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If the
Electro-Voice
Model 664
picks up
sound here...
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The holes in the top, sides and
@. rear of the Electro-Voice Model
664 make it one of the finest dynamic
cardioid microphones you can buy.
These holes reduce sound pickup at the
sides, and practically cancel sound arriv-
ing from the rear. Only an Electro-Voice
Variable-D® microphone has them.

Behind the slots on each side is a
tiny acoustic ‘‘window” that leads
directly to the back of the 664 Acoustal-
loy® diaphragm. The route is short,
small, and designed to let only highs
get through. The path is so arranged
that when highs from the back of the
664 arrive, they are cut in loudness by
almost 20 db. Highs arriving from the
front aren’t affected. Why two “‘win-
dows”’? So that sound rejection is uni-
form and symmetrical regardless of
microphone placement.

The hole on top is for the mid-
range. It works the same, but with a
longer path and added filters to affect
only the mid-frequencies. And near
the rear is another hole for the lows,

with an even longer path and more
filtering that delays only the bass
sounds, again providing almost 20 db
of cancellation of sounds arriving from
the rear. This ‘“‘three-way” system of
ports insures that the cancellation of
sound from the back is just as uniform
as the pickup of sound from the front—
without any loss of sensitivity. The re-
sult is uniform cardioid effectiveness at
every frequency for outstanding noise
and feedback control.

Most other cardioid-type micro-
phones have a single cancellation port
for all frequencies. At best, this is a
compromise, and indeed, many of
these ‘“‘single-hole” cardioids are actu-
ally omnidirectional at one frequency
or another!

In addition to high sensitivity to
shock and wind noises, single-port car-
dioid microphones also suffer from
proximity effect. As you get ultra-close,
bass response rises. There’s nothing
you can do about this varying bass
response — except use a Variable-D
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What are
all these
other
holes

for?

microphone with multi-port design*
that eliminates this problem completely.

Because it works better, the E-V
664 Dynamic Cardioid is one of the
most popular directional microphones
on the market. It has both high and
low impedance outputs available at
the plug. Frequency range is peak-free
from 40 to 15,000 Hz (cps). Output is
—58 db. To learn more about Vari-
able-D microphones, write for our free
booklet, “The Directional Microphone
Story.” Then see and try the E-V 664
at your nearby Electro-Voice micro-
phone headquarters. Just $85.00 in
satin chrome or non-reflecting gray, or
$90.00 in gold finish (list prices less
normal trade discounts).

*Pat, No. 3,115,207

ELECTRO-VOICE, INC., Dept. 762N

629 Cecil Street, Buchanan, Michigan 49107
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Incomparable
Perfurmance Time-saving features of the new

at a Hewlett-Packard 427A Multi-Function Meter include:
No need to change input connections to measure ac
Unheatahle and dc volts—just change the function
switch. Only one zero set for dc and re-

Price sisFanc'e measurements . . . no need to re-zero when
switching from dc to ohms measurements. ..

seldom “zero” on the 1 v range and above. Instantaneous
turn-on. Field-operate the compact hp 427A to typically 300
hours from one internal dry-cell battery (regulator included).
AC-battery operation available at $35 additional, All Hewlett-

Packard voltmeter accessories, such as dividers, adapters and
leads, available for flexible performance.

Valts qc.
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@ HEWLETT - PACKARD S

...the hp 427A Multi-Function Meter!

You can tell this is a measurement-packed instrument just
by looking at the front panel. To see the 427A run through its
paces, call your Hewlett-Packard field engineer. For complete
performance details, write Hewlett-Packard, Palo Alto, Cali-
fornia 94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva.

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

HEWLETT @p_ PACKARD

An extra measure of quulity
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The Messenger is Ageless

(

N

Year after year, the reliability built into Johnson Messengers
keep them on the air long after other units have departed.

Whether it's a compact hand-held Personal Messenger: a
portable field pack unit with rechargeable batteries; a popular
priced tube-type or solid state transceiver; the new Messenger
350 single sideband unit; or one of the many Johnson acces-
sories, Johnson’s quality and reliability will insure your equip-
ment will enjoy a long and healthy life.

Look to Johnson for the most versatile, most reliable two-
way radio equipment and accessories available today! FCC
type accepted. Prices as low as $99.95.

Al
*

MESSENGER

A best seller for years. Five
crystal controlled channels. For
115 Volts AC and either 6 or 12
Volts DC.

Now only $99.95 NET

MESSENGER TWO

Ten channels and tunable re-
ceiver. Full 5-watt input. For
115 Volts AC and either 6 or 12
Volts DC.

Now only $149.95 NET

MESSENGER il

Use it base, mobile or portable!

All solid-state design through-

out. For 12 Volts DC. Accessory {
12“5 Volt AC power supply avail- i
able.

Now only $189.95 NET

WRITE TODAY for free literature.

E. E.JOHNSON COMPANY

® 1137 10th Ave. S.W. e Waseca, Minn. 56093
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ASSEMBLE YOUR OWN
ALL-TRANSISTOR

Sehober
ELECTRONIC ORGAN

3 NEW MODELS

Recital $1500
Consolette |1 850
Spinet 550

This is the new, all-
transistor Schober
Consolette II...the
most Inxurious

“home-size” organ available today.
Full 61-note manuals, 17 pedals, 22 stops and
coupler, 3 pitch registers, and authentic theatre
voicing leave little to be desired. Comparable
to ready-built organs selling from $1800 to $2500.

The pride and satisfaction of building one of
these most pipe-like of electronic organs can
now be yours...starting for as low as $550.
The Schober Spinet, only 38 inches wide, fits
into the smallest living room. The all-new, all-
transistor Schober Recital Model actually
sounds like the finest pipe organ; its 32 voices,
6 couplers, 5 pitch registers delight professional
musicians. .. making learning easy for beginners.

AND YOU SAVE 50% OR MORE BECAUSE YOU'RE BUYING
DIRECTLY FROM THE MANUFACTURER

AND PAYING ONLY FOR THE PARTS, NOT COSTLY LABOR.
It’s easy to assemble a Schober Organ. No spe-
cial skills or experience needed. No technical
or musical knowledge either. Everything you
need is furnished, including the know-how. You
supply only simple hand tools and the time.

You can buy the organ section by section . .. so
you needn’t spend the whole amount at once.

You can begin playing in an hour, even if you’ve
never played before—with the ingenious Pointer
System, available from Schober.

Thousands of men and women—teen-agers, too
—have already assembled Schober Organs.
We're proud to say that many who could afford
to buy any organ have chosen Schober because
they preferred it musically.

Send for our free Schober Booklet, describing
in detail the exciting Schober Organs and op-
tional accessories; it includes a free 7-inch
“sampler” record so you can hear before youbuy.

IN OUR 12TH YEAR

THE g%/wée/l @%yan CORPORATION

43 West 61st Street, New York, N. Y. 10023
Also available in Canada, Australia, Hong Kong,
Mexico, Puerto Rico, and the United Kingdom

—— —————————————

THE SCHOBER ORGAN CORP., DEPT. RN-44

43 West 61st Street, New York, N. Y. 10023
Please send me FREE Schober Booklet and
FREE 7-inch “*sampler’ record.

{7 Enclosed find $2.00 for 10-inch quality LP
record of Schober Organ music. ($2.00 re-
funded with purchase of first kit.)

Name.

Address

City State Zip. No
T =]
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ENCLOSURES FOR

HIGH-COMPLIANCE LOUDSPEAKERS

By using the practical graphs supplied
by Roger H. Russell of Sonotone, it is
possible to design and build a small,
completely sealed hi-fi speaker enclosure
to meet your special requirements.

ELECTROMECHANICAL CHOPPERS

Widely used in industrial electronic in-
strumentation, these contact modulators
conver! slowly varying signals or
changes in d.c. levels into a.c. square
waves that can be handled more easily
by amplifiers. Sidney L. Silver discusses
the various types of choppers and sug-
gests some of their important applica-
tions.

SELECTING THE PROPER

INDICATING LIGHT

This article by Warren Walker of Dia-
light Corp. is a virtual encyclopedia of
information on these important compon-
ents and tells how to specify correctly
lamps and lamp housings [or all types of
electronic equipment. This is an article

to which you will refer time and time
again—one that you will want to keep.

DIRECTORY OF

BATTERY-OPERATED TAPE RECORDERS

A comprehensive guide to the recorders
of approximately 20 companies, includ-
ing electrical and mechanical specifica-
tions in tabular form for easy compari-
son of features. Prices, photographs, and
available accessories are also included.

RADIATION MEASUREMENTS IN SPACE

Our ability to detect and measure the
various types of radiation encountered
in space is vital to interplanetary travel
plans. How these measurements are
made is covered by Joseph H. Wujek, Jr.
in this timely and important article.

0SCILLOSCOPE PROBES

While probes are only an accessory to
the scope, they have a strong influence
on the accuracy of any measurement.
Choosing a probe and understanding its
characteristics are covered in this article
by Walter H. Buchsbaum.

All these and many more interesting and informative articles will be yours
in the August issue of ELECTRONICS WORLD ... on sale July 191th.
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Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. It provides
complete wall to wall—floor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro-
tected area, the microwave sig-
nal remains stable. Any human
movement (operation is unaf-

fected by rodents and small ani--

mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mile
away.

/n addition, the RADAR SEN-
TRY ALARM'’s protection can be
extended to other areas with the
use of the following optional ac-
cessories:

- remote detectors for extending
coverage to over 10,000 sq. ft.

« rate of rise fire detector U.L.
approved for 2,500 sq. ft. of
coverage each (no limit on the
number of remote detectors
that can be used)

« hold-up alarm

= central station or police station
transmitter and receiver (used
with a leased telephone line)

» relay unit for activating house
lights

- battery operated horn or bell
which sounds in the event of:
powerline failure; equipment
malfunction or tampering

July, 1966

At that rate, it's a multi-million
dollar a year business...for bur-
glars.

And an even better business op-
portunity for you.

Why? Because burglary can be
stopped...with an effective alarm
system.

In fact, police and insurance
officials have proved that an alarm
systemreduces, and in many cases,
eliminates losses—even helps po-
lice apprehend the criminal.

Here's where you come in.

Only a small percentage of the
more than 100 million buildings—
stores, offices, factories, 'schools,
churches and homes are protected
by an effective alarm system.

That means virtually every
home, every business is a prospect.

You can sell them!

And vou don't have to be a
super-salesman to sell the best
protection available—a Radar Sen-
try Alarm unit. All you have to do
is demonstrate it...it sells itself.

A glance at the technical infor-
mation shows why.

RADAR SENTRY ALARM

City _

CIRCLE NO. 103 ON READER SERVICE CARD

Name

It's the most unique and effec-
tive alarm system ever invented.

And here's the proof.

In the past six years, thousands
of RADAR SENTRY ALARM units
have been sold in the Detroit, Mich-
igan area alone—sold by men like
yourself on a part-time and full-
time basis.

Here are just a few customers
who are protected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Board of Education
Hundreds of Churches,
Banks, Businesses and
Homes.

Everyone is a prospect.

So take advantage of your pro-
fession! Put your technical knowl-
edge and experience to work for
you in a totally new area—an area
that will make money for you!

Don't wait!

Let us prove that crime does
pay.

Become a distributor.

Write now for free details.

R E R N N N R RN NN R NN N RN AR RN NN ]
Mail to:
22003 Harper Ave., St. Clair Shores, Michigan 48080

RADAR DEVICES MANUFACTURING CORP.

E( ~ Please tell me how | can have a business

of my own distributing Radar Sentry
Alarm Systems. | understand there is no
obligation.

Address

EW-7

State & Code
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“Fasy Threader”
ab!

It is a fact that each reel of
Sony Professional Recording
Tape contains two “easy
threader” tabs which make
any tape reel instantly and
effortlessly self-threading. [
But Sony (maker of the
best-selling tape recorders
in the world) also makes
the world’s finest recording
tape. And we'd rather have
you buy it for that reason!

Sony tape captures the
strength and delicacy of
any sound. Sony tape repro-
duces those sounds for per-
fect playback, over and over
again. [] Sony Professional
Recording Tape brings out
the best in a tape recorder.

And that's why we'd like you
to buy it.

m SUPERSCOPE |

AMERICA'S FIRST CHOICE IN TAPE RECORDERS
CIRCLE NO. 95 ON READER SERVICE CARD

NUMERICAL CONTROL SYSTEMS
To the Editors:

A recent issue (February) carried a
letter from Mr. Robert McGlynn regard-
| ing the need for good training on numer-

ical control systems. The Cincinnati Mill-
l ing Machine Co. has an excellent factory
| course for training maintenance and op-
erating personnel.

Prior to taking the factory course, the
trainee is required to take a pre-test of
his ability from International Corre-
spondence Schools in Scranton, Pa. Any
parts of the pre-test that show lack of
fundamental training must then be
studied before the trainee is certified to
enter the factory course. If he has no
knowledge of this subject, he must study
a total of seven such lessons. All of these
seven lessons relate specifically to the
training a person needs on this subject.

The Cincinnati Milling Machine Co.
benefits from this pre-test because the
factory course can then be devoted to-
tally to the specialized instruction
needed rather than bring everybody up
to date on fundamentals. We are sure
that Mr. McGlynn can get further infor-
| mation on this useful seven-lesson course
on numerical control systems from ICS.
RoOBERT MITRIN
Norwood, Ohio
£

3 -l

SUPERSENSITIVE COMMUNICATIONS
To the Editors:

Regarding the article “Supersensitive
Communications Systems” in the Febru-
ary issue, I believe the author has erred
in stating the performance of these am-
plifiers. The phase-lock technique allows
much narrower bandwidths to be used
and correspondingly higher signal-to-
noise ratios, but the S/N ratio is still in-
versely proportional to the information
bandwidth used.

It is true that at bandwidths on the
order of 10 Hz there will be a great de-
crease in required received power. The
information could be code, digital info,
or greatly slowed voice modulation to
be later played speeded up. The state-
ment, “...the systems can carry voice
modulation at signal levels that are im-
possible to detect with conventional ap-
proaches” is wrong in that it implies real-
time voice modulation.

Fig. 1 shows the low-pass filter to be

LETTERS
FROM OUR
READERS

after the information detectors. As stated
above, the S/N ratio will still be in-
versely proportional to the information

bandwidth.

ARTHUR L. Marc
Chevenne, Wyo.

Author Kyle's reply follows:

Mr. Marc’s objection is typical of
many which I have received in discuss-
ing phase-lock reception with profes-
sional communications engineers. I'll
grant that the performance is “seem-
ingly impossible,” but the fact remains
that systems of this type operating es-
sentially as described are currently pro-
ducing the performance described.

The particular statement (on page 43,
just above “Typical Circuits”) with
which Mr. Marc takes issue as “im-
plying real-time voice modulation was
not intended as an implication; rather it
was intended as a statement. These
systems do carry voice in real time.

The contradiction between narrow
bandwidth and voice modulation dis-
appears when the first half of the state-
ment is restored: “Information band-
width rises rapidly with increase in sig-
nal strength.” Note that no claim of
voice modulation within a 10-Hz band-
width is implied. The whole key to these
systems’ performance with wide-band
modulation is that they automatically
expand their information bandwidths to
suit the strength of the received signal.
Thus, a system which is capable of
locking onto a signal at —200 dBm, for
example, may not (probably will not)
be able to recover wide-band modula-
tion from this signal. Should signal
strength rise to —160 dBm, however,
wide-band signals could probably be
carried easily. In contrast, a conven-
tional receiving system would be hard
put to find the signal at —160 dBm.

The arrangement shown in Fig. 1 is
essential to the automatic widening of
the information bandwidth. The infor-
mation which passes through the low-
pass filter is indeed restricted to very
slow changes. That which does not see
the filter, however, has no such restric-
tion on its rate of change. Whenever
this information is at least as strong as

(Continued on page 12)
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Why solve electronics problems the
old-fashioned pencil and paper way?

This free booklet shows a faster way.
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With new Electronics Slide Rule and Instruction Course

Acclaimed by Editors, Educators
and Working Electronics Technicians

“It opens a whole new era of quick
calculations. Even if you never had
a slide rule in your hands before, the
four-lesson instruction course that is
included takes you by the hand and
leads you from simple calculations right
through resonance and reactance prob-
lems.with hardly a hitch. If you already
use a slide rule, yoi'll find the lessons a
first rate refresher course. And they ex-
plain in detail the shortcuts built into
this new rule.” WAYNE LEMONS,

Radio-Electronics

“Why didn’t someone think of this
before?...the slide rule saved me time
the very first day. The ‘refresher’ course
is a marvel of clarity. I couldn’t help
being amazed at how many standard
formula functions I was performing the
hard way.” OLIVER P. FERRELL,

Editor, Popular Electronics

“I was very intrigued by the ‘quickie’
electronics problem solutions. It is an
ingenious technique. The special scales
should be of decided value to any tech-
nician or engineer. Your slide rule is a

natural.” JOSEPH J. DeFRANCE,
Head of Electrical Technology Dept.,
New York City Community College

“I am very impressed. I have shown
your slide rule to a number of my asso-
ciates, and in each case, their reaction
has been most favorable. There is no
question about this rule being a natural
for men in electronics”” M. O. PYLE,

T JUST DOESN'T MAKE SENSE! A compli~
cated calculation can be solved by a com-
puter in milliseconds. But a relatively simple
problem in reactance is usually worked out
the old-fashioned pencil-and-paper way ..
and takes one or two minutes.

Now there is a better way. You can solve
many electronics problems in 20 seconds or
less without doing any figuring at all. Our
exclusive new, specially-designed electronics
slide rule does the figuring for you.

If you would like to learn more about this
remarkable slide rule, we will send you with-
out cost or obligation the 12-page illustrated
booklet shown above. You will see close-ups
of the new inverse “H” scale that solves reso-
nant frequency problems. .. the special 2
scale you’ll use for inductive or capacitive
reactance problems...and the amazing Deci-
mal Locator Scales that show exactly where
to place the decimal point in your answers.

You’ll also learn about the special 4-lesson
home study course which accompanies the
slide rule. This course teaches you to use the
special scales so you can “whiz” through the
toughest problems.

Worth $50 — Costs Less Than $20

People in electronics tell us that our Slide
Rule and Course is worth at least $50. Yet
we offer it for less than $20. Why? Our rea-
son is simple: we are looking for people in
electronics who are ambitious to improve

Cleveland Institute of Electronics

Mgr. of TV and Radio Training,

RCA Service Company
July, 1966

1776 East 17th Street « Dept. EW-124 «Cleveland, Ohio 44114

CIRCLE NO. 87 ON READER SERVICE CARD

their skills...and who know that this will re-
quire more training. If we can atfract you
with the low price of our slide rule and
course —and impress you with its quality —
you are more likely to consider Cleveland
Institute of Electronics when you decide you
could use more electronics training.

Meanwhile, we can help you right now, es-
pecially if your work involves reactance, res-
onance or inductance problems. Send today
for the booklet about our Electronics Slide
Rule and Course. It costs you nothing. And
it can open your eyes to what Radio-Elec-
tronics called “a whole new era in quick
calculations.”

JUST MAIL COUPON for this free booklet.
Or just send your name and address on a
postcard to the address below.

" Cleveland Institute

@
c I of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Please send me without charge or obligation
the booklet describing the CIE Electronics
Slide Rule and Instruction Course. ALSO
FREE if I act at once: your handy pocket-size
Electronics Data Guide.
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Name

(please print)

Address

City.

State Zip

Accredited Member National Home Study Council
A Leader in Electronics Training ... Since 1934
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Discover the ease
and excitement of NRI’s

S

DIMIENSION/AL

MIETTROD

of ELECTRONICS
TV-RADIO TRAINING

10 HOME-STUDY PLANS TO CHOOSE FROM

Ask men whose judgment you respect about
NRI's three dimensional method of home-
study training. Ask about the new, remarkable
NRI Achievement Kit. Ask about NRI custom-
designed training equipment, programmed
for the training of your choice to make Elec-
tronics come alive in an exciting, absorbing,
practical way. Ask about NRI “‘bite-size’ texts,
as direct and easy to read as 50 years of
teaching experience can make them. Achieve-
ment Kit . . . training equipment . . . bite-size
texts . . . the three dimensions of home-study
training; the essentials you must have to make

OUR 50TH YEAR OF LEADERSHIP

learning easier, more interesting, more mean-
ingful. You get them all from NRI.

Whatever your interest . . . whatever your
need ... whatever your education . . . pick the
field of your choice from NRI's 10 instruction
plans and mail the postage free card today
for your free NRI catalog. Discover just how
easy and exciting the NRI 3-DIMENSIONAL
METHOD of training at home can be. Do it
today. NATIONAL RADIO INSTITUTE, Elec-
tronics Division, Washington, D.C. 20016.

BEGIN NOW AN ABSORBING
ADVENTURE—LEARN ELECTRONICS
THE EASY NRI WAY—MAIL CARD TODAY

IN ELECTRONICS TRAINING

ELECTRONICS WORLD



Start Fast with NRI’s New
Remarkable Achievement Kit

The day you enroll with NRI this new starter kit
is on its way to you. Everything you need to make
a significant start in the Electronics field of your
choice is delivered to your door. It's an out-
standing way of introducing you to NRI training
methods . . . an unparalleled ‘‘first dimension”
that opens the way to new discoveries, new knowl-
edge, new opportunity. The Achievement Kit is
worth many times the small payment required
to start your training. No other school has any-
thing like it. Find out more about the NRI
Achievement Kit. Mail the postage-free card today,

NRI “‘Bite-Size'’ Lesson Texts
Program Your Training

Certainly, lesson texts are a necessary part of
any training program . . . but only a part. NRI's
“bite-size’’ texts are simple, direct, well illus-
trated, and carefully programmed to relate things
you read about to training equipment you build.
Here is the ‘“‘second dimension'’ in NRI's training
method. Here are the fundamental laws of elec-
tronics, the theory, the training of your choice,
presented in a manner you'll appreciate. And in
addition to lesson texts, NRI courses include
valuable Reference Texts related to the subjects
you study, the field of most interest to you,

Custom-Designed Training Kits
Make Learning Come Alive

Electronics becomes a clear and understandable
force under your control as you get your hands
on actual parts and build, experiment, explore,
discover. Here is the ‘‘third dimension’. . . the
practical demonstration of things you read about
in NRI texts. NRI pioneered and perfected the
use of training kits to aid in learning at home in
spare time. Nothing is as effective as learning
by doing. NRI invites comparison with equipment
offered by any other school, at any price. Prove
to yourself what three-quarters-of-a-million NRI
students could tell you . . . that you get more for
your money from NRI than from any other home-
study Radio-TV, Electronics school. Mail postage
free card for your NRI catalog. (No salesman
will call.)
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Extend the
of ANY C.B.

Transceiver

Delivers
omni-directional power
equivalent to what you’d get
with a 12.55 watt rig!

For maximum range and greatest reliability in CB communications, Hy-Gain’s
CLR2 is the one all-directional non-rotating antenna that is built to do the job. It is
loaded with electrical and mechanical features that clearly put it in a class all of its
own. Take for example the electrically extended % wavelength vertical radiator.
Here we're talking basics but they’re vitally important basics. In test after test
conducted by every authoritative source in the electronics field, a % wavelength
radiator has conclusively proven to deliver a stronger signal over a greater area
than either a ¥4 wavelength or %2 wavelength radiator. The chart graphically shows
how power wasted in the atmosphere by ¥4 wavelength and % wavelength radiators

is concentrated into a lower, more ex-

tended arc close to the horizon by a %

wavelength radiator thus providing a /£, [z (4.

stronger signal over a greater area.
What else does the CLR2 have that makes it deliver maximum “Talk Power”? It has
the original static-removing “top hat” that drastically cuts receiver noise...a
moistureproof matcher that insures total electrical reliability...a unique electrical
system that puts the entire antenna at DC ground for maximum static removal and
lightning protection...rugged, heavy duty, all-weather construction rated to with-
stand winds up to 100 mph. For maximum all-directional “Talk Power” from any
CB transceiver...for greatest customer satisfaction...recommend or install Hy-

Gain’s CLR2. Sensibly priced at $29.95 CB Net
Available from your Hy-Gain Distributor or write

HY-GAIN ELECTRONICS CORPORATION

8475 N.E. Highway 6—Lincoln, Nebraska 68501
__ CIRCLENO. 113 ON READER SERVICE CARD

:‘Talk Power”

NEW!

BOOSTER-COUPLER

from

FINCO

Available now . . . a new 2-tube, 4-set
VHF.TV or FM Distribution Amplifier
that's ideal for deluxe home or smalil com-
mercial distribution systems. (Equipped
with Finco low loss splitters #3001 or
#3003, this BOOSTER-COUPLER can feed
16 or more sets!)

FEATURES: On-off switch, 117 volts, 60
cycles, 100% electronics tested, safe and
rugged commercial construction, mount
bracket and screws provided, AC recep-
tacle and UL listed cord, no strip termi-
nals. Minimum “snow’’. SIZE: 6% X 3%s
x 3%e. MODEL: #65-1. LIST: $29.95

Write for color brochure No. 20-338
The FINNEY Company - Dept. 410 - 34 West Interstate Street/Bedford, Ohio
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(Continued from page 6)

the noise surrounding it, it can be de-
tected.

Jint KyLe

Oklahoma City, Okla.

o % %
OAOQ
To the Editors:

In the article “The Orbiting Astro-
nomical Observatory” (March issue),
Fig. 1 gives the impression that the OAO
actually takes photographs of the stars
under observation. Is this true, or is the
OAO a complex spectrum analvzer?

Davip FrREEMAN
Los Angeles, Calif.

Reader Freeman is correct. The OAO
is a scientific analysis satellite and does
not actually take photographs. However,
when the data from a given area under
OAO observation is compared with a
conventional earth-based optical photo-
araph of the same area, the effective re-
sults, it is hoped, will be as depicted.

Incidentally, the first OAO failed on
April 10, just two days after its launch
from Cape Kennedy. Three additional
OAQO’s will be launched.—Editors

* 4 L4

\
CHROMA DEMODULATION

}To the Editors:

An otherwise excellent article,
“Chroma Demodulation in Color Sets:
RCA” by Walter H. Buchsbaum in
ELEcTRONICS WORLD (May, 1966 is-
sue), contains an obvious error and an-
other less apparent.

1. In Fig. 4, curve (A) represents the
grid coil response, while curve (C) rep-
resents the over-all chroma bandpass,
not vice versa. As far as I can determine,
coil L2 (Fig. 3) is resonated at about
4 MHz. The peaked response curve
shown at Fig. 4 (A) is the result of a
combination of this 4-MHz peaking with
the high-frequency roll-off of the i.f.
response of the receiver.

2. The output of the chroma band-
pass amplifier consists principally of
3.58-MHz sideband signals. The 3.58-
MHz subcarrier is actually suppressed
at the transmitter and only the major
sidebands are transmitted. I believe,
therefore, that it would be more correct
to refer to the output of the bandpass
amplifier as the “3.58-MHz signal” or
the “3.58-MHz chrominance signal.”
The 3.58-MHz subcarrier is, in a sense,
reinserted by the chroma demodulator.
This is actually the signal labeled in
Fig. 5 as the “color sync.”

In spite of small errors, this and other
articles in ELEcTRONICS WORLD are, as
usual, top-notch. Keep ’em coming!

Raymonp P. GHELARDI
Brooklyn, N. Y.

Actually, the figure itself is okay, but
the captions for parts (A) and (C) have
been transposed.—Editors A

ELECTRONICS WORLD



Zowie! Herc’s big news for “Mister Right”—the independ-
ent service dealer who carries Sylvania tubes.

Every time you order Sylvania picture or receiving tubes
from a participating distributor, you receive Sylvania
Means Business (SMB)-Mister Right dealer certificates.
They’re redecmable for an exciting selection of gifts. For
yourself, your family, your home.

You get certificates for your purchases of receiving
tubes and every SILVER SCREEN 85®, color bright 85™ or
CoLOR SCREEN 85 picture tube,

July 1966

So you’re a winner in two ways: big profits and top-
quality prizes. Sylvania Means Business.

See your participating Sylvania Distributor for all the
details. Sylvania Electronic Tube Division, Electronic
Components Group, Seneca Falls, New York 13148.

SYLVANIA

SUBSIDIARY OF T I :

GENERALTELEPHONE & ELECTRONICS
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LAB TESTEDJ ‘

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Heath AR-14 Integrated Stereo Receiver
“Knight’” KN-2380 Speaker System

Heath AR-14 integrated Stereo Receiver

For copy of manufacturer’s brochure
J 2

circle No. 20 on Reader Service Card.

NTEGRATED stereo receivers, con-
taining an FM multiplex tuner, pre-
amplifiers, and power amplifiers on a
single chassis, have proved to be one of
the most popular components in the
high-fidelity field. The reasons are ob-
vious—no problems of compatibility be-
tween scparate components, compact
size, a minimum of interconnections, and
the economy resulting from the elimina-
tion of duplicated metal work and power
supplies.

Receiver prices have been dropping
steadily for several years, Even in kit
form, however, they were not to be had
for less than $1350 to $200—and theyv are
among the most complex kits to assem-
ble. This price barrier has been broken
by the new Heath AR-14 solid-state re-
ceiver. Selling for only $99.95, this easy-

to-build kit  offers good enough
performance and flexibility to satisfy all
but the most critical user.

The FM tuner of the AR-14 has a pre-
assembled and aligned front end, with
a grounded-base rf. amplifier, mixer,
and oscillator, The a.f.c. is applied to the
oscillator by a silicon diode capacitor.
The FM if. amplifier and multiplex cir-
cuits are on a single large printed board.
The four if. stages limit successively on
strong signals, and are followed by a
ratio detector.

A 67-kHz SCA filter precedes the
switching-type multiplex circuits. The
19-kHz pilot carrier, separated from the
composite detected signal, locks a 38-
kHz oscillator in the AR-14. The phase
of the 19-kHz signal can be adjusted to
optimize stereo separation by means of

a front-panel control. Instead of the
usual diode-balanced modulator, the
AR-14 uses a two-transistor switch-
ing detector. The bases of the transistors
are driven in opposite phase by the 38-
kHz oscillator signal, while the compo-
site detected signal (minus the 19-kHz
pilot carrier) feeds the emitters in phase.
The collector circuits contain the left-
and right-channel programs, with de-
emphasis supplied by printed, encapsu-
lated filters.

The 19-kHz pilot carrier, when pres-
ent, is amplified and used to light the
stereo indicator lamp on the panel. FM
mono/stereo switching is automatic,
since the 38-kHz oscillator does not
function without the pilot signal, and
the switching detector acts as a pair of
amplifiers for the mono signal in the
absence of the switching signal.

All the audio circuits, except the out-
put transistors, are on another large
printed board. The preamplifiers are
equalized for the RIAA phono charac-
teristic. The six-position input selector
switch provides for FM, phono, and ex-
ternal high-level “Aux” inputs. The same
switch acts as a mode selector, since
each input has both mono and stereo
positions.

The tone controls are ganged for both
channels. The concentric volume con-
trols have slip clutches for balancing
channel levels. The audio amplifier nses
no transformers, large electrolytic block-

100 HEATH AR-14 1o WEATH AR-14
1 BOTH CHANNELS ORIVEN BOTH CHANNELS DRIVEN
801 LOADS, 120 V.A.C. LINE 8N LOADS, 120V.A.C.LINE
50 (ONE CHANNEL ME ASURED) s0| (ONE CHANNEL MEASURED)

REF.-POWER OQUTPUT { I0W)
w=== HALF-POWER QUTPUT {-3dB)
—-=— LOW-POWER OUTPUT (-10dB)

TkHz TOTAL HARM. DIST. |
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i
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The new Sony Vldeocorder® is a com-
plete Home TV Swdis" a video tape
recordcr, built-in monitor, and optional
camera outfit. Takes TV pictures and
sound right off the air, and puts them on
tape. And with the TV camera attached,
and microphone plugged in, you can do
the same with live action. When you're
done-—presto, switcho, rewind, playback!
And there, on the TV monitor screen, is
the same picture with the same sound,
as easy as operating an ordinary tape
recorder.

First Unit ever designed for the home.
There’s nothing really new about taping
sight and sound. TV stations have been
doing it for years. But the equipment
costs tens of thousands of dollars. That's
a long way from home.

But, when you can bring the complete
system—recorder and monitor—down to
under $1000, plus an optional $350 for
the camera outfit, you're home. And
that’s exactly what Sony did. They
achieved the most exciting home enter-
tainment concept since television.

New recording/playback technique.
Known as a pioneer in transistor devel-
opments, Sony is also one of the fore-
most producers of tape heuds and tape
transport mechanisms and the tape itself.
Sony also manufactures TV picture tubes
and vidicon tubes. Sony drew from this
veritable storehouse of specialized ex-
perience to create this all-new, all-Sony
TV tape system for the home. It was out
of this same resourceful know-how that
the ingenious idea of alternate-field re-
cording and repeat-field playback was
conceived. Combining it with helical

July 1966

THE VIDEOCORDER IS NOT TO 8E USED TO RECOR® COPYRIGHTED WORKS. _(O SCNY AND ViGEQCORDER ARE

REGISTERED TRADEMARKS OF THE SONY CORPORA™

TON. VISIT OUR SHOWRO® 4 ¥85 FIFTH AVE., NEW YDRK.

-
—
"

e
Imagine.

Instant Movies in Sound
(produce your own

or tape them off the air)

tracking, it made possible the develop-
ment of a unit that would use standard
Ya-inch video tape at conventional 7Y2

ips speed, yet capable of storing more 3
than 60 minutes of program mate-
rial on a 7-inch reel. The dream of

a home TV tape recorder became &
a reality.

Unlimited applications. The Video-
corder adds a thrilling new dimension
to home entertainment. Want to relive
some telecast event? Waich a space
launch again? A ball game? Some se-
lected program? Tape it with your
Sony Home Videocorder. You can
even use a timer attachment to record
a program while you're out. For, once
it's on tape, you can watch it at any
time. And you can erase the recorded
material, and reuse the tape over and
over again. What's more, any tape re-
corded on one Sony Videocorder can be
played back on any other Sony Video-
corder.

Moreover, you're not limited to watch-
ing playback on the built-in Sony 9-inch
screen monitor. You can connect the
Videocorder to any monitor, regardless
of size. A competent TV technician can
even adapt your Videocorder to work
with your TV set.

