


TOUCHSTONE/RF
Now! CAE with everything the RF engineer needs—
at a price your company will go for!

Everything you've read about Touchstone™-
the new standard of microwave
computer-aided engineering-applies to
Touchstone/RF, the version specially tailored
for RF engineers. With four exceptions:
Both programs also run on the Hewlett-
Packard series 200, models 9816 and 9836.
Touchstone/RF costs /ess than half
of Touchstone's price.
) Touchstone is really over-engineered for

work in the RF range. Touchstone’s physical
models of microwave elements are a

major expense. They're vital to account
for loss, dispersion, and discontinuities
in microwave transmission media.

But you don’t need them. Without them,
errors even in most of your extremely

complex RF circuit designs
) are insignificant.
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One of the

your radios will

purest signals

CVCT 1ECCIVE.

The Fluke 6071A Signal Generator

Leading mobile radio manufacturers
worldwide have selected the Fluke
6071A as their preferred synthesized
signal generator.

Why?

As a critical element in RF tests sys-
tems, the 6071A meets their demands
for receiver testing to 1040 MHz.

How?

Its — 140 dBm to + 13 dBm output
is strong enough to reach the upper
limits required for distortion tests, and
pure and quiet enough to easily make
multi-order intermodulation, adjacent

channel rejection, and other off-chan-
nel measurements. Spurious levels are
on the order of — 90 dBc to —100 dBc,
while the typical broadband noise floor
is —150 dBc/Hz. Plus the 6071A offers
built-in AM, FM, @M, and IEEE-488
compatibility!

The 6071A is backed by Fluke's 20
years of experience in RF technology.
And it’s available at a price that’s half
of what you might expect to pay for
equivalent performance. Only $18,100.

Picture the 6071A in your RF test
system. Then to find out how to get it
there give us a call at 1-800-426-0361

or contact your local Fluke Sales
Engineer or Representative. You'll pre-
fer the 6071A too. Pure and simple.

FLUKE

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fiuke Mtg Co. Inc, PO Box C9030, M/S 250C, Everett, WA 38206, Sales m) 356-5400, Other (206) 347-6100
EUROPEAN HEADQUARTERS: Fluke (Holland) BV, PO Box 2269, 5600 CG Einghoven The Netherlands, (040) 458045, TLX 51846

© Copynghi 1985 John Fluke Mfg Co. Inc  All nights reserved  Ad No 6112-6070
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OING HE DISTANC

ACRIAN GOES
THE DISTANCE
IN MICROWAVE
TELECOMMU
NICATIONS
TECHNOLOGY

Tomorrow's micro-
wave telecommunications
technologies will demand
even more power, wider
bandwidths, and greater
reliability.

At Acrian, tomorrow is
already here. We're going

deliveries across the indus-

try’s broadest product line-
up—from discrete devices

to higher level assemblies.

Acrian is where moti-
vated people join forces with
state-of-the-art process
technologies in an environ-
ment dedicated to engineer-
ing excellence, absolute
quality assurance, and on-
time delivery. _

Now we’re going even
farther. Acrian is creating
ever-newer microwave prod-
ucts thanks to innovative
design geometries, pack-
aging and matching
techniques. So systems
designers can rely on power
devices and assemblies deliv-
ering power through 500W

pril 16, 1912—
Ignoring warnings
to turn back, Ameri-
can newspaper reporter
Harriet Quimby becomes
the first woman pilot to conquer the
English Channel—guiding her
primitive Bleriot monoplane for 22
miles with a hand-held compass
through blinding fog and 70 mile per
hour winds—going the distance
Jfrom the Dover cliffs to Hardelot on
the coast of France.

(CW) from 500MHz through
4.2CHz.

Ask us today for com-
plete specifications on the
parts which have made
Acrian your broad-line
microwave communications
supplier. We'll be glad to
send you data on these or
any of the more than 500
Acrian devices and higher
level assemblies which go
the distance in communi-
cations. Call (408) 294-4200.
Or TWX (910)338-2172.

Acrian, Inc. 490 Race Street
San Jose, California 95126
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Cover

June 1985

This month’s cover features A/D devices manufactured by ILC Data Device
Corporation, Bohemia, New York. In the foreground is the BUS-65112, a MIL-
STD-1553 Dual Redundant Remote Terminal Unit. Packaged ina 1.9” x 2.1”
hybrid, it includes two transceivers, two encoder/decoders, an RTU protocol,
data buffers and timing control logic. In the center is the BUS-65505 Con-
troller/RTU/BUS Monitor for complete intelligent interfacing to the DEC
UNIBUS.® At the top is the BUS-68003 Data Bus Exerciser for testing, exer-
cising and troubleshooting 1553 systems.

Features

18

24

30

Special Feature

Bruno Weinschel, President-Elect of IEEE, talks about some problems he sees
with Engineering education today (News section).

Special Report: MIL-STD-1553: A Viable Interface
Standard

This military standard for data communication within aircraft has been adopted
by all three services. This month’s Special Report describes the standard in
detail, including the data handling protocol. — Steve Friedman.

Preventing Unwanted Oscillations in Crystal Oscillators

This is the first of a two-part series on the theory of oscillation and the causes
of unwanted oscillations. The author gives specific examples of stray reac-
tances and how to compensate for them. — James W. Wieder

Smith Chart Calculations on Your Microcomputer

38 Keeping up with the rapidly-changing computer world, the author has updated
a previous program he wrote for the HP-9830 computer. This version is for
the Commodore 64. Other microcomputer owners should be able to adapt
it to their systems with little problem. — Lynn A. Gerig

42 Applying Power MOSFETs in Class D/E RF Power
Amplifier Design
This article explains in detail the operation and advantages of Class D and
E switching mode power amplifiers, which the author believes can be designed
to 30 MHz, possibly higher. — Helge Granberg.

Departments
The Designer’s Notebook
48 Here is a nomograph to simplify calculations of noise power and related
measurements.
RFI/EMI Corner
57 This month's corner describes how the anechoic chamber is used to simulate
far field EMI test conditions.
6 Editorial
8 Publisher’s Notes
12 Letters
16 Calendar
16 RF Courses
18 News
53 Info/Card
60 New Products
80 New Literature
88 Advertisers Index
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Actual Size

So
Much

Frequency range 17-250 MHz

From
So Little

.12" diameter x .32"’ high

Or how about an HC45
package that meets or beats
performance specs of similar
fundamental crystal filters
three times its size? The in-
dustry’s smallest matched
filter sets? They’re all ours.

Our crystals, monolithics,
discretes, and time delay
filters come in sizes tough to
imagine. With specs tough to
match. At prices tough to
beat. And as for durability,
they’re just plain tough.

At Sokol, we help you
conquer space.
By saving it.

¥
Sokol

Crystal Products, Inc.

Where the Impossible Becomes the Ordinary

121 Water St.. Box 249. Mineral Point, Wt 53565
Phone 608-987-3363. Telex 467581
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»F editorial

Be Careful With This New Law

recent meeting of the International

Society for Optical Engineering,
formerly the Society of Photo-Optical In-
strumentation Engineers (SPIE), was
thrown into chaos when meeting organ-
izers learned at the last minute that many
unclassified papers scheduled for presen-
tation would have to be given in closed
session. The society was the first scien-
tific organization to feel the effect of a new
law.

The law, P.L. 98-94, allows the
Secretary of Defense to “withold from
public disclosure any technical data with
military or space application in the pos-
session of, or under the control of, the
Department of Defense.” Defense Depart-
ment officials say the law was passed
because of a discrepancy between export
control acts and the Freedom of Informa-
tion Act that allowed certain sensitive
technical information to fall through the
cracks.

The Export Administration Act of 1979
and the Arms Export Control Act pro-
hibited the export of information with
which weapons on the Munitions Control
List could be made. These laws were ad-
ministered by the Departments of Com-
merce and State. Using the Freedom of
Information Act, however, anyone could
obtain some of this information from
unclassified projects funded by the DOD.

The new law allows DOD to withold such
information if State and Commerce can
withold it, regardless of the FOI act.

Defense contractors know that papers
resulting from DOD sponsored work must
be submitted for approval before public
presentation, and expect classified pro-
jects to be restricted to cleared personnel.
What surprised SPIE, apparently, was the
DOD stipulation that certain unclassified
projects could not be discussed before
foreign nationals. Fortunately, a com-
promise was worked out with DOD
whereby only proof of U.S. citizenship or
clearance by friendly foreign nation em-
bassies was required to attend the af-
fected sessions.

What now worries SPIE officers, and
should worry the rest of us, is how this
new law will be applied in the future. Such
regulatory acts are seldom applied only
for the purpose for which they were writ-
ten. Most of us would agree that there is
little sense in making information avail-
able to hostile foreign governments that
could be used to make weapons against
us, but who is to decide whether un-
classified information meets this criterion?

We may suffer from that behavior pat-
tern known as the “cover your rear” syn-
drome. Asked to judge whether informa-
tion might be used to design, produce,
etc., military or space technology, a
government official is most likely to restrict
any information about which there is a
question. Have you ever heard of a
government official getting in trouble for
being too cautious?

The trouble with a law such as PL.
98-94 is that it takes the responsibility for
judgment away from the person most
familiar with the information — the expert
who prepared the paper.

We thank William Griffith, Senior
Engineer at Ad-Vance Magnetics, for
bringing this matter to our attention, and
we invite other readers to send us their
opinions.

Foila
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ROTARY ATTENUATORS

S0R-084
DC-2000 MHz
0 to 60 dB in 10 dB steps
DC-1000 MHz 1 2:1 maximum
1000-2000 MHz 14 1 maximum
DC-1000 MHz 3 dB maximum
1000-2000 MHz S dB maxmum
DC-500 MHz £ SdB

or 1% whichever 1s greater
S00-1000 MHz £ 5dB

JAodel: 50DR-001
‘requency Range: OC-1000 MHz
Attenuation Range: 0-110 dB in | dB steps
/SWR: DC-500 MHz 1.2'l maximum

500-1000 MHz 14 1 maximum
nsertion Loss: S dB maximum (@ 1000 MHz
Attenuation Accuracy:

DC-500 MHz £ .2 dB or 1%

S00-1000 MHz £ 3dBor 2%
Zonnectors: BNC, TNC. N or SMA

SOR-083

50DR-003 2% whichever ter
DC-2000 MHz o or ichever Is greate
DC-1000 MHz 0-10 0B n 1 0B steps - 1000-2000 MHz + 5 dB
- 0-50 dBin 1 dB steps DC-1000 MHz 1.2'1 maximum or 3% whichever Is greater

JFW Industries, Inc. 20562550‘2)""\‘;3 fi e 1000-2000 MHz 14:1 maximum SEAANEREIC

3 5 z maximum I

1134 Commerce Square Dr. 500-1000 MHz 1 4:1 maximum %% 0'920000 gﬂazml g%g*i:rzmm

ndlanapolls, Indlana 46237 S d8 maximum DC-1000 MHz £ 2 dB maximum

317) 887-1340 DC-250 MHz + .2 dB 1000-2000 MHz £ 4 dB maximum
250-500 MHz £ S dB siAlErale

W 500-1000 MHz £ 1.0 dB

BNC. TNC, N or SMA

HIGH POWERED!
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Fixed Attenuators 1-5-10-30-50-100 watt
S50F- xxx-N 1 watt DC-2GHz

SOFH- xxXx-5-N 5 watt DC-2GHz
SO0FH-xxx-10-N 10 watt DC-2GHz
S50FH- xxx-30-N 30 watt DC-2GHz
SOFH- xxXx-50-N 50 watt DC-2GHz
SOFH- xxx-100-N 100 watt DC-1GHz

Xxx -insert attenuation value 1-30dB

Low Cost
Fast Delive

Industries, Inc.
5134 Commerce Square Dr.
Indianapolis, Indiana 46237
(317) 887-1340
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»F publisher’s note

A Dedicated Magazine

Keith Aldrich
Publisher

Since many of our readers are relatively
new to the RF field, having grown up
with the digital computer instead, they are
familiar with the word ‘“‘dedicated” as it
applies to that ubiquitous instrument. It
means that the computer is programmed
and wired to do one task out of the many
that might be accomplished with the
same collection of processors.

RF Design is a magazine that is
dedicated in a similar way. It is devoted
to serving design engineers, as many
electronics magazines are. However, it is
the only such magazine that concentrates
exclusively on the design of RF equip-
ment using frequencies from DC up to
about 3 or 4 GHz.

While other magazines write about
work in the RF frequencies from time to
time — especially now that RF is such a
flourishing field — it is for them a part-time
task. Their coverage of the subject tends
to be of the kind that informs your assoc-
iates over in the purchasing department
what those guys in RF are up to now. It
isn’t always that much help to you.

Our dedication to the subject of RF
design has the advantages that are
sometimes offered by a dedicated com-
puter. It deals with more aspects of the

8

task to be accomplished, in more detail,
with more familiarity. We can afford to
devote time and space to some topic that
isn’t an exciting breakthrough, for exam-
ple, but is something you need to know
to do a job you weren'’t necessarily trained
for in college. We concern ourselves with
your training, as well as with your more
dazzling accomplishments.

Why are we bringing this up? Perhaps
to save you time in looking for practical
help in your RF design engineering task.
There just isn’'t much help to be found.
Walk into the engineering section of any
bookstore and look for topics similar to
those covered in a typical issue of RF
Design. You'll find row after row of books
on computers, control systems, even a few
on microwave topics — and probably
nothing related to RF but a ham radio
handbook.

In a recent interview, published in this
issue, Bruno Weinschel, president-elect
of IEEE, voices his concern about the cur-
rent training of electronics engineers. We
have printed it because we share the
same concern, especially as it applies to
RF design engineers. RF has become the
forgotten technology in engineering
colleges.

This situation will change, of course. RF
has emerged as the bright shining “place
to be” in an electronics industry that until
recently has been dominated by digital
technology. In the years immediately
ahead we will surely see a wave of books,
courses and curricula dealing with various
aspects of RF technology, and we wel-
come them all. In the meantime, you can
depend on our dedication to lead the way
— and in fact to inspire much of the in-
creased recognition that RF technology
deserves.
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These proven CTS Ovenized Oscil-
lators provide fast warm-up, low
power, excellent stability and low
phase noise. When you need pre-
mium quality, state-of-the-art preci-
sion oscillators for industrial and
military applications, you can depend
upon CTS. With the largest staff of
engineers in the industry, we've been
building premium crystal products for
40 years. Because we manufacture our
own precision cryslals, you are assured of
consistent oscillator performance

CTS.

: “SC" Ovenized

Oscillator

and quality. With extensive design
and manufacturing capabilities, CTS
Knights Division crystal products
have become the choice when reli-
ability cannot be compromised.
WRITE TODAY for complete specifi-
cations on these CTS
Ovenized Oscillators.
Contact: CTS Corpora-
tion, Knights Division,
400 Reimann Ave., Sand-
wich, IL 60548. Phone:
(815) 786-8411.
INFO/CARD 6

General Specifications
JKSC-127 Ovenized Oscillator (Stress Compensated)

Center
Frequency 100 MHz and 10.230 MHz
@ -55°C +5x 107 in 7 minutes
Warm-Up @ -32°C +5«x 10'9 in 5 minutes
@ +25°C +5x 10" in 3 minutes
Oven @ turnon 1.2 A maximum @ +28 V
Input Oven @ 25°C 125 mA typical @ +28 V
Power Oven @ —55°C 240 mA typical @ +28 V
Oscillator 20 mA maximum @ +15 V
Frequency g
Stability Vs. 45 x 10~ from -55°C to +71°C
Temperature
1 Hz BW) @ 10 Hz offset —120 dbc
£ T (HHZBW) O 00tz ofist - 140 dbc
@ 1 KHz offset —150 dbe
@ 100 KHz offset —150 dbc

MEANS RELIABILITY

CTS CORPORATION ¢ ELKHART. INDIANA

e
Voltage Controlled Temperature Compensated Connectors Memory Systems

Crystal Oscillators Crystal Oscillators Custom PC board and Ruggedized. non-volatile

Standard and hybrid designs. High stability and reliability. military styles. data storage.

