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Gold-plated components
conduct better,

solder easier,

reflect heat,

and resist wear,
corrosion,

oxidation,

galling.

Now let us give you the details.

The details are in our comprehensive reference guide—a voluminous encyclopedia
of precious metal electroplating processes. Here you'll find charts, graphs, technical
papers, magazine articles. A compendium of today’s most advanced knowledge of
gold-plating—the facts that have put gold into computers, communications
equipment, jet aircraft, missiles, space probes. Write for your copy of = .
"Gold Electroplating Processes.” Sel-Rex

Sel-Rex Corporation, Dept. .\-12.75 River Road, Nutley, N.J., 07110.
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(Listings include sponsors and ud-
dresses for further 1information.)

December

Welding in Electronics Conference,
(Dec. 8-9, New York) Sponsor:
Association of Production & Man-
ufacturing Engineers, W. B. Val-

DISTORTION ANALYZE MODE FRLQUENCY BALANCE HIGH PASS
wEw ET? ne An FILTER

MANUAL

entine, 212-269-4339.

Amer. Assn, for Advancement of
Science Annual Meeting (Dec. 26-
31, Berkeley, Calif.) Sponsor:
AAAS; Dr. R. L. Taylor, 1515
Mass. Ave., Washington, D. C.

January

National Society of Professional
Engineers Winter Meeting (Jan.
5-8, Bal Harbour, Fla.) Sponsor:
NSPE; Paul Robbins, NSPE, 2029
K St.,, N.W., Washington, D. C.

Soldering Technology Seminar (Jan.
13-14, Chicago) Sponsor: IITRI;
William Dunbar, IITRI, 3241 S.
Federal St., Chicago, Il

Annual Reliability Symposium (Jan.
25-27, San Francisco) Sponsor:
IEEE, ASQC; J. W. Thomas, Jr.,
Vitro Labs, 14000 Georgia Ave.,
Silver Spring, Md.

IEEE Winter Power Meeting (Jan.
30-Feb. 4, New York) Sponsor:
TEEE; Edward Day, IEEE, 345
E. 47 St.,, New York, N. Y.

February
Aerospace & Electronic Systems
Winter Convention (Feb. 2-4, Los
Angeles) Sponsor: IEEE: Dr.
Wm. T. Russell, TRW Space Tech
L.abs, 1 Space Park, Redondo
Beach, Calif.

International Solid-State Circuits
Conference (Feb. 9-11, Philadel-
phia) Sponsor: IEEE, University
of Pennsylvania; Lewis Winner,
152 W, 42 St., New York, N. Y.

Reprints Available

The following rveprints are avail-
able free and in limited quantities.
To obtain single copies. circle the
number of the article you want on
the Reader-Service card.

No. Title

800 1965 Semiconductor Directory

801 A quick way to find radar
range

802 Thick films—how and when to
use them
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to offer you harmonic distortion measurements
5 cps to 600 kc with 0.1% full-scale distortion
sensitivity... plus these features:

“"AUTOMATIC NULLING" for simple,
fast measurements .

0.3 v rms input sensitivity for
100% Set Level reference

300 «v rms voltmeter full-scale
sensitivity (residual noise <25 wuv)

Solid-state design in four Hewlett-Packard distortion
analyzers offers you extended frequency range,
greater Set Level sensitivity, improved selectivity,
greater overall accuracy, unprecedented ease of use.
All four measure total distortion down to 0.1% full
scale, 5 cps to 600 kc, with harmonics indicated to
3 mc. They measure voltage 300 uv to 300 v full
scale, have flat frequency response 5 cps to 3 mc.
Distortion analyzer and voltmeter input terminals are
the same. One-megohm input impedance. Floating
input and floating, low-distortion output for scope or
true rms voltmeter monitoring.

Two models feature automatic fundamental nul-
ling (>80 db rejection): Manually null to less than
10% of the Set Level reference, flip a switch, and
nulling is completed automatically. No more tedious
tuning on the more sensitive ranges! Two other
models employ high reduction gear drive to aid man-
ual tuning.

Two of the analyzers provide a switchable high-
pass filter which attenuates frequencies below 400
Ccps on signals greater than 1 kc ... removes hum
and gives you pure distortion measurements.

Two models incorporate an amplitude modulation
detector that covers 500 kc to greater than 65 mc,
measures distortion at carrier levels as low as 1 v.
Options include an indicating meter with VU ballistic
characteristics (01) and rear terminals in parallel with
front input terminals (02).

Ask your Hewlett-Packard field engineer for a dem-
onstration of the model incorporating features most
useful to your application. Or write for technical data
on all four models to Hewlett-Packard, Palo Alto, Calif.
94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

Automatic Gear
Fundamental High-Pass AM Reduction

Model Nulling Filter Detector  Tuning Price
331A \% $590
S I _

332A v \'% $620
333A v | v $760
334A v Vo v $790

Data subject to change without notice. Prices f. 0. b. factory.

HEWLETT hp PACKARD

An extra measure of quality
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~ MICRO-MINIATURE

COAXIAL CONNECTORS

Has your miniaturization program bogged
down from the lack of a truly micro-miniature
coaxial connector? . .. one that would really
take full advantage of coaxial cables like
RG-178/U or RG-196/U? Now Sealectro has
a line that will! — MicroheX connectors.

MicroheX connectors are the perfect com-
panion to micro-miniature systems. A screw-
on cable jack measures just 4" by %", for
example. Yet VSWR is exceptionally good and
mechanical reliability exceptionally high.

MicroheX connectors are precision machined
from solid brass, plated with heavy gold, and
insulated with pure virgin Teflon. Many styles
are available: bulkhead, right angle, printed
circuit, and straight receptacle!

These are the answer to your micro-minia-
turization problem! Send for a copy of our
catalog on MicroheX micro-miniature coaxial
connectors.

R.F. COMPONENTS DIVISION

SEALECTRO

® CORPORATION

Hoyt Street, Mamaroneck, New York

Tel: 914 698-5600 TWX: 914-3180
Sealectro Ltd.,, Walton-on.-Thames, Surrey, England

O

SEALECTRO

ON READER-SERVICE CARD CIRCLE 3
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The red waveform represents an RF signal. The white line
represents an audio signal developed by sampling the RF
at random intervals. At lower left is the new voltmeter at
rest. On the move, it determines the rms voitage of any
signal from 1 Kc to 1 Gc. See page 58.
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Blackout sheds light on system faults

Power Engineers are scrambling back to their drawing
boards to evaluate the findings of the FPC on the North-
east blackout. Component unreliability and slowness may
point to more electronic devices.

The wonderful world of the thyristor

Thyristors stole the show at the recent Industrial Static
Power Conversion Conference in Philadelphia. Here's a
rundown on the wide variety of these devices now avail-
able and their many applications.

News Bulletins

Computer memory techniques strive to match IC speeds
Integrated circuits to be installed in underwater beacon
Washington Report

Letters

EDITORIAL

18

A new face for ED banishes your pet peeve
The die is cast and you, the readers, have cast it. Be-
ginning with the January 4 issue, ELECTRONIC DESIGN
will be in a filable, tear-sheetable 8-1/4x11-inch format.
Here are the details of what changes and why.

T
20

28

32

36

ICAL

SCR gives dc motor synchronous capability

Get synchronous speed control for a dc motor with a com
mutating SCR in the speed-control feedback foop. The
technique is inexpensive and precise.

Using feedback pairs in integrated circuits

Part 1 of this two-part article analyzes the feedback paths
needed for the series-to-shunt pair in integrated-circuit
design. Part 2 will cover stability and other feedback pairs.

Shortcut to logic design of sequential-counters

Is it a strain to work out the logic design of flio-floo gating
in sequential counters? You can minimize your efforts by
taking advantage of redundancies.

Radio signals lose more power than you think

Propagation of a radio signal in air can't always be con-
sidered as being in free space. These charts give a ‘“‘ball
park” value of the losses the wave encounters.

ELECTRONIC DESIGN
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40

44

52

52
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Don’t blow your fuse—if you don’t have to

Do the fuses in your complex high-power-systems handle
the charging currents and transients they're supposed to.
yet open in case of failure? If not, here's how you can
select a fuse correctly.

Find comb-filter frequencies fast

Comb filters are standard tools of telemetry and com-
munications engineers. The tedious and repetitive calcula-
tions rieeded to find the center frequencies of each filter
are eliminated with this simple graph.

ldeas for Design

Series-parallel connection produces high-level pulses
Differentiator-divider analyzes power-line transients

Locking monostable circuit immune to false triggering
Out-of-lock detector is digital frequency discriminator

NASA Tech Briefs

. target

46

CAREERS & MANAGEMENT

Can you put your ideas across?

Do people listen when you talk and then act? If not, per-
haps you're not understood, the idea isn't well organized
or you bore them. Here’s a four-point program for stim-
ulating your colleagues and friends to action by means of
effective communication.

NEW PRODUCTS

58 Test Equipment
A new concept in measuring RF voltage—incoherent sam-
pling—is the basis of a wideband voltmeter.
68 Semiconductors
Uhf ampilification is provided by an MOS field-effect de-
vice rated for operation as high as 450 Mc.
63 Components
94  Systems
96 Microwave
98 M:icroeiectronics
101 Power Equipment
102 Materials
DEPARTMENTS
115 Advertisers Index
112 Application Notes
107 Design Aids
1 Designer’s Datebook
52 Ideas for Design
31 NASA Tech Briefs
108 New Literature
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VIDEO TARGET SIMULATOR THAT CAN
EVALUATE, CHECK AND CALIBRATE TODAY'S
MOST SOPHISTICATED WEAPONS CONTROL
AND TRACKING SYSTEMS

R i

Kt nfe

008 ¢ ==

-

2 i

TARGET RANGE: 0 ft to 999,999 ft ' <

TARGET VELOCITY: 0.0 ft sec to 99,999.9 "7, =
ft/sec : - n n -

TARGET ACCELERATION: 0.00 ft /sec/sec & -
t0 9,999.99 ft sec 'sec ) S

Rutherford’s new solid-state Model S1 DYNAMIC RANGE SIMULATOR
is the only universal, digitally controlled, dynamic range simulator avail-
able today, featuring high accuracy, high reliability, long term stability
and ease of operation.

The Model S1 meets and exceeds the rigid performance requirements
established by today's most sophisticated airborne weapons control
and tracking systems. It can evaluate, check and calibrate range, range
rate, target tracking and tracking memory abilities of any system quick-
ly and reliably.

It is one more pioneering concept from the Rutherford Electronics Com-
pany, the world leader in pulse generators, pulse systems, and accurate
time delay generators since 1950. For complete technical specifica-
tions on the Model S1 contact the Rutherford Electronics Co., or your
local Engineering Representative.

Gl @ﬁmﬁﬁd ELECTRONICS CO.

P.O. Box 768 ¢ E! Segundo, Calffornia 90246 » Phone 772-6321
TWX 213-647-5170

pulse generators [ pulse systems [ accurate time delay generators
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MEETINGS

ME computer memories
spotlighted at NEREM

Integrated-circuit array technol-
ogy may fill the memory void in all-
microelectronic computers. At the
recent Boston NEREM, the first
descriptions of three companies’ ap-
proaches to this problem were dis-
closed.

An operating airborne guidance
tomputer containing a 64-word
scratchpad memory made up of mi-
croelectronic chips was described by
R. F. Shively of Litton Industries,
Woodland Hills, Calif. The chips in-
clude a flip-flop storage element and
read/write and sense amplifiers on
separate flat-packs. The company
predicts quantity-production costs
for such a memory to be as low as
$1 per bit.

A 16x16-bit integrated memory
array has also been fabricated at
Motorola Semiconductor, Inc., Phoe-
nix, Ariz. This memory, as described
by J. A. Narud, is a non-destructive-
read, word-organized memory with
a reported access time of 8 nsec. IC

Gemini6 + 7 ?7?

—Wide World Photos

A Gemini 6 launch shortly followed by
Gemini 7 and then a mating of the
two vehicles is expected this week.
The strike of McDonnell Aircraft Corp.
machinists will hopefully not affect the
launches.

memories are limited thus far to
scratchpad sizes, but developers see
no reason why they can’t answer the
needs for speed and performance
where, they say, ferrite cores and
thin-films are falling short.

L. B. Ruthazer of Honeywell EDP,
Waltham, Mass., also described a
technique for integrated-circuit
computer memories.

In another computer circuit area,
a pulse-powered digital circuit tech-
nique was described by Richard
Baker of the Massachusetts Insti-
tute of Technology. Power economy
can be realized to four orders of
magnitude in a typical binary coun-
ter that operates in the 5- to 50-Kc
range. It involves clocking the power
supply similar to the way trigger
pulses are generated and dissemi-
nated. In addition to conserving
power, the technique allows the stor-
ing of several bits on a single bi-
stable element by holding the data in
capacitors on the flip-flop output.

Pulse-powering thus has signifi-
cance on the system level of com-
puter organization. Additional de-
sign freedom is possible through a
relaxation of many traditional low-
power requirements, such as pre-
mium component performance (low
leakage, high current gain at low
current, low stray capacitance, ete.),
high circuit impedance (a problem
with current integrated-circuit tech-
nology) and low-tolerance passive
components.

J. J. Suran, of General Electric
Co.’s Research Lab at Schenectady,
N. Y., described a graphical method
for switching-circuit analysis which
is based on the fundamental prop-
erties of a logic network (gain,
speed, threshholding, directionality,
isolation, reshaping, stability and
tolerances). He said that this basic-
property approach is necessary as
designers consider circuit design on

the logic level rather than on an in-
dividual component basis. His tech-
nique, based on equations of a
charge-control model, allows the
evaluation of an integrated-circuit
logic block merely by a set of termi-
nal measurements. It can be applied
to computer-aided design.

This year’s Northeast Electronics
Research and Engineering Meeting,
held for the first time in the greatly
improved facilities of Boston’s Pru-
dential Center, was called the most
successful yet by NEREM officials.
The more than 20,000 attendees rep-
resent a sizeable increase over last
vear.

Proceedings are available from
the IEEE Boston Office, 313 Wash-
ington St., Newton, Mass.

CONSUMER

Results of Polaroid-TlI
color-TV work expected

Joint research into application of
the Land color process to color tele-
vision picture tubes by Polaroid and
Texas Instruments has been ru-
mored to be close to fruition.

Neither company, however, would
say anything other than, “The pro-
gram is still in a preliminary stage.”
A TI official stated that he expects
the eventual results to be ‘“not far
from the Land process.”

COMPONENTS

Expect Japanese radios
without IF transformers

The price barrier to using ceramic
filters in place of IF transformers
in transistor radios has reportedly
been broken in Japan.

Used for some time in communi-
cations receivers, the ceramic filters
require no adjustment, yet are more
selective, stable and drift-free than
their transformer counterparts. Al-
so, ideally suited for miniature ra-
dios, the devices have been expen-
sive, however—around 35¢—com-
pared with 10¢ for transistor-radio-
type IF cans.

Murata Mfg. Co. of Osaka will of-
fer tiny IF ceramic filters for 10¢,
and they are expected to show up in
Japanese transistor sets soon.

The company said that the devices
will be offered to the U. S. market

soon and that they are also working
to develop them for TV frequencies.

Another ceramic device coming
from Japan is a tiny (3/8x1/8-inch)
ceramic variable-tuning capacitor.
It should begin to show up in both
AM and FM portables soon, replac-
ing the standard air-dielectric blade-
type capacitor. Costing about twice
as much as the cheapest air-dielec-
tric type, the unit will probably be
found in higher-priced transistor
sets. Two-section AM-FM types are
also in pilot production, according to
Toko, Inc., near Tokyo.