And with the optional camera outfit,
you can record picture and sound of live
events—family functions, social shindigs,
community activities—you name it. You
can also apply it to your business or
profession or your hobby interests.

Now available. Prices start under $1000.
The basic Sony Home Videocorder
(TCV-2010) is priced at $995 complete

CIRCLE NO. 96 ON READER SERVICE CARD

screen moni-
tor/receiver. A
deluxe version
{TCV-2020) in oiled
walnut cabinet, and
equipped with built-in timer
for taping programs in your ab-
sence, is priced at $1150. Optional
camera outfit, including tripod, micro-
phone and cable, is $350. A full hour's
tape costs $39.95.

Visit your Sony dealer today for an un-
forgettable demonsiration. For free booklet
describing the many uses for your Video-
corder write: Sony Corp. of America, 580
Fifth Ave.,, N. Y., N. Y. 10036.

SONY® VIDEOCORDER
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‘... one of the finest stereo FM tuners
we have tested and...easily the best
kit-built tuner we have checked.”

Hi Fi/Stereo Review April 1966

“The Scott LT-112 met or exceeded all its specifications that we were able to check.
Its sensitivity was 2.1 microvolts (rated 2.2). Harmonic distortion at 100 per-cent
modulation was about 0.5 percent (rated 0.8 per-cent). Capture ratio was 2.4 db
(rated 4 db). Hum was —66 db, which is the lowest we have ever measured on a
tuner . . . it is a logical choice for anyone who wants the finest in FM reception at
a most reasonable price.”

Build the stereo tuner that has won rave reviews from audio experts . . . the Scott
LT-112. Here are the same features, performance, quality, and reliability you’d
expect from Scott’s finest factory-wired solid-state tuners . . . the only difference
is, you build it. I1.T-112 price, $179.95.

For complete information on the Scott LT-112 solid-state FM Stereo tuner kit, write: H. H. Scott,
Inc., Dept. 160-07, 111 Powdermill Road, Maynard, Mass. Export: Scott International, Maynard,
Mass. Prices and specifications subject to change without notice. Prices slightly higher west
of Rockies.

CIRCLE NO. 100 ON READER SERVICE CARD

WALKIE-TALKIE 7=

| KNIGHT KIT — First Choice of those

g who demand the Best!
5 each Postpaid

mmmmmme Buy a pair for two-way fun. s

e Tens of thousands sold at $8.88 each!
« No license needed; operates hours on
one battery.

o Complete with Ch. 7 transmit crystal.

e Fun to build yourself.
Even Allied has never before offered such
value in a walkie-talkie kit! Sends and re-
ceives messages up to Y4 mile with 3-
transistor circuit. Takes just a few hours to
assemble. Sensitive super-regenerative re-
ceiver, push-to-talk transmitter. Telescoping
antenna. Blue case 5% x 2% x 13%”. Add
27¢ for each battery.

o Use coupon below to order your kit now.
o Check box to receive latest Allied catalog,

(1Y) Model SS824 From
5"1" 1/4 Track Stereo $1440

Unsurpassed Performance

ips db cps s/n

| enclose 27¢ for each battery. Satisfaction guar-

{Alhed Radio, Dept. 16 1 15 +2 50—30,000 57

100 N. Western Avenue

| Chicago, Il 60680 I 7-1/2 42 30—30,000 55
[J Yes, send new free catalog! | 3_3/4 +2 30— 18,000 51

| Please send me........ Knight walkie-talkie kits | — U

| (83 PZ 804 RPW). | enclose $5.88 for each unit. |

| Alsosend............ batteries (83 PZ 005 RPW).

|

a) ﬂ% L nowure International

Box 1000, Dept. EW-7

anteed or money back.

I
| A I A% Eikbart, Indiana 46517
| nopress_(Pleseprnby P . I
Lomosme _} Ut a £Zaowre in Your Future!
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ing capacitors isolate the speakers, which
may be from 4 to 16 ohms impedance,
from the output stages. The output tran-
sistors, which are mounted on the rear
of the chassis, will not be damaged by
brief short circuits of up to 30 seconds
duration. However, their exposed posi-
tion makes them vulnerable to accidental
grounding when connecting the antenna
wires, or if the chassis is pushed against
a conducting surface. We understand
that current AR-14 models are now sup-
plied with insulating covers for the
power transistors.

The new low price of the receiver was
made possible by eliminating unneces-
sary or little-used features, such as tape-
monitoring provisions, tuning indicator,
or multiple-input sources, The absence
of a tuning indicator is only briefly dis-
turbing. The a.f.c. is strong and tuning
for low distortion is non-critical. How-
ever, it cannot be switched off and
sometimes it is not possible to receive a
weak signal adjacent to a strong one be-
cause the stronger signal “captures” the
a.fc.

The power is switched on by pulling
out the treble tone-control knob. Speak-
ers are switched off, for headphone
listening via the front-panel jack, by pull-
ing out the bass tone-control knob. The
FM pilot phase is adjusted by pulling out
a knob which removes the main channel
sound, leaving only the subcarrier in-
formation. It is turned for maximum
volume and pushed in. Re-adjustment is
rarely needed.

In our lab measurements, the receiver
delivered its rated 10 watts per channel
(continuous power) from 20 to 20,000
Hz, with less than 0.5% harmonic distor-
tion. Over most of this range the distor-
tion was less than 0.25% at full power. It
was only slightly higher at lower power
levels and never exceeded 0.5% even
with 1-watt output,

At 1000 Hz, the harmonic distortion
was about 0.75% at 0.1 watt, falling to
0.17% between 5 and 12 watts and climb-
ing to 2% at about 15 watts. The IM dis-
tortion was similarly low, remaining un-
der 0.5% from 0.5 to 13 watts, rising to
only 1% at 15 watts. Frequency response
was flat within =1 dB from 20 to 20,000

(Continued on page 22)
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New Professional
DC "Scope
Heathkit'10-14

Factory

Eighteen Years Ago Heath Broke The Price Barrier On Oscilloscopes
With A Low-Cost Scope For Hams, Hobbyists, And Service Techni-
cians. Now Heath Breaks Thc Price Barrier Again! . . . With A
Precision, Fast-Response, Triggered Sweep, Delay Line Oscilloscope
For The Serious Experimenter, Industrial Or Academic Laboratory,
And Medical Or Physiology Research Laboratory.

e A high stability 5” DC oscilloscope with triggered sweep « DC
to 8 mc bandwidth and 40 nanosecond rise time « Vertical signal
detay through high linearity delay lines—capable of faithful repro-
duction of signal waveforms far beyond the bandwidth of the addi-
tional circuitry e Calibrated vertical attenuation—from 0.05 v/cm
to 600 volts P-P maximum input e Calibrated time base « 5X sweep
magnifier « Forced air cooling e Input for Z axis modulation e Input
for direct access to vertical deflection plates « Easy circuit-board
construction & wiring harness assembly « Components are pack-
aged separately for each phase of construction « Easy to align
o Fulfills many production and laboratory requirements at far less
cost than comparable equipment—particularly scopes capable of
fast-rise waveform analysis « No special order for export version
required—wiring options enable 115/230 volt, 50-60 cycle operation

Here Is A Truly Sophisticated Instrument . . . designed with modern
circuitry, engineered with high quality, precision-tolerance compo-
nents, and capable of satisfying the most critical demands for per-
formance. The 10-14 features precision delay-line circuitry to allow
the horizontal sweep to trigger “ahead” of the incoming vertical sig-
nal. This allows the leading edge of the signal waveform to be
accurately displayed after the sweep is initiated.

FREE! 1966 Heathkit Catalog

"« 5299
e 530

Heath Company, Dept. 15-7

TIME BASE
“oR OumAY

S 0.0 O
@ Yod ¥
SITIONING.

0
AMP
VERTICAL

The 10-14 Provides Features You Expect Only In High Priced
Oscilloscopes. For example, switches are quality, ball-detent type; all
major control potentiometers are precision, high-quality sealed com-
ponents; all critical resistors are 1% precision; and circuit boards are
low-loss fiber glass laminate. The 10-14's cabinet is heavy gauge
aluminum. Its CR tube is shielded against stray magnetic fields, and
forced air ventilation allows the 10-14 to be operated under the
continuous demands of industrial and laboratory use.

Kit 10-14, 45 Ibs. .. ... ..cviir it $299.00
Assembled 10W-14, 45 Ibs.................cvuuun.. $399.00
10-14 SPECIFICATIONS—(Vertical) Sensitivity: 0.05 v/cm AC or DC. Frequency
response: DC to 5 mc, —1 db or less; DC to 8 mc, —3 db or less. Rise time:
40 nsec [0.04 microseconds) or less. Input impedance: | megohm shunted by
15 uuf. Signal delay: 0.25 microsecond. Attenuator: 9.position, compensated,
calibrated in 1, 2, 5 sequence trom 0.05 v/cm. Accuracy: 3% on each step

with continuously variable control {uncalibrated] between each step. Maximum
input voltage: 600 volts peak-to-peak; 120 volts provides full 6 ¢cm pattern in
least sensitive position. (Horizontal} Time base: Triggered with 18 calibrated
rates in 1, 2, 5 sequence from 0.5 sec/cm to 1 microsecond/em with +£3%
accuracy or continuously variable control position {uncalibrated). Sweep mag-
nifier: X5, so that fastest sweep rate becomes 0.2 microseconds/cm with magnifier
on. [(Overall time base accuracy £5% when magnifier is on.] Triggering
capability: Internal, external, or line signals may be switch selected. Switch
selection of 4+ or — slope. Varioble control on slope level. Either AC or DC
coupling. “‘Auto’’ position. Triggering requirements: Internal; % c¢m to & cm
display. External: 0.5 volts to 120 volts peak-to-peak. Horizontal inpul: 1.0
v/cm sensitivity {uncalibrated} continuous gain control. Bandwidth: DC to 200 ke
3 db. General 5ADP31 or 5ADP2 Flat Face C.R.T. interchangeable with any
5AD or 5AB series tube for different phosphor characteristics. 4250 V. accelerat-
ing potential. 6 x 10 ¢m edge lighted graticule with 1 ¢m major divisions &
2 mm minor divisions. Power supply: All voltages electronically regulated over
range of 105-125 VAC or 210-250 VAC 50/60 cycle input. (Z Axis) Input
provided. DC coupled CRT unblanking for complete retrace suppression. Power
requirements: 285 watts. 115 or 230 VAC 50-60 cps. Cabinet dimensions: 15 H
x 10%°" W x 22'* D includes clearance for handle and knobs. Net weight: 40 Ibs.
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Ask any man who really knows the electronics industry.
Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you’'ll be among the first to go in a layoff.

But, if you supplement your experience with more education
in electronics, you can become a specialist. You'll enjoy good
income and excellent security. You won't have to worry about
automation or advances in technology putting you out of a job.

How can you get the additional education you must have to
protect your future—and the future of those who depend on
you? Going back to school isn't easy for a man with a job
and family obligations.

CREI Home Study Programs offer you a practical way to get
more education without going back to school. You study at
home, at your own pace, on your own schedule. And you study
with the assurance thatwhatyoulearncan beapplied onthejob
immediately to make you worth more money to your employer.

You're eligible for a CREI Program if you work in electronics
and have a high school education. Our FREE book gives
complete information. For your copy, airmail postpaid card
or write: CREIl, Dept. 1107-D 3224 Sixteenth Street, N.W.,
Washington, D.C. 20010

Founded 1927 N o w !

UREI TWO NEW PROGRAMS!

« Industrial Electronics for Automation
Accredited Member « Computer Systems Technology

of The National Home Study Council
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Now...a dozen {00
for dozens of jol
ina nip pockel se

R - I —

No. 99PS-50

Really compact, this new nutdriver/
screwdriver set features 12 interchange-
able blades and an amber plastic (UL)
handle. Al are contained in a slim,
trim, see-thru plastic case which easily
fits hip pocket. Broad, flat base permits
case to be used as a bench stand.
Ideal for assembly and service work.

7 NUTDRIVERS:

3/167, 7/327, 1/4~,
9/32", 5/16”, 11/32",
3/8" hex openings.

2 SLOTTED
SCREWDRIVERS:
3/16" and 9/32" tips.

2 PHILLIPS
SCREWDRIVERS:

21 and =2 sizes.

EXTENSION BLADE:

Adds 4~ reach to
driving blades.

HANDLE:

Shockproof, breakproof. Exclusive, positive
locking device holds blades firmiy for turn-
ing, permits easy removal

WRITE FOR
CATALOG 162

XCELITE, INC., 12 Bank St., Orchard Park, N.Y. 14127

In Canada contact Charles W. Pointon, Ltd.

CIRCLE NO. 90 ON READER SERVICE CARD
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(Continued from page 16)
Hz. RIAA phono equalization was very
accurate down to 100 Hz, falling off to
a —5 dB error at 30 Hz.

The FM tuner is designed to be oper-
able without an instrument alignment,
since all coils are pre-aligned. Out of
curiosity we checked tuner sensitivity
without touching any of the alignment
adjustments. We found it to be 20-uV
IHF usable sensitivity. After the simple
touch-up adjustments on interstation
noise, as suggested in the manual, sensi-
tivity improved to 7.5 pV. Instrument
alignment further improved this to 3.3
microvolts, which is better than the
rated 5 microvolts sensitivity.

FM-stereo separation was about 17.5
dB over most of the audio range prior to
alignment. Aligning for maximum sepa-
ration improved this to about 25 dB
(rated 30 dB). Even in the unaligned
state, the separation was more than ade-
quate for good stereo performance, and

we do not consider multiplex alignment
by the user to be either necessary or de-
sirable.

In every respect, this compact receiver
proved to be an excellent performer.
We did not feel hampered by any lack
of flexibility. It sounded fine driving
medium-efficiency speakers, although
one cannot expect to play it at ear-shat-
tering levels. It is interesting to note that
in its general performance and distortion
levels, each channel of the AR-14 is
comparable to the famous Williamson
amplifier of a decade ago.

With its construction simplified by
extensive use of printed boards and its
thoroughly satisfving and honest per-
formance, we have no hesitation in rec-
ommending the receiver. It is hard to
see how the manufacturer has man-
aged to produce it for $99.95 but there
has certainly been no sacrifice of per-
formance. Cabinets cost $9.95 in walnut
or $3.95 in beige metal.

RESPONSE-OB8

500 Ik
FREQUENCY— Hz

Sk 20k

“Knight” KN-2380 Speaker System

For copy of manufacture’s brochure, circle No. 21 on Reader Service Card.

VI‘HE KN-2380 is the finest speaker
system offered under the “Knight”
brandname by Allied Radio Corporation
of Chicago. It is a rather large three-way
system, which can be mounted on a
shelf or on the floor. A mounting base
is supplied and can be used for either
horizontal or vertical mounting.

The svstem measures 277 x 20%” x

14”. The black satin-finished base is 34"
high making the total height either
3047 or 23%”, depending on whether
vertical or horizontal mounting is used.
The enclosure is made of %” hardwood
with oiled walnut veneer on four sides.
It has a tuned, ducted port for bass re-
inforcement.
(Continued on page 66)
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LEATHERFLEX-
BOUND EDITION

The 1966 COMMUNICA-
TIONS HANDBOOK is
now available in an at-
tractive, gold-embossed, Leatherflex-bound edi-
tion—a superb addition to your library of per-
manent reference books. This deluxe volume will
be mailed to your home, postpaid, for just $3.00,
when you check the appropriate box on the order

L form.

—

GET THE EXQUISITE

ror just $3 POSTPAID!

/

1966

\

o - e e S = ——— - = = G = e - - - . -,

Zi#f-Davis Service Division ¢ Dept. CH
589 Broadway ¢ N.Y., N.Y, 10012

YES! Send me a copy of the 1966 COMMUNICATIONS
HANDBOOK, as checked below:

O $1.25 enclosed, plus 15¢ for shipping and handling.
Send me the regular edition. ($1.50 for orders outside;
the U.S.A)) i

O $3.00 enclosed. Send me the Deluxe Leatherflex-j
bound edition, postpaid. ($3.75 for orders outside the;
U.S.A.) Allow three additional weeks for delivery. 1

I

|

—n > ez e P

NAME EW-76=
{

ADDRESS :
1

CITY STATE ZIP cooe{
PAYMENT MUST BE ENCLOSED WITH ORDER. /
\-—-----------------—————::»__—-—’/

23



24

A PUBLISHING FIRST

... THE ONLY COMPLETE GUIDE FOR SERVICEMEN AND HOBBYISTS
TO EVERY MAJOR PHASE OF CONSUMER ELECTRONICS SERVICING!

For the progressive serviceman who wants to find out
how to service better and faster . .. how to expand his
business by handling a wider variety of electronics
equipment —

For the “do-it-yourself” hobbyist who wants to save
hundreds of dollars by installing and repairing his
own equipment —

The 1966 ELECTRONICS INSTALLATION &
SERVICING HANDBOOK has arrived! The only
comprehensive and authoritative guide to every major
phase of consumer electronics servicing. There’s noth-
ing like it anywhere!

A handy, on-the-bench reference volume containing
128 pages—over 150 illustrations, charts and tables—
on how to spot, analyze and correct trouble.. .. quickly,
efficiently and economically!

1966
ELECTRONICS
INSTALLATION
& SERVICING
HANDBOOK

GET THE EXQUISITE
LEATHERFLEX-BOUND EDITION

for just $3 POSTPAID!

The 1966 ELECTRONICS IN-
STALLATION & SERVICING
HANDBOOK is also available

in an attractive, gold-embossed,
Leatherflex-bound edition

a B —

superb addition to your library of permanent reference
books. This deluxe volume will be mailed to your home,
postpaid, for just $3.00, when you check the appropriate

box on the order form.

Complete, in-depth coverage of: the fundamentals
of servicing ¢ servicing b/w & color TV « AM-
FM household radios ¢ stereo/hifi + CB equip-
ment * intercoms and PA systems * antennas
transistorized ignition systems.

Hundreds of money-saving techniques and shortcuts.
Every up-to-date method and procedure. All in easy-
to-understand language for the novice...yet thorough
enough to answer the professional’s most complex
question!

You’d have to purchase several expensive manuals to
equal this kind of incisive, all-inclusive coverage. But
now you get it all in the 1966 ELIECTRONICS IN-
STALLATION & SERVICING HANDBOOK. A
small investment that will pay for itself many times
over with just one practical application. only #1,25

—~=—FILL IN, CLIP & MAIL THIS FORM TODAY!-——<
Ziff-Davis Service Division * Dept. IS

589 Broadway ¢ New York, N.Y, 10012

YES! Send me a copy of the 1966 ELECTRONICS
INSTALLATION & SERVICING HANDBOOK, as
checked below :

3 $1.25 e¢nclosed, plus 15¢ for shipping and handling,
Send me the regular edition. ($1.50 for orders outside
the U.S.A.)

[ 28.00 enclosed. Send me the DeLuxe Leatherflex-
bound ecdition, postpaid. ($3.75 for orders outside the
U.S.A.) Allow three additional weeks for delivery,

name please print EW-76
address
city state zip code

- e e e e ey
o e e o e e e e o

i——~—~ PAYMENT MUST BE ENCLOSED WITH ORDER.-—-
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Time
and

Time Measurement

By JANE EVANS / Applications Engineer
_Frequency & Time Division, Hewlett-Packard

its dimensions are measurable with more precision

than we have vet achieved for any other funda-
mental physical quantity. Since every unit of measurement,
including the familiar electrical ones like volts, ohms, and
amnperes, is ultimately referenced to mass, distance, and time,
time measurements are basic to all science and engineering.
Therefore, the precision with which time measurements can
be achieved is an important element in man’s understanding
of his umiverse.

Our concern in measuring time, as in measuring other quan-
tities, eventually comes down to agreement among ourselves
on what we mean by the expressions we use and to establish-
ing means of reproducing measurements precisely so that we
come up with exactly the same numbers when we measure
the same thing.

Much of science and engineering is concerned with meas-
uring time intervals, as in determining the duration of pulses,
the time to return a radar echo, or the period (duration) of a

I I OWEVER mysterious may be the inner nature of time,
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The. most "hé'arly exact measurement man can make is of time, yet
there are many different time scales. One of these must change
if it is to indicate the time of day sensibly, because the earth’s
rotation is not constant. The other should be fixed so measurements
will be precise no matter where or when they are made. The latter
scale is based on natural atomic resonance and is accessible only
by electronic instruments. A description of all the time scales
and how they are employed is the subject of the following story.

single cycle of a train of waves. To do this, we must first
have a common agreement on the unit of measurement, in this
case the second of time. It is only by agreement, evolved from
hundreds of vears of custom, that we assign 60 seconds to the
minute and 60 minutes to the hour. These are in no sense
“facts” which were “discovered,” but rather agreements, that
have been based more or less accurately on divisions of the
length of the day and the year.

Seeking an Unvarying Reference

Some astronomers predict that the earth’s momentum will
be altered by eons of tidal friction and by meteorite collisions.
As a result of this, it is felt that the earth must eventually
c¢ircle inward and plunge into the sun, Hence, the length of
the vear can be presumed to be changing. This change, how-
ever, has thus far defied detection. We must agree, of course,
on what we mean by a “day” and a “year.”

Astronomers have agreed upon a kind of time called
Ephemeris Time (ET), based on the motion of the earth
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about the sun. The International Committee on Weights and
Measures in 1956 defined the second of Ephemeris Time as
the fraction of 1/31,556,925.9747 of the tropical year for
January 0 (Century Day), in the year we have agreed to
call 1900, at the hour we have agreed to call 12 hours. The
tropical vear for that moment in time is the length of time
the vear (measured at the equator) would be if the sun
continued to move at its then apparent instantaneous rate,
corrected for the eccentricity of the earth’s orbit and for the
variations introduced by the nodding of the earth on its
polar axis. It took many, many years of careful astronomical
observation to collect data which, taken all together, estab-
lished to perhaps 12 significant figures (parts in 10'2) that
the earth’s rate of rotation about the sun is unvarying.

ET, then, appears to be a firm reference for measuring time
intervals. Using it, celestial bodies will appear in repeatable
astronomical relation to one another year after year. Insofar
as this time scale is accessible to observers everywhere with
the desired degree of precision, measurements of the same
things will produce the same numbers. There, however, is
the rub. Ephemeris Time, to many decimal places, is acces-
sible directly only by very long astronomical observations.
Furthermore, astronomers have reason to believe that the
earth’s orbital velocity eventually will show a change.

Time-Measuring Instruments

Convenient generators of time information (clocks and, in
modemn times, frequency standards) have been the object of
nirch human endeavor from time immemorial. The story of
sundials, waterclocks, and hourglasses has been told often.
The development of fine clockworks made an immense im-
provement in the precision with which observers could agree
on their measurements of time intervals, and this was a mat-
ter of great practical importance. The ultimate common
reference for all of man’s time measurements remained as-
tronomical, though, until 1964, when the atomic scale was
adopted.

The impetus to develop precise clockworks was the prac-
tical necessity of navigating accurately. The most practical
way to determine longitude at sea is to compare the angle
overhead of an astronomical body with the angle it is known
at the same moment to be making at a known longitude. It
is again a matter of agreement that Western observations are

Back view of Harrison’s timekeeper No. 4, constructed in 1759,
shows its beautiful design and workmanship. Forerunner of the
modern marine chronometer, the original version gained for Har-
rison 20,000 pounds offered by the British Parliament in 1714.
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referred to a point near Greenwich, England. This involves
carrying a clock which agrees, to the required precision, with
Greenwich Time,

Navigation in early times was far from precise. In the
early 18th century, missing a landfall by 90 miles was no
scandal. The rate of the earth’s rotation is the reference which
navigators basically must clock accurately, What was needed
was an artificial generator of time intervals, portable and
easily read, which would either keep preciselv in step with
astronomical observations at Greenwich, or which would at
least have a uniform rate of deviation so that Greenwich Time
could readily be calculated from it.

No mechanical device or electronic oscillator itself gen-
erates unvarying time intervals, much less intervals which
will stay indefinitely in step with the most nearly unvarying
events we can observe (the bases of the Ephemeris and
atomic time scales). A simple difference in the rate of a time-
interval generator, in comparison with the agreed reference,
is only an inconvenience if it is steady and known, since under
these conditions the difference in their indications of time
can be calculated. But all artificial time-interval generators
drift in rate to some degree. Progress in measuring time in-
tervals has consisted, then, in improving the precision with
which this drift may be known or controlled.

The degree of precision with which time intervals must
be clocked to achieve safe navigation at sea can easily be
seen. The British government, in 1714, offered to pay what
was then a king’s ransom, 20,000 pounds sterling, for any
device that would determine the longitude within 30 minutes
(2 minutes of time or 34 miles). It was the largest reward
ever offered. The full amount was to be paid when a ship
using the device sailed from Britain to a port in the West
Indies without erring by more than the specified figure. Such
a voyage, in those days, took about five months. To put the
matter in the terms we commonly use today to describe
the stability of time-interval generators, the British govern-
ment, at the beginning of the eighteenth century, was calling
for a device whose stability would be known or calculable to
better than 1 part in 105!

This feat was accomplished and the prize finally paid,
after years of haggling, to an uneducated Yorkshire carpenter
named John Harrison. His magnificent marine chronometer
had erred, at the end of a five-month voyage in 1761-62, by
only 1 minute 53% seconds! It was the product of a lifetime’s
labor and may be taken quite genuinely to have justified his
biographer’s words about it: “By reason alike of its beauty,
its accuracy, and its historical interest, it must take pride of
place as the most famous chronometer that ever has been
or ever will be made.” This instrument, made more than
200 years ago, performed at about the level we expect today
of a moderately good crystal-controlled electronic time-
interval counter. Only recently was there introduced a wrist-
watch, driven by a tuning-fork electronic oscillator, specified
to drift no more than 1 minute per month (2.3 parts in 10%).
It appears typically to perform about twice that well, or at
roughly the same level as the Harrison chronometer.

Significant further improvement in the stability of time-
keeping devices came only in the 20th century with the
invention of timed LC electronic oscillators and, a little later,
of quartz-crystal-controlled oscillators. These have gradually
been improved to the point where some of the very best of
the modern commercial quartz-controlled oscillators are speci-
fied stable to 5 parts in 10! per day.

Stability vs Accuracy

It is important to realize that when we know the stability
limits of a time-signal generator, we have only one of the
facts we need to establish the accuracy of the signals which
it generates. Indeed, it is meaningless to state accuracy ex-
cept with respect to a standard which is known to be unvary-
ing (and even here, we mean unvarving except within limits
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Quartz crystals are widely used in accurate electronic clocks. Cuts
of various sizes, shapes, and at different angles are obtained
from the larger mother quartz crystal, which is either found nat-
urally or grown artificially at high temperatures and pressures.

which are known to be too small to affect the comparison).
We have seen that there is one such scale for comparison,
the Ephemeris Time scale (ET).

If one of these superior modern quartz oscillators could
be compared with ET on a given day, and if its rate were set
s0 as to coincide exactly, we would know that, 24 hours later,
its rate will not have drifted more than 5 parts in 10!!. There
is an uncertainty, but we know its outside limits. We still
can state with what accuracy the time-signal generator is
delivering its signals at this later time because we know how
long a time has elapsed since it was set correctly, and we
know what its maximum drift is. At the end of two days,
the limits of uncertainty are 1 part in 10'%; at the end of
three days, 1.5 in 10'%; at the end of four days, 2.0 in 10!,
and so forth.

In real practice we cannot set an oscillator to coincide “ex-
actly” with any outside source of time information, but only
to coincide within known and quite acceptable limits. In
real practice, too, a finely made quartz-crystal standard os-
cillator will rarely if ever drift (i.e., alter its rate) in a single
day as much as its specification will allow. Because of crystal
aging, these oscillators typically drift slowly downwards or
upwards, one or the other, over many days so that a trend
can be recorded and their rate at any time predicted. The
principle remains the same, however: all time-interval gen-
erators which are not referenced to any unvarying physical
phenomenon, like the Ephemeris year, drift in rate and grad-
ually become more or less accurate. Drift is the measure of
stability and is given as a fraction (like 1 part in 10%1) per
unit of time (like 24 hours). It is more conveniently stated
mathematically, as 1x 10-11/24 hours. This becomes a state-
ment of accuracy only if the time period is indefinitely long.

Epochal Time

We have dealt thus far only with measurement of time
intervals and not with measurement of the time of day, such
as 12 o’clock noon. This most certainly is purely a matter of
agreement, The Western world for the most part has agreed
to reference the time of day (in scientific circles it is called
“epochal time”) to observations made at the Greenwich Ob-
servatory in England. To keep a clock at any place in the
world precisely in time with Greenwich Mean Time (GMT),
we need vet another kind of time interval which has a dif-
ferent length second than the ET second. This is not an
arbitrary matter related to the desire of some ancient British
monarch but is really needed as the result of the instability
or drift in the rate of the earth’s rotation about its own axis.
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Before that effect became apparent, however, those wlose
business it was to set up a time scale on which navigators
could all agree had to take several other factors into account.

A unit of time derived from apparent motions of the
sun will only be constant if the sun reappears over a fixed
point of observation at uniform intervals. Measurements
made with a sundial or sextant give apparent solar time.
If the earth’s orbit were a perfect circle, and if that orbit lay
in the same plane as the earth’s equator, then the length
of an apparent day would remain constant throughout the
year. The earth’s orbit, however, is elliptical. For this reason,
the earth moves faster along its orbit when it is closest to the
sun. At this time of the year, even if the earth’s rotation were
uniform, the sun will appear to move through more angular
degrees in the sky during a single rotation of the earth. Fur-
thermore, the earth’s axis is inclined with respect to its orbital
path around the sun, and this produces further variation in
the number of degrees through which the sun apparently
moves during one complete rotation of the earth, These regu-
lar variations can, of course, be averaged, and a time scale
can be set up so that navigators who know the date can
correct their data by means of a chart.

It developed, however, as more stable time-interval col-
lectors (clocks) were invented, that errors occurred, These
could only be attributed to variations in the earth’s rotational
rate, Two subsequent Universal Time scales were invented,
each more useful than its predecessor. The first (called UTI)
recognized that the earth’s pole is slowly shifting so that an
uncorrected astronomical observation will give a slightly
talse reading of the earth’s true angular rotation. The second
scale, UT2, added a correction for seasonal variations in the
earth’s rotating rate which are apparently due to seasonal
displacements of matter over the earth’s surface, such as
changes in the amount of ice in the polar packs.

This latter time scale is still in worldwide use as the scale
by which epochal time is clocked. It is the time scale by which
our daily lives are measured, which is collected and indicated
by clocks, and which most usefully gives longitude informa-
tion for navigators. Nevertheless, irregular changes in the
earth’s rotation rate, by no means all understood, necessitate a
change in the agreed length of the UT2 second each year.
This change has been as great as 1.5 parts in 10% in a single
year; this surely makes it necessary, in scientific and engineer-
ing measurements of the highest precision to state what time
scale is in use. If UT2 is used, then we must state in what year
the measurement was made.

The trouble is that our earth does not revolve precisely
the same number of turns about its own axis every time it
makes one full orbit around the sun. The slowing is very

The Naval Observatory uses this dual-rate moon position camera
telescope to observe the position of the moon with respect to
background stars, thereby checking Ephemeris Time calculations.




slight. In 200 years, not even a full second of difference has
collected. We need, for ordinary living, a time scale which,
when clocked, ticks off successive days and nights with pre-
cision. Navigators need a scale which will tell them with
uncomplicated corrections at what angle a body will appear
in the sky at a given (epochal) time. Such a time scale must
be based on a unit whose length changes from time to time,
since it must be based on the changing rotational rate of
the earth. Scientists, however, need a time interval unit to
which reference may be made at any time, without correcting
the reading for the year in which the measurement was made.
Science, furthermore, needs a time scale to which reference
may easily and conveniently be made and not one which
takes years to define. It would be helpful, especially to as-
tronomers in correlating measurements recorded over long
periods, if this time scale were in near-perfect agreement
with the one astronomical scale (Ephemeris Time) which
thus far seems to be invariable. Astronomers, physicists, and
electronic scientists have contributed to devise such a scale.

Atomic Time

During this century it has been learned that within an
atom the electrons may assume various orbital arrangements
which may be described in quantum mechanical rules that
have been worked out. Some arrangements have more energy
than others. During a transition from a higher energy con-
figuration to one of lower energy, the surplus appears as
electromagnetic radiation. Each transition has its own char-
acteristic frequency, defined by a constant of nature which
appears to be invariable. There are many such transitions. To
be useful as a reference, the one chosen should be of a kind
that is easily observed, and its characteristic frequency should
be very high (in the microwave region) so as to increase the
resolution with which comparisons may be made to it in a
conveniently short space of time.

One such transition occurs in cesium 133. In the middle of
this century, physicists invented a practical device, the cesium
beam tube, which makes it possible to observe the charac-
teristic frequency of that transition. The national laboratories
of several countries have constructed splendid models of this
device. Extremely careful comparisons have been made
among them. To something on the order of a few parts in
102, they are known to be in agreement in rate. Such tiny
differences as do exist are due to perturbations within the
tubes and not to variations in the atomic reference.

The National Bureau of Standards cesium beam atomic frequency
and time standard, which is the primary standard for the meas-
urement of time. Device operates at 9192.63177-MHz frequency.

Home of Greenwich Mean Time at Herstmonceux, near Greenwich, Eng.

Many considerations must be taken into account in de-
signing such tubes for minimum perturbation. Length tends
to reduce error and some of the standards used by national
laboratories are many feet long. Recent developments have
made it possible, however, to achieve agreement in the re-
gion of parts in 101 or 10’2 with instruments which can be
fitted into a standard rack cabinet. They may even be battery-
powered and transported about easily. What is exciting to
scientists and engineers about these devices is that they do
not drift. They continue to function within these very narrow
limits indefinitely. They may, therefore, be used individually
to define time intervals, without other reference. Thus they
are primary standards.

The first atomic oscillator to serve as a precise standard
was constructed at the British National Physical Laboratory
in June, 1955 by L. Essen and J. V. L. Parry. It was of the
cesium beam type.