Phone: (815) 786-8411 Phone: (815) 786-8411 Phone: {612) 533-3533 Phone: (612) 941-9100
INFOICARD 7 INFO/CARD 8 INFO/CARD 9 INFO/CARD 10
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THE ANZAC GANG

¥

For various counts of fast delivery, operating reliably, exceptional performance,
and taking a tough stand on quality.
AMPLIFIERS MIXERS PASSIVES

Sneaky critters. Don't make hardly any More socially acceptable, double-balanced Don't be fooled by their name. These are
noise. Use a variety of disguises: flatpack, and all, but tough customers nonetheless. tough hombres. Some of these hybrids

relay header, TO-8, even connectorized TIM? a particularly ornery type, will go will turn on you—90, even as much as
boxes. Operate all over the range—from with anything—doesn't care how he's 180 degrees! DIVIDERS, COUPLERS,

0.5 to 5200 MHz. Known to hang out loaded. Very much home on the range from  (DIRTY) DOUBLERS, TRANSFORMERS,
with the notorious LOG AMP, a non-linear  a lowdown 0.02 MHz way up to 18 GHz! and that paragon of respectability, the old
operator with a reputation for mighty wide That's microwave, pardner. timer and favorite of the dance hall darlin's,
dynamic range—some say 80 dB! *Termination Insensitive Mixer IMPEDANCE BRIDGE.

aka. (al(i?gll\igla‘s)bsﬁ“vfln‘}(lﬁf?ﬁs— Alias for a ?olgvg‘sﬁxsl]‘xgg\i §)f multiple per- REWA RD

trigger-happy showoffs, some as fast sonalities that will do anything for a buck. Interested parties will be rewarded with
as 50 ns!, MODULATORS—sharpies Their specialty is custom jobs. And theyve  complete specifications. Actual buyers will
that're really up on the Code of the West, got the most advanced tools and techniques  be spedially rewarded with top perfor-
ATTENUATORS —tough guys that|l step of the trade. Fearless and experienced, mance. Contact your local sheriff or us
you right down, and, watch out for these they've even stood up to MIL-STD 883B!  back home.

guys, PHASE SHIFTERS!
N
Adams [ §Russell

ANZAC DIVISION
80 Cambridge Street ¢ Burlington ¢« MA 01830 o (617) 273-3333 « TWX 710-332-0258
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See us at the MTT-S, June 4-6, Booth #528.
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rFletters

Editor:

Congratulations on your well written and informative com-
ments. It is regrettable that since most of its readers have ex-
periences of their own, this message is probably wasted on RF
Design magazine readers. Most will merely read it and agree!

I have no interest in detailing my own experience or that of
others, and you will undoubtedly have altogether too many let-
ters to select from for the “RF Letters” column.

| would appreciate permission to reprint your editorial and send
it to our local newspapers, the amateur radio newsletter and our
Arizona Representatives and Senators as well as a few others
to be determined later. . .

Serg Ticknor
President, Wide Band Engineering Co., Inc.

Editor:
in the April ‘85 editorial, “About That $600 Toilet Seat. . .,”
Mr. MacDonald forgot the essential and very expensive legal staff.

Jerry Goff
Hewlett-Packard

Editor:

Good editorial on qualification, but perhaps you can mention
the qualification process relating to a toilet seat. |s this the poten-
tial cause of a ship sinking?

How do we relate the $400 coffee pot to the reliability of an
aircraft?

The clincher concerning the toilet seat is that it's not even
human engineered.

F. DeFelice
PS. Enjoy your magazine!

Editor:

| very much enjoyed the program run by Alan J. LaPenn in
your magazine, | would, however, like to point out two typo-
graphical errors which | have found. The first one is line 270
f3 = (1/(6.28*f0*x2))* -1. In the place of x2 should be x3. The sec-
ond error is in line 410 x1 = rs*(sgr( (r/rs)l(q 2 + 1 - (rl/rs) ) )* -1.
The set of three parentheses at the end of the equation should
instead be a set of four. One parenthesis was omitted.

I would also like to point out that when the program was run
with the corrections it was also compatible with the IBM PC.

Good work!! Keep it coming.

Vincent Onelli
Rochelle Park, N.J.

Editor:

The article by Mr. LaPenn on the BASIC program for 14 match-
ing networks in the April 1985 RF Design is clearly an update
of an earlier article on the same subject. Fortunately, the equa-
tions were given in the earlier article, and | reprogrammed them
for my Sharp 1401 computer to solve the probiem at that time.

High Performance/Low Leakage Units

. |
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F1400/F1600 SERIES RFI POWER LINE FILTERS

for Switching Power Supply Emissions

INFO/CARD 13

o High peak current design for high insertion loss.

o F1600 Series features efficient T-section dual-coil,
low-leakage design.

Space-saving compact desian and high performance
characteristics make Curtis F1400/F1600 Series RF! filters the
ideal choice for efficient control of switching
power supply emissions. 3, 6, and 10-amp
models provide top attenuation performance
for both common-mode (line-to-ground)
and differential-mode (line-to-line) noise.
Choice of PC-pin, quick connects, wire
leads or IEC connectors. Fusing and ON/
OFF switch options, t00.

Call today for details or send for new
32-page engineering manual loaded
with useful information on RFl filters.

ﬂ CURTIS “We Build Confidence!”

INDUSTRIES, INC.

8000 W. Tower Avenue, Milwaukee, Wl 53223, Phone 414/354-1500, Twx 910-262-3035
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——1c—— QUALITY &RELIABILITY
—0 - that stand the test of time

FREQUENCY SYNTHESIZERS

AROUND THE GI.OBE...

Along with offering the best performance/price in the industry, our goal at
PTS has always been reliability. We believe, that with a yearly failure rate
of 4%, we do indeed produce the most reliable synthesizer line.

It’s easy to talk about a commitment to quality; at PTS we are actually
doing something about it. We are backing that commitment by extending

our warranty . . . NOW TWO YEARS!

Models covering 40MHz, 160MHz, 250MHz, 500MH2z
Choice of resolution; low phase noise, fast switching,
fully programmable, BCD or IEEE BUS

NEW: Choice of table-
look-up resolution with
steady-phase switching.

=

PROGRAMMED TEST SOURCES, INC. Littleton, MA, (617) 486-3008

PTS 500 shown with 0.1 Hz resolution,
frequency standard, 3 x 10°%/day: $7,750




' ’ Eftel‘ S Continued

Some apparent similarities among the equations caused me
to suspect that some simplifications should be possible. | found
that in fact to be true. There is no point in computing a given
expression over and over in slightly different forms.

Since the program for the various Tl and HP programmable
calculators are far from interchangeable, | would suggest that
a program in BASIC should always be provided for flexibility in

applications. It isn’t even possible to use a TI59 program on a
TI57, let alone an HP, etc. One has to start from the basic equa-
tions if they are given. (They should be.)

The article is useful, but would have been more so if the
various equations had been resolved as listed below.
Very truly yours,
Keats A. Pullen, Jr.

RsR
W/ T Tm OB + 1 Um BB~ M2 Vo, 10y Y= 8 (@2k1), Z= QR & STk
R, X4
910 X,= U-ORg
1,2 X = -Rs i 56 Xi= QRs X, = QRs
VY-1 w
Yp= LB Cotnt T X3 = -RsRy/ (X +X2)
Xz = zZ/T Q+y V=1 Q+W
11,12 X1 = Vv U
X3= —RL = =\ X3= RL,/ Y
Q X2= -R/Q=N
TR = QRs
34 X = Rs =_Rs Rp= S igasC )
VY1 w X, = i LSRR ias, 1) (X; / QRg - 1)
Q-vY=T Q-w
= I z/T 13,14 X, = v
Xs= -RVY=T = -RW
X3 = A e 1 oM Xy = -RgR,
Q X4

For a power resistor that
stays non-X up to vht,

there’s only one choice.

The Carberundum® Type SP. Only the
Carborundum ceramic power resistor
behaves like a pure resistance rather
than an inductor and/or capacitor. It
operates from low audio frequencies up
into the vhf range. Each unit is a solid
body of resistive material. No wind-
ings, no film. Ideal for frequency-
sensitive rf applications like feed-
back loops.

And it gives you extremely high
power density, with great surge-
handling capability because it's solid.

Our Type 234SP, for example, is
aboul the size of a 2-watt carbon comp,
but dissipates a full 10 watts in 40°C
ambient air. Moreover, it can consis-
tently absorb surges of over 10X rated
power for several seconds and come
back for more with very little AR.
Forced-air-cooled, water-cooled or

—

immersed in oil, it will handle even
greater power overloads.

Other Carborundum Type SP resis-
tors—including high-power, water-
cooled configurations—are rated from
2.5 to 1000 watts. For further details,
call or write us today.

Sohio Engineered Materials Company
Refractories Division

Electric Products Plant, P.O. Box 339
Niagara Falls, New York 14302
716/278-2553

CARBORUNDUM
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The world's fastest switching synthesizer

has a lot going for it besides speed.

In addition to noise-free
switching in as little as 1usec.,
this 1 GHz instrument also
gives you hié;h resolution. The
Model 5155A goes from 100
kHz to1 GHz with 0.1 Hz
resolution, and makes phase-
continous frequency shifts to
100 kHz.

Our patented Direct Digital
Synthesis produces no
switching transients to
interfere with phase-coherent
or frequency-agile radars,
frequency-hopping
communications systems, or
cellular telephones. And the
low phase noise—especially
close to carriers—is
important for signal
multiplication or testing closely
spaced communication
channels. Typical values are
—100 dBc/Hz at 10 Hz offset
(500 MHz), and ~ 80 dBc/Hz
at 1 Hz offset.

A synthesizer this fast and
clean is ideal for ATE systems,
so naturally there is an
optional GPIB interface, in
addition to the standard BCD
interface used for optimum
switching speed.

The Model 5155A is priced
at just $15,000.* If you were
expecting to pay thousands
more to get this kind of
performance, it shouldn't take
more than a microsecond to
change your mind.

For more information about
the Model 5155A, call or write
Wavetek San Diego, Inc.,
9045 Balboa Ave., P.0O. Box
85265, San Diego, CA
92138. Tel. [(619] 279-2200;
TWX 910-335-2007.

*U.S. prices only

i
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PRECISION CRYSTAL

OSCILLATORS
SERIES 8000

STANDARD FREQUENCY 5.0 MHz

AGING RATE MODEL ER8001 1 x 10— ®/day
MODEL ER8003 1 x 10 — '9day
MODEL ER80055 x 10 - ''/day

PHASE NOISE _ SSB 1 Hz BW at 10 Hz offset
MODEL ER8001 . . . 124 db
MODEL ER8003 . . . 135 db

INPUT VOLTAGE __12 VDC = 10% STANDARD

OUTPUT SINE-WAVE 1VRMS INTO 50
ohm LOAD
SIZE MODEL ER8001 and
MODEL ER8003
2" x 2" x 4"H
MODEL ER8005
2.25” x 2.25” x 4.25"H
OPTIONS __ MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

ELECTRONIC RESEARCH COMPANY SERIES 8000
PRECISION OVENIZED CRYSTAL OSCILLATORS
ARE THE ULTIMATE CHOICE WHERE PROVEN
RELIABILITY AND FREQUENCY STABILITY IS RE-
QUIRED. THESE OSCILLATORS ARE IDEAL FOR
APPLICATIONS WHERE A PRECISION TIME BASE
IS TO BE MULTIPLIED OR SYNTHESIZED RE-
QUIRING A LOW PHASE NOISE SOURCE. ALL
ELECTRONIC RESEARCH COMPANY'S OSCIL-
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC-
TURED BY ERC FOR MAXIMUM CONTROL ON
ALL PARAMETERS TO INSURE PERFORMANCE
SPECIFICATIONS. IF YOUR APPLICATION RE-
QUIRES SUPERIOR OSCILLATOR PERFORMANCE
CALL US OR WRITE FOR OUR COMPLIMENTARY
CATALOGUE.

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd Overiand Park Kansas 66204
TWX: (910) 749-6477
Telephone: (913) 631-6700
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June 4-6
MTT-S

St. Louis, MO
Information: Fred Rosenbaum, Central Microwave, 12180

Prichard Farm Rd., Maryland Heights, MO;
Tel: (314) 291-5270.

June 19-21
Nepcon East 85

Bayside Exposition Center
Boston, MA

Information: Show Manager, Cahners Exposition Group, Des
Plains, IL; Tel: (312) 299-9311.

August 27-29
Quartz Devices Conference & Exhibition

The Westin Crown Center
Kansas City, MO

Information: Show Manager, Electronic Industries Associa-
tion, 2001 Eye St., NW., Washington, D.C;
Tel: (202) 457-4930.

»rF courses

June 3-4
Introduction to Receivers
2-day course

George Washington University
Washington, DC

Information: Stod Cortelyou, George Washington University,
Washington, DC; Tel: (800) 424-9773.

June 17-21
Microwave Circuit Design — Linear Circuits

UCLA
Los Angeles, CA

information: Les Besser, Microwave Educational Programs;
Tel: (213) 825-3344.

June 24-28
Microwave Circuit Design — Non Linear Circuits

UCLA
Los Angeles, CA

Information: Les Besser, Microwave Educational Programs;
Tel: (213) 825-3344.
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Now, you can make your broad- bandswitching units; two power sup- automatically tunable to any center fre-
band receiver system totally automatic  plies; and an interface card for RS-232,  quency within the range of the filter
with the TCK Series—a computer con-  IEEE-488 (GPIB), or 8-4-2-1 parallel BCD. array. Specific frequencies can be
trolled, programmable bandpass filter A self-contained microprocessor- requested directly in MHz, eliminating
system from Telonic Berkeley—the based contro! provides easy interface the need for specialized user software.
originator of multi-octave with your digital system, and the unit is Contact Telonic Berkeley
filter systems. for this complete, state-of-the-

The TCK Series multi- Now’ a complete art, automatic multi-octave

octave system contains a step filter system. Call or write
motor for remote digital control, b I today for information on the TCK
virtually eliminating the use of Program ma e Series and our complete line of
manually tuned filters for remote RF and microwave products.

site applications. The complete band Pass fi lter TELONIC BERKELEY INC.

TCK Series system can provide 2825 Laguna Canyon Road

continuous tuning over as many as f P O.Box 277, La
- . : 240} , Laguna Beach, CA 92652
six octaves. It includes two to six SYStem I' Om TLX 18-2720 Domestic /47-20277 Foreign

TCD Series tunable bandpass Our Toll Free Telephone

filter subassemblies, coupled T I = B I I (800) 854-2436 Except CA)
with two muiti-position RF e on.c er (e ey. In California (714} 494-9401

' TELONIC/BERKELEY
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»rF news

Interview with Bruno Weinschel,
President-Elect, IEEE

RF Design recently spoke with Dr.
Bruno Weinschel, President-elect of the
IEEE, about the lack of analog training in
our Engineering schools. Part of the in-
terview, dealing with Engineering educa-
tion in general, is reproduced here. Dr.
Weinschel speaks of changes he would
like to see in U.S. Engineering colleges.

RF: | suppose you have heard the
criticism that the papers presented at
IEEE symposiums and published in IEEE
Transactions are too scholarly and con-
cerned with theoretical fine points rather
than practical matters. As President-elect
of the IEEE, are you concerned about
this?

Weinschel: The award system in the
IEEE mirrors academia, and of course
tenure in academia in Engineering results
from publishing the results of basic
research. You don’t obtain tenure because
you have solved some very important
practical problem. You don't get tenure
because you helped engineer a Boeing
747 or a complete satellite system or
digital telephone system. You have to
publish something which is on basic re-
search, which expands our knowledge of
science or nature. And this is reflected in
our awards system. Lately we have be-
come painfully aware that we are award-
ing Engineering science more than Engi-
neering practice.

But what makes a country strong is a
balance between Engineering science
and Engineering practice, because you
have to transform the fruits of science in-
to useful products and services which can
be supplied competitively, in quality as
well as cost. So we have become aware
that we have to emphasize more Engi-
neering practice.

| am on a task force of the American
Society of Engineering Education, head-
ed by John Kemper of the University of
California at Davis, which is concerned
with the requirements of an Engineering
educator. They have, to my joy and plea-
sant surprise, agreed that the conditions
for granting tenure should not be based

NOISE
SOURCES




only on published results of basic re-
search, as it has been historically, but ex-
cellence in teaching should be of equal
importance.

Historicaily, we have slipped into a very
interesting position. In the Second World
War a lot of advances in microwaves were
actually accomplished by physicists at
MIT and Harvard. It became apparent that
the engineer at that time could not really
contribute much to new things. Therefore,
there was a movement afoot to change
the contents of the Engineering cur-
riculum to put in much more basic sci-
ence. Then, in 1957 we had Sputnik,
which really got this thing going, and we
bent over backwards to emphasize Engi-
neering science at the expense of Engi-
neering practice and manufacturing
technology.