Solid-state snooper due

A third-generation all solid-state
snooperscope with a ‘“considerably
enhanced” spectral response is re-
portedly under development.

The infrared snooper, still in the
laboratory at Electro-Optical Sys-
tems, Inc. of Pasadena, Calif., will
contain a semiconductor imaging de-
vice, not tubes, the researchers said.

RCA doubles production
to enter IC market

The Radio Corp. of America is
in the process of doubling its inte-
grated-circuit production facility at
Somerville, N. J., to plunge into the
lucrative IC market.

Although industry people feel that
the company’s late arrival and lim-
ited output may dull its impact,
RCA feels that it has a price/quality
edge to offer. The line boasts, for
example, a —55° to +125°C tem-
perature range for all linear and
most digital models, RCA says.
Evaluation quantities of 1-24 units
will start at $1.60 per gate, or $4.40
for an RF amplifier. (See New
Products section, p 100.)

RESEARCH

Laser hologram forms
images in two colors

Two-color images have been gen-
erated from black and white laser
holograms.

The two-color pictures were form-
ed at Bell Telephone Labs, Inc., by
using two different lasers as the
source: a helium-neon laser for the
red beam and an argon laser for the
blue. The two beams were combined

ELECTRONIC DESIGN
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into a single bluish-pink beam to
produce, on a photographic plate,
the gray swirling patterns charac-
teristic of a hologram.

The colors were dispersed
throughout the gray pattern as lay-
ers in the photographic plate. Ex-
posing the hologram to the original
red and blue laser beams resulted in
a single two-color, three-dimensional
picture. By using additional lasers
at different frequencies, full color,
three-dimensional pictures will be
possible, the researchers said.

The use of color in holograms is
expected to increase their potential
for computer storage applications,
since many additional bits of data
can be stored in a hologram as dif-
ferent color layers in the photo-
graphic emulsion.

LBJ asks R&D funds
for small, state colleges

Based on a recommendation by
the House Government Operations
Subcommittee, President Johnson
has directed that Federal R&D
funds be spread around to more
small and state-supported colleges.

The subcommittee also found that,
although R&D funds have improved
higher education, they have also
harmed the colleges by diverting
scientific manpower from teaching
and have concentrated funds in
larger colleges, to the detriment of
smaller ones.

The group recommended further
that the Bureau of the Budget pre-
evaluate the effect of proposed R&D
programs on teaching manpower.

PEOPLE

Dr. Allen Balcom Du Mont
television pioneer, dead

Considred by many as the “father
of television,” Dr. Allen B. Du Mont
died recently at the age of 64.

The founder of the Allen Du Mont
Laboratories, Inc., now part of Fair-
child Camera & Instrument Corp.,
Dr. Du Mont was responsible for
the development of the practical
cathode-ray tube. This led to his
sale of the first single-unit oscillo-
scope and the first all-electronic
television receiver, as well as the
initiation of the first television net-
work.

December 6, 1965

#A711 Dual Comparator
as a Sense Amplifier

The xA711 is built around an entirely
new approach to integrated linear
circuits. It eliminates the tolerance
problems encountered in designing
sense amplifiers for coincident cur-
rent memories. Using external preci-
sion resistors the threshold can be
adjusted over a wide range almost
independently of integrated circuit
characteristics. Excellent threshold
stability over the full military temper-
ature range is inherent in this design
approach. You can also use the uA711
as a dual sense amplifier for biax
memories where the outputs are sepa-
rated by the strobes.

Other applications include a double-
ended limit detector as used in
GO/NO-GO test equipment, or a win-
dow discriminator for nuclear pulse-
height discriminators. Your distribu-
tor has the xA711 in stock, or write for
complete data mee——
sheet and applica- EAIRCHILD

tion information. sEmcoNnDUCTOR

#3719.95
Vadj
12K 12K
/N
l 25
100 2
FROM 1
SENSE { HA711 o TO LOGIC
LINE A STORAGE
i = ifloo 25
O
~ FROM
o STROBE
LOGIC

#A711 Features: Typical Characteristics:
Independent strobing of both channels. High accuracy 1mv
Outputs can be OR’ed directly. Fast response time 40 nsec.
Compatible with all popular integrated logic forms. Large input voltage range *+5 volts
Guaranteed over full temperature range .
(—55°C to 125°C). Low power consumption 130mw
Pulse stretching easily accomplished on output. Fast strobe operation 12 nsec.

FAIRCHILD
INTEGRATED
SENSE
AMPLIFIER

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation @ 313 Fairchild Drive, Mountain View, California (415) 962-5011 @ TWX: 910-379-6435
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Blackout sheds light on system faults

The chain of component failures in the
Northeast blackout may point to faster,
more reliable electronic sensors.

Richard Harnar
News Editor

subsystems. Extensive use is made
of analog and digital simulation,
on-line automatic controls, perform-
hen the lights came on again ance and safety monitoring and
all over the Northeast, hun- computation, and automatic startup
dreds of nervous power engineers and shutdown functions.
went back to their drawing boards. There is still a good deal of dis-
Their monster system, a maze of cussion about this subsystem level,
some 42 interconnected power sta- however. As Nathan Cohn, senior
tions, had been unexpectedly given vice-president, technical affairs of
a rigorous ‘systems-effectiveness” Leeds & Northrup Co., stated in
test. It failed miserably. a recent article,' “Widespread dif-
What these engineers will now be ferences of opinion currently pre-
discussing is whether electronics vail as to the degree of plant auto-
can fill the gaps in the system that mation that is justifiable or desira-
were exposed by the chain-reaction ble.”” He quotes a consultant as say-
of component failures. What they ing, “A great deal of work remains
have to work with are data, oscillo- to make sensors more reliable and
graph recordings and verbal reports to develop systematic methods for
from power stations all over the flow-charting operations.”
network. On the system level, however, the
Most of these stations are exam- use of controls and computers is
ples of well-organized, automated limited. The network itself is infor-
in some cases computer-controlled mal, and many local companies are

Hard-hit in the blackout was New York City, as shown in this north-
bound-view of Third Ave. Portions of the city were dark for as long
as 15 hours, with the only illumination being provided by cars
caught in the massive traffic jams.

—Wide World

therefore, was fed into New York
State. Another set of relays should
have sensed this reversal, but some-
thing went wrong. The resultant
power surge cut out several upstate
New York generators. Devices that
est of the five networks in the coun- should have isolated these genera-
try reaches eastward from the tors didn’t.

Rockies. One of the three informal All of these stations then
groups in this interconnection is presented loads instead of sources
CANUS—The Canadian-Northern to other stations further east, in-
United States tie of 31 operating cluding Boston and New York City.
utilities that was almost completely This reversal was not sensed and
blacked out (see map). generators, unable to supply the
heavy load, shut down.

unaware of the total picture, an en-
gineer said.

One of the best examples of pow-
er-distribution-system performance
has been the very one that col-
lapsed, according to Cohn. The larg-

The David that killed Goliath

A review of the Federal Power
Commission’s preliminary report on
the chain of probable events re-
lates: A current-sensing overload
relay in a set of six high-tension
lines near Queenston, Ontario,
tripped without any
present. Circuit breakers trans-
ferred the power from that line to
the others, instead of isolating it.
This caused overload relays on the A spokesman for the Consoli-
other lines to trip and open the cir- dated Edison Co. of New York City
cuits. said that the company knows of no

The power destined for Canada, automatic,device that could meet

Can electronics fill the gap?

This chain of events points to un-
reliable, and perhaps too-slow-
reacting, sensing devices. When
these problems appear in a system,
the answer is usually electronic.
overload Can electronics prevent another
such blackout? This is the problem
the industry will attempt to answer
in the next few weeks or months.
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The ‘“‘loose confederation’ of some 42 power companies making up
the Canadian-Northern United States (CANUS) network was com-
pletely knocked out, except for unexplained cutoffs by the Penn-

sylvania and Maine trunks.
—New York Times

ELECTRONIC DESIGN




this kind of a *“freak and unprec-
edented electrical disturbance.” He
added that electronics experts are
“uncertain whether even a comput-
er could have sensed what was hap-
pening and cut us out of the net-
work in time.”

Apparently, any sensing devices
that now exist in the system are de-
signed only to prevent damage to
generators and cut out only in the
event of an overload. Any other sit-
uation must be caught and acted
upon by a human operator.

William Joyce, manager of sys-
tems research for the Diebold
Group, management consultants,
contends that the total absence of
human judgment in such situations
would be undesirable. The SAGE
North-American defense system
leaves the final judgment to a hu-
man. But the system lets him know
graphically the seriousness of the
situation and tells him what he
should do to avert catastrophe with-
in a given time limit.

Washington is demanding an-
swers, which may be a long time in
coming, and Congress will undoubt-
edly want an investigation. The in-
tegrated nationwide network of
power companies recommended by
the FPC’s 1964 National Power
Survey will also be considered in a
new light. (See Washington Report,
p 16.)

Radio engineers innovate

When the lights started to dim,
radio-station engineers, traditional-
ly a patch-happy group, hurriedly
rigged temporary connections to
keep their stations on the air.

Their main problem was in rig-
ging temporary conections in the
dark between studios and transmit-
ters. In many cases, audio signals
were stripped into disassembled
telephones and calls were placed
over regular telephone lines to re-
mote transmitter sites. There, the
telephone handset was patched into
the modulator.

At radio station WOR in New
York City, innovating engineers
rigged a portable tape recorder as
an audio amplifier. This was clipped
into a direct telephone line to their
transmitter in New Jersey, which
was outside the stricken area.m ®

Reference

1. Nathan Cohn, “The automatic
control of electric power in the United
States,” IEEE Spectrum, November,
1965, p 67.
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Type 36D Cylindrical Case

Designed specifically for space economy, in applications
such as computer power supplies, industrial controls,
high gain amplifiers, etc. Case sizes from 13" x 2%
to 3" x 5%". Improved temperature capabilities—may
now be operated at 85 C. Low equivalent series resis-
tance, low leakage current, excellent shelf life, high
ripple current capability. Superior seal employs molded
cover with recessed rubber gasket. Reliable safety vents.
Solder lug or tapped terminals. Standard ratings from 3
to 450 VDC, capacitance values to 270,000 uF.

Type 39D Tubular Case

Smaller companion to proven 36D capacitor, possessing
same outstanding performance, Case sizes from %" x
1%” to 17 x 3% ". Designed for operation at tempera-
tures up to 85C. Unique construction—anode and
cathode terminals are welded—no riveted or pressure
connections—prevents open circuits, even in microvolt
signal range. Improved molded phenolic end seals con-
tribute to unusually long life (expectancy, 10 years or
more). low effective series resistance, low leakage cur-
rent. Standard ratings include capacitance values to
18,000 nF, voltages from 3 to 450 VDC.

For complete technical data on Type 36D or Type 39D Powerlytic Capacitors,
write for Engineering Bulletins 3431B and 3415, respectively, to Technical Litera-
ture Service, Sprague Electric Co., 347 Marshall Street, North Adams, Mass. 01248.

Popular ratings are now available for fast delivery from your Sprague Industrial Distributor.

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS
INTEGRATED CIRCUITS TOROIDAL INDUCTORS
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS

asc-an

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

THE MARK OF RELIABILITY

‘Sprague’ and ‘(2)* are registered trademarks of the Sprague Electric Co.
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Model UYOL1

L
Model WYO1
ACTUAL SIZE

*In this size both are offered in 38 models of various capacitance values from 0.5 to 62 pf.

Now JFD Uniceram’ High Q Fixed Capacitors
COME TWO WAYS

Uniceram High Q ceramic fixed capacitors offer a unique combination of
small size, exceptional stability and a guaranteed minimum Q of 5000. ..
with up to ten times more capacitance per unit volume than competitive
units . . . up to .2 mfd/in3.

105 glass encapsulated models, with capacitance values from 0.5 to
3000 pf, provide the ultimate in High Q, reliability and stability. All models
meet or exceed requirements of MIL-C-11272B.

Uniceram High Q capacitors are also available as unencapsulated
wafers with metalized edges. 88 low-cost units, with capacitance values
from 0.5 to 3000 pf, offer the same outstanding electrical properties.
These wafers are ideally suited for hybrid integrated circuits, can be
soldered directly to printed circuit boards or used as discrete components.

A High K series of Uniceram ceramic fixed capacitors with up to 1 mfd
capacitance per unit volume is also available. These glass encapsulated
units meet or exceed requirements of MIL-C-11015C. Volumetric effi-
ciency ...up to 48 mfd/in3.

THE 7 AMERICA KNOWS BEST!

Some typical
Uniceram applications

IF strips ® Crystal master oscillators
® Padder capacitors e Critical RC
timing networks e Temperature stabi-
lizing devices ® Radio frequency filters
¢ Critical timing delay lines o Fixed
tuned resonant circuits e Suitable as
cordwood between printed circuit
boards e All types of communication
circuits

WRITE FOR CATALOG UNM 65-2

JFD-117

Components Division
JFD ELECTRONICS CORPORATION, 15th Ave. at 62nd St., Brooklyn, N. Y. 11219

JFD NORTHEASTERN, Ruth Drive, P. O. Box 228, Marlboro, Mass. 07152
JFD NEW YORK-NORTHERN, Damiano P!, P. O. Box 96, New Hartford, N. Y. 13503
JFD MID-ATLANTIC, P. O. Box 5055, Philadelphia, Pa. 19111 ’

JFD MID-ATLANTIC-MARYLAND, P. O. Box 7676, Baltimore, Md. 21207
JFD MIDWESTERN, 6330 W. Hermione St., Chicago, |1. 60646

JFD MIDWESTERN-OHIO, P. O. Box 8086, Cincinnati, Ohio 45208
JFD WESTERN, 9 Morlan Place, Arcadia, California 91006
JFD ISRAEL LTD., Industrial Area B, Bldg. 23, Azor, Israel

DUCON CONDENSER PTY., LTD., Christina Road, Villawood, N.S.W., Australia
MURATA MANUFACTURING CO., LTD., Nagaoka Otokuni, Kyoto, Japan
STANDARD TELEPHONE & CABLES LTD., Footscray, Sidcup, Kent, England
JFD ELECTRONICS, EUROPE S A, 7 Rue de Rocroy, Paris, 10, France

Varlable Trimmer Piston Capacitors m Metalized inductors m LC Tuners m Ceramic Fixed and Variable Capacitors @ Fixed and Variable Distributed and Lumped Constant Delay Lines

See JFD High Reliability Components at NEC (741), & NEREM (2D-74)
Speed Inquiry to Advertiser via Collect Night Letter
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Helium-neon laser
TV-camera system
operating at lab

Protest marchers walk solemnly
down the darkened streets of the
small town. Suddenly, from a vacant
lot along the line of march, a group
of men rushes into the street to
challenge them. Under cover of dark-
ness, there follows a melee of flying
fists and curses.

If only the attackers knew that
their faces could be broadcast to
TV sets all over the country!

Unlikely? Maybe so today, but
distinctly possible in the future of
live news coverage. The way seems
clear for the development of port-
able laser-TV systems, based on a
feasibility model built by a design
group under engineer Marvin J.
Fenton at Perkin-Elmer Corp.,
Stamford, Conn.

Camera is self-illuminating

Fenton’s camera uses a helium-
neon gas laser in the visible red. Be-
cause it is self-illuminating, it’ll
work even in complete darkness.

The prototype isn’t exactly flash-
light size. But there’s no reason
why it couldn’t be a compact unit,
according to William F. Matthews,
the engineer who did the perform-
ance evaluation of the system.

Cost? Although fine grinding is
required for the laser optics, it ap-
pears that, in quantity, laser-TV
cameras could be competitive with
orthicon or vidicon types. For one
thing, the focusing optics are elimi-
nated since a 1-milliradian laser
beam comes to a pretty sharp point
at normal TV-image ranges.

Also, since laser beams aren’t
easily bent, the normal deflection
system has been eliminated. Instead,
Fenton has used a pair of motor-
spun mirror prisms to set up the
raster. The line and frame scanning
prisms are only a couple of inches
in diameter, according to Matthews,
and the motor is driven by a 2-Kc
solid-state oscillator. The 16-sided
line scanner is mounted integral
with the motor rotor, and it spins
at 60,000 rpm. The 24-sided frame
scanner spins at 150 rpm to gener-
ate 60 frames a second.
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The Perkin-Elmer camera gener-
ates two interlaced fields to make
up a frame, as in the conventional
system. It doesn’t include a means
of controlling the interlace posi-
tion, although this could be added
if necessary, Matthews said.

The company has not yet decided
if it will pursue the development of
laser TV cameras for the commer-
cial market, although it is known to
be developing systems for the mili-
tary. Since Perkin-Eimer’s main ef-
forts are in the areas of precision
optics and optical instrumentation,
it may stick to special-purpose sys-
tems, rather than trying to crash
the commercial-TV market.

The gas laser’s fragile nature is
a drawback, but so far this is the
only practical type of cw laser.

A more serious drawback is the
dark shadows that result from sin-
gle-source illumination. This might
be all right for news reporting, but
in the studio, synchronized lasers or
mirrors would be needed to provide
more satisfactory results.

The demonstrator unit uses a 15-
mw output to provide a range of
about 30 feet.

A 90-A spectral filter is used with
an 11-stage photomultiplier that has
an S-20 photocathode as the pick-up
system. The photomultiplier feeds a
preamplifier with 26-db gain and
5-Mc bandwidth, which provides a
signal suitable for intensity-modu-
lating the cathode-ray tube in a com-
mercial TV monitor. = »
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Motor-driven mirror prisms proviae
line and frame scanning in the Per-
kin-Elmer laser TV camera.
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A Self-Contained
01% C, R, L, G Measurements Laboratory

If you want to measure R, L, or C components or impedances accurately without
resorting to separate bridges for each parameter, here is the bridge you need. Six
internal ac bridges cover all possible phase angles so that any network can be mea-
sured, even such “‘black boxes” as filters, transducers, and equalizers.

® Digital in-line readout; unit of measurement and deci- determinations of D as low as 0.0005 or Q as high as
mal point automatically indicated. 2000.

® Appropriate D and Q scales illuminated automatically =~ ® Rapid balancing — coaxial balance controls for coarse
. .. no multiplying factors to remember. and fine adjustments.

® 6 bridges in one. Lets you measure components having e Standard EIA dc voltages supplied internally for resist-
any value of Q. Measures series or parallel parameters. ance measurements; external dc bias can be applied to

® Self-contained 1-kc oscillator and selective null detec- components under measurement.

tor. Plug-in modules available for other frequencies. e |nternal standards are precision elements: the stand-
ard capacitor is a combination silver mica and poly-
styrene unit with a low temperature coefficient. The
wire-wound resistors are similar to those used in GR
decade resistance boxes.

External generator and detector can also be used from
20 c/s to 20 k¢/s.

® . 0.1% basicaccuracy forC, R, L,and Gat1 kc(40.2%
to 10 kc/s); high phase accuracy at 1 kc/s permits

RANGES:

Resistance:
0.05 mQto 1.1 MQin 7 ranges
(ac or dc)

Conductance:
0.05 ng to 1.1y in 7 ranges
(ac or dc)

Capacitance:
0.05 pF to 1100 uF in 7 ranges
(series or parallel)

Inductance:
0.05 uH to 1100 H in 7 ranges
(series or parallel)

At 1 kc/s:
D (series C): 0.0005 to 1
Q (series L): 0.5 to 50
Q (series R): 0.0005 to
1.2 Inductive

D (parallel C): 0.02 to 2

Q (parallel L): 1 to 2000

Q (parallel G): 0.0005 to
1.2 Capacitive

Accuracy (at 1 kc): +0.19% of reading +0.005% of full scale
except on lowest R and L ranges and highest G and C ranges
where it is £0.2% of reading +-0.005% of full scale. D and 1/Q
accuracy are +0.0005 +5% at kec/s for L and C; Q accuracy
4-0.0005 +2% for R and G. At 10 kc/s L and C accuracy is
+0.2%; R and G, -+0.39%

Power Requirements: 105-125 or 210-250 V, 50-60 c/s; 10W.

Type 1608-A Impedance Bridge,
$1300 in usa.

Write or call your nearest GR sales engineering office
for further information or for an on-the-spot evaluation.

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS

N CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673
IN EUROPE: Zurich, Switzerland — London, England

&

BOSTON NEW YORK, N. Y., 964-2722 CHICAGD

PHILADELPHIA
(W. Concord) 646-0550 (Ridgefield, N.J ) 943-3140 (Oak Park) 848-9400 (Ft. i ) 646-8030

WASHINGTON, 0.C.  SYRACUSE DALLAS ~ SAN FRANCISCO  LOS ANGELES ORLANDO, FLA. CLEVELAND
(Rockville, Md.) 946-1600  454-9323  ME 7-2240 (Los Altos) 948-8233 469-6201 425-4671 886-0150




Leach’s new power contactors are smaller and lighter than
any power contactors meeting MIL-R-610GE. The model 9123,
for example, measures only 3.305" x 3.73" x 2.532" and
weighs less than 1.10 pounds.

True balanced armature design lets them take up to 50g shock
and 25g vibration with a contact opening of less than 10
microseconds.

As for contact pressure, it’s over one pound per contact.
Together with contaminant-free construction, they easily com-
ply with the minimum current requirements of MIL-R-6106E.

Contacts are attached directly to the header terminals to elimi-
nate internal wiring. Not only that, the contacts utilize a
“double-break” feature. Arcs are extinguished faster on contact
break providing less contact erosion and longer contact life.

These new units are available in three contact ratings, all meet-
ing the latest revised requirements in the aircraft and aero-
space industries. The 9324, is the smallest, lightest, 3-phase,
20 amp AC contactor on the market. The 9123 (Ms 27997)
isa 25 amp AC or DC unit. The 9124 (Ms 27222) will carry a
50 amp AC or DC load. And most important, special mountings
are included to make them interchangeable with larger Ms
“top hat” contactors.

The full story on these extraordinary power contactors is in our
new brochure. Write for it and compare the specs with the
POWer Contactors you're now using.

LEACH CORPORATION

RELAY DIVISION: so1s Avalon Boulevard, Los Angeles 3, California. Phone: (213) 232-8221 Export: LEACH INTERNATIONAL, $.A.

This very ordinary
looking little device can

switch a 50 amp power load and
withstand 25g vibration.That's 8
quite extraordinary
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Computer memory
techniques striving
to match IC speeds

Micrologic techniques in comput-
ers are pushing memory develop-
ment, and this vear’s Fall Joint
Computer Conference presented the
arguments for ferrite, thin-film and
integrated-circuit technologies.

One reason for this, according to
Sam Nissim, program chairman, is
the increased speed of components
in computer systems, which has in-
tensified the imbalance between ter-
minal equipment, memories and
central-processing units, with mem-
ories forced to bridge the gap.

The latest developments in fixed-
access memory elements and system
organization covering ferrites and
the latest integrated-circuit tech-
niques were discussed at one of five
experimental ‘‘discuss-only” ses-
sions.

The conference was held Novem-
ber 30-December 2 in Las Vegas.

Ferrites still competing

One of the most significant pa-
pers described a 375-nsec, 590,000-
bit main memory system using 7-
mil 1.D. ferrite cores developed by
IBM, Poughkeepsie, N. Y.

The significances here, according
to session chairman Don Meier of
National Cash Register Co., Haw-
thorne, Calif., are that discrete
cores can now be operated in the
low-nanosecond region and that
they are competitive with thin-films
in large memories.

The 12-mil O.D. cores are assem-
bled on either side of a single, con-
tinuous ground plane. The multi-
purpose ground plane serves not
only as a return path for the array
currents but as a heat-sink. It is
temperature-stabilized by running a
liquid through it. Geometries were
described that, according to the au-
thors, could lead to speeds in the
200-300 nsec range.

Not only are ferrites advancing
in terms of memory-core develop-
ment, but progress is also being
made in low-cost organization tech-
niques. This was demonstrated in a
paper by Electronic Memories, Inc.,
Hawthorne, Calif., which described
a 900-nsec, 16 Kbit memory using




30-mil ferrite cores organized in
a “2-1/2D” three-wire technique.
This organization, the authors said,
combines the decoding advantages
of a three-dimensional organiza-
tion (coincident-current read/write)
with the reduced array-assembly
costs of a two-dimensional (linear-
select) organization.

IC memories coming

The growing impact of integrat-
ed circuits in both circuit and stor-
age areas was also emphasized.
Though they are not expected to re-
place large memory units in the
foreseeable future, integrated-cir-
cuit memories will be increasingly
competitive with ferrites in the
smaller scratchpad units, according
to Meier.

Also under discussion was a 256-
word, 72-bit-per-word random-ac-
cess, integrated-circuit memory de-
veloped by Fairchild Semiconduc-
tor, Palo Alto, Calif. It has a write/
non-destructive-read cycle of 150
nsec, and the entire system’s elec-
tronic circuits are contained on sev-
en 8x10-inch, two-sided printed-cir-
cuit cards.

A new integrated-circuit element,
designed for scratchpad memory-
storage applications, called SMID
(Semiconductor Memory Integrated
Device), was covered in a paper by
Litton Systems of Woodland Hills,
Calif. The element power, per bit, is
less than 0.55 mw, and the device
can reportedly operate at a cycle
time of less than 100 nsec. Accord-
ing to the authors, SMID readout is
nondestructive; however, the ele-
ment is also used in a high-speed
alterable-data memory  system.
They described an integrated-cir-
cuit chip that contains nine SMID
elements per chip. Total chip size is
40x40 mils. Monolithic-chip drive
circuitry has also been fabricated.

In another IBM paper, the design
of a prototype 25-nsec tunnel-diode
memory containing 64 words of 48
bits each, with address-decoding
and data-latching, was described.
Information is stored in a TD array
interconnected with drive and sense
circuits in a configuration to mini-
mize cycle time. Special features,
according to the authors, include
modularized construction, miniatur-
ized printed-circuit transformer
construction, high-speed driving
techniques and a rapid regeneration
of interrogated information. = =
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No other RF transistor
can offer this
perform ance v 548 NF typ. at 450 Mc/s

\/ 11.5 dB gain min.
at 200 Mc/s

\/ High temperature capability
and low-leakage silicon
construction

2N3932 in quantities

at this price... 12

RCA's new 2N3932 and 2N3933 low-noise, low-ca- e rnercialy Hindusirial

Mobile and aircraft radio. Expendable military equipment, Ham Gear, Citizens’

paCitance devices let you Simp"fy VHF receiver Cir- sand radio. Wide-band amplitiers in industrial, military and nuclear applications.
cuitry and get more gain, less noise at the same time.

Check the specifications and see how these RCA

devices can help you build better VHF /UHF circuits:

RCA 2N3932 and 2N3933 low-noise silicon tran- 3 )
sistors are hermetically sealed in a 4-lead metal « High Gain-Bandwidth Product (fy): 750 Mc/s min., both types
case. Grounding the metal case with the 4th lead: o e i M
s reduces internal capacitances, to provide higher NF @450 Mc/s  5.0dBtyp. 5.0 dB typ. tAs measured in
usable gain; NF@ 60Mc/s  2.5dB typ. 28 dB max. %g;;s”:-t;‘s I“"'},‘%‘A'
» reduces spurious signal pickup and device NF @200 Mc/s ~ 4.5dBmax. 4.0 dB max. uile anon
radiation: P g P P « Low Collector-to-Base Time Constant (r,'C.): AIEERR QIO HIEEE
N ! 0 . 2N3932—8 ps max. 2N3933—6 ps max.
= permits the devices to be operated at full gain « High Unneutralized Power Gain (Gye):
because of the internal shielding, even at high 2N3932—-11.5 dB min., at 200 Mc/s  2N3933—14 dB min., at 200 Mc/s
i « Low Output Capacitance (C,y):
actuatsize - frequencies. . o 2N3932-0.55 pF max. ~ 2N3933—0.55 pF max.
These top-value transistors are made possible by RCA's skills in silicon « Hermetically Sealed, Isolated Collector with one lead connected to case.
technology and mass-production economy techniques. Maximum Ratings. Absclute-Maximum Values
For full price and delivery information, phone your RCA Field Representa- £ 2N3932 2N3933
tive. Or write: RCA Commercial Engineering, SectionEG12-1,Harrison, N.J. Vcgo, COLLECTOR-TO-BASE VOLTAGE 30 40 max. volts
AVAILABLE THROUGH YOUR RCA DISTRIBUTOR Veeo» COLLECTOR-TO-EMITTER VOLTAGE 20 30 max. volts
Vepo, EMITTER-TO-BASE VOLTAGE 2.5 2.5 max, volts
RCA ELECTRONIC COMPONENTS AND DEVICES lc, COLLECTOR CURRENT limited by dissipation
Py, TRANSISTOR DISSIPATION 175 175 max. mW
. . at free-air (up to 25°C)
The Most Trusted Name in Electronics TEMPERATURE RANGE: :
Storage and Operation {Junction) —65to +175°C
®
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The wonderful world of the thyristor

The thyristor family is growing. And so,
too, is the range of applications for
these versatile semiconductor devices.

Frank Egan
Technical Editor

f the recently held Industrial
I Static Power Conversion Con-
ference had been televised, it
probably would have been called
“The Wonderful World of the Thy-
ristor.”

This flexible family of solid-
state devices, led by its most popu-
lar member, the silicon-controlled
rectifier, was the star of the con-
ference. The impression given by
many of the papers presented and
by the lively audience discussion
was that design engineers had bet-
ter keep abreast of the latest thy-
ristor developments or risk using
second-best devices in their equip-
ment. A timely status report on
thyristor development was given in
a paper by F. W. Gutzwiller of Gen-
eral Electric Co. Much of that re-
port is abstracted here.

Present-day thyristors are
shown in the table below. In addi-
tion to those types listed, others
have been demonstrated and oth-
ers will undoubtedly be intro-
duced. Each type displays
electrical characteristics different
from those of the well-known SCR.,
The newer members of the thyris-
tor family, like the early SCRs, are
being introduced for relatively
low-power and control applica-
tions. Highpower versions of these
devices are still expensive to fabri-
cate and will require radical price
reductions before they are widely
used.

As of now, it looks like price re-
ductions will hinge on major inno-
vations, such as the development
of simplified contact techniques
and reliable passivation tech-

niques that permit the elimination
of hermetic seals in packaging.

Rapid progress in SCRs

Present SCRs are rated as high
as 300-amp continuous average
current in a single chip of silicon.
With these SCRs and various par-
alleling schemes, no application
appears too large in amperage re-
quirements for today’s technology.

In addition to power capability,
significant strides have been made

in the development of SCRs for
high-frequency applications. Cir-
cuit efficiencies of greater than
9097 have been demonstrated in
SCR inverters operating at 10 Ke.
For pulse applications, SCRs are
available that can operate over a
range of pulse repetition rates
from 10 to 25,000 pps, with pulse
base widths of from 2 to 1250 ,sec.

Four-layer diode similar to SCR
From a construction standpoint,
the four-layer diode is the basic
member of the thyristor family. It
is essentially an SCR without a
gate terminal. Close control of the
anode breakover characteristic of
the four-laver diode is necessary

during manufacture, since this is
the characteristic used to trigger
the device into conduction.

When triggered by a fast-rising
anode voltage, the four-layver diode
does not demonstrate the di/dt
limitation that is characteristic of
the SCR. This is because the high
initial anode current is distributed
across the anode junction, instead
of being concentrated over a small
part of the junction, as in the
SCR. In fairness to the SCR, it
should be pointed out that special
SCRs have recently been intro-
duced that can handle rates of cur-
rent rise up to many hundreds of
amperes per microsecond, without
requiring artificial delay circuits.

The rundown on available thyristors

SCHEMATIC
TYPICAL CHARACTERISTICS MAX
A ! SYMBOL
CNANE NAmE Fmmoven | (s oot Tomas - COMMERCIALLY APPLICATIONS
PELLET (ANODE +1 |(ANMODE =)| TRIGEER MEANS | USAGE | ASA | AVAILABLE
ANOOE
. REVERSE EXCEEDING 400 VOLTS TRIGGER FOR SCR'S,
OUD':OLD‘EVER BL&C)KOIENG 2 SWITCHING | BLOCKING Mvsoglr(gevgn @ OVER¥IO“L"I;GEDEP;2'£§.CTION_
L 300 A. PEAK
THYRISTOR e Bary PULSE GENERATORS.
CATHOOE
CATHODE GATE
coSLcoN REVERSE o — R STATIC SWITCHES,
at:cnnELnD ’15233:"6 - 3 |SWITCHING | BLOCKING s%& mcg:fssnsc?gzggis,
(SCR) THYRISTOR 300 A AVG. PULSE MODULATORS.
_ANQOE
200 VOLTS STATIC SWITCHES,
AT UMD Beacrne GATE SIGNAL PEAK POSITION MONITORS,
jooe) e SAME AS SCR 3 [swircnme [BLOCKING OR LIMIT SWITCHES,
(Lascr) THYRISTOR = VI te AL e~ o LALLTR S
GATE TURN-OFF 500 VOLTS | LOW POWER INVERTERS,
SWITCH (GTO) TURNZOFF S AL PEAK PULSE GENERATORS,
i &n o| THvRIsTOR SAME AS SCR 3 |swiTching [BLOCKING Q&'{g ¢ E° - océ"sovgé::szs.
SWITCH (GCS) AS ON S AMPS. TRIGGER CIRCUITS.
CATHOOE
\TE GATE SIGNAL ON 200 VOLTS INDICATING LAMP
L kst CATHOOE EITHER GATE PEAK DRIVERS, COMPUTER
SWITCH TETRODE 4 |switcHng |BLOCKING|  LEAD; SOME CIRCUITS, COUNTERS,
(scs) THYRISTOR ST IURHEgeE LOA. AVG sy il e
CONTROL OA. AvG. CONT! !
ANODE GATE
i 400 VOLTS
B1 SWITCH EXCEEDING OVERVOLTAGE PROTECTION
SILICON R =’ 2 |switcHing [switcumng|  BREAXOVER - e o CoTe
SYMMETRICAL THYRISTOR > — VOLTACEROS ac .
SWITCH (S8S) - HIGH dv/d 20 A. RMS TRIAC TRIGGERS.
ANODE 2
1 POSITIVE OR NEGATIVE]| 400 VOLTS
BIDIRECTIONAL | 7/ GATE SIGNAL FOR PEAK SWITCHING AND
TRIAC TRIODE 5 3 [swirckme [switcing | THED PO - PHASE CONTROL OF
THYRISTOR = i AC POWER
ALSO BY EXCESSIVE 20 A. AMS
QATE ANGOE L J ANODE VOLTAGE.
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LASCR provides isolation

The light-activated SCR
(LASCR), another member of the
thyristor family, is, as its name
implies, an SCR having a photo-
sensitive gate junction. These de-
vices are generally optimized for
high triggering sensitivity and
therefore operate at relatively low
voltages. They are also somewhat
sensitive to mistriggering at high
temperatures and when subjected
to faxt rates of anode voltage rise.
Currently available LASCRs are
limited to a lamp current.

An important feature of the
LASCR is the isolation it provides
between the trigger-signal source
and the circuit being controlled.
This makes it ideal for use as a
static relay or as a gating circuit
for other higher power SCRs.
LASCRs have been successfully
used to trigger high-voltage series
strings of SCRs from a single flash
source of light.

GTO good for dc applications

The gate turn-off switch (GTO)
adds to the usual SCR properties
the ability to be turned off by a
negative pulse of gate current.
This, of course, makes it highly
suitable for applications requiring
switching from a de supply.

In presently available GTOs,
over 5 amp of anode current can
be turned off with a negative gate
pulse of less than 0.5 amp. When
inductive load circuits are in-
volved, some means must be pro-
vided for dissipating the energy
stored in the load at turn-off.

Because of its more complicated
structure and the fact that it
makes poorer use of the silicon
wafer on a current-density basis,
the GTO will probably continue to
cost more than comparable SCRs.

Versatility characterizes SCS

What the silicon-controlled
switch (SCS) lacks in power capa-
bility, it makes up for in versatili-
ty. With two gates, one at the
cathode and another at the anode,
the SCS cudn he triggered into con-
duction by either positive or nega-
tive pulses.

The device can be turned off like
an SCR by anode commutation, or,
if properly fabricated, it can be
turned off by current pulses at the
gates, like the GTO.

SCSs are now available that can
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New from Spraguve!

UNICIRCUIT
HYBRID NETWORKS

COMBINE MONOLITHIC SILICON CIRCUITS WITH DEPOSITED METAL-FILM RE.S'/.S'MR.S'

Unicircuit® Custom Hybrid Circuits Utilize Ni-Cr Alloy Resistors for:

Improved Resistance Tolerance, 5% (Specials to +2%)

Low Temperature Coefficient, =50 ppm/°C

T Te

Rs Re

o
OPERATIONAL AMPLIFIER

D-A LADDER SWITCH TEMPERATURE COMPENSATED CURRENT SOURCE

Resistance Values, 150 to 150KN

Resistor Matching, 2% (Specials to +0.5%)

D-A LADDER NETWORK

ANALOG SWITCH

For complete information, write to Technical Literature Service,
Sprague Electric Co., 347 Marshall St., North Adams, Mass. 01248

SPRAGUE COMPONENTS

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and “TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

PULSE TRANSFORMERS
INTERFERENCE FILTERS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
TRANSISTORS

CAPACITORS

RESISTORS

455-5154

ON READER-SERVICE CARD CIRCLE 7

World Radio Histor)

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ‘@) are registered trademarks of the Sprague Electric Co.




NEWS
Thyristors . . .

control currents of up to 1 amp
and block up to 200 volts.

SSS is bidirectional

The silicon symmetrical switch
(SS8), or bidirectional diode thy-
ristor, exhibits bidirectional switch-
ing characteristics in a single
semiconductor chip. The device
is constructed so that one-half of
it represents a four-layer pnpn
diode that can be switched by one
polarity, while the other half rep-
resents a four-layver diode of oppo-
site polarity that can be switched
in the other direction.

The SSS is triggered into con-
duction by exceeding its breakover
voltage in either direction. Turn-
off is accomplished by a momenta-
rv reversal of voltage or the diver-
sion of current.

Present devices are rated as
high as 20 amp rms and 400 volts
peak. The SSS is particularly use-
ful as an overvoltage shunting de-
vice, since it switches into conduc-
tion in either direction in less than
1 psec when voltage across it tries
to exceed its break-over level.

For an SSS to be useful, its
breakover voltage must be well
defined within maximum and min‘-
mum limits. The resulting compli-
cations in manufacture offset its
basic low-cost construction.

Triac controls ac

The triac, or bidirectional triode
thyristor, permits switching of ac
current flow under the control of a
low-power control gate. Like the
SKS, the triac cannot be damaged
by voltage transients when proper-
Iy fabricated. Excessive voltage
merely triggers the triac into con-
duction, allowing the transient en-
ergy to be dissipated elsewhere.

Commercially available triacs
can handle more than 10 amp rms
on 240-volt ac lines. Units with
higher ratings are under develop-
ment. For many applications, the
triac now competes economically
with SCR pairs and can be expect-
ed to improve its cost advantage as
production refinements take place.

The Industrial Static Power
Conversion Conference, held in
Philadelphia November 1-3, was
sponsored by the Industrial Power
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NEW

MOTOROLA
DEVICES
GIVE THAT

"SOMETHING

XTRA"
To Your New

Equipment
Designs
.

Here are new semiconductor devices that put an
added measure of performance in the designer’s
tool box — devices that make it possible to build
those “temporarily shelved” designs that needed
“just a little better device” to make them work.

Look them over . . . order evaluation units from
your nearest Motorola semiconductor distributor
. .. see how these new units solve your design head-
aches. Then, contact your local Motorola district
representative for the quantities you’ll need in
production.

If you would like specific details about a par-
ticular device mentioned here, write to the Techni-
cal Information Center, Motorola Semiconductor
Products Inc., Box 955, Phoenix, Arizona 85001.

NEW MOTOROLA VARIABLE
THRESHOLD LOGIC SOLVES
INTEGRATED CIRCUIT
NOISE PROBLEMS!

MC650G — Dual 3-Input Gate
MC651F — Dual 4-input Gate
MC6526G/F — Gated R-S Flip-flop

= Noise immunity selectable from 2 to 5 volts

= 10-volt logic swing — allows direct interfacing without
extra buffer stages

m Direct interfacing with conventional DTL circuits
= For applications up to 1 m¢

A new circuit design approach for computers in-
tended for industrial applications where high-noise
environments create special problems for logic
engineers.

MEDIUM and HIGH POWER SILICON
TRANSISTORS for BOTH DRIVER
and OUTPUT APPLICATIONS!

MEDIUM-POWER
(25 watts — Pp) 60V and 80V (T0-66)

NPN — Types 2N3766-2N3767
PNP — Types 2N3740-2N3741

HIGH-POWER “. |
(150 watts — Po) 60V and 80V (T0-3) )

NPN — Types 2N3713-2N3716
PNP — Types 2N3789-2N3792

New high-performance, low-priced silicon power
transistors now offered in complementary specifi-
cations to provide a new level of design flexibility.

ELECTRONIC DESIGN




HIGH-INPUT-IMPEDANCE MONO-
LITHIC INTEGRATED CIRCUIT
OPERATIONAL AMPLIFIERS
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& Choice of input impedance levels

— conventional input 20k ohms (MC1530)
— Darlington input 2 megohm (MC1531)

® Drive a 1000 ohm load
= Open-loop gain of 6000/3500

Two new Motorola monolithic operational ampli-
fiers offer a choice of conventional (MC1530) or
Darlington (MC1531) inputs. The units feature
high input impedance and superior output voltage
swing.

TWO-IN-ONE UNIBLOC* DUAL

SWIT&I?INGthDIZODES -

individual diodes! r
MSD6100 u

= High Voltage — BVg = 100V (min)
= L ow Recovery Time — t,, = 4 nsec (max)
m Low Diode Capacitance — 1.5 pF (max), VR = 0V

I
4

An entirely new approach to diode pairs, the
Motorola MSD6100 dual switching diode offers
the common cathode configuration in the high
reliability Motorola “Unibloc” plastic package.

HIGH-VOLTAGE SURMETIC*
RECTIFIER SERIES (1000-3000 V)

=

= | ow leakage currents @ rated PRV
= Packaged in high-reliability, silicone polymer
encapsulation — types MR990 thru 994

A true inorganic glass surface passivation, a silicone
plastic package, and conservative ratings give these
high-voltage “Surmetic” rectifiers top reliability
and performance.

NEW COMPACT, LOW-COST ELF*
SCR LINE

8-AMPS (rms), MCR2304/5 &
and MCR2604/5 Series

T AR

MCR2304

= New low-silhouette packaging
= New low prices
= New welded, lug-type terminals

Economy, compactness, and mounting ease
combine to highlight this “second generation”
series of 8-amp SCR’s from Motorola. ..
permitting less costly, simpler circuit assembly
and wiring.

NEW HIGH-POWER RF QUTPUT
SILICON ANNULAR TRANSISTORS

with your choice of
voltage levels!

12 VOLT 25 VOLT
SUPPLY SUPPLY

4 Watts @ 175 mc (T0-39) 2N3924 2N3553
5 Watts @ 175 mc (102 pkg) ~ 2N3925 2N3961
7 Watts @ 175 mc (T0-60) 2N3926 2N3375
12 Watts @ 175 mc (T0-60) 2N3927 2N3632

(13.5W)
— All are triple diffused for
larger safe area operation!

Choose either a 12 or 25 volt power supply, then
pick the Motorola RF transistor that provides the
required output. Use them as driver-output com-
binations, too!

EE

MOTOROLA

Semiconductor Products Inc.

5005 EAST MCODOWELL ROAD, PHOENIX, ARIZONA 85008

1602) 273-6900

*Trademark of Motorola Inc.

Speed Inquiry to Advertiser via Collect Night Letter
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Rectifiers Committee and the Pow-
er Semiconductor Committee of the
IEEE. Copies of the proceedings
can be obtained from the IEEE,
345 E. 47 St., New York. The cost
is $6.50 for members and $13.00 for
nonmembers. = =

Integrated circuits
to be installed in
underwater beacon

Integrated circuits will be used
extensively in an underwater acous-
tical beacon soon to be placed 15,-
000 feet below the ocean’s surface.

The acoustical beacon was devel-
oped by researchers at the Hudson
Laboratories of Columbia Univer-
sity, located near Dobbs Ferry, N. Y.
They report it as the first attempt to
make widespread use of integrated-
circuit components in a unit of
underwater equipment. Integrated
circuits were chosen because of their
long-term reliability and their low
power requirements. These are
prime concerns, since the unit is
designed to remain unattended on
the ocean’s bottom for periods of up
to a vear, the researchers said.

A total of 150 integrated-circuit
logic blocks are incorporated in the
unit. Two standard series of inte-
grated-logic-circuit packages, manu-
facturd by Texas Instruments, are
used. Only integrated circuits are
used in the unit, except for the
transducer drive-electronics portion,
which uses discrete transistor cir-
cuits. An Augat, Inc., breadboard is
used to mount the circuits. No at-
tempt was made to further minia-
turize the unit, due to problems in
mounting and in bringing in the
power leads, it was reported.

The power for the beacon is sup-
plied by lead-acid storage batter-
ies. To conserve power, all circuits
are generally in the OFF condition.
A sequence programer in the unit
turns them on at selected intervals
to process and transmit data.

However, this power-saving tech-
nique also results in severe crosstalk
between circuits due to transients
during turn-on. Extensive decou-
pling was required in the equip-
ment to prevent these transients
from entering the low-level logic
and generating spurious output
signals, said Hudson Labs. = ®
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Only from Spragve!

DOUBLE

5X
actual size

Dynacor® Bobbin Cores
have 2 built-in reasons
for long operating life
without degradation...

oTOUGH ARMAG® JACKET. Withstands am-

bient temperatures to 180 C and is compatible with
poured potting compounds, permitting Dynacor
Cores to be used with normal encapsulation
techniques.

eJET-SMOOTH BOBBIN. Finely-polished
stainless steel, completely eliminating sharp pro-
trusions, square corners, or other abrasive action
on copper wire windings. Improved manufactur-
ing process results in a bobbin with ¢ more uni-
form rodius then that of an ordinary machined
bobbin.

Dynacor Bobbin Cores are also
available with ceramic bobbins
where needed.

A large stock of popular
sizes and flux values insures
prompt delivery.

Special cores to customer
specifications are quickly and
accurately processed.

For complete technical data,
write for Engineering Bulletins
on Dynacor Bobbin Cores to
Technical Literature Service,
Sprague Electric Company, 347
Marshall St., North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and @ are registered trademarks of the Sprague Electric Co

453017043
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Advertisement

Pulse Network Problems
Solved by Experienced
Systems Engineers

E 1

|

J

Typical Large Pulse-Forming Network
designed by Sprague to meet a specific
customer need.

Prompt cooperation on customers’
pulse network problems is readily
available from Sprague Electric Com-
pany’s Pulse Capacitor and Network
Section.

Sprague has much to offer to de-
signers of radar systems, laser sys-
tems, tube testing systems, and other
specialized systems. A highly-
technical special engineering section
devoted exclusively to pulse capaci-
tors and networks includes systems
as well as pulse network engineers.
Sprague can help you with your prob-
lems because Sprague fully understands
your problems!

But Sprague service does not end
here. Following up the design aspect,
these specialists can quickly and effi-
ciently estimate pulse network sizes
and prices for bidding purposes. They
are also equipped to give quick reac-
tion capabilities for your breadboard
and prototype units.

A pioneer in pulse networks,
Sprague is a major supplier of custom
units from less than 1 KV up to 500
KVoverabroadrangeof power levels.

For application engineering assist-
ance, or additional information, write
to Pulse Network Section, Sprague
Electric Company, 347 Marshall St.,
North Adams, Massachusetts.

48#N-104-63

ON READER-SERVICE CARD CIRCLE 10

WASHINGTON REPORT "

S. David Pursglove,

! |
Washington Editor - geb %

Congress will probe Northeast blackout

Two Congressional investigations of the Northeast power
blackout have been planned for next year. Rep. Walter
Rogers (D-Tex.), chairman of the Power Subcommittee of
the House Commerce Committee, expects to hold hearings
just after the first of the year. Sen. Warren G. Magnuson
(D-Wash.), chairman of the Senate Commerce Committee,
plans to make a ‘“thorough analysis of the event and its
causes.” He has asked the Administration for all the reports
it receives on the subject.

The hearings are expected to fix blame and point the direc-
tion to future safeguards. Congressional committee staffers
and Federal Power Commission personnel are not attempt-
ing to forecast the final conclusions, but they are certain of
some early results.

Without doubt, Congress will urge additional spending in
several areas. Observers believe that the FPC staff will be
beefed up and more field people added. There likely will be
increased funds for studies and perhaps new funds for hard-

ware R&D contracting.

At the same time, Congress is expected to seek ways to
encourage wider distribution of emergency generators. So
far, it has been difficult to persuade businesses to purchase
expensive equipment that may never be needed, allocate val-
uable storage space and maintain the units. Congress could
ignore these factors and require ample stand-by equipment
at airports and on interstate-transportation systems. How-
ever, there will probably be some tax incentive to encourage
non-regulated businesses to invest in auxiliary equipment.

Very probably, one consultant to a Congressional commit-
tee told ELECTRONIC DESIGN, Congress will make more gen-
erators available to Civil Defense and will increase the
number, capacity and versatility of stand-by units at Fed-
eral installations. The latter aspect may prove especially
interesting to electronic designers. Size and portability often
work against each other, with the big generator being too
far from where it is needed and the portable unit not being
large enough to be useful. R&D money—perhaps to be ad-
ministered through the Office of Emergency Planning, per-
haps through the Defense Department—almost surely will
be appropriated to reduce the size and increase the versa-
tility of generators.

“A few truck-mounted generators getting around to those

ELECTRONIC DESIGN




December 6, 1965

office buildings would have been heaven-sent,” an assistant
to a Senate Commerce Committee member suggested. He
expects to sce the suggestion put to the committee formally.
Federal grants to fire departments and direct purchases
for Civil Defense units will probably be suggested. The
truck-mounted units would be large enough to operate a sky-
scraper elevator. They would feature long cables with quick-
ly interchangeable connections that would mate with any
commercial elevator system. The generator would be used
only long enough to bring stalled elevator cars to the ground
floor, then they would move on to the next building.

Blackout clouds plans for grid expansion. Federal
Power Commission officials admit that the Northeast power

blackout has caused a slowdown in FPC’s campaign initiat-
ed last year to get the electrical-power industry to link to-
gether into still-wider grids or even a national network.
“We probably could make a good case for our campaign
out of the Northeust failure,” said one official, “but we're
treading softly because there’s at least superficially good
propaganda against expanded networks in the argument
that a wider grid might have meant a wider blackout.”
Besides, the official pointed out, the FPC is too busy invest-
igating the blackout to do much campaigning.

What was to become a full campaign picked up momentum
late last year when the commission published its National
Power Survey. It described how “all of our electrical power
systems can move from isolated or segmented operations
and from existing pools of limited scope to participation in
fully coordinated power networks covering broad areas of
the country.” The survey suggested that “in time, when jus-
tified economically, all the systems in the nation may be
joined in a single, interconnected network.”

Grid-expansion advocates in Congress have hoped that
moves in that direction could be encouraged by Federal as-
sistance. It is now likely that any Congressional approval
for expansion at Federal expense will be accompanied by
demands for safeguards. Before a Congressional committee
would accept them as adequate, the safeguards would have
to be supported and proved by computer analyses of all
possible eventualities and by actual hardware R&D and test-
ing.

In addition to funds for FPC-contracted studies and hard-
ware development, if that course should be chosen, some in-
crease is seen by observers for the Interior Department’s
programs. Interior has long supported work in power-trans-
mission technology, and its Bonneville Power Administra-
tion and the Bureau of Reclamation are now supporting the
major U.S. effort in developing long-distance, direct-current
transmission.

ELECTRONIC
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4/ in semiconductor products

B DOWN
DOWN
DOWN
GO SCR COSTS

. . . especially now that you can specify
a 200- or 400-volt TRIAC to do the
work of two SCR’s. The TRIAC works
like back-to-back SCR’s with a single
gate control.

Not so long ago, when we first in-
troduced the SCR, two of them would
have cost you $290.00 to control a 600-
watt load. Not now. Just look at the
savings we’ve brought you since then:

3 volts and 50 ma to be triggered into
conduction; what’s more it can be
triggered by either a-c or d-c current or
by short pulses of either polarity.

200- and 400-volt TRIAC’s are al-
ready performing many high-speed
switching functions mechanical devices
simply can’t. They’re reducing manu-
facturers’ component needs in solid
state switches, speed control of fans
and blowers, static relays, temperature
controls with or without feedback, ex-
plosion-proof switches and lighting
controls. Improved performance at low
cost is also possible for manufacturers
of heat pumps, humidifiers, room air
conditioners, wall and warm air fur-
naces, business machines, commercial

COST TO CONTROL A 600-WATT LOAD

Date Device ‘ Cost (100-999)
1957 ZJ39A (2 SCR’s) $290.00
1958 ZJ39L (2 SCR’s) ‘ 214.00
3/1/59 ZJ39L (2 SCR's) | 100.00
7/1/59 C36B (2 SCR's) 79.00
12/8/59 C36B (2 SCR's) 57.00
3/21/60 C10B (2 SCR’s) ‘ 22.20
6/15/60 C11B (2 SCR’s) 20.00

1 7/28/61 C15B (2 SCR's) ‘ 13.00
12/1/61 C15B (2 SCR's) r 9.50
1/12/62 C15B (2 SCR’s) 8.40
1/25/63 ZJ265B (2 SCR’s) 7.80
1/26/64 C22B (2 SCR’s) 3.50
2/1/65 SCA41B (1 TRIAC) 275

@ AND COST ISN'T THE ONLY
ADVANTAGE OF TRIAC

TRIAC also gives you built-in pro-
tection against high-voltage transients.
By replacing 2 SCR’s, TRIAC reduces
the number of components needed in
many, many circuits—lowers your
component costs while increasing cir-
cuit reliability. TRIAC requires only

ELECTRONIC

-
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COMPONENTS

dishwashers, laundry and dry cleaning
units, and commercial cooling equip-
ment.

Take advantage of this remarkable price
trend now by getting all the facts about
GE's 200- and 400-volt TRIAC. Write to
Section 220-18 General Electric Company,
Schenectady, N.Y. 12305. Export: Electronic
Component Sales, IGE Export Division, 159
Madison Ave., New York, N.Y. 10016.

DIVISION

GENERAL @B ELECTRIC
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Contiguous Comb
Crystal Filters

Multi-Channel Real-Time Signal Detection
with Single Channel Driving Power

Contiguous Comb Crystal Filters (Damon’s name for a unique
new design) permit direct operation of large numbers of adjacent
frequency channels from a single low power driver. As there
are no padding or isolation losses, drive power requirements are
no greater for multi-channel operation than for single channel.
Miniaturized Contiguous Comb Crystal Filters with reduced active
driving circuitry are now being used in airborne and ground-
based Doppler radar systems where small size and high reli-
ability are essential. A wide range of filters is available with
Chebyshev, Butterworth or Gaussian characteristics for CW

Doppler, FM Doppler, or Pulse Doppler Systems.

Write for Data on Contiguous Comb Crystal Filters

DAMON ENGINEERING, INC.

240 HIGHLAND AVENUE, NEEDHAM HEIGHTS 94, MASS.
(617) 449-0800

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 12
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EDITORIAL

A new face for ED
banishes your pet peeve

“Why do you shackle us with your awkward 11x11-inch magazine
size?”

“How can we place your 11-inch deep magazine on an 8-inch
shelf 7”

“When will you make it convenient for us to clip articles for our
files?”’

You—our readers—have been directing such questions to us at
techniecal conferences, plant tours, company seminars and just about
anywhere ED editors could meet a reader. During this past year,
the requests for a change in size have mounted in volume and pitch.
With the technology mushrooming at its rapid pace, information
filing and retrival has become a necessity rather than a convenience.

To evaluate reader reaction to a long-pondered switch from our
present 11x11-inch size to 8-1/4x11 inches, we surveyed 1000 sub-
scribers; every forty-fourth name on our circulation list was sent a
questionnaire. To simply say that the results were staggering would
be an understatement. Here’s why:

s Of the 1000 questionnaires, 744 were returned with a prefer-
ence and reasons for the choice indicated. (Hardly anyone wanted
to remain silent on this issue.)

» Of the 744 returns, 598 arrived within two weeks of our mail-
ing. (No dilly-dallying here.)

» Voting for the 8-1/4x11-inch format were 91.6%; 6.5% pre-
ferred the present 11x11-inch size, and 1.9% indicated there were
good reasons for both sizes.

We got the message. Your overwhelming response triggered im-
mediate action. Our editors, artists and a talented art-consultant
team have labored (with love) to accomplish a major redesign
worthy of your loyalty. The 8-1/4x11-inch format, starting with
our first issue in 1966, will provide you with:

s Functional graphics—not art for art’s sake—to bring new ex-
citement to our editorial pages.

s Articles arranged for convenient clipping and filing.

s Typeface modifications to promote faster reading.

s Charts, graphs and nomograms designed to make their points
most effectively.

®» Adjacent articles organized so that clipping one does not dam-
age its neighbor.

Oh yes, one more important detail. To further improve our
editorial services to you, we are adding three editors to our team;
a San Francisco field editor, an East Coast field editor and an ad-
ditional New York-based technical editor. We are currently inter-
viewing for these positions. Contact me if you are interested.

In all modesty, we expect you to be delighted with our changes.
And remember—it’s your publication. Tell us when you find flaws,
compliment us when you feel the urge, but, please, keep voicing your
thoughts. A publication’s success depends on its ability to serve its
readers. Without feedback, the system searches.

Howard Bierman
Editor

ELECTRONIC DESIGN




LETTERS

Sky spy bird
carried alias

Sir:
In vour excellent sky spies arti-

cle of October 11 |‘“Electronics ex-
pands vision of sky spies,” p 26],
you inadvertently identified the
SD-1 drone aircraft [photo, p 28]
as manufactured by Bell Aerosys-
tems Co. Although Bell may play a
subcontractor role, this bird was
designed and is manufactured by
the Ventura Division of Northrop
Corp., as vour text corrently indi-
cates on page 30.

HENRY STILL

Manager, Public Relations

Northrop Ventura

Newbury Park, Calif.

NASA took hard way

to pulse generation
Sir:

The circuit in NASA Tech
Briefs [ED, October 11, p 122,
“Pulse generator needs no exter-
nal power”] is much more complex
than necessary. The circuit shown
below operates the same, except
for a two-diode-junction voltage
differential, which replaces the
four-junction voltage of the pub-
lished circuit. For a greater dif-
ferential voltage, place a resistor
from the base to the emitter of Q,
and several diodes in series that
conduct from the base of @, to
the Junction of R and D, as indi-
cated by the dotted lines in the
schematic.

W. J. GODSEY

Project Engineer

Hayes International Corp.
Birmingham, Ala.

2 OUTPUT
O- 0
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TRW CAPACITORS...
IN SPACE-SAVING

The 601 PE...a particular shape for a particular need.

Design with Mylar reliability in the size and shape of a  or radial leads. Dipped, tape-wrapped, or metal enclosed
disc! The slim, compact type 601 PE is tailored for printed  cases. Essentially all these constructions are available in
circuits in military or industrial applications. film-foil, in metalized Mylar* and polycarbonate dielectric.

In all you will find more than 200 design variations of reli-  In a tight spot? There's a TRW Capacitor to help you. Con-
able TRW Capacitors. Round or oval cross-sections. Axial  tact TRW Capacitors, Box 1000, Ogallala, Nebraska.

TRW/ caracirors

ON READER-SERVICE CARD CIRCLE 13
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Precise speed control, high torque

can now be combined 1n de motors

A dc motor with the precision-speed attribute of the syn-
chronous motor?—It’s easily and inexpensively achieved
with a commutating SCR control in the feedback loop.

F YOUR MOTOR application called for a

precise-speed characteristic, you would
probably settle on the ac synchronous motor.
On the other hand, if high-starting and pull-
in torques, adjustable speed and battery
operation were required, the de motor would
be your choice.

A motor combining all of these vitures
would appear to be an engineer's pipedream,
because costly, complex auxiliary circuitry
would be required. Moreover, this hybrid
motor’s speed characteristic would be rela-
tively imprecise and its torque would suffer
at other than synchronous speeds.

Now, however, thanks to the SCR, the
dream can become reality. You can provide a
dc motor with true synchronous performance
without sacrificing any of its inherent char-
acteristics. This is achieved by commutating
the SCR and using it for phase detection in
the motor’s feedback loop. This SCR speed
control merely senses shaft position, changes
it to an analog phase signal, and uses the
signal to establish the power to be supplied to
the motor.

The technique, which is applicable to many
types of dc motors, is also inexpensive and
highly efficient. The components and configu-
ration vary slightly, dependent on what type
of motor is being controlled, but the SCR
feedback mechanism is essentially the same
for all cases. Moreover, the variety of SCR-
type devices available permit the application
of the method to various size motors, includ-
ing the line-voltage operated types.

E. Keith Howell, Application Engineer, General Elec-
tric Co., Auburn, N. Y. This article was originally
prepared for a lecture to be given at the October NEC
meeting in Chicago (sponsored by the IEEE).

Feedback establishes speed control

Speed-control systems typically use some
form of feedback from the motor in which
speed is converted to an analog-current or
voltage signal. This signal is compared with a
reference and their difference amplified to
control the power applied to the motor. Thus,
when the motor loading changes, the speed
must also change in order to effect a new
power level.

To obtain a precisely constant speed (syn-
chronous speed), the analog comparison is
changed to a phase comparison. With this
mode, shaft position is periodically sensed
and the power is controlled in accordance
with the positional error. This produces the
constant-speed characteristic of the conven-
tional synchronous motor.

The block diagram for a basic synchro-

nous-speed-control system is shown in Fig.
la. To be free from ac supply-frequency
effects, the motor uses a dc supply. The motor
may have a series, shunt or permanent-
magnet field, or may even be some unconven-
tional type. Note the phase relationships be-
tween the control elements (Fig. 1b).
Power to the motor is controlled by the
periodic closing and opening of the solid-
state switch. The average power in the motor
is determined by the length of time the
switch is closed during each period of opera-
tion. Since the losses are confined to the
switch, the technique is a very efficient means
of controlling dc power. A signal from the
oscillator causes the power switch to close.
Some time later, a signal from the motor
causes the switch to open. Note that the
oscillator signal occurs at periodic points in

CLOSED —
(o SWITCH
o OPEN — JLIrrior u Lc
SWITCH
CLOSE  OPEN
SIGNAL  SIGNAL OSCILLATOR CLOSED — | I
SIGNAL o | | | ,
DC
SUPPLY o
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MOTOR  yoTOR  OPEN — | | | | |
SIGNAL o  — .
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DELAY WHEN N < PuLL
NOT SYNCHRONOUS ol e

1. Basic synchronous-speed-control system (a) senses the shaft posi-
tion and converts it to an analog phase signal. The power applied to
the motor is established by the phase error. The switching functions
of the system (b) as a function of the loading show the interrelation-
ships between the switch, oscillator and motor, which make up the

feedback loop.
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time, whereas the motor signal occurs at a
periodic point or points in space, corre-
sponding to discrete shaft positions.

Load level determines phasing

In the normal synchronous mode of opera-
tion (Fig. 1b), little power is required to
maintain the motor speed at light Iload.
Hence, the turn-off signals occur shortly after
the turn-off signals from the oscillator. As the
loading is increased, the motor will attempt
to lag. This delays the turn-off signal and
causes an increase in the applied power. Thus,
changes in loading alter the phase relationship
between the motor shaft (the source of the
turn-off signal) and the oscillator (the turn-
on signal source), with the motor speed re-
maining synchronous with the oscillator. The
synchronous speed can be maintained for any
load requiring from about 5% to 95% of full
applied power.

If the loading is so large that full applied
power cannot maintain the synchronous
speed, the turn-off signal will occur later
than the next consecutive turn-on signal, and
the operation will become erratic. To main-
tain full power at lower speeds, the oscillator
signal must thus be delayed until after a
turn-off signal occurs. This condition is
illustrated in Fig. 2a.

In the case of an over-speed condition
(Fig. 2b), normal turn-on and turn-off signal
appears before the next consecutive turn-on
signal. This may produce operation at twice
the synchronous speed. To avoid it, the occur-
rence of a second turn-off signal in one cycle
must delay the oscillator signal such that the
next turn-on signal occurs much later than
normal (preferably one full cyvele later). This
action greatly reduces the power to the motor
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2. Under-speed and over-speed conditions are han-
died by delaying the oscillator signal so that the
proper phase relationships are maintained, as shown
in (a) and (b), respectively.
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and permits it to slow down to the synchro-
nous speed.

The basic feedback loop for providing a
synchronous operating mode to de¢ motors
has now been established. For the various dc
motors about to be discussed, the speed-
control circuitry will be tailored to the dic-
tates of each type; thus the oscillator and
switch sections will vary somewhat. The
delay, or regulating, mechanism will simular-
ly be peculiar to the motor type involved.

UJT controls series-type motor

A simple circuit for the synchronous
control of a series motor is shown in Fig. 3a.
A unijunction transistor (UJT) Q,, is used
in a relaxation-oscillator circuit to produce
periodic pulses that trigger the SCR. Because
a de source is employed, the SCR will conduct
current through the series field and the
armature until it is turned off. At a certain
point (or points) in the rotation of the
motor shaft, a cam causes switch S. to close,
thus momentarily by-passing current around
the SCR. This action permits the SCR to
turn-off (commutate), so that no current
flows after switch S. opens. Thus, the oscilla-
tor (UJT) turns the power on and the motor

(via S,) turns the power off.

Rectifier D, is a ‘‘free-wheeling” diode
which prevents high voltage from appearing
across either the SCR or the switch. It pro-
vides a circulating current path for the
energy stored in the motor inductance. This
diode eliminates most of the arcing normally
encountered in the operation of switch S,,
thus greatly improving its life.

The waveforms of the voltage across
capacitor C,, ¢., and the motor current i,
appear in Fig. 3b. Under normal operation,
e¢. takes the conventional sawtooth waveform
of a relaxation oscillator. Motor current
starts at the time (), discharges C, and ends
when S. closes and re-opens. Since the volt-
age drop across the switch is less than that of
the SCR, the current is seen to be slightly
higher during the time S, is closed. The time
between turn-on and turn-off of current will
naturally depend upon the load.

Oscillator delay regulates speed

The delaying function required for the
under-speed and over-speed conditions is
provided by the network composed of R;, R,
R., C. and D,. Resistor R, is set such that,
with the SCR conducting, the voltage at the
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3. For the dc series motor, a UJT relaxation oscillator triggers the
SCR, which in turn carries the motor current (a). Operating wave-
forms (b) show how the UJT capacitor voltage, e., and the motor
current, i,, vary in accordance with speed. Exhibited are normal op-
eration (left), speed below synchronous (center), and above synchro-
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5. Small, battery-operated pm motor requires a simpler synchronous
speed control. Its low armature current permits a flip-flop to drive the
motor directly.

cathode of D, is about 0.6 volts less than the
peak-point voltage of Q, (shown as a dashed
line on the e¢. waveform). If the speed is
below synchronous, capacitor voltage e,
cannot reach the peak point of Q, until after
S. has been opened. In this manner, the
oscillator is delayed and produces no turn-on
signal until just after S. has turned the
current off. This action provides about 95%
of full power to the motor at any speed below
syvnchronous speed. It makes available the sys-
tem’s high-starting torque characteristic.

In the over-speed condition, the second
closure of switch S. and the instantaneous-
voltage-change property of C. cause the cath-
ode of D, to momentarily drop to nearly zero
voltage. This voltage decrease partially dis-
charges timing capacitor C,, thus delaying
the next oscillator cycle. The larger the value
of C. (compared with C,), the more nearly
this delay will approach one normal cycle.

The use of a mechanical switch to com-
mutate the SCR is primarily responsible for
the simplicity and low cost of this control
system. An additional cost reduction can be
achieved in applications not requiring syn-
chronous speeds by eliminating the RC
components of the delay link and by connect-
ing the cathode of D, to the SCR anode.

When S, opens, the motor’s inductive
characteristics cause the voltage across it to
rise to the sum of the supply voltage plus the
1-volt drop across D, in a very short time.
For the 12-volt supply, this high dv/dt will
not usually retrigger the SCR into conduc-
tion, because the amount of charge moved
through the gate junction is very small.
However, at higher supply voltages, an RC
limiting network may then be required. It
would be placed in parallel with the SCR to
limit the dv/dt to a value that permits proper
commutation.

Rectifier added for shunt motor

The same synchronous control circuit is
easily modified for operation with shunt and
permanent-magnet (pm) motors. The only
change required is the addition of rectifier
D. (Fig. 4a). It is used to decouple the count-
er-emf of the armature from the SCR during
the latter’s OFF condition. This action pre-
vents interference with the delay-link opera-
tion. In the OFF state, the voltage across the
SCR is the supply voltage, instead of the
supply minus the counter-emf. Other than
this, the operation of the circuit is identical
to that of the serious motor-speed control.

The speed-torque curve of the shunt motor
is considerably different from that of the

ELECTRONIC DESIGN




series motor, however (Fig. 4b). In both
cases the control system will hold the motor
speed in synchronism with the oscillator up
to the inherent limit of the motor. Virtually
full torque is provided at all lower speeds
down to, and including, the locked rotor con-
dition. In the locked rotor case, the system
provides full torque, because once the SCR
is turned on, it cannot be turned off until the
motor turns and operates the commutating
switch S..

The length of time that switch S. is closed
during each revolution of the motor deter-
mines the minimum speed and loading that
can be used. For example, if the switch is
closed for one-twentieth of each revolution,
the minimum power that can be applied to
the motor is 5¢. If the load is such that the
motor will run at this power level, then this
figure represents the minimum usable speed
for that load.

Flip-flop drives pm motor

Small, battery-operated permanent-mag-
net motors may be directly driven by a tran-
sistor flip-flop. This is so because these mo-
tors, which are used to drive recording in-
struments, tape-recorders, phonographs, etc.,
require relatively small armature currents.
In the speed-control circuit (Fig. 5), the UJT
oscillator drives a flip-flop to energize the
motor. When switch S, closes, the flip-flop re-
verses and the motor is turned off. An addi-
tional rectifier (D, in Fig. 1a) is not needed
here, because the delaying signal for the oscil-
lator is derived from the second stage of the
flip-flop, rather than from the output.

Since the current through commutating
switch S, is very low, S, may be very small
and will only have to bear light actuating
forces. At low speeds, it should close several
times per revolution of the motor, thus pro-
viding multiple current pulses during each
revolution. With a fixed oscillator frequency,
motor speed can be changed in discrete
octave steps by changing the number of
switch closures per revolution from 1 to 2 to
4 to 8, and so on. This can be done either
mechanically or electrically by changing to
appropriate commutating switches.

Note that in the systems discussed thus
far, the driver circuitry has been established
by the dictates of the load current, but the
mechanical turn-off element (the switch) has
remained common to all the motors. Only its
size changes. When other considerations,
such as higher voltages and faster switching
speeds come to the fore, a departure from
this design procedure must be made. The
mechanical element must give way to the
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6. The light-activated SCR (LASCR) replaces the mechanical commutating switch when fast-
er switching speeds are called for. This LASCR-hased speed-control system is suitable for
higher current, line-voltage-operated series motors.

faster, electronic means of commutation. The
electronic components must similarly be
modified to handle both high current loads
and line voltages (120 vac). A speed-control
system for a 1-amp series motor will serve as
an example of these more stringent design
requirements.

LASCR usurps mechanical switch

Rather than use the mechanical commutat-
ing switch for a higher voltage (120 volts)
series motor, a light beam and aperture disc
can provide the turn-off signal (Fig. 6). This
approach banks on the use of the light-acti-
vated SCR ([LASCR) as the commutated c¢le-
ment. Circuit operation resembles that of the
other systems. The UJT oscillator turns on
the main SCR, Q., which is then commutated
by an auxiliary SCR, Q., in the classical ca-
pacitor-commutated SCR flip-flop connection.
The LASCR, Q,, is turned on by light when
the motor shaft passes a pre-determined posi-
tion. If the main SCR, Q., is conducting and
Q. is OFF, current can flow through zener
diode D,,, diode D,, and Q, to the gate of
Q.. When Q. is turned on by this current, it
commutates (. through capacitor C., Q,
through diode D, and resistors E,, and IY,..

The delaying (lock-out) of the oscillator
required for the under-speed and over-speed

conditions, is slightly different from the
previous systems. For the under-speed condi-
tion, the network R., R, I,, D, and D,
clamps the voltage across C, to a level just
below the peak point of the UJT (Q,), while
the main SCR is conducting. The result is
identical to the under-speed delay achieved
and discussed in the previous circuits.

Over-speed lock-out is obtained by having
the LASCR trigger Q. through D,. and I,..
The turn-on of . causes the interbase
voltage of @, to drop momentarily (via the
coupling through R, and C,). This potential
drop forces Q, to discharge C,, thus re-
initiating the timing cycle of the oscillator.
When Q. turns on, Q, is turned off by capaci-
tor (., but Q, is not commutated because of
the isolation provided by D,. Therefore,
after the commutation interval, the voltage
across Q, rises and Q, continues to conduct.
But the current through R,; is too small to
trigger Q.. Nevertheless, when the voltage
across Q. reaches the avalanche voltage of
the zener diode, D,,, the current through Q,
increases and @, is turned on again. This
commutates both Q. and Q,, thus resetting
the oscillator and providing a very short
pulse of power to the motor.

The essential difference here is the use of
light to both eliminate the wear-prone me-

chanical switch and produce no loading on
the motor. The system also has a {faster
response time than the mechanical-switch
system, thus permitting a higher oscillator
frequency and either higher motor speeds or
more cycles of operation per revolution. The
use of multiple slots of different lengths
provide either mechanical selection of octave
steps in speed (by the positioning of the
LLASCR) or their electrical selection by
paralleling several LASCRs mounted at
different points on the rotation.

The phase-detector principle used provides
a linear output for virtually the full 360
degrees of possible phase error. Its ability to
produce full output at any input frequency
below the reference frequency and nearly
zero output at any input frequency above the
reference is unique to speed-control systems.
This added function should be useful in
automatic frequency control (afc) systems as
well as motor-speed control applications.

Magnetic approach to commutation

Another method for eliminating the me-
chanical cummutating switch would entail
the use of a magnetic impulse generator
driven by the motor (Fig. 7). The effect is
similar to that of capacitor commutation
(Fig. 6), except that the energy required for
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NEW Allen-Bradley
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.a completely integrated system with
motor, controller, and control station
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¥ I'he Bulletin 1312 describes a new line of Allen-Bradley
regulated speed drives for motors up o 11y hp. Com-
poscd largely of an assemmbly of Allen-Bradley control
components, we feel completely safe in claiming long
life and trouble free performance for these units. The
silicon controlled rectifiers—conservatively applied and
fully protected —assure an almost unlimited life. Built to
industrial control standards and using a standard NEMA
rated contactor gives the customer more value for his
money. This is a “*quality™ design.

The Bulletin 1312 drive provides a standard speed
variation of 8:1, and it will hold the setting within * 5¢;
of maximum spced—{from 10¢; of full load to full load
And there’s a full range of options available to meet vour
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Allen-Bradiey Bulletin 1312
Regulated Speed Drive provid-
ing dynamic braking, maximum
and minimum speed adjust-
ments, and motor overload
protection. Cover removed.

specific needs. such as a “wip-free™ and “tamperproof™
thermal overload relav, maximum and mininun speed
adjusting potentiometers, extension of speed range to
zero. dynamic braking, ete. Jog-Run or Forward-Reverse
functions can be obtained.

The Bulletin 1312 construction is compact but not
cramped—there’s good accessibility to all components.
In addition, the line, motor, and control wiring terminate
in base-mounted Bulletin 1492 terminal blocks, making
installation casy —and thus saves on installation cost.

For more complete information on the Bulletin 1312
regulated speed drives, please write: Allen-Bradley Co.,
1316 S. Sccond Street, Milwaukee, Wis. 53204, Lxport
Otlice: 630 Third Ave.. New York, N.Y., U.S.\. 10017.
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this trademark found in your scientific.apparatus
automatically rates you as
a “quality” manufacturer |

Type JS single unit Type JJC dual unit
with line switch with concentric shaft

Type JL single unit
with lock bushing

Type JJ dual unit Type JJV-le{l;Jal unit
with vernier adjustment
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price you pay becomes a good investinent.

Allen-Bradley Type | variable resistors have a solid molded resist-
ance element made by A-B’s exclusive hot molding process. Opera-
tion is always smooth —there are never any sudden jumps in resis-
tance during adjustment. Furthermore, the Type ] exhibits an
exceptionally low noise level when new —it becomes even lower with
use. On life tests, the Type | will provide well over 100,000 complete
rotational cycles with less than a 107 resistance change at the com-
pletion of the test.

For more details on the complete line of A-B quality electronic
components, please write for Publication 6024: Allen-Bradley Co.,
222 West Greenfield Avenue, Milwaukee, Wisconsin 53204.

Export Oftice: 630 Third Avenue, New York, N.Y., U.S.A. 10017.
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7. Motor-driven, magnetic impulse generator can
replace mechanical commutating switch. The energy
for commutation is taken from stored mechanical
energy in the rotor, rather than from a separate
capacitor.

commutation is taken from stored mechani-
cal energy in the rotor rather than from a
separate capacitor. The magnetic field for the
impulse generator could be derived from a
permanent magnet. However, the use of the
armature current for this function is prefer-
able, particularly for the higher current
motor types.

A brushless dc motor may be given syn-
chronous speed characteristics by using a pm
rotor and a wound stator in conjunction with
an SCR (or transistor) ring-counter. Com-
mutation would be obtained by either a
magnetic impulse or a light signal and its
auxiliary commutating SCR or transistor.

Multiple motor speed control

Speed control can also be easily fitted into
a multiple-motor system. The free-running
UJT oscillator of one motor control may be
synchronized with that of others. By using
this master UJT oscillator, the only additional
requirement is for small capacitive couplings
between the base-one output of the master
UJT and the emitters of the slave UJTs.
This direct synchronizing pulse should be
small, so as not to interfere with the under-
and over-speed lock-out functions. The mas-
ter oscillator should be run at a frequency
slightly higher than the free-running oscilla-
tors to obtain the proper slaving. This method
produces precisely equal motor speeds, but
the phase relationships between the motors
will vary with loading and may require
additional compensating circuitry. Multiple
motor synchronization is useful in many
areas, particularly in the strip-processing
and recording fields.

All of the speed-control systems mentioned
are suitable for applications which require
high precision and/or low cost. These include:
instrumentation, entertainment systems, au-
tomotive motors (not engines), toys, small
vehicular drives and small boat drives. = =
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...specify
hot carrier diodes

by hpa

Whether your high-speed switching require-
ments are for ultra-fast computers, sampling
circuits, test equipment, or UHF and VHF
mixers and detectors, it will pay you to in-
vestigate the new low-noise, high-reliability
2300 Series Hot Carrier Diodes from hp
associates. All devices in this series have
minority carrier lifetimes of less than 100
picoseconds! Incorporating the latest ad-
vances in metal-silicon technology, these
devices offer increased forward current and
higher breakdown voltage. Operating and
storage temperature range extends from
—60°C to +125°C. Power dissipation at 25°
is rated at 125 mw. Peak pulse power rating is
5 ergs. They also meet the requirements of
Mil-S-19500C.

Write today for application information and
complete data, including life test data.

TYPICAL DEVICE SPECIFICATIONS

T i “T Effective
| Forward Forward Breakdown | Leakage Capaci- Minority Price
| Device | Current | Voltage Voltage Current tance Carrier 1to 99
| lg, l le, BV, Ig Co Lifetime® | 100 to 999
S B S B | i
hpa 2301 |
Min. 50ma | 1ma 30v $9.60 ea.
Max | 300 na 1 pf 100 ps 6.40 ea.
- | 1 I R —
hpa 2302 { W
Min. 35ma | 1ma { 30v | 8.70 ea.
Max. i 300 na 1 pf 100 ps 5.80 ea.
| | SN S Shat L B
hpa 2303 ‘ ' W
Min. 35ma | 1ma 20v 8.00 ea.
i Max. \ 500na | 12pf | 100ps | 5.35ea.
— 4 + S i — -
: Test Ve | Ve | |R= VR"_' V=
l_Condmoni J ' v 7 l- 93 vfl 10 ua 157v 0

“These diodes are too fast to measure in conventional circuits utilizing standard reverse recovery time
measurements. Therefore, the effective minority carrier lifetime is specified as T instead of Trr. Devices
are hermetically sealed in a miniature glass package 0.160” long, 0.070” in diameter, color coded.

12674

hp associates ez20 pace miLL ROAD,
PALO ALTO, CALIF. 94304, (415) 321-8510

An Affiliate of Hewlett-Packard Company
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Now - Upgrade

DTL Series 54 T2L
. . ) ;
Logic Function Competitive| Tl Series .D”'R?Ct IPun-for . Stand;rd U
Type 1500 pin Replacemen . n )
for DTL Types | Configuration
_ S S S S ] S - i
Dual 4-input NAND Gate 930 SN1501 SN54 930 SN5420
Dual 4-input Buffer 932 SN1502 SN54 932 SN5440
Triple 3-input NAND Gate 962 SN1505 SN54 962 SN5410
Quadruple 2-input
NAND Gate 946 SN1503 SN54 946 SN5400 )
(Above) Package for Series 54 930 T2L integrated
8-input NAND Gate None None SN54 965 SN5430 circuits is same 1/4” by 1/8" T0-84 flat pack
with 14 lateral leads as shown in photograph.
Dual EXCLUSIVE-OR Gate None None SN54 966 SN5451 (Left) Chart shows DTL integrated-circuit types
with their Series 54 930 T2L replacements.
14 13 12 1 10 9 8 14 13 12 11 10 9 8 M 13 12 11 10 9 8 M 3. 12 1 10 9 8 4 13 12 11 10 9
|:~ L!!J ! L!J [ ||||v-!!!4_||:11||
l Cand
ﬁ_' 1 ﬁ“ ‘Ld E ,E- ~ - I-m-
EEA T MR [ereee
1 2 ! I ! 6 G"D7 1 2 ! ! ! 6 GIID7 1 2 3 4 ! 6 GND7 1 2 3 ! .!I ! b 1 ! ! 4 ! s
SN54 930 SN54 932 SN54 946 SN54 962 SN54 965 SN54 966
Dual 4-input Dual 4-input Quadruple 2-input Triple 3-input 8-input Dual EXCLUSIVE-OR
NAND Gate Buffer NAND Gate NAND Gate NAND Gate Gate

These six initial T2L circuits in Series 54 930 are identical in every respect with standard Series 54 integrated circuits, except for pin configurations.

New T°L IC’s from TI Directly Replace 930-series DTL. .. Give You Higher Speed,

Upgrade 930-series DTI. performance
in your present systems without costly
and time-consuming redesign. How?
Simply replace the DTL circuits with
new Series 54 930 T>L integrated cir-
cuits from Texas Instruments. No
change in circuit boards or power sup-
plies is necessary. Series 54 TZ1. offers
48% higher speed, 25% higher fan-out
and 15% higher noise margin than
DTL — at competitive or lower prices!

New Series 54 930 T2L. circuits are

now available with pin configurations
that make them direct electrical and
mechanical replacements for their older
DTL equivalents. These additions to
Series 54 are logically compatible with
930-series DTL, and can be used to
replace all or part of DTL-designed
systems.

The new Series 54 930 units are the
SNS54 930 Dual 4-input NAND Gate,
the SN54 932 Dual 4-input Buffer, the
SN54 946 Quadruple 2-input NAND

Gate, the SN54 962 Triple 3-input
NAND Gate, the SN54 965 8-input
NAND Gate. and the SN54 966 Dual
EXCIL.USIVE-OR Gate. These circuits
with DTL-type pin configurations are
an expansion of TI’s regular Secries 54
line. They are identical in every respect
with standard Series 54 circuits. except
for pin configurations.

Scries 54 Transistor-Transistor Logic
(T?L) fully exploits the inherent
capabilities of integrated semiconductor

structures. The multiple-emitter tran-
sistor input provides a faster turn-off
time than other logic forms, thereby
minimizing propagation delay. Because
of unique circuit characteristics and
cxacting process control, propagation
delays are almost independent of tem-
perature and loading.

The output stage of the Series 54
circuit provides low line-termination
impedance in both logical 0" (12 ohms)
and logical 1" (100 ohms) states.

ELECTRONIC DESIGN




Your DIL System
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Toge Delay — 50 pf
(100 nsec/div.; 0.5 v/div.)

(Above) Actual photographs of oscilloscope traces show com-
parison of speed degradation between 930-series DTL and
Series 54 930 T2L as capacitance load is increased. Turn-off
times for 50-pf and 100-pf loading conditions are shown as
measured at the 1.5-volt point.

(Right) Comparison of typical gate characteristics shows that
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Togs Delay — 100 pf
(100 nsec/div.; 0.5 v/div.)

Propagation D-c Noise
Logic Delay Fan-Out Margin
(Typical) (Guaranteed)
Series 54 930 T2L 13 nsec 10 400 mV
930-series DTL 25 nsec 8 350 mv

T2L offers higher speed, higher fan-out and higher noise margin.

Higher Fan-out, Higher Noise Margin

This contributes to low propagation
delays and preserves undistorted wave-
forms even when driving large-capaci-
tance loads. The low line-termination
impedance also accounts for low sus-
ceptibility to capacitively coupled noise.

Typical noise margin for Series 54
integrated circuits is one volt. Guar-
anteed worst-case noise margin is 400
millivolts for both logical “1” and
logical 0" conditions.

TI's standard 4" by ¥8"” flat package

December 6, 1965

(TO-84) is used for all Series 54 cir-
cuits. This package — proved by more
than 35,000,000 hours of controlled
tests and four years of field use —
features all-welded construction with
hermetic glass-to-metal seals.

Why not try replacing DTL circuits
with Series 54 T2L in your present sys-
tem? See for yourself the improvement
in performance. For evaluation quanti-
ties from stock, contact your local Tl
Sales Engineer or Distributor.

o

7 TEXAS INSTRUMENTS

INCORPORATED

13500 N. CENTRAL EXPRESSWAY
P O BOX 5012 « DALLAS 22. TEXAS

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND ¢ NICE, FRANCE ¢ DALLAS, TEXAS
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Using feedback pairs in integrated circults
Part 1—The series-to-shunt pair

Analyzing feedback paths in integrated circuits can be a
complex process. Here is the first part of a two-part article
that will give you some techniques to simplify the job.

EEDBACK PAIRS in integrated circuits

offer built-in thermal and signal stabili-
ties that make them comparable to single-
ended differential-amplifier stages. In addi-
tion, they are easy to integrate on a single
chip.

The pair combinations possible include:

» Series-to-shunt feedback.

» Shunt-to-series feedback.

s Complementary-structure series-to-shunt
feedback.

® Shunt-to-shunt feedback.

® Series-to-series feedback.

Of these five, series-to-shunt feedback (Fig.

Vasil Uzunoglu

Applied Physics Laboratory*
Johns Hopkins University
Silver Springs, Md.

*The author is now with ARINC Research Corp.
Annapolis, Md.

1) is the most commonly used and will be
discussed in the first part of this article. The
second part will cover the other types and
their applications.

The closed-loop gain of this circuit in the
classical form is:

A(s)

G(s) = 1= A(s) B(s)’

(1)
where:
A (8) is the open-loop current or voltage gain
and B(s) is the feedback factor.

The product of 4(s) B(s) is the return
ratio, which can be determined with the
expression’

N
AREF’
where 1A is the loop or nodal determinant of
the circuit, depending upon whether voltage
or current gain is to be evaluated.

Ag=1- (2)

Normally, for shunt feedback at the input,
current gain is appropriate; for series feed-
back, voltage gain is used. AREF 1is the
determinant with A in its reference condi-
tion, which, when inserted in the A of the
network, makes the forward transmission
through the network zero. In many cases, the
use of Eq. 2 is cumbersome and involves a lot
of calculations. However, the circuit in Fig. 2
can be used to determine A (s) B(s) experi-
mentally.

Here, the feedback path is broken at point
A-A’, and a network with a driving-point
impedance, Zy, is connected at a point 4’. A
unit current applied at point 4’ will flow
through Z,. This current is equal to return
ratio.

Thus, we can determine the return ratio by
measuring the current appearing at the
input for a unit current applied at the same
point. Since the input and feedback currents

-

\

o Ves -oVes
Efﬂu Rz iERL, if R, 2
-
Re Re '/ Sour
WA Q, ‘ Q, WA— ] Q,
'\ N2 — In—e Zy '\
—_—
Rg t A A Rf
Sin AAA 24
@ - @ Iu i

> ‘i

$Rg r4"] SRe

* 1

1. Series-to-shunt feedback pair is the type most commonly used in in- 2. Feedback measurements can be made by breaking the feedback

tegrated-circuit form.

path at points A-A’. With unity current at the input, the current through
Z,, is equal to the return ratio (AB). Z,, is equal to Ry, /Z;.
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can not be measured simultaneously at the
same point, the circuit in Fig. 2 must be used.

In doing such a measurement, we assume
that the forward transmission through I, is
negligible and that the network does not have
any memory. Since return ratio is a complex
number, both amplitude and phase must be
determined.

At this point we should make the distinc-
tion between the three input-impedance
levels shown in Fig. 2. Z; is the open-loop
input impedance, Z,y is the closed-loop im-
pedance and Z is the input impedance as seen
by the feedback current. The last is given as:

Zy = Rg//Zs. (3)
Using the same experimental concept used in
determining AB, we can obtain Z, analyt-
ically. To make such a shunt feedback motre
effective, Ry should be much larger than Z,.
Then the feedback current can be written as:

- ieQRl-,‘

i, = RE F R, 4)
As R, <Ry, Eq. 4 can be written in terms of
B(s) as:

R,
S 5
B(s) R, (5)
and the open-loop current gain A(s) as:
Ty BIBZRLI -

A(s) = 2
I{Ll + ZINZ
then A(s) B(s) becomes:

BB.E,  Ep
RLI + ZINZ RF,

(6)

A(s) B(s) = (7
where 8, and B. are frequency dependent.

Another important characteristic of this
feedback pair is its low input impedance due
to shunt feedback. The effect of the feedback
on impedance can be seen from:?

Pt e OV -

[1 - A(s) B,]
where Z is the driving-point impedance in
question, with all active elements eliminated
(set equal to zero); A(s) B, is the return
ratio, where the terminals at the driving-
point end are shorted together, and A(s) B3~
is the return ratio when these terminals are
left open. Both 8, and 8, are frequency de-
dependent.

In a single feedback loop, where only one
type of feedback exists, either A8, or AB, is
zero. It is easy to see that for a shunt feed-
back, AB, becomes zero, whereas, for a series
feedback, AB. becomes zero. For Fig. 2, Eq. 8
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Monolithic Diode Matrix

Another microelectronics breakthrough from Radiation
Incorporated. New matrix, pictured actual size,
is equivalent to 225 general-purpose planar diodes.

)

M raD/aTION

INCORPORATED

For data sheets, price and delivery information, write: Radiation Incorporated, Physical Electronics Division, Dept. £D-12. Melbourne, Florida 32902. Phone: (305) 723-1511.
Sales offices: 650 North Sepulveda Blvd., Suite 622, El Segundo, Cal., (213) 322-5432 « 600 Olg Country Road, Suite 438, Garden City, N.Y., (516) 747-3730
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can be written as:

- Z

Ziy = 1+ A4G) 8. 1+ A(s),8]1, (9)

as A(s), and A(s). are minus for both cases.
[1 + A(s)B.] is the shunt-to-series feedback,
and [14+ A (s).8.] is the emitter feedback. Eq.
9 reveals that the driving-point impedance is
decreased by the existence of this feedback.
If it is assumed that Ry>>Z, and r. < <7+
Ry //Z,ys, then Z, B, Bo and A(s). can be
written as:

Z=1r4,+7 (10)
8, = Xe (11)
-
By = s (12)
o r+r,) r’c
and A(s), = — a—r*‘-. (13)

Note that g8(s) in Eq. 5 and 8, in Eq. 11 are
the same. This is because we assumed that
Ry>>Zy in Eq. 5. This is a necessary condi-
tion for this type of feedback to be effective.
Using A (s), from Eq. 6, the input impedance
is:

7"5 Te

Z o —
W 1 + BIBZRLI . &
Rl,l + ZI.\'Z [{F
[1 . X TaTe ] (14)
r; (r; + re)r’(

R, R and R, can be of the distributed RC
type. At high frequencies, it can be approxi-

mated by 2\/E/v/sC.
Assuming that Z,y.>> R, BiR1./Re>> 1
and that r.r./ (', +7.)77.>>1, we have:

_ R,r,

Zyy = ==
L

(14b)

Why use series/shunt.

Some important characteristics of this feed-
back pair which make it suitable for an
integrated circuit are:

® It is direct coupled.

s It has an inherent temperature-stabi-
lization property.

s It has improved bandwidth.

s It is signal stable.

Direct couping eliminates a capacitor,
which is hard to realize on a semiconductor
block, and it eliminates the need for separate
biasing resistors for the second stage. The
direct coupling is also very important in

Rg
Q 0,

Rf

- )

3. Improved temperature stability can be obtained
by using a zener diode either in the base of Q, or in
series with R,.

eliminating any low-frequency attenuation.

Its temperature stability can be explained
as follows. If the temperature goes up, I,
goes up and V,z goes down. Since the rate
of decrease of V. is less than that of Vg,
less current is supplied to the second tran-
sistor. This, in turn, means that less I, is fed
back to Q,. As the bias of Q. is supplied
through the feedback current, this means
that the input impedance of @, is increased so
that less signal current is fed to Q,.

This explanation assumes that all resistors
remain undisturbed with variations in tem-
perature. This is not true, of course. Normal-
ly the values of resistors go up with an in-
crease in temperature. The percentage of
variation is normally less than 0.2% /°C for
normal boron-diffused resistors with 300-350
ohms/square resistivity. For thin-film resis-
tors, this value is several orders of magni-
tude less and can also be negative. Increased
temperature stability can be obtained by
inserting a zener diode in series with the base
of Q. or in series with R, as shown in Fig. 3.
A zener diode with a positive temperature
coefficient will further reduce the current
flow to the second stage so that less current is
applied for biasing Q,, if the temperature
increases.

Under constant-temperature operation,
the zener diode in the emitter leg of Q.
maintains a constant voltage across R, with
fewer variations in the amount of feedback.

Improving bandwidth

Improved bandwidth for the circuit stems
from different factors: the elimination of
biasing resistors will improve the frequency
response of the amplifier. Since resistors in a
microelectronic block are of the distributed
RC type, some of them introduce poles in the
open-loop gain of the amplifier. In many
cases, if low power dissipation is of prime
importance, the use of high-value bias resis-

o /

4. Paralleling R, with a resistor-capacitor combi-
nation improves bandwidth if the phase shift is kept
low.

tors will be determining factors of the fre-
quency response, because of the introduction
of a pole.

The feedback through R; improves the
bandwidth. Further improvement in the
bandwidth can be achieved by shunting R,
with a capacitor. This introduces a pole in
the return ratio and reduces the feedback as
frequency goes up. This is true, of course, as
long as the phase shift remains low. Also, if
the circuit shown in Fig. 4 is inserted in place
of R, in Fig. 3, improved bandwidth can be
achieved.

This network introduces a pole-zero in the
return ratio. By choosing the proper values,
it is possible to eliminate an open-loop domi-
nant pole by the zero of the g(s) network. -
Up to this point, we have assumed that all
resistors are of the lumped form. In a practi-
cal sense, this is true for thin-film hybrid
circuits or oxide-isolated microelectronic
blocks. For conventional semiconductor blocks,
however, all resistors are of the distributed
RC type. A way to keep the RC time constant
of the resistors low is to use low-value re-
sistors, which necessitate high power dissipa-
tion. This is particularly true in the case of
load resistors. The distributed resistors R,
and R;, on the other hand, help in improving
the bandwidth. A distributed R;C; at the in-
put of @, has the effect of introducing a pole-
zero in the open-loop gain function, the zero
of which can be used to eliminate the pole of
the stage.

The second part of this article will discuss
the elimination of instability in the shunt-to-
shunt configuration and investigate the other
types of feedback pairs. = =
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Microwave Switch
Electrically Controlled

The combination of a micro-
wave switch and a microwave
circulator permits the switching
of two microwave input lines so
that there is only a short period
of time when both (or neither)
of the two is connected to the
output line.

When the switch is closed, sig- Coors flat pack conductors are metallized into

R X the ceramic base. Conductor thickness is only
nals from the first input line go 0.0005” under the frame—this minimizes
through the switch into the sec- stresses and resulting breakage during sealing.
ond port of the circulator and
out on the third port to the out-
put line.

An impedance, such as an an-
tenna, is connected to the first Conventional flat packs use conductors ten
it e before it foes 1o the
switch. Hence, if the switch is subsequent sealing because of differences in
closed, signals from the second CONVENTI rate of expansion of metal, glass, and ceramic.
line enter the first port of the _NE_'_\J«AL FLAT PACK
circulator, exit through the sec- - g S —— !
ond port and are absorbed by the *T“ e
termination.

If the switch is open, signals
from the first line are blocked;
from the second line they enter
the first port of the circulator,
leave it through the second port
and are reflected by the open
switch. The reflected signals
then will re-enter the second
port and finally exit through the
third one, to the output line.

The switch is a single-throw,
single-pole one, such as a diode
that can be switched on or off by

Coors Ceramic MLD* Flat Pack assemblies eliminate seal failures caused by
differential expansion occurring between metal, glass and ceramic during sealing
W i procedures and during operation. Coors flat pack leads are much thinner (0.0005”
A N leads vs. 0.005” leads in conventional flat packs), so the forces induced by differ-
‘Bmef No. 63-10258, by _C' Stel- ential expansion are minimized. This means far fewer rejects from hermeticity
zied & Clauss, Jet P 'ropulsw'r‘t Lal?~ failure—an expensive problem when both the flat pack and the assembled circuit
(JPL-410) No patent action 1s components are lost. Coors Ceramic MLD Flat Packs (available in standard or
contemplated. special designs) provide high mechanical strength, excellent electrical properties
and many times the thermal conductivity of electronic sealing glass. Write for
Data Sheet 322-65 for complete information.

*Micro Lead Desi
SWITCH(CAN BE A DIODE) sfcro jeed Lesion

MICROWAVE CIRCULATOR
WITH THREE PORTS
IMPEDANCE TO ABSORB
MICROWAVE SIGNALS /

INPUT LINES /
FOR MICROWAVES 2ND PORT

3RO PORT

I ST PORT
STANDARD COORS MLD

FLAT PACKS ARE AVAILABLE

Fast double-throw device is a combi- FOR IMMEDIATE SHIPMENT
nation of microwave switch and circu- C ERAM ICS
lator.
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Recognition of redundancies is the key, says author Lucas.

Shorteut to logic design

of sequential-counter gating

Determining the optimum gating requirements for
sequential counters is often a lengthy process.
Here’s a time-saving method that does the job.

HE TIME REQUIRED for designing the

gating associated with sequential count-
ers can be reduced by recognizing certain
redundancies in the normal design procedure.
A systematic method for accomplishing this
will result in a gating configuration that is
both logically correct and minimal in terms
of the memory elements used.

The steps generally followed in forcing
flip-lops to sequentially follow required pat-
terns arve:

1. Deriving a sequential-state table for all
flip-flops.

Paul Lucas
Project Kngineer

Hamilton Standard

Div. of United Aircraft Corp.
Broad Brook., Conn.

TRUTH TABLE FOR M-N FLIP-FLOP

TIME ¢t TIME (t+1)
M N z

o} (o} NO CHANGE
o] i !

| (o] (o}

| 1 TOGGLE

1. M-N type flip-flop delivers an output at time
t+1 that depends on the state of its M and
L N inputs at time t.

ELECTRONIC DESIGN




2. Reducing the table to a Boolean form.

3. Evolving the input equations for the
flip-flops in accordance with the type used
(R-S, T, J-K, etc).

4. Simplifying these equations while
taking into account possible redundancies
(unused states).

If the designer makes a one-step transfor-
mation of the state table to a Veitch diagram
and modifies the results in the same step by
the flip-flop truth table, items 2 and 3 may be
virtually eliminated, and item .1 simplified.
This method can be demonstrated by the
example that follows.

A three flip-flop counter will be required
to sequentially follow a binary sequence (1, 3,
4, 2,6, 0, 7) (1, 3, etc.). For the purpose of
generalization, the flip-flop will arbitrarily
be called an M-N type, having a truth table
as shown in Fig. 1. Thus a (0, 0) on the M
and N inputs at time t will cause output Z to
remain in the same state at time t+1. A (0,
1) on M and N, respectively, at time ¢t will
cause output Z to change to the “1” state at
time t+ 1. Similarly, (1, 0) forces Z to the “0”
state at t+1, while a (1, 1) will force the flip-
flop to change state at -+ 1.

If the three flip-flops of the counter are
designated 4, B, and C, the state table can be
developed. From this, it can bhe seen that the
distribution of the binary counts is as shown
in Fig. 2, where the position of each hox de-
notes the flip-flops that must be in the “1”
state at that particular count. For each flip-
flop a Veitch diagram is then evolved for the
M and N inputs.

Procedure for Count 1

Fig. 3 shows the Veitch diagrams for the
M and N sides of the least significant flip-
flop, C. The diagrams for C, and C. are laid
out simultaneously in a step-by-step proce-

[of C
(o] | 2 3
4 S5 6 7T
—
8
PRESENT
COUNTS STATE NEXT STATE
A|B |C A|B |C
| O |0 |1 o1 1
3 (o] | 1 | o|0
4 t|10]0 oI |O
2 o | 0 | 1|10
6 | | (o) o0 |0
(o] o|0 |0 | | |
7 | | | 0|0 |1

2. Distribution of binary counts is evolved into
a Veitch-type diagram from the state table.
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Average human hair magnified 500 times.

0.000069" rolled metal magnified 500 times.

0.000069"

IS A "THINNESS”, NOT A THICKNESS

Sixty-nine millionths of an inch is the thinness to which The Arnold Engineering Company
has precisely rolled metals and alloys as soft as copper. Alloys as hard as Type 302 stainless,
Elgiloy, S-816, Nichrome V and other hard materials have been rolled to 0.0002” and less.

Orders to these specifications obviously aren’t average. Then Arnold isn’t average, either. The
Arnold Engineering Company is fully equipped to roll ultra-thin gauges of ferrous and non-
ferrous metals to extremely close tolerances. With dual source, non-contacting beta-ray gauges
Arnold has held tolerances totalling 0.000017” on a week’s run of .0011 gauge.

Clean room techniques are observed in order that ultra-thin gauge foils for photo etching,
shims, strain gauges, honeycomb structures, capacitors, etc. can be rolled virtually free of pin
holes. All facilities housed in pressurized, air conditioned and filtered clean rooms to mini-
mize foreign particles which could cause pin holes in finished work. Centerless grinding
facilities to maintain complete control over roll grinding and lapping.

The Arnold Engineering Company has the capability of precision rolling over 55 different
metals within tolerances of millionths of an inch.

Now’s the time to put Arnold engineering know-how to work for you.

HARNOLD

SPECIALISTS in MAGNETIC MATERIALS

THME ARNOLD ENGINEERING COMPANY, Moain Oftice MARENGO, UL,
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES
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Another great idea from Daven...

Electromagnetic
Delay Lines

-~ with the fastest commercially
~available rise times!

| The specs speak for themselves: delay
times from 1 to 100 nanoseconds. ..
‘ rise times of less than 1 nanosecond
...frequency response of better than
1,000 mc.
These are the fastest rise times
L commercially available in an electro-

DAVEN/

MANCHESTER, NEW HAMPSHIRE

magnetic delay line today, and they
are available only in the newest Daven
Series M lines. These Daven delay
lines feature high reliability in both
miniature and subminiature sizes;

in your choice of encapsulated or
hermetically-sealed units.

For the entire series, delay times
range from 1 to 1,000 nanoseconds;
and characteristic impedances from
50 to 2,000 ohms. Special delay lines
are also available to meet your custom
application. We will be happy to quote
on your requirements!

{603) 625-9746 <« TWX 603 623-4938 e Cable: Daven Manchester N H
Speed Inquiry to Advertiser via Collect Night Letter

ON READER-SERVICE CARD CIRCLE 18

——‘

dure, with each count being modified by the
flip-flop truth table. For example, for count
1, the position of which is designated in Fig.
2, flip-flop C is now in a “1” state, and will
continue to be *1” in the next state. This can
be seen from the state table. Referring then
to the truth table, it can be seen that the flip-
flop will not change state if a “0” is applied
to both inputs. In addition, no matter what the
present state, the flip-flop will be forced to a
*1”" state at time £ 41 if a “0” and a *‘1” are
applied to the M and N inputs, respectively.
Either of these situations will satisfy the
requirements of flip-flop C for count 1. When
both are considered together, it is clear that

c & c c
x |o|x | | x| o x
A; x [ x [x]o A: o| x| ofx
— — — —
u AB B8 C v*AB B

3. Veitch diagram is prepared for each input
and shows the state of that input for every
count. The Boolean expression for an input is
derived from its completed Veitch diagram.

G c c C T ‘
X X o] | | | X X
A \' X X ] | A \' | X X X
3] By 8
c c c c
X X X X | o 1 |
A : | X | | A: X X X X
e S———
A B Ay:B4c B
4. Counter gating requirements are completely

defined once all Veitch diagrams have been
plotted and converted to Boolean form. J

2 oA B B8 t c
o | o | o |
M N ™ N M N
A B c
wy "y
CB CA B A B A
CLOCK

5. Final gating configuration for the counter
consists of two AND and two OR gates.
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the M input must have a **0” on it; however,
the .V input may have either a "0 or *‘1”
during the present state to satisfy the re-
quirements. Therefore, for count 1 in Fig. 3,
a ‘‘0” is placed on the M side, but since a *‘0”’
or “1” will satisfy N, an X is placed there
indicating a ‘‘don’t care” condition.

Procedure for Count 3

The next count to be considered has the
value 3. The state table shows that at count 3,
flip-flop C must move from a “1” to a “0”
condition. From the truth table, it may be ob-
served that the flip-flop will be forced to “0”
under any previous condition if a “1” and **0”
are placed on M and N, respectively. In
addition a “1” on both inputs will force the
flip-flop to change states.

Either one of these situations will satisfy
the requirements. Once again, a “1” is re-
quired on the M side, but either a *“1”” or “0”
will be correct on the N side. For count 3,
therefore, a “1” is placed on the M side and a
“don’t care” X on the N side.

This procedure is also followed for the
successive counts (4, 2, 6, 0, 7). Count 5 is
not used, and is therefore an X on both sides.
After the Veitch diagrams are completely
filled in, they are easily reduced to the sim-
plest forms to represent the equations that
will satisfy the counting conditions of the
flip-flop. The gating requirements of flip-
flops 4 and B are found in exactly the same
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