The atomic transition exploited by the cesium beam tube
has now been adopted as the international standard of time
interval. In 1964, the Bureau International de FHeure, a mul-
ti-nation standardizing body headquartered in Paris, reached
this agreement and declared it. W, Markowitz and R. G, Hall
at the U.S. Naval Observatory with L. Essen and J. V. L.
Parry of the British National Physical Laboratory established
in 1958 that the frequency of the chosen transition is 9,192,-
631,770 cycles per Ephemeris second, =20 cycles. The in-
ternational standard of time interval is defined to be 9,192,-
631,770 periods of the natural electromagnetic oscillation
occurring during that transition of cesium 133 which is des-
ignated (F=4, mp=0)<(F=3, mp=20). The two parts of
this expression simply define two discretely different energy
states which may be taken by the orbiting electrons in an
atom of cesium 133, between which transitions may occur
and during which electromagnetic radiation of a constant fre-
quency is emitted.

By electronic arithmetic, as in frequency synthesizers, any
desired frequency can be derived from the unwieldy number
given above. With suitable care in the circuitry, a 100-kHz
(kilocycles per second) standard frequency can be derived
(or one of any other desired frequency), and it can be known
to be steady with virtually the same certainty as the refer-
ence. This can be used to drive a clock, where absolute
accuracy is then known. Other needed time scales, such as
UT2, can be generated by appropriate arithmetic circuits.
The difference is given as an offset, described in parts per 10
and issued yearly by international agreement.

Correlating Time Standards

The precision with which time intervals can be compared,
using Atomic Time (A;) as a reference, is equal to atomic-
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controlled oscillators’ demonstrated long-term agreement
(parts in 101 or 10'?). The precision with which clocks in
various places will agree on the time of day (epochal time)
is another matter, however. Greenwich Mean Time, or any
other nationally established standard, may be taken as the
relerence. Every means, including reference to astronomy
and atomic standards, is used to keep national standards run-
ning together at the same rate so that the difference in their
indicated time of dav at any given moment will remain sub-
stantially constant. Differences among timekecping centers
on indicated time of day (epochal time) have been shown
to be many milliseconds.

There are some modern purposes for which exact knowl-
edge of these differences is important. One, for example,
might be determination of the exact position or velocity of
an interplanetary space vehicle by comparison, at two widely
separated known points on earth, of the exact time at which
the same signals from the vehicle arrive at each. In space
and at microwave frequencies, the velocity of signal trans-
mission may be taken as constant so that such a measurement
would make sense if agreement on time of day on earth were
sufficiently exact.

The uncertainty in our knowledge of the difference among
timekeeping centers on the time of day can be narrowed
only to a certain degree by ordinary radio means because
the speed with which radio waves propagate over the hori-
zon through long distances is variable, depending mainly on
ionospheric conditions. The uncertainty in our knowledge of
these differences, even after many radio comparisons, was
at least 50 microseconds.

Two ways have been used in recent years to narrow the
uncertainty. Each has been useful to check the other. One
is by microwave communications via satellite relay, whose

transmission time is much less subject to ionospheric variation
than long-distance 1.f. or h.f. transmission. This was accom-
plished between England and the United States in 1962 with
government facilities and the Bell Telephone Company’s Tel-
star IL. It was accomplished again in 1965 between the United
States and Japan, using the U.S. Navy facilities in the Mojave
Desert of California, NASA’s Relay II satellite, and the Radio
Research Laboratories of Japan. On this occasion a cross-
check was made by the second method, the “flying clock.”

Cesium-controlled atomic clocks were synchronized at Mo-
jave and at Washington, D.C. with the U.S. Time Stardard.
These clocks, the first of their kind to be sufficiently compact
to fly conveniently in ordinary passenger airliners, were then
Hown to Japan where comparison was made with the Japa-
nese timekeeping center. Uncertainty over the offset between
the two time-of-day standards was reduced to a few micro-
seconds by these two kinds of measurement.

The same clocks were flown among 21 timekeeping fa-
cilities in 11 countries in 35 days, including centers in Canada,
England, France, Switzerland, Germany, Denmark, and
Sweden. Similar reductions in the uncertainty over time dif-
ferences were made with each stop, and valuable informa-
tion was gained on the exactness with which standards of
time interval agree,

Teclmiques of Modern Timekeeping

In engineering and science, time interval is the most com-
monly wanted time measurement. Frequency measurernents
are, of course, measurements of cycles (which can be totaled,
one by one) per second of time interval, Electronic counters
which measure frequency, therefore, either have built-in
time bases or are connected to external time bases, These are
(Continued on page 84)

stable oscillators,

The U.S. Naval Ob-
servatory, home of
U.S. standard on time
of day (epochal time).
W. Markowitz, right,
observes time compar-
ison by flying clocks.
Markowitz and R.G.
Hall, along with Es-
sen and J.V.L. Parry,
established in 1958
the precise frequency
of the atomic tran-
sition vsed in pri-
mary time standard.

-

Lathare N. Bodily, co-designer of atomic
standard which gives the flying clocks
their accuracy, adjusts his instruments.

-« Comparison between local standards and NBS
are conveniently made by automatic record-
ing. Phase of the received 60-kHz NBS trans-
mission is continuously compared with
that of the local standard. Here a local
atomic standard is compared to the NB8S
transmission. Since the local atomic stand-
ard is known to coincide with the NBS
transmission within a few parts in 10,
the measurement being taken is actually
of the differences caused by propagation
between the transmitter in Boulder, Colo.,
and the receiving point which, in this
case, is located in Palo Alto, Calif.

T
e
e

e

Dr. L. Essen examines atomic clock in England. pp-
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RECENT
JEVELOPMENTS
IN ELECTRONICS

Computer Does Homework. (Above) A group of six New York City
high-school students are finding it easier to do their homework
these days, thanks to the use of an IBM computer located some
fifty miles away. The only extra equipment in the students’
homes is an accessory “pad” connected to their telephones to
provide touch-tone dialing. The student first dials the spe-
cial number which connects the computer to his line. Then he
enters the numerical values and operations applying to his
problem by means of the “pad.” The computer gives him an im-
mediate answer to the problem over the phone. Although the
computer’s voice is that of an expressionless young lady, the
fact that the computer talks to the student makes the system
very effective. If a mistake is made in entering the problem,
the computer’s voice tells the student that he has made an
error. The student must set up the problem properly; the com-
puter does the calculations. The program is an experimental
one conducted jointly by the Catholic Schools Diocese of Brook-
lyn and IBM. The computer manufacturer foresees the use of
centrally located computers that will share time with a large
number of users in homes, engineering and professional offices.

Integrated-Circuit Test Equipment. (Center) A tunnel-diode
voltmeter on the circuit board at the right has been shrunk
to a chip-sized integrated circuit by Boeing engineers as
part of the MITE (Microelectronic Integrated Test Equipment)
program. The idea is to build test equipment right into sub-
systems used in jet airliners or space vehicles, so that these
assemblies can be made self-checking. The circuits sample me-
chanical or electrical action and convert it to voltage readings.
Should the voltage fluctuate beyond certain limits, bells will
ring, red lights will flash, or a computer will be told that the
unit is in trouble. So far in the works, in addition to the tun-
nel-diode voltmeter, are “go/no-go” detector, chopper, converter
(frequency standard and gate), and reference voltage generator.

Giant Sonar Bow Dome. (Left) The large bubble at the bow of
U.S. Navy destroyer Willis A. Lee is a nine-ton molded rubber
sonar bow dome. It is used to protect sensitive sonar equip-
ment housed below the ship’s water line. Inch-thick reinforced
rubber walls have acoustical properties similar to those of
sea water, permitting sound to pass through with minimum dis-
tortion for efficient submarine detection. The dome is the
largest product ever molded from rubber, according to B. F.
Goodrich Aerospace and Defense Products, the manufacturer.
The dome is 20-feet wide, 10-feet high, and 37-feet long and
can withstand over 11,500 pounds pressure per square foot, It
is pressurized internally with sea water to withstand high
speeds and pressures. Streamlining is required to reduce the
turbulence of the water that would otherwise produce noise.
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Dual-Polarized FM-Stereo Antenna. (Right) A new dual-polarized
transmitting antenna, located 590 feet above the ground on Chi-
cago’s Field Building, is now being used by WEFM of that city.
The eight circular bays provide the usual horizontal polarization,
while the eight vertical dipoles provide vertical polarization. By
using this dual polarization, the FM broadcast station expects to
improve its coverage, particularly for motorists with FM radios
and for listeners using radios with line-cord or hank antennas.

Wrap-Around Radiograph Checks Fuselage. (Center) Technicians
are shown laying out film for a full 360-degree fuselage radio-
graph of a jet Clipper. The x-ray unit is inside the plane and is
lined up with the film. Exposure time is about one minute for the
full 360 degrees. After 5000 flight hours, a jet liner is inspected
and repaired in compliance with rigid requirements. Using
new x-ray equipment and long rolls of x-ray film, the previous
1500 man-hours required to open and inspect the plane visually
has been reduced by as much as approximately 80 percent.

Portable TV Camera and Tape Recorder. (Below [eft) The world's
first battery-powered transistor TV tape camera is shown here.
The new device will tape 30 minutes of broadcast-quality TV
with on-location sound. Seven-pound camera head permits the
operator to see and control TV picture and sound as he shoots.
The brief-case sized recording unit (on shoulder strap) weighs
only 23 pounds complete with rechargeable nickel-cadmium bat-
teries and magnetic tape. The tape recorder uses one-inch wide
magnetic tape driven at 10 ips around a three-section inverted
mandrel. The whole midsection, which houses the single record-
ing head, rotates against the tape. The entire system is made
by Westel Co., Redwood City, Calif, and sells for about $10,500.

Laser-Guided Tunnel Borer. (Below right) The 280-ton tunnel
borer in the photo maintains direction with a unique laser-beam
guidance system, The giant machine, built by Hughes Tool Co.,
moves forward in 5-foot steps as rotating cutting head bores into
stone face. Cuttings are removed by a bucket system on the ro-
tary head. An overhead conveyer belt carries the rock to the
back of the machine for removal. The use of the laser permits
the machine to cut 21-foot diameter tunnels with a single pass
and with a high degree of straightness and accuracy. The laser
is a small, rugged helium-neon unit which produces a straight,
bright beam of red coherent light. This light source is set up
at a distant survey station point and the light is made to fall
on two photocell targets, each containing a grid of about 400
cells. One target is mounted at the front and the other is at
the rear of the tunnel borer. Corresponding lights are made
to glow on a display panel in view of the machine operator,
who is then able to correct for any deviations that may occur.
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AUTOMATIC
STEREQ MULTIPLEX
DEMODULATOR

By DANIEL R. von RECKLINGHAUSEN
Chief Research Engineer, H.H. Scott, Inc.

Design of a transistorized circuit for use in hi-fi
FM tuners in which demodulator diodes perform
wholly automatic switching from mono to stereo.

authorized the broadcasting of stereophonic sound

from FM stations, a number of circuits have been de-
veloped to demodulate the composite stereophonic signal into
left and right audio signals. A number of these circuits were
described by the author at that time and further develop-
ments have since been made.

The circuit we have found to be the most satisfactory has
been a switching circuit where the multiplex demodulator
alternately switches the composite signal from the FM de-
tector to the left and right audio outputs. Usually this in-
volves the use of an amplifier between the FM detector and
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Auvtomatic demodulator subassembly is pictured placed
over a mirror in order to show its printed circuitry.

the demodulator so that sufficient signal will be available
for demodulation. Furthermore, it also involves the use of
two audio amplifiers where the differential gain between
the two audio amplifiers is adjusted to obtain the best sepa-
ration.

All of the previons multiplex circuits had to be switched
from monophonic to stereophonic operation by connecting
the two audio amplifiers to either the stereo demodulator
diodes or to a separate network connected directly to the
detector of the composite signal amplifier. This required at
least the equivalent of a double-pole, double-throw switch.

In order to have such circuits switch automatically from
monophonic to stereophonic operation, double-pole, donble-
throw relays, or at least four diodes were used for this pur-
pose, adding further to the complexity of the circuit.

Basice Circuit Operation

Investigation and further development over the years
showed that the multiplex demodulator diodes themselves
could also perform the function of switching from mono to
stereo operation. Fig. 1 shows such a circuit. Here, the FM
detector is of the conventional wideband variety, except that
the detector circuit itself is floating and not grounded, so
that two terminals are available. Across the output of the
detector is a trap circuit tuned to 67 kHz to remove any
background music signal usually centered at this frequency.
This signal would cause undesirable audible whistles when
listening to FM-stereo if the station did broadcast such a
service.

The FM detector circuit is grounded with two groups of
resistors, an 18,000-ohm fixed resistor and the two 10,000-
ohm separation potentiometers. In this way a “high” and
a “low” output of opposite phase is obtained. The “high”
output is also connected to the center-tap of the secondary
of the 38-kHz oscillator transformer. Here, the oscillator
voltage is, in effect, connected in series with the composite
signal and applied in opposite phase to two sets of detector
diodes.

At the moment the upper portion of the detector oscillator
secondary has a positive voltage, diodes D1 and D3 will
conduct to permit the composite signal from the “high” out-
put of the detector to pass through the secondary of the
38-kIIz oscillator transformer to the two 10,000-ohm resistors
to the left output terminal. Whenever the polarity of the
38-kHz signal is reversed, the opposite pair of diodes, D2
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Fig. 3. Complete circuit diagram of the autematic switching stereo demodulator used in current Scott FM tuners.

and D4, will conduct and permit the signal to pass to the
right output.

Since the switching efficiency for stereo demodulation is
not 100%, the composite signal is also fed to the left and
right outputs, but in opposite phase from the “low” detector
output. Here, the two 10,000-chm separation potentiometers
feed the opposite phase signal through two 10,000-ohm re-
sistors to the left and right outputs, respectively. Hence, the
stereo separation at the left and at the right outputs can
be adjusted separately. These outputs are, of course, con-
nected to de-emphasis circuits and to further audio ampli-
fiers which also have very sharp cut-off 15-kHz filters to
prevent any ultrasonic component from being recorded as
a whistle when employing a tape recorder.

The Switching Function
Ll

Whenever the FM station does not broadcast stereo, it
is desirable to switch the multiplex circuit to monophonic
operation, as shown in Fig. 1. In stereo operation, the switch
is, in effect, grounded and bias is applied to the 38-kHz
oscillator to permit it to function. The 38-kHz oscillator is
synchronized by the 19-kHz pilot signal from the FM station.

In order to switch the multiplex circuit to mono, the
switch is connected to a positive voltage of approximately
12 volts. The voltage first biases the 38-kHz oscillator in
reverse and thereby prevents a 38-kHz output. Next, this
positive voltage applied to the 33-kQ resistor will also be
applied to the center-tap of the secondary of the oscillator
transformer, This allows both direct and signal current to
flow through diodes D1 and D4 and their associated resistors.
The d.c. control current flows to ground partly through the
left separation control and partly through 10,000-ohm resis-
tors R1 and R2. Diodes D2 and D3 will be reverse biased.

Since in stereophonic operation the diodes conduct at
only alternate half-cyvcles, signal current from the FM de-
tector will appear at the left and right outputs only half the
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time, but fowing through two 10,000-ohm output resistors
in parallel. In mono operation, it will flow at all times through
only one 10,000-ohm output resistor. Audio output level re-
mains constant in mono and stereo.

In order to have automatic switching from mono to stereo,
a control circuit is required, the schematic of which is given
in Fig. 2. Here, two transistors are arranged in a switching
circuit. In normal mono operation, the first switching tran-
sistor conducts to some degree, and the second transistor is
fully turned on with a voltage drop from collector to emitter
of almost zero.

When a multiplex signal is received, the 19-kHz pilot
signal from the FM detector is amplified in a separate two-
stage amplifier (not shown), and the output of this 19-kHz
amplifier is partially rectified to obtain a negative control
voltage with respect to the 25-volt supply. This relatively
negative voltage is then fed through the two 10,000-ohm
resistors to the base of the first switching transistor, causing
it to conduct more current. The voltage drop across its 10,-
000-ohm collector resistor increases and reduces the base
current of the second transistor, thereby reducing its col-
lector current. In order to have this second transistor switch
off, positive d.c. feedback is applied from its emitter through
the 2200-ohm resistor to the emitter of the first transistor,
thereby causing the first transistor to conduct more and
turning the second transistor off. Therefore, the voltage
drop at the collector of the second transistor has now de-
creased from 12 volts to almost zero volts,

The decrease in collector current of the second transistor
changes the voltage drop across the 1000-ohm series col-
lector resistor which is used to turn on additional transistors
(not shown), causing a stereo indicator light to operate.

Further Refinements

These circuits could be used, without any further modi-
fication, to switch auto- (Continued on page 83)
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he Insulated Gate Transistor (+m

By DONALD E. LANCASTER

This new semiconductor, also called MOSFET, IGFET, or
MOST, has an input impedance much higher than most
vacuum tubes, simple geomstry leacing to inexpensive
fabrication, high current gain, and very small size.

markable properties that it promises to advance the

electronic art as significantly as did the junction tran-
sistor itself. This is the insulated gate transistor (IGT), with
an input impedance much higher than most vacuum tubes,
a simple geometry inherently cheaper to fabricate than a
junction transistor, essentially infinite current gain, and ex-
tremely small size.

Various designations for the device include the IGFET
(insulated gate field-effect transistor), the MOSFET (metal-
oxide silicon or semiconductor field-effect transistor), and
the MOST (metal-oxide silicon or semiconductor transistor).
All these devices are similar and simply represent the differ-
ent nomenclature each company has chosen for its particular
device. The IGT is not an ordinary junction field-effect de-
vice since it differs significantly in operating principle, bias-
ing, and performance from the ordinary junction FET.

The most prominent feature of all IGT’s is the fantastic
input impedance which is typically 10*® ochms. The addition
of leads and a glass header drops this to a mere 10'* ohms
(that is 10 million megohms!). Considering surface con-
duction, ions, and grid current in vacuum tubes, this input
impedance is much higher than any but special electrometer
tubes. As an example, a 2-picofarad capacitor has enough
charge to keep an IGT running at constant output current
for several hours. This extreme input impedance opens new

r I VYHERE is a new type of semiconductor with such re-

Fig. 1. Basic construction and operation of ‘‘p’’-channel 1GT.
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vistas for electronic circuits, particularly in ultra-sensitive
electronic instruments; timing, monitoring, and holding cir-
cuits; and various types of logic circuitry.

Operating Principles

An IGT consists of three terminals, the drain, the source,
and the gate. Between the gate and the rest of the transistor
is a nearly perfect insulator of ultra-thin silicon dioxide
(typical thickness=1500 A). This is the key to the extremely
high input impedance of the IGT. A voltage applied to the
gate of an IGT allows a current to flow between source and
drain. Any change in input voltage is reflected as a change
in output current.

Fig. 1 shows a typical IGT and the bias polarities required.
The device consists of an n-type substrate into which two
identical p-regions have been diffused. Contact is made to
these two p-regions, forming the source and drain terminals.
Between the two p-regions, a capacitor is formed out of the
n-type substrate, the silicon-dioxide insulator, and a metallic
gate terminal.

We connect the source and the substrate to ground and
bias the drain negatively, perhaps by —20 volts. In the ab-
sence of a negative gate voltage, no current will flow between
source and drain because of the n substrate which forms a
reverse-biased junction and prevents conduction.

Suppose a negative voltage is applied to the gate terminal.
This places a negative charge on the gate terminal end of
the gate capacitor. Consequently, a positive charge must be
built up on the substrate end of the gate capacitor. The sub-
strate started out as n-type material. The presence of the
positive charge makes the material less and less n-type, until
there is more positive charge available than there are excess
electrons in the n-type material. At this instant, a portion
of the substrate changes from an n-type to a p-type, form-
ing a p-p-p junction or simply a connection of all p material
between source and drain.

Down to a certain threshold level, perhaps less than —5
volts, the input gate voltage has little effect and very little
output current flows (Fig. 1D). At inputs more negative
than the threshold voltage, the output current between drain
and source is a linear function of the negative gate voltage.
The threshold level is that point at which a portion of the
substrate switches from n- to p-type.

This type of operation is called “enhancement mode” for
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Fig. 2. Single resistor biasing of IGT. Since no gate current
is drawn in the absence of an input, there is no drop across
the 22-megohm biasing resistor, and the gate voltage equals
the drain voltage. A stable operating point may be chosen
on the curves anywhere the gate voltage equals the drain
voltage. The bias point is stable because a slight increase in
negative gate voltage produces an increase in source-drain
current and decreases the drain voltage. This, in turn, decreases
the gate voltage, returning to a stable operating point. Simi-
larly, a slight decrease in gate voltage decreases drain current,
increasing the drain and gate voltages, and returning the I1GT
to a stable point. By proper choice of load resistance, tem-
perature drift of gate-to-source voltage can be made negligi-
ble. In this figure, operating point is chosen where Vgate =
Vdrain= —9 V. Using a — 20 V supply, we can construct load
line between operating point and supply axis. This intersects
current axis at 10 mA, dictating load resistance of 2000 ohms.

no output current flows unless a large enough input voltage
is present. As the gate voltage rises and falls, the charge on
the gate-to-substrate capacitor changes in proportion which,
in turn, causes a proportional change in output current.
Notice that no gate current is ever drawn. All the input
voltage has to do is charge up or discharge a nearly perfect
capacitor having a capacitance as low as 0.2 picofarad.

Some interesting features of the IGT should now become
apparent. There is only one diffusion required to simultan-
eously put down both p regions into the n substrate, com-
pared with a minimum of two diffusions required for any
junction device. Thus, fewer steps are required to build an
IGT, making it inherently cheaper than junction devices.
In one specific instance, 130 processing steps are required
for a junction-type device, while only 38 are required for
a similar IGT device.

The IGT can be made quite small. Typical designs re-
quire only two square mils for an IGT whose equivalent
junction device would take up forty-eight mils. In this ex-
ample, 24 IGT’s can, in theory, be put in the space of a
single conventional transistor.

In the “on” (conducting) state, the IGT essentially con-
sists only of p-tvpe material. There are no semiconductor
junctions, and no offset voltage is produced. The IGT will
easily switch signals as low as 1 microvolt without any offset
problem. The applied polarity doesn’t really matter as long
as the gate is biased negatively with respect to the substrate.
Because of this, the IGT is bipolar and can accommodate
either polarity of output current.

Most devices are svmmetrical and it makes no difference
which lead is called the source and which the drain.

The type of IGT we are describing and using in all the
diagrams is called a p-channel device because in the “on”
state the equivalent circuit is a single bar of p-material. Just
as we have p-n-p and n-p-n junction transistors, n-channel
IGT’s which operate from opposite polarities are available,

Biasing Considerations

Only a single resistor is needed to bias an IGT compared
with several resistors and an electrolytic capacitor frequently
used for an ordinary junction transistor. Further, by the
correct choice of operating current, the biasing may be
made largely independent of temperature. Fig. 2 shows how
a biasing resistor is added from drain to gate. This resistor
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Motorola Semiconductor

Box 955

Phoenix, Arizona 85001
Radio Corporation of America
Electronic Components and Devices
Harrison, New Jersey
Raytheon Company
Semiconductor Div.

350 Ellis Street

Mountain View, Calif.
Silconix Incorporated

1140 West Evelyn Ave.
Sunnyvale, Calif.

Texas [nstruments Inc,

P.0. Box 5012

Dallas 22, Texas

TRW Semiconductors Inc.

Amelco Semiconductor
1300 Terra Bella Ave.
Mountain View, Calif.
Crystalonics Inc.
147 Sherman Street
Cambridge, Mass. 02140
Fairchild Semiconductor
313 Fairchild Drive
Mountain View, Calif.
General Instruments
Semiconductor Products
600 West John Street
Hicksville, New York
General Microelectronics Inc.
2920 San Ysidro Way
Santa Clara, Calif.
KMC Semiconductor Corp.
Parker Road, RD #2 14520 Aviation Blvd.
Long Valley, N.J. 07853 Lawndale, Calif.
Union Carbide Corporation
365 Middlefield Road
Mountain View, Calif.

Table 1. Directory of insulated gate transistor manufacturers.

may be any value as long as it is small compared to 10 ohms,
and is chosen to be large enough to not significantly load
the input signal. A value of 22 megohms is typical.

For a given gate voltage, the IGT allows a certain current
to flow. If this current produces a drain voltage equal to the
gate voltage required for that current, the bias point is
stable. If not, the IGT quickly shifts to the correct bias
point. Optimum values of bias and load depend upon the
IGT. They are determined in exactly the same way as op-
erating load lines of a pentode are determined, as detailed
in Fig. 2.

IGT’s have voltage gains from 1 to 15 or more. These fig-
ures are bound to improve with newer devices. The optimum
load resistor for an IGT is usually between 1 and 20,000
ohms, \When a lower output impedance is needed, the IGT
may be cascaded with an ordinary emitter-follower, as in
Fig. 3A. The voltage gain of this circuit is around five,
while the current gain is around one million as the input
impedance is 22 megohms and the output impedance is
around 22 ohms, The resultant power gain under optimum
conditions is 5,000,000—quite a respectable figure for a
two-stage amplifier.

Today, the IGT is available in three forms, a single device
in a TO-5 or TO-18 can, matched pairs on the same substrate
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Fig. 4. Circuit of extremely sensitive d.c. picoammeter.

in a similar package, or as the active elements in completely in-
tegrated circuits. Prices for a single unit range from $4 to $20,
depending upon the manufacturer and the performance specs.
The pricing trend is downward and much less expensive
IGT’s should be readily available within a very few months.

Table 1 lists a number of IGT manufacturers. Data sheets,
application notes, and prices are available from most of
these sources upon written requests on company letterhead.

Applications

The IGT applications fall naturally into two groups, those
using integrated circuits and those using discrete devices.
Using IGT's as the basic transistor in integrated circuits has
many interesting advantages, especially the small size, low
current operation, and ease of manufacture.

Two problems always of interest in logic circuits are the
“fan in” and the “fan out” of each logic element, be it gate,
a flip-flop, a register, or an inverter. The fan in is simply
the number of inputs available to a circuit. When using
IGT’s, multiple inputs are easily obtained in small space by
paralleling as many IGT’s together as there are inputs. Fan
out is the number of circuits a given element can drive.
With the extremely high input impedance of the IGT, a
single device can drive hundreds, or even thousands, of
similar circuits. This is a most significant advantage of the
IGT in computer and logic circuitry,

Some integrated-circuit units are already available using
IGT’s. One is a shift register that counts to 21 and uses over
100 IGT devices. A second shift register counts to 100 and
contains 612 IGT’s. Both units fit easily inside a TO-5 can.
We can soon expect to see entire IGT systems integrated into
single large substrates, such as complete counting chains
of flip-flops, decade counters with internal decoding, binary
adders, entire logic circuits, and others.

Turning to the discrete-component applications, Fig. 3B
shows an IGT with a capacitor between gate and source.
An input signal momentarily applied will charge the ca-
pacitor to some value, producing some output current. Re-
moving the input signal leaves the charge on the capacitor

Fig. 5. {A) R.f. switch. (B) Series-shunt chopper. (C} Audio
amplifier. (D} Constant-current source. (E) Constant-R load.
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and so does the 10** ohm leakage path through the IGT.
The IGT will “remember” the magnitude of the input volt-
age and produce the same output current for days after
the signal has gone. This is called a “box car” or a “catch
and hold” circuit, useful for sampling and averaging out a
varying waveform, or catching a brief impulse and keeping
its value long enough so that it may be easily measured.
Even with no external capacitor, the internal gate-to-sub-
strate capacitance, usually 0.2 to 10 picofarads, will hold
the value of the input signal for several hows after the
signal has disappeared.

Timing and delay circuits are an obvious extension of the
basic hold circuit. A resistor from a reference voltage is
used to charge a capacitor whose voltage is IGT monitored.
When the capacitor voltage reaches the turn-on voltage of
the IGT, an output is produced, and the timer reset. Pre-
cision saw-tooth and ramp voltages are generated in the
same manner, with the IGT output being a low-impedance
“copy” of the charge voltage on the capacitor without any
loading effects.

Fig. 3C shows a proximity detector, Here a high-quality
silicon transistor is used as the biasing resistance for the IGT.
This provides a very high input impedance, yet protects the
IGT should the gate actually be touched. The gate terminal
of the IGT is extended to include a small antenna. A mov-
ing hand brought near the antenna will change the ca-
pacitance to ground without altering the charge present.
This lowers the IGT gate voltage and produces a change in
output current which is easily monitored. Only a slight
amount of additional capacitance is required. For an IGT
with a l-picofarad gate-to-source capacitance, only 0.1
picofarad of additional capacitance will produce a 10%
change in the output current. This makes the circuit ex-
tremely sensitive,

An interesting proximity application is alarms, Unlike
practically all other alarm circuits, no energy is transmitted
and there is no light beam, ultrasonic signal, or other
detectable energy available that can either reveal the
location of the alarm or even the fact that an alarm is present
at all, (Continued on page 64)

HANDLING PRECAUTIONS FOR 1GT DEVICES

The extremely high input impedance of the IGT is a two-
edged sword, for a careless moment in handling can result
in immediate and permanent damage to the component.

The culprit is static electricity which can easily build
up several hundred volts of potential on the gate and punc-
ture the silicon dioxide insulator between gate and sub-
strate. As an example, the insertion of an IGT into a block
of Styrofoam will almost certainly ruin the device as this
generates over 200 volts of static electricity.

Engineers and technicians working with [GT's should
strictly adhere to the following precautions:

1. The IGT comes with all four leads shorted together.
Do not untwist the leads until ready for use.

2. Before untwisting the leads, wrap a layer or two of
aluminum foil or fine wire securely around -all four of the
leads directly at the can.

3. Ground the tip of the soldering iron to the substrate
lead before soldering the gate lead in place. Do not use a
soldering gun.

4, Do not remove the aluminum foil or fine wire until all
four leads are secure.

Once the circuit is permanently connected to the IGT,
there is no further danger, as the input and biasing com-
ponents will protect the IGT.

If sockets are used, always hold the IGT by the can and
contact first the substrate lead and then the remaining
three. Do not release the IGT until it is in the socket.
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Rectifier Diodes

By FRANK GIFT / Ghiet Engineer, (nternational Rectifier

Semiconductor diodes are now widelv used 1o convert a.c. 10
d.c. at currents up to hundreds of amperes. Here are the mast
important parameters 1o consider in making a proper selection.

OLYCRYSTALLINE semiconductor materials (dirst

magnesium copper sulfide and copper oxide, later se-

lenium) were developed into practical power rectifiers
tong before monocrystalline (e.g., silicon). Because of
significant improvements in blocking (reverse) voltage ca-
pability, efficiency, size, and weight, selenium rectifiers dis
placed the oxide and sulfide types in all except very-low-
voltage power supplies, where copper oxide, with an
inherenily lower voltage drop, is still attractive.

With germarium power rectifier diodes, designers
realized an increase in current density, a reduction in for-
ward voltage drop, and a moderate increase in blocking
valtage with reduced reverse current, resulting in increased
efficiency together with a reduction in size and weight.

As technolagical problems were solved. silicon diodes al-
most completely replaced germanium for use as rectifiers
because of substantially superior reverse voltage capabili-
ties. higher allowable junction temperatures. and an over-
all lower cost per kW of power rectified. Table | indicates
a typical spectrum of available silicon rectifier diodes.

There is still an important segment ol the business
served by selenium, however. Because of its reverse voltage
characteristic, which draws high reverse current at voitages
in excess of rated, together with its relatively high ca-
pacitance and its ability to heal itsell if broken down by
voltages in excess of its dielectric strength. selenium ecan
be used in applications where frequent voltage transients
are likely to occur. In fact, an important class of selenium
assemblies is designed primarily for voltage transient sup-
pression. In applications of moderate current and voltage,
sclenium rectifiers offer a cost advantage over silicon.

A “rating” is a limiting condition of usage specified for
the device by the manufacturer, beyond which catastrophic
failure or impairment of serviceability may occur.

A “characteristic” is a measurable property of the device.
Thus, “maximum peak reverse voltage” is a rating; “max-
imum reverse current at peak reverse voltage” is a charac-
teristic.

The system most often used by the diode makers is
known as “Absolute Maximum Rating,” wherein the
equipment maker should design so that throughout the
life of his unit nc specified maximum rating will ever be ex-
ceaded, even under the worst probable operating condi-
tions.

Forward Current Parameters

Average forward current (I, or Irciv;): The average
forward currant is used as a basic rating of a rectifier diode.
It is defined as the maximum full-cycle average value of
forward current allowahle when operating in a half-wave
circuit with resistive or inductive load {180° conduction),
associated with a specified ambient 1emperature (or case
temperature for devices designed to be nmounted on exter-
nal heat exchangers). Derating is required for higher tem-
peratures and for other values of conducticn angle (Fig. 2).
For very short conduction angles (capacitive load. for
example). manufacturers often include, as part of their

Juiy, 1946

ratings, data giving the maximum peak repetitive current,
lI';\I(rrp)-

When specifying a particular device, or comparing one
maker's rating with another’s, current rating curves should
be examined. A study of these curves will often show that
two different tables are really describing the same device.

Forward voltage drop: The main characteristic asso-
ciated with the forward current rating is the forwarid volt-
age drop. Among the more common methads used for
specifying the forward voltage drop are:

1. Maximum peak forward voltage drop (Ve ) at speci-
fied average rectified forward current.

2. Maximum d.c. forward voltage drop (F,) at speci-
fied pure direct current (not rectified d.c.).

3. Maximum average forward voltage drop (Vpe.v;) or
the full-cycle average forward voltage drop at specified
average rectified forward current.

Because of the nonlinearity of the diode forward voltage
characteristic curve, a sine-wave-shaped current through
the diode does not produce a sine wave of forward voltage
drop. For comparison and to calculate forward losses
for odd waveshapes or various values of current. many
companies supply curves of instantaneous forward voltage
drop vs instantaneous forward current (Fig. 11

The forward voltage drop values are temperature-sensi-
tive, with a negative temperature coeflicient in the normal
operating range. Therefore, any specification of forward
voltage drop must also include teniperature as a conditian.

Maximum Alowable Peak Surge Current {Iyyimrg)):
The surge current rating in many applications is more im-
portant in determining the device fo be selected than is the
maximum average forward current rating. In case of a
short circuit magnitude of resultant current flow will be
limited by the composite effect of power-supply elemenis,
primarily the transformer impedance. The duraticn of the
surge current will ke determined by the protective devices
used. The rectifier diodes must be able to conduct the fault
current, with no degradation, for a time sufficient for the
protective devices to interrupt the current flow.

A value of maximum allowable peak surge current

it (ourge)) ic often listed on rating sheets, usually defined
as the maximum permissible value of peak current applicd
as a non-recurrent half-cycle of a 60-Hz sine wave of cur-
rent superimposed at elevated temperature on maximum
rated current and voltage. This value is useful only as a
comparison between devices and most makers also provide
a curve of maximum allowable surge current vs number of
cycles duration (Fig. 3).
The so-called 7T constant (sub-cycle surge-current rat-
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tifier, hos been wish that company since 1949, | %
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the testig, production, aod engineering depart-
ments, He has o BSEE from Californio institute
of Technalogy, is o member of IEEE. He ditects
and supervises engineering persenrel, reporting
to the Vice-Presidens, Engineering.
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PV @ | wax, | tewe. | cReac
VRN (rep) 10°C | 1poav) | @ MAX | PACKAGE
{Amps} IF(AV) | OUTLINE
200V | 400v | 600V | @0ov | 1000V | 1200V | Ta | To | Amps °C
INGSS | ING47 | TNe49 0.150 0.400 254 00-7
N2069 | 1N2070 | 1N207Y 0.750 BA | 0077
INSI8 | INS40 | Nse7 | INSE0 | NS 0.250 0.750 S0A 001
89 [ NN | NN 0.500 1.00 1004 | 0013
INVI24A | INTI26A | IN1128A | 1N3649 | IN3ss0 0] 23 50¢ D0-4
INI3448 | 1N1346B | INT248B 60| 40 150¢ D04
INZ02 | IN1204 | TN1206 | 1N367Y | IN3STD 12 12 150¢ D04
INJSIS | 1N3620 | IN3622 | 1ND623 [ N384 6| 150¢ D04
INTIBS | INVISE | INM90 | 1N3746 | INITES 35 i 150¢ 00§
INITA | IN2135A | IND138A 0| 40 150¢ 00§
IN3209 | WN3291 | 1N3293 | 1Na294 | 1N329s | 1ma2ee 75| 100 130¢ D0-8
1N3086 | 13088 | 1N30%0 | 1N3071 | TN3092 150 | 150 150C | Mod.DO-8
INIZ63 | 1N3267 | TN3269 | IN32TY | 1N3273 | inazrs 120 160 125¢ D09
189736 | 163738 | 1Ka740 | wNazar | wnazaz | Nazed 00| 250 130¢ 009
Table 1. Typical silicon rectifier diodes. The abbreviations

“A" and *‘C"" employed refer to ambient and case, respectively.
Some typical values of contact thermal resistance with DC-200
grease are: for DO-4 package, 0.9°C/W; for DO-5, 0.39; for
DO-8, 0.15; for modified DO-8, 0.14; and for DO-9, 0.11°C/W.

ing) is not really a constant for diodes and should only be
used for very rough comparisons. Manufacturers publish a
curve of peak current vs sub-cycle pulse duration as in Fig.
4. The purpose of this curve is for comparison with the
interrupting current curve of the fuse under consideration.
The total clearing time of the fuse should be used in this
comparison, not simply the melting time.

Reverse Voltage Parameters

Reverse Voltage Rating: Reverse voltage ratings are
often described by one or more of the following values
(over the entire operating temperature range) :

I. Maximum allowable repetitive peak reverse voltage
(VEescrep)) is that which may be applied to the device on a
repetitive basis, including all repetitive voltage transients.
This voltage should never be exceeded except in cases
where a transient voltage rating is also specified.

2. Maximum transient peak reverse voltage (V ga non-rep))
is the value that may be applied to the device on a non-re-
current basis, for the conditions specified (usually a maxi-
mum pulse width).

3. Maximum continuous d.c. reverse blocking voltage
(Vr). that which may be applied to the device in the re-
verse direction. Often the rating of Vg is identical to the
rating of Vg ewon-rep) for a given device.

4. Maximum r.m.s. input voltage (¥, .., ) is the maxi-
mum that may be applied to the input of a rectifier circuit
(implied single-phase half-wave). This rating is often
misleading since Vi (rep) is the determining rating.

Reverse Current: Reverse (leakage) current can be speci-

3
0 7 Fig. 1. Forward voltage
/[ ] drops for various currents
A 7 for two junction tempera-
/¥ tures,+ 25 and +125°C.

/4
/

fied in a number of different ways as described below.

1. Maximum peak reverse current (Igy) at a specified
temperature with specified peak reverse voltage applied
(usually the rated peak reverse voltage).

2. Maximum average reverse current (Ircavy), usually
specified during an operating test where the device is con-
ducting rated average forward current, at rated peak reverse
voltage, at a specified temperature in a half-wave resistive
load circuit.

3. Maximum d.c. reverse current (/z) measured when a
pure d.c. voltage is applied in the reverse direction, at a
specified temperature. Usually the value of d.c. voltage is
specified as the rated repetitive peak reverse voltage.

Reverse current in a silicon diode is normally so low that
it is unimportant to the operation of most rectifier circuits.
However, it is of value in determining the relative “health”
of a device after it has withstood environmental stresses
such as long-term storage, operation, temperature cycling,
etc. If the leakage current after such stress is appreciably
greater than before stressing, it may be a sign of surface
contamination or junction strain.

Temperature & Thermal Resistance

Temperature Rating: Subjecting the device to tempera-
tures below the specified minimum may result in a cata-
strophic failure because of excessive strain on the silicon
wafer caused by the differences of coefficient of expansion
of associated bonding materials. Exceeding the high-tem-
perature limit may incur excessive deterioration or cata-
strophic failure. The operating temperature range normally
implies no derating of reverse voltage, only rerating of
forward current in accordance with the current derating
curves.

Thermal Resistance: The maximum thermal resistance
junction-to-case (8,_) or junction-to-ambient (§,_,) is de-
fined as the value of temperature rise of junction above
case or ambient divided by the power loss in the junction
under d.c. steady-state conditions, in units of °C per
watt. An approximation of the average junction temperature
rise above case temperature during operation may be ob-
tained by multiplying 6, by the average power loss in
the forward direction. Power loss values may be obtained
from power loss curves, such as the one shown in Fig. 5.

Table 2 lists various parameters for rectifier diodes.

In general, the lower current rated devices (under 3
amperes) are designed with two external leads while de-
vices rated above 3 amperes generally are designed for use
with external heat exchangers, such as cooling fins.

Stud-mounted rectifier diodes are normally rated with
respect to case (i.e. base) temperature. Good design prac
tice requires consideration of two thermal resistance value§
external to the diode: thermal resistance of the contact
between base and heat exchanger, and thermal resistance
of heat exchanger to ambient.

To minimize contact thermal resistance:

I. Make sure the mounting surface of the heat ex-
changer is flat and smooth. .

2. Apply a thin film of thermally conductive lubricat-

2 . . . —
= (8 7 Fig. 2. Maximum allowable forward current Fig. 3. Maximum overload current for
i 4 vs case temperature, showing derating. various pulse-train durations is charted.
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ing grease between the mating surfaces.

3. Use a torque wrench.

In some cases it may be desirable
to mount the device in such a manner
that it is electrically insulated from the
heat exchanger. Insulating washers
made from thin films of high-dielectric-
strength materials such as mica (0.003-
inch thick) or Mylar (0.001-inch thick)
may be used. The contact thermal re-
sistance will be doubled or tripled
over the non-insulated mounting. This
method of mounting is generally not
recommended for diodes operating at
currents in excess of 50 amperes.

The thermal resistance of the heat
exchanger-to-ambient which is required
by a particular application may be de-
termined from the rating curves. First
the total maximum allowable thermal
resistance from diode case to ambient
is determined by dividing the average
power to be dissipated at maximum load
(from the power vs current curve) by
the maximum allowable temperature
rise of the base (rated case temperature
at desired load current minus maximum
expected ambient temperature). By
subtracting the contact thermal resis-
tance from the case-to-ambient thermal
resistance, a value of heat exchanger
thermal resistance is derived.

Pitfalls

Current Rating: When comparing the
current rating of various rectifier diode
types, don’t stop at the single value of
current shown on the rating sheet. Ex-
amine the entire current-temperature
derating curve, and also note whether
the temperature reference is “ambient”
or “case.”

When paralleling rectifier diodes,
don’t fail to provide for closely bal-
anced current division through the use
of such means as paralleling reactors
or inductively symmetrical diode ar-
rangement, unless provision is made to
derate the diodes by more than 20%
for each parallel path.

When determining the optimum size
of rectifier diode for a given applica-
tion, don’t consider only the steady-
state current rating. The surge current
rating is the limiting consideration for
many small installations and most large
ones. It may be more economical to
install a larger diode which can be pro-
tected from overloads and fault cur-
rents by conventional methods rather
than a smaller diode whose overload
protection requires more expensive
high-speed fuses or circuit breakers.

In comparing one diode with another,
examine the complete forward voltage
drop vs forward current curves or
power loss curves, in particular noting
temperature and basis of presentation.

Voltage Rating: Don’t fail to con-
sider the probability of voltage tran-
sients created either in switching or
from external sources. Voltage tran-
sients of several thousand volts have
been recorded on 120-volt a.c. distribu-
tion lines. Protection methods include
low-voltage zener diodes for clamping
voltage below 50 volts, selenium tran-
sient limiters for voltages to 1000 volts,
controlled voltage spark gaps for very
high operating voltages, and capacitors.

July, 1966

SYMBOLS CONDITIONS
SUPPLEMENTARY
PARAMETER EIA MIL  UNITS ASSUMED STATED CURVES
Maximum allowable ¥ (Av) lo Ad.c. Single-phase Temperature Derating for
average forward or lo V/,-wave, res. {ambient or temp. conduc-
current load (180° cond.) case) tion angle
Maximum repetitive 1FM it A peak —— Temperature
peak forward (rep)
current
Maximum allowable 1FM if. A peak  Non-rep. super- Number & shape  Current vs time;
peak surge (surge) (surge) imposed on rated  of surge current vs no. of
current operation pulses eyeles of 60 Hz
Maximum allowable VRN VrM  Vpeak  Nodercting —_—
- repetitive peak (rep) (wkg) over operating
o reverse voltage range
=
a Maximum allowable VRM vr V peak  Non-recurrent Maximum pulse = ————
= transient peak (non-rep) width
reverse voltage
Maximum continuaus VR VR Vde ——m— _— D —
d.c. reverse
blocking voltage
Maximum r.m.s. Vi(r.m.s.) — Vims, ——— _— _—
input voltage
Storage femp. Tstg Tstg °C Nen- Maximum _—
range operating Minimum
Operating temp. TaorTec  Top °C Current derating Maximum _—
range no volt, derating  Minimum
Mounting torque - — Ib-in No lubricant Maximum D —
range on threads Minimum
Maximum peak VrM vi Vpeak ——— Junction temp. Peak forward volt-
forward voltage forward current  age drop vs for-
drop ward current
Maximum d.c. YF Vr Vd.c No temp. rise Forward current
forward voltage during test
drop
Maximum average VF(av) C ——— 180° conduction Forward current ———
forward voltage
drop
o]
o Maximum peak IRM ir mA peak ————— Temp. peak D —
= reverse current voltage
)
=
= Maximum average IR (AV) IRO mAd.c. 180° conduction  Temp. forward _—
— reverse current current, reverse
o] voltage
Maximum d.c. Ir Ir mA d.c. Pured.c. Temp. reverse D —
reverse current voltage
Thermal res. 8J-A 914 °C/W d.c. value un- e — Transient thermal
steady-state or of less atherwise res. vs time
81-c AN stated
Forward power - Junction temp. Av. forward power
loss curve loss vs average
forward current
Table 2. A summary of the common ratings and characteristics. See text.
Fig. 4. Maximum surge current for Fig. 5. Forward current power loss
various square-wave pulse durations. for various conduction angles.
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Diodes which have a true bulk avalanche veltage break-
down can dissipate a surge of power in the reverse direction
and make transient voltage protection simpler. The penalty
for depending on the diode for self-protection must be to
derate in the forward-current mode in order to provide an
allowance for junction temperature rise during transient
voltage suppression. The data sheet for such a device must
show a rating of maximum allowable reverse power vs time,
for various temperatures: a curve showing “typical reverse
voltage characteristic™ is of no value.

In determining the appropriate voltage rating of a recti-
fier diode for a given application, don’t depend on the rat-
ing of maximum allowable r.m.s. voltage. Instead, work
from the maximum allowable peak reverse voltage rating.
For example. in a single-phase half-wave rectifier circuit
with resistive load. the ratio of peak reverse voltage across
the diode to r.m.s. input voltage is 1.4, By adding a capaci-
tor to the load the ratio can change to 2.8.

Don’t apply diodes in series without consideration being
given to equal voltage division. The recommended method
of voltage balancing is by means of resistance and capaci-
tance shunting of each diode. The value of resistance should
be chosen to conduct at least three times the highest antici-
pated diode reverse current, while the capacitor value
should be determined on the basis of diode capacitance, di-

ode recovery charge, and physical layout of the diode string
with respect to distributed capacitance 10 ground.

Mounting: Never mount a stud-mounted rectifier diode
without using a torque wrench; observe the manufacturer’s
limits. Limits are usually given with the assumption that the
threads will be dry. If they are lubricated, the value of rated
torque should be reduced by 25%.

In using lubricating grease, be careful of some of the
new “improved” materials which use additives to further
reduce thermal impedance. If these adiditives are solid
materials, they may inhibit good mating of the contact
surfaces and, after a period of operation, they may cause
deterioration of contact thermal resistance.

Reliabiliry: Where high reliability and Jong life are de-
sired, never operate rectifier diodes ta the limit of their
current and temperature ratings, and always provide pro-
tection against catastrophic failures resulting from voltage
transients or surge currents. The failure rate of silicon
diodes in a well-protected system is very markedly affecied
by operating junction temperature (as a rule of thumb,
reliability can be increased by as much as 250% by a 20°C
reduction of junction temperature) .

Silicon as a basic material for rectifer diodes appears
to be nearly ideal and its displacement by new materials
does not appear likely in the near future. A

LIGHT-SENSOR DIODES

By DON R. ABEL, Texas Instruments Inc.

FOR years light sensors have been used in such novelty applications as headlight dim-

mers, burglar alarms, bowling foul detectors, nnd light meters. Today, a new breed
of light sensors is finding wide application in card readers, punched-tape readers, ro-
tational counters, position irdicators, character-szcognition devices, proportional con-
trollers, and differential amplifiers,

Generally, ligh¥ sensors nre divided into two types: photovoltale and photocon-
ductive. A phatovaltaic cell develops o voltage across ifs terminals when itluminated.
Photovoliaic cells are power converters; they convert light energy into elactrical energy
ond are used primarily as solar cells. Current capability is. proportioncl fo the area
illuminated. No external bios is required, but the light-gathering area is usually one
or two orders of magnitude larger than that of photoconductive devices, fo supply
isufficient current for most aopplications.

The fundamental process in photoconductive dewices, on the other hand; is the modu-
lation of the conductivity of @ “p-n"* junction os of a bar of semiconductor material.
Photoconductive cells can be thought of os variable resistors, the amaun? of resistance

vorying with the quantity of light incident upam.the celi. The greafer the light, the

Photovoitalc Photoconductive

Photo switching

Card or tope readers
Character recognition -
Differential amplifiers
-Lamp contrals

Sofor energy source
Serva systems
Galvanometers
Cord or tape readers
Sound pickup

Applications

Comparative No power source required Requires powet source

Characteristics Mare stable More sensitive
Low noise Small size
Low output

Less versatile

Tabie 1. Comparison of the two types of silicon light sensors.

lower the resistance. When properly biased, o photoconductive cefl will provide a higher
cutput for a given barrier area than a shotevoltaic unit. Tohle ) compares silicon
photovoltaic and silicon photoconductive light sensors.

Less amplifier goin is necessary {or eves the alimination af an amplifier stage) when
the photoconductive light sensor is used instead of the photoval2eic type. Table 2 com:
pares typical photocanductive devices. For punched-card and tape readers, digilal uses,
efc., the ratio of light current to dork current is important. 11 is necessary to maintain
a large voltage differential between the “off”” and ‘‘on'" condhitions fo insure noise
immunity and provide for temperature wariations. Equipment tapobility and system
speed may well be limited by rise and foll times of the semsor.

Prices for the light sensors- shown in Table 2 are: for the L5-490, $13 each in under
100 quantities; for the 7223, S2 each; and for the 605-T or (L4083, $4 eoch.

Structure n-p-n p-o En
Material Si Ge €dS / £dSe
Typical Types T1 LS-600 7223 D5-T (1403
Voltage 30 Vdec 50 Vd.c. 0V a.c./doc.
Typical Sensitivity 7.0 0.2 5.0
{#A/ft candle) T
Typical Dark Current 001 uA@IY 3SuA@SOYV —
(@ 25°)
Temperature Range 65 10150 — 40 to 50 ~— 5010 75
(—°0
Light Current / Dark 100,000 150 5206
Current Ratio (@ 25°C)
Pulse Rise Time (psec] 1.5 [ 1000
Pulse Foll Time {usec} 15 35 #0C

Length (inches) 0.091 0.520 Plastic 0.25,6lass 1.0
Diameter (inches) 0.0625 0.083 Plastic 0.25,6lass 0.75
Case Material Kovur/cemmi( Glass Plastic f gloss

Table 2, Typical photoconductive light sensors, tharacteristics.

Table 3. Consumer, industrial, ond military applications for various types of lfghl-senior diodes.

% | S CdSe

CONSUMER

Camern exposure controls X
Autamotive light dimmers % X
Light meters o - X
Lamp ﬂxt(ols

INDUSTRIAL

tard & tape readers i
Encoders, decoders
Chatacter tecognition & mark-sensing |
Sound pickvp Bl i N |

Counters & position indicators 3
IR medicol analysis

[“silicon | Siticon |
Phote-
voltgic

T insh | GaAs | inks
Emit- Emit-
| tes | berg | S 4

inks
Photo-
__conductive |

(5|
|2 2 |2

o]

»
>
»

1
1

MILITARY
1R sensing & detection

i

| >¢|

ER
tomdt—+
1

s

1

Fire control systems
#apping i }

Peripherat tope, card, document, (humdu—mmg 2

Eelor energy converter

S 3| 3¢

|
|
LL|
i

I3
!
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Tunnel Diodes

By ROBERT M. MINTON

Radio Corp. of America, Electronic Components and Devices

Employed in amplifier, oscillator, and switching circuits because
of its voltage-controlled negative-resistance characteristics, this
diode operates on the principle of quantum mechanical tunneling.

HE voltage-controlled negative-resistance character- tions. The exception is the forward voltage (Vr,Vrp, V'e),
istic of the tunnel diode has led to its widespread which can be specified at either V, the voltage correspond-
use in amplifier, oscillator, and switching circuits. ing to actual peak current (/p), or at V’p, the voltage for
While earlier devices such as the tetrode vacuum tube, the which the current is equal to the maximum allowable peak
thyraton, and the p-n-p-n transistor aiso displayed a nega- current (Ip ,...). Refer to Fig. 1A.
tive resistance, the tunnel diode is unique in that it oper- The capacitance parameters are all related, with the
ates on the principle of quantum mechanical tunneling. valley-point terminal capacitance or total capacitance
This phenomenon is responsible for the high-frequency (Cv,Cr,C) being the sum of the junction capacitance (Cj)
capability of the device.
Fig. 1 compares the typical characteristics of a con- PARAMETER SYMBOL APPLICATION*

ventional p-r junction diode and a tunnel diode. The

major physical differences between the two are the im- ; vpe‘l’lk ‘""e"" :P g'g
purity densities of the materials used in fabrication and s P:afymﬂ":ﬁ:y R I;'/lv NG
the width of the depletion region. In conventional (or 4. Peak voltage Ve 50
rectifying) diodes, the low doping levels used result in 5. Valley voltage Vv 5,0
wide depletion regions, and conduction can occur only 6. Forward voltage Vg, Vpp, V'F S
by injection of minority carriers over the junction bar- 7. Valley-point terminal cap. tv, (1, ¢ s
rier. In tunnel diodes, a high doping density is used to 8. Package capacitance e A0
create an extremely narrow depletion region through which 9. Junction capacitance G A0
electrons in the conduction band can “‘tunnel” to equiva- ]][: Series resistance fs A0
" a 5 . . Negative resistance R, —R, RN A0
lent energy levels in the valence band. It is this tunneling 12, Negative conductance 6 —o AO
action that gives the tunnel diode its characteristic curve 13. Series inductance ls $.A,0
at a small forward bias. At a bias greater than 300 to 400 14. Peak-current-to-cap. ratio 1p/C s
mV, a tunnel diode conducts as a conventional diode. 15. Rise time ty S
In addition to being used in the forward direction, 16. Resistive cut-off frequency fro, fr A0
low-peak-current tunnel diodes are useful as low-voltage 17. Self-resonant frequency fxo A0
rectifiers when biased in the reverse direction. Used in 18. Noise constant 20 loRN A
this manner, the tunnel diode is referred to as a tunnel ;9‘ :""“'!"" Gl 'VI"‘;’ :
rectifier or back diode. The characteristics of such a device 0. Inflection voltage e
are shown in Fig. |C, with the first and third quadrants * S==switching; A==amplifier; O=oscillator
reversed. Another use for the tunnel rectifier is for non- Table 1. Tunnel-diode parameters, symbols, and applications.
linear biasing of tunnel diodes in high-
speed SWitChing and memory applica- Fig. 1. Characteristic |-V curves for tunnel and for conventional diodes.
tions. Topaxbc e e
Tunnel-Diode Parameters b | i t ,1_
s — =
The parameters commonly used in £ zo[{-1- i 3 £
specifying tunnel diodes, their corre- P i H N
sponding symbols, and the applications T ot L2 'l *
in which each parameter is significant VeVo Yy VeV
are given in Table 1. Figs. 1A and 2A +Vimv)—» + VIVOLTS) > =Vimv}—
define these parameters.
Five of the first six current and volt-
age parameters relating to the forward TUNNEL DIODE CONVENTIONAL TUNNEL RECTIFIER
I-V characteristics have obvious defini- (a) (8) ()
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TUNNEL -DIODE EQUIVALENT CIRCUIT

(A)
Fig. 2. Tunnel-diode equivalent circuit and circuit symbols.

AAAAAA

TUNNEL - DIODE CIRCUIT SYMBOLS
(B)

and the package capacitance (Cp). The total capacitance
is applied in switching-circuit calculations, and the junc-
tion capacitance is used in calculating the resistive cut-off
(f:0,f:) and self-resonant (f.,) frequencies. The package
or case capacitance (Cp) is used in obtaining the junction
capacitance (C;); it is usually an average value of measure-
ments made on electrically open-circuited diodes.

The series resistance (r,) is that portion of the small-
signal terminal resistance which is external to the junction
and is normally measured in the reverse direction. For am-
plifier and oscillator diodes, the measurement is usually
made under pulsed conditions at very large reverse cur-
rents. This technique results in minimum values of series
resistance and, therefore, maximum cut-off frequency for
the diode.

The negative resistance (R, —R, Ry) and negative con-
ductance (G, —G) are determined by the slope at any
point on the tunnel-diode curve between the peak (V) and
the valley (Vy) voltages. These parameters are difficult
to measure, particularly on low-capacitance diodes, and
the following approximations have been derived for the
value of the negative resistance: —R=120/Ip for ger-
manium, 220/Ip for silicon and gallium arsenide, and
60/1p for gallium antimonide, where I, is in milliamperes
and —R is in ohms.

The series inductance (Lg) can be considered as the lead
inductance of the package in which the tunnel diode is
mounted because the diode inductance is negligible. Very
often Lg becomes the limiting parameter in very-high-fre-
quency applications.

The peak current-to-capacitance ratio (1,/C) is a figure
of merit used to indicate the switching speed of the tunnel
diode.

The rise time (7,) is that time required for the tunnel
diode to switch from a low-voltage state to a high-voltage
state; for constant-current load-line switching, it can be
approximated by t.=[(Vr—Vp)/[(Ip—1Iy)1Cy. For ger-
manium, an approximate value is given by C/2[p. If C is
in farads, and Ip is in amperes, the rise time is in pico-
seconds.

The resistive cut-off frequency (f,..f.) and the self-
resonant frequency (f,,) are also figures of merit. The
former is the frequency at which the net negative resistance
of the diode becomes zero, and the latter is the resonant
frequency of the inductive and capacitive reactances of
the diode.

The noise constant (20 IoRy) is also a figure of merit

PARAMETER GERMANIUM GALLIUM GALLIUM SILICON
ARSENIDE ANTIMONIDE

Ip (mA) 0.025-1000 0.025-1000 0.025-3.0 0.100-100

Ip/lv 4/1-8/1 min.  8/1-12/1 min. 12/1 min. 2.5/1-3.6/1 min.

tp/C(mA/pF)  25/1 max. 16/1 max. 5/1 max. 0.02/1 max.

fro{GHz) 50 max. 20 max. 50 max. <1

201oRN(mV) 1.35-1.50 min. — 0.85-0.95 min, —

Table 2. Limits for commercially available tunnel diodes.

Table 3. Representative JEDEC switching tunnel diodes.

JEDEC MATERIAL  [p Ip te/lv €7 VOLT.

TYPE NO. {mA) (% tol) (min.}) (max.) TOL. CosT
IN3716 Ge 4.7 +10 4/1 50 pF Typical  Inexpen.
1N3848 Ge 10 10 6/1 30 pF Min-Max. Low
1N3149 or typical
1N3859 Ge 20 =5 8/1 10 pF Min-Max. Medium
1N3860 Ge 50 5 8/1 12 pF  Min-Max. High
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for the tunnel diode and is a function of the slope of the
negative-resistance region. It is related to the noise figure
of the tunnel diode, and the minimum value is limited by
the diode material.

The inflection current (1,,I,) and inflection voltage
(V1,Vo) refer to the point where the minimum negative
resistance occurs. It is at this point that maximum gain
can be achieved. The inflection point usually occurs at ap-
proximately /p/2 and corresponds to a bias voltage slightly
less than that at which the minimum noise figure can be
obtained.

The parameter limits for commercially available tunnel
diodes are shown in Table 2. The range of values include
data for special types which in many cases are low-yield
devices and very expensive. Table 3 shows representative
JEDEC types available in production quantities. (Only
switching types are listed because there are no amplifier
or oscillator tunnel diodes with JEDEC registration. )

Test circuits for measuring tunnel-diode parameters have
been independently designed by the many diode users and
manufacturers. Several documents of standards relating
to tunnel diodes and their test circuits are available: /JEEE
No. 253 “Standard Definitions, Symbols, and Methods of
Test for Semiconductor Tunnel (Esaki) Diodes and Back-
ward Diodes”: DOD MIL-S-19500D “General Require-
ments for Semiconductor Devices Used in Military
Equipment” and MIL-STD-750A “Methods for Testing
Semiconductor Devices, Including Mechanical, Environ-
mental, Physical, and Electrical Tests.”

Materials Employed

There are four semiconductor materials from which all
commercially available tunnel diodes are fabricated: ger-
manium (Ge), gallium arsenide (Gads), gallium antimo-
nide (GaSh), and silicon (Si). For switching applications,
gallium arsenide, germanium, and silicon are used. Am-
plifiers utilize gallium antimonide and germanium, while
the only acceptable material for oscillators is gallium
arsenide.

For high-speed switching, only gallium arsenide and
germanium are used because the high capacitance and
poor peak-to-valley current ratio (/p/Iy) obtained with
silicon restrict its use as a very-high-frequency device. Sili-
con, however, is capable of operating up to 150°C and is
primarily useful when high ambient temperatures are en-
countered and when high speed is unimportant.

Gallium-arsenide diodes provide a voltage swing twice
that of germanium diodes. Because the power output at
a fixed impedance level varies as the square of the voltage
swing, the power output of a gallium-arsenide diode is
about four times that of a germanium diode having the
same negative resistance. However, when speed, cost, or
reliability is an important consideration, germanium is
selected over gallium arsenide. Germanium switching
diodes are superior to gallium-arsenide diodes in both
speed and cost by a factor of two or three. Gallium-arsenide
diodes offer poor reliability because they can experience
serious peak-current degradation when operated at high
forward current levels. An empirically established limiting
condition of 0.5 mA/pF must be satisfied to insure the
safe d.c. operation of diffused gallium-arsenide tunnel
diodes.

The only two materials capable of meeting the frequency
and noise-voltage requirements of a low-noise microwave
amplifier are gallium antimonide and germanium. Al-
though germanium has a slightly higher noise constant,
germanium diodes offer a more stable gain with respect to
temperature and a higher cut-off-frequency capability.

Gallium-arsenide diodes are used almost exclusively in
tunnel-diode oscillators because all other materials are in-
capable of delivering enough power to warrant their con-
sideration.

The commercially available tunnel-diode materials with
their respective properties are tabulated in Table 4 for
comparison.

Mechanical Considerations

For high-speed switching and microwave applications,
tunnel-diode packages must be designed for low inductance
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and low capacitance. The package capacitance is usually
in the order of 1 pF or less and, in many cases, may be
neglected or absorbed in the other circuit elements. Lead
length is the prime contributor to the series inductance, and
special short-lead package designs are required to obtain
high self-resonant frequency diodes.

Tunnel diodes can be permanently damaged by over-
heating or electrostatic discharge unless precautions are
taken while they are being assembled or tested. Manufac-
turers’ instructions should be closely followed when diodes
are soldered into a circuit. Microwave diodes in the pill
and prong packages are extremely sensitive, and mechani-
cal contacts should be made to these devices whenever
possible. Also, their low impedance makes microwave am-
plifier diodes extremely vulnerable to electrostatic dis-
charge; to prevent damage to the unit (especially during
winter months), anyone handling the device should use a
ground strap.

Selecting the Right Diode

Although the tunnel diode is a relatively simple device,
selecting the right one for a given application can be diffi-
cult. The applications engineer or technician working on
an assignment involving tunnel diodes is confronted with
the problem of (1) selecting the proper diode from the
large variety on the market, or (2) writing his own spe-
cification. Because amplifier, oscillator, and switching cir-
cuits each require a different type of diode, the selection
has to be based on the specific application.

Amplifier: For a tunnel diode to operate as a linear am-
plifier, it must be made unconditionally stable at a bias
point somewhere in the negative-resistance region (Fig.
3A). To fulfill this stability requirement, the following
conditions must be met:

( 1 ) rx<RN where f.z‘u: 1 /2"7R ?\'Cj(RQNCj/Lx— 1)1/"'
(2) f.l‘()>f”<fl where fr: 1/27’-R\'Cj(RA\'/rx N 1)%
(3) L,<r,RxC;where f,—operating frequency

One other important consideration for the tunnel-diode
amplifier is the noise figure. At high gain, it is given by
F- (1+20 lt»R.V)/[l_rs/R\][l (fu/fru)zl-

To minimize this value, it is necessary to keep the f,/f..
ratio small, a practical value being %3 for most high-fre-
quency operations. The value of /,Ry and r,/Ry ratio are
essentially constant for a given design and are fixed by
the material and peak current of the diode, respectively.
Of all the available semiconductor materials, only ger-
manium and gallium antimonide are capable of meeting
the low-noise requirements of a microwave amplifier.

Oscillator: The operation of a tunnel diode in most
oscillator applications requires biasing in the negative-re-
sistance region (Fig. 3A). As a relaxation oscillator, the
diode can also be biased monostably or bistably (Figs. 3B
and 3C). Unlike amplifiers, oscillator circuits are designed
to assure self-starting oscillations. Because oscillations can
occur above and below the f.,, depending on whether the
external circuit is inductive or capacitive, it is important
that the tunnel diode have an f,, greater than the operating
frequency. This condition is also necessary because as the
oscillation frequency approaches the f,,, the amplitude of
oscillation approaches zero and thus reduces the power
output.

In the selection of tunnel diodes for oscillator applica-
tions, the major design considerations are the frequency
stability, the resistive-cut-off frequency, and the power
output. Frequency stability is primarily a circuit design
and environmental problem because the tunnel diode Ry
is voltage- and temperature-sensitive, and the C; is voltage
dependent. In addition, circuit loading can also affect the
oscillator frequency. The f,, and the power-output consid-
erations are interrelated, and the device is limited in trying
to achieve maximum power and maximum frequency
simultaneously. Because higher peak-current diodes are
used to obtain higher power output, minimizing both the
series inductance (L,) and the series resistance (r,) be-
comes a problem. Conventional packages contribute too
much inductance: therefore, more sophisticated methods
have to be used for mounting diodes in the circuit.

Switching: For switching applications, the tunnel diode
is biased for monostable or bistable operation, as shown

July, 1966

PROPERTY GERMANIUM GALLIUM- GALLIUM SILICON
ARSENIDE ANTIMONIDE

Reliability Excellent Poor Poor Good

Temp. stability  Good Good Poor Good

Freq. capability  Excellent Good Good Poor

Noise constant Good Poor Excellent Poor

Power output Poor Excellent Poor Poor

Table 4. Comparison of tunnel-diode material properties.

in Figs. 3B and 3C, respectively. Regardless of the opera-
tion mode, the most difficult problem in choosing a switch-
ing diode is that of selecting practical current and voltage
tolerances consistent with the required peak-current-to-
capacitance ratio of the diode. Because the tolerances of
all the system components are related, a balance between
the tunnel diodes and other components should be made
with respect to cost and reliability. Very tight tolerances
or limits, for example, will only result in increased cost.

The device engineer has limited control over the diode
characteristics. The only parameter over which he has
direct control is the peak current (/). The voltage char-
acteristics are primarily a function of the base wafer re-
sistivity. Although the range appears fairly wide, the I,/C
requirements of high-speed diodes (I/C greater than 2
to 1) limit the spread of usable resistivities. The I1./1v
ratio is primarily a function of the material and the resis-
tivity; for high-speed germanium diodes, a minimum ratio
of 8 to | is reasonable. Ratios of 9 to 1 and 10 to 1 are
available strictly on a selection basis.

The r,, in itself, is not usually a problem, but it can ad-
versely affect the peak voltage, especially as the diode speed
is increased. See Fig. 4.

Radiation and temperature dependence should also be
considered in design with tunnel diodes. Compared to
other semiconductor devices, tunnel diodes are relatively
immune to nuclear radiation because conduction is by ma-
jority carriers and doping levels are high. The parameter
most affected by radiation is the valley current (/v), but
significant changes do not occur until integrated neutron
flux densities of 10'¢ or 10’ neutrons per square centimeter
are experienced.

NSNS

{A} ASTABLE {B) MONOSTABLE (C) BISTABLE
Fig. 3. Biasing modes that are employed for tunnel diodes.

Fig. 4. Variation of tunnel-diode volt-
ages with resistivity. These voltages
ve are only averages and do not include
the Irs drop across the diode. For higher
speed diodes, the rs as well as its dis-
tribution is increased, and tight volt-
age tolerances are more difficult to
achieve in high yield. The Ip/C ratio
is the parameter around which most
o high-speed switching tunnel diodes are
h designed and is a function of the base-
wafer resistivity and the processing
temperatures used in forming the *‘p-n"
junction. Practical limits are about 10
to 1; at greater Ip/C ratios, power dis-
sipation becames a problem and relia-
bility can be seriously affected. (For an Ip/C ratio of 10 to
1, junction diameters are 100 millionths of an inch or less.

w
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Fig. 5. Tunnel-diode costs depend on the design parameters.
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Valley current is also greatly affected by temperature.
increasing by as much as 20 percent at 75°C. The peak,
valley, and forward voltages have negative-temperature
coefficients of about 0.1, 0.8. and 1.1 mV/°C, respectively,
while the negative resistance decreases at the approximate
ratec of 0.4 ohm/°C. The change in peak current with
temperature is a function of the resistivity and can vary
from negative to positive vatues. For very high speed
(Ip/C greater than 2 to 1), the doping level is optimum
and an average maximum change in peak current of about
*4 percent occurs over the temperature range from - 20°C
to +753°C. Whenever tight temperature specifications are
placed on tunnel diodes, 100-percent testing is required

in order to guarantee that the specification will be met.

Cosi: Because cost is usually uppermost in the selection
of tunnel diodes, it is very important not to overspecify
any of their parameters. Very often, tight tolerances or
limits which invariably result in a higher cost are un-
necessarily specified. An automatic etch machine has been
developed just to control the peak current of a tunnel
diode to within a tolerance of =1 percent.

The graphs in Fig. 5 illustrate the effect of the more
important design parumeters on the cost of tunne] diodes.
In some cases. the reciprocals of the parameters were
plotied for convenience. Also, an arbitrary scale of 10 was
selected for the horizontal axes of the graphs.

NOISE

RANDOM noise sources are finding ever-increasing use in
the testing of audio and r.f. systems. Random noise is
used to generate random numbers to test computers,
simulate cosmic noise, calibrate astronavigational and
tracking systems, provide a reference leve! for determining
the sensitivity of receivers, and often to activate shaker
tables for testing components and assemblies.

White noise is a special type of random noise having a
uniform energy distribution and neither the instantaneous
energy of a particular frequency, nor the time of its appear-
ance can be determined, as both are random. However, in
terms of statistical probability, the long-term energy per
bandwidth can be accurately predicted.

Fig. 1. As Eg is increased, the noise diode generates white
random noise across audio-frequency range (20 Hz to 20 kH1).
.22
+9V 70 R hr ( Y TE
\ QUTPYT
>
3 =< 22pF
S
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4
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DIODES

White noise is being used in many ways in modern tech-
nology. Properly shaped, it provides the “waterfall” sound
for audio analgesia. It can provide constant-level sound
against which hearing ability can be measured, or it can
be used as a mask against unwanted sounds,

Although some types of vacuum and gas diodes have
been used as noise sources, modern electronic systems are
using special types of semiconductor diodes. Typical of
these is the Solitron SD1-W, a double-diffused, silicon
junction diode designed for the 20-Hz to 20-kHz spectrum.
When the reverse voltage applied to the circuit shown in
Fig. 1 is gradually increased, the diode produces an in-
creasing amount of random, non-white voltage. At one
particular applied voitage level, the diode suddenly goes
into zener or avalanche operation with a resulting genera-
tion of reasonably white noise, As E. is increased above
this point, the output level drops but the signal becomes
“whiter.” This diode circuit is equivalent to a high-im-
pedance generator and should not be used across a load
much smaller than 100,000 ohms. A transistor amplifier
is usually used to raise the level and match impedances.

Typical diodes have an output ranging from 500 to 2500
«V r.m.s. per 20-kHz bandwidth. Other types of noise diodes
are available to cover the range from 1 Hz to 500 MHz. A

ALL p-n junction diodes have charge storage during cur-

rent flow in the forward direction. Holes and electrons
are injected into the base region and stored by diffusion.
The charge thus stored by the forward current must be re-
moved by reverse current, or recombination, before the
diode can be turned off, or reversed biased into its high-
impedance state.

In the design of frequency multiplication circuits using
variable-reactance semiconductor diodes (varactors), the
principal effect used is the variation in depletion layer
capacitance with reverse bias variation. The storage of
charge under forward bias has been neglected or avoided.

By contrast, step-recovery diodes are optimized for maxi-
mum charge storage under forward current with controlled
release of the stored charge at reverse current, and fast
transition from reverse current conduction to the normal
diode reverse bias condition. Although the capacitance of
the step-recovery diode does vary with reverse bias, this
effect is small compared with the difference in charge
stored between forward and reverse polarities, By using
step-recovery diodes to optimize the forward storage and
recovery transient, as opposed to optimizing the reverse
bias capacitance variation, the user can construct efficient
harmonic generators of orders of two to 30 without resonant

Fig. 1. Frequency multiplication circuit using a step-recov-
ery diode requires no'intermediate-frequency tuned circuits.
DIELECTRIC BEAD SUPPORTS
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2000 MK
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STEP-RECOVERY (CHARGE-STORAGE) DIODES

tank circuits at any intermediate frequencies. The sim-
plicity and freedom from spurious outputs obtained by |
omitting the idier networks is the principal advantage of
the step-recovery diode, compared with the varactor. An-
other important advantage is the relatively low conversion
of AM noise to phase noise.

A typical 20 times frequency multiplication circuit, hav-
ing 10% efficiency has been developed by Hewlett-Packard
Associates and is shown in Fig. 1. This circuit accepts a
100-MHz input at 45 mW and delivers a 2000-MHz output
at 4 mw.

The input signal is fed through a coupling capacitor C1
which in conjunction with choke L1 and bypass capacitor
C2, are used to separate the input power from the bias
voltage developed across variable resistor R1. The input
impedance is matched by a network consisting of variable
capacitor C3, inductor L2, and bypass capacitor C4, which
also decouples the higher harmonics from the input. The
input impedance of 50 ohms is matched down to a range
of 5 to 15 ohms to couple efficiently into the diode.

The step-recovery diode is placed in series with the input ]
resonator which is of the shorted type. The only adjustment |
of the diode reactance and microwave circuit impedance
required is by the use of the sliding shorts shown in Fig. 1. |
The 2000-MHz output filter is a six-resonator interdigital
structure with a bandwidth of 20 MHz and a 2-dB insertion
loss. The estimated total losses of this circuit are approxi-
mately 2.5 to 3 dB.

Operation of the circuit is simple. The tuning only re-
quires that R1 and C3 be adjusted for the best input match
and the sliding short be positioned for maximum power.

The controlled lifetime and fast transition of the step-
recovery diode makes it very useful for a variety of other
high-speed circuit applications. Al
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Reference and
Regulator Diodes

By JAMES W. CLIFTON/ Manager, Applications Engr. Section
General Products Dept., Texas Instruments

How to choose the proper zener diode for maintaining constant
voltage output at varying load current and operating temperatire.

NE of the most interesting, and certainly most use-
ful, of all the tools which the advent of semiconduc-
tor technology has placed in the hands of the elec-

tronic circuit designer is the reference or regulator diode.
The flexibility of this component with regard to voltage
ranges and power-handling capability has allowed this ele-
ment to surpass its older equivalent, the gas regulator tube.

In design and construction, the semiconductor regulator
diode is almost identical te a rectifier. It can, in fact, be
used this way. The key difference is in the nature of appli-
cation which requires a tight control over the avalanche or
breakdown voltage level. The voitage regulator is designed
to operate in the reverse current direction (cathode posi-
tive). Operated in this direction, the device will exhibit
a relatively high impedance until either zener or avalanche
breakdown is reached. Once in this region, the device will
exhibit a relatively constant voltage for wide variations in
current.

Two mechanisms are observed and utilized in manufac-
turing voltage regulator diodes, these are the zener effect
and the avalanche effect. The mechanism of zener break-
down is caused by internal field emissions due to tunneling
and occurs in the voltage range below 6 volts. Avalanche
breakdown, on the other hand, is generated by electron
multiplication quite similar to breakdown in gaseous dielec-
trics. One note regarding the temperature characteristics of
the above physical mechanisms: the zener breakdown volt-
age decreases with increasing temperature (negative tem-
perture coeflicient), the avalanche breakdown voltage in-
creases (positive temperature coefficient).

The terms reference and regulator are at times used inter-
changeably when speaking of voltage-regulator diodes. As
a good rule of thumb, however, a unit which by use is
intended to maintain a relatively constant voltage at some
fixed current over a changing temperature range is called a
reference unit, and one which by use is intended to hold
a relatively constant voltage level over a varying current
and temperature range is called a regulating diode.

Reference elements may be a single junction or may
be made up of multiple junctions to achieve a near zero
temperature coefficient. Practically all reference diodes
are classified by power dissipation (typically 400 mW or
less), breakdown voltage and temperature at some fixed
current, and range of operating temperature. Reference
elements are typically used as voltage standards in power
supplies, comparators, and level-sensing devices.

Regulating devices are used in power-supply regulation,
meter-surge protection. relay arc suppression, and numer-
ous other areas where a reiatively constant voltage is re-
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quired over a range of input voltages and output currents.
They are available in power ratings up to 50 watts and
voltage ranges up to 200 volts.

A special case of the regulator diode is the so-called
double-anode unit. This unit, as the symbol indicates, is
two regulator diodes with cathodes common as shown in
Fig. 1.

The double-anode unit is usually a single silicon chip
with cathode material being common and with two anode
areas. The electrical characteristic which distinguishes this
type of unit is symmetry of breakdown voltage. Double-
anode regulators are commonly used in a.c. circuits for
voltage clamping and in protective circuits where both
positive and negative overloads may occur.

Comparison of the voltage-regulator solid-state diode
with the voltage-regulator tube points out many advantages
of the former. In addition to the customary advantage of
smaller size and weight, the regulator diode enjoys the
advantage of being able to regulate at almost any voltage
level from 2 to 200 volts in a single device, and as high as
desired in multiple unit stacks. Power-handling capability
of up to 50 watts far surpasses that available with tubes, and
problems such as drift, noise, and limited lifetime are
markedly reduced with the semiconductor element. The
circuit design engineer will also discover that the regulator
diode will be price competitive and almost always more
economical than the gas tube equivalent.

The many types of reference and regulator diodes which
are presently available are far too numerous to outline in
detail here, but a representative listing of standard JEDEC
voltage regulator diodes, military parts, and voltage toler-
ances are included in Tables 1, 2, and 3.

Parameters and Symbols

In order to understand and effectively use any compo-

Fig. 1. Symbols for single-ended and double-ended zener diodes.
Other symbols that are being used show the cathode shaped like
the letter Z (for zener), the letter B (to indicate breakdown
diode), or what looks like an L (representing the V-l curvel.

o

DOUBLE-ANODE REGULATOR SINGLE-ANODE REGULATOR

& e &

OTHER SYMBOLS FOR SINGLE -ANODE REGULATOR
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Voltage
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10

200

0.4
1N4370
1N4371
1N4372
1IN746
IN747
1N748
IN749
IN750
IN751
1N752
IN753
IN754
IN755
IN756
IN757
IN758
1IN962
1IN759
1N963
1IN964
1IN965
1IN966
1IN967
1N968
1N969
1IN970
IN971
1IN972
IN973
1N974
IN975
1N976
1IN977
1IN978
1N979
1N980
1N981
1N982
1N983
1N984
1N985
1N986
1N987
1N988
1N989
1N990
1N991
1N992

*Indicates not available for military use.

JEDEC Registration

1.0

IN3821
1IN3822
1N3823
1N3824
1N3825
1N3826
1N3827
1N3828
1N3016
1N3017
1N3018
1N3019
1IN3020
1N3021

1N3022
1N3023
1N3024
IN3025
1IN3026
1N3027
1N3028
1IN3029
1N3030
1IN3031
1IN3032
1N3033
1N3034
1IN3035
1IN3036
1N3037
1N3038
1N3039
1N3040
1IN3041
1N3042
1IN3043
1N3044
1N3045
1N3046
1IN3047
1IN3048
1N3049
1IN3050
1IN3051

10

1N3993
1IN3994
1IN3995
1N3996
1N3997
1IN3998
1IN2970
1IN2971
1N2972
1N2973
1IN2974
1IN2975

1N2976
1IN2977
1N2979
1N2980
1N2982
1N2984
1N2985
1N2986
1N2988
1IN2989
1N2990
1IN2991
1N2992
1N2993
1IN2995
1N2997
1N2999
1IN3000
1IN3001
1N3002
1IN3003
1N3004
1N3005
1IN3007
1N3008
1N3009
1IN3011
1IN3012
1IN3014
1IN3015

Dissipation Available (watts)

50

1IN4557*
IN4558*
1IN4559*
1IN4560*
1IN4561*
1N4562*
1N2804
1N2805
1N2806
1N2807
1N2808
1N2809

1IN2810
1N2811
1N2813
1N2814
1N2816
1N2818
1N2819
1N2820
1N2822
1N2823
1N2824
1N2825
1N2826
1N2827
1N2829
1IN2831
1N2832
1N2833
1N2834
1N2835
1N2836
1N2837
1N2838
1IN2840
1N2841
1N2842
1N2843
1N2844
1N2845
1N2846

Table 1. Listing of regulator diodes by voltage and power.

Fig. 2. Typical package outlines used for regulator diodes.
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nents, one must first acquire familiarity with the vocabulary
which applies to that component. The terminology applied
to regulator diodes is quite similar to that used with all
semiconductors, yet some uniqueness of parameters does
exist. Certain parameters are, of course, more significant to
the user than others and these are usually specified as
either minimums or maximums on the manufacturer’s data
sheet. Other parameters which are of interest, but not of
controlling dominance are given as typical values and are
not specifically guaranteed on a standard part. In Table 4
regulator diode parameters are discussed. Measurement
techniques for regulator diodes are common to all manu-
facturers and are standardized by JEDEC registrations and
on military parts in MIL-S-750A. Circuits which are not
standardized must usually be worked out with the indi-
vidual manufacturer.

Materials Employed

Practically all regulator diodes are manufactured with
silicon as the starting semiconductor material. Silicon is
selected in preference to germanium due to its superior
thermal properties. Sensitivity of germanium devices to
temperature extremes limits their usability to junction tem-
peratures of 100°C compared to 200°C for silicon. Both
from the standpoint of power handling capability and mini-
mum reverse leakage current, silicon has the obvious ad-
vantage.

Three basic processes are utilized in manufacturing sili-
con regulator diodes. Each has certain advantages over the
other two and also certain disadvantages.

The alloy process is used extensively in fabrication of
low-voltage diodes. The primary advantage of the alioy
process is that it allows one to obtain the very abrupt junc-
tion which is required for a sharp breakdown character-
istic at lower voltage. The alloy device will typically exhibit
less noise than its diffused counterpart. Major limitation
on the alloy technique is the restriction on power-handling
capability of the device. This power limitation arises out
of the limitation on junction size due to mechanical con-
siderations of matching the alloy material to silicon.
Reliable devices of 1 watt are possible, and devices up to
10 watts have been fabricated for restricted usage. A second
aspect of the alloy device, which acts as a minor disadvan-
tage, is the absence of passivation over the exposed junc-
tion. This may tend to make the devices less reliable in
some environments.

The diffused approach to regulator fabrication is limited
to voltages above 6 volts and also has the exposed junction
that is typical of the alloy unit. It tends to be somewhat
more noisy in comparison to the alloy process. It has the
advantages of being able to sustain large amounts of power
and to allow construction of higher voltage units.

An extension of the diffused process is the use of the
planar technique which utilizes an oxide passivation to
cover the junction. This passivation makes the planar unit
typically more reliable than either alloy or diffused types.
The planar unit experiences the same low-voltage limita-
tion as the diffused unit and is typically more noisy than
either alloy or diffused. It has inherently much lower re-
verse leakage current and a sharper breakdown charac-
istic. Power-handling capability is superior to alloy con-
struction and comparable to the diffused device.

As pointed out before, each process has certain strong
and weak points, and selection of proper type is simply a
function of end use of the product.

One of the most difficult and certainly most important
aspects of fabricating a regulator diode is in providing some
sort of housing or package for the device. The functions
which the devices package must provide are: protection
of the device from environment, removal of heat from the
junction, good electrical paths to the external circuit, and
simply as a carrier for the silicon chip.

Good package design requires a knowledge of the elec-
trical conductivity, thermal transfer capability, and thermal
expansion characteristics of the materials used. All device
packaging schemes will require at least two insulator-to-
metal seals. Common insulators are glass or ceramic.
Metals may be Kovar, molybdenum, Dumet, or other al-
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loys. The seal may be either a fused glass-to-metal oxide seal
or a thermo-compression seal. Expansion coefficient of
metal and insulator must be closely matched over the de-
vice’s operating temperature range. Typical package out-
lines are shown in Fig. 2.

The 10-watt and 50-watt packages are supplied with a
threaded stud and power rating is based on mounting the
device to an external heat sink. Fig. 3 shows typical sizes
of heat sinks which can be utilized for device mounting.
Derating of device power from rated power at 25°C to
175°C with allowable power being 0 at 175°C. Many elab-
orate heat sinks are available in industry and the specific
one to use can be dictated only by the application involved.

Selecting the Right Diode

In selecting the proper diode, the first item to be con-
sidered is the application. Requirements of the application
will define the approximate voltage range to be used as
well as the power-handling requirements. With these two
pieces of information in hand, the design engineer is
equipped to select the proper device.

Consideration should be given to what tolerance is al-
lowable on the nominal voltage selected. Devices are avail-
able as =20%, =10%, =5%, and =1%. Obviously, the
tighter the tolerance required, the more the unit will proba-
bly cost; therefore, one should specify only that tolerance
which is actually required. When possible, the standard
nominal voltage should be specified as cost will again be
affected. If the device must operate under wide temperature
excursions as a reference voltage, it will be necessary to
specify the temperature coefficient. Specify only to the
extent required to do the job adequately. An application
across wide temperature variations will also require careful
analysis of the power-handling capabilities of the device
and of the mounting technique to be used.

Applications of the regulator device in power supplies
for regulation will require consideration of the By, charac-
teristic and the zener impedance, to assure that the required
percent regulation can be maintained over the range ex-
pected in input voltage and output current. If the device is
to operate as a transient suppressor or clamping device,
careful attention should be given to maximum surge cur-
rent ratings. In those applications where high-gain ampli-
fiers are to be used, consideration must be given to the
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Fig. 3. Power-dissipation characteristics of square heat sinks.

DISSIPATION  VOLTAGE RANGE

400 milliwatt 2.4-3.0 1N4370A-1N4372A
3.3-12 IN746A -1N759A
11-200 1N362B -1N9928

1.0 watt 33-6.2 1N3821A-1N3828A
6.8-200 1N30168-1N3051B

10 watt 3.96.2 1N3993A-1N3998A
6.8-200* 1N29708-1N3015B

50 watt 6.8-200** 1N2804B-1N2846B

DEVICE NUMBERS APPLICABLE MIL-SPEC

MIL-S-19500/127
MIL-S-19500/ 127
MIL-S-19500/117
MIL-S-19500/272
MIL-S-19500/115
MIL-$-19500/272
MIL-S-19500/ 124
MIL-S-19500/114

*1N2978, 1N2981, 1N2983, 1N2987
1N3006, 1N3010, 1N3013 not availa

1N2994, 1N2996, 1N2998,
ble for military applications.

**1N2812, 1N2815, 1N2817, 1N2821, 1N2828, 1N2830, and 1N2839
are not available for military applications.

Table 2. Applicable MIL-Specs for various regulator diodes.

TOLERANCE

5%
1N4370A-1N4372A
1IN746A -1N759A
1N962B -1N992B
1N3821A-1N3828A
1N3016B-1N3051B
1N3993A-1N3998A
1N2970B-1N3015B
1N2804B-1N2846B

10%
1N4370 -1N4372
1N746 -1N759
1N962A -1N992A
1N3821 -1N3828
1N3016A-1N3051A
1N3993 -1N3998
1N2970A-1N3015A
1N2804A-1N2846A

20%

1N962 -1N992
1N3016-1N3051

1N2970-1N3015
1N2804-1N2846

Table. 3. Regulator diodes grouped according to voltage tolerance.

Table 4. A summary of the important zener-diode parameters along with their significance.

SIGNIFICANCE OF PARAMETER

Voltage at which the unit controls or regulates. Most important parameter.

Defines forward voltage characteristic, usually of only minor importance.

Specified at some voltage below avalanche or zener point. Represents the pre-breakdown
leakage current of the device and helps to define the degree of sharpness of voltage
breakdown point. Especially important in meter protection, relay arc suppression, or
transient overload protection.

Current at which breakdown voltage or temperature coefficient are measured as applic-
able. Usually this is the current at which the regulator should be designed to operate.

Voltage change between two different currents. Defines large-signal dynamic impedance
of the regulator. Particufarly important in defining how well a device will regulate
over a range of input voitages and output currents in power-supply applications.
Defines change in regulator voitage for small changes in input current about the test
current |z. Measured with a.c. superimposed on d.c. Iz current. Particularly impor-
tant in voltage regulators, level-sensing devices, and reference devices. Controls
regulator sensitivity to ripple in input d.c. supply.

Particularly important in reference applications. Defined as the percent change in
regulator voltage per degree change in temperature. TC =[(Vzr1—Vz12)/

(Vz 25°C)] x [100/(Tz—Tul.

Noise voltage is particularly important where the noise is likely to feed into high-
gain amplifiers. Noise measurement circuits are usually special with each manu-

Defined as the power required to raise the junction to its maximum operating tempera-
ture {165°C to 200°C) with the diode case at 25°C. Power is usually derated linearly
for temperatures above 25°C.

Impedance at the regulator knee.
Maximum reverse surge current, important in clamps, clippers, or protective applications.

PARAMETER SYMBOL HOW SPECIFIED

Breakdown By (volts Nominal = tolerance at

voltage some current lzt.

Forward Vr (volts) Maximum at specified

voltage current {I).

Reverse Ir (uA) Maximum

current

Test Iz (mA, by Nominal

current general usage)

Voltage Bv (volts) Maximum

regulation

Small-signal ~ Zz (ohms) Maximum at some test

dynamic current |z.

impedance

Temperature TC {%/°C) Typical at some lz:. (May

coeff. be maximum on special
device types)

Noise N (uV) Maximum at some current

voltage and some frequency band.

facturer.

Power Po (W or mW) Maximum at 25°C.

dissipation

Knee imp. Zx (ohms) Maximum measured at Ix.

Surge Irm (A) Maximum

current
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noise level in the particular device that is to be used.

Over-all, the selection process, simply stated, is one
of specifying only those criteria which are necessary to
proper device operation. Specific problem situations can
often be handled for the user by a manufacturer’s applica-
tion engineering group in the most economical as well
as the most efficient manner.

Future Developments

As with all semiconductor products, improvements are a
day-to-day thing in production techniques for reference and
regulator diodes. Improved control procedures in manufac-
turing processes will result in better parameter control,
hence lower cost. Better surface passivation techniques in

the planar process are greatly reducing the failure rate ob-
served on these devices. New materials are being evaluated
with regard to increased power-handling capability and
lower noise. The use of the punch-through effect in refer-
ence construction will probably yield reference units with
nominal voltage below 2 volts while monolithic approaches
will yield multiple devices in the same package which are
much more closely matched with respect to breakdown
characteristics than is now possible with discrete devices.

Improved materials handling techniques and simplified
packaging schemes will bring both greater economy and
greater reliability to the user. Device manufacturers stand
ready to help the user with his present or future design
requirements. A

Hot-Carrier Diodes

Using a metal-to-semiconductor junction, this new device has neurly
ideal diode characteristics. It can be used as an ultra-fast detector;
very-low-noise, high-conversion-efficiency mixer; and very fast switch.

fying device that offers a number of advantages over

conventional p-n junction or point-contact diodes.
Compared with p-n junctions, the hot-carrier diode has a
much higher frequency capability. Compared with point-
contact devices, it has improved electrical performance and
mechanical ruggedness. It has nearly ideal diode charac-
teristics; consequently, its conversion efficiency in mixer
applications is higher than other types of diodes. It also
has very low noise and a large square-law range.

Hot-carrier diodes are distinguished from the more con-
ventional semiconductor devices in that the junction con-
sists of a metal and a semiconductor, rather than two
dissimilar semiconductor types. Although the metal-on-
semiconductor concept goes back several decades to the
time of Schottky, this idea was not pursued until recently
because of technological limitations. As a result of research
in this area, hp associates (an affiliate of Hewlett-Packard)
produced the first hot-carrier diodes last year.

The metal-semiconductor junction of the hot-carrier di-
ode (Fig. 1A) is made to be rectifying instead of ohmic
through a choice of materials with suitably related work
functions.

In the diodes thus formed, current flow occurs mainly
by means of majority carriers (usually electrons in practice
rather than holes because of the higher mobility of the
electron). When the diode is forward biased, the majority
carriers are injected into the metal at a much higher energy
level than that of the metal’s existing free electrons—hence
the name “hot-carrier” diode.

In the p-n junction, holes are injected from the p to
the n side and exist there as minority carriers. Similarly,
electrons are injected from the n to the p side. Although
the existence of these minority carriers is necessary for
current to flow, their presence becomes troublesome when
it is desired to have a rapid response in junction conditions
to a change or reversal of the bias. If the polarity of the
bias is reversed, for example, current will flow easily in the
reverse direction until the minority carrier density is re-

! I \ HE hot-carrier diode is a new semiconductor recti-

duced either by removal or recombination. The flow of
reverse current lowers rectification efficiency if the diode is
used as a detector, or increases the reverse recovery time
if the diode is used as a switch. The time constant for the
reduction of the minority carrier density is the lifetime.

In the hot-carrier diode, there exists at the metal-to-
semiconductor interface an energy barrier known as the
Schottky barrier, which occurs because of the difference
in work functions of the two materials (see Fig. 1B). This
barrier is decreased by a forward bias as shown in Fig. 1C
and increased by a reverse bias as shown in Fig. 1D. Hence,
the barrier results in a rectifying diode. In the forward
bias condition, the majority carriers (electrons) are in-
jected from the semiconductor into the metal where they
initially have an energy level substantially above that of
the metal’s free electrons. In the metal, the hot electrons
give up their excess energy in a very short time, about
100 femtoseconds (one femtosecond equals 10-'3 second),
after which they become part of the sea of free electrons
in the metal.

The electron flow from semiconductor to metal occurs
with virtually no flow of minority carriers in the reverse
direction. Consequently, the response to a change in bias
in the hot-carrier diode is much faster than in p-n junctions.
Even the slowest hot-carrier diodes have majority carrier
lifetimes of less than 200 picoseconds while the faster ones
have lifetimes too short to be presently measurable, In ad-
dition, the low minority carrier density means that there
is less stored energy in the junction. This, in turn, reduces
the drive requirements when the diode is operated as a
switch. ’

Hot-carrier diodes have some drawbacks. They are still
undergoing laboratory refinements to reduce their inherent
barrier capacitance and series resistance, which may be as
low as | pF and 10 ohms respectively. Also, development
is under way to improve their packaging to make them
interchangeable with conventional p-n types. Manufacture
is presently restricted to a few companies and the prices
are still fairly high. -

Fig. 1. (A} Construction of a hot-carrier diode. (B) Energy diagram without bias. (C) With forward bias. (D) With reverse bias.

CONDUCTION /

METAL
WHISKER METAL T
1 __Ferm
LEVEL
{ N TYPE EPITAXIAL Si g N TYPE
N+ SUBSTRATE METAL
AR XX XX XXX XX Xy
............................... NEUENCE )
OHMIC CONTACT BAND
NO BIAS
(A} (B}

48

—_ -+ .
.._____‘_ ______ J-_f___

-

ELECTRONS
— I 4

ENERGY
BARRIER

—jl
FORWARD BIAS S
1

REVERSE BIAS
(c) (D)

ELECTRONICS WORLD




Switching Diodes

By JOHN BROWN

Head, Applications Engineering, Fairchild Semiconductor

How to select these devices which are characterized by certain
maximum reverse recovery times for high-speed switching uses.

ing from either the forward or reverse state to the

opposite state with minimal transient behavior. Un-
fortunately, ordinary rectifying junctions do not immedi-
ately exhibit a high impedance when switched to a reverse-
biased state from a forward-conducting one. Instead, they
conduct freely for a brief time interval.

The time from the instant of switching until the device
exhibits a satisfactory high impedance is the reverse recov-
ery time (t,,). When switched from a reverse-biased to
a forward-conducting state, the diode exhibits a high im-
pedance in the forward direction. The time from the in-
stant of switching until the device reaches low impedance
is the forward recovery time (). Of these two param-
eters, reverse recovery time is normally far larger.

Even though a manufacturer employs all the tricks of
his trade, he cannot entirely eliminate forward and reverse
recovery times. The user may, however, optimize opera-
tion by employing as low a forward current level as possi-
ble for the “on” state and driving to as high a reverse cur-
rent as possible when switching to the “off” state.

The largest number of switching diodes currently sold
are types such as the 1IN3600 and 1N914. Both these de-
vices offer switching speeds (#,,) of less than 4 nsec, reverse
leakages less than 100 nA, and reverse breakdown voltages
of 80 V or greater. The forward voltage drop is less than
1.0 V at I;=200 mA for the IN3600 and at /=20 mA
for the IN914.

Faster devices (less than 0.75 nsec ¢,,) are available,
such as the 1N4376, at a sacrifice in breakdown voltage
and conductance. Medium-speed (less than 50 nsec) de-
vices, such as the 1N3070, with higher breakdown (over
150 V) voltage and high conductance are also available.
All the devices mentioned can be obtained as MIL quali-
fied types. Manufacturers in the commercial and consumer
markets may now purchase low-priced devices from repu-
table manufacturers to the barest of specifications with no
fear of device failures presenting a problem.

SWITCHING diodes are designed for rapid switch-

Switching Diode Parameters

MIL-STD-750 is perhaps the best single reference for
device parameters and their measurement. Table 1 lists
the parameters commonly used in specifying switching
diodes. The first eight (Vy, Ip, Vi, I, Vg, Igg, t.., and
() are almost always specified. The next two (V, and 1)
are appearing more frequently on users’ specifications.

The remaining parameters listed are not normally given
although their behavior must be taken inmto account in
circuit design. However, the variations in these parameters
from one device to another is not significant enough to
warrant a required test by the manufacturer or else the
parameter is strongly dependent on one of the eight major
parameters already specified. These parameters are usually
described in sufficient (for designers’ purposes) detail by
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curves included on data sheets supplied by manufacturers.

Ve, Ir, Vi, Iz: These specifications are presented as fol-
lows:

a. Maximum forward voltage (Vy), usually 1.0 V, at
some forward current (/r). For critical applications, both
maximum and minimum forward voltage limits are given
at various /r levels. An ambient temperature of 25°C is
normally specified.

b. Maximum reverse current (/;) at some reverse vol-
tage (V). Normally, this test is specified for performance
at 25°C and some elevated (generally 150°C) tempera-
ture. Rules of thumb for predicting reverse current changes
with temperature are “Ir doubles for each 12°C increase
in temperature” (for large changes in temperature) and
“Ix increases about 7% for each 1°C in temperature” (for
small changes in temperature).

Vir, Isr: Generally speaking, the breakdown voltage
(Vsr) is much lower for switching diodes than for recti-
fiers. It is one of the parameters that must be sacrificed in
order to obtain faster switching times. The breakdown vol-
tage is normally quite sharp so that voltage transients in
excess of the breakdown voltage can result in very high
reverse currents (/gy), if current is not limited by external
circuitry. Reverse transients are probably the greatest sin-
gle cause of device failures in switching diodes and rectifier
applications.

Specifications usually include a minimum reverse break-
down (Vjgg) at some reverse current (/zg), such as 5 xA
or 100 zA. The test is customarily performed only at room
temperature. (Vzg is only slightly temperature dependent;
it increases approximately 0.1% per °C increase in tem-
perature).

t,.: Fig. 1 illustrates the reverse transient behavior of a
switching diode. The time period from the instant of switch-
ing until the reverse current through the diode has dimin-
ished to some acceptably low value. i, is the reverse
recovery time, ¢,.. Some generalizations about reverse tran-
sient behavior may be made. Reverse recovery time in-
creases for increasing Iy, R, T, (ambient temperature),
and decreasing /,,; it decreases for increasing /5.

The most often used circuit for measuring t,, is shown

Fig. 1. Switchin- die-a reverse transient characteristics.
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Fig. 2. Test circuit used to measure reverse recovery time.

in Fig. 2. Considerable care must be exercised in the con-
struction of the circuit otherwise damped oscillations
(“ringing”) will occur in the region of i, making the
measurement of ., with any degree of accuracy, im-
possible.

Formal standardization on the measurement of this
parameter for very fast diodes has not been established be-
cause of the difficulty in defining an adequate procedure
for evaluating the test circuit (test fixture primarily).
However, the Electronic Industries Association is working
in this direction.

C: Capacitance of a semiconductor diode decreases with
reverse voltage, as shown in Fig. 3. In many applications,
the diode is required to block spurious signals when re-
verse biased. Small signals, although insufficient in ampli-
tude to reverse the state of the diode, can be coupled .di-
rectly by the diode’s capacitance to the next stage, giving
a false indication of a change in state.

Because forward capacitance of diodes is not usually
important, capacitance specifications normally list a re-
verse or zero bias condition for measurement. Zero bias is
the most commonly used condition and the measuring
frequency and T, are usually 1 MHz and 25°C, respec-
tively.

V,),,, t;,: Forward transient behavior of switching diodes
is of concern only when the diode (e.g. driving magnetic
cores) is subjected to high (100 mA and up) forward cur-
rent pulses of extremely fast rise times. Fig. 4 shows the
typical transient behavior of a switching diode subjected
to a high-amplitude, fast-rise-time, forward-current pulse.
The peak forward voltage, V5, is due to the initially high

ohmic drop of the bulk silicon. After current flows for an
appreciable period, the conductivity of the silicon increases
due to the increased carrier densities. As this occurs, the
voltage, V,, decreases and eventually a steady-state value,
Vr, is reached. The time required for the forward voltage
to recover to an acceptably low value (1.1 XV, usually)
is called the forward recovery time, t;,.

The variables affecting forward transient behavior are:

1. As reverse bias increases, V, and t;, increase. How-
ever, the variation is quite small so that zero bias is usually
called for. A slight forward bias, on the other hand, sharply
reduces ¥V, and ¢,.

2. As the rise time decreases, V, increases and ¢t de-
creases.

3. As I increases, both V', and ¢, increase.

4. As Ry increases, V, and t;, decrease. Resistance Ry,
is not, however, a critical variable except that large value
resistors are often inductive and thus reduce the rise time
of the current pulse.

5. As T, increases, V,, and t;, decrease.

Special Switching Diodes

Various “special” switching diodes (such as the p-n-p-n,
hot-carrier, tunnel, and charge-storage diodes) are find-
ing greater application. These will be briefly treated in this
section. Elsewhere in this issue the reader will find de-
tailed accounts of these diodes.

“P-n-p-n” Diodes: The p-n-p-n, or four-layer, diode has
a characteristic as shown in Fig. 5. These diodes may be
biased near breakover, then triggered by a low-voltage,
short-duration pulse to a low-impedance state. The devices
are ideally suited for applications wherein it is desirable
to switch reasonably large currents or voltages with small
signals. Generally, p-n-p-n switches do not appear suit-
able for logic gating diode applications since they must
be reset after firing.

Hot-Carrier Diode: The hot-carrier, or hot-electron,
diode has characteristics very similar to, but are actually
faster than, conventional switching diodes. It is faster be-
cause it does not store minority carriers—an unescapable
characteristic of conventional diodes. Generally speaking,

Table 1. The important parameters and symbols that are employed for switching diodes.

PARAMETER SYMBOL
Forward voltage Vr
Forward current Ip
Reverse voltage Vr
Reverse current* (reverse Ir

leakage)

DESCRIPTION

Forward voltage across a diode—anode positive, cathode negative.
Forward electron current through a diode—from cathode to anode.
Reverse voltage across a diode—cathode positive, anode negative.
Reverse electron current through a diode—from anode to cathode.

Reverse breakdown voltage

*VgR, Bvr, By, PIV

Reverse breakdown current *IgR, Ir
Reverse recovery time rr
Capacitance Cc
Peak forward voltage Ve
Forward recovery time ter
Temp. coef, of forward TC
volt. .
Forward dynamic impedance *Raq, Ry, Z¢
Series resistance Rs
Stored charge Qs
Thermal res. (junction O3-a
to ambient)
Rectification efficiency R.E.

The value of reverse voltage across a diode at which breakdown
occurs.

The value of reverse current in the breakdown region.

The time required for the reverse current or voltage to recover to a
specified value after instantaneous switching from a forward current
(or voltage) condition to a reverse current (or voltage) condition.
Capacitance of a diode under either forward or reversed biased con-
dition.

The maximum transient forward voltage appearing across a diode
after instantaneous switching from a reverse voltage condition to a
forward current condition.

The time required for the forward voltage to recover to a specified
value after instantaneous switching from a reverse voltage to a for-
ward current condition.

The change in forward voltage resulting from a specified change in
temperature.

The ratio of the incremental change in voltage occurring with an in-
cremental change in current under stated conditions of d.c. forward
current (or voltage) and stated incremental change in current. (Nor-
mally specified at some d.c. current fevel, la.c. with a superimposed
a.c. current, la.c.; la.c. is normaily equal to 0.1 la.c..)

Series resistance of bulk semiconductor material and internal attach-
ing parts, exclusive of junction impedance.

The charge stored in a semiconductor diode under a forward voltage
or current biased condition.

The ratio of the temperature rise of the junction of a diode above
ambient to the d.c. power applied to the device. .
The ratio, times 100 (quoted in percent), of the d.c. voltage at point
B to the peak a.c. voltage at point

SINUSOIDAL 1l A in the circuit, .
G @ ¢ 3R . Conditions of frequency f, resist-
VOLTAGE I 3 ance R, and capacitance C, must
*Preferred Usage. o ® ° be stated. (RC»1/f).
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the reverse characteristics are poorer than that of conven-
tional diodes. The forward-voltage characteristics are bet-
ter (lower forward drop) at lower currents (less than 20
mA) but poorer at higher currents.

Hot-carrier diodes cannot withstand large current surges
without damage and are more susceptible to contamina-
tion during manufacture. The selection of a hot-carrier
diode over conventional switching diodes would normally
be made when either extremely fast switching or a low
forward-voltage drop is required. When these needs are
not critical, considerations of reliability, cost, and other
electrical characteristics would normally dictate the se-
lection of the conventional diode.

Tunnel Diodes: These devices can be switched very
rapidly through the negative resistance region. The tunnel
diode’s characteristic is such that it is not easily compared
to conventional diodes. Its range of operation is very re-
strictive in that the voltage, and current range encom-
passing the negative resistance region, is limited to a few
tenths of a volt and a few milliamperes, respectively.

Charge-Storage Diode: Charge-storage diodes have the
same general characteristics as conventional switching
diodes and rectifiers. The distinguishing feature of this type
of device is that its reverse recovery time is designed to
be long. The recovery waveform is very similar to that
of Fig. 1C, except that corners are more nearly square.

The device remains in the reverse conducting state for
a comparatively long time, then recovers sharply. This
characteristic has resulted in its often being referred to
as a “‘snap-off” diode. Its 1, is dependent on the amplitude
and duration of the forward current applied prior to switch-
ing. This particular characteristic is normally controlled
and this enables the user to deliberately incorporate known
delays in switching.

Germanium vs Silicon

Typically, the reverse current of germanium devices is
roughly 1000 times that of silicon and even more sensitive
to temperature. Thus, germanium diodes can rarely be
operated at even moderately elevated temperatures (90°C)
else thermal runaway occurs due to the added heating
effects resulting from the combination of a reverse voltage
and the resulting large reverse currents. Most silicon
devices are operational to 150°C with no danger of thermal
runaway occurring. Germanium diodes, however, have
one very important characteristic advantage over silicon:
the forward voltage at low forward currents is much less
than for silicon. The forward voltage at a forward current
of 1.0 mA is typically 0.3 V for germanium and 0.6 V for
silicon. At much higher currents, however, the difference
is not so pronounced. Capacitance is about the same and
the ¢, of silicon is generally better than for germanium,
principally because more effort has been expended on im-
proving the performance of silicon in recent years.

Because of temperature limitations, germanium usage
has been dropping rapidly, and silicon has been on the
upswing. Although the average selling price of germanium
is still slightly lower than silicon, germanium now con-
stitutes only approximately 10 to 15% of the total diode
market (including rectifiers).

Mechanical Considerations

Fig. 6 shows the three packages which have emerged
as high-volume sellers. The relative merits of the three
packages are:

1. Package A, the DO-7, is most commonly used for
switching diodes and is available from the largest number
of manufacturers. It is time proven in reliability and per-
formance.

2. Package B is smalier than A and equally rugged
mechanically. It is available in very large quantities but
only from a few manufacturers. Projected cost of manufac-
ture of this device are less than those of package A. Pro-
jected costs of package B as compared with C lead to dis-
agreements as to which can ultimately become the most
economical.

3. Package C is the smallest package available in any
quantity and is economical to manufacture. Compared
with the A and B packages, package C has less mechanical
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Fig. 4. Switching diode forward transient characteristics.

strength and a somewhat limited operating temperature
range.

Mounting: Most switching diodes are mounted con-
ventionally to printed-circuit boards and are operated at
low power levels where heatsinking is unnecessary. For
devices operating at average power levels of over 25%
of rated power, mounting can become an extremely im-
portant consideration. Axial lead devices are normally
rated with infinite heat sinks attached to the leads, ¥”
from the end of the body. This is unrealistic but has been
considered a usable figure. The user can measure the tem-
perature rise at the 38” point resulting from his less-than-
perfect mounting and adjust the rating accordingly.

General guidelines for mounting axial lead devices oper-
ating at elevated power levels are:

1. Provide as good a heat sink and as close to the body
as possible. Heat flow is predominantly from the cathode
lead for most designs—it is about 90% for package A.

FORWARD CURRENT

/J

FORWARO VOLTAGE

REVERSE VOLTAGE

REVERSE CURRENT

Fig. 5. Typical four-layer diode characteristics are shown.

Fig. 6. Switching-diode packages that are most widely used.
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2. Provide forced draft air flow if possible. Although
most heat flow is via conduction through the leads, this
condition can be reversed if the thermal resistance of the
mounting is high and a good forced draft is provided.

Selecting the Right Diode

Selection should begin with switching time considera-
tions. One should first determine whether forward re-
covery time (“turn-on” time) or reverse recovery time
(“turn-off”’ time) is the most critical. Manufacturers’ data
sheets for switching diodes do not generally include for-
ward recovery time specifications. This does not imply
that they are poor. It is extremely difficult to specify a set
of conditions from which performance can be predicted for
all combinations of rise time, current drive, loop resist-
ance, etc. Relative performance can be anticipated, how-
ever, by considering three other parameters: reverse re-
covery time, capacitance, and forward voltage. In general,

1. The faster the reverse recovery time, the faster the
forward recovery time.

2. The higher the capacitance, the faster the forward
recovery time.

3. The lower the forward voltage, the faster the forward
recovery time.

Gating circuits with large fan-in can exhibit consider-
able propagation delay if the capacitance of the diodes is
large. Consider a simple four-input gate with 5 pF of
capacitance per gate. If initially all gates are “off” (reverse
biased), then one gate is switched “on” with a current drive
of 1.0 mA, 15 nsec are required to change the voltage on
the other three gates by 1.0 V. This proceeds from:

t=[(n—1)CV]/Ir=[(4—1)(5 pF)+(1.0 V)]/10-2A=
15 nsec. where Ir=gate drive current, r=time, n=total
number of diode gates, C=diode capacitance, and V=
voltage change across diode gates in time, 7. Obviously,
capacitance can be an important consideration.

With respect to reliability, breakdown voltage and for-
ward voltage are of principal concern. For example, the

breakdown voltage of the device should be high enough
so that reverse voltage transients never exceed it. Even
though a device may be rated at, say, 400 mW, it should
not be inferred that it can be operated at that level in break-
down. Switching diodes, unlike voltage regulator diodes,
are not designed for uniform breakdown. More often
than not, breakdown current is concentrated in a small
area resulting in very high localized heating.

Forward voltage should be given more than just circuit
considerations if the application is for short-duty-cycle,
high-current operation. Power should be minimized in that
failure rates in semiconductors are very strongly depen-
dent on junction temperature. The lower the forward
voltage, the lower the power for a given current drive, and
hence the lower the junction temperature.

The Future

Certain trends are evident that are likely to continue.
Discrete switching diodes are being replaced in greater
numbers by integrated circuits in computer applications.
However, the higher power handling capability and su-
perior electrical parameters of discrete components will
enable them to endure for some time to come. A decrease
in the number of switching diodes sold is not likely for a
year or two because of general market growth. Ultimately,
however, the large volume applications must yield to in-
tegrated circuits that are yet to be offered.

Within the next two years, a rapid switch from package
A to package B can be expected for reasons of economy.
Average selling prices during the next two years will prob-
ably drop to half that of current prices due to manufac-
turing efficiencies. No significant breakthroughs in per-
formance are expected for the conventional switching
diode. Emphasis will be on cost reduction to expand the
consumer and industrial markets. Newer types of “spe-
cial” switching devices such as light-activated switches,
charge-storage diodes, multilayer diodes, etc. will probably
emerge in abundance.

T HE p-i-n (Positive Intrinsic Negative) diode is better de-
scribed as a variable resistor than as a conventional
diode. Its normal use is at a sufficiently high frequency
so that it does not rectify the applied signal and does not
generate harmonics. The resistance of the p-i-n diode is
controlied by a d.c. or a low-frequency bias or modulating
signal. The high-frequency signal being controlied sees a
constant resistance independent of polarity, although
limited by reverse breakdown voltage. This characteristic
of the p-i-n diode depends upon the minority carrier life-
time being much longer than the period of the controlled
signal.

The dynamic resistance of the p-i-n can be larger than
10,000 ohms because of the existence of an exceptionally
wide high-resistivity layer next to the junction. Because
of this layer, the reverse breakdown voltage of the p-i-n
diode can be as high as several hundred volts. Correspond-
ingly, capacitance per unit of junction area will be very
low, yet conductivity during forward conduction can be
high because the conductivity of this layer will be in-
creased by the presence of stored charge (conductivity
modulation).

There are two general areas of application for the p-i-n
diode: it may be used as a microwave switch to be operated
by abrupt changes in bias; or it may be used as a variable
resistance microwave amplitude modulator. In either case,
the impedance of the diode is controlled by the external
bias, and it approximates a linear passive impedance to
the applied microwave signal. These diodes are also find-
ing use in digital phase shifters and may soon find appli-
cation as flexible, low-loss control elements and variable
resistances. The ability of these diodes to switch the fre-
quency response of microwave filters without degrading
“Q" opens up many new system design possibilities.

In the p-i-n diode frequency-shift bandstop filter shown
in Fig. 1, it is assumed that a broadband mixer and a 1-GHz

P-1-N DIODES

local oscillator are used in a receiver connected to the
coaxial line. The i.f. is 30 MHz and it is desired to make a
switchable stop filter reject either 970 or 1030 MHz. In
this circuit, hpa 3001 p-i-n diodes are used. The diodes are
represented in Fig. 1A by L,,C;, and R,. Inductor L1 is a
loop, shown in Fig. 1B, while C1 is the capacitance be-
tween this loop and the center conductor of the coaxial
cable. Capacitor Cy is a bypass for the bias lead. The net-
work is resonant at 970 MHz.

The two diodes are in series for the bias but in parallel
for the signal (r.f.). Switching the diodes from forward to
reverse bias changes the total capacitance just enough to
shift the network resonant frequency from 970 to 1030
MHz. The insertion loss at the frequency of operation is
about 34 dB, while at the other frequency, insertion loss
is 0.01 decibel.

Because the conductance of the p-i-n diode can be al-
tered with a change in the applied bias, a great variety of
attenuation and switching networks becomes possible. A

Fig. 1. Using the “p-i-n"' diode as a frequency shift filter.
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Varactor Diodes

By GERALD SCHAFFNER
Group Leader, Varactor Circuit Research, Motorola Inc.

Selecting variable-capacitance diodes for the following:
tuning, harmonic generation, switching and limiting, pulse
shaping, parametric amplification, and phase shifting.

EW industry-wide varactor diode developments
have extended the advantages of solid-state per-
formance and reliability to new applications and

to frequencies in the microwave region. Varactors provide
solid-state tuning that is faster and more reliable than me-
chanical tuning; r.f. power available at higher power levels
and higher frequencies than with transistors and with
greater efficiency and reliability than tubes can offer; faster
switching than with tubes or mechanical relays; and lower
noise amplification than with either tubes or transistors.
The versatile varactor also offers such functions as limiting,
pulse shaping, and phase shifting.

The varactor or variable-capacitance diode differs from
conventional diodes in that the prime objective is to have
the back-biased junction purely capacitive. There is usually
relatively little concern for the forward characteristics.
This unusual attitude exists because varactor operation
utilizes the voltage-variable depletion capacitance of a p-n
Junction. The capacitance of a junction can be described by:

Ci=Col(l=V/])s. . oouin. .. (1)

where: C; is the junction capacitance, C, is the zero-bias
capacitance, V is the applied voltage, ¢ is the contact poten-
tial, and k is the law of capacitance which depends on
the construction of the diode as illustrated by the impurity
profile diagram (Fig. 1).

For abrupt junctions, k has the value of 4. If the doping
level decreases linearly through the active region of the
junction up to the depletion layer, k becomes %4, and the
device is linearly graded. When the doping is heavy
throughout the semiconductor, except when it decreases
abruptly for a narrow region around the junction, k be-
comes as low as 140. Such a device is called a step-recovery

Fig. 1. Impurity profiles. (A} Abrupt junction. (B) Linearly
graded. (C) Step-recovery or ‘‘p-i-n’". (D) Hyper abrupt.
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Function Desired Attributes

Tuning Large capacitance swing,
high fe, high BV, low Ir

Diode Structure

Silicon abrupt or
hyper-abrupt junction

Harmonic High fe, high BVx, low ¢;e Silicon or gallium-
Generation arsenide abrupt or
graded junctions and
silicon step-recovery
junctions
Switching & Low Rr, with forward bias, Silicon p-i-n or
Limiting low Cs, high BVe, low ¢je, Schottky-barrier for
fast recovery from very fast low-level
conducting switching
to non-conducting
condition

Pulse Shaping Capable of storing large Silicon step-recovery
(a) Sharpening | amount of charge in for- diodes

risetime ward direction, long mi-
nority carrier lifetime,
short transition time (time
of recovery to zero current
after return of minority
carriers)

(b) Clipping Very short minority carrier Silicon or GaAs
overshoot Iifetir& low R, low C; Schottky-barrier diodes
Parametric High cut-off frequency, Silicon or GaAs ab-
Amplification high fe, high B rupt diodes

Phase Shifter For analog shifter same as for tuning

For digital shifter same as for switching

Table 1. Llisting of varactor functions with desired device
attributes along with the most commonly used diode structures.

or snap-off diode. Extending the width of this lightly doped
region leads to a p-i-n diode. Finally, if the doping level in-
creases toward the depletion layer, one obtains a hyper
abrupt or retrograded junction and & as high as 2 or 3 is
possible.

The relatively small capacitance variation with voltage
of the step-recovery and p-i-n diodes represent somewhat
of a departure from conventional varactors. In these di-
odes, the capacitance variation is concentrated at one point
near zero volts bias. Since step-recovery and p-i-n diodes
still do utilize the change in capacitance or reactance, they
are legitimately classified as varactors.

Varactors can also be classified by the semiconductor
used, i.e., silicon, germanium, and gallium-arsenide. When
formed with a semiconductor-metal junction, varactors are
called hot-electron, hot-carrier, or Schottky-barrier diodes.

Present practice, however, is to stress the function in
classification. Varactors are used for tuning, harmonic
generation, switching and limiting of r.f. power, shaping of
pulses, parametric amplification, and phase shifting (see
Table 1).

Because varactor technology is still advancing rapidly—
especially with regard to reliability and stability—in gen-
eral only the varactors introduced within the past two or
three years should be considered when designing new de-
vices. Because the best varactors have only recently been
introduced, some do not have a JEDEC registration or a
MIL designation. Consequently, in listing typical available
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varactors, as is done in Table 2, some company numbers
must be referenced along with the registered numbers.

There is little standardization of varactor tests except
for the conventional diode measurements of BV, I, etc.

Of all the parameters, perhaps f. (or “Q”) is the most
important to measure. For lower frequency varactors, var-
ious bridges such as the Boonton 33A are convenient and
accurate. However. if the varactor equivalent parallel re-
sistance exceeds 100,000 ohms. microwave measurement
methods should be used. Quality factor can be derived
from Rs and previously measured capacitance.

There have been few MIL-Specs for varactors. These
specifications are written according to MIL-5-19500
(“Semiconductor Devices, General Specifications for”)
with the tests made in accordance with MIL-STD-750.

There are basically two materials used for varactors:
silicon and gallium arsenide; germanium, the other major
semiconductor material, is not used because of its excessive
leakage current.

Table 3 is a comparison of devices made from gallium-
arsenide and silicon in various configurations, Basically,
gallium-arsenide varactors have considerably higher “Q’s”
than their silicon counterparts. However, the latter have
superior thermal and mechanical properties. In addition,
it is more difficult to passivate a gallium-arsenide surface
than a silicon one, and minority carrier lifetime is shorter
in gallium-arsenide than in silicon. Finally, gallium-arse-
nide varactors cost more than silicon varactors.

Because of these limitations, gallium-arsenide diodes are
usually used only for low-noise parametric amplifiers and
millimeter-region harmonic generators. For about 75 per-
cent of all varactor applications, the silicon epitaxial config-
uration is used.

No matter what the application, the user should always
try to get varactors that are hermetically sealed and whose
junctions are passivated. Welded ceramic packages are pre-
ferred to those which are merely soldered.

Tuning Applications

33

Tuning requirements usually include tuning range, “Q”,
leakage current. temperature stability, and perhaps limits
on distortion when Jarge signals are impressed.

The user should first select the minimum useful voltage
which gives the desired temperature stability and distortion.
Temperature stability, for example, can change from 300
p.p-m. (parts per million) at —4 volts to 50 p.p.m. at BV¢.

Once the minimum voltage is determined, the maximum
voltage can be calculated from tuning range considerations.

fmu.r: 1 /[L(Cuki + C4 + Cmm)]l/"
fmin =1 /[L (Cem + Cr + Cnum') ]

where C,,a, and C,in correspond to junction capacitances at
minimum and maximum voltages, respectively. The capaci-

DEVICE PARAMETERS
Forward series resistance, Ry: Over most of the usable frequency range this
s
>

BVYp = DIODE VOLTAGE GIVING REVERS
LEAKAGE CURRENT In g

Ls
\l’ .Rs " f A M s &
"""" c(v) v 6, ﬂsmoo: CUT-OFF FREQ.
<, C‘cl ¢ c=THERMAL RESISTANCE *C/W

resistance follows the d.c. resistance closely and can be measured with an audio-
frequency bridge or curve tracer. This parameter is especiolly important in switch-
ing circuits.

Junction capacitance, Cj is the voltage-dependent capacitance of the depletion
region which follows Eq. (1}. Junction is usually determined from a capacitance
bridge measurement after subtracting the case capacitance, (..

Reverse series resistance, Rs, which is in series with (j, is a result of con-
tact resistance plus the path resistance through the semiconductor to the depletion
layer edges. Resistance R: is somewhat voltage-dependent since depletion layer
width varies with voltage.

The combination of Rs and (j determines a most important diode parameter, cut-
off frequency. fo=1 /5 Rs(j). Since both (j and Re are voltage - dependent,
fe is as well, being highest at BYR, and the lowest near O volts.

Basically, fe is o measure of junction capacitance quality factor (Q") with
being merely "'Q"" times the measurement frequency. Measurement of “0Q," fe, or
Rs can be accomplished on an r.f. bridge or in various microwave impedance-measu:-
ing circuits.

Case capacitance, Cc is primarily due to the relatively high dielectric constant
of the ceramic or glass housing. Case copacitance is a particularly undesirable
parasitic in switching opplications because it lowers the impedance when device
is reverse-biosed. This capacitonce is also undesirable in tuning opplications as it
reduces the tuning range.

Lead inductance, Ls arises from the leads from the semiconductor contacts to
the package contacts. Lead inductance can be determined by measuring the diode
self-resonance frequency and a previously defermined junction copacitance.

Lead inductonce hos an especially undesirable effect on high-frequency operation
of funing diodes bacouse it makes the effective copacitance larger and Q" smaller.
In harmonic generators and parometric omplifiers, lead inductances make broad-
banding more difficult, octing os an additional energy storage element. In switch-
ing, the effect of Lg is to increase forward insertion loss.

Efficiency, 7 is the conversion efficiency of harmonic generators: =P yut / Pin. |

tances or voltages can be obtained from Equation (1).

Fig. 2 is a family of curves for percentage tuning range
in terms of Cui/Cuvwx (OF Vi and V. if an abrupt
junction is assumed). From these equations or curves, the
junction capacitances can be determined.

After V... and C; are determined, the manufacturer’s
catalogues should be consulted to see it the desired “Q”
is available. It should be remembered that “Q” goes down
as BVpy goes up. The same consideration holds for Ip.
However, in many cases the manufacturer may supply
better devices than the minimum indicated in his catalogue.

Harmonic-Generator Application

Varactors for harmonic generators are selected on the
basis of power and efficiency, linearity, temperature sta-

Table 2. Examples of some readily available varactor diodes for four important applications.

COMPANY VARACTOR

1. Tuning—estimated unit cost $2 to $40

Crystalonics VA-203 C(—4V)=47 pF
Fujitsu 15535 C(—0.1V)=65pF
Motorola MV18648B C(—4 V)=6.8 pF
Philco V4093 C(—8V)=500 pF
TRW PG347 C(—4V)=47 pF
Varian VAT-1IE C(—4V)=2.2pF
2. Harmonic Generation—estimated unit cost $28 to $150
Hewlett-Packard hpa-0241 fin=100 MHz
Microwave Associates MA4765 fin=4 GHz
Motorola IN5155 fin=2 GHz
Sylvania D5047C fin=9.6 GHz
Varian VAB-802 fin=500 MHz

3. Switching and Limiting—estimated unit cost $10 to $50
Microstate MS-6009 C(—50 V)=0.9 pF
Microwave Associates MA4497 C(—50 Vv)=0.4 pF
Motorola MV1892 C(—50 v)=2.5 pF
Sylvania D-5025A C(—50 V)=1 pF
Varian VSD-508BE C(—50 V)=1.9 pF
4. Parametric Amplification—estimated unit cost $50 to $4
Micro Optics MO-101LS C(oV)=0.2-0
Microstate MS4017 c(0v)=0.2-0
Microwave Associates MA4039 C(0 V)=0.3=0.
Texas Instruments TIXVO7 cov)—0.3
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00
.39 pF BVr=5.5V (0 V)=300 GHz

.5 pF BVg=4V fo(—6V)—320 GHz
5 pF BVa=3V f.=120 GHz
.3—0.6 pF BVg=6V fo(—2 V)=500 GHz

CHARACTERISTICS
BViy=150 V fo(—4 V)=5 GHz C2/C150=6.2
BVr=25V fo(—8 V)=0.5 GHz Co.1/C15=65
BVr=60 V fe(-4 V)=30 GHz Ca/Cs0=3.1
BVg=115V fo(—8 V)=2 GHz Cs/C100=4.1
Bvr=50 V f.(—4 V)=15 GHz C2/Cs50=4.3
BVr=120 V fo(—4 V)=20 GHz Co/C120=8.1

fom:2 GHz Pm=1 W, 7]:25%
fow—12 GHz Pin=1W, n—=30%
forr=6 GHz Pin=5 W, ’n=40%
fou=28.6 GHz Pin=.41 W, 77=55%
four=1.5 GHz Pi,=14 W, =55%

BV:=1400 V Re=1.70
BVr=200V Rs=1.5Q P¢=75W
BVi=700V Rs=0.62Q Pg=20 W
BVr=1000 V R-=22 P4=1.5 W
BVi=500V Rs=0.7Q Pa=5 W
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bility, and impedance or capacitance. From a set of manu-
facturer’s curves, such as those shown in Fig. 3, the var-
actor performance at most power Jevels and frequencies
can be predicted. Further, many manufacturers will test
their products with respect to power at the customer’s
specified frequencies, if so desired.

Although published power data should be the principal
selection criterion rather than specifying abrupt, linear-
graded, or step-recovery junctions, some generalizations
can be made about these varactor types. As far as efficiency
is concerned, all are about the same with the step-recovery
junction having an edge with respect to power. If linearity
(constant efficiency with changing power input) is a con-
cern, the step-recovery diode should be used as its average
capacitance value changes less with power variations than
other types. Of course, for large step multiplications with-
out idlers, only step-recovery diodes should be used.

Gallium-arsenide varactors are not recommended for
harmonic generation unless the frequency is too high for
silicon or the power level is low and efficiency is the over-
riding consideration.

Where tuning range or bandwidth requirements are se-
vere, careful attention must be paid to diode impedance.
Filter techniques can be used for wideband design, using
estimated or measured varactor impedance. Impedances
can also be obtained by removing the varactor from an
optimized narrow-band circuit and substituting a probe
connected to impedance measuring equipment. Finally,

Toble 3. Relative characteristics of varactor moterials.

ADVANTAGES DISADVANTAGES
High f. for a given BVr Poor thermal resistance
== | Excellent stability with Short minority carrier
5'5 temperature changes lifetime
:;5"::; Very low noise and highly Only low BVr available
g “ | efficient, especially when (60 volts is maximum)
E cooled Relatively expensive
2 Very high f. Poor device uniformity
; ‘_:‘é Very low capacitance (0.1 pF) Very low burnout rating
S |8 | Gives low noise figure in Low BVg
—:t" parametric amplifier Expensive
< Very high f. (500 GHz2) Higher C; than with point
)
=.35 | Higher burnout than point contact (0.3 pF)
2% | contact Low BVr (6 V)
<>
= | Gives low noise figure in Expensive at present
parametric amplifier
i Low fe
3 Very high BV Poor control of diode
& | Low thermal resistance capacitance
S | Low cost Without glass passivation,
poor temp. stability
High f. (200 GHz) BVr not as high as with
With glass passivation, ex.  diffused (150 V)
_ cellent temp. stability Minimum capacitance only
x 2 nitorm characteristics
‘SE | Retrograded junctions
2 possible
3 Low thermal resistance
e Low cost—high yield
) Capacitance law=20.5 pF Low BVg (110 V)
= Reasonably high f. High capacitance
52 S Poorer uniformity than with
a< diffused epitaxial
Higher cost than diffused
epitaxial
Very low capacitance devices  Poorer uniformity than
- possible (0.1 pF) epitaxial
Z 5 Higher BVr possible than Without glass passivation,
EE in epitaxial (200 V) poor temp. characteristic
Low cost Lower f. than with epitaxial
devices
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Fig. 2. Percentage resonant circuit tuning range.

when either wide tuning range or bandwidth is needed,
the varactor self-resonant frequency:

fsr= 1 /[ZT(L:«C]) ']
should be as high as possible, consistent with power needs.
Parametric Amplification

The parametric amplifier designer is primarily concerned
with varactor “Q” or cut-off frequency and capacitance
variation. The highest cut-off frequency and capacitance
swing should be selected consistent with varactor cost. It
is in this area that gallium-arsenide varactors are espe-
cially attractive.

When a wide bandwidth is required, it is helpful to have
diode self-resonance at the idler frequency. This results in
the lowest possible amount of energy storage in the idler
circuit.

Other factors to be considered for parametric amplifier
varactors are uniformity of product and temperature sta-
bility since the amplifier is often mounted on an antenna
away from a completely sheltered housing. Both of these
requirements tend to favor silicon-epitaxial devices.

Switching Applications

The switch or limiter designer is primarily concerned
with diode capacitance, forward resistance, power dissipa-
tion, voltage breakdown, and inductance. The capacitance,
C;, and forward resistance, R;, determine the ratio of iso-
lation (I) to insertion loss (L).

I/L=1/(wC;R;)
Power handling in the reverse direction is:
Pma:c:(BVR)Z/SZo

where Z, is the transmission line characteristic impedance.
When a diode is operated at optimum impedance Z,=

(BVRr) VR;/8P,ar it will reach the thermal limiting and
breakdown at the same power level. Hence,

Pma.r, opt = (BVR) VPma:c, rlim;/SRf
For most applications, the reactance of the lead inductance
55
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should be less than R;. Where this is not possible, other
modes of operation may have to be considered in which the
conducting condition is with reverse bias, with the junction
capacitance resonating the lead inductance of the diode.

Although some conventional, low-frequency diodes can
be used for microwave switching, they generally have not
been optimized for lowest package parasitics and the low-
est series resistance consistent with junction capacitance.
For best high-frequency switching performance, varactors
such as p-i-n diodes should be used.

Phase Shifting

Varactor phase shifters operate by altering the velocity
of propagation (v,) of a transmission line or filter. The
velocity of propagation is defined by v,=1/VLC where L
and C are the inductance and capacitance per unit length
of the transmission line. In operation, varactors are placed
periodically across the line so that a change in the applied
bias changes C and therefore v,. As a result, phase shift
is controlled by the bias level.

Essentially the same considerations necessary for tun-
ing applications apply to varactors used in phase shifters.

Pulse Shaping

Various types of varactors can be used to sharpen pulse
rise times and clip overshoots. For example, a forward-
biased step-recovery diode placed across a pulse generator
in the reverse direction will short-circuit the generator un-
til the pulse current removes all the charge stored by the
forward bias. At the instant of charge depletion, the var-
actor impedance and the voltage across the varactor rise
steeply. The resulting risetime is equal to the varactor tran-

sition time which can be made as low as 0.1 nonosecond.

Overshoot clipping is accomplished by varactors such as
Schottky-barrier diodes that have low minority carrier life-
time and so store an almost negligible charge. For over-
shoot clipping, it is desirable that the diode impedance
change almost instantaneously from low to high when the
applied voltage changes from forward to reverse biasing.
In Schottky-barrier diodes, the time for this change can
be as short as 0.1 nanosecond.

Future Developments

Within the next few years, tuning diodes will exhibit a
fair increase in f., a considerable increase in tuning ratio,
and an appreciable lowering of price as high-volume ap-
plications increase in number. A doubling of f. is possible
for a given BV; however, manufacturing tolerances will
probably limit this increase to 50 percent. Tuning ratio will
increase by use of retrograded junctions, with diodes hav-
ing k=2 or 3 becoming available. Finally, as use of elec-
tronic tuning spreads into high-volume commercial and
military applications, the price of varactors will drop while
reliability will increase.

Progress in varactors for harmonic generation, will see
power output increased by 3 dB at a given frequency, espe-
cially in the millimeter wave region; reliability will be sub-
stantially improved, and MIL-approved varactors will be
available. However, the price for harmonic generator var-
actors will not drop significantly since there is little pros-
pect of developing a high-volume demand for such units.
With regard to power, it appears that varactors will always
exceed conventional transistors by factors of 3 to 10 be-
cause varactors can make use of charge storage effects in
the forward voltage region.

For parametric amplification, the most significant pro-
gress will be in lowering of millimeter frequency noise fig-
ures. In addition, bandwidth capabilities will be increased
by development of low-parasitic packages. Other features
will remain nearly the same, including price, since high-
volume applications are not indicated.

Switches and limiters will see power and frequency
boosts of 2 to 3 times and the availability of high-reliability
MIL-Spec devices, along with a considerable reduction in
price. High-volume applications, such as phased arrays and
solid-state microwave communications systems, will trigger
the price reduction.

Perhaps the most important developments will be the
emergence of new varactor-like devices such as Gunn-effect
devices, Read diodes, and silicon-avalanche diodes. The
prime attraction in these devices is the direct conversion
of d.c. to microwave energy. With such components, the
practical solid-state klystron will be a reality—at least for
local-oscillator applications. A

Table 4. Varactor package characteristics, along with suggested mountings for ceramic packages. Besides the ability to
withstand shock and vibration, the most important mounting consideration is to provide an adequate heat sink. Holding collets
{mountings) for the ceramic packages are made out of brass and grip tightly to the pedestal side of the varactor package. Con-
tact is made to the top-cap side when the collet is screwed into its mount. Where additional heat sinking is needed, fins can be
attached to the collets. Usually, where varactor dissipation exceeds 5 watts, an external heat sink of fins or a metal block
should be used. At elevated ambient temperatures, these considerations are even more important and must be handled with care.
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Package Size Relative Cost Typical Lead Typical Case Type of Circuit . Thermal
of Package Inductance Capacitance  Ruggedness Most Likely Used Mounting Properties
DO-4 Stud Large High 4 nH 0.5 pF Limited Lumped Very easy  Excellent
DO-7 Glass Small Low 5nH 0.2 pF Strong Lumped, Stripline Very easy  Poor
Cartridge Large High 1.5 nH 0.5 pF Strong Coaxial, Waveguide Easy Excellent
Pill with Prong Small High 0.5 nH 0.3 pF Strong Coaxial, Waveguide Fairly easy Good
Pilt Small High 0.5 nH 0.3 pF Strong Stripline, Waveguide  Difficult Fair
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Mixer and Detector Diodes

By EUGENE J. FELDMAN .

Manager, Microwave Diodes, Sylvania Electric Products

Recent and significant developments have occurred mainly
in the u.h.f. and microwave regions where smaller junction
capacitances and lower noise figures are very important.

separated into two frequency areas—below u.h.f,

and above. For selected frequencies below u.h.f.,
various point-contact germanium diodes (such as IN34A’s)
and selected low-capacitance computer diodes are used
for detecting and mixing applications. While both areas are
important, it is primarily in the u.h.f. region (450-900
MHz) and above where more recent and significant devel-
opments have occurred.

Unlike lower frequency “signal” diodes, u.h.f. mixer di-
odes have smaller junction capacitance and are character-
ized by a noise-figure measurement. Production units are
of the point-contact (silicon and germanium) design; sili-
con devices (1N82A types) are currently in highest pro-
duction. Newer potential u.h.f. mixer diodes are Schottky-
barrier designs made of silicon. Such diodes are presently
under evaluation by television u.h.f. tuner manufacturers.

U.h.f. frequency detection or demodulation is normally
performed with a point-contact type detector diode. This
diode is also of small junction capacitance and would be
characterized for rectification efficiency at a given fre-
quency. Rectification efficiency is defined as the ratio (in
percent) of d.c. output voltage to peak a.c. input voltage.
A figure greater than 65 percent is typical.

ﬁ PPLICATIONS of mixer and detector diodes can be

Structures Employed

Above the u.h.f. band, there are thousands of diodes
typed for use in microwave frequency applications from
about 1000 MHz to 100 GHz. Point-contact types predom-
inate and, in time, will be followed and replaced in many
applications by Schottky-barrier devices and back diodes.
All three diode types are used for mixing and detecting.
Fig. 1 shows the construction and V-I characteristics of
point-contact, Schottky-barrier, and back diodes. Each has
a metal semiconductor rectifying “barrier,” the first created
by a metal whisker wire pressure contact, the second
formed by an evaporated metal contact, and the last by an
alloyed junction.

At these high frequencies package parasitics, such as ca-
pacitance and inductance, can play an important role in
the diode circuit operation. It is necessary for these para-
sitics to be low, and the actual package shape is designed
to be part of the transmission line—waveguide, coaxial
line, or stripline.

Point-contact structures are the oldest; the earliest
(IN21) of which dates back to 1942 for S-band applica-
tions. Metal-semiconductor rectification has been reported
as early as 1907, using carborundum as the semiconductor
material. Modern-day diodes almost universally employ
tungsten as the wire material (for hardness and sprine ac-
tion), sharply pointed with a pressure contact against sili-
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con. There also are phosphor-bronze and titanium wires
used with germanium devices. -

Instead of the barrier being formed by a metal wire pres-
sure contact, the Schottky-barrier diode has its barrier
formed by a metal interface which has been evaporated or
sputtered on the semiconductor surface. Such a device has
a more theoretically perfect or ideal metal-semiconductor
interface and is hence referred to as the truer Schottky-
barrier. This diode, like the point-contact, is a majority
carrier device unlike p-n junction diodes. When forward-
biased, the majority carriers are injected into the metal
from the semiconductor and, because practically no minor-
ity carriers flow, the higher frequency use is not restricted
and the diode should have less rectification noise. There
are no registered (EIA) Schottky-barrier types at this writ-
ing.

While the tunnel diode with its negative resistance ad-
vantage is familiar to most designers, the back-diode ver-
sion is of some importance in mixing and detecting micro-
wave frequencies. This device, which is fabricated from an
alloyed metal with semiconductor, is a tunnel diode whose
forward biased negative resistance region is minimized. It
is then used in the back direction. In other words, the nor-
mal tunnel diode reverse characteristic is used as the for-
ward, having as its advantage the sharp current rise from

Fig. 1. Point-contact, Schottky-barrier, back diode curves.
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Fig. 2. Various mechanical configurations for microwave diodes.
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BAND TEST FREQ. (MHz) PACKAGE MAIJOR SERIES
U.H.F. 450-890 Glass 1N82

L 1000 Ceramic 1N25

S 3060 Ceramic 1IN21

X 9375 Ceramic 1N23

Ku 16,000 Coaxial 1N78

K 23,984 Coaxial 1N26

Ka 34,860 Min. Coax. 1N53

w 69,750 Waveguide 1N2792

Table 1. Mixer diode types and the major frequency bands.

BAND TEST FREQ. (MHz) MAJOR SERIES PACKAGE
V.H.F./U.H.F. 100 1N830 Glass
L-X 1000 1N358 Tripolar
S 3060 1N32 Ceramic
X 9375 1N1611 Coaxial
Ki-K 10k-21k 1N2926 Coaxial
Ka 26k-40k 1N446 Min. Coax.
Table 2. Detector diode types and major frequency bands.
FREQUENCY (MHz) TYPE
1000 1N25
3000 1N3655
9375 1N3747
16,000 Non-EIA
Table 3. Commonly used high burnout mixer diode types.
SHOCK 1 - e e iyl G 1500 G, 0.5 ms
VIBRATION . . ., . i o 15 G, 100 to 2000 Hz
ACEELERATION . . -0l i S 20,000 G
TEMPERATURE CYCLING. ........... —65°C to +150°C
MOISTURE RESISTANCE....... 90-98% relative humidity

Cycled 25° to 65°C (10 days)

Table 4. Typical levels of environmental performance are shown.

Fig. 3. Diode holders for {A) ceramic cartridge, (B) coax diodes.
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extremely low voltage levels at the origin. Because of the
extremely low resistivity of the semiconductor (which is
generally germanium) material that is employed, the 1/f
noise is low when the diode is used as a mixer and, because
of the sharp current rise at the origin, it makes a good low-
level video detector.

Frequency Bands

The frequency spectrum is classified into major bands
and usually a certain diode family is specified. Table 1
shows the major frequency bands (and test frequencies)
for mixer diodes used in the u.h.f. range and above.

Table 2 gives a breakdown of the important detector
diodes, including operating frequency and package types.
The package configurations that were illustrated in Fig. 2
also apply to detector diodes as well.

Materials and Packages

The major material in use today for mixer diodes is sili-
con. This is true for point-contact types, of which there are
now hundreds of types, as well as the new Schottky-barrier
devices for S- and X-bands. Silicon devices have also pro-
vided the lowest noise figures across the microwave fre-
quency spectrum.

Detector diodes have been fabricated only from silicon,
at least for commercial devices. Until recently back diodes
fabricated from germanium as alloyed junctions show some
distinct advantages for low-level detection. Tangential sig-
nal sensitivity is just slightly poorer at the higher micro-
wave frequencies than the best silicon devices but they
have a low video resistance (below 1000 ohms) for good
pulsed signal fidelity.

Gallium-arsenide is just being introduced into commer-
cial devices and is used primarily in millimeter-wave ex-
perimental mixers. Some major development is being done
with gallium-arsenide Schottky-barrier diodes for mixing
above the X-band.

Most silicon devices are rated to 150°C but many can be
operated or stored up to 250°C, provided there is no pack-
age processing limitation to temperature. The germanium
devices are generally limited to 100°C for operation or
storage.

A fairly complete grouping of packages is shown in Fig.
2. Materials used for the packages are generally brass and
nickel, with ceramics and glass used for insulators.

The only package design that can be characterized by
impedance is the coaxial structure. Both the standard and
smaller counterparts have a geometric impedance of 65
ohms. The diode junction impedance is designed to match
this 65-chm transmission line so that there will be little, if
any, reflection and the signal power can be converted to
useful i.f. or detected power. The measurement of v.s.w.r.
is a measure of how well the junction “matches” the trans-
mission-line impedance. Typical mounting structures for
the diode packages are shown in Fig. 3.

Selecting Mixer Diodes

Noise Figure versus Cost: For normal application of
mixer diodes, local oscillator power availability is 1-2 mW,
signal power desired is on the order of —104 dBm, and the
i.f. is 30 to 60 MHz. Diodes can be selected for the fre-
quency range from 1 GHz through 35 GHz and 69 GHz
from manufacturers’ data sheets. The manufacturer speci-
fies noise figure and, from the formula $=K-B-NF, where
S is sensitivity in —dBm, K is a constant, B is receiver band-
width, and NF is the noise figure, the designer can deter-
mine the required noise figure.

For most diodes, one will find a varied noise figure avail-
ability by suffix letter and cost decreasing as noise fig-
ure increases. As an example, at X-band the IN23 series
has enjoyed the most use. Listed in the manufacturer’s lit-
erature are the 1N23, IN23A, IN23B, IN23C, IN23D,
IN23E, IN23F, and 1N23G. The 1N23, A and B, are now
relatively obsolete, but the IN23C with a maximum noise
figure of 9.5 dB sells for about $1.00: while the IN23F with
a maximum noise figure of 7.0 dB sells for about $7.00
from distributors. Table 5 summarizes the major differ-
ences between the IN23C and 1N23F specifications.

ELECTRONICS WORLD



NF (Max.)Levaxy  NRo Zir (@) V.S.W.R.Burnout
dB

dB (Max.) Min.  Max. (Max.) Ergs
1N23C (9.5)* 6.0 20 325475 15 1.0
1N23F 7.0 = — 335 [ 465 1.3 2.0

*Unspecified, but comparative figure.
Table 5. Comparison between 1N23C and 1N23F specifications.

TYPE FREQ. COVERAGE (MHz) TEST FREQ. (MHz)
IN21F 400-4000 3060
1N831A 400-4000 3060
1N1132 3000-12,400* Same
1N23F 4000-9500 9375
1N832A 4000-12,400 9375
1N4605 12,400-18,000* Same
1N78F 15,000-17,000 16,000
1N26B 20,000-24,000 23,984
1N53B 24,000-36,000 34,860
*Untuned

Table 6. Popular mixer diode types and test frequencies.

Frequency Coverage: Where only one test frequency is
specified, the diode is probably a fairly narrow-band de-
vice. Broadband devices usually are specified with con-
trolled r.f. impedance (in terms of v.s.w.r. in a given
holder) across a certain frequency band. Good examples of
such types are the 1N1132 that can operate from 3 GHz to
12.4 GHz and the 1N4605 which is operable from 12.4 to
18 GHz. Optimum performance can be obtained when the
diode is used in a carefully matched holder at or near the
center band. High-frequency diodes generally can be uti-
lized in lower frequency circuits with little degradation, if
matched well into the circuit.

Table 6 indicates frequency capabilities of popular types,
along with test frequencies.

Package Choice: For a strip transmission circuit, the
miniature glass pigtailed 1N831 and IN832 (for S- and
X-bands respectively) generally suffice for series mounting
(there are also even smaller glass types available). These
miniature types offer substantial frequency bandwidths of
operation; at least an octave band, and up to two octaves.

When coaxial line is the choice (below X-band) of cir-
cuitry, the standard double-ended cartridge types of 1N21
and IN23 series, as well as the miniature types, are avail-
able. For waveguide, the field is again wide open with the
addition of the coaxial diode. Although a waveguide-to-co-
axial line transition must be designed for this diode, band-
width is excellent and a large variety of types is available,
especially for applications above X-band frequencies. The
coaxial diode does not have the inherent large bandwidth
capability of the miniature devices, but has an advantage
in a specified r.f. impedance design of 65 ohms. For such
units, the designer can make up a holder without ever
measuring groups of diodes; he simply designs to match a
“dummy” 65-ohm load.

Matched Pairs: Mixer diodes are supplied as matched
pairs, either as two forward polarity or one each forward
and reverse polarity. A matched pair is used to suppress
local oscillator noise and to isolate the antenna terminal
from the local oscillator terminal.

The EIA has adopted the following matching criteria:
Conversion loss—within 0.3 dB of each other; i.f. imped-
ance—within 25 ohms of each other; and v.s.w.r. maxi-
mum—1.6. The v.s.w.r. requirement is for the isolation
problem. Generally speaking, premium noise figure diodes
up to X-band can be matched randomly by the user. This is
true because of the uniformity achieved by manufacturers
in producing these types. Such types do not have a v.s.w.r.
greater than 1.3 as single units. ~

Schottky or Back Mixer Diodes: At this writing com-
mercially available Schottky-barrier and back diodes are
being sold for mixer use up to X-band. The prime advan-
tage of the back diode is its very low low-frequency noise,
probably the lowest of any diode. This makes it an ideal
Doppler diode. Because of fabrication problems, its fre-
quency response is limited. Other disadvantages of the
back diode are lower operating dynamic range, lower tem-
perature capability, and lower breakdown voltage. Burnout
resistance, as compared to point-contacts, is unknown at
this time.
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DEVICE PARAMETERS

FOR EIA or military specified type numbers, manufacturers must adhere to

electrical ond mechanical standardization. For ‘‘house number' diodes,
measurements and test procedures may vary slightly among manufacturers
in certain respects, but they almost always follow a basic method with test holder,
power input, and load impedances specified.

Mixer Diodes

Noise Figure (NFo}: Noise figure is defined as the ratio of the r.m.s. output
noise power of the receiver fo that of a hypothetical receiver of the same gain
and bandwidth, whose input noise power is equal to the thermal agitation noise
power developed across its input impedance, As standard practice, the mixer
diode is impedance-matched to both the signal and image frequencies.

The measurement of noise figure of the mixer diode is dependent upon the
diode/holder impedance condition for both the r.f. input case and i.f. output
case. Any power loss by reflections is included in the measurements. The hoiders
themselves, for the major frequency bands, are individually specified on drawings
available from the Armed Services Electro Standards Agency.

The noise figure can be compared to the receiver sensitivity. The sensitivity
is the minimum power that can be detected by the receiver. It is generally
defined as minimum detectable signal or as tangential signal sensitivity.
The latter is 4 dB worse than the former. The direct relationship between noise
figure (NF) and minimum detectable signal (Si) is: $i=KAf NF, where K
is a constant and Af is receiver bandwidth,

Conversion Loss (Lc): This is the diode loss in converting the r.f. power to
the i.f. power. This measurement is made in a fixed-tuned holder and any
reflection losses are included. Typical losses are 4 to 6 dB,

Noise Ratio (NRo): Noise ratio is the ratio of the noise power developed by the
diode to the thermal noise of an equivalent resistor at a given temperature. The
measured noise includes thermal, rectification (barrier), and fluctuation noise.
The latter diode noise increases as an inverse function of the i.f. and is very im-
portant for Doppler type radar equipment.

I.F. Impedance (Zi.1.): The i.f. impedance of a mixer diode is the impedance
of the diode including its holder as seen from the output terminals. Typical values
are 100 to 500 ohms.

R.F. Impedance (v.s.w.r.): This parameter is the impedance looking into the
r.f. terminals of the mixer af the local-oscillator frequency and power level. It
is almost always measured in terms of v.s.w.r. in the transmission line. It is a
function of both holder and diode impedance combination at the given frequency
and power level. Newest specifications limit this v.s.w.r. to 1.3,

Detector Diodes

Video Resistance (Ryv): The operating level of the detector is from hundredths
of a microwatt to a nanowatt. The low-level impedance of the diode or ‘‘video
resistance’’ is the reciprocal of the stope of the current-voltage characteristic at
the operating point. The RC time constant formed by this value plus the holder,
cable, and input capacitance, may cause poor pulse response if it is too high.

Current Sensitivity (3): Sometimes called out in individual specification,
this parameter is the current developed through a short-circuit foad for an input
power of 5 uW or less.

Figure of Merit (FM): This parameter is originally developed from the signal-
to-noise equation. It is given by M= BR/{V R+ Ra) where 8 is the current
sensitivity, R is the video resistance, and Ra is the equivalent noise re-
sistance of the video amplifier input.

Tangential Signal Sensitivity (T$$): This parameter is the amount of signal
power, below a one milliwatt reference level, required to produce an output pulse
whose amplitude is sufficient to raise the noise fluctuation by an amount equal
to the average noise level. Tangential signal sensitivity is approximately 4 dB
above the minimum detectable signal {MDS) on an ‘A’ scope presentation.

Burnout and Environment

Burnout refers to any changes in diode characteristics caused by stray power at
the diode terminals. This power may be in the form of narrow spike energy leakage
from protective circuits in front of the diodes (such as TR tubes). The spike time
is on the order of a few nanoseconds which is befow the thermal relaxation time of
most diodes, hence, the energy content rather than power is important. Most mixer
diodes are 100 percent subjected to at least one spike of a given energy rating to
serve as a type of screening. See Table 3.

Other than microwave frequency bumout, diodes can be damaged by excessive
d.c. voltage or current. Some mixer diodes are rated for reverse breakdown voltage
and forward current maxima.

In general, the same considerations apply to detector diodes. However, the most
sensitive detector diodes are less rugged than mixer diodes in o mechanical en-
vironment. Typical levels of environmental performance are given in Table 4.

Military vs *“Commercial” Specs

Because over 90 percent of microwave mixer diodes are used in military systems,
there is essentially no difference between military and so-called commercial
specifications, At this writing there are only 15 JAN types specified, less than
100 EIA registered types, and thousands of "“house number” types. About the
only difference between the JAN type specification and the commercial one is in
sampling plans for environmental testing. For the most part these are also identi-
cal.

There are special high-reliability specifications for non-JAN diodes which are
far more complex, especially for environmental performance. Specs with various
screening procedures are available, particularly for diodes used in missiles and
satellites.
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Schottky-barrier diodes are made with significantly
higher breakdown (15 volts) voltage than point-contacts
(5 to 6 volts). This provides an increased dynamic range
with less distortion. The rectification noise is lower than
point-contacts with unity noise ratios and, hence, poten-
tially lower over-all noise figure. Table 7 compares the two
new diode types with the point-contact.

Selecting Detector Diodes

Of prime importance to the microwave circuit designer
is either sensitivity in terms of tangential signal or actual
voltage output across a load resistance.

The outstanding advantage of the back diode for video
detection (below X-band at present) is its low r.f. imped-
ance as well as its low i.f. impedance, hence a small RC
time constant is achieved for good pulse fidelity. Output
voltage is low—Iess than 0.1 volt. These diodes should op-
erate into low-impedance transistorized amplifiers for best
results. Most commercial devices should not be operated
above 100°C.

The Schottky-barrier devices can operate efficiently as
detectors if sufficient bias current is used. For low video
bandwidth systems, their inherently lower flicker noise is
advantageous. Point-contact types, of course, are used uni-
versally and probably will be the best choice at frequencies
above the X-band for some time to come.

The impedance of a diode increases as the temperature
is lowered and at values below 0°C pulse fidelity may be
seriously impaired. High temperatures have little detri-
mental effect. To counteract the effect of low temperatures,
a small forward bias current may be employed. Such a bias

will lower the video impedance and lessen the effect of tem-
perature variations upon the diode, as shown in Fig. 4. The
back diode, because it is fabricated from very low resistiv-
ity semiconductor material, has a low video impedance
advantage.

Cost Differences: Diodes with the highest sensitivity, of
course, are highest in cost. The tangential signal sensi-
tivity (rather than noise figure) will be graded by suffix
letter. The sensitivity improves as the alphabet suffix
letter advances.

Packaging: Both mixers and detectors utilize the same
type of packaging. The tripolar diode package has an out-
put terminal for i.f. frequency, while the detector utilizes
this terminal for the detected signal. The “built-in” capaci-
tor makes the holder r.f. choke and capacitor unnecessary,
greatly simplifying holder design in general, but very much
so for broadband requirements. The IN358 diode, for
example, covers a specified frequency range from 1 GHz
to 12.4 GHz, but has been found to have satisfactory per-
formance (in terms of TSS) from 500 MHz to 20 GHz.
Degradation from specification is only 1 to 2 dB.

The Future

We can look forward to mixer diodes with noise figures
below 4.5 dB up to frequencies of about 4 GHz for both
point-contact types and Schottky-barrier diodes. At X-band,
below 5 dB should be attainable, with 7.5 dB up to K,-band.
Temperature capabilities for many types should reach
250°C which is well above system requirements for several
years to come.

In the new diode category, watch for the introduction of
gallium-arsenide mixer diodes on a commercial basis for the
higher microwave frequencies, including millimeter wave-
lengths. Eventually, we will see a completely integrated mi-
crowave “front-end” which would be a solid-state diode
local oscillator, mixer diode balanced pair, d.c. load circuit,
and microminiature i.f. amplifier.

Improvements in low-level video detectors will probably
be along the lines of carefully controlled back diodes with
resultant tangential signal sensitivities on the order of
—65 dBm for narrow pulse widths. This value should be
attainable at least to X-band and for 10 MHz video band-
width. We should also expect such devices to be operable
to 150°C.

Basic technology advancements, along with new fabrica-
tion procedures and techniques, presages a new era of relia-
bility. Elaborate screening procedures for such programs,
going beyond the built-in quality, assure the ultimate in a
truly reliable product.

Table 7. Characteristics of Schottky-barrier and back diodes are compared with point-contact types.

DYNAMIC GENERAL  OPERATIONAL
TYPE BV  BURNOUT NF 1/f NOISE REPRODUCIBILITY RANGE RELIABILITY TEMP.
Point-Contact  Low Fair Excellent Poor Fair Low Good Excellent
Schottky-Barrier Higher Potential- Potentially Lower Potentially Higher Potentially Potentially
ly better better better better higher
Back Lower Unknown N.A. Lowest Equal Lower  Equal or better Lower

THE diagram shows the proposed Read diode which can generate microwave c.w.
power far in excess of funnel-diode oscillators and at higher frequencies than
Gunn devices or microwave transistors. There is a “'p-n"" junction adjacent to a very

- +

low conductivity or “‘intrinsic’” “‘i'" region, which is itself adjacent to another
“n" region. When a voltage is applied in the “negative’’ direction and is increased
beyond the small leakage current region, the carrier velocity increases and ionization
takes place causing a cumulative or avalanche effect. The reverse current increases
very sharply and must be limited by a series resistor in this breakdown voltage region.
As the carriers “transit,”” they drift through the intrinsic region. The current-
voltage phase relationship results in negafive resistance for the proper transit time.
The frequency of oscillation caused by the negative resistance is determined by the
transit and avalanche times. The true Read structure is extremely difficult to fabricate.

The more conventiona! “‘p-n’' junction diode exhibits a negative resistance in

MICROWAVE READ-TYPE AND OTHER OSCILLATOR DIODES

avalanche breakdown. The frequency of oscillation is determined by the transit time
of carriers through the depletion layer of the space charge region. Such “'p-n"" junc-
tion oscillations (pulsed and c.w.) have been observed from 1 GHz o 50 GHz in silicon
and gallivm-arsenide diodes. Silicon diodes have been reported to develop c.w. output
power of 13 mW at 10.5 GHz and gallivm-arsenide devices of 25 mW c.w. at 17 GHz.
The d.c. input power-to-output microwave power efficiencies run to 5 percent, which
is superior to klystron tube-power supply combinations. The frequency of “'p-n"’ june-
tion oscillators can be controlled both efectronically and mechanically.

Measurements of power output can be made with the diode mounted in a simple
X-bond waveguide detector mount and tuned by means of short circuit plunger and
slide screw tuner. Care must be taken, however, to isolate the different frequencies
of oscillation. This can be done by suitable filtering and power substitution methods.

One application of these new devices is expected to be as a high-frequency local
oscillator, since only a few milliwatts of power are required. Noise sideband meosure-
ments show substantially more noise than a conventional reflex klystron, but this
situation should improve as more knowledge is gained. It is also expected that with
properly balanced mixer diode pairs, noise should be virtually eliminated.

Television pictures have been sent over a microwave beam that had ns its power
generator a gallium-arsenide microwave oscillating diode.
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NOW YOU CAN EASILY ADD

SOUND TO YOUR SLIDE
OR FILM SHOWS WITH

POPULAR PHOTOGRAPHY’S

EXCITING NEW
“SOUND FOR A

PICTURE EVENING”

RECORD ALBUM

SOUND FOR |25
{ A PICTURE EVENI

BACKGROUND MUSIC
and SOUND EFFECTS for
shce Shows and movees

“Sound For A Picture Evening"’
Consists of selections from the music masters
of the Capitol Record Hollywood Library
High Fidelity 12:inch viny! album—33% RPM
Playing time: 40 minutes
AVAILABLE IN MONAURAL OR STEREO
AT NO EXTRA COST

EXPRESSLY CREATED FOR FILM
AND SLIDE SHOWS

No matter how good your film and slide shows are, sound will
make them better... more entertaining and certainly more pro-
fessional. But, it has to be the right kind of sound. Although
any musical record can be used as a background for your film
and slide shows, few, if any, can match the variety of actions,
situations, and scenes inherent in most shows. That's why
Popular Photography created this album. It's ideal for almost
every mood captured by your camera. Whether your show is
simiple, elaborate or somewhere in-between—*SOUND FOR A
PICTURE EVENING'" provides a final, professional touch to
make it a complete success.

A POPULAR PHOTOGRAPHY
EXCLUSIVE

The “Sound For A Picture Evening’’ album has been produced
by the editors of Popular Photography exclusively for our read-
ers and is prepared by the Custom Services Division of Capitol
Records. This outstanding album cannot be purchased in any
store and is available by mail only to the readers of Popular
Photography and other Ziff-Davis magazines.

ALBUM CONTENTS:
17 SPECIFIC MOOD MUSIC
BACKGROUNDS
8 TRACKS FOR SPECIAL
SOUND EFFECTS

THEMES TO MATCH YOUR

SUBJECTS...PERFECTLY!

3 FILM OPENINGS: Grandiose, Sweet and Gentle and
Dramatic - 3 FILM CLOSINGS: Epic Finale, Hollywood
Style and Gentle - 11 THEMES: Happy-Go-Lucky - Gay
Party « Vacation Tempo - Traveling + Happy Birfthday
Party * Pomp of a Parade - Sound of a Carousel * Cir-
cus Time - Sentimental Moments - Children's Play-
time - Christmas Time

DON'T MISS OUT ON THIS OUTSTANDING OFFER.
FILL IN AND MAIL TODAY

FOR SPECIAL SITUATIONS,
THESE WONDERFULLY REALISTIC
SOUND EFFECTS

Ocean Waves - Train - Jet Planes * Baby Crying - Crowd
in Stadium - Traffic - Dog Barking - Thunder And Rain

FREE! WITH YOUR ALBUM
PURCHASE — IF YOU ORDER NOW

Complete Instruction Booklet—Here, in one comprehensive
booklet,is all the information you need to make your film or
slide show a resounding success. You will find helpful tips on
how to build an effective sound track, choosing the right back-
ground selections and sound effects, synchronization, taping,
organizing your show, editing and much more.

BAND POINTER—Fifs on the top of your record and tells you
where to find the exact band you want. Eliminates guesswork,
fumbling and wasted time. Lights...Projector...Action!

This wonderful 12” long-playing album
(a must for every slide and film show impresario)
can be yours for

ONLY $ 3.98 POSTPAID

MONAURAL OR STEREO

...a small price to pay for an album you will enjoy
and treasure for many years. ORDER NOW.

“Sound For A Picture Evening”
POPULAR PHOTOGRAPHY—Dept. SD
One Park Avenue, New York, N.Y. 10016

Please send me albums at $3.98 each. My check
(or money order) for $ _is enclosed. | understand
that you will pay the postage. (Add 75¢ to partially defray
postage costs outside U.S.A.)

N.Y. State residents please add local sales tax.

CHECK ONE: MONO [J STEREO []
Name I

EW-76
Address _ — _ § _ .
City. . _ State. __Zip Code

Sorry—No charges or C.0.D. Orders




OHN FRYE

In the past twenty years, the kit business has grown into a
major industry with very bright prospects for the future.

ELECTRONIC KITS

bench and smothered a huge yawn as he stooped to

pick it up. “If sound from this set I'm working on is
keeping you awake, I can turn down the volume,” Mac, his
boss, suggested sarcastically. “You were, maybe, spooning
under the June moon too late last night?”

“Nope, I was home assembling my new ‘Heathkit” SB-100
transceiver. When 1 get started on one of those darned Kits,
[ can’t seem to quit. It was one-thirty this morning when I
finally vanked the pencil iron and swept up the clipped
resistor leads.”

“I know,” Mac agreed. “An unfinished kit is harder to let
alone than a bowl of salted peanuts. You ought to be pretty
good at putting amateur kits together.”

“If practice makes perfect I should be. I put together the
Mohawk receiver, the SB-10 SSB exciter, and the DX-100
as well as the Apache and Marauder transmitters before
tackling this SB-100 SSB transceiver. It’s fascinating to ob-
serve how ham kits—or all kits, for that matter—and assembly
manuals have improved since I started ‘kitting.””

“How do vou mean?”

“Take manuals, for instance. The DX-100 manual had 68
pages that told you how to put the kit together and tune the
transmitter, but that was about all. The SB-100 manual has
149 pages and is far more than a profusely illustrated assem-
bly guide. For example, it has six pages of preliminary checks
and resistance measurements to be made on the completed
transceiver before power is ever applied to it. The function
of every circuit is explained. Operating instructions for every
set of conditions are given. Finally, there is a complete trouble-
shooting section. In short, it is a theory, assembly, operating,
and service manual all rolled into one.”

BARNEY dropped his alignment tool under the service

Early History

“I was acquainted with the man who started the Heath
Company in the electronic kit business,” Mac offered.

“After the war I bought my first ‘Heathkit,” a scope, and
put it together. I had some trouble getting the spot as small
and round as I desired because of stray magnetic fields, and
I cured this by putting a war-surplus Mumetal shield over
the cathode-ray tube. I wrote Heath about this and started
a correspondence between Howard Anthony, the president,
and myself. When he invited me up to Benton Harbor to
see his plant, I accepted and had a most enjoyable visit
with him.

“Originally the Heath Company actually marketed an air-
plane—the famous Heath ‘Parasol’—in kit form. The founder,
Edward Bayward Heath, was killed in a test flight in 1931.
Howard Anthony purchased the company in 1935.

During the war they were engaged in building some elec-
tronic gear for the government but could not buy the test
equipment they needed because of insufficient priority; so
they simply started building their own test instruments.
Howard told me this proved to be so interesting that after
the war he designed a 3-inch scope kit around a surplus
scope transformer he had in quantity and took a small ad
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in Rapio News, now called ELEcTRONICS WoORLD. The re-
sponse was most gratifying, and the Heath Company was
off and running in a new direction.

Howard Anthony was killed in an airplane accident in
1954. Daystrom bought the company and then sold it to
Schlumberger Limited in 1962,

“The first ‘Heathkits’ were service instruments—scopes,
v.t.vamn.’s, v.o.m.’s, etc.—designed to be assembled by experi-
enced technicians who needed little more than a diagram
and a picture or two in the way of instructions. This con-
tinued to be true when Heath came out with kits for radio
amateurs. Most hams at that time were experienced in con-
struction because a large percentage of their stations were
‘home-brew.’

New Trends

“But gradually two divergent trends have developed in
electronic kits: ‘kitted’ devices are becoming more and more
complicated and sophisticated; yet people buying them know
less and less about electronics. Musicians are building elec-
tronic organs; housewives are assembling hi-fi amplifiers;
high-school boys are building laboratory-type scopes; ‘plug-in
appliance’ hams are tackling complicated SSB equipment;
and Sunday sailors are building marine telephone, direction-
finding, and depth-sounding equipment for their boats.

“This provides a real challenge to kit engineers and persons
preparing the manuals. Designing a complicated instrument
so that it can be easily assembled by a person who knows
nothing about mechanics or electronics and must be told
how to make a decent soldered connection before he starts
is no snap.”

“Use of printed circuits and pre-assembled and aligned
critical components has helped,” Barney suggested. “For ex-
ample, in the SB-100, the linear master oscillator that con-
trols the frequency in both the transmitting and receiving
modes comes pre-assembled and sealed. The same goes for
the crystal filter. Practically all wiring is on printed-circuit
boards, and that means distributed capacitances so important
in high-frequency work, are carefully controlled and inde-
pendent of the builder’s wiring.”

“Pre-assembled and aligned units raise the cost consider-
ably,” Mac pointed out, “but through their use any kind of
electronic device can be offered in kit form—everything from
color-TV sets and videotape recorders to TV cameras and
electronic computers.”

“My friend Jerry, who is an EE student at Purdue, recently
did a term paper on the kit business, and he let me read some
of the background information he collected,” Barney said.
“It was most interesting. The Eico Electronic Instrument
Company is another big name and pioneer in the electronic
kit industry, and this company started when Harry R. Ashley,
the founder and president, quit his radio servicing and insur-
ance selling back in 1945 and brought out a v.t.v.m. in kit
form. Since that time 3,000,000 Eico kits have been sold.
Unlike Heath, who sells kits directly from the factory, from
seven domestic Electronic Centers, or from several foreign
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branch plants, Eico markets its 250
products through independent electronic
distributors—some 2500 of them. Eico
kits cover a wide range of service instru-
ments, hi-fi equipment, amateur and CB
equipment, and industrial electronic
equipment.”

“You don’t need to tell me about Eico
equipment,” Mac interrupted. “T've al-
ways admired the good shielding and
excellent tracking adjustments on their
Model 324 r.f. signal generator. How
about ‘Knight-Kits’? Did Jerry have any
dope on those?”

“You bet. ‘Knight-Kits,” of course, are
a product of Allied Radio Corporation of
Chicago. You might say ‘Knight’ is a real
patriarch in the electronic kit business.
Allied first offered electronic kits in the
1920’s, although they were not called
‘Knight-Kits’ then. Early Allied cata-
logues offered a choice of a 3-tube
Cockaday kit, a 5-tube Neutrodyne kit,
or a 5-tube radio-frequency kit. All were
broadcast receivers using 201-A tubes
and batteries. The ‘Knight-Kit’ name was
first used in the early 1930’s, and one of
the first kits offered was the 2-Tube
DX-er Shortwave Radio Kit’ with these
prices: All Parts with Wiring Diagram,
$5.15; 4 Plug-in Coils, $1.58; Tube and
Battery Kit, $2.80; Brandes Phone,
$1.65.”

“Stop! 1 can’t stand the nostalgial”
Mac interrupted,

“I have a ‘Knight' s.w.r. meter,”
Barney said, “and my experience with
it underscores an important point. Fair
results can be obtained from almost any
kit with minimum effort, but quite often
outstanding performance can be ob-
tained through careful assembly and
precise calibration. 1 took great pains
putting that s.w.r. meter together and
then spent a half-day calibrating it; but
I was finally able to make it read right
along with a directional wattmeter
costing six times as much on five dif-
ferent bands. Anyway, ‘Knight' offers
about 100 kits that include everything
from a crystal receiver to a laboratory
scope. ‘Knight' also has service instru-
ments, ham and Citizens Band equip-
ment, hi-fi units, and even an exposure
meter in kit form.

“The Conar Instruments Company of
Washington, D. C. is a comparative late-
comer to the kit business, since it first
offered kits in 1962; yet it is not new in
the electronics field. You see, Conar is
an expansion of the National Radio
Institute’s student supply division that
functioned primarily to supply test
equipment to NRI students and gradu-
ates. In fact, the name ‘Conar’ is rather
torturously derived from the first letters
of ‘COmpany, NAtional Radio.” Conar
was thus able to enter the market with
a complete series of radio-TV test-equip-
ment kits of proven design developed
by NRIs technical staff. Presently,
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Conar offers about twenty different kits
with more in the developmental stage.
Some are rather unusual and exotic, such
as their Model 800 closed-circuit TV
camera kit that can be used with any TV
set as a monitor and their metal locator
kit that should go big with treasure
hunters.”

“There are many more electronic kits
on the market these days,” Mac said.
“The success of these large companies
has caused many concerns to bring out
one or more of their products in kit form.
Some do well; others do not. After all, I
suspect there are a lot of headaches in
the kit business. Do the large kit manu-
facturers seem to agree on many points?”

“Yes. All agree that when an instru-
ment is offered in both kit and wired

form, the kit far outsells the assembled |

unit. They agree aesthetic considerations
are increasingly important in kit design.
Not only must the completed unit work
well, but it must also have an attractive
appearance. The old, overgrown, boxy
look is ‘out’; the new, compact, styl-
ishly-shaped-and-colored look is ‘in.” All
kit manufacturers stress the importance
of giving prompt and helpful assistance
to a purchaser who has trouble with a
kit. All maintain service facilities for
straightening out the difficulty if it can-
not be handled through correspondence.
All agree engineering a kit is much more
difficult than engineering an instrument
for assembly by skilled workers in a
factory where progress is constantly
being inspected. Finally, all were unani-
mous in foreseeing a bright future for the
kit business.”

“I can’t argue with that last,” Mac
said. “Good incomes, increased leisure,
and increasing interest in electronics all
point toward a healthy growth of the kit
business. Americans are natural-born
do-it-yourselfers, anyway; and kits are
to electronic design what numbered
painting is to art. In neither case is there
true creativity, but there is still room for
a lot of personal satisfaction and pride
in the finished products.”

“It seems to me,” Barney said slowly,

“that kits have performed at least two |

major services for the electronics field.
In the first place, they brought down the
prices of formerly expensive laboratory
instruments, such as the v.t.v.m., scope,
sweep generator, and ‘Q’" meter, to where
every service technician could afford
them and learn to use them. Secondly,
they have aroused an interest in elec-
tronics in many people working in unre-
lated fields. Photographers, musicians,
and boat owners have assembled simple
electronic instruments for use in their
own hobbies and have ended up with
electronics as a second hobby.”
“That’s right,” Mac agreed. “And that
probably helps explain why weak little
‘kits” have grown into roaring tigers in
only two short decades.” A

Enjoy the “‘music-only” programs
now available on the FM broadcast
band from coast to coast.

e NO COMMERCIALS ¢
e NO INTERRUPTIONS e

AN ANYAY%

Ve 70 e70 07 G ar W\ a7 O o7

It's easy! Just plug Music Associated’'s Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire into discriminator.
! Tune through your FM dial and hear programs
of continuous, commercial-free music you are
now missing. The Detector, self-powered and
with electronic mute for quieting between
selections, permits reception of popular back-
ground music programs no longer sent by wire
but transmitted as hidden programs on the
N FM broadcast band from coast to coast. Use
| with any FM tuner. Size: 5%2” x 6”. Shipping
weight approx. 7 Ibs.

KIT $4950

{with pre-tuned coils, no alignment necessary)

wirep $7 500
COVER $4 95 EXTRA

Current List of FM Broadcast Stations with SCA
authorization -%$1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, New Jersey
Phone: {201)-744.3387

S 7N 7 Qe 7 [ G\ e 7 Qa7 G\ 7
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WURLD’S
FINEST

ERSIN

MULTICORE

ONLY 69¢

BUY IT AT RADIO-TV PARTS STORES

MULTICORE SALES CORP. WESTBURY, N.Y. 11530
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80y the BEST!

CAPACITIVE DISCHARGE
IGNITION SYSTEM

SCR
oy $ 9995 o,

Why settle for less in motor vehicle ignition
systems when you can buy the very BEST from
Delta, the originators, the leaders in capacitive
dlscharge (SCR) systems Delta pioneered this
electronic marvel. Thousands have installed this
remarkable electronic system., Now YOU can pur-
chase at low, LOW cost, and in easy-to-build kit
form, the king of them all, the DELTAKIT. tow
price due simply to high produchon levels at no
sacrifice in peerless Delta quality.

Operate Any Motor
Vehicle More Efficiently

Compare these proven henefits:

A Up to 20% Increase in Gasoline
Mileage

4 |Installs in Only 10 Minutes on
any Car or Boat

A Spark Plugs Last 3 to 10 Times
Longer

A |Instant Starts in all Weather

A Dramatic Increase in Acceleration
and General Performance

4 Promotes More Complete
Combustion

Literature and complete technical infor-
mation sent by return mail.

BETTER YET — ORDER TODAY!

________________ -
I i
. DELTA PRODUCTS, we.
: P.0. Box 1147EW, Grand Junction, Colo. 81501 :
I E[ric?ﬁiepd Cis D$ . Ship prepaid. I
| Please send: |
] 3 Mark Tens (Assembled) @ $44.95 |
I 1 Mark Tens (Delta Kit) @ $29.95 ]
l SPECIFY — [j Positive Ground [ Negative
Ground [J 6 or [ 12 Volt ]
: Car Year Make :
Name.
: Address :
City/State Zip
LpTeZ _________ -—--
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Insulated Gate Transistor
(Continued from page 36)

The IGT may be used for extremely
sensitive ammeters and for high-im-
pedance electronic voltmeters. Fig. 4
shows an electronic ammeter with a full-
scale sensitivity of 1 picoampere (10-'2
ampere). The current drawn at the in-
put produces a voltage drop across the
biasing resistor which, in turn, shifts the
operating point of the left IGT. This is
differentially compared to a second IGT
matched to the first. The resulting cur-
rent unbalance is then monitored on an
ordinary sensitive 0-10 d.c. microam-
meter. The input biasing resistor de-
termines the full-scale sensitivity., The
values shown produce a range of meter
sensitivities from 0-1 picoampere to
0-1 rA.

IGT voltmeters work in the same
manner as vacuum-tube voltmeters ex-
cept they need not be connected to the
nearest a.c. socket and will easily meas-
ure voltage differences well above or
below ground. This combines the ac-
curacy and non-loading of a v.t.v.m.
with the convenience of a conventional
v.o.m. Fancier circuitry allews peak-
reading voltmeters, averaging voltme-
ters, and true r.m.s. voltmeters, all of
which are considerably less complicated
than conventional designs.

Switches and Choppers

Fig. 5A shows an IGT r.f. switch, use-
ful from d.c. to several megacycles. It
can handle up to a volt of peak-to-peak
signal. Since there is no offset voltage,
there is no distortion of the controlled
signal, and the contro] and the signal re-
main completely isolated.

An effective method of d.c. amplifi-
cation is to chop up a d.c. signal into a
series of pulses whose amplitude is pro-
portional to the d.c. voltage. These
pulses are very easy to amplify in an
ordinary a.c. amplifier with no gain sta-
bility or drift problems. A rectifier and
filter at the output then recovers the d.c.
signal, amplified many times. The difhi-
culty is that the chopping switch is far
from perfect. Mechanical devices have
limited speeds, contact noise, dwell time,
and bounce; semiconductor junction de-
vices have offset voltage; tubes are
uinpolar and have a poor “on” resistance.
The IGT has none of these disadvan-
tages and is well suited for chopper ap-
plications. Fig. 5B is typical—a series-
shunt chopper that alternately connects
the output to ground or the input signal.

Many conventional circuits can bene-
fit from conversion to IGT’s, For in-
stance, Fig. 5C shows an IGT voltage
amplifier with a voltage gain of 2500,
a 22-megohm input impedance, and a
5-Hz to 60-kHz frequency response.
Note the absence of any large capacitors,

particularly emitter bypass electrolytics,
and the simple biasing. This sort of cir-
cuit lends itself readily to integration.

The high input impedance comes in
handy in monostable and astable multi-
vibrators where significantly smaller
values of capacitance can be used to
obtain the same delay times. When used
as level detectors, voltage comparators,
or Schmitt triggers, there is no loading
of the input signal. Another area for the
IGT is the sine-wave oscillator. Very
pure waveforms may be easily obtained
using an IGT and a phase-shift network
in a Wien-bridge configuration.

For two final applications, consider
Figs. 5D and SE. If we apply a constant
voltage to an IGT gate, a constant cur-
rent results. The IGT can then be used
as a constant-current source in exactly
the same way a zener diode is used as
a voltage source. This is useful for cur-
rent regulation; circuit protection, and
for generating linear ramp waveforms.
On the other hand, if an IGT is biased
in the normal manner with no input
signal, it behaves like a constant-resist-
ance device which, for low-level signals,
is electrically variable. The uses for
automatic gain control, electronic mul-
tiplication, modulation, and demodula-
tion, are obvious.

A more subtle application lies within
integrated circuits. It makes no differ-
ence in cost how many transistors go on
a certain substrate, for they are simply
more holes in the various masks. Thus,
it pays to use IGT’s instead of load re-
sistors in integrated circuits. Not only
are they smaller than conventional de-
posited resistors, but they eliminate the
extra steps necessary to fabricate con-
ventional resistors. A

Editor’s Note: As pointed out in this
article, because of the extremely high
input impedance inherent in the IGT,
permanent damage to the component
can result in the event of a careless mo-
ment of mishandling. To remove the
possibility of such damage, the General
Instruments Corp. is manufacturing a
line of IGT’s having a built-in zener
diode between the gate and the sub-
strate. This zener protects the gate from
any accidental voltage damage, how-
ever, it reduces the input impedance of
the IGT to the order of 10*° ohms.

ELECTRONICS WORLD



T has been twelve years since the FCC

authorized use of the NTSC color-
TV system in the U.S. While we have
been manufacturing a few million color
sets, brought their prices down, and im-
proved our engineering practice to the
point where color is now a proven sys-
tem, the Europeans are still searching
for a color system.

The International Radio Consultative
Committee (CCIR), the OIRT (East
European broadcasting authority), and
the European Broadcasting Union
(EBU) have been trying for quite a
while to come up with a system that will
satisfy all countries. It is hoped that by
the time this appears in print, the June
meeting in Stockholm, Sweden, will
have come up with an answer.

In the running at this moment are the
French SECAM, the German PAL, the
American NTSC, and some minor sub-
systems such as the British ART. The
only country not heard from is the Soviet
Union. For the past few months, Soviet
engineers have been talking up a merger
of color systems, so that everyone will
be satisfied. At the time of this writing,
it appears that this expedient system—
called NIR by the Soviets, SECAM-4 by
the French, SEQUAM by others, and
“From Russia With Love” by still others,
will be the eventual winner.

Space-Age Lights

For many years, whenever a light
source was required to illuminate a panel
indicator or to indicate when a circuit
was in operation, an incandescent lamp
was used. In addition, neon or other gas-
filled lamps are also employed for this
purpose.

Now, visible light from a solid semi-
conductor diode is being used as a signal
light or panel indicator. Developed and
marketed by Monsanto Co., these space-
age indicator lJamps emit a nearly mono-
chromatic red light, and under typical
use conditions operating at 1.6 volts,
surface brightness exceeds 50 footlam-
berts with a current flow of 50 mA. The
light becomes brighter with an increase
in cwrrent flow. Because the device is
actually a diode, light emission occurs
only when the current flow is in a for-
ward direction.

July, 1966

Expected lifetime of the light diode
is more than 10,000 hours, and “on-off”
time is 8 to 10 nanoseconds.

Color-TV Boom Continues

Although, at present, only Japan and
the U.S. are active in color-TV, word
now comes from England that color-TV
is planned for that country in 1967.

Although a final decision has yet to
be made as to which color system will
be used; British manufacturers are antic-
ipating sales of 250,000 color sets per
year by 1970. The anticipated price for
a 25-inch unit is about $700.

According to BBC spokesmen, certain
w.h.f. stations will begin by offering 4
hours of colorcasting a week, increasing
to 10 hours a week within one year.

Meanwhile, in the U.S.,.color-TV sales
reportéd for 1965 jumped to 2,746,618
units, a rise of 101% over 1964 sales.

Monochrome TV sales totaled 8,027,-
981 units in 1965, a rise of 4.5% over
1964, with sales in December slipping
5.6% from the same month the previous
year.

Sales of home radios during 1965
went up 23.3%, while FM radio sales
went up 53.9% over 1964,

Electronic Inspector

One of the major irritations in almost
any factory occurs when a wrong carton
accidentally gets into a production line.

Now, Parke-Davis & Co. has come up
with a carton verifier, called “Vericode,”
that automatically reads special code
bars printed on the flaps of cartons as
they pass down the line.

A pair of photoelectric optical scan-
ners read the code lines printed in reg-
ular ink (only %%: inch wide and %
inch long) and pass the converted elec-
trical information to a control unit. Using
integrated circuits for size reduction, the
control unit is “aware” of the proper
code for that particular production run.
If the scanners send back an improper
code, the control unit sets off an alarm
and stops the production line.

The scanners can read almost any con-
trasting color combination. The six-bar
code can handle 248 different products,
while a 12-bar code can cope with
65,000 different products. A

FINCO-AXIAL
COLOR-KIT

COMPLETE
COLOR TV
RECEPTION
SYSTEM

FOR THE
BEST
COLOR TV
PICTURE

VHF ¢ UHF « FM ¢ PASSES AC & DC
eliminates color-fade, ghosting and
smearing! Improves FM and Stereo, too!

FINCO-AXIAL COLOR-KIT, Model 7512 AB
High performance Indoor and Outdoor Matching
Transformers convert old-fashioned and inefficient
300 ohm hook-ups to the new Finco-Axial 75 ohm
color reception system. List price for complete kit
812 AB . . ..o e $8.95
7512-A Mast mounted matching transformer, list $5.40

7512-B TV set mounted matching transformer
list $4.15
FINCO-AXIAL SHIELDED COLOR CABLE, CX Series
Highest quality, 75 ohm swept co-axial cable (RG
59/U) complete with Type F fittings and weather
boot ready for installation.
Available in 25, 50, 75 and 100 foot lengths.
List price ... $5.55, $8.65, $11.50 and $14.20
Write for Color Brochure Number 20-349

THE FINNEY COMPANY

34 West Interstate St., Dept‘. 410 Bedford, Qhio
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VALUABLE books from E.&E.

great "how-to-build’’ data in the famous
RADIO HANDBOOK (i6th td.)

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 816 pages.
Order No. 166, only........cccvvvunn... $9.50

RADIOTELEPHONE LICENSE MANUAL
Helps you prepare for all commer-
cial radiotelephone operator’s
license exams, Provides complete
study-guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-

tor’s license. 200 pp. Order No.030,0nly $5.75

LEADING BOOK ON TRANSISTORIZED
COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, W6TNS, Lester

o

TRANSISTOR

A. Earnshaw, ZLIAAX. Cqvers a ||asias
wide range of communication uses . 2
for both amateur and commercial ©

applications. Includes audio and
speech amplifiers, VHF transmit-
ting and receiving equipment, SSB exciters,
and complete SSB transceivers. 180 pages.
Order No. 044, 0nly......coovvvvrenninnn. $5.00

Order from your electronic parts
distributor or send coupon below.

H
CS} EDITORS and ENGINEERS, Ltd. [
|

P.O. Box 48003, New Augusta, Indiana, Dept. EWE-7 |
| Ship me the following books:
| O No.166 [ No.030 (O No.044 %

| Name

| Address

I ci Stat zi
O State i —— |
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EW Lab Tested
(Continued from page 22)

Low frequencies are handled by a
15” high-compliance woofer with a 1%-
pound ceramic magnet. Its 1%” voice
coil is stated to have a maximum excur-
sion of 1%”. The free-air cone resonance
of the woofer is 16 Hz.

Middle and high frequencies, from
2000 to 10,000 Hz, are radiated by a
horn-loaded compression driver, with a
1” voice coil and a 2%-ounce ceramic
magnet. A small dome radiator takes
over above 10,000 Hz. The built-in
crossover network has level controls for
the middle- and high-frequency speak-
ers, The system impedance is 8 ohms. It
is rated to handle up to 50 watts of
program material, but is efficient enough
for use with 10-watt high-fidelity power
amplifiers.

We tested the speaker system in both
floor and shelf locations. In the latter
case, six positions were used. The com-
posite frequency response curves ob-
tained from these data were very similar
and, after correcting for the known fre-
quency response of our test room,
showed a strong and relatively uniform
response from approximately 20 to
15,000 Hz.

From 100 to 1500 Hz, the response

was within *3 dB. The midrange and
tweeter level controls were set to their
mid-positions for these measurements,
resulting in a “shelf” above 2000 Hz.
Increasing the control settings can give
a very uniform response all the way up
to 15,000 Hz, since the frequency re-
sponse from 2000 to 15,000 Hz is within
+2.5 dB.

Tone-burst tests at various frequencies
revealed generally good transient re-
sponse. Near the crossover to the mid-
range speaker, at 2.1 kHz, there was
sustained ringing after each burst, but
this occurred only in a narrow band of

frequencies. The low-frequency distor-
tion was very low down to 50 Hz, rising
to 14% at 20 Hz. It was largely a cone
flutter, or buzzing sound, rather than
simple harmonic distortion. It was not
heard when reproducing program ma-
terial at listenable levels, but could be
heard with sine-wave test signals below
40 Hz even at relatively low loudness
levels.

In listening tests, the “Knight” KN-
2380 had a full-bodied, warm character.
We found the sound to be most pleas-
ing with both speaker level controls set
about three-quarters of the way to their
maxima. The sound from the three
speakers was well unified and the bass
was powerful without being overbearing
or boomy. The system has a “big” sound
in keeping with its size. With patience,
it should be possible to tailor its response
to meet the needs of any home listening
environment or individual preference.
We doubt that many people will wish to
mount it on a shelf, due to its sheer
bulk and weight (which is about 45
pounds).

The “Knight” KN-2380 sells for
$149.95, including the floor-mounting
base. This is well below the price of
other speaker systems of comparable
size. It deserves serious consideration
by anyone who wishes a large speaker
system but has a limited budget. A

Sonalert
New high-reliability
solid-state tone signal

Produces distinctive 2800 or
4500 cps tone, draws only 3 to
14 milliamps.

No RF noise—no arcing con-
tacts. Explosion-proof.

High reliability — solid-state
oscillator drives piezoelectric
sound transducer.

High output — 68 to 80 db
sound level.

Standard models available for operation on 6 to 28
volts DC, 6 to 28 volts AC, 110 volts AC. Can be
supplied with pulsed output, 3 to 5 pulses per second.
For data, typical circuitry for over-voltage, under-
voltage, overheat, security, and many other signalling
applications, write Mallory Distributor Products Com-
pany, a division of P. R. Mallory & Co. Inc., P.O.
Box 1558, Indianapolis, Indiana 46206.
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CAR & DRIVER YEARBOOK

A SELECTION OF
ANNUALS STILL AVAILABLE

FROM THE WORLD'S LARGEST PUBLISHER OF SPECIAL INTEREST MAGAZINES

{FLYING
HANNUAL « jnec o

FLYING ANNUAL

2 VIALLORY

A complete buyers guide covering vir-
tually every car available in the United
States . . . Road tests . . . Technical
specifications . . Accessories and
performance equipment buying guide
. . Guide to racing with action-
packed photos.

1966 — $1.25........ #15
1965 — $1.25........ #17

The most valuable aviation yearbook
ever compiled . . . Pilot reports . . .
Aircraft directory . . . How to buy a
used airplane . . . Navcom. directory
. . . Learn to fly section.

327

TAPE RECORDER ANNUAL

Everything you need to know about

tape recording including a complete

directory of mono and stereo recorders.
1966 — $1.25......... 230

1965 — $1.00........ #31

Order by number from Ziff-Davis Servic
Enclose add'l 15¢ per copy for shipping

STEREO/Hi Fi DIRECTORY

Complete buyers guide for virtually
every Hi Fi component manufactured.
1966 — $1.25.,
1965 — $1.00........ #37

e Division, 589 Broadway, N.Y., N.Y. 10012.
& handling (50¢ for orders outside U.S.A.)
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DIRECT TV
BY SATELLITE

ALTHOUCH most of the technology
is available, a program aimed at
developing a satellite system to beam
television directly into homes could still
cost around $150 million. This is an
investment too big for one private com-
pany or a consortium of companies to
absorb and, therefore, will have to be
funded by the Federal Government
(NASA) if, indeed, such a system is
desired by the TV-owning U.S. tax-
payer. (See “Home TV Via Satellite”
in our May, 1966 issue.)

These observations were contained in
a recent paper by Dr. Richard C. Boo-
ton and Fred H. Kaufman of TRW
Systems.

Booton and Kaufman also outlined
some of the design characteristics of a
satellite that might be used as a tele-
vision signal relay. Because of the
enormous ultra-high-frequency power
that would have to be beamed toward
earth, the spacecraft itself would be
quite large. For instance, a 16.5-kilo-
watt transmitter would need internal
power that could be supplied by a pair
of solar-cell-mounted panels 8 feet high
and each about 260 feet long. The an-
tenna on the spacecraft, parabolic in
shape, might be 12 to 16 feet in di-
ameter. The body of the spacecraft
might be about 11 feet high with a heat
radiator at its base some 20 feet in di-
ameter. Total weight would be around
7500 pounds and would require a Saturn
1B/Centaur booster to launch it into a
synchronous orbit. The configuration
suggested could handle at least one and
perhaps up to three channels, includ-

ing necessary redundancy and switch- |

ing circuits for providing constant and
reliable service to the user.

Underlying the start of the program
which has the development of a direct
TV satellite as its main objective is the
acceptance of the average TV set owner
and his willingness to increase his in-
vestment in order to receive satellite
signals. According to Booton and Kauf-
man, the design they are suggesting
would require the installation of a new
antenna and some form of preamplifica-
tion. The cost of these modification kits
could range to up to as much as $100.
To a segment of the U.S. population
not now being served by local TV or
CATYV, this could be considered a com-
paratively small investment. But, to
those in multiple-channel areas, there
may be some question as to its relative
value. And to those with a choice of
only one or two channels, it is a toss-up.
In any event, direct TV by satellite, for
some time to come will augment rather
than replace existing TV systems. A
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Did you ever...

... test or replace a
capacitor or resistor on
a crowded tube socket ‘P

... lift a wire-lead toﬁponent
from a printed wiring board
for testing ?

CUT YOUR TIME IN HALF with
KWIKETTE Soldering-Aids

... the revolutionary connectors
that practically let you do
“in-circuit’’ component testing!

' {six times actual size)

SNIP

The KWIKETTESOL- LEAD ...
DERING AID is not
just another wire
spring connector! It
has a Copperweld
WIRE FLUX SOLDER )Nire inngr core, an
. intermediate layer of
flux, and an outer jacket of solder...
all you need js heat!

KWIKETTES are now being packed
with Sprague Atom® Capacitors at no SLIP
extra cost to you! Whenever you

need tubular electrolytics, insist on ON
pre-packaged Sprague Atoms from KWIKETTE. ..
your parts distributor and you'll auto-
matically get your KWIKETTE com-
ponent connectors . . . the biggest
boon to the service technician since
the soldering gun!

]

*trademark

FREE TRIAL
PACKAGE !

10 free KWIKETTE Soldering Aids are
yours for the asking! Simply send
your postcard request to KWIKETTE
Center, Sprague Products Co., 51
Marshall Street, North Adams, Mass.
01247. Don’t forget to include the
name of your Sprague Distributor.

SPRAGUE

THE MARK OF RELIABILITY

WORLD’S LARGEST MANUFACTURER OF CAPACITORS

©3-6109
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RCA HOME TRAINING CAN PREPARE YOU FOR THE BIGGEST CAREER
OPPORTUNITIES IN HISTORY! NEW ‘CAREER PROGRAMS’ POINT THE WAY!

July, 1966

Electronics Jobs Expanding Every Day; Trained Technicians in Demand;
RCA Institutes ‘‘Space Age’’ Methods make learning faster, easier!

Government reports have indicated the in-
creasing demands for manpower in the elec-
tronics fields.* New developments in modern
technology, automation, the growth of new
areas of work, such as atomic energy, earth
satellites and other space programs, and data
systems analysis and processing are changing
the occupational picture daily. To help meet
this need, RCA Institutes offers a wide variety
of Home Training Courses, all geared to a
profitable, exciting electronics career in the
shortest possible time.

New Career Programs right on target

RCA Institutes new ‘‘Career Programs'' are
complete units that train you for the specific
job you want. And each of them starts with the
amazing “AUTOTEXT" Programmed Instruc-
tion Method—the new scientific way to learn.
RCA “AUTOTEXT'" helps even those who have
had trouble with ordinary home training meth-
ods in the past, Learn faster and easier than
ever before!

Valuable Equipment Included

With each RCA Institutes Career Program, you
receive valuable equipment to keep and use on
the job. You'll get the new Programmed Elec-
tronics Breadboard which provides limitless

hnicians!

CLASSROOM TRAINING ALSO AVAILABLE

You may also learn electronics at one of the
most modern laboratory and classroom elec-
tronics schools in the country—RCA Institutes
Resident School in New York City. Day and
Evening Courses start four times a year—and
courses are planned so as not to interfere
with your job or social life. No previous tech-
nical training needed for admission. You are
eligible even if you haven't completed high
school.

SEND NOW FOR NEW VALUABLE FREE
CAREER BOOK—YOURS WITHOUT COST OR
OBLIGATION. SEND POSTAGE PAID CARD
TODAY. CHECK HOME TRAINING OR CLASS-
ROOM TRAINING.

®

e Scientists, Engineers, and Technicians in the 1960's"’ U.S. Dept. of Labor Bureau of Labor Statistics, 1964.

laboratory type experimentation, from which
you construct a working signal generator and
a superheterodyne AM Receiver. And as a spe-
cial bonus, you get valuable Multimeter and
Oscilloscope Kits—all at no additional cost!

Liberal Tuition Plan ldeal for Today’s Budgets

RCA Institutes offers you this most economi-
cal way to learn. You pay for lessons only as
you order them, No long term contracts. You
can stop your training at any time and you will
not owe one cent! Compare this with any other
home training plan!

Choose from these
Job-Directed Programs.

m TELEVISION SERVICING

FCC LICENSE PREPARATION
AUTOMATION ELECTRONICS
AUTOMATIC CONTROLS

DIGITAL TECHNIQUES
TELECOMMUNICATIONS

INDUSTRIAL ELECTRONICS

NUCLEAR INSTRUMENTATION

SOLID STATE ELECTRONICS
ELECTRONICS DRAFTING

plus a wide variety of separate courses from
Electronics Fundamentals to Computer
Programming.

Free Placement Service For all Students

Recently, RCA Institutes Free Placement Serv-
ice has placed 9 out of 10 Resident School
graduates in jobs before or shortly after gradu-
ation! And, many of these jobs are with top
companies—like |BM, Bell Telephone Labs,
General Electric, RCA, and radio and TV sta-
tions throughout the country. This service is
now available to Home Study students as well.

RCA INSTITUTES, Inc. Dept. EW-76

350 West 4th St., New York, N. Y, 10014
A Service of Radio Corporation of America

The Most Trusted Name in Electronics
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PRODUCT REPORT

Mercury Mode! 1700 Vacuum-Tube Voltmeter

For copy of manufacturer’'s brochure, circle No. 22 on Reader Service Card.
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ITH all the specialized test equip-
ment that is available today for
servicing color-TV receivers and FM-
stereo sets, one is apt to forget that there
is still a definite need for the workhorse
instruments on the service bench—the
v.o.m. and the v.tv.m. Nevertheless,
these basic instruments are far more
widely used than the more esoteric and
special-purpose generators and bridges.
A new v.t.v.m. that has recently come
to our attention is the Mercury Model
1700. This unit has all the usual voltage

and resistance ranges at accuracies of
within 2% on d.c. and 5% on a.c. measure-
ments. There are seven voltage ranges,
up to 1500 volts (or 4000 volts peak-to-
peak a.c.), and seven resistance ranges.
Input impedance is 11 megohms on d.c.
and 1.4 megohms on a.c. A decibel scale
is also provided along with a zero-center
scale marker.

The instrument uses a large, six-inch
meter with easy-to-read scales so that it
is convenient to use in the shop or on
service calls, The meter is housed in a
portable, high-impact case with a con-
venient carrving handle.

The circuitry is conventional with a
12AU7 twin triode serving as meter
bridge, a 6AL5 full-wave a.c. rectifier,
and a silicon diode as power rectifier.
One-percent precision resistors are used
as the multipliers and in the d.c. probe.
Components are mounted on a printed-
circuit board for solidity and trouble-
free performance.

The meter is available throngh parts
distributors at a price of $39.95. A

“Knight-Kit” KG-685 Color-Bar Generator

For copy of manufacturer's brochure, circle No. 23 on Reader Service Card.

ITH the continuing color-TV boom,

new test equipment for color sets

is coming out almost as rapidlv as the
sets themselves. The most important
piece of this equipment is the color-bar
generator. Early generators were large,
bulky, and used vacuum tubes through-
out, but we are now beginning to see a
“second generation” which is character-
ized by small size, low-silhouette designs
that are portable enough to be carried
into the set owner’s home. These gener-
ators are sometimes battery-powered
and they invariably use transistors, in-
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cluding unijunction types, for the many
counting circuits that are required.
The new “Knight-Kit” Model KG-685
is the latest example of such a “second-
generation” instrument that we have
seen. It produces the usual keyed rain-
bow of ten color bars, plus vertical lines,
horizontal lines, crosshatch, and dot pat-
terns. Incidentally, the horizontal lines
are only a single raster line in thickness
for maximum definition and the dots are
very small in size for accurate conver-
gence adjustments. In addition, there is
a special gray-scale pattern to permit ad-

justing the black-and-white tracking of
the color set. This consists of eight bars
ranging from white through six shades of
gray to black. An additional pattern,
which is really no pattern at all, makes
a total of seven. With the pattern-selector
switch in this position, sync is provided
and the color set is adjusted for best color
purity with a uniformly colored raster.

Three crystal oscillators are used: the
master oscillator is at 189 kHz, the color
oscillator is at 3.56 MHz, and the sound
subcarrier oscillator is at 4.5 MHz. Out-
put from the generator is adjustable for
channels 3, 4, or 5 so that the unit can
be set for a channel that is unoccupied
by a local TV station, Composite video
output is also available at phis to minus
2 volts (p-p), and a separate sync sig-
nal output is supplied for TV receivers
that use separate picture and svnc de-
tectors.

Some extra features included are: gun-
interruption switches for the three sep-
arate guns of the color picture tube, a
chrome-plated metal mirror to let the
technician see the tube screen while
making back-of-set adjustments, and a
low-voltage service light which obviates
the need for a flashlight to see into the
dark recesses of the TV set, Incidentally,
the generator can be placed right on top
of the color set without affecting the pic-
ture. This is because the instrument’s
power transformer has very low flux
leakage and the entire unit is well
shielded.

A final good word should be said about
the 32-page operator’s manual supplied
with the generator. Not only does the
manual tell how to use the generator,
but it also contains a large useful sec-
tion on the color tube and all the ad-
justments required to get the best color
and black-and-white picture. Purity and
convergence adjustments (with colored
illustrations) are covered in detail, along
with gray-scale tracking and color sync
and demodulator checks.

The “Knight-Kit” KG-685, which con-
sumes only about 10 watts from the 117-
volt a.c. power line, is available in kit
form from Allied Radio. It is priced at
$89.95. A

Martin Labs AM 200
Impedance Bridge

For copy of manufacturer’s brochure,
circle No. 163 on Reader Service Card.

HIS portable, batterv-operated im-
pedance bridge can be used to
quickl