The federal goverment probably was
one of the major contributors to this
change by giving the universities a lot of
funding in basic research. By doing this
for about 30 years we were breeding out
the teachers and we were breeding in the
researchers. The majority of Engineering
professors today, especially in Ph.D.
granting universities, are researchers, not

teachers. They love to do research and
some of them consider teaching not as
interesting as the research.

So, the American Society of Engineer-
ing Educators, which includes all the 280
or so deans of Engineering schools in the
U.S., by agreeing at the highest level that
teaching must be at least of the same im-
portance in granting tenure as publica-
tions or research, is taking a tremendous
step.

Another thing I'm arguing for in this
committee, and it seems | am making
some headway, is that there are three legs
to granting tenure. There is research and
there is teaching, but I'll add something
else: being involved in a meaningful way
in Engineering practice and industrial ac-
tivities. Most of the graduates of our
schools are employed by industry, but
somehow we are focusing our best and
brightest Engineering graduates into re-
search, while some of our very successful
trading partners, such as Japan and West
Germany, are channeling their brightest
Engineering graduates onto the manufac-
turing floor.

Both the British and the U.S. excel in
basic research; we have the majority of

the Nobel Prizes. But look at our trade
balances. You take away the North Sea
oil from Britain and it is going to be a sad
trade balance. Last year our merchandise
trade balance was about minus $123 bil-
lion, and | think with Japan alone it was
somewhere over minus $20 or $30 billion.
1984 was the first year we imported more
electronic devices than we exported.

It doesn't speak well for the future. And,
of course, the IEEE is concerned with this
— for several reasons. One is the basic
health of the industry. Another is the job
security of its members. We cannot com-
pete in the world market unless we im-
prove our manufacturing technology. So
this whole thing about how you give peo-
ple tenure and how you award them in the
IEEE, in Fellow awards and other awards,
relates to what kind of articles you em-
phasize in your transactions. It is all one
stream, and | hope | can make some im-
pact on it.

RF: Sounds like a large task. A fot of peo-
ple will be wishing you luck.

Weinschel: Another impact | would like
to make is to reduce this hemorrhage of

Notse Dicdes Nolse Generators
Audio, VHF, UHF, RF and Millimeter

White Gaussian Noise/Hermeticalty Sealed
Meet Mil Requirements/10 Mz to 40 GHz

Glass and Pil Packages

NZG Senes/100 Hz to 5 MHz

Up 1o 150 mv output White Gaussian Noise
14 Pin DIP/Small size and weight

Qualffied Peak Factor: 51 (min)
Frequency Flatness: =0.5 DB.

We are a world leader in

Programmable Noise Instruments

NOISE teChnOlOgY' MODEL NO. ::E‘%%ENCY FLATNESS | VSWR ::m;PUT
Our family of products range Woio1 | torzantz | 205|151 | -m
from Diodes to Programmable R e e
Instruments and span the spectrum o T S T T
from audio to millimeter waves. T T TR T BT e

st L S A MX51 100Hz- 2 21, 5 2

SophIStlcated NOISE Com onents :LKI:;;I;*F UHF, RF and Millimeter MX5107 100Hz-100MHz +1.00dB 1.5:1 -70
and instruments are used mn CM 5 W"""S'aass'a" W*‘;HJ":‘G‘S‘C\?'JS“""’ MX5108 | 1MH2-300MHz +15d8 | 151 -75
Computerized Satellite Ground Cuahied ok Facer s ) MXS109_| 30MMzsoomHz_| 2008 | 151 | 77
E . S C lb . 10 Hz 10 50 GHz. MX5110 300MH2-1GHz +20dB 1.5:1 -79
Test : qu1pment, YStemS alibration, MX5111 | 1GHz-2GHz +20dB 201 | -80
Recelvers, Radar and Electro- MX5200 | 100Hz1000MHz | +200B | 2.0:1 —80
MX5250 100Hz-1500MHz +25dB 201 -82

magnetic Environment Simulators.

I\%ore and more systems engineers
are choosing Micronetics to meet
their NOISE requirements.

For more information, write for our
complete NOISE Catalog SSNS/982.
icronetics, Inc., 36 Oak St.,
Norwood, New Jersey 07648 or call

(201) 767-1320

Visit us at booth #433,

MTT-S, St. Louis, Mo., June 4-6.

microneticy inc.

| A Quantech Company
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fMAC has complete cav-

ri ny ' design and production capa-
~ bility. We make sure that tube

and cavity are compatible. If it
isn't an off-the-shelf-item, we
have the designers and engi-
neers for any specific job.

EIMAC has expertise in all disci-
plines including pulse, CW, FM,
and TV. We match tube, power,

esign or yours

bandwidth and operating mode
to achieve optimum perform-
ance.

More information on EIMAC
cavities and tubes is available in
our Cavity Capability brochure
from Varian EIMAC. Or for
prompt consideration of your
special design requirements,
contact Product Manager, Var-

Matching Tuning Range
EIMAC Cavity EIMAC Tube (MHz) Power Output

CV-2200 4CX20,000A 86-108 30 kW
CV-2220 3CX1500A7 86-108 1.5 kw
CV-2225 4CX3500A 86-108 5 kW
CV-2240 3CX10,000U7 54-88 10 kWt
CV-2250 3CX10,000U7 170-227 10 kWt
CV-2400 8874 420-450 30011250 wW*
CV-2800 3CX400U7 850-970 225 W
CV-2810 3CX400U7 910-970 190 W

*pulsed power

tpeak sync. or 2.5 kW combined in translator service
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ian EIMAC, or the nearest Varian
Electron Device Group sales of-
fice. Call or write today.

Electron Device Group
Varian EIMAC

301 Industrial Way

San Carlos, California 94070
415.592-1221

Varian A.G.
Steinhauserstrasse
CH-6300 Zug, Switzerland
Tel: (042) 23 25 75

Telex: 868-841

varian



rF news

about 2 percent of our engineering popu-
lation a year completely leaving the Engi-
neering field, including technical manage-
ment. This puts an undue pressure on the
colleges and universities to produce more
people, which could cause a reduction in
the quality of the graduates. Up to now we
have not seen a reduction of the quality
of the graduates because we are using
the absolute best Freshmen with excellent
SAT scores. Our Engineering schools are
so highly selective. Some of our schools
have established a limitation of enrolliment
resulting in extremely high entrance re-
quirements. At Davis, for instance, you
have to have a 4.0 average for Electrical
Engineering! At Maryland University you
need a 3.9. Now with that kind of require-
ment you have to have good graduates,
even if the teaching might not be of the
same quality today that it was five years
ago.

RF: Why do 2% of our engineers drop out
of the field each year?

Weinschel: They probably see a better
future somewhere else. Perhaps they find
more psychological satisfaction or they
can get more money. There isn't any good
research on that subject. It is a very im-
portant subject and good research is
needed. Not keeping up-to-date technical-
ly and/or underutilization are probably two
more reasons. The resulting salary com-
pression is another cause.

Besser To Teach Fundamentals
of RF Design Course for
RF Technology Expo 86

Les Besser, president of Microwave
Educational Programs, Los Altos, Calif.,
will be instructor and supervisor of the
Fundamentals of RF Design course at RF
Technology Expo 86. Besser taught a half-
day course on Small-Signal Amplifier De-
sign at the 1985 Expo.

Besser met recently with RF Design
publisher Keith Aldrich and editor James
MacDonald to plan the course content for
the 1986 conference. The course will be-
gin at a more basic level this year, Besser
said. He plans to devote the morning ses-
sion to such concepts as basic design
techniques, component functions, meas-
urements and the changes in inductor
and capacitor characteristics that occur
at high frequencies. During the afternoon
he will discuss low-level signal amplifica-
tion principles, a subject which was well
received at the 1985 Expo.

RF Design

The second day of the course will be
given to a detailed explanation of fun-
damental RF circuit building blocks, such
as oscillators and power amplifiers. Car-
diff Publishing Company officials are dis-
cussing ways to schedule the courses so
attendees will have ample opportunity to
hear papers.

MacDonald is program chairman for

the 1986 conference. He said the program
will be similar to the previous Expo, with
as many as five papers being presented
simultaneously. The program will be divid-
ed into half-day sessions. Papers dealing
with the same subject will be presented
in the same room each session.

“This way attendees can go from room
to room to hear particular papers on dif-

High quality attenuators don't necessarily have to include high quality
prices. Kay attenuators are designed and manufactured with high quality
components but we do not subject our buyers to high prices. The Model 439
was designed to offer all of the superior specifications of the Model 432D but at
a reduced cost, providing a $36.00 savings to the customer. Kay is able to
produce low priced attenuators with superior specification by using teflon, gold
and silver component in our custom developed and in-house manufactured

switches.  Listed below are some of the more common attenuators. Check
the prices for yourself.
INSERTION
ATTENUATOR MODEL IMPED- FREQ. ATTEN LOSS
TYPE NO. ANCE RANGE RANGE STEPS AT 1GHz PRICE®
Standard 432D 50Q DC- 1GHz 0-101dB 1dB .7dB $265
In-Line 442D 750 DC- 1GHz 0-101dB 1dB 4dB $265
Miniature 439A 500 DC-1.5GHz 0-101dB 1dB 5dB $229
InLine 449A 750 DC- 1GH:z 0-101dB  1dB 4dB $229
Rotary 500A 500 DC- 2GHz 0- 10dB 1dB .2dB $175
510A 750 DC-15GHz 0- 10dB 1dB .2dB $175
Rotary Bench: 5050 500 DC- 1GHz 0- 81dB .1dB .8dB $589
Programmable 4440 500 DC-15GHz 0-130dB 10dB 2dB $299
4457 750 DC- 1GHz 0-127dB 1dB 3d_8 $375

* Quantities of 2 10 9 units.

If you don't see an attenuator that fits your requirements call us for
information on our complete line of standard products. Kay can also design an
attenuator to fit your specific needs. We have designed over 250 different
special attenuators in the past.

We also offer a very substantial discount schedule for quantity purchases.
For a complete catalog or to place an order call Chris Meagher at (201) 227-2000,
ext. 105.

K A Kay Elemetrics Corp
12 Maple Avenue
Pine Brook, NJ 07058-9797  Tel: (201) 227-2000

USA TWX: 710-734-4347
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ferent subjects or stay in one room to hear
all the papers on one subject,” he said.

MacDonald said he anticipated as
many as 75 papers at the 1986 Expo. He
had received 18 responses to the call for
papers by the May 1 meeting. The dead-
line for proposals for papers is July 26, he
said, with selection being completed by

August 30. He said the reason for the
early selection of speakers is that the Pro-
ceedings will be printed before the Expo
and will be available there. The early
selection will allow speakers ample time
to prepare their papers for the Pro-
ceedings, he said.

RF Technology Expo 86 will be held at

We

to the

We gave the FCC
exactly what it
asked for. The
only low cost dedi-
cated device that
meets FCC Part 15 Reg-
ulations for low power
UHF transmitters without
sacrificing operating range.
It’s a SAW Resonator Sta-
bilized Hybrid Transmitter
from RF Monolithics.
And with it, you can design
transmitters for wireless se-
curity products, garage door

openers and other remote con-
trol devices. Without worrying

about high costs or exceeding
spectrum parameters.

You can also expect 15.100
and 15.200 output levels using

gave it

FCC.

either Pulse or FSK
modulation. As
well as full com-
patibility with 9V
battery operation and
encoder chip drive levels.
So if you’d like to give it to

the FCC, give us a call. We’re
the only ones in the business
who can help you do it.

| S ———

Typical spectrum of Hybrid Transmitter

22
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THE NEW WAVE IN RF

RFMonolithics, Inc. 4441 Sigma Road, Dallas, Texas 75244
(214) 233-2903 TWX: 910-860-5474
INFO/CARD 22

Les Besser

the Anaheim Hilton Hotel and Towers,
Jan. 30 through Feb. 1. The hotel has a
large exhibit space and conference rooms
are available close to the exhibit hall.

Yearhook Predicts Nearly 6%
Annual Growth in World
Electronics Industry

The world electronics market is ex-
pected to grow at a rate of 5.9 percent per
annum over the period of 1985 to 1988,
according to data recently published by
Benn Electronics Publications, Ltd.,
Luton, England. The estimate is based on
forecasts for 30 leading countries. The
rate is the compound annual average
growth rate for 30 countries at a constant
1984 exchange rate.

Growth for 1985 is expected to be ap-
proximately 7.8 percent at constant 1984
values and exchange rates. The lower
rates predicted for the 1985-1988 period
reflect a U.S. economic downturn pro-
jected by a consensus of leading eco-
nomic forecasters for 1986, according to
Benn, and its likely effect on economic ac-
tivity in other nations.

Communications and military elec-
tronics equipment are expected to grow
by more than 7 percent per annum by the
yearbook publisher, which predicts a 6.4
percent growth rate for the components
sector over the four-year period. The in-
formation is contained in the BEP Year-
book of International Electronics Data
1985 Second Edition.

The yearbook contains a review of pros-
pects for the economy and the electronics
industry in each country and a list of
sources of the information.
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. . . to a very simple way of doing
business. Your way. If you’re in the
business of buying microwave com-
ponents, maybe you’ve noticed that
it’s not always easy to get what you
want and what you pay for. Maybe
you feel that since you’re the
customer, you should have things
more your own way.

We agree. At MSC we’ve found
that there’s only one way of pro-
viding first rate service: Your way.
That means giving our full attention
and effort to listening to what you
have to say, and then directing all
our energies to your own individual
and very special needs. Keeping tun-
ed in to the industry’s needs is how
we’ve been able to develop over 400
new products, and an expert staff to
produce them to our, and your,
high exacting standards.

From the moment our customers
consult us about a need or a prob-
lem, to the time that problem is
taken care of, all our efforts are
focused on the most effective and
economical solution, even when
that means the development of a
totally new device. That’s been the
MSC way, from our first 2001 in
1968, to our brand new 83135-50,
now in full scale production.

We’re
changing a sign of
the times. ..

We’ve made delivering what you
want, on time, the way you want
it, our benchmark . . . There are no
two ways about it.

Microwave Semiconductor Corp.

100 School House Rd., Somerset, N.J. 08873

A Siemens Company

Tele(201)469-3311 ® TWX(710)480-4730 ® TELEX 833473

The Breakthrough Company

For a copy of our new expanded and
informative 44 page Product Guide,
please contact us, or circle our
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MIL-STD-1553:

A Viable Interface Standard

By Steve Friedman
ILC Data Device Corporation

This article introduces the reader to the
serial data bus known as MIL-STD-1553.
A brief history and overview of the stan-
dard gives a better insight to why it is
growing in popularity with the tri-services.

A discussion of some typical off-the-
shelf products and how they support the
RF engineer in integrating a system with
that of MIL-STD-1553 is included. The
special protocol and interface require-
ments of MIL-STD-1553 are described on
a system level.

ne serial bus structure adopted by
the tri-services is called MIL-
STD-1553. This military standard docu-
ment establishes the requirements for a
serial, digital, command/response, time-
division multiplex communication bus for
aircraft. The bus permits transmission of
information among several sources con-
nected by a single, twisted, shielded pair
of wires. The data is transmitted at a 1
MHz bit rate, using a Manchester Il coded
trapezoidal-wave-shaped transmission.
The MIL-STD-1553 specification
evolved through the efforts of the U.S. Air

Force in conjunction with the Society of
Automotive Engineers (SAE). Their goal
was to develop some type of,system in-
tegration to help reduce the overall com-
plexity of avionic systems. In the mid:60s
avionic systems required a maze of inter-
connecting cables in order to integrate
each black box of the system. This com-
plexity introduced excessive size and
weight and proved to be a major expense
when system updates were necessary.
Figure 1 depicts the avionic interconnec-
tion prior to the data bus standard.

The tri-services have accepted MiL-
STD-1553 because of its well defined pro-
tocol and electrical specification, sup-
ported by off-the-shelf hardware. The U.S.
Air Force mandates using a dual redun-
dant data bus for additional reliability.
Figure 2 illustrates an avionic MIL-
STD-1553 Dual Redundant MUX (multi-
plex) BUS aircraft.

The data bus functions asynchronous-
ly in command/response mode; remote
terminals (RTs) receive and transmit data
only when commanded to do so by the
bus controller. Data moves in both direc-
tions but in only one direction at a time.
This half duplex information transfer flow
is the responsibility of the bus controller
which issues the commands. The bus

Figure 1: Avionic Interconnection

Figure 2: MIL-STD-1553 MUX BUS
Aircraft

24

controller is the main element within the
multiplex system. System modifications
require software changes to the bus con-
troller’s normal polling routine, since it
directs and monitors all data bus traffic.
The simplified architecture of a typical
1553 MUX BUS is shown in Figure 3. The
dotted lines represent optional redundant
data bus cables.

MIL-STD-1553 transfers data in a serial,
digital, pulse code modulation (PCM) form
at a 1 MHz transmission bit rate. The data
is a Manchester |l bi-phase code transmit-
ted as a bipolar trapezoidal signal. The
coding used provides both digital informa-
tion and clock information transfers.
Figure 4 shows the comparison between
digital Non-Return to Zero (NRZ) data and
Manchester Il coded data. The informa-
tion transfers, as initiated by the bus con-
troller, are comprised of messages form-
ed by three types of words. These are the
command, data and status words (Fig. 5).
Each word is 20 bits long, or 20
microseconds in time.

The first three bit times for all these
word types is called the sync field (Fig.
5). The sync field distinguishes a com-
mand or status word from a data word.
After the sync field come 16 bits that con-
tain the information to be transmitted or
received. The last (20th) bit is parity. MIL-
STD-1553 uses odd parity to check vali-
dation of the 16 data bits. With the use of
these words, transfers can be made from
the bus controller to an RT, an RT to the
bus controller, or an RT to an RT. The in-
formation transfer formats are shown in
Figure 6.

In aill cases the bus controller issues
command words containing one unique
RT address from a possibility of 32, or 31,
should broadcast commands be allowed.
Note that all message formats, with the
exception of broadcast, generate a status
word response with or without data, de-
pending on the command issued. This
closes the loop so the bus controller
knows of any transmission problems. MIL-
STD-1553 permits up to 32 data words per
message transfer.

The MUX BUS is a twisted shielded two
conductor cable terminated with a 70 ohm
resistor at each end. MIL-STD-1553 per-
mits two types of bus coupling, direct or
transformer coupled configurations.

The direct coupled configuration (Fig.
7) connects to the MUX BUS through two
55 ohm fault-isolation resistors connected
in series with an isolation transformer. The
direct coupled configuration stub length
is limited to one foot from the MUX BUS.
The isolation resistors prevent an RT ter-
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minal fauit from pulling the bus im-
pedance down to a point where message
transfers would cease.

The transformer coupled configuration
in Figure 8 is the only type permitted in
U.S. Air Force avionic applications. This
configuration connects to the MUX BUS
through two 55 ohm fault-isolation resis-
tors connected in series with a coupling
transformer with a required 1:1.4 turns
ratio. The coupling transformer connects
to an isolation transformer by a stub which
must not exceed 20 feet. The defined
coupling parameters provide a set of
guidelines for any terminal which will be
connected to the 1553 MUX BUS.

MIL-STD-1553, in summary, has many
advantages which digital interfaces such
as the RS-232 or Parallel IEEE 488 stan-
dards cannot provide.

1. Noise Immunity — The twisted
shielded 1553 MUX BUS with transformer
isolation from ground offers better than 40
dB Common Mode Rejection (CMR). The
6 to 9 Vp-p Manchester |l Trapezoidal Bi-
Polar Waveform was selected for noise
immunity, good transfer characteristics
and a minimum of channel crosstalk.

2. System Reliability — Dual Standby

Redundancy used by the U.S. Air Force
or five channel redundancy used by the
space shuttle is a distinct advantage
found in MIL-STD-1553.
3. Flexibility — The system’s designer
can adapt to system changes simply by
updating the bus controller and the
remote terminal’s software packages.

The Black Box

Now that a MIL-STD-1553 interface has
been selected, what does the system
designer have to do?

First determine which version of MIL-
STD-1553 is being specified. It could be
1553A, 1553B or the latest 1553B Notice
I. Other specifications main airframe
builders have imposed can greatly in-
fluence hardware requirements. Ref-
erence ILC Data Device Corporation’s
(DCC's) MIL-STD-1553 Designer’s Guide
Section |, for more details concerning
various programs and their differences.

The system designer must then deter-
mine whether or not to implement a
Remote Terminal (RT), Bus Controller
(BC), Bus Monitor (BM) or any combina-
tion of these modes. It is also important
to determine whether single, dual or a
higher level of redundancy is required.

The system designer must select the
direct or transformer coupled configura-
tion, then carefully plan the placement of
Ts along the MUX BUS to insure proper
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wave propagation. This must include
future expansion and test point acces-
sibility.

The last but most important aspect is
knowing the Subsystem Interface Unit
(SSIU) requirements. The system
designer must have a general under-
standing of the 1553 terminal interface
handshakes and how to interface with

them.

Whether a Remote Terminal, Bus Con-
troller or Bus Monitor function is required,
the building block is the same. The pro-
tocol logic will differ, however, since each
function has a different responsibility in
its implementation of the protocol as de-
fined by MIL-STD-1553. (See Fig. 9,
General Terminal Block.)
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Testing

The U.S. Air Force, in an effort to con-
trol the quality of MIL-STD-1553 avionic
systems, has set up a testing facility at
Wright Patterson Air Force Base, Ohio,
known as SEAFAC. This facility has been
responsible for testing avionic remote ter-
minals. The SEAFAC test plan insures
that the terminal meets 1553 protocol and

all of the electrical parameters. An ever-
increasing number of tri-service programs
requiring 1553 MUX BUS interfaces have
requested SEAFAC verification in their
contracts. As a result, there has been an
increasing need for MIL-STD-1553 tester/
exercisers.

The BUS-68003 (Fig. 10) and BUS-
68010 (Fig. 11) are good examples of low
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cost off-the-shelf exercisers which support
all the 1553 message formats shown in
Figure 6. They permit ease of program-
ming via the front panel keyboard or
through a host computer (BUS-68003
only) via RS232, IEEE488 or a special
8-bit parallel microprocessor port for ease
of implementing a fully automated test
stand.

These exercisers allow very sophisti-
cated error injection and detection capa-
bilities and ease of setting up a variety of
polling routines, which includes introduc-
ing 1553 format errors. The BUS-68003
allows the operator manual control over
the output level supplied to the data bus
for receiver threshold testing.

Conclusion

MIL-STD-1553 is a standard which
defines all aspects of the data bus net-
work to ensure the interchangeability of
equipment from numerous suppliers and
yet is flexible enough to allow creative
system integration. The SAE, AE-9 (for-
merly A2K) Committee, with tri-service
and other industrial representation, is con-
stantly striving to promote and improve
the standard so future applications can be
met.

New technology and system concepts
will certainly be the driving force for shap-
ing new high-speed communication stan-
dards, but MIL-STD-1553 is here to stay
for the foreseeable future due to its many
attributes.
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Preventing Unwanted Oscillations
in Crystal Oscillators — Part |

By James W. Wieder
Westinghouse Defense and
Electronics Center

A fundamental concern of oscillator
design is to ensure that oscillation will
only occur at the desired frequency. This
article discusses many of the causes of
unwanted oscillations in crystal oscil-
lators. Many are difficult to foresee in the
paper design and in some instances are
related to the physical layout.

Verifying that an oscillator will start-up
and oscillate at the desired frequency is
not a sufficient design test. During the
development testing, the desired oscilla-
tion may dominate and suppress un-
wanted oscillations. Later in production,
circuitry variations may cause an un-
wanted oscillation to dominate or interfere
with the desired oscillation. This article
discusses several verification tests which
specifically uncover potential unwanted
oscillations. These verification tests are
considered an important part of the
oscillator design process.

One way of considering an oscillator
is as a closed loop with a sustaining
stage and a feedback stage. As shown in
Figure 1, the loop can be viewed in terms
of voltage or current. The model of the
sustaining stage may make one method
preferable; however, both methods
should give identical results. The sustain-
ing stage contains an active device, such
as a transistor, or amplifier or a logic gate
biased at its threshold. A quartz crystal
would be part of the feedback stage. The
sustaining and feedback stages each
have an amplitude and phase reponse
which are functions of frequency. As
shown in Figure 1, the loop can be
opened and restructured for analysis and
test purposes. Itis significant to note that
G (f) depends on the input impedance of
the feedback stage and that H (f) depends
on the input impedance of the sustaining
stage.

In general, the oscillator is ‘‘tapped
into’’ loaded at some point to provide a
usable output. Th%input impedance of
this load will affect G (f) orB (f) and hence
the oscillator performance. Loading by
any test probes should also be consid-
ered.
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FIGURE 1. (a) OSCILLATOR VIEWED AS A CLOSED LOOP.
(b & ¢) OSCILLATOR RECONFIGURED FOR ANALYSIS AND TEST.

Figure 1 has positive feedback. The re-
quirements for oscillation *‘start-up’ at a
given frequency (f,) are:

a) a closed loop voltage (or current)
gain at f, greater than or equal to one.
That is, G{f,)* H(f,)=1, and

b) a closed loop phase shift at f, equal
to a multiple of 360°. That is, © (f,) + @
(f.) = n360° wheren=20,1,2,3...

Both criteria must be met simultan-
eously at the frequency of oscillation f,.

An additional requirement is that the
criteria for oscillation shall be satisfied at
only one frequency. Unwanted oscillation
should be prevented by assuring that the
loop gain is less than 1 at all other fre-
quencies. Attempting to prevent oscilla-
tions by trying to prevent a n360° phase
shift from occurring is not recommended.

Oscillation “‘start-up” commences with
the application of the power supply or the
removal of a disabling control signal.
Oscillation *‘start-up’’ usually occurs due
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to the random noise present at frequency
f,. In some situations, start-up can be in-
fluenced by a leakage signal at f, from
another operating frequency source or
from a high frequency component of the
power suppty or disabling control wave-
forms. As the amplitude of oscillation
builds up, the gain at f, is eventuaily
reduced to exactly 1 by either:

a) the lower large signal amplifier gain
b) amplitude clipping by junctions or
diodes or

¢) deliberate gain reduction by automatic
gain control. 7

This means that G (f) is a function of
the oscillation amplitude. The final ampli-
tude of the sustained oscillation is that
amplitude where the closed loop gain at
f, equals 1. Since © (f) may also be a
function of the oscillation amplitude, the
oscillation frequency may drift during
build-up.

Computer modeling can be done with
SPICE or COMPACT using the open loop
configurations shown in Figure 1. The
actual component values along with the
stray reactances are used in the model.
COMPACT can model the small signal
behavior of the transistor or amplifier.
SPICE can model both the small and
large signal transistor or amplifier
behavior. The small signal behavior is
useful in analyzing oscillation start-up.
The large signal behavior is useful in
understanding the final steady state
amplitude of oscillation.

The Quartz Crystal

Quartz crystals are widely used as fre-
quency stabilizing components In oscil-
lators. A major reason is the large reac-
tance change over a narrow frequency
range near the crystal’s series resonance.
As an example, Figure 2 shows the
equivalent series reactance versus fre-
quency for the fundamental response of
a 25 MHz crystal. This curve was deter-
mined using the equivalent circuit for a
crystal response shown in Figure 3. R1,
C1 and L1 represent the response of the
quartz blank itself while CO is the
capacitance associated with the quartz
plating and blank holder. In the circled
region of Figure 2, the crystal unit's
response is determined almost totally by
the quartz blank and not by CO. Crystal
oscillators are designed to operate in this
region of a crystal’s response. Figure 4
shows an enlargement of the circled por-
tion of the Figure 2 response. The reac-
tance versus frequency slope (AX/Af)
near series resonance is equal to 4nlL1.
For the 25 Mhz fundamental response
shown in Figures 2 and 4, AX/Af is
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0.0433 Q/Hz at the crystal's series
resonance. The crystal’s equivalent
series resistance in this region is approx-
imately constant and equal to R1.

Each quartz blank has many responses
across the frequency spectrum, each of
which can be modeled as shown in Figure
3. Besides a fundamental mode response
a crystal will have a response at all odd
overtones (n = overtone number). The
overtone responses are not perfect
multiples of the fundamental frequency
but are typically within 5-15 kHz of the
multiple. Figure 5 shows a more general-
ized crystal model which shows the pos-
sible quartz responses. An indication of
the relative model parameters is also
shown. The spurious crystal responses
are unrelated to the fundamental and
overtone responses and are unique for
each crystal. Each response will have a
reactance vs. frequency curve similar in
shape to that in Figure 2.

A crystal oscillator is designed to
operate at either the fundamental or one
of the overtone responses. The crystal
designer optimizes the crystal for opera-
tion at the desired fundamental or over-
tone and attempts to minimize the R1,, of
the desired overtone relative to all the
other overtones. Figure 6 shows the max-
imum value of R1, for AT-cut crystals
that are optimized to operate at each par-
ticular overtone. Note that R1, increases
very rapidly for crystals with a fundamen-
tal response below 1 MHz. For this
reason, other crystal cuts should be con-
sidered for use below about 1 MHz. The
higher the frequency of the fundamental
the thinner the quartz blank. The fragile
condition and handling requirements limit
the bulk AT-cut fundamental frequency to
about 35 MHz. Above about 25 MHz, the
use of an AT-cut crystal overtone should
be considered. A developing alternative
to the At-cut is the *‘stress-compensated”
(SC) cut. Using selective chemical
etching and ion milling the quartz dimen-
sions can be varied across the radius of
the crystal blank. Fundamental responses
of 100-300 MHz may become feasible.

For a given crystal, the R1, values (ex-
cept for the optimized overtone) will be
larger than the values shown in Figure 6.
Table 1 shows the crystal response para-
meters for the first 13 overtone responses
of a crystal designed for operation at 175
MHz on the 7th overtone. As an example
of the optimization, note that R1; is
almost the same value as R1;. Figure 7
shows the reactance vs. frequency curve
for this 175 MHz crystal. The shape of
each overtone response in Figure 7 is
similar to that shown in Figure 2. A com-
parison of the 7th overtone response of a
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WE’VE GOT THE SOURCES YOU NEED...
with The Best Price/Performance

A 'I hl OSCILLATORS, OEM SYNTHESIZERS, PHASE LOCK SOURCES
val a e AND SYNTHESIZED SIGNAL GENERATORS

Model 730A:
300 Hz to 180 MHz;
1Hz Resolution;

M, FM, and
phase modulation;
FM stereo capability;
IEEE-488 programming;
— under $7,000.

Model 740A:

0.1 to 1120 MHz;

AM, FM, phase

and pulse modulation;
IEEE-488 programming;
— under $10,000.

Model 7100:

0.1 to 1300 MHz;

phase noise: — 136 dBc
@6.5 kHz offset;

+20 dBm output level;
AM, FM, phase

and pulse modulation:
IEEE-488 programming;
— under $15,000.

Mode! 7200:

0.1 to 1300 MHz;

phase noise: — 136 dBc
@6.5 kHz offset;

keyboard and spinwheel entry;
full sweep of all parameters;
memory for 40 configurations;
best level accuracy available;
|IEEE-488 programming;

— under $20,000.

comstron/adret sz e
comstron corporation

200 East Sunrise Highway, Freeport, New York 11520
(516) 546-9700—TWX 510-225-3699
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AER..THE FULL.
LINE SOURGE:

AEP gives you proven expertise in connector
technology for the quality products you demand,
cost effectively. Here's a brief, full-line rundown:

SMA —Precision designed for performance to
18GHz. In various configurations, mounting types
and for cable assembly use. Includes special “Launchers”
for sealed MICs. Meet or exceed MIL-C-39012 spec’s.
Gold, nickel or passivated finishes.

SMB, SMC, SMS —True economy and quality with

ratings to 4GHz. Clamp, crimp or solder clamp terminations for ‘
cable assemblies. Gold or nickel plated finishes. Various mounting
configurations. Meet or exceed MIL-C-39012.

75 Ohm —Similar to the SMB and SMC design but with 75Q
impedance for critical uses. Snap-on or screw-on mating;
clamp or crimp cable attachment. Gold or nickel plated.

Try Us Once. .. We’ll Become Your #1 Source.
Send for New Catalog. See Us At Booth #442, MTT Show
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Microminiature 7000 —Rugged.
reliable snap-ons, 1/3 smaller than the SMB,
for high density packaging. Beryllium copper
spring fingers in plugs; closed entry type

‘ female contacts.
FLEXIBLE Cable Assemblies —

Saves you time, money and trouble. Produced
to “spec”, for any RG-178/U to RG-214/U
cable size with any connectors.

SEMI-RIGID Cable Assemblies —
Expertly fabricated with any cables from .085" to
250" in size and with any connectors. Special
equipment design and trained personnel assure
highest yields.

. APPLIED
/Fp ENGINEERING
PRODUCTS

Box A-D, Amity Station, New Haven, CT 06525
(203) 387-5282 TWX: 710-465-1173



175 MHz crystal and the fundamental
response of a 25 MHz crystal is shown
in Figure 8. For the 7th overtone crystal,
the CO parallel resonance occurs much
closer to the series resonance.

The second advantage of a quartz
crystal is the temperature stability of the
fundamental and overtone responses.
The quartz temperature characteristics
are very predictable and vary with angles
of cut and mode of vibration. Depending
on the temperature range, the crystal
series resonance frequency can be main-
tained within a range of a few parts per
million to a range as large as 100 PPM.

Crystal Oscillator Configurations

A crystal oscillator is designed to use
the quartz response which has been
“‘optimized”’ by the crystal manufacturer.
In general, the crystal is located in the
feedback network H (f) so that the desired
responses AX/Af near series resonance
(see Figures 2 and 4) maximize the Ad/Af
of H (f). In this way, any variations of the
loop phase shift due to other oscillator
components can be corrected by a crystal
reactance change AX. Because of the
crystal’s large AX/Af, only a small shift
of the oscillator frequency will be nec-
essary to compensate for the other oscil-
lator components.

Many different oscillator configurations
have been developed over the years. The
selection of a particular configuration
depends on such requirements as:

a) frequency of oscillation

b) frequency stability requirements

¢) required output power

d) output waveform

e) requirements for crystal switching

f) circuit tolerance to stray reactances
g) susceptibility to unwanted oscillations.

The various crystal oscillator configura-
tions can be classified as one of two
types.

a) The crystal is operated where it
exhibits inductive reactance which is
parallel resonated with an external
capacitive network to create a high im-
pedance at the frequency of oscillation.
Other frequencies should be *‘shunted”
to ground by this network. The network
is ‘‘tapped into’’ at an appropriate point
to drive the input of the sustaining stage.
Examples of this type are the Pierce,
Clapp and Colpitts oscillator. These
parallel resonant oscillators are generally
used below 225 MHz. The crystal is typi-
cally parallel resonated by a network
capacitance of either 30 or 32 pF. The
nominal crystal operating point for a 32
pF parallel resonance is shown in Figure
4.

RF Design

CRYSTAL MODEL PARAMETERS FOR 175 MHz 7TH OVERTONE CRYSTAL

RESISTIVE PART (2)

L, C,
3.4462992nH 1.176 x 10-14F
1.306 x 10-'5F
4.704 x 10-16F

2.4 x 10-15F

1.4518518 x 10-15F

9.7190082 x 10-17F

6.958798 x 10-'7F

TABLE 1. CRYSTAL MODEL PARAMETERS FOR A 175 MHz CRYSTAL

DESIGNED FOR OPERATION AT THE 7TH OVERTONE.
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225 MHz
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b) The crystal is operated near series
resonance, where the low impedance of
the crystal allows the desired frequency
signal to pass to the sustaining stage
input. The crystal and a separate
shunting network are employed to block
all other frequencies from reaching the
sustaining stage input. Examples of this
type are the grounded base oscillator and
the Impedance-Inverting Pierce. These
types are generally used above 20 MHz.
The nominal operating point for this type
oscillator is also shown in Figure 4.

When specifying a crystal, the oper-
ating point on the desired overtone must
be specified so the crystal is manufac-
tured to provide the desired frequency at
the oscillator operating point.

The
Problem

When the requirements for oscillation
are satisfied at two or more frequencies,
one of the following will occur:

a) The frequencies will compete at
start-up, with one frequency becoming
dominant and suppressing the other
oscillations. Which frequency is dominant
may vary with component variations or
environment.

b) Two or more frequencies of oscilla-
tion will occur simultaneously at different
levels. Viewed on a scope, the largest
amplitude signal will have small to severe
edge jitter. In some cases, one signal will
amplitude modulate a second. A very low
amplitude second oscillation is more
readily observed on a spectrum analyzer
since the scope edge jitter will be ex-
tremely small.

Once an oscillation reaches full ampli-
tude it is more difficult for another oscilla-
tion to get started. This is because the
sustaining stage gain G(f) decreases at
all frequencies as the dominant oscilla-
tion reaches full amplitude. For example,
if an oscillator is retuned to where the re-
quirements of oscillation are met at two
different frequencies, there will be a
strong tendency to maintain the existing
oscillation. If the oscillation was then
stopped and restarted, however, the other
oscillation may become dominant. The
frequency of oscillation that dominates is
determined by factors such as:

a) Closed loop voltage gain at each fre-
quency. The greater the gain at a fre-
quency, the faster oscillation will bui'd up
at that frequency.

b) Closed loop signal group delay at each
frequency. The narrower the bandwidth
at a frequency, the greater the group
delay and the longer oscillation will take
to build up at that frequency.

Unwanted Oscillation
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c) Power supply turn-on characteristics
such as ramp rate and overshoot.

d) Oscillator disable control signal char-
acteristics.

e) The existence of a leakage signal from
another operating signal source which
aids the start-up of one of the fre-
quencies.

f) Reactive component losses.

g) The point at which the oscillator is
tuned.

Types of Unwanted Oscillations
Unwanted oscillations can be classified
into three general types:

1) Oscillation at a crystal overtone which
is not the desired overtone.
2) A non-crystal controlled oscillation
caused by either

a) a reactance which unintentionally
shunts the quartz blank or a larger por-
tion of the oscillator loop, or

b) a sustaining stage gain instability
(amplifier oscillation).
3) Oscillation at a crystal spurious.

If an unwanted oscillation is dominant,
a frequency counter can provide a clue
to its type. Since types (1) and (3) are
crystal controlled, the short term stabil-
ity would typically be 7 to 10 digits. A non-
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crystal controlled oscillation would have
a stability of 3 to 5 digits.

Unwanted Oscillation at Other
Overtones

Oscillation is possible at all odd crystal
overtones. Unwanted overtone oscillation
is prevented by assuring that the closed-
loop gain at all other overtones is less
than one. Many fundamental mode oscil-
lators rely on the fact that the overtone
motional resistances (R1;, R15 .. .) are
significantly larger than R1,. This allows
the oscillator to be designed so oscilla-
tion will not occur with the smallest R1,
expected. For some fundamental mode
oscillators, specifying a minimum allowed
value of R1; may be desirable.

Oscillators operating at other than the
fundamental must incorporate an over-
tone select bandpass as part of H (f). This
bandpass selects the desired overtone
and rejects the fundamental and the
undesired overtones. The design of the
overtone select bandpass is critical. If the
bandpass is not sharp enough, oscillation
could occur at an adjacent overtone. If the
bandpass is made too selective, some of
the following may occur:

a) Component tolerances and stray
reactances may move the bandpass peak
far enough off frequency that an initial
trim will be necessary to set the bandpass
peak at the desired frequency.

b) Environmental variations may cause
the bandpass peak to move away from
the overtone frequency. The desired
oscillation may stop or not occur.

¢) A steep phase vs. frequency re-
sponse of a sharp bandpass will increase
the oscillator frequency variation with
bandpass component changes.

Unintended Peaking in Overtone
Select Filter

Figure 9 illustrates some of the prob-
lems that might occur with an overtone
select filter. Figure 9a shows the overtone
select bandpass of a 175 MHz grounded
base oscillator. This bandpass is to be
used to select the 7th overtone of the
crystal shown in Table 1 and Figure 7.
Figure 9b is a SPICE model of the over-
tone bandpass where a few of the stray
reactances and component losses are in-
cluded. This model is deliberately sim-
plified in order to highlight several points.
Figure 9c¢ shows four amplitude respon-
ses for various stray reactance values
and component losses.

Curve (1) shows the amplitude re-
sponse of the ideal case where no stray
inductance is in the circuit and the
capacitors are lossless. The peak of the
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response occurs at the 7th overtone
response (175 MHz). At the 5th (125 MHz)
and 9th (225 MHz) overtones, the band-
pass response is less than 1/6 of the peak
value.

Curve (2) shows the effect of having 30
nH of stray inductance in series with the
5 pF trim capacitor value. 30 nH repre-
sents approximately 1.5 inch of total
capacitor lead length (0.75” per lead).
The effect of the stray inductance is
twofold. First the peak of the desired
response has been shifted lower in fre-
quency by about 10 MHz. This shift in the
peak would be compensated for by reduc-
ing the trim capacitor value. The second
and more significant effect of the 30 nH
is to cause an unintended amplitude peak
at around 560 MHz. The unintended peak
is almost as large as the desired peak.

Curve (3) shows how the unintended
peak is significantly reduced when both
the 7 and 5 pF capacitors have 30 nH
stray inductance in series with them. The
difference between curves (2) and (3) is
representative of the effect of a different
layout. This peak is smaller because the
two series resonances occur near each
other. If the capacitor values and the stray
inductances are such that the two series
resonances differ greatly, the unintended
peak will be large.

Curve (4) shows the effect of using a
single capacitor of 12 pF (5 pF + 7 pF)
which has 30 nH of series inductance.
The desired peak is shifted 30 MHz lower
in frequency by the stray inductance but
no unintended peaks occur.

Figure 9 illustrates the following:
¢ Shift of the desired response frequency
location by stray reactance.
¢ Unintended peaking caused by a stray
reactance.
¢ How the magnitude of an unintended
peak can be affected by the layout.
¢ How the magnitude of an unintended
peak is affected by the values of the
lumped components.
¢ How an unintended peak is created or
eliminated by a small circuit change (us-
ing two capacitors instead of one).

The lower the oscillator frequency, the
larger the L and C component values and
the smaller the effect of strays on the
desired peak’s location. However, the
resonance of the larger L and C com-
ponents with the strays will occur at lower
frequencies. Consequently, any unin-
tended peaking will also occur at lower
frequencies. If an unintended peak hap-
pens to occur at another overtone, an un-
wanted oscillation may occur there.
Unintended peaks can occur in any oscil-
lator regardless of the intended oscillator
frequency.

Minimizing Problems with
Unintended Peaks

The following points should be con-
sidered in the oscillator design and
layout:

a) Peaking of the amplitude response
can be a problem at any frequency where
the sustaining stage G (f) is of sufficient
magnitude to allow for a closed loop gain
of 1. The physical layout becomes more
significant the higher the transistor f. A
design and layout may work fine for one
transistor type but may have problems if
a transistor with a higher f; is used even
if the gain at the desired frequency of
oscillation is the same for both transistors.
An f; of 10-20 times the desired fre-
guency of oscillation gives good results.
Alower f; will result in a larger transistor
phase shift, increasing the oscillator’s
sensitivity to transistor variations and
causing larger phase noise. If the tran-
sistor fy is greater than 20 times the fre-
quency of oscillation, problems due to
unintended peaks are more likely. The
high frequency roll-off of amplifier or logic
gate gain should be similarly considered.

b) Use practical L and C values —
values which are large compared with
“‘non-controlled’”’ stray reactances.
Minimize the value of all strays. The lower
the stray reactance, the higher the stray
resonance frequency and the more likely
the peaking will occur where the sustain-
ing stage G(f) is reduced.

¢) Use an oscillator design and con-
figure the layout so the stray reactances
can be absorbed by the circuit elements.
Stray inductance should be in series with
an inductor. Stray capacitance should
occur in parallel with a capacitor.

d) Design for the maximum repeat-
ability of the mechanical configuration
from unit to unit. Minimize variations in
component and package lead lengths
from unit to unit. Any compensation for
the strays will be similar for all units.

e) In many oscillators, a trim capacitor
with a maximum to minimum capacitance
ratio of from 4 to 10 is used. The fre-
quency location of an unintended peak in-
volving the trim capacitor may vary sig-
nificantly. When conducting design verif-
ication tests, trim capacitors should be
varied over their full trim range.

f) Design verification tests should be
repeated whenever a component value or
type or the physical layout is changed.

About the Author
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Smith Chart Calculations
on Your Microcomputer

By Lynn A. Gerig
Magnavox Electronic Systems Company

During the three years since my article
“Computer Interface for Smith Chart
Calculations” was published in the Jan/
Feb 1982 issue of RF Design, | have
received several inquiries regarding con-
version to a computer more modern than
the HP-9830 (now obsolete). Several have
successfully converted the program equa-
tions and calculations to run on the HP-85,
for example, without being able to “get the
graphics to play.” | recently wrote a ver-
sion to run on a Commodore 64 — the
fastest selling microcomputer on the
market today. This article will address only
operation of the Commodore 64 program
and differences between the two versions.
For explanation of equations used, please
refer back to the original article.

Program Description

This Commodore 64 program for Smith
Chart calculations uses full-screen menus
such as those shown in Figures 1 and 2,
whereas the HP-9830 would only “dis-
play” one line at a time, forcing a series
of prompts and inputs. The original ver-
sion required that a pre-printed Smith
Chart be placed on the plotter and data
points then plotted on it. This program
uses the excellent Commodore graphics
and draws the Smith Chart on the screen
in high-resolution graphics. It can be
dumped to your printer at the press of a
button.

This program uses Simons' Basic! for
efficient utilization of graphics commands.
However, if you have a different computer
system you can still use the equations in
lines 1000-7504 directly and add your own
printing/plotting commands. A summary
of the major program sections is listed in
Table 1, and a detailed description of the
program (see Figure 3 for LIST) follows.

Lines 1 through 44 are used for pro-
gram initialization. In lines 10-11 you select
a smooth or discrete plot. Either selection
will plot a “+" on the Smith Chart at each
frequency, but if you select a smooth plot,
a line will connect the plots to form a con-
tinuous curve. In lines 12-13 you choose

38

Choose Type of Matching Section
1 SERIES C
2 SERIES L
3 SERIES TUNED (SERIES L-C)
4 SERIES TUNED (PARALLEL L-C)
5 SERIES TRANSMISSION LINE
6 SHUNT C
7 SHUNT L
8 SHUNT TUNED (SERIES L-C)
9 SHUNT TUNED (PARALLEL L-C)
10 SHUNT TRANSMISSION LINE
11 TRANSFORMER
12 SERIES R
13 SHUNT R

14 STOP ADDING SECTIONS
CHOICE (1-14)?.

Figure 1. Matching Section Menu.

a value of a VSWR circle to appear on the
plot. In line 14 you select the characteristic
impedance. All impedances are normai-
ized to this before being plotted (lines
8120-8130). You are next asked how many
frequencies you wish to work with (line
15), then you must input each frequency
and the resistive and reactive series com-
ponents of the starting (load) impedance
at each frequency.

After you input all frequencies and load
impedances, you are given a chance to
start over if you made an error. Then you
can choose to print the tabulated load im-
pedances on your printer, plot them on a
Smith Chart or begin matching. Lines
50-82 present a menu (see Fig. 1) for the
type of matching element to select. The
program next branches to the correct set
of equations for that choice (lines
1000-7504), and you are then asked to in-
put those component values.

Lines 8000-8195 contain the graphics
plotting commands for plotting a Smith
Chart on the screen. Most of these lines
use graphics commands peculiar to
Simons’ BASIC; you may choose to write
your own plotting subroutine if you have
another system. A new chart is drawn in
lines 8000-8023. If you choose to plot on

an old screen, you enter at line 8100
which recalls the last graphics screen
from memory. The impedance plotting is
performed in lines 8115-8160. The equa-
tions in 8120-8130 convert the im-
pedances to a point on the chart normal-
ized to the previously selected Zo. The
chart y-radius is 100 bits, and the x-radius
depends on the value of “XM” (see sec-
tion on printer interfaces below). Line 8150
will connect the “+” plots with a line if
“smooth plot” was previously selected.
The plotted chart will stay on the screen
until either function key {7 or f8 is pressed.
Pressing 8 will copy your plot to your
printer, and f7 will return you to the tabular
listing of frequencics and impedances
with another menu.

No matter what type of matching sec-
tion is chosen, after the appropriate im-
pedance calculations are performed the
program branches to line 9000 and the
new impedances at each frequency are
printed on the screen below the values of
the network components you chose. A
menu appears at the bottom of the screen

ADD SHUNT TUNED (PARALLEL L-C)
WHAT IS VALUE OF C (IN PF)? 30
WHAT IS VALUE OF L (IN UH)? 01

FREQ. RS XS
220. 34.74 29.62
240. 39.82 16.21
260. 44.16 8.03
280. 46.41 50
300. 4851 -8.48
320. 4831 -20.26
340. 36.95 -31.46
360. 2569 -35.45
380. 14.96 -34.89
400. 8.27 -30.09
F1=PLOT ON CLEAN SCREEN FOR
VIEWING
F2 = PLOT ON CLEAN SCREEN FOR
PRINTER

F3 = PLOT ON LAST SCREEN

F4 = SCREEN DUMP TO PRINTER

F5 = BAD VALUE: DISCARD THIS TRY
F7 = GOOD VALUE: KEEP & PROCEED

Figure 2. Print / Plot / Proceed Menu.
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(see Fig. 2). You must then press a func-
tion key to continue. Pressing f1 or 2 will
cause the impedances listed to be plot-
ted on a new ‘“clean” screen (see section
on printer interfaces below). Pressing 3
will add the new plot to a previous chart.
If you press f4, the tabulated data at the
top of the screen is printed on your printer.
Pressing f5 causes the computer to erase
the bad value you just tried, and f7 causes
the trial value to become the next load im-
pedance to be matched (lines 9200-9230).
You then branch back to the master menu
at line 50.

Example

Several detailed examples of the pro-
gram possibilities were given in my orig-
inal article. A single example of the Com-
modore 64 screen to printer plot is shown
in Figure 4. In this example, the initial load
impedance and the final matched impe-
dances are superimposed on the same
chart.

Entering the Program
Type the program and take the normal

precaution to SAVE it before you RUN it,
so that if you have made a typing error
that causes a lock-up you can go back to
the saved version without having to re-
type the entire program. The following is
an explanation of the mnemonics printed
by my printer interface:

<CLR> = SHIFT-CLR

<DWN> = cursor down

<LFT> = cursor left

<BLU> = CTRL-7 (blue)

<RED> = CTRL-3 (red)

<C = 4> = Commodore-4 (gray 1)

In addition, my interface sometimes

prints <ROF> directly following unique
Simons’ BASIC commands. Ignore it
when you are typing the program (do not
type “<ROF>").

Printer Interfaces

The program is designed to calculate
impedances and display them in tabular
or graphic form on the screen, so you can
use the program even if you don’t have
a printer. Two printer commands are used:
HRDCPY (lines 40, 9140) gives a normal
screen dump (tabular data), and COPY
(line 8195) will copy a high-resolution (320
by 200 bits) graphics screen to the printer.
This program works successfully with
Commodore 1525 and MPS-801 printers
and will run successfully with any
printer/interface combination which
emulates the Commodore. It has been
used with Epson, Gemini, Prowriter,
Okidata and Panasonic printers with both
Cardco and Tymac *“Connection” inter-
faces. My Gemini-10X will plot the high-
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LINE NOS. PROGRAM CONTENT
1-10 FORMAT, SELECT DISCRETE OR SMOOTH PLOT
12-13 SELECT VSWR CIRCLE TO PLOT
14 SELECT CHARACTERISTIC IMPEDANCE
15-44 INPUT RESISTIVE & REACTIVE PARTS OF LOAD IM-
PEDANCE AT EACH FREQUENCY. PRINT OR PLOT RESULT
IF DESIRED
50-82 SELECT TYPE OF MATCHING SECTION TO TRY
1000-7504 CALCULATION OF IMPEDANCES ACCORDING TO TYPE OF
MATCHING SECTION CHOSEN
8000-8195 SUBROUTINE FOR GRAPHICS PLOTTING OF SMITH CHART
9000-9170 PRINT NEW IMPEDANCES IN TABULAR FORM THEN
CHOOSE WHETHER TO PRINT, PLOT, DISCARD OR KEEP
TRIAL VALUE
9200-9230 “GOOD” TRIAL VALUE BECOMES NEW IMPEDANCE TO
MATCH WITH NEXT SECTION

Table 1. Major Program Sections.

resolution screen dump in less than a
minute with the “Connection,” but it takes
45 minutes with the Cardco/? + G (some
combinations require patience). However,
| am not aware of any combination that

FREQ
won't work. R
110. A5,
120. 30,
130. 70.
146, 80.
160. 140,

ADD SHUNT INDUCTOR
WHAT IS VALUE OF L (IN UM)?

X8

=90.
=30.
0.
&0,
90.

- 06

THEBE WERE YOUR LOAD IMPEDANCE INPUTS

FREQ RS X8
110. 17.66 &0.52
120. 40.36 49.10
130. 23.02 32.968
146. 12.34 37.29
160. 12.07 47.35
{
“ / n
o] e
ADD SERIES CAPACITOR
] i WHAT 18 VALUE (IN PF)? &0
Figure 4. Typical Example of Program
Output. FREQ RS X8
110. 17.66 36.40
The aspect ratio (relative distance be- 130, 23.02 i2.48
tween dots on a line vs. distance between b g ¥
lines) is different for the screen than it is T q e
for a printer. To get a circle on the screen,
an X/Y ratio of 1.4 (value of XM in lines
44, 9110) is required. However, this will
COPY as an oval on the printer. If a chart o Mg s ol
for “printing” is selected (lines 9055, 9120) s gk Koy
then the ratio is set to 0.833: this gives an FREQ RS xs
oval on the screen, but you get a circle 110. 90.94 12.62
on your printer. if you get ovals on another b o A2 G
brand printer, experiment with the value 146. Sasz 1434
of XM in line 9120. JEDS Eye 2 -15.88
Footnotes
1. Simons’ BASIC is a plug-in ROM
cartridge which adds over 110 new BASIC
commands to the Commodore 64 making
programming much easier and more flex- Figure 3. Program Listing
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ible. For example, the entire bit-by-bit high-
resolution screen dump to printer is done

with a single command: COPY. It is made 60010.

by Commodore and should be available
from all Commodore dealers. One mail

order source is Protecto Enterprises, Box Ft. Wayne, Indiana. A copy of the program
550, 22N049 Pepper Road, Barrington, IL is available from him. Send $5.00, a blank

tape or disk and a stamped, self-ad-

Lynn Gerig is Project Engineer for dressed mailer to him at R.R. #1,
Magnavox Electronic Systems Company, Monroeville, IN 46773. ]

4

1000
1002
1010
1019
1020
1023
1300
1302
1310

2320

4 CENTRECROF >“USING“1PRINT

6 PRINT“CDWNI><DWNI>CRED>" t CENTRECROF >“SRITH CHART"
6 PRINT AT (CROF >22,20)*<C=4>BY LYNN GERIG<DWN><LFTICLFTXCLFTICLFTI>CLFTICLFTXCLFT 3025 X(J)=R(J)IWN"2/D
PCLFTISLFTO<LF T >iA9GF R<CDMNISLF T ><LF T ><LF T ><LFT><LFT><LFT >MARCH,

13 VR=1008(V8-1)/(VB+1)

14 INPUT"WHAT CHARACTERIBTIC IMPEDANCE") 0

13 INPUT“<DWN>MOW MANY FREQUENCIES (1-10)“gN

16 FOR J=1 TO N

18 PRINT"<DWN>INPUT FREQUENCY=J):t INPUT®IN MHZ";F (J)

20 PRINT“INPUT RB, X8 OF LOAD AT “F (J)"MMZ "t INPUT R(J),1(J)
22 X =RIIIVIII=]I(I) s NEXT

24 PRINT"CCLR> THESE WERE YOUR LDAD IMPEDANCE INPUTS<DMN>"
246 PRINT " CDWND FREQ XS"sPRINT

27 FOR J=1 TO N1 Fe=8TRS$ (F(J))

28 RB8=STRS$(R(J)) 1 XSS=STRe(1(J))

29 UBECROF>" 20000, 000" ,F8(USE<ROF >~ [
sPRINTINEXT

30 PRINT AT(<ROF >0, 18)""

32 INPUT*ARE YOU SATISFIED (Y=YES) " Ae

34 IFf ASKO"Y* THEN BOTO 14

38 INPUT"PRINT LOAD VALUES (Y=YES) “)AS

40 IF As="Y" THEN PRINT AT(KROF >0, 18)CL®IHRDCPYCROF >
42 INPUT"PLOT LOAD IMPEDANCE (Y=YES)"~;P$

44 Xm=). &8¢ 1F Pe=“Y" THEN GOSUB 8000

30 PRINT“<CLR)> CHOOSE TYPE OF MATCHING SECT IOM<DWN)*
52 PRINT™ 1 SERJIES C

S4 PRINT" 2 SERIES L

56 PRINT" 3 SERIES TUNED (SERIES L-C)

38 PRINT" 4 SERIES TUNED (PARALLEL L-C)

60 PRINT® 3 SERIES TRANSMISSION LINE

62 PRINT* & SHUNT C

64 PRINT" 7 SHUNT L

66 PRINT" B8 BHUNT TUNED (SERIES L-C)

68 PRINT® 9 SHUNT TUNED (PARALLEL L-C)

70 PRINT“10 SHUNT TRANSMISSION LINE

72 PRINT™11 TRANSFORMER

74 PRINT™12 SERIED R

76 PRINT“13 SHUNT RCDWN>

78 PRINT“14 STOP ADDING SECTIONS

BC INPUT " CRED > DWN><DWN><DWN><DWN>CHOICE (1-14) " jMIPRINT "<Caa4>"
81 IF M<1 OR M>14 THEN B8O

82 C30TOCROF)> 3008 (M+1)

PRINT CHMRe (147)“ADD SERIES CAPACITOR
INPUT“WHAT 16 vALUE (IN PF)“)C

FOR J=170 N

1) =R

Y(J)®Id)=1/(20 <0F 123 6CI1€-0b)

NEXT) GOTO 9000

PRINT CHR®(147)-ADD BERIED INDULTCS
INPUT“WHAT 18 VALUE (1N UM) "L

FOR J=° 10 MiX(J)=R(J)

YEJ)=l1J) 28 -8F (1) ILINELT 1 GOTOPO00

PRINY CHRe (147)“ADD BERIES TUMED (SEMIES L-C)
INPUT“w4AT 18 VALUE OF C C(IN PF)"C
INPUT“WMAT 18 VALUE OF L (IN UM )L

FOR Jei TO M1 X(J)eR(J)

YOIIaT (1) =20 #F(JIOL-17128 OF (J)2CILE-Ob) « NEXT: GOTOR000
PRINT MR (147)"ADD SERIES TUNED (PARALLEL L-C)
INPUT“WHAT 16 VALUE OF C (IN PF)"C
INPUT“WAT 18 VvALUE OF L (IN UM) )L

FOR Jel TO Ni 2(J)=R(J)

Y(JIeDd)et20 SF(JIOLI/CI-(428 OF (J)) "2} SLOCUIE -06) s NEXT 1 GOTDFO0O
PRINT CMRe(147)“ADD SERIES TRANBMISSION L INE
INPUT “wAT 1S LINE IMPEDANCE (OmMB) 421
INPUT“w4AT |68 VELOCITY FACTOR" vV

INPUT“WAT 18 LENGTH (IN INCHES) "jLL

FOR J=) TO N

Tel . 200L0F () /39,377

D=(R(JI*e21) 20112

Re(R(D) 2-71°21¢H "2V /D

1=202101¢2)/D

1=8QR (R3Re 101}

T=1B0/ SATN(1/(R+1E-30})-201+1B08 (RCO)
Re28COB(TH /180>

I=2e8incTe 73000

D=(1-M)“2+1°2

TtJ1=210¢1-R"2-1°2)/D

Y(J)=292101/D

MNE 17160109000

PRINT CHRS(147)"ADD SHUNT CAPALTTOR
INPUT“WHAT 1S VALUE OF C (IN PF)"yC

FOR J=) TO Ny w=20 #CHIE-Ob

De (1 WEF (J) 01 (J) ) 20 (R(JIAMIF (D)) 2
X1)=R(1)> /D

YOI) (16D 001 WIF(JIRIMI))“REI) 20MEF (J) ) /D1 NERT I GOTOP000
PRINT CHRS (147} "ADD SHUNT [NDUC TOR
INPUT"WHAT 15 VALUE OF L (IN UMW) "L

FOR Jal TO Ni We28 aFc))sL

D=R(J) 20 (1¢I)om} 2

K(Jy=R(J)ew 2/D

YOI =WO(REI) 241 (J) “2em8112)2/D

NE X Y1 60709000

PRINT CrHR91147) “ADD SHUNT TUNED (SERIES L-C)
INPUT "WAT 6 VALUE OF C (IN PF)")C

INPUT wAT 16 VALUE OF L (IN UM "L

FOR J=) TO N

We28 BF (1)OL-(1€+06) /128 4F (1) 9C)

O=R(J) "2 (1)) om) "2

T1J)=R1)) 4N 2/D

YOI owe(REI)“2+1¢0) 2em0L 121} /D

MNEXT J1GOTO 9000

o, RS8 ¢ USECROF >

1 8Ps=" “1FORJ=1TO231CLO=CLS *BPSINEXT 3002 INPUT“WHAT 18 VALUE OF C (IN PF)“;C
2 PRINT"CCLR><DWN><DHN><BLU> "1 CENTRECROF >“PROGRAM FOR IMPEDANCE MATCHING*1FRINT™ S004 INPUT“WHAT IS8 VALUE OF L (IN M) "L
<Co=S>< DHN>< DN > 3010 FOR J=1TO N

1904 ) PAUSECHIF > S030 Y(J)=uE (R(J)"2+1(J) "2+u01(J))/D

10 PRINT“CCLR>DIBCRETE FREQUENCIES (D) OR SMOOTH": INPUT"PLOT (8)";De 3300 PRINT CHRS (147) "ADD SHUNT TRANSMISSION LINE
13 IF D$<>"D"ANDDS<>"8"THEN1O 5502 INPUT"WHAT 16 LINE IMPEDANCE (OHMS) " 21
12 INPUT CDMIN>PLOT NHAT VALUE VSWR CIRCLE")VS1IF VvB<1 THEN 121 VR=1008(VS8-1)/(VvS: S304 INPUT"WHAT I8 LINE VELOCITY FACTOR" )V

8000
8002
8004

ac10
8012
8014
8016
8017
8018
8019

8021
8022
8023
8100
0108
a110
8119
8120
8123
8130
8140
8150
o1

8160
8170
8173
8180
8183
8190

881 PRINT

9030
9050
9033
9060
20463
070
9073
9100
9110
9120
130
9140
9130
160
@170
9200
9210
213
9220
»-

9230

3000 PRINT CHR$(147)"ADD SHUNT TUNED (PARALLEL L-C)

3013 W= (28 8F (JIBL) /(1= ( (28 - 4F (J))~2) ¢LSCHIE-OSH)
3020 D=R(J)"2¢{1(J}em}"2

3033 NEXT:B60T09000

5306 INPUT"WHAT I8 LENGTH (IN INCHES) “)LL
5308 PRINT"OPEN (0) OR SHORTED (8) STUB')
5310 INPUT Se

5312 IF S6<>“0" AND Se<>"S" THEN 3310
3320 FOR J=1 TO N .
S32% TeLLSF(J)81.2/39.37/V

5330 IF 8s="§" THEN W=I11TANI{TE /180)
5533 IF S8=“0" THEN W=li8TAN((T+90)8 /180)
5S40 D=R{J) "2 (1) +W) "2

5543 X () =R(J)IEW"2/D

5830 Y(JII=WE(R(J)"2+1(J)"2+M81(J})/D
5333 NEXTi60T0O9000

6000 PRINT CHRe® (147) "ADD TRANSFORMER
6002 INPUT"STEP UP OR DOWN (U OR D)™ T
6004 IF TE<D"U"AND Te<)>"D" THEN 6000
6006 INFUT“WHAT TRANBFORMATION RATIO 1w
4010 IF Te="D" THEN w=1/M

6020 FOR Je1 TO N1 X{J)=wsR(J}

6023 Y(J)=wsl(J)1 NEXT: G60TO 9000

4300 PRINT CHR®(147)"ADD SERIES RESISTOR
43502 INPUT"WHAT VALUE OF R*;RS

6506 FOR J=1 TO N1 X(J)=R(J}+RS

6308 Y(J)=1(J)INEXT: GOTQ 9000

7000 PRINT CHR$(147)"ADD SHUNT RESISTOR
7002 INPUT"WHAT VALUE OF R" RS

7004 FOR J=1 TO N

7006 D=(R{J)+RB) “2¢1(J) "2

7008 X{J)=RSI(R(J)“2+RIBR(JII+1(J)"2)/D
7010 Y())=1(J)SRE~2/Ds NEXT) GOTQ 9000
7300 PRINT CHRe(147))

7301 INPUT “WANT TO RUN ANOTHER ONE“ A
7302 IF LEFTS(AS, 1) ="Y" THEN 10

7304 PRINT AT(14,10) ":35000-BY+*“END

HIRES<ROF> O, 31 AR=1008 XM
CIRCLE<ROF > 160, 100, XR, 100, 1

LINECROF > 160-XR, 100, 160+1R, 100, 1

ARCCROF > 160+XR, 0, 180, 270, 10, XR, 100, 1
ARCCROF > 160+XR, 200, 270, 360, 10, XR, 100, 1
CIRCLECROF > 160+XR/2,100,XR/2,30, 1
CIRCLECROF > 160, 100, VROXM, VR, 1

CHARCROF > 158- a7-xa 97,43,1,1

TEXTCROF > 153-. R,104,%.2%,1,1,8
CHARCROF > 156-. 33: R, 97,43,1,1

TEXTCROF)> 153-.338XR,104,-.5°,1,1,8
CHARCROF > 1349, 338XR, 97,43, 1,1

TEXTCROF > 136+, 330XR, 104,"2°,1,1,8
CHARCROF > 156+.678XR,97,43,1,1

TEXTCROF> 138¢.678KR,104,°3,1,1,8
COETCROF> 2

TEXTCROF > 10,190, "F7=RETURN",1,1,8
TEXTCROF > 246, 190, “FB=PRINT",1,1,8

FOR J=i TO N

D=(X(2)+20) ~2+¥ (J) "2

PX(J) = ((X{J)-Z0) 8 (X(J)+I0)+¥Y(J)~2) /DS 100IXN
PY(J)=-20Y(J) 820/D8100

CHARCROF > 137+PX(J),97+PY(J),43,1,1

IF D$=“8" AND J>1 THEN LINECROF)> 160+PX(J-1),100+PY(J-1), 160+PX(J), 100+PY (J

NEXT

GEY A8 1F As="" THEN 8170

IF AS=CHRE (136} THEN NRMCROF >3 RE TURN
1F ASCOCHRS (140) THEN B170
TEXTCROF > 10,190, “F7=RETURN",0,1,6
TEXTCROF > 244,190, "FB=PRINT",
COPYCROF > NRM<ROF >4 RE TURN
PRINT “<DwWN> FREQ R8 AB“ 1 PRINT

FOR J=t TO N

RB8=BYRS (X (J))

XBe=STRO (Y (J) )

Fe=B8TRS(F (J))

UBE CROF >~ 00000 . 008" F o UBECROF >~ 00000.00" RES I UBECROF >~ [ LT T R

MNEXT

PRINT AT(<ROF >0, 18) "F1=~PLOT ON CLEAN SCREEN FOR VIEWING
PRINT“F2=PLOY ON CLEAN SCREEN FOR PRINTER

PRINT"F3=PLOT ON LABT SCREEN

PRINT "F4=SCREEN DUMP TO PRINTER

PRINT"F3S=BAD VALUE:1 DISCARD THIS TRY

PRINT"F7=GOOD VALUE: KEEP & PROCEED

GET AstIF A " THEN9 100

IFAS=CHRS (133) THEN XM=1.41G0SUB BOOOI GOTOR0O30

1FAS=CHRS (137) THEN XAM=.833:GOBUS BOOOIGOTO90S30

IFAS=CHRS (134) THEN GOBUB 8100:G0TO030

1IFAS=CHRS (13B) THEN PRINT AT (KROF >0, 1 B)CL$) 1 HRDCPY<ROF >: GOTO 9030
IFAS=CHRS (133) THEN 30

IFAS=CHRS (136) THEN 9200

GOTO 9100

FOR Jal TO NMeR(J)=X(D)

T(J1 =Y () aNEXT

PRINT AT (<ROF >0, 16)CL®}

PRINT AT (CROF >0, 18) "<(BLU>YOU NOW MUBT MATCH THE IMPEDANCES LISTEDABOVE. ( =4

PAUSECROF > 4607030

40
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Jowrd A low-compression
electronic gasket that also
provides environmental protection!

New Instrument Specialties strips shield
RFI/EMI; control noise, dust, moisture

and chemical contaminants!

These new Sticky Fingers® electronic gaskets combine
beryllium copper finger strips with a neoprene rubber
seal. Providing shielding characteristics comparable to
other Instrument Specialties shielding strips, they also
serve as an environmental seal. Thus, they are especially
suited to applications where protection against noise,
dust, moisture, and chemical contaminants is required
as well as electronic interference protection.

The unique design of these sealing strips permits the
use of extremely low compression forces, compared to
conventional elastomers, to make contact with the sur-
face of both the environmental and electromagnetic
shield.

Complete continuity of the neoprene gasket is assured
by using a straight joint coupler, or mitering or butting at
corners. No special tools or soldering required. And as
with all Instrument Specialties Sticky Fingers strips,
installation is fast and secure with the strips self-
adhesive backing. The flexible series provide the same
advantages, for use where a continuous shield must
conform to irregular shapes and turn tight-radius corners
in either direction.

Catalog E3-58 provides complete information, including
exact specifications, dimensional drawings, etc., on
these and other Instrument Specialties shielding strips.
Use this publication’s Reader Service Card, or write to
us directly at Dept. RFD-19.

Flexible series: .345 and .458 wide.

Straight strips available:
.312, .450, .650 and .950 wide.

(measured in relaxed position)

INSTRUMENT SPECIALTIES COMPANY, INC.
PO. Box A e Delaware Water Gap, PA. 18327
Phone: 717-424-8510 e TWX: 510-671-4526

Specialists in beryllium copper since 1938
INFO/CARD 16



Applying Power MOSFETs
in Class D/E RF Power
Amplifier Design

By H.O. Granberg
Motorola Semiconductor Products, Inc.

Class D and E are variations of
switching mode amplifiers which are
designated in the literature at least up to
Class S. Switching means that the ampli-
fying devices are either conducting or
“open” during each half cycle and the
switching from one state to the other is
done as fast as possible. In some systems
the switching is done at other than the
carrier frequencies for modulation or
other purposes. Class D and E usually
refer to carrier switched amplifiers and are
best suited for high frequency applica-
tions where the rise and fall times of the
switching waveform are of main impor-
tance. They are directly adaptable to CW
or FM, but other types of modulation are
also possible by pulse width or amplitude
modulation (1, 2, 3, 4, 5). The theoretical
aspects have been well covered by F.H.
Raab and N. Sokal in numerous publica-
tions over the years, and practical low
power designs have also been shown.
The author feels that since the evolution
of the RF power FET, high power
switching amplifiers can be designed at
least up to 30 MHz and possibly 50 MHz.

urrently, Class D or E transmitters are

marketed at up to 10kW power levels
for the broadcast band (.55 MHz-1.6 MHz)
and at 1 kW for shortwave (up to 15 MHz).
All use power FETs as the switches and
advertise high efficiency and reliability.
When the efficiency is higher, the reliabil-
ity is better since the transistor (FET) die
operates at a lower temperature. Efficien-
cies of at least 70 percent to 80 percent
in Class D and 80 percent to 90 percent
in Class E are possibie with the present
RF power FETs at moderate power levels.
Efficiency in Class D is limited mainly by
the saturation resistance of the devices
and the output capacitance. The objec-
tive in Class E is to use the device output
capacitance as part of a tuned circuit,
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thus eliminating its effect as a load
capacitance. In an ideal form it aiso en-
sures that the switching voltage and cur-
rent waveforms are not overlapping (6, 7).
An obvious advantage of high efficiency
is the smaller amount of heat generated
compared to power output. This results
in a smaller heat sink and more compact
design, leading to smaller output devices
and reduced cost. An important applica-
tion of high efficiency amplifiers is in bat-
tery powered transmitters, where battery
lifetimes 25 percent to 30 percent longer
than Class C should be possible. Another
advantage is simplified circuit design,
since interstage matching networks are
not required, as they are with Class A, B
and C, where the amplifying devices act
as current sources rather than switches.
From the low level limiter to the PA. the
power gain can be as high as 40 dB to
50 dB and the system bandwidth is limited
only by the response of the output
transformer or matching network. Assum-
ing a constant pulse width from the limiter
on, extremely wide-band amplifiers can
be designed with no variation in power
gain. Figure 1 shows an estimated power
level vs. frequency curve of Class D/E
feasibility with today’s technology.
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FIGURE 1. Estimated maximum power
levels with a push-pull or single end-
ed Class D/E amplifier based on pres-

ent technology.

Preparing the Carrier Input Signal

Since the emphasis here is on relatively
high power levels (up to 300W-400W per
push-pull pair), the signal processing cir-
cuitry is only designed to operate up to
50 MHz. At higher frequencies it may be
desirable to employ single ended designs
in order to avoid any possible phase
errors, which become exponentially more
difficult to control with increasing fre-
quency. The phase errors can be mini-
mized in a push-pull circuit by providing
the PA. input drive through a transformer
with bandwidth characteristics that will not
affect the input rise and fall times con-
siderably. Due to the difficulty in design-
ing such transformers, which would
require a bandwidth of one to several hun-
dred MHz for a 2 MHz to 50 MHz carrier,
it was decided to create the required 180
degree out-of-phase signals with ECL in-
tegrated circuits (Fig. 2).

The RF drive is first limited in a pair of
cross coupled hot carrier diodes and then
in three sections of ECL line receivers
(MC 10H116). The limiter has approx-
imately 50 dB dynamic range for ampli-
tude modulated signals such as SSB. A
peak detector circuit, shown at the upper
left, was included, although the scope of
this article is not to describe a modulated
system.

The detector was designed to operate
at audio frequencies, 300 Hz to 3 kHz,
with an RF carrier down to 2 MHz. The
detector output with two-tone RF input is
shown in Figure 3.

The output audio envelope can be fed
to an audio amplifier which can drive an
emitter-follower or switchmode regulator
that supplies the Vg to the Class D PA.
The principle is to provide the amplitude
information through this audio chain and
the phase information through the RF
chain. They are then combined in the out-
put stage to provide a restored AM or SSB
signal. This technique is called Envelope
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FIGURE 2. Schematic of the signal processor used in all the Class D experiments described. If the input is in sine wave, the amplitude
can vary from .5 to 100 peak to peak. The output duty cycle is independent of the frequency.

Elimination and Restoration (EER) (2, 3,
4, 5). Pulsewidth modulation techniques
can also be used to amplify AM and SSB
signals with a Class D amplifier (1);
however, the technique involves gener-
ating an inverse sine reference signal at
the carrier frequency, and the distortion
would be directly reflected to the output.
The finite switching speeds also limit the
dynamic range in this system. Both pro-
blems make the pulse width modulation
technique practical only up to a few MHz.
In contrast, distortion in an EER system
is generated only by phase errors bet-
ween the audio and RF chains (4, 5).
Although the circuit in Figure 2 is not
intended for pulse width modulation, a
provision was made to adjust the pulse
width manually to allow the power output
to be varied and to ensure that the PA.
drive signals would not be overlapping.
The objective was to provide a constant
duty cycle with frequencies anywhere be-
tween 2 MHz and 50 MHz. This was diffi-
cult to achieve, and the final result was
that the frequency was split into two
segments: 2-25 MHz and 25-50 MHz. Ad-
justments in the MC10198 (one shot) tim-
ing as well as the LM307 and the com-
parator biases were necessary to cover
each band. The problem was mainly with
the limited capacitance range of the
MVAM108 tuning diodes in the integrator.
Their capacitance should track the fre-
quency in order to provide a constant

RF Design

amplitude triangular wave output from the
integrator. It must be pointed out that the
physical circuit layout of the integrator is
critical for low distortion output. All lead
lengths should be minimized and else-
where proper ECL wiring techniques
should be followed.

The circuit of Figure 2 was intended to
be used with a number of Class D PA.s
studied. It is remotely located from the
driver and the PA. assembly, and the
signals between the two are connected by
twisted wire lines. The pull down resistors
in the MC10195 outputs are provided only
for testing purposes, while the termina-
tions are located at the driver and PA.
assembly.

The Driver

Because of direct coupling between the
stages, each side of the push-pull circuit
requires its own driver and pre-driver. This
has the advantage that the high peak cur-
rent requirement from the driver is divided
between two circuits, which will be dis-
cussed later in detail. For this reason also
the push-pull configuration was chosen.
A single ended design would require an
output FET twice as large, having propor-
tionally higher gate input capacitance.

The ECL level limited signal must be
converted first to a voitage swing of at
least 2 to 3 volts above ground to feed the
driver, which may have a FET or bipolar
input. The circuit shown in Figure 4E can

be used for this, or 4F, if the ECL is
operated between ground and +5 volts.
Alternatively, integrated circuits, such as
the MC10G125 ECL to TTL converter or
MC10177 MOS clock driver, can be used
for this function, as shown in Figure 5.
These ICs can be operated with single
phase inputs as well as two phase. The
voltage swing must be increased to 8 to
10 volts above ground to ensure that the
PA. FETs will be fully “turned on.”

Figure 4 gives examples of drivers that
are fairly simple and can drive heavy
capacitance loads. Figure 4A is the most
complex, but it performs weill providing
the devices are correctly selected and the
gate threshold voltages of Q3 and Q5 are
equal. Without a load no current should
flow through Q2 and Q3. The last state-
ment applies to 4B also, if Q2 and Q3 are
switched correctly. This basic circuit is
used in the output stages of many TTL
gates and buffers, and in integrated form
the transistor base-emitter forward and
saturation voltages can be controlled
closely. In a discrete form the value of Q1
emitter resistor must be adjusted accor-
ding to the parameters above. In addition,
Q83, which is in common emitter config-
uration, must be of a fine geometry, high
frequency design to minimize the base-
emitter junction stored charge effect.
Such devices in the NPN polarity are cur-
rently available in many package config-
urations.
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FIGURE 3. The peak detector output
waveform (Fig. 2) with a two tone SSB
drive signal. This can be used to control
the PA. supply voltage for amplitude
modulation.

Circuits in 4C and 4D are the simplest
and least critical, although both have
some drawbacks. 4D uses a passive pull
down, where the resistor value can be
calculated for the desired turn off time
when the voltage and FET input capaci-
tances are known. A typical value for a
50W FET operating at 50 MHz would be
around 3 to 4 ohms. The resistor current
will be added to the input capacitance
(Ciss) charge current, requiring a doubled
current capability from the emitter follower
(Q,), although the average power dissipat-
ed is equal to that of circuits with active
pull down. The complementary emitter
follower in 4C is probably the most effi-
cient driver, considering its simplicity. It
is tolerant against variations in device
parameters and has the lowest output im-
pedance if the transistors are properly
selected. The only disadvantage is the
scarcity of high frequency PNP transistors
with sufficient current capabilities. In all
Figure 4 circuits the pre-driver (Q,) can
be a bipolar transistor or a FET depen-
ding on the exact requirements and the
input signal amplitude.

Power MOSFET HF Switching
Characteristics

At low frequencies the MOSFET gate
should present a purely capacitive load
to the driver. In switching applications,
however, the rise and fall times represent
a much higher frequency component than
the fundamental. For example, if at 30
MHz carrier 4 nanosecond switching
times can be tolerated, at 80 percent
amplitude the 4 ns represents roughly a
100 MHz sine wave. Examining the
MRF150 Smith Chart (data sheet) and
converting the information into parallel
form we find that the input capacitance
remains a constant 800 pF up to 150 MHz.
This is an average value under biased
and linear operating conditions, but it in-
dicates that the wire bond and package
inductances have a minimal effect at that
frequency. For switching applications,
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FIGURE 4. Various Class D driver configurations. E and F are
intended for ECL to positive level conversion, while A, B, C and
D are designed to operate from higher voltage inputs to drive
capacitive loads, such as the FET fates.

where the FET goes into saturation, the
input capacitance is more difficult to
define.

As shown in Figure 5, the C, ., varies
with gate and drain voltages. At left (zero
gate voitage) we can see the value under
the conditions where the parameter is
normally specified. At increased gate
voltage the capacitance goes down to its
lowest value, just before reaching the
threshold voltage. When the FET begins
to draw drain current, there is a point
where the device gain is at its highest
value. At that time the drain voltage is also
lowered, resulting in reduction of the
depletion area and causing an overlap
between the gate and the bulk material.
This in turn increases the value of drain
to gate capacitance (C,), which will be
multiplied further by the gain and
reflected back to the gate. As a result, a
sharp peak in the Ci will occur. When
the FET is fully saturated, the C,, settles
to its value under zero drain voltage and
positive gate conditions. A similar effect
is present with all power MOSFETs to
some extent depending on their exact
parameters. The data was taken at 1 MHz
but is not expected to change consid-
erably at higher frequencies.

Figure 6 shows two input drive wave-
forms superimposed at 25 MHz repetition
rate: the driver waveform without a load
(A) and when loaded by the FET gate (B).

The notches in B are the result of the
Ciss Peak in both turn on and turn off. In
low frequency switching applications this
may not be directly noticeable due to the
much slower transition times involved. For
HF, the peak value of the C,., must
definitely be taken into consideration
when designing the driver. Assuming the
driver pulse amplitude is 8 volts, the driver
has a relatively easy task in turning the
FET on. The C, is low up to the
threshold point, approximately 3.5 volts,
increasing to 4.5 volts. After this, the
voltage only has to increase another 3.5
volts, loaded by the high capacitance.
Since this period falls within the ‘“on”
cycle of the FET, a slower rise time is of
lesser importance. In turning the FET off
the driver must supply the highest current
at the beginning of the cycle. Its dissipa-
tion is also at the peak at this point and
high until the first 35 volts of discharge
is completed, the load capacitance low-
ered and the voltage across the driver
gradually reduced. This is the most critical
part of the cycle since it can result in a
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delay in the turn off of the FET, causing
both sides of a push-pull circuit to draw
current simultaneously for a part of the
cycle. The delay can be prevented or mini-
mized by adjusting the driver voltage
amplitude only to a level necessary to
switch the output FETs to a full saturation
and completely off. Any excess voltage
swing increases the delay and also the
dissipation in the driver.

Considering the complex nature of the
FET C,,, a most realistic figure for the
required driver output impedance can be
obtained if it is calculated for the peak
capacitance value and the gate voltage
swing between saturation and threshold:

where:

-t = required switching time (4ns).

C = FET input capacitance at the peak
(1300 pF).

V, = gate voltage at saturation (8V).

V, = gate voltage between saturation
and threshold (4.5V).

then:

-4x10-9 -4
13 x 10-9(-82) 13 x (-82)

= 3.74 ohms

This translates to 1.2 amperes up to
where the driver transistors (NPN and
PNP) must have a linear hge. As stated
earlier, the 4 ns transition times represent
about a 100 MHz sine wave, which means
that an HF beta of 10 would require an f;
of 1000 MHz for the driver transistors ac-
cording to the 6 dB/octave slope (8). The
DC beta (hgg) is not critical but must be
greater than 10.

For the complementary emitter follower,
the PNP half may be difficult to find with
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FIGURE 6. Driver output waveform at 25 MHz. A without a load.
B loaded by the PA. FET gate. Results of the uneven gate
capacitance distribution versus gate and drain voltage can be

noticed in B. 10 nS and 2v/div.

the above specifications. In fact, some
special units were built for experimental
purposes using a multiple die similar to
the 2N5583. The NPN counterpart was an
MRF630. This combination worked well
except that heat sinking of the TO-39
packages was difficult because of the
close proximity of the pair, which is
necessary to minimize all inductances.

Output Impedance Matching

In low voltage Class A, B and C designs
the output impedance matching becomes
difficult due to the low impedance levels
involved at 100 W and higher output
levels, if broadband operation is required
at HF. The matching is usually done with
broadband transformers, of which the
transmission line types offer the best
broadband performance. For many appli-
cations, however, they are considered im-
practical and bulky in higher than 9:1 or
16:1 impedance ratios (9). There are other
transformer types that are more conve-
nient in physical aspects but lack the
bandwidth characteristics. This poses a
real problem, especially for Class D where
bandwidths from 1 MHz to 100 MHz or
higher may be required. A transformer
type which is fairly good for impedance
ratios to 25:1 and higher is one where the
low impedance winding is formed by
metal tubes inside ferrite sleeves and the
high impedance widing is threaded
through the tubes (7, 8). Such a trans-
former was used in the design of Figure
7, where the power output specification
was 100 W, requiring the closest integer
of 16:1 impedance ratio.

Two points in its behavior must be
noted.

1. The high leakage inductance of this
type transformer requires an unusually
large capacitance for compensation
limiting the bandwidths. These capaci-
tances, of which the device output
capacitance will be a part, are normally
located across the primary or secondary
windings, or both (Figure 7, C, and C,).
The required compensation can be cal-

culated from the measured leakage in-
ductance, and the maximum frequency
will be limited by the device output and
stray capacitances. At the resonant fre-
quency the transformer VSWR will be
1.2:1, increasing to approximately 6:1 an
octave higher (10). The leakage induc-
tance can be measured across the secon-
dary with the primary shorted. The con-
nection inductances must be added to
this and the maximum tolerable value is:

o i
BT

where:

L, = Leakage inductance (uH)
R, =Load impedance (50 ohms)
f = Maximum frequency (Mhz)

In Class D, the limited bandwidth will
slow down the output rise and fall times.
Since the transformer acts as a low Q
resonant circuit, this can be used to place
the amplifier in Class E mode of opera-
tion by moving the resonance down to the
carrier frequency, although the Q cannot
be properly controlled and the system
may not be optimized.

2. The coupling between the two halves
of the low impedance primary winding is
only provided through the secondary and
is very poor at higher frequencies due to
the leakage inductances. If the amplifier
is designed for voltage switching con-
figuration, the transformer center tap is
bypassed to ground. Due to the decreas-
ing coupling the effect of the center tap
is lost and at higher frequencies the
amplifier will turn into current switching
mode. With these two configurations the
drain voltage and current waveforms are
reversed (7), resulting in unpredictable
waveshapes at the between frequencies.
This will not affect the amplifier’s effic-
iency, which theoretically should be equal
for voltage and current switching modes,
but makes its operation more difficult to
analyze. If the transformer is properly
designed, e.g., the tube diameter to
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length ratio is high for increased coup-
lings and the inductances between the
transformer and FET drains are low,
satisfactory operation up to 50 MHz is
possible, depending on the impedance
ratio in question.

Efficiency Considerations

The efficiency of an ampilifier is defined
as the ratio of DC input power to RF out-
put power and is usually expressed in
percentage. There are three main device
parameters that affect the efficiency of a
Class D amplifier:

1. Saturation voltage, in some data
sheets given as saturation resistance, is
directly proportiona! to the current and
more linear with FETs than with bipolar
transistors due to the latter's nonlinear
diode characteristics. In contrast to the
bipolar the FET has a highly positive
temperature coefficient slope (saturation
voltage increases with temperature), ap-
proximately 1 percent/°C. The DC value
starts higher with FETs than with com-
parable devices. At RF the saturation vol-
tage is further increased by the package
and wire bond inductances and is more
noticeable with low voltage devices due
to the low impedances and high current
levels involved. The RF saturation voltage
can be more accurately measured than
calculated. Typical values for MRF140 and
MRF150, for example, are 1.7 volts and 3.0
volts, respectively, at 10 amperes and 30
MHz. From these numbers the efficiency
can be calculated simply as:

VDD_Vsal
VDD

2. The switching speed of a transistor
or a FET is mainly related to its high fre-
quency characteristics, as discussed
earlier in the driver paragraph. The in-
ternal capacitances-have a large effect,
but they in turn are a function of f,, ex-
cept for small differences between various
FET structures such as interdigitated and
overlay or TMOS and VMOS. For compar-
able geometries the FET has about three
times higher f, than the BPT. This means
that some of the low frequency switching
FETs can be used as RF switches up to
20 MHz to 30 MHz if a low output im-
pedance driver is provided. In case of a
sine-wave driving signal (7) the switching
speed relies totally on the device high fre-
quency gain and the input signal ampli-
tude, whereas with a square-wave drive,
it is affected by the input rise and fall times
as well. Assuming a linear ramp with no
distortion, the effect of transition times on
efficiency can be calculated as:
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360 x sin@s
2n x Os

where: Os is the phase angle portion of
a full cycle that the transition time covers.

3. The device output capacitance, or
any external capacitance shunting the
output, reduces the efficiency of an
amplifier. This capacitance must be
charged to nearly twice the supply voltage
during each cycle, and the power used is
dissipated in the amplifying device. In nar-
rowband designs and Class E switching
it can be tuned out but not completely
since its value varies with the output
voltage swing. With power transistors and
power FETs, the C,, or C, is usually
dominant and stray capacitances can be
disregarded for practical purposes. Their
values in data sheets are specified at DC
and at the recommended supply voltage
for RF, or mostly at 25 volts for LF
switching. For example, the C . for the
MRF150 is given as 250 pF at 50 volts but
is higher at lower voltage and increases
sharply at voltages below 5; thus, for ac-
curate calculations a higher C,, value
should be used for an average, but it can
only be obtained from a C, vs voltage
curve. According to the formula in Ref-
erence 7, (p.446) the power loss for a
push-pull amplifier is:

P, =Cq(2 Ven)2(2f) = 8 C, V2f where:
Ps = Power loss

C, = Device output capacitance

ot = Voo = Vsa

f = Frequency

<

From this we can see that power loss
depends mostly on supply voltage and on

capacitance and frequency to a lesser
degree. The output rise and fall times for
these calculations are irrelevant since
they only affect the peak power dissipated
in charging the load capacitance, the
average power remaining constant.

For a pair of MRF150s operating at 50
volts and a power output of 300 watts the
power loss would be 8 (250 x 10-12) (47)2
(30 x 10¢8), considering the worst case at
30 MHz. (2 x 10-3) (2200) (30) = 132
watts and the efficiency is:

300
132 + 300

= 69 percent.

If the same die (MRF140), with its 450 pF
output capacitance, were used in a similar
28 volt system, the efficiency would be (36
x 10-3) (692) (30) = 75 percent. This is in
contrast to the belief that a higher supply
voltage automatically results in higher ef-
ficiency except when the circuit losses
become high at very low output imped-
ances. Considering this, it would seem
that Class D efficiency is not much bet-
ter than Class B or Class C, at least at
higher supply voltages. If we caiculate the
total efficiency, taking all the above fac-
tors into account, it is only about 60 per-
cent, However, efficiencies up to 80 per-
cent have been demonstrated in practice
in similar systems, using the MRF150s or
comparable devices.

It is obvious that load capacitance is the
one factor that limits amplifier efficiency
most seriously, unless it can be compen-
sated for. Assuming a perfect output trans-
former in a Class D push-pull amplifier,
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FIGURE 7. Schematic of Class D push-pull amplifier. ECL integrated circuits are used
to provide the 180 out of phase input signal (see Fig. 12). This makes the pulse width
easy to control compared to transformer coupling.
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the compensation could be done by in-
serting a required amount of series induc-
tance between the drains and the trans-
former primary. This would form a res-
onant circuit with the device C, limiting
the bandwidth to some extent, and the ad-
vantage of the perfect transformer would
be lost. This inductance can be used and
sometimes is used unintentionally to tune
out the device output capacitance, but
since the effective C, varies within the
RF cycle, total compensation can hardly
be achieved. Thus, in practical amplifier
circuits of this type, there is a tradeoff be-
tween efficiency and bandwidth, which
also applies to Classes B and C.

Conclusion

Commercial Class D and E transmitters
up to 1 kW and 10 to 15 MHz are on the
market. The author demonstrated a 1 kW,
10 MHz amplifier in 1981 (11), which was
later evaluated by the National Bureau of
Standards. Other designs since then in-
clude an 800 W amplifier at 13.54 MHz
with four MRF150 FETs, a 100W unit for
25 to 50 MHz operating at 12 volts and a
2 kW, 50 volt system (Fig. 8) which did
not function as expected at frequencies
above 15 MHz. The main problem was in-
creasing inductance in the power FET
drain connections to the output trans-
former. The component physical size un-
doubtedly places a limit for high power
designs of this type, unless multidimen-
sional constructions can be made
feasible.

The importance of the physical layout
must be emphasized, since it is the key
to a properly operating system no matter
how good the electrical design is. We
must remember that we are dealing with
frequency components of 100 MHz and
higher in a 30 to 50 MHz carrier system,

RF Design

where even a nanosecond difference in
delays between each side of a push-pull
circuit drive signal will noticeably affect
efficiency.

Since high power Class D and E de-
signs up to 15 MHz with efficiencies far
exceeding those at Class B have been
shown, the author feels that the frequency
range can be extended to at least 30 MHz
with proper physical design, leading to
high efficiency linear and other appli-
cations.

About the Author
Helge Granberg is Principal Staff
Engineer at Motorola Semiconductor Pro-
ducts, Inc., PO. Box 20912, Phoenix, AZ
85036.

References

1. FH. Raab, “Radio Frequency Pulsewidth Modulation,”
IEEE Trans. Commun., Aug. 1973

2. L.R. Kahn, "Single-Sideband Transmission by Envelope
Elimination and Restoration," IRE Proceedings, July 1953.

3. L.R. Kahn, "“Comparison of Linear Single-Sideband
Transmitters with Envelope Elimination and Restoration
Single-Sideband Transmitters,” IRE Proceedings, Dec.
1956.

4. A.D. Sokal and N.Q. Sokal, “High-Efficiency Linear Power
Amplification of Modulated Carrier Signals by Envelope
Elimination and Restoration,” Report: April 6, 1981 Design
Automation, Inc., 809 Massachusetts Ave., Lexington,
Mass. 02173.

5. FH. Raab, "Intermodulation Products in EER Systems,”
Report: April 1, 1982, Green Mountain Radio Research
Co., 50 Vermont Ave. Ft. Ethan Allen, Winoosky, VT 05404.

6. N.O. Sokal and A.D. Sokal, “Class € Switching — Mode
RF Power Amplifiers,” RF Design magazine, summer
1980.

7. Krauss, Bostian, Raab, “Solid State Radio Engineering,”
Wiley & Sons, Inc. 1980.

8. A.B. Phillips, “Transistor Engineering,” McGraw-Hill, 1962.

9. H. Granberg, "Broadband Transformers and Power Com-
bining Technigues for RF;” Motorola Semiconductor Sector
Application Note AN-749, and all references cited in this
publication.

10. G.S. Pondian, “Broadband RF Transformers and Com-
ponents Constructed with Twisted Multiwire Transmission-
Lines, Thesis, Indian Institute of Technology, Delhi, Dec.
1983.

11. H. Granberg, “Power MOSFETs versus Bipolar Tran-
sistors,” AF Design magazine, Nov./Dec. 1981.

THEWIRE

PROTEC-

FOR PROTECTION AGAINST
EVERY WIRING THREAT

o Shielded Against All
Interference

* Rugged
Mechanically

¢ Environmentally
Secure

e Superior
Flexibility

e Reliable And
Maintainable

e Cost

Effective

LLINOIS INC.



»rF designer’s notebook

A Noise Nomograph

By Seymour Schneider
Micronetics, Inc.

The output from a noise source can be
expressed in many different ways, depen-
ding on the frequency range and the
system with which the noise source is
used. For example, at microwave fre-
quencies the output of a noise source is
expressed as ENR (Excess Noise Ratio),
which is defined as the noise ratio minus
unity, where noise ratio is the ratio of the
equivalent noise temperature of the noise
source to room temperature. At audio fre-
quencies the output of a noise source is
expressed as uV/\/ Hz, where voltage is
the RMS voltage measured in a given
bandwidth, divided by the square root of
the measurement bandwidth.

Other expressions are dBm (per band-
width), V... (per bandwidth) and
equivalent noise temperature. The noise
nomograph relates these commonly used
terms associated with noise power calcu-
lations. In addition, it can be used easily
to determine the effect a change in a
given parameter has on noise power.

The relationships used in the nomo-
graph refer to a noise generator that pro-
vides power output over a specified noise
bandwidth into a load, R_

NOISE %
GEN R

TE
T

ENR = 10 log ( -1)

Pn=KTeB

Vims = (PnRY™2
Pn
dBm = 10 lo
g (mi)

VIV Hz =V, g/ BW

Where

T, = Room temperature, 290°K

Te = Equivalent temperature of noise
source in °K

K = 1.38 x 10-23 joules/°K

B = Bandwidth in Hz

Pn = Available power from noise source
in watts
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Example 1

Given: ENR = 31 dB
: Noise Bandwidth = 10 MHz
Find: dBm = -73

Example 2

Given: ENR = 31 dB

R =200 Q@

: Noise Bandwidth = 10 MHz
Find: V. across load = 100 uV

Example 3

Given: ENR = 31 dB

: R =200 Q
Find: Noise spectral density in
Vims IV HZ across 200 Q = .03 uV,

The given and to find can be inter-
changed as shