 901
Slotter. Cuts single or muiti-
ple slots ir oard edges

Fast, accurate and repeatable
to 1” max. depth

;
yd

“Stackmaster.”
Stacks, positions,
drills and pins p.c.
boards in com-
plete make-ready
operation for all
Excellon drilling
machines

For full details on the quality Excelion line
write or call Dick Hogan. VP/Szles
Automation
23915 Garnier Street
Torrance, California 90509
Phone: (213) 325-3000

«cellon Sales and Service in ENGLAND - FRANCE - W GER
ANY - HOLLAND - AUSTRALIA - INDIA - TAIWAN « JAPAN

17



MOS-CMOS, TTL-HTL,

HP pulser solutions for

Before you choose your next pulse generator.
fook into THE broad line. .. from HP. We'll
give you a choice of several instruments for your
particular logic family. . .whether it's high-speed
bipolar, MOS, high-threshold, or general-purpose
bipolar logic.

Need to test above 200 MHz? Our newest
pulse generator gives you a rep rate to 250 MHz for
testing high-speed bipolar logic at operational
frequency limits. And its UNMATCHED variable
transition time down to | nsec lets you meet
manufacturers’ conditions for propagation-delay

tests . . .or degrade transition times for worst-case
testing.

Maybe you need high output levels for
MOS. We have instruments with outputs up to eV
(30V swing on dual outputs) and rep rates to 50
MH2 for the most advanced MOS circuits. Other units
handle lower rep rates with outputs to 100V.

TTL?...HTL? We offer a variety of
instruments with single or dual outputs, selectable
output impedance levels. fixed or variable transition
times and pulse-burst options.

We even have a plug-in series that lets you
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put together vour own logic- -testing system o include
programming. word generation. psceudorandom
sequences. multiphase clock generation.

and more,

In this family. there's a pulse generator to
satisty your particular testing requirements. And yvou'll
tind human- -engineered instruments (o simplify
your setups and reduce lullnﬂ Ccrrors,

So it you're thinking dwnul lesting,
find out what HP has 10 offer. Give vour local HP
field sales engineer a call today. Or. write for a free
copy ol our new pulse generator hrochure.

HEWLETT @ PACKARD

Sales and service from 172 offices in 65 countres
1501 Page M| Road Pa Al Caitornia 34304
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To measure lower distortion

MEASURE DOWN TO .002%
Here is an important new system for measuring
distortion.

This new Sound Tech 1700A is both an ultra-low-
distortion signal source and a total harmonic distortion
analyzer.

It's an instrument that’s fast and easy to use. You
can make a measurcment in 5 seconds — becausc
both source and measuring circuits arc tuncd by the
samc pushbuttons. Even non-technical production per-
sonnel can measure with it. And that can save a jot of
test dollars in the plant and lab.

than ever
before

-- just
push a
button

AUTOMATIC NULLING

In the audio range you can typically measure down
to .002%. Full frequency rai.ge is from 10 Hz to 110
kHz, all pushbutton-controlled for fast selection and
high repcatability.
Other important features:
e Fully automatic nulling — just push a button for
frequency at which you want the measurement.
Is a high-sensitivity AC voltmeter — 30 microvolts
to 300 volts.
Measures signal ratios up to 100 dB.
Has differential input.
Reads power in 8-ohm loads.

ECONOMICAL

The 1700A truly saves on initial outlay, too. It’s
only $1625 (other models only $1340). That’s less
than the cost of much lower performance oscillators
and distortion analyzers.

MAKE PROFIT HAPPEN — CALL NOW

So don’t get caught short. Make profit happen. Call
Larry Maguire or Bob Andersen and get full perform-
ance data on this important new development.

S SOUND TECHNOLOGY

1400 OELL AVENUE
I CAMPBELL. CALIFORNIA 95008
ta0B8) 378-6540

DEVELOPERS OF THE INDUSTRY-STANDARD 1000A STEREO ALIGNMENT GENERATOR AND 1400A ULTRA-LOW-DISTORTION OSCILLATOR
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Designer’s casebook

Analog gate and zener diode
give 70-dB isolation at 80 MHz

by Roland J. Turner,

General Electric Co., King of Prussia, Pa.

When conventional double-balanced Schottky diode
mixers are used as analog signal gates, they have two
serious limitations: the “off” impedance of a series
diode offers a switch isolation of less than 40 decibels,
and the peak radio-frequency input signal cannot ex-
ceed the series diode’s forward blocking voltage—500
millivolts at room temperature, but falling to 300 mv at
higher temperatures. An rf analog gate with both larger
signal-handling capability and higher “off” isolation
would be very useful, for example, in a pair of switches
controlling a transmitter and receiver that share a com-
mon antenna.

The analog gate shown in the diagram achieves an
“off”” isolation of as much as 70 dB at 80 megahertz
without using matched diodes. When + 30 milliamperes
is supplied to the gate, it turns on shunt diodes D, and

Ds, while the series diodes D3 and D, are reverse-biased
by a voltage equal to the zener voltage at Ds minus the
positive swing of the input signal. With the gate biased
off in this way, variable capacitor C, is trimmed, so that
out-of-phase signals cancel signal leakage through the
ate.

¢ With a 6-v zener diode, this circuit isolates input sig-
nals of as much as 10 v peak to peak—whereas the
mixer gate cannot handle even ! v without letting the
signal break through.

On the other hand, when the current is -30 maA,
diodes D3 and D4 are forward-biased and the shurt
diodes D; and D2 become reverse-biased. The Schottky
diodes have a dynamic impedance of 10 ohms, which is
much less than the typical antenna impedance as seen
from this gate (about 200 ohms). Thus the input signal
passes through the gate with an insertion loss of less
than 0.50 dB.

The gate’s on-off status is controlled by the current
source shown at the bottom of the diagram. When the
control signal is at 12 v, the pnp transistor on the left is
turned on, supplying +60 mA—half to the gate to turn
it off, and half to the npn current sink on the right. But
when the control signal rises to 15 v, the pnp transistcr
is cut off and the npn device, which stays on, reverses

D3
’JP GATED RF OUT
+15V N
RF IN 0.5-5pF 0
/ o Gy 3 R 1k§2 o —=
. 1.0 pF -
= 0.001 uF o
0.001 pF [ 9 END i
U= :_E Dg =
- - L]
%= =
D,
al
D J
4 +30 mA
60 mA
—
130 mA
+15Vv o—
CONTROL ‘
SIGNAL [ 2N2807A
|‘ ay — = 24k
| IN2222A
| )
S3ka 430 510 -
‘ 82 82
ALL SCHOTTKY DIDDES: HP2305
ZENER DIDDE: IN754A OR B
+15V 15V

High Isolation. Control signal (lower left) turns on pnp transistor, providing + 30 mA to gate circuit at top, to turn it off and block passage of
rf signal to antenna. When control is up, npn device takes over, drawing -30 mA from gate and turning it on. Zener voltage minus positive
swing of input signal establishes reverse bias on series diodes, achieving isolation of as much as 70 dB at 80 MHz.
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The case for Liquid Crystal Displays

Dynamic Scattering or Field Effect

Liquid Crystal Displays; light emitting diodes; incandescent

and fluorescent displays and “Nixie’’ tubes are becoming solidly
established in circuit design as the trend to digital readout
continues. The design engineer faces an unusually formidable
task in determining the type of display most suitable and
practical for his product. We make liquid crystal displays —
dynamic scattering and field effect.

The display of the future? Our displays are as sandwiches of
two glass plates, spaced typically about .0005” apart with a
nematic liquid crystal solution between them and
hermetically sealed at the perimeters.

SEGMENTS

CONTACTS

“~CONTACT TO SEGMENT

LEAD-IN
\7 BACK PLATE

FRONT PLATE —

FLUID

How they work. When the liquid is not electrically excited,

its long cigar-shaped molecules are parallel to one another in
a position perpendicular to the plates. The liquid appears
transparent. When an electric current is applied, ion activity

of the molecules leads to turbulence causing the liquid to
scatter incident light. Depending on the type of nematic liquid
used, either a dynamic scattering or field effect display results.

Dynamic scattering. We use a nematic liquid crystal solution

in our dynamic scattering displays. This nematic liquid crystal
is conductive, has negative dielectric anisotropy, and is
oriented in either a homeotropic or homogeneous alignment.

in either case the liquid is clear in the absence of an electric
field. When an electric field is induced, the molecules scatter,
giving the visual effect of a frosted piece of glass.

Field effect. These displays also utilize a nematic liquid crystal
but with a different molecular orientation. The molecules are
arranged in a helical stack, like a spiral staircase. The liquid

is also sandwiched between two polarizers which are at

right angles with each other. When current is applied the
molecules rotate 90° so that they become perpendicular to

the front polarizer. Light that passes through them is not rotated
and therefore is absorbed by the rear polarizer. The result

is a dark image on a light background. The image also can be
reversed — light on dark.

Producing an image — digital or other — simply requires a
conductive surface the shape of the desired image on the front
glass plate. Current flowing from the conductive image

through the liquid crystal to the common ground back plate
causes the liquid to change from clear to a frosted appearance
in the current-carrying areas.

The images almost always are in the form of seven segments
formed on the front glass with transparent oxide and each with
its own electrical lead. Energizing the proper segments
produces the desired numerals. Lead-ins connect the segments
to external contacts on the sandwich (display).

Consider the advantages. Liquid crystal displays have a number
of distinct advantages. Simplicity is the reason for several of
these. The elements are few and passive — very little can

go wrong with an LCD and this means reliability and long life.
Simplicity means low cost too — lower than that of most

similar displays. Packaging costs are low because LCD's can

be driven directly by MOS and C/MOS circuits. Very narrow
character widths are possible and stiil provide a good viewing
angle — 60 degrees in many cases.

Low power consumption makes LCD's a logical choice where
power limitations rule other displays out. They do not generate
light as do other displays so use no power for that purpose.
Watch type field effect LCD's use only 3uW. for example with all
segments energized at 7 Volts.

LCD's offer the greatest flexibility of any display type. Several
standard displays, dynamic scattering or field effect, are
immediately available from Hamlin's stock. Special displays
with virtually any type of image can be produced with
surprisingly low preparation or “tooling” cost. Because of the
LCD's simplicity, lead time on specials is only a matter of weeks.

DYNAMIC SCATTERING FIELD EFFECT
Electrica! charge
rotates molecules
80 that the
light striking the
lower polarizer
is absorbed.

Electrical charge
rearranges the
molecules, which
scatter the light.

AL

Regutarly

reflected light Reflected

A A
... \ i1 .__“_ i 2 U

NN O e

Normally N N | (] HBINIG \ | Spiral
Aligned| | M| S [y EHOEIE Stairs of

Molecules | ) JIa | L J'IIJ i Molecules
¥ |

‘ i Loliae! DN NI R Lt

Mirror == ———e - 1| = Mirror

Electrodes -

1 L Electrodes

A few limitations. LCD's have limitations too. Operating
temperature range is one. Liquid crystals slow down and may
even cease to function at temperatures below 0°C. Above
50-60°C, crystals go into solution and will not function properly.
But extremes do not damage LCD's. Once the temperature
returns to normal, operation is automatically resumed.

LCD’s are somewhat difficult to read under low ambient light
conditions. (Side or back lighting can remedy this.) Visibility
under medium to high ambient light conditions is excellent.

Conclusion. In the majority of display applications, MOS and
C/MOS compatibility, reliability, flexibility and low power
requirements are important considerations. No other display
can match the liquid crystal display on these jobs.

They could be the display of the future.

And that's the case for the LCD. For specifications, and
application data, write Hamlin, Inc., Lake Mills, Wl 53551 »
414/648-2361. Or dial toll-free 800-645-9200 for name of
nearest representative. (Evaluation samples are available at
moderate cost.)

HM.A MLIN

INCORPORATED
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the current passing through the gate connection.

Both input and output transformers are conventional
components, with bifilar 1:1:1 windings on Indiana
General Q-3 core material. The center tap of the input
transformer is grounded, while that of the output is

Single op amp compares
bipolar voltage magnitudes

by F.N. Trofimenkoff and R.E. Smallwood
University of Calgary, Alta., Canada

The operational-amplifier bridge circuit shown in Fig,. 1
is a window comparator for bipolar signals. It indicates
when the magnitude of the input signal exceeds a preset
value. Selection of resistor values sets positive and nega-
tive trigger levels independently, so that the trip levels
for the two polarities need not be the same.

To analyze the circuit, first ignore the output clamp-
ing diode. The input diodes isolate one of the two signal
paths, depending on the polarity of e;. For e; positive:

e = -(ei - eq)(R2/R1) - ex(R2/R3)

where ¢4 is the voltage drop across the diode when it
conducts. For e; negative:

[/ +(R2/R3)+(R2/Re)]
[/ +(R4/Rs5)]

The switch-over points are defined by setting e, = 0 in
each of these expressions. For e; positive:

(ei~ey) = e(R1/R3) (1)
and for e; negative:

€y = (€i+€d) —€r(R2/R3)

-/ +(R4/Rs)]

(eitey) = )

[/ +(R3/R2)+(R3/Re)]

==

1. Comparator. Amplifier output is low when the input is between
two levels set by choice of resistances, and high when outside these
levels. The two trigger levels are independent.

Electronics/November 14, 1974

split. At this point an RC network collects the -30-ma
current when the gate is on. Because the two shunt
diodes may have different voltage drops, the resistance
is a potentiometer that can be adjusted to eliminate any
dc bias at the output. O

If the positive and negative trip levels must have the
same magnitude, then the coefficients of e, in equations
(1) and (2) are equal. The equality reduces to:

[/ +(Ra/R2)+{Ra/Re)] = [1 +(Rs/Rs)(Rs/R;y) (3)

If the switching levels are different, equations (1) and
(2) must be used to determine the resistor ratios. But re-
gardless of the levels, Ry is very large and may even be
infinite—that is, the circuit may have an open-loop con-
figuration—to provide the maximum gain and thereby
produce a sharp transition between the output states at
the switch-over points.

The circuit may be simplified if, for example, the ref-
erence voltage is greater than the desired switch-over
point. In that case, Ry = 0. If it is less, then Rg is
omitted from the circuit. For symmetrical switching,
making Ry + Rj approximately the same as R, equal-
izes the diode currents, thus more nearly matching the
diode forward voltage drops.

If now the output clamp is taken into account, it
keeps the lower level of the output from going more
than very slightly negative, as shown in Fig. 2. The com-
plement of this transfer function is obtained by chang-
ing the polarities of the input diodes and the reference
voltage.

As a design example, suppose *10.0-volt switch-over
points are required, and e, = 15 v. Assume e4 = 0.5 v,
and use 11 kilohms for R; and an open circuit for Ro.
Equations (1) and (3) show that R3 = 17.4 kilohms, R,
= 0, Rs = 11 kilohms, and Rg = 29.9 kilohms. Build-
ing the circuit with these component values results in
measured switch-over points of -10.12 and +10.15 v.
The actual switching is completed during a change in

1+ v,

]
T 1 —P e

(ei +eg) (e, — eg)

2. Transfer function. Output clamp keeps low level only a fraction of
a volt below ground. The complementary function is obtainable 2y
inverting the two input diodes and the reference voltage.



Our finest perfo

"AMPHENOL 480” Proven through more than

15 years of environmentally tough aircraft and aero-
space applications, Amphenol’s 48 Series connectors
have come down to earth for use in communications
electric utility, automotive, rapid transit and construc-
tion applications. Ready availability with a wide choice
of configurations and styles is the reason why.

48 Series connectors stand up to environmental
assaults that put other connectors out of operation, like
temperature extremes. physical shock, vibration, mois-
ture and corrosion. They're your best buy for both stan-
dard and environmentally-demanding commercial and
industrial applications.

Choose from standard power to coax contacts with
semi-automatic,automatic crimp terminations.

r has come down to earth.

Quick-disconnect bayonet or vibration-proof threaded
coupling connectors are available in 30 different
insert arrangements. Our 48 Series gives you the
industry’s broadest selection of environment-resistant
connectors.

They're available from stock or from any one of more
than 60 Amphenol distributors nationwide. GGet them
in a choice of finishes to dress up your product design.

Call or write Wayne Zimmerman for full information
on the 48 Series connectors. The high-reliability. aero-
space-quality connecters that make a lot of sense
in tough, dow n-to-earth applications.

Amphenol Connector Division, Bunker Ramo Corp.
2801 South 25th Avenue.
Broadview, Illinois 60153. (312} 345-9000.

s AMPHENOL

To contact the Amphenol Sales Offices 1n your area, dial our hotline number toll free 800 6459200 (In New York State dial colleet 516 294.0990)
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the input of less than a millivolt, because the amplifier
gain is high and the open-loop configuration is used.
This simple circuit has some disadvantages. Among
these are the forward voltage drops of the input diodes,
which are significant. Consequently, the circuit cannot
be operated near ¢; = 0. These voltage drops can be
minimized with germanium or hot-carrier diodes.

Regulating voltage with just
one quad IC and one supply

by R. A. Koehler

York University, Toronto, Canada

Full-range, high-performance power supplies are often
bulky and expensive because they require two indepen-
dent voltage sources—one main and one reference—with
associated rectifiers, filter capacitors, and reference
regulator circuitry.

But only one unregulated source of about 26 volts dc
and one ground-sensing quad operational amplifier are
necessary in a regulated power supply that provides |
ampere at 0 to 20 v with foldback current-limiting and
overload indication. It achieves line and load regulation
within £0.02% over the full range of load conditions,
even when the input voltage varies between 24 and 28 v
dc. When the regulator is quiescent, its current require-

Another disadvantage is that the switch-over points
are temperature-sensitive, because the diode forward
drops have a temperature coefficient. Finally, the speed
of the circuit depends on the type of operational ampli-
fier and on the clamping scheme. Using a comparator in
place of the operational amplifier permits somewhat
faster switching. O

ment amounts to less than 10 milliamperes.

Amplifier A; is a self-biased, constant-current ampli-
fier that provides a stable reference voltage [Electronics,
March 13, 1972, p. 74]. Its output, V,, depends on the
breakdown voltage V, of the zener diode, Di:

Vi = V]l + (Ri/R2)]

It is approximately 9.1 V for the values shown in the
diagram. The potentiometers Rs and R4 bring Vi down
to a desired value Vg, which is amplified by Az and the
Darlington output stage to the output level:

Vour = Vao(Rs + Re)/Rs

With Ry at its maximum-voltage position, variable re-
sistor R sets the voltage at exactly 20 v; thereafter, R4
varies the output voltage over its full range. The output
stage gain is 2.5 for the values shown.

Amplifier A; monitors the regulator’s output cur-
rent under varying loads. It compares the voltage
across R; (a very small resistance) with the drop
across diode D2. Whenever the former is greater than
the latter, the output of As drops, biasing diode D3 for-

|

[ *

Dy
Nl
L4
7kS2 ,\ IN3053 \
+
+ J Ay Rz 2 10k§2
) 10 Kk§2 3
ZA_EZSWCTED 1 47k . .
UNREGULA I
4.7k e 0.47%
= 18 kS2
Rs +
¥ OVERLOAD Bl
( INDICATOR 150 k$2
0-20VatlA
R 3 100 kS

l Rs $ 47kQ2

REGULATED

J.

Ay TO Ay: LM 324N QUAD AMPLIFIER

D,: IN5234
D,, D3: 1N4148
l LED: MV5054

2N3055 REQUIRES A HEAT SINK I

Op amp regulator. An unregulated 26-volt source becomes a 1-ampere 0-t0-20-V supply regulated to within +0.02% by a simple quad oper-

ational amplifier. Input can vary between 24 V and 28 V, and quiescent current is less than 10 mA. A light-emitting diode gives an overload
indication, the level of which depends on the value of resistor Rg. Single power Darlington can replace the two transistors.
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Our 31 Programmable
Calculator.

Computer capabilities
right at your desk.

The 31 rivals the mini for pure
problem-solving power. But no
mini can match the 31 for ease of
use and low-cost operation. Its
expandable memory (up to 8192
program steps or 1010 data regis-
ters) auxiliary plug-in mag tape,
and optional flexible disc provide
storage traditionally reserved for
mini applications.

The 35 built-in functions and 24
user-definable keys let you tackle
complex variables with natural
math. No computer languages to
learn. And no computer price
either: just $3550, including silent
alphanumeric printer.
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Use the 31 with other data tools.
We have three new interfaces (like
the 154 RS-232-C shown) that
work with most instrumentation
and 170 devices on the market.
Then there’s our Tektronix periph-
erals you can interface with.

Like our digital plotter, graphic
terminals. And software packages
you add as you need.

But there’s still more to the story
on the 31. More interfaces, more
peripherals, more power. And
information on OEM and quantity
discounts. Get it by calling your
local Tektronix sales engineer.
Or write us.

Tektronix, Inc.

Information Display Division
P.O. Box 500

Beaverton, Oregon 97077

Our programmable
calculators. Natural.
Powerful. Significantly
less expensive.

TEKTRONIX
=3




ward; thus it reduces the output voltage by removing
the drive to the Darlington stage. If the load continues
to increase, the output of Az becomes low enough to in-
dicate, through amplifier A4, and a light-emitting diode,
an overload condition. The circuit’s overload threshold

may be changed, if desired, by changing the value of re-
sistor Rs.

The output transistors may be replaced by a single
power Darlington, such as 2N6050, to reduce the pack-

As clipper, IC comparator
is improved by feedback

by Arthur D. Delagrange,
Naval Surface Weapons Center, Silver Spring, Md.

When used as clippers, modern integrated-circuit com-
parators are generally limited by input offset, not gain.
To assure that the output will switch in a conventional
circuit (Fig. 1), the peak input voltage must be greater
than the differential current offset multiplied by the
bias resistor value and added to the differential voltage
offset.

A smaller peak input voltage can be used, however, if
dc negative feedback is added to the negative input at
pin 3, as shown in Fig. 2. The input offset is effectively
reduced by the gain of the comparator as the circuit
seeks its own bias point, just as operational-amplifier
circuits do. The output is symmetrical, even for input
levels near or below the comparator input offset.

Substituting a current-limiting diode for the pullup
resistor further improves output symmetry. The
Schottky diode provides a charging path for the low-
pass capacitor to minimize startup time. If startup time
is not a problem, the Schottky diode may be replaced
by an ordinary diode or eliminated altogether. To pre-
vent the ac signal from feeding back and reducing sensi-
tivity, the feedback RC time constant must be an order
of magnitude longer than the signal period times the
gain. A multiple-stage RC network cannot be used be-
cause it would introduce additional phase shift that
might cause the circuit to oscillate.

As shown, the circuit does not work well with an un-
symmetrical rectangular pulse-train input. For this spe-
cial case, the voltage divider ratio must be the same as
the input symmetry ratio. This technique can also be
used to give an unsymmetrical output for a symmetrical
input (except square wave) if desired.

Input and output waveforms are shown in Fig. 3 fora
sine wave input at a frequency of 1 kilohertz and an
amplitude of 100 microvolts root-mean-square. Since
the difference between input and output levels is about
90 dB, circuit arrangements that create parasitics must
be carefully avoided. To obtain the waveforms of Fig. 3,
a 50-ohm source was used, the output was loaded only
by an oscilloscope, and power came from a well-regu-
lated supply with a 1-microfarad ceramic bypass capaci-
tor at the comparator. O

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published.
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age count from three to two. O
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1. Conventional. Input offset limits the utility of the comparator wher
used as a clipper; it won't work with very small signals.

—_— S 2
+V +V
+V
10 k2 cL13C
CONSTANT| (1mA)
1uF CURRENT
(o 2 DIODE
| INPUT
| 1 MR 1N5713 F oUTPUT
L
1|
+
100
10kQ #FI —
. 1M
= AN

2. Improvement. Adding dc negative feedback reduces input offset,
produces symmetrical output if input divider has 50:50 ratio.

Bt A

'3

3. Result. In this trace, the horizontal scale is 200 microseconds per
division. Vertical scales are 500 microvolts per division for input
(top), and 5 volts per division for output.
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HP’ Family Planning
Means A DVM 'lo
Match Your Budget

An HP DVM Built For Your Needs . . . all the way from
troubleshooting in the field to complex systems in the plant.
Whether you need a general-purpose instrument or one dedi-
cated to a specific task such as measuring true RMS, we can
supply it. With our modular and plug-on approach we can
even combine general-purpose and specialized functions.
HP's innovation and advanced technology are on your side
to help solve your measurement problems. Look at the
capability you can obtain in just five instruments from our
broad product line.
Low-cost 970A Probe Multimeter packs a lot of performance
in a seven-ounce package. Probably the easiest-to-operate
probe multimeter ever made,
this
3%-
digit
instru-
ment
has only
two selec-
tors: one
for choosing
DC V,ACVor
4 ohms. the other for
inverting the LED
readout. With
AUTO ranging,
AUTO polarity and AUTO
zero you only have to touch
the probe to your test point to
take a reading. And it's overload-
protected. Powered by a nickle-cadmium
battery. this one is completely portable. Use it
in the lab or pocket it and take it with you in the
field. 1Us designed to simplify your measurement tasks from
start to finish. You can operate it single-handed, right side
up or upside down. The inverting switch lets you read the
display either way. And you read it right at the test point.
AU just $310* the 970A probe muitimeter is a real bargain.
Self-Test 3d490A nakes double use of its internal 1Cs to bring
you HP's “*Self-Test™ capability without extra cost.
The basic S-digit 3490, ready to measure AC, DC and ohms.
sells for only $1.785%. At low added cost you can have iso-
laczed BCD output and remote control or the versatile Gen-
eral Purpose Interface Bus for systems applications.
Compare the 3490A with any other multimeter in its class
and you'll find an unusual blend of features and performance
for the money.
Snap-On 3476 Series lets you custom-build your own
measurement system. Starting with a 4V2- or SVa-digit LED
display unit, you add only those modules you need. Get 4Y2-
digit DC only for $530*. or 5%-digit DCV/DCA/Ohms for
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And Your Needs.

$1.200*. Add a battery pack for $220*, BCD output
for $189* or an HP “Self-Test” accessory for only $50*.
With this series you don’t have to worry about obsolescence.

Multi-Mode 3450B lets you add up to 12 modes of high-
accuracy measurement capability to your automatsd sys-
tem. You can have true RMS, 4-terminal ohms and the unique
limit test in addition to the usual functions. The 3450 is both
fast and accurate. You get 15 readings/sec. and DC accuracy
to +(0.008% of reading +0.002% of range). Prices start at
$3.785* for the S-digit DC volts and Ratio model. go to
$6.616* for total 12-mode capability.

Speed Star 3480C/D is systems oriented, but fine for the
bench as well. This 4-digit. £0.01% unit in DC delivers a
fast 1,000 reading/sec. Get the exact capability you need
by selecting plug-ins. For example, you can have DC, ohms
and true RMS AC for $3.370* (isolated BCD output and
remole control are low-cost options). Sample and hold op-
tion lets you take peak readings or do transient analysis.
HP’s family of DVM’s also includes high-performance
AC V. DC A and ohms (Model 3469B at $760%), resolution
of 1 PPM (Model 3462A at $5.835*). true RMS to 100 MHz
(Model 3403C from $1,895*) and for systems use, the 2402A
with outstanding noise rejection at high measurement speeds
from $8.000*. No matter what your measurement needs,
check HP for a solution to your problem. For more informa-
tion on how HP’s DVM family can help you, contact your
local HP field engineer or fill out the coupon below and mail
itin.

For helpful information on DVM measurement techniques,
send for our 72-page application note AN-158 zntitled
“Selecting the Right DVM.”

*Domestic U.S.A. prices.

HEWLETT E PACKARD

Sales and service from 172 offices in 65 countnies

I'minterested in your DVM line. Please send me: |
(J More information on the 970A Probe Multimeter. |
0 More information on the DVM family. |
0 Application Note 158 “*Selecting the Right DVM." |
Name Dept. - |
Company . ) |
Street _ _—

City State Zip |
Mail coupon to: l
Hewlett-Packard, 1501 Page Mill Road, Palo Alto, California 94306 |
| E11/14/74 |
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Integrated
temperature
transducers

Within their limited
temperature range,
new ICs are cheap
and easy to use
because they have
large linear outputs

by Michael J. Riezenman, industrial Editor

+Vee

1. Measuring temperatuu:é. So long as 6, and Q, are a matched
pair and Ic, and Ig; are not equal, the difference in the base-emitter
drops across R1 is proportional to the absolute temperature.
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O The electrical temperature transducer, characterized
for many years by slow, evolutionary development, has
at last entered the semiconductor age. During all this
time, there has been no serious competitor to these
sensors—thermocouples, resistance-temperature de-
vices (RTD)s, and thermistors.

Despite their newness and relatively limited tempera-
ture range of =100 to + 150°C at best, the new silicon
devices are creating a good deal of interest because of
their large and linear outputs—typically 10 millivolts per
degree Celsius. The new transducers are cheap and
easy to use because of these two attributes, which
eliminate the need for signal-conditioning amplifiers,
cold-junction compensators, and other accessories.

Further, such highly integrated units as the
LX5600/LX5700 from National Semiconductor Corp.,
Santa Clara, Calif., include output operational ampli-
fiers. When an externally set voltage is applied to one
of its inputs, this transducer acts as an adjustable tem-
perature-sensitive switch.

The key to temperature measurement by semicon-
ductors is the exploitation of the temperature sensitivity
of a transistor’'s base-emitter voltage. Although the ef-
fect is well-known, difficulties arise when it comes to

Vo

|

2. Feedback. Bridge circuit operates sensing transistor (a selected
2N2484) at a constant current so that its Vgg is a linear function of
absolute temperature. Op amp is usually an LM-308.
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actually using this phenomenon as the basis for a ther-
mometer. The main problem is that 1t is difficult to con-
trol the Vgg of any transistor with sufficient precision to
make a useful measuring device. The Vg can vary as
much as +100 millivolts over a single production run.
Nevertheless, both National Semiconductor and Relco
Products Inc., Denver, Colo., have successfully ex-
ploited the phenomenon, and they did it in completely
different ways.

A hot idea

National's solution is to measure the difference in
base-emitter voltages of two matched transistors oper-
ating at different collector currents. This quantity is di-
rectly proportional to the absolute temperature of the
transistors and to the natural logarithm of the ratio of
their collector currents. In the simplified temperature-
sensing circuit of Fig. 1, it can be shown that if Q; and
Q. are matched transistors, and if they are operated at
different collector currents, then the difference in base-
emitter voltage appearing across R; will be given by

AVBE = (kT/q)In(Ic1/Ic2)
where k is Boltzmann's constant, T is the absolute tem-

Technology Technology Technology Technology Technology

perature, and q is the electronic charge.

If the transistors' betas are high enough and the ratio
of the collector currents is kept constant—two relatively
easy tasks in the fabrication of modern monolithic cir-
cuitry—then the voltage across R; is proportional to the
absolute temperature, and an appropriate choice of R,
can provide a readout directly in the Kelvin scale.

Constant current

Relco uses a bridge-type feedback circuit to keep
the sensing transistor's emitter current constant (Fig.
2). Since it can be shown that operating a transistor at
a constant current makes its Vgg a linear function of
temperature, the illustrated feedback circuit constitutes
a linear temperature-to-voltage transducer.

To avoid self-heating problems, which would com-
promise the maximum error of 0.1°C, Relco builds its
transducer out of discrete components, rather than in-
tegrating the entire circuit onto a single chip. As a re-
sult, it is easy to compensate for variations in Vgg be-
tween various transistors by simply choosing the
correct value of Ry, the feedback resistor. Alternatively,
R¢ can be made variable, allowing the sensitivity of the
transducer to be changed by the user. In this fashion,

CHARACTERISTICS OF TEMPERATURE TRANSDUCERS

RESISTANCE-TEMPERATURE ’ SILICON TEMPERATURE
PARAMETER THERMISTOR DEVICE THERMOCOUPLE TRANSDUCER
Sensitivity/°C -4 9% +0.4 % +60 uV +10mV to +200 nV
Linearity Highly exponentisl Very linear Somewhat nonlinear | Very linear
Room-temperature 5 §2 to 20 M2 10 Q2 to 1 kL2 N/A N/A
resistance range
Sensitivity to changes in No effect No effect Needs cold-junction No effect
ambient temperature | compensation
Minimum temperature Liquid-oxygen \ Liquid-oxygen Liquid-oxygen 100°C
temperatures temperatures temperatures
Maximum temperature 300°C 750°C 3,000°C +150°C
Minimum size 0.005 in. d'a beads Small coil Small wire {smallest) TO-5 or TO-46
transistor package
Room-temperature error Typically * 20 Usually wound to * 0.25°C ' About 2"'C 8°C1t00.1°C
Cost $5 $25 $2 $31t0$30
\ I
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sensitivities from less than 10 mv/°C to more than
200 mv/°C can be obtained.

Choosing a transducer

Where do the new semiconductor devices fit into the
grand scheme of temperature measurement? As the
table indicates, right in the middle. They're no good for
extremely high or low temperatures. They're not the
most accurate devices available. And they're not the
smallest or fastest-responding transducers. But as the
applications chart shows, their fow cost and ease of
use make them ideal for a large number of applications
in the middle.

If low price is the main consideration, cheap thermo-
couples are available for temperatures as high as about
1,200°C. Above that, more-expensive platinum and
tungsten units must be used. If accuracy is most impor-
tant, the RTD is the way to go. Although usually wound
to an error tolerance of *0.25°C, the RTD will normally

2chnology Update Technology Technology Technology Techno

drift less than 0.05°C over a long period and hence can
be calibrated to much greater accuracy. It is obvious
that since the increased accuracy requires greater care
and time in calibration, it comes at an increased price.

Nearly anything except a semiconductor transducer
can be used at cryogenic temperatures, while nothing
but a tungsten-based thermocouple can withstand tem-
peratures above about 2,000°C. The thermistor, while
highly nonlinear, is extremely small, rugged, and sensi-
tive. Furthermore, although not as stable as an RTD, a
properly used thermistor will actually improve with age.
Thermistors, of course, are also useful as temperature-
compensating devices in all kinds of electronic cir-
cuitry.

Finalty, if an extremely small device is needed, if the
fastest possible response is essential, or if it is neces-
sary to locate the transducer far from the rest of the
measuring circuitry, the thermocouple again is the best
choice. O

RANGE OF APPLICATIONS

® CRYOGENICS

® BIOPHYSICS
® STUDY OF HIGH-SPEED THERMAL PHENOMENA

THERMOCOUPLES — THE GENERAL-PURPOSE TEMPERATURE TRANSDUCERS

® CHEMICAL PROCESS CONTROL
@ THERMOELECTRIC COOLING ® INDUSTRIAL HEATING

®METAL REFINING
® METAL-CUTTING RESEARCH
® FURNACE CONTROLS
® ENGINE RESEARCH

RESISTANCE TEMPERATURE DEVICES — THE WORLD STANDARD TEMPERATURE TRANSDUCERS

® PRECISION LABORATORY MEASUREMENTS AND CALIBRATION OF OTHER TEMPERATURE TRANSDUCERS
® INDUSTRIAL APPLICATIONS WHERE HIGH ACCURACY IS NEEDED OR WHERE RECALIBRATION IS DIFFICULT
® USED AS THE WORLD STANDARD OVER THE RANGE FROM ~270°C TO +660°C

THERMISTORS
® TEMPERATURE CONTROLLERS

THE MOST SENSITIVE TEMPERATURE TRANSDUCERS

® MONITORS
® TEMPERATURE COMPENSATION OF ELECTRONIC CIRCUITRY
®DETECTION OF VERY SMALL TEMPERATURE CHANGES

®FIRE ALARMS

® CHEMICAL PROCESS CONTROL
® MEDICAL RESEARCH

THE NEW SEMICONDUCTOR TEMPERATURE TRANSDUCERS
PARTICULARLY PHOTOGRAPHIC AND SEMICONDUCTOR

® CONTROL OF AIR CONDITIONING AND HEATING SYSTEMS

132
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We think our data terminal sysiem
s so good nothing even comes close.

In fact, we believe the Teletype® model 40 system is so good it'1l
change the way business looks at data. We're that sure it's that good.

Here's why:

It's a complete, versatile, reliable terminal system delivering max:mum
efficiency in a wide range of app.ications. Frorm message communications to computer
input/output on swiiched network or private-line systems. Right ncw, the
model 40 system is being used by airlines, news services, brokerage firms,
manufacturers, law enforcement agencies and time-sharing services.

Significant features of the system are speed, ease of data preparation
and editing, compactness ard extremely low maintenance. And since the model
40 is completely mocular, you can forget about obsclescence.
It's designed to grow ?s your neecs grow.

Data is bresented with extreme clarity on the big, 13-inch screen. Characters
are 35 percent larger than standard print size and are formed on a 7 x 9 dot matrix.
Screen capacity is 24 lines cf 80 characters each for a total of 1,920.

Teletype's exclusive solid-state design makes the model 4C's fast
(up to 2400 wpm), heavy-duty impact printer the most cost-effective unit
on the market. its simplicity of design makes it one of the most reliable printers
we've ever made. And after more than 6C years experience building printers
that set he standards for reliabFlity, that's saying something.

It zook a total cor;;orate commitment to come up with scmething
as good as the model 40. For example, we had to develop and manufacture
our own MCS. It dién’t come easy, but we ~hink it's wcrth it. Because the solid-state
components throughout the system deliver exceptionally high reliability.
And the self-diagnostic circuitry and design modularity significantly
reduce downtime and maintenance costs.

Operator corafort and efficiency are increased by human-engineering
efforts like a krightness con‘rol and screen tilt, plus a glare-reducing display tube
and an easy to operate keyboard. '

The Teletype model 40 data terminal system. recervee
It's every bit as|good as you've heard.
; And probably even better. ®

The Teletype model 40 system.
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Keyboard Display (KD) | I Keyboard Display Printer {KDP) I | RO Printer

The Teletype model 40 is so good
it's worth looking into.

ications of the model 40 system.

eral specif
Display
514" x 114" viewing area on
High resolution 7 x 9 dot matrix character presentation.
127 characters of ASCII code displayed (all except backspace).
1,920 character screen capacity composed of 24 lines of 80 characters per line.
Anti-glare screen, brightness control plus tube tilt.
Constant image cursor —when cursor is positioned over a character,
character becomes a negative image.
Refresh rate: 60 frames/second.
‘Operator Console
Standard keyboard generates 127 ASCII characters.
Six cursor positioning controls; Home, Return, Left, Right, Up and Down.
Five data editing controls; Clear, Character Insert, Character Delete, Line Insert and Line Delete.
Basic terminal controls; Send, Receive,
Optional Page Printer
hard copy of data stored in the display memory, or of data
ed directly from the communication line.
300 lines per minute (monocase), or 220 lines per
te (full upper and lower case).
Optional Features
Expanded memory, scrolling, protected format, highlight, tabulation, form send. Plus more.
Technical Information

ial interface; 105 or 120 cps. Code: 1968 USASCIL

Method: transmission is serial by bit and character with low order bit transmitted first.
Synchronization: asynchronous; 1 start bit, 7 information bits, 1 parity bit, 1 stop bit.
Communication line: switched network at 105 or 120 cps.
Bell System Data Sets 202C, 202R or equivalents. Other speeds optional.

Interface: serial —EIA RS.232C. Mode: halt duplex.
ceived data (substitute character printed

al vertical parity detection on re
rs). Keyboard generates even vertical parity.
ts: 117V AC % 109%; 50-60 Hz.

to 110° F, 2% to 95% humidity.

Listed below are some of the gen
a 13" display tube.

Local.

Impact printer provides
receiv

Printing speed is over
minu

Speed: ser

Error control: option
for errored characte

Power reguiremen
Operating environment: + 40°

nical data, please contact our Sales Headquarters at

llinois 60076. Or call TERMINAL CENTRAL at (312) 982-2000.

trademark registered in the Unit

For complete tech
5555 Touhy Avenue, Skokie, [

Teletype is a

od States Patent Ofiice

TELETVYPE
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MODELING
the

bipolar
transistor

The best way to determine any of the 12 parameters for the second-level
Ebers-Moll model is to duplicate, as nearly as possible,
the operating conditions under which the analysis is to be run

by lan Getreu, Tektronix, inc., Beaverton, Ore.

O To specify the second-level nonlinear Ebers-Moll
model for the bipolar transistor, 12 parameters must be
measured, in addition to the five parameters needed for
the first-level Ebers-Moll model. Besides a curve tracer
and a thermometer, which is the minimal test equip-
ment for measuring the first-level parameters, the sec-
ond-level parameters require at least a capacitance
bridge, a pulse generator, a high-speed oscilloscope, and
a small-signal measurement system such as an s-param-
eter setup. Needless to say, the inevitable power supply
is also required.

As for the measurement methods described in Part 1
for the first-level parameters, the methods suggested
here for obtaining the second-level parameters are not
necessarily the only possible ones, nor are they neces-
sarily the best ones. Rather, they represent viable meth-
ods to getting accurate results for a computer analysis.

Reviewing the parameters

Briefly, the five first-level parameters are:
® fr, the forward common-emitter large-signal current
gain,
® SR, inverse common-emitter large-signal current gain,
m [g, the saturation current,
® Thom, the temperature at which the parameters are

This three-part series explains how to model the bipolar
transistor systematically and how to measure the model
parameters. Part 1 appeared in the Sept. 19 issue, and
Part 2 inthe Oct. 31 issue.
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obtained, and
® E,, the energy gap of the transistor’s semiconductor
material.

The additional 12 parameters for the second-level
model are:
® rg, the emitter ohmic resistance,
® rg, the base ohmic resistance,

B rc, the collector ohmic resistance,

= Csgo, the emitter-base junction capacitance

at Vg =0,

= Cjco, the collector-base junction capacitance

atVpe =0,

B ¢g, the emitter-base barrier potential,

B ¢c, the collector-base barrier potential,

® mg, the emitter-base capacitance gradient factor,

B myg, the collector-base capacitance gradient factor,

m 7R, the total forward transit time, which can be com-
puted from the transistor’s unity-gain bandwidth, fr,

® 7R, the total reverse transit time, which can be calcu-
lated from the saturation time constant, rsat, and

8 Csug, the constant substrate capacitance.

Parameter rg, is the constant that models the resist-
ance between the transistor’s active emitter region and
its emitter terminal. Typically, rg is approximately 1
ohm. Its value can be obtained directly from a curve
tracer by observing base current as a function of collec-
tor-emitter voltage when the transistor’s collector is
open-circuited!.

The slope of the resulting curve, which is shown in
Fig. 1, is approximately the reciprocal of rg.. The low-
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1. Emitter resistance. Constant value of emitter resistance (rg’) is
obtained from a display of base current (Ig) as a function of collec-
tor-emitter voltage (Vcg). The rg' value, typically around 1 ohm, is the
inverse slope of this display at low currents.

-

'ls rg: +ry Re{Z,,) —»
i
\
| '\ W = 00;
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OPEN CIRCUIT

<« Im(Z,,)

HIGH FREQUENCY
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2. For small-signal analyses. The base resistance (rg’) of the sec-
ond-level linear hybrid-model can be determined from a complex-im-
pedance plot. As the signal frequency is varied, the real and imagi-
nary parts of the input impedance of the base-emitter junction are
measured. The intercepts of the resulting semicircle with the real
axis yield the rp' value, which can vary from ohms to kilohms.

current flyback effect is caused by the decrease of the
inverse beta at low currents. (Sometimes the flyback ef-
fect is difficult to observe.) The slope of the curve
should be determined as close as possible to the flyback
region, and not at high current levels. At high currents,
the trace of Ig vs Vcg departs from a straight line.

Measuring base resistance

Parameter rp models the resistance between the tran-
sistor’s active base region and its base terminal. Its
value usually ranges from approximately 10 ohms (for
microwave devices) to several kilohms.

Traditionally, rp' is a difficult parameter to measure,
because it is modeled as a lumped constant resistance,
although it is actually a distributed variable resistance.
As a result, the value obtained for rp strongly depends
on the measurement technique used, as well as the tran-
sistor’s operating conditions. Because of this, rg- should

138

be determined by the method that is closest to the oper-
ating condition being analyzed. Therefore, several mea-
surement techniques are presented here.

If rg is being measured to ascertain its effect on the
noise performance, the noise measurement technique
should be used. Similarly, if the transistor is to be used
in a switching application, the pulse measurement tech-
nique may provide the most appropriate value. For
small-signal analyses, the impedance-circle method,
which involves the most work, is the most accurate way.
The phase-cancellation technique is a considerably sim-
pler version of the impedance-circle approach, but it
can only be used at one collector current—a current that
normally is low and not under the control of the person
making the measurement.

For dc analyses, it may be possible to obtain rs- from
a plot of In(Ic) and In(Ig) vs Vee. However, since this
procedure involves subtracting two large numbers, sub-
stantial errors can be introduced. In fact, it is not un-
common to obtain negative values for rg- with this
method.

Impedance-circle methods

The impedance-circle technique for measuring rg- is
applicable for the small-signal linear hybrid-= transistor
model, As the signal frequency is varied with the ac col-
lector voltage kept at zero, the input impedance looking
into the base-emitter junction is plotted on the complex-
impedance plane.

The locus of points forms a semicircle, as shown in
Fig. 2. The right intercept of the semicircle with the real
axis occurs at zero frequency (dc). The impedance value
at this point (for zero rr’) is the sum of base resistance
rp' and resistance 1~ (because capacitance Cr acts as an
open circuit). The impedance value of the left intercept,
which occurs at infinite frequency (for zero rg) is rs
alone (because C» now acts as a short circuit). Since rg:
is, in fact, nonzero, the left intercept will be the sum of
rp' and rg, and the right intercept will be the sum of rp:
and (I + Br)rg-.

The accuracy of this measurement depends on the
value of the collector current. At a low collector current,
the value of rr will be large, resulting in a large semi-
circle. When the collector current is high, the value of r~
will be small, giving a small semicircle and permitting
the left intercept to be determined more accurately.

For high frequencies, the linear hybrid-7 model does
not provide good accuracy. The distributed nature of
the transistor and such parasitic elements as lead ca-
pacitance cause the measured points to deviate from the
predicted semicircle. When this happens, the semicircle
construction is based on the measured points obtained
at low frequencies.

The test instrument needed for the impedance-circle
measurement is either: an RX meter, for example, the
Boonton model 250A and an appropriate test jig; or a
variable-frequency admittance bridge, like the Wayne-
Kerr model 801B; or an S-parameter setup, such as the
General Radio model 1710 network analyzer. If the lat-
ter is used, the measured data, which must be converted
into input impedance, must be taken at low frequencies
so that the semicircle can be fitted.
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For the phase-cancellation technique?, the transistor
is connected in its common-base configuration. Then,
an admittance bridge, such as the Wayne-Kerr model
8018, is used to measure the real and imaginary parts of
the device’s input impedance across its base-emitter
junction. At a frequency between fr/3 and fr/8, the col-
lector current is varied until the reactive part of the in-
put impedance goes to zero. The sum of resistances rg’
and rp' can then be computed from:

ree + rge=1/gm = kT/qlc

where gm is the transistor’s transconductance, k is
Boltzman’s constant, T is temperature, and q is electron
charge. The phase-cancellation technique cannot be
used with devices that have low beta values (such as lat-
eral pnp transistors).

The test circuit for the pulse measurement technique?
is shown in Fig. 3. A current pulse, which is applied to
the base of the transistor through a fast switching diode,
causes the device to turn off. The voltage across resist-
ance rg' now instantaneously drops to zero, while the
base-emitter capacitance keeps the internal junction po-
tential constant. Resistance rg' can then be determined
from the display on a dual-channel oscilloscope:

rg = AV/Ig

This technique does not necessarily work well for all
transistors. When the external component of the base
resistance is small with respect to the internal compo-
nent, the AV drop is not readily observable. Other use-
ful information can be obtained from this technique.
When the oscilloscope time-per-division scale is re-
duced to the point where AV no longer appears to be
vertical, the simple constant-value model for rg' is no
longer valid, giving some indication of the switching

DIODE: FAIRCHILD FD7003 OR EQUIVALENT

times at which the constant representation of rg is
inadequate.?

The equipment required for the pulse measurement
technique includes: a pulse generator, a current probe
such as the Tektronix model P6042 or model CT-1, and
a dual-channel oscilloscope like the Tektronix 500 series
or 7000 series. If biasing resistors Rg and Ry and supply
voltage Vcc are chosen so that the transistor is satu-
rated, greater sensitivity can be obtained from the cur-
rent probe. However, the value of rs- can be sig-
nificantly different from that obtained when the
transistor is in its normal active region. For a high-fre-
quency transistor, the capacitive loading of the oscillo-
scope at the base can affect the accuracy of the pulse
measurement. For such a device, a time-domain reflec-
tometry system can be used to determine rp- by the
same principle.

The use of noise measurements presents a number of
problems to anyone unfamiliar with noise work and
probably should not be attempted by a beginner. These
methods require using not only very-high-gain ampli-
fiers whose gain is stable with time, but also extensive
shielding to prevent excessive rf interference and 60-
hertz pickup. Futhermore, the equipment for making
noise measurements is fairly expensive.

Once a noise measurement system is set up, resistance
rg can be evaluated quite conveniently. The transistor is
inserted into the apparatus, and a single meter reading
allows fast estimation of rp. If the flicker noise is as-
sumed to be negligible, then:

re: = [(vZ)/(4k T)(A] - (1/2gm)

where quantity Af is the bandwidth of the measure-
ment, quantity (%gm) is calculated from the known
collector current, and quantity (vi?) is the transistor’s

CURRENT
Re PROBE
AAAA » CEBBE TEST
Vi Pt N VVVVJ_ TRANSISTOR
1
& Ve —
= TO SCOPE TO SCOPE
CHANNEL 2 CHANNEL 1
INPUT Vi
lg1
CHANNEL 1
Vee RN
CHANNEL 2 o T

3. For switching applications. This pulse measurement scheme is best for determining base resistance rg when the transistor is to b2 used
as a switching device. The voltage drop (AV) across rp’ is observed as the transistor turns off. Then: rg' = AV Ip;.
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equivalent input mean-square noise voltage, the magni-
tude of which is determined from:

%) = (vo’)/ G
where (vo?), which must be measured on a true-rms-
reading voltmeter, is the output mean-square noise volt-
age measured with the test system, and G is the voltage

gain from the test-device input to the system output.
This measurement is performed with an ac short circuit

Veg —»

4. Collector resistance. The value of resistance r¢' can range from
a few ohms to hundreds of ohms. It is measured by displaying the
collector characteristics. In the normal active region, rc' is the in-
verse slope of the dashed line (1/r¢'max) through the knees of the
curves. When the transistor is saturated, the value of r¢' increases.
its upper limit is noted here by the other dashed line (1 /r¢'mia).

!

Cio \

REVERSE BIAS

FORWARD BIAS

between the transistor’s base and emitter.

Parameter ro' models the resistance between the tran-
sistor’s active collector region and its collector terminal.
This resistance actually varies with current level, but for
the second-level model, it is considered to be constant.
The value of rc' can vary significantly from device to de-
vice—from a few ohms for discrete and deep-collector
integrated devices to hundreds of ohms for standard in-
tegrated devices.

The biggest problem in measuring rc' is not how to
measure it, but which value to use for the model. There-
fore, the selection of the rc' value depends strongly on
how the transistor is being employed or which aspect of
device behavior needs to be modeled accurately.

Determining collector resistance

Resistance ro' can be determined from a curve-tracer
display of the transistor’s collector characteristics. In the
typical characteristics drawn in Fig. 4, the two limiting
values of rc' are noted by the dashed lines. One of the
dashed lines (1/rc'max) is drawn through the knee of
each curve, where the curve departs from the straight-
line approximation of the normal active region. The in-
verse of this line’s slope is the ohmic collector resistance
when the transistor is in its normal active mode and is
not saturated.*

If the transistor is strongly saturated, the inverse of
the slope of the other dashed line (1/1c'min) provides the
appropriate value of rc. However, when this slope is
used to find rc, a correction factor must be subtracted
from the value obtained for rc'. This factor is:

rec + (kKT/qQ)[[1/(Brl - Ic)]
+ [l/((l+,BR)IB+IC)]]

When the transistor is to be modeled accurately in
both its saturation and normal active regions, an appro-
priate compromise should be made. Since the rc' value
is used in some computer programs to determine transit
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5. Junction capacitances. Both the emitter-base and collector-base junction capacitances (C,) are a function of their respective junction

voltage (V), as shown in (a). These two capacitances can be measured with a bridge, but the extra capacitance (Cx), mainly caused by pin,
stray, and pad capacitances, must be accounted for. A graphical method for reducing the measured capacitance (Cugeas) is given in (b).

140

Electronics/November 14, 1974



TEST
TRANSISTOR

SECOND-LEVEL
MODEL

frmax == — - — == 5

4— ACTUAL

fnflc) —»

(a)

||,|i |—>

log (f}) —»

(b)

6. Unity-gain bandwidth. Parameter fr, the unity-gain bandwidth, is a function of collector current, as shown in (a). At a given current level,
it can be determined from a measurement of the smail-signal short-circuit current gain () at any frequency (fm) between 3fs and fr/3,
where fz is the transistor’s 3-dB frequency at the device's low-frequency current gain (8.c). Bandwidth fr is the product of the measured gain
and frequency values: fr = B, X fu, orfr = Bac X fs. A simplified measurement setup is illustrated in (b).

time 7r from bandwidth fr, it may be advisable to spec-
ify 7r directly (if possible) whenever the rc- value for the
normal active region is not used.

Evaluating the junction capacitances

Junction capacitances Cyje and Cjc require three pa-
rameters each—Cjo, ¢, and m—to model the junction ca-
pacitance caused by the fixed charge in the two junction
depletion regions. When the appropriate junction volt-
age (V) is less than or equal to ¢/2, each junction ca-
pacitance can be described by®:

Cy(V) = Cso/[] - (V/§)]m

For the emitter-base junction, the subscript E is added.
For example, junction capacitance Csg is a function of
the internal base-emitter voltage (Vg ), and the param-
eters are Cygo, ¢k, and mg. Similarly, for the collector-
base junction, Csc(Vrc) is expressed in terms of Csco,
¢c, and mc.

Typically, C; varies with V as shown in Fig. Sa, pro-
vided that V is less than or equal to ¢/2. Capacitance
Cyo varies from device to device, but it is typically on
the order of 0.3 picofarad per square mil of junction
area; barrier potential ¢ is usually around 0.5 to 0.7
volt; and gradient factor m lies between 0.333 and 0.5,
depending on whether the junction is graded or abrupt,
respectively.

Either junction capacitance can be obtained as a
function of voltage by means of a capacitance bridge
such as the Boonton model 75. The two junction con-
tacts are connected to the bridge, and the third contact
is left open. For example, for Cyg, the emitter and base
leads are connected to the bridge, and the collector con-
tact is left open. The measurement frequency is nor-
mally low enough so that the ohmic resistances have a
negligible effect.

A complicating factor is the extra capacitance (Ck)
caused mainly by pin capacitance, stray capacitance,
and pad capacitance. This extra capacitance is normally
assumed to be constant. The capacitance that is mea-
sured by the bridge is:

Cueas = [Coo/[I - (V/®)I"] + Ck
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Capacitance Ck can be determined in four ways: by an
estimate (taken to be approximately 0.4 to 0.7 pF), by a
measurement with a dummy can, by a computer pa-
rameter optimization, or by graphical techniques.

The dummy-can technique is the most accurate
method. It requires an identical device can having its
metal runs disconnected at the device. This dummy
package can either be used to zero the capacitance
bridge, or its capacitance can be measured separately
and the measured value subtracted from the bridge
measurement.

The use of an optimization algorithm on a computer
or calculator is fast and convenient once the algorithm
is written and tested. However, as with the graphical
techniques, the solution is often not unique, and several
sets of solutions can be obtained, depending on the ini-
tial estimates and the methods used. Since parameters
Cso, ¢, and m are required only to recreate the junction
capacitance, any set of positive values for these parame-
ters is acceptable.

One method of reducing the data by graphical means
is to first make an initial guess for ¢ and Ck. The resul-
tant value of (Cueas - Ck) is then plotted as a function
of (¢ - V) on log-log graph paper. If a straight line
having a slope of -0.5 to -0.333 is obtained, the values
chosen for the parameters are assumed to be correct. If
the plotted line is not straight, a second guess is made
for Cx and/or ¢, and the log-log plot is done again. This
process is repeated until the appropriate straight line is
obtained, as in Fig. 5b. Since the slope of the straight
line is equal to -m, the values of ¢, m, Ck, and Cjo can
be determined from this plot. If the curve is concave,
decrease ¢ and/or increase Ck.

Obtaining unity-gain bandwidth

Parameter fr, which is the transistor’s unity-gan
bandwidth, represents the frequency at which the com-
mon-emitter zero-load small-signal current gain be-
comes equal to one. This parameter varies with the op-
erating point, as well as from device to device. A typical
variation of fr with In(Ic) is sketched in Fig. 6a. For dis-
crete devices and integrated npn transistors, the peak fr
is generally on the order of 600 megahertz to 2 gi-
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gahertz. For integrated pnp transistors, the peak fr is
usually 10 MHz for a substrate pnp device and |1 MHz for
a lateral pnp device.

Primarily, fr is measured to determine the forward
transit time, 7¢ which, in turn, is needed to compute the
transistor’s emitter diffusion capacitance. In some com-
puter programs, the user has the option of either enter-
ing 7 directly or fr (with appropriate operating-point
data). In the latter case, the program converts the fr
data to . Otherwise, the conversion to 7 must be per-
formed by the user.

ACTUAL —

SECOND-LEVEL
{/ MODEL

TE ——

Infg) —>

ity —>

e

7. Forward transit time. For the second-level Ebers-Moll model, the
total forward transit time, 7y, is assumed to be constant, although it
does vary with collector current, as indicated in (a). Generally, Ty is
computed from the measured value of the unity-gain bandwidth, fr.
But if there is no quasi-constant fr region, an appropriate fr value
can be found graphically from a plot (b) of 1/f;vs 1/lc.
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The unity-gain bandwidth can be measured on: an fr
meter (such as the Dynatran fr meter); or an S-parame-
ter measurement system (a relatively simple algorithm
can be written to convert the S-parameter data to fr); or
with a small-signal measurement setup.

A simplified small-signal measurement circuit is
drawn in Fig. 6b. A power supply is required, in addi-
tion to a small-signal source and detector, for example,
a vector voltmeter, or an oscillator and an oscilloscope.
The ac beta (8a.) and the 3-dB frequency (fi) are then
measured at the desired bias point. Bandwidth fr is the
product of these two measured values>:

Jr = Bac X fi

Alternatively, two other beta and frequency values can
be measured to determine fr. For example, at a fre-
quency (fm) between 3f: and fr/3, the beta value (8n) at
that frequency is measured. Then:

fT = Bm xfm

If the ac ground required for measuring fr is not per-
fect—that is, there is a finite ac load resistance (Rjoaq)—a
corrected value of fr must be computed:

1
chorrected = (1 /meeasured) - 27CjicRi0ad

Parameter 7r, the total forward transit time, is used
for modeling the excess charge stored in the transistor
when its emitter-base junction is forward-biased and
Ve = 0. Typically, 7r varies with In(Ic) as shown in
Fig. 7a, but for the second-level mode, 7r is assumed to
be constant. Generally, values of 7r range from 0.3 na-
nosecond for a device with an fr of 600 MHz to 80 pi-
coseconds for an fr of 2 GHz.

Because 7r and fr are related to each other, they in-
fluence each other. The drop in fr at high currents is
caused by the increase in 7r at high currents. However,
the drop in fr at low currents is caused by junction ca-
pacitances Cyg and Cjc. Since these two capacitances
are modeled separately, the drop in fr at low currents is
inherently included in the second-level model.

In the region where fr is constant, 7r is given by:

TF = (1/2%frmax) - Ccre

where frmax is the peak value of fr. When there is no
constant fr region, 7r is obtained by plotting 1/fr as a
function of 1/Ic, as shown in Fig. 7b. The resultant
curve can then be extrapolated to obtain 7r. The inter-
cept (noted here by 1/fa) of the extrapolated straight
line at 1/Ic = Oisrelated to 7 by:

F = [(1/fa)/27] - Cac(Vic)re

Parameter 7g, the total reverse transit time, is used for
modeling the excess charge stored in the transistor when
its collector-base junction is forward-biased and Vg =
0. Typically, x ranges from 1 to 20 ns. This parameter
is needed to calculate the transistor’s collector diffusion
capacitance. If the inverse beta, B, is significantly
greater than one, the value of 7r can be obtained in the
same way that 7r is found, but with the transistor’s
emitter and collector terminals interhcanged.

In most cases, however, fr is less than or just greater
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8. Reverse transit time. Parameter 75, which is the transistor's total reverse transit time, is used to determine the collector diffusion capaci-
tance. Generally, r is not measured directly. Instead, the transistor's saturation delay time constant, 7sar, which is related to Tr, is found
But, 7sar is also not usually measured directly, and another parameter, tsat, the transistor's saturation delay time, is evaluated with the test
circuit shown here. Delay time tsar is marked off between the 90% points of the base and collector currents.

than unity, and a different measurement technique
must be used. The simplest method of obtaining g is to
compute it from the measured value of Tsar, the satura-
tion delay time constant. These two parameters are re-
lated by:

_ arTF

I- ardar
TR = | — | TsaT
ar ar

where ar is the forward common-base large-signal cur-
rent gain, and ag is the reverse common-base large-sig-
nal current gain. In some computer programs, this cal-
culation is performed internally, and 7sar is the
parameter that is specified.

The saturation time delays

The saturation delay time constant, Tsat, determines
how long it takes for the transistor to come out of satu-
ration. Typical values for sar range from 2 to 40 ns.
This parameter is determined through a simple mea-
surement of the transistor’s saturation delay time, tsar.

The test circuit for measuring tsar is shown in Fig. 8.
The saturation time constant, tsar, is related to the sa-
turation delay time, tsar, by:

__Isr +_IBR,_]
(Icr/Br) + Igr

where Igr is the forward base current, Igg is the reverse
base current, and Icr is the forward collector current.

fsat = Tsat In

Electronics/November 14, 1974

The equipment required for this measurement in-
cludes: a fast pulse generator; two current probes, such
as the Tektronix CT-1; and a fast oscilloscope, for in-
stance, the Tektronix 500 or 7000 series with a dual-
trace plug-in. Additionally a 90-ns 50-ohm delay line
may be needed for pretriggering purposes.

Parameter Csup is the epitaxial layer-substrate ca-
pacitance that is important mainly for integrated npn
transistors and lateral pnp transistors®. For npn devices,
it is represented as a constant capacitance, typically of 1
to 2 pF, from the collector terminal to ground. Ideally,
Csus should be modeled by a junction capacitance dis-
tributed across rc, and expressed as a function of the
epitaxial layer-substrate voltage.

Capacitance Csug can be measured directly on a ca-
pacitance bridge, such as the Boonton model 75, at the
bias voltage to be used in the analysis. If the bias volt-
age will change drastically, an averaging process should
be used, or a separate reverse-biased diode may be
added to model the varying substrate capacitance. [
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Getting inside a peak detector
to make it do the job

Definition of signal acquisition time is usual starting point
for meeting particular needs; control of overshoot, parasitic
drain, other problems, depends on care in parts selection

by Jerald Graeme, Burr-Brown Research Corp., Tucson, Ariz.

L1 As valuable as peak detectors are in measuring non-
periodic signals—a chore not amenable to root-mean-
square instruments—certain design characteristics ought
to be understood by the user before he tries to tailor a
peak detector for his particular requirements. It might
also be useful to look at the most common design vari-
ations and their applications.

Basically, a peak detector has a sample mode and a
hold mode, with the mode determined by the signal
being monitored. As the signal rises, it is tracked by the
circuit in the sample mode. As it falls, the peak detector
preserves the maximum voltage information in the hold
mode. Unless forced higher by a larger input signal, or
until deliberately reset to zero, the voltage is maintained
at the peak detector output. A peak detector thus deliv-
ers a dc output equal to the maximum amplitude of the
signal being monitored. Figure 1 illusirates the basic
peak detector circuit (left) and the way it operates
(right).

Because of the gating of diodes Dy and D, the detec-
tor output €, can only rise with the input. It cannot de-
crease. If the input e; rises above a previously stored
voltage (on capacitator Cy;), the op amp senses the rise
and responds with a positive output swing. The rising
voltage has the effect of forward biasing D; and thereby

connects the op amp in the mode of a voltage follower
to drive the holding capacitor Cy; the capacitor voltage
follows the input signal. When e; decreases, the ampli-
fier output swings negative. As diode D; becomes re-
verse-biased, it blocks capacitor discharge current, so
the capacitor voltage remains at its previous (max-
imum) level. Diode D, clamps the amplifier output at a
level equal to the diode forward voltage drop below
ground, rather than permit the output to swing to its
negative saturation level. This confines the voltage
swing, reducing the time required for return to the
sample mode. The phase compensation capacitor (C, in
Fig. 1) is connected so as to reduce the acquisition time,
Le., the time required for a sample/hold circuit to ac-
quire a new value of input signal. The amplifier drives
the phase compensation only when the diode D, is for-
ward biased. Until D; conducts, op amp slew speed is
faster, so that acquisition time is lower.

A reset switch, usually a relay or field-effect transis-
tor, can be used to discharge Cy before a new measure-
ment cycle. A FET is simpler, but can introduce leakage
and offset errors. A shunt resistor can be employed in-
stead of a reset switch, and is particularly appropriate if
the signal is repetitive. The shunt resistor should be cho-
sen carefully, so that its resistance will prevent signifi-

L Cy
0.0 uF

Lo
©
L
2
>
x

/ RESET |

1. Sample, then hold. To store peak signal

D,: 1N5605
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levels an op amp is connected in the marner
of a voltage follower that supplies charcing
{ current to a capacitor. A rising voltage for-
ward biases D, to engender the voltage fol-
lower that impresses the increased level on
Cu. Afalling voltage reverse biases D, so the
- voltage on Cy remains where it is.
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2. An improvement. Two FETs provide tem-

0,: 1N5605
perature compensated buffering at the out- D,: 1IN4154
put of the peak detector. Qutput current no 0, - 07: 2N5307

longer drains the holding capacitor Cy. Off-
set shift in the buffer FET Q, is compensated
by biasing it with a matching FET Q; and by
enclosing Q, in the feedback loop.

Cy: 0.01 uF

cant discharge between repetitive signal peaks, but will
discharge the capacitor in the absence of signal.

Errors and causes

When peak detectors are inaccurate, it’s usually because
of faults occuring when the circuit is switching to the
hold mode. Overshoot in the op amp. diode-switching
time, and parasitic drain on the holding capacitor Cy
are frequent causes of error.

Overshoot in particular can cause potentially large er-
rors. To avoid this, it is necessary to overdamp the am-
plifier through phase compensation. Internally phase-
compensated op amps are, for this reason, seldom suit-
able because they are too often underdamped. A provi-
sion for external phase compensation is therefore pref-
erable. To determine the necessary phase
compensation, it helps to observe the square-wave re-
sponse of the circuit. But since the peak detector nor-
mally responds only to the first peak of the square wave,
the detector diode D; must temporarily be shorted.
Phase-compensation elements are then added to re-
move overshoot. With large storage capacitors, phase
compensation can be further enhanced by inserting a
small decoupling resistor in series with the amplifier
output.

Droop—the decay of output voltage caused by para-
sitic current drain on Cy—can be traced to excess op
amp input current, or leakages through diode D; and
the reset switch, or dielectric absorption of the capacitor
and any output load current.

Input current can be reduced by using a FET op amp
that maintains its high input impedance even under
overload. Input overload voltage, in the hold mode of
an op amp, Is equal to the difference between the input
signal and the voltage stored on Cy. Many op amps ex-
hibit low input impedance in the hold mode because of
shunting input-protection diode clamps.

Droop caused by leakage can be minimized through
careful selection of diode D, and the reset switch, and
by leakage decoupling techniques. Another avenue for
leakage, dielectric absorption, can be minimized by us-
ing teflon or polystyrene capacitors.

Obviously, the time required to switch between the
hold and the sample mode is critical. If the transition is
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longer than the duration of a peak, the oncoming new
peak value won’t be captured. Transition time is the
major limitation on acquisition time. Peak detector de-
sign, in fact, usually begins with a definition of the re-
quired acquisition time.

Designing the peak detector

Beginning with the holding capacitor, selection takes
into account the permissible droop rate (d) in
volts/second caused by a net parasitic drain current (I;).
The holding capacitor must have a value

Cu = Ip/d

To charge Cy within an acquisition time of Ta, an op
amp must be chosen for settling time that’s fast enough
and an output current large enough. Settling time must
be no longer than T, when the amplifier is phase-com-
pensated for zero overshoot with a capacitive load equal
to Cu. Also, the amplifier output current (I,) must
charge the capacitor to a peak voltage (Ey) in less than
the acquisition time. Typically, this requires that

I, = 2CuEp/ Ta

The factor of two in this expression abritrarily allots
one-half the acquisition time for charging Cy and the
other half for final settling. Following this approach, the
components of Fig. 1 were selected for a droop rate of
10 millivolts per second under a parasitic drain of 100
picoamperes, and for a 15 microsecond acquisition time
to within 0.1% of a 10-volt peak. Most loads connected
to the output of the peak detector in Fig. 1 cause signifi-
cant droop because the capacitor must supply the load
current in the hold mode. What’s needed to overcome
this condition is output buffering.

Output buffers

Adding two FETs to the circuit as shown in Fig. 2 is a
simple buffer arrangement. This replaces the output
load current drain on the capacitor with the small gate
leakage at Q;. The capacitor no longer provides the am-
plifier input current; it is now supplied by the buffer.
Thus, a bipolar input, rather than a FET input op amp,
can be used for the sake of economy. What’s more, no
sample-mode error is added by the offset voltage and
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3. Less error. Improved output buffering,

and peak detection gain greater than unity

are achieved with an output voltage follower.

The voltage follower replaces the FET buffer

| stage of the previous circuit, further reduc-
ing buffer error.

output resistance of this buffer. In the sample mode,
feedback adjusts the capacitor voltage to counteract the
buffer errors. In the hold mode, however, this error-cor-
recting feedback is disabled because diode D, no longer
conducts, so any change in buffer offset or loading will
create an uncompensated error. Accuracy then becomes
dependent on stable FET temperatures and constant
loading. The output resistance is Ry + 1/g1s, where g
is the transconductance.

Some temperature variation can be tolerated because
the bias shown is temperature compensated. Although
Q1 is essentially in a source-follower circuit, offset and
drift are small because the source-follower is biased by
the matching FET current source Q, which tends to can-
cel any gate-source voltage shift in Q,. The voltage drop
across Q is held by Q; to about the gate-source voltage
of Q2 as long as the output current remains small. If the
two FETs have the same source current level, the gate-
source voltage of Q, is nearly equal in magnitude and
opposite in sign to the voltage developed on its source
resistor. Offset shift and drift tend to cancel, therefore,
as long as output current is small.

Better output buffering can be achieved with an op
amp that is voltage-follower-connected. Direct connec-
tion of a voltage follower to the circuit of Fig. 1 does, of
course, add another set of offset-voltage, input-bias cur-
rent and gain errors to the peak detector. To avoid this
possible additional error, the follower is connected
within the feedback loop as is the case for buffer Q, in
Fig. 2. The result is the common peak detector circuit in
Fig. 3. Here the buffer is within the feedback loop, so its
offset and gain errors are nullified. Again no input cur-
rent flows to the input amp from the storage capacitor,
so input current from only one amplifier, A», loads the
capacitor. Thus, peak-detector error is not increased by
the added voltage for the buffer because it is connected
within the sample mode feedback loop. For the compo-
nent values shown, droop is 10 mv/s and acquisition
time is 20 Ms.

To ensure that the added buffer does not increase er-
ror, special care must be taken with phase compensa-
tion. The op amps and phase compensation both must
be selected to ensure that buffer A, is significantly faster
than input amplifier A,. For if A, were to charge the ca-
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pacitor faster than the buffer A, could follow, a feed-
back delay would be introduced that would cause ca-
pacitor Cy to overcharge. The designer can avoid this
by selecting phase compensation for A, that eliminates
peak detector overshoot. As before, this selection is
made with a square-wave input signal and with detector
diode D, shorted to permit repetitive circuit response.

Adding gain

The configuration in Fig. 3 can be used for designing
a peak detector with gain greater than unity. Gain is de-
veloped by adding a resistor (R,) across the input of the
basic circuit. Thus, in a sample mode, the circuit be-
haves as a noninverting amplifier with a gain of R, +
Ry/R;. Since the capacitor voltage at the input of am-
plifier A; equals the output voltage, the voltage will be
an amplified equivalent of the peak input level.

To detect the magnitude of a negative peak, or the
minima of bipolar signals, diodes D, and D, in the cir-
cuits described above can be reversed. Or the input sig-
nal can be connected to R, rather than the noninvertirg
input of A; as in Fig. 3. Since this connects A, as an in-
verting amplifier, it can be used with most high-speed
inverting-only op amps. Fast response is valuable to
contrast switching time limitations faced by A;. If in ad-
dition to the change in input signal the diodes are re-
versed, the circuit again detects positive peaks and a
fast, inverting-only op amp can still be used.

To minimize droop caused by the buffer amplifier in-
put bias current, it is also sometimes desirable to use an
inverting-only high speed amplifier, or a chopper-stabi-
lized varactor amplifier. They all exhibit very low input
bias current and low associated thermal drift. They can
be used by connecting the holding capacitor in the feed-
back path of the output buffer, as in Fig. 4. Circuit op-
eration is much like that of the circuit of Fig 3, and a
detector gain greater than unity can again be attained
by adding R, and R,.

When the input signal rises above that which is fed
back at the junction of R; and R, the output of A,
swings negative. This forward biases diode D; and
charges Cy. The output voltage (e,) rises until the signal
which is fed back matches the input signal. When the
input signal begins to decrease, the output of A, at-
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tempts to swing positive but is clamped by diode D».
Since diode D, disconnects Cy from positive signals, Cy
holds the output voltage at the highest previous level.

Note that feedback is returned to the noninverting
rather than the inverting input of A,, as there is now a
phase inversion through A,. With the components
shown, the circuit will acquire a 10V peak in 30 ps;
droop will be about 20 mv/s.

Specialized peak detectors

Simple modifications of the basic peak detector can
easily solve specialized measurement problems. A peak-
to-peak detector, for example, is well suited to measure
bipolar, nonrepetitive signals, such as noise and ac sig-
nals having dc offsets. As long as the offset is smaller
than the signal, a peak-to-peak detector rejects the off-
set component without resorting to coupling capacitors.
This avoids the measurement delay normally imposed
by coupling capacitor charging, a delay which is often
the speed limiting factor in automated testing.

One way to form a peak-to-peak detector is to com-
bine separate positive and negative peak detectors built
similarly to Fig. 3. But four op amps would be required.
Worse, the output would have to be measured differ-
entially between the separate detector outputs, unless a
fifth op amp were used as a difference amplifier to re-
store ground reference.

What’s called for is a circuit with a ground referenced
output, fewer op amps, and inherent droop compensa-
tion. Such a circuit, essentially a combination of the
simple peak detector of Fig. I with that of Fig. 4, is
shown in Fig. 5. It requires three op amps.

The portion of the circuit derived from Fig. 1 is the
positive peak detector formed with A,, D,, Do, and C,;.
Although the input level to this detector is halved by
the R, divider network, the output from C; is boosted
by compensating gain in Az so that the overall gain is
unity. In addition, Az combines with A, and, together
with their feedback elements, form an inverting, nega-
tive peak detector similar to Fig. 4.

Here the output of the positive peak detector serves
as the ground reference for the negative peak detector.
Due to this choice of reference, Az adds the amplified
output of the positive peak detector to that of the in-
verting negative peak detector. This sum is the peak-to-
peak value of the input signal. The R, divider circuit

4. Other op amps. The benefits of some in- |
verting-only op amps can be utilized if feed-

provides for referencing one detector to the other. The
circuit is significantly more accurate than the earlier cir-
cuits because holding capacitors C; and C, are con-
nected to both inputs of Ag; the input bias currents,
which would otherwise create droop effects, are counter-
acting. Moreover, if the designer selects capacitor values
carefully, the droop on C, caused by the input currents
flowing to A; and A can also be counteracted. If the
three op amps have similar input bias currents, then the
design center for droop compensation is C; = 3Co..

Even better droop compensation can be achieved by
experimentally adding capacitance to C, or C,. Other-
wise, the accuracy limitations of the peak-to-peak detec-
tor are identical with the errors of the individual peak
detectors described for Fig. 1 and 4. In fact, the error
values of these basic peak detectors can be summed to
find the errors of the composite peak-to-peak circuit if
the effects of the R; and R, divider networks are ac-
counted for. It should be noted, however, that as a re-
sult of the R, divider, the input offset voltage of A» will
be doubled, causing twice the error. The R: divider
multiplies the offset voltage of A3 by two, and the asso-
ciated increase in closed loop gain doubles the gain er-
ror of As.

Operating speed is still limited primarily by mode
switching times, but if Rz is too large, the charging rate
of C, will lengthen the acquisition time significantly. As
with previous circuits, A; and Az must retain high input
impedance during overload to avoid excessive drain on
C, when either or both op amps are in a hold mode.
Also, both A} and A, must be phase compensated for
zero overshoot.

Absolute magnitudes

Another common peak-detector application is to de-
tect the maximum excursion of a signal from a set point,
such as the deviation of a process control monitor. Such
deviations are often both positive and negative, and the
two polarities cannot be monitored by one simple peak
detector. An effective way to handle this, as shown in
Fig. 6, is to combine a common positive peak detector
and an inverting negative peak detector, and connect
them to the same storage capacitor Cy and output buf-
fer A,. Together, A, and A; perform as a positive peak
detector similar to the circuit in Fig. 3. Positive peaks
above the voltage across the capacitor will cause the

R>

back is rearranged to use an inverting out-
put buffer. This permits use of many feed
forward and chopper-stabilized amplifiers.
Also, the large capacitive loading effect of

ANN—
12k

1000 pF

holding capacitor Cy is not transferred from
A, to A,, and minimizes droop.

R,§
D,: 1N5605

L Dy: IN41S4
= A;: BURR-BROWN 35504, OR EQUIVALENT ™~

€o

R, + R,

o & MAX

A,: BURR-BROWN 3341J, OR EQUIVALENT
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detector is formed by combining two simple

D, D3: iN5605
= D,: 1N4154

0.03yFT ¢, ~3C,

Ay ~Az: BURR-BRDWN 3550J, DR EQUIVALENT '

/ ' 5. Peak-to-peak. A simplified peak-to-peak

peak detectors. A positive peak detector is
formed by A, and A;, and a negative peak
detector by A; and Az. Op amp A; sums the
peaks, positive and negative.

6. Absolute magnitude. A magnitude peak
' detector is put together in the fairly simplified

A‘gvk\' R combination of a positive peak detector and
| ‘\/\5\, | an inverting negative peak detector. A, and
| 03 Sk Az form the positive peak detector, A, and
I 1 ’ 1000 pF Az form the negative peak detector. The

c—=E | largest peak, either positive or negative, ap-
| pears as output e,
® D,
- —pl 4
- oo
. Az — O
5k I +
. b 1000 pF Cu €0 = [eilmax
0. ——¢ 0014F '
5 =
- D, :
Az ——pl | Ay = Az: BURR-BRDWN 35504,
+ DR EQUIVALENT I
I —l:_ D, - D,: IN5605
- D;— D4: IN4154

output of A, to swing positive and increase the capaci-
tor voltage to the higher input level. For negative signal
excursions, Az and A; perform as an inverting negative
peak detector. If the magnitude of a negative excursion
exceeds the voltage stored, the R, feedback network will
drive the inverting input of A, negative. This causes the
output of A, to swing positive to charge the capacitor
until e, = -¢; and the inverting input of A, is driven via
resistor Ro until A,’s two inputs are equal.

Both positive and negative peaks charge holding ca-
pacitor Cy positive, so the detector output is indepen-
dent of the polarities of the signal peaks. Accuracy and
speed limitations are similar to those discussed for the
detector in Fig. 3, plus those of a common inverter
added by Ay, and any overshoot error.

Electronics/November 14, 1974

The magnitude peak detector of Fig. 6 can be modi-
fied to deliver a gain greater than unity by altering both
the positive and negative detector feedback paths. To
increase positive detector gain a resistor may be
shunted to ground from the inverting input of A, as
shown in Fig. 3. A similar gain increase for the negative
detector is developed by making feedback resistor R in
Fig. 6 greater than R, just as is done for an inverting op
amp with gain greater than unity. O
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This ad has been placed by Photocircuits
with permission of a satisfied customer.

“Myrecords proveit.
Photocircuits shipped us over
1/2 million PCBs for calculators.
Less than 1% were rejected?”

Tom Miller, Production Control Supervisor, Hewlett-Packard

"I supervised in-house production of
printed circuitry for Hewlett-Packard.
When the demand for our pocxet-sized
calculators taxed our own capacity for
making printed circuit boards, | had to
look outside the company.

"The scientific and business calcula-
fors Hewlett-Packard makes have infinitely
more functions than the typical ‘nouse-
wife' variety. And we have sold over one-
half million of them. So we needed large
volumes of quality boards for logic and
battery charger applications.

“Photocircuits’ reputaticn for
quality was confirmed by my first visit.

“I've been in this business since
1955, so | knew of Photocircuits even
before we made a facilities check. What |
had heard proved to be true. Their overall
efficiency was evident and everyone
seemed to know what they were doing.

"We had no qualms about dealing
with an East Coast house either. They
were only a short 5 hoursaway by plane.
And seconds away by WATS line. In
fact, when we asked for price quotes, they
got back to us within ten days. And that

included mailing time.

“Their price was lower and they
delivered what they promised.

“Long Island labor costs are com-
parable to the West Coast, but Photo-
circuits still managed to beat local prices.
To me, that's another indication of over-
all efficiency.

"And even though we hit them at the
same fime as everyone else, Photocircuits
gucranteed they would deliver a certain
number of boards every week. They kept
that promise.

“Quality-wise, they were the best
boards I've seen in twenty years.

'We have some very stringent stan-
dards at Hewlett-Packard. Not only do we
expect operational quality, but esthetics
as well. If a customer tears the cover off
one of our products, we want our com-
porents to look good.

"In both cases, performance and
looks, Photocircuits was outstanding.
Over half a million boards have been
delivered. Less than 1% have been rejected
for any reason whatsoever.

"What more is there to say?"

Photocircuits

Division of Kollmorgen Corporation, Glen Cove, New York 11542 (516) 448-1000
Printed circuitry for mass-produced electronics
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Pretrigger recording

The Biomation demonstration

Pretrigger recording is a simple concept. And it is the
most powerful recording method for short-lived signals. But
Roy Tottingham, Biomation Product Manager, has found
that aimost no one grasps its usefulness until shown a
demonstration. So here's his demo.

“| et's start with the familiar, then move to the
unfamiliar. You work with scopes now, right?”

“Right”’

“Good. And scopes do a fine job catching repetitive
signals for analysis.’

“No sweat. But my signal is a unique waveform—
once per test shot”

“Exactly—A classic job for one of our waveform
recorders with pretrigger recording—this Model 8 100, for
instance. Its 25 MHz bandwidth is ideal for a wide range of
wavegrms. Let’s connect your signal and I'll show you why.”

“O.K”

“Set the input coupling and sensitivity and select the
timebase for the signals’ duration. Next choose the trigger
coupling, polarity and internal source.”

“Say, that’s just like a scope setup.’

“You're right! But if this was a typical scope/camera or
storage scope capture, we would now face what | call the
trigger level dilemna.’

“What’s that?”

“Set the trigger level low and we risk triggeringon _
noise or signal echoes. Or set the level high and the scope
loses most of the leading edge. Here, like this upper trace
on the chalkboard”

“Arrgh! That gets me where | live! | tried solving that
problem with a special trigger detector and trigger path to
externally trigger my scope, but that was a pair to set up
and only worked about half the time.’

“M-hmm, twice the cost and half the reliability. . .
nobody wins.”

“Youmean...

L this Biomagon box
‘" getsaround all that

' '..'/ hassle?”

~¥&/ “With the wave-
~ form recorder in pre-

trigger mode, we can't miss. Let’s set the

8100’s trigger level high and its trigger

’ delay to about 80% of the record length.

Pw

‘e =
. ”. LN

7 Now !'ll reset the trigger circuit and you can

trip your test anytime you want”’
“O.K. Here goes.’
“And there you have it!'—on the CRT monitor
output of the 8100!”

“Wow! Look at that leading edge trigger point! 20%
from the left end of the trace. What do you have in that
81007 A superfast disc or tape loop?"

“No way! The 8100, like all of our waveform recorders,
uses a superfast A/D converter and semiconductor
memory for recording.”

“But how does that give me pretrigger data?”

“In pretrigger mode, the delayed trigger is used to stop
recording, not start it. So the memory can be continually
updated with the newest data from the A/D—inreal time—
until the trigger is detected. Then it’s stopped after the
trigger delay. Here, I'll illustrate this effect on the board.
The stored signal is then repetitively reproduced through a
DJ/A for display on a scope or CRT as you see here. Oryou
can output it slowly onto a chart recorder”

9“Hey! That's a clean deal! Does it have digital output
too?”

“Of course, and we also have models with digital input
for recording digital signals. One of our units is sure to fit
your need””

So there's the demo. Now if you want data sheets or
applications ideas, drop us a line, Biomation, 10411 Bubb
Road, Cupertino, CA 95014. (408) 255-9500.

biomation
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Engineer’s notebook

ROMSs in microprocessors
can test themselves

by John B. Pealman,* David G. Dack, and David A. Warren,
Hewlett-Packard Ltd., South Queensferry, Scotland

Read-only memories that contain the programs and
constants needed in a microprocessor-based system can
be given self-test capability by reserving one word of
the ROM for a bit-for-bit parity check on all the other
words. The approach can detect any of several possible
ROM malfunctions.

As illustrated in the diagram, the check word can be,
but need not be, the last word in the memory. Each of
its bits is selected to force an odd number of s (odd
parity) in the corresponding column of the ROM. Even
parity won’t work.

To check the contents of the ROM, the microprocessor
reads out every word in the ROM and performs a
cumulative parity check—an exclusive-OR operation on
each bit. At the end, the result should be a 1 in every bit
position of the accumulating register.

If the specific microprocessor’s instruction set doesn’t
include an exclusive-OR instruction, it can execute the
equivalent operation in a subroutine.

This self-test always detects single errors, whole-word
errors, data output lines stuck at 1 or 0. and address in-
put lines stuck at 1 or 0. It sometimes detects address
lines short-circuited to each other, output lines short-cir-
cuited to each other, and multiple random errors. Each
of these has its own effect on the test.

Single errors occur at random as a result of flaws in
the chip, or occasionally when a bit in a programable
ROM reverts to its unprogramed state—unlikely in recent
versions of programable ROMs. Any single error
changes the parity of its column from odd to even.

Multiple errors in a single word change the parity of
every column involved. They occur only rarely.

If a data output line is stuck at 1 or 0, there may be a
short circuit to ground or to a power line from wiring
connected to that output, or the output driver circuit
may be dead. Since most ROMs have a total capacity
equal to a power of 2, the number of words is even, and
the stuck output line looks like an even number of s or
an even number of Os—thus creating an even parity.
(This is one reason why even parity in the check word
won’t work.)

If an address input line is stuck at 1 or 0, it may sim-
ilarly indicate a short circuit somewhere in or near the
ROM, or a dead bit position in the address input buffer.
This fault renders exactly half of the words inaccessible;
an attempt to read all the words in the memory will
read the other half twice, necessarily generating even
*Now at Georgia Institute of Technology—,Atlanta. Ga
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parity. (Even if a user perversely loads a whole ROM
with two identical groups of words, contents of the one
location reserved for a check word must necessarily be
different from its image in the other half of the
memory.) Likewise, if two address lines are stuck. a
sweep of the ROM reads one quarter of the words four
times, again giving even parity.

Of the kinds of fault detected with uncertainty, short
circuits in address and data lines can occur either on the
chip or in associated wiring. A short circuit between two
address lines causes the lines always to have the same
logic state. They correctly address one quarter of the
words in the ROM when they both should be 0, and an-
other quarter when they both should be 1; but when
they are supposed to be different, for access to the re-
maining half of the ROM, they address one of the sare-
state quarters instead. Which quarter is addressed de-
pends on the circuit family and the definition of the 1
and O states; in some cases a short-circuited 0 pulls 2 1
down, while in others a 1 pulls a 0 up. This may or may
not cause a parity error; if the inaccessible words them-
selves have even parity in all columns, the remaining
words generate odd parity and thus don’t upset the
check-word parity. Assuming the distribution of 1s and
Os in the ROM to be random—an assumption that’s not
necessarily justified—the probability of an error in any
one column is 0.5, and the probability of an error some-
where in n columns is 1 - (0.5). If n = 8, this probabil-
ity is 0.996, which is close to certainty.

If two output lines are short-circuited, those two lines
always present the same bit pair, either 00 or 11, regard-

ROM ROM

ADDRESS CONTENTS

0 0 o 1 0 1 0

0 0 1 0 1 1 0

0O 1 o0 0 1 0 1

0 1 1 1 1 1 0

' 0 O 0 1 1 0

0 1 1 0 1 1

1 1 0 0 0 0 0

1 1 0 CHECK

! 0 ! WORD

1 1 1 1 PARITY

Self test. Reserving one location in a read-only memory for a check
word enables a variety of faults in the ROM to be detected.
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ove up in periciance,

or down in price.

If you've been -
sacrificing oscillo-

scope specs for price,

now you can move up in performance.
Or. if you're used to high performance,
you can keep it and pay less. Because
HP’s new 1720A has the specs you
want at just $3,400.* In fact, for less

than the price of its nearest competitor,

you can get the 1720A and still have
money left over to buy an HP model
45 calculator. and a 970A probe digital
multimeter.

This scope's 275 MHz band-
width spec holds over the entire view-
ing area...on all deflection ranges.. ..
in both ihput impedance modes. ..
whether the amplitude vernier is used
ornot...from0to 55°C.

Stable triggering lets you change

(r‘g 1720A OSCILLOSCOPE

POSITION =1
[

EL §
2 CHANN -

position, vernier, and
polarity controls without losing sync

1t triggers on low-level signals. yet re-
fuses to double trigger on noise. And it
triggers well beyond its bandwidth —
often to 400 MHz or above.

Fast linear sweeps and a wide
10 ¢cm screen give you high resolu-
tion for accurate high-speed digital
timing measurements. Flood guns pro-
vide a display that’s easy to view and
photograph. And the logical layout of
color-coded controls make this new
high-speed scope a pleasure to
operate.

Custom ICs and improved pack-
aging pravide a new dimension of
simplicity in calibration and servicing
(internal adjustments have been cut

o) ﬂ

about in half com-
pared to other scopes in its class). And
a lower component count means
higher reliability —over 3,500 hours
MTBEF.

Any way you look at it—com-
paring features, or figuring cost of
ownership—the 1720A gives you ex-
ceptional scope value. So move up in
performance ...or down in price, with
HP's high-performance 1720A. Just
contact your local HP field engineer.
He'll also give you details on our new
200 MHz 1710B. at just $2,625.* for
field-service applications.

Domestic USA prices only. 084/8
HEWLETT nﬁ PACKARD

Sales and service from 172 offices in 65 countries

Palo Alio, Cahlorma 94306
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less of the true contents of the addressed word. Which
pair is presented again depends on the circuit family
and the logic state definition. With a random distribu-
tion of s and 0s, half the words will present an incor-
rect bit in one column or the other.

For multiple random errors in the ROM, even parity

Scanning only bright spots
generates CRT characters fast

by P.V.H.M.L. Narasimham
Indian Institute of Technology, Kanpur, India

Generating dot-matrix characters on cathode-ray-tube
screens wastes more than 50% of display time when, as
is usually the case, the beam scans every point of the
dot matrix, whether bright or dark. But if the beam
scans only the bright spots of the matrix for each char-
acter, the flicker-free display capacity of the CRT is more
than doubled, with no increase in bandwidth and with-
out substantially increasing the memory and control
logic requirements.

In the conventional approach, the entire 5-by-7 dot
matrix is generated from a read-only memory that
stores 35 bits per character, or a total of 2,240 bits for
the standard Ascii font of 64 characters. This approach
requires a bandwidth in the associated circuits of about
2 megahertz, well within the 2.5 MHz maximum of tele-
vision-type CRTS.

results if any column has an odd number of errors.

The self-test is intended to be performed on individ-
ual ROM chips, each with its own check word, even if the
system contains multiple chips. This pins down the loca-
tion of detected errors to particular chips, which a single
check word over a whole system can’t do. d

Providing that the refresh rate and bandwidth are
fixed, reducing the number of dots per character has the
effect of proportionately increasing the number of char-
acters per frame without introducing flicker. One way to
reduce the number of dots per character is to scan only
the bright spots.

Toscan the bright spots directly, a position code must
be supplied for every bright spot. For the dot matrix’s
35 possible positions, the position code must have six
bits, which can be divided into two three-bit fields for
row and column codes, corresponding to the three-bit
counters in the point-to-point scanning method. If this
six-bit code were stored independently for each charac-
ter in a font of 64, which contains about 800 bright
spots, it would require a ROM of 4,800 bits. But the or-
der of scanning the bright spots is immaterial; exploit-
ing this fact facilitates packing bright-spot data in fewer
than 2,400 bits—a slightly larger number of bits but a
much faster scan.

Several bright spots are common to many characters,
which therefore can share common storage. These char-
acters can be grouped; one such group, for example, is
B, C, D, E, F, the letter O, and the numeral @ (printed
here with a slash, as computer output printers often
show it, because the standard dot-matrix representation

1. Common spots. Many alphanumeric characters generated within a 5-by-7-dot
matrix overlap at certain matrix points, which can therefore share memory space.
At bottom left, overlapping representations of B, D, and F are shown.

2, Coordinates. Every point in a 5-by-7 matrix can be represented by a two-digit
number (bottom middle) that designates the row and column of that paoint.

3. Seven characters. The eight coordinates in color (right) are common to B, C,
D, E, F, the letter O, and the numeral @. Other listed coordinates are the remainder
for these characters when the control logic enters and leaves the list as shown.

@) @ 05 | 15 25| 35 | 45 |

‘DB ® O 04 | 14| 24 3 44t
@&@@O 03 | 13 23| 33 | 43

F
‘ X @ @ 02 | 12 | 22 32| a
@ @ o 121 3 | .
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‘ @ @@@ X 06 16| 26 | 36 46‘

| @@@@ | 0 10| 20 | 30 | 40 |

x|y
BEGIN ¢ 1|2
2|3
3|4
BEGINO,D 4|3
BEGIN B — 42
4]a
BEGIN C — 45
al1
BEGINE 1o
2]o
3|0
BEGIN F f
> 0,6 END
0]6
ofo D END
1]3
2|3
33 BEND
4|6 FEND
4{0 EEND
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Better looking Beckman Displays
are ideal for modern appliances

Beckman Displays
are finding their
way into hundreds
of new designs. A
major appliance
manufacturer has
incorporated Beck-
man Displaysin the
control panel of an
advanced new
range and oven.
Two major brands of television sets use Beckman Displays in
their tuners for channel call-outs. And, of course, Beckman
Displays have been selected for a wide variety of technical
instruments.

There are many reasons why Beckman Displays are chosen
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for these applications. First, of course, is the appearance of
the displays — they look better. Crisp, clear, unbroken num-
erals that are easy to read. A neon orange color (red is
available with filters) that’s pleasing to the eye and bright
enough (210 foot lamberts) to be read even in direct sunlight.

Add to this the low cost (less than $1 per digit in large OEM
quantities), the ease of application, the reliability, and you
have the ideal display for today’s appliance designs. See for
yourself. Compare Beckman 1/3” and 1/2” Displays side-by-
side with LED’s or any other display. You'll choose Beckman
because they look better, are better.

For the telephone number of your Beckman/Helipot sales
office, or the name of y our Beckman stocking distributor, call
toll free (800) 437-4677. Or write, Beckman Instruments Inc.,
Information Displays Operations, P.O. Box 3579, Scottsdale,

Arizona 85257.

HELIPOT DIVISION

INFORMATION DISPLAYS OPERATIONS

There’s more eye appeal in Beckman Displays!



CHARACTER COOE

READ
CcLOCK
iﬁ- 8 LINES
COOE CONVERTER
9 LINES
AY
0EL PRESETS 5 LINES
ADORESS SPOT INEIEU
COUNTER COUNTER
A
9 LINES upP DOWN
GATE CLOCK
CHARACTER
GENERATOR OELAY z
|__(Rom)

T0
0/ACONV Y CRT
3 LINES
3 LINES
0/A CONV X

4. Character generator. This logic produces beam deflection and
blanking information for a CRT to generate alphanumeric characters
without wasting time at matrix points that remain dark.

also has a slash to distinguish @ from O). All of these
seven characters have bright spots in the middle three
of the top row of five, and in all but the top and bottom
of the left-most column of seven. Commonality for B,
D, and F is illustrated in Fig. 1.

The coordinates of the 5-by-7 dot matrix can be rep-
resented by a two-digit number representing the X and
Y coordinates, respectively (Fig. 2). A list of these
coordinates, in any order, can be scanned to obtain the
common parts of many characters; and often the non-
common parts can be represented by other lists ap-
pended above or below the common list. For example,
the list of eight coordinates at the center of Fig. 3 repre-
sents all the common points of the group of seven char-

Low-frequency discriminator
utilizes analog delay

by Satoru Tanaka and William L. Brown,
Reticon Corp., Mountain View, Calif.

Low-frequency discriminators, which translate fre-
quency-modulated signals having center frequencies
from a few hundred to a few thousand hertz into direct
analog signals, are vital components in equipment such
as doppler tracking systems and servo motor control
systems. But they have been cumbersome because of
the requirement for very large inductors and capacitors.
That no longer need be true, however, with the advent
of the discrete time analog delay.

The approach employed here (Fig. 1) is a low-fre-
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acters mentioned previously. The other coordinates in
that list represent every bright spot of all seven charac-
ters when scanning begins and ends at the points
shown. The spots need not be scanned in sequence.

In general, such close packing isn’t possible for all
characters; but the standard Ascii font can be repre-
sented by as few as 380 coordinate pairs of six bits each,
overlapping for points common to many characters.
This list may be reduced still further by about 10 loca-
tions by carefully matching patterns. Space does not
permit the entire list to be reproduced here.

Character generation from this overlapped memory
requires a starting address, the number of bright spots
per character and control logic (Fig. 4). The list’s words
call for a nine-bit starting address code, which points to
the location just before the actual starting address. In
this font, the maximum number of bright spots for one
character is 20 (for B, @, and #), requiring another five
bits. This 14-bit character-generating code requires a
converter driven by the character code, which is seven
bits in Ascii, six or eight bits in certain other codes. This
converter’'s output presets two counters; clock pulses in-
crement the nine-bit address counter and decrement the
five-bit spot counter. When the latter reaches 0, the pre-
set number of steps have been applied to the address
counter, producing that many bright-spot coordinates of
the character. Each clock pulse, delayed, also unblanks
the CRT beam to produce a bright spot on the screen af-
ter the beam has moved to the position specified by the
coordinates.

The character generator for the new method doesn’t
differ appreciably in cost from the conventional type,
especially in view of the shrinking costs of MOS memo-
ries. The two- to three-fold increase in the flicker-free
display capacity warrants pattern matching to pack
bright-spot data as densely as possible. For the 5-by-7
matrix on the average, 35% to 40% of the dots are
bright, but for larger matrixes, the percentage drops—to
perhaps 20% for 16-by-16 and larger—and the increased
capacity of the new method becomes more apparent. [

quency equivalent of a technique that is common at
much higher frequencies. The amplitude of the incom-
ing signal is clipped by the limiter, becoming, in es-
sence, a square wave. The square wave is then split in
two; one signal goes directly to one input of a four-
quadrant multiplier; the other is first delayed, then ap-
plied to the other input of the multiplier. The output
voltage of the multiplier is inversely proportional to the

MULTIPLIER

LIMITER OELAY

INPUT OUTPUT

1. Princlple. Clipped input, multiplied by a delayed form of itself,
produces an averaged output proportional to input frequency.
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TRW connects with Celanex.
At13 the cost of DAP

Basedon a very thorough
material comparison,
Cinch Division of TRW
Electronic Components
now molds these printed
circuit edge connectors,
shown below, in flame-
retardant Celanex SE-O—
replacing DAP and glass-
filled phenolics. Why?
Celanex cuts molded insula-
tor costs by a whopping %.
And insulator properties
in Celanex are equivalent
or better.

Fact is, for electrical/
electronic connectors, glass-
filled Celanex thermoplas-
tic polyester combines all
theadvantages of DAP and
phenolics. With none of
their disadvantages.

Celanex is faster cycling
than all thermosets. By far.
Easier to mold in thin-
walled sections. And
Celanex scrap can be re-
ground and reused. An-
other cost-saving.

Celanex is rigid, for sup-
port of the printed circuit
board. It will withstand se-
vere shocks to thin-wall
parts. It’s dimensionally
and electrically stable at
elevated temperature and
humidity. And it resists
strong chemical solvents
and cleaning solutions.

Maybe Celanex has so
much going for it because
Celanese was the first to
market a thermoplastic
polyester. We have more ex-

ey
- Celane

perience and far greater
depth of data to offer you.
It’s yours for the asking.
Celanese Plastics Company,
Dept. X-602, 550 Broad
Street, Newark, New Jer-
sey 07102

Ceianese Plastics Company is a division af Celanese Cerporation. Canadian Affiliate: Celanese Resources, Ltd. Export: Amcel Co., Inc., and Pan Amcel Co., InC., 222 Fifth Ave., New York 10036.

Celanex: the original thermoplastic polyester e
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Molder: Woodland Engineering Company, Libertyville, lliinois

Circle 158 on reader service card
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2. Implementation. Discriminator circuit is based on principle of clipping, delaying and multiplying, as shown in Fig. 1.

3. Result. Output voltage decreases linearly with swept frequency.

phase difference of the two signals. But since the time
delay is fixed, the change of phase imposed by the delay
line is directly proportional to the frequency; therefore,
when the phases are compared in the multiplier, the
output is inversely proportional to the frequency.

The delay line, one of the two key elements of the cir-
cuit, is a monolithic integrated circuit: Reticon Corp.’s
SAD-100, fabricated with MOs silicon-gate technology
and packaged in a 16-lead dual in-line package. The
SAD-100 is essentially an array of 100 sample-and-hold
circuits. It stores analog information sequentially in an
array of 100 storage capacitors. Each capacitor has two
multiplex switches—one for reading a sample of data
onto the storage capacitor, and one for transferring the
stored data from the storage capacitor to the output. A
dynamic shift register operating as a ring counter se-
quentially activates the two multiplex switches. As the
nth capacitor acquires a new data sample, the data
which was stored 100 clock pulses earlier on the
(n + Dth capacitor is transferred to the output. No data
is transferred from cell to cell within the array, as is
done with charge transfer devices, in which the multiple
transfer can cause signal degradation.
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The total delay range of the SAD-100 is from 700
nanoseconds to 50 milliseconds; it is controlled by its
sampling frequency. Its delay-to-rise-time ratio is 98, its
video bandwidth exceeds 5 megahertz, and under cer-
tain conditions its signal-to-noise ratio is greater than 65
dB. The SAD-100 is obtainable separately, or as a com-
ponent n a network, designated the SC-100, which in-
cludes clocking and signal extraction circuits.

The four-quadrant multiplier, as a phase comparator,
is used in the conventional way. Its two input values are
+ 1 and -1; it multiplies the two signals to obtain one of
four products: +1 X +1, +1 x -1, -1 X +1, and
-1 X -1 If two square waves that switch between + 1
and -1 with identical frequency and phase are contin-
uously multiplied, the product would be +1 at all
times. Likewise, if the signals’ phases are 180° apart, the
product is -1 at all times. Thus, if the phase is contin-
uously shifted between 0 and 1807, the average output is
somewhere between these extremes, proportional to the
phase. If the amplitude is some value other than unity,
a corresponding constant factor is included.

In the actual circuit (Fig. 2), the time delay depends
on the clocking frequency, which is continuously vari-
able from 3 kilohertz to 10 mHz. For this discriminator
the clock was set to produce a delay of approximately
500 microseconds, which shifts the phase of a 1,000-
hertz signal by 180°. Lower frequencies down to 100 4z
are shifted proportionally. This circuit’s linearity over a
range of 10:1 is better than 99%; its maximum fre-
quency can be shifted as high as 100 kHz by adjusting a
single resistor. No tuned circuits, bulky coils, or capaci-
tors have to be changed.

Figure 3 is a photograph of the output voltage as the
frequency is swept from 100 Hz to 1,000 Hz. The output
does not change noticeably as the input to the limiter is
varied between 0.5 v and 30 v peak-to-peak. O
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See for yourself
how efficient this
dc-dc converter is

Top people
to teach about
information displays

Converting
semilog decades

Putting the heat
on a transistor
without an oven

Modulation basics
available
on video tape

Engineer’s newsletter _

The way to build a high-efficiency dc-to-dc converter is to use a switch-
ing converter based on one of its ferrite toroids, according to Fer-
roxcube Corp. And to prove that’s not a biased opinion, the company
says it will give all comers a small design kit containing a ferrite to-
roidal core and a detailed diagram for the construction of a 12-to-150-
volt, 4-watt converter with an efficiency better than 80%. Write to John
Turnbull, Ferroxcube Corp., P.O. Box 359, Saugerties, N.Y., 12477.

We recently heard about a series of seminars on information displays
that are headed up by some of the top people in the field. All the meet-
ings will be held in New York City, but you’ll have to contact LF.
Chang, at IBM’s Thomas J. Watson Research Center, Yorktown
Heights, N.Y., 10598, (914) 945-1234 or 945-2041, to find out the exact
location for each meeting. The next one, set for Dec. 4, covers inte-
grated thin-film devices and circuits for information displays, and it’s
being given by T.P. Brody of Westinghouse Laboratories. On Jan. 22,
Lucien Bieberman of the Institute for Defense Analysis will cover cam-
era-type imaging tubes and systems. Future meetings will cover electro-
luminescent thin-film displays, multiplexed airborne display systems,
and human factors in displays. All the meetings begin at 7:30 p.m.

If you already know this, raise your hand. Semilog graph paper, though
it’s calibrated in decades of 1.0, can be easily converted to span a new
set of decades by multiplying the log values by a constant. Thus, if you
want to display a plot of audio response covering, say, 20 Hz to 20 kHz,
don’t reach for the four-cycle semilog paper; three-cycle paper will do
the job. Simply multiply the abscissa values by 20, and you’ll have a
much neater, more precise display of your data. You can thank Glenn
Darilek, Southwest Research Institute, Dallas, for this one.

To remedy drift in a transistor that’s subject to large variations in am-
bient temperatures, you can put it in an oven, but that’s an expensive,
bulky proposition, observes Brother Thomas McGahee of the Salesian
Center in Columbus, Ohio. A dual transistor is better, he says, if one of
the transistors is strongly biased on with a resistor between its collector
and base, so that its mate on the same chip heats up. Usually only a few
milliamperes are enough to heat it. The transistor can then be freely
connected in the circuit of your choice.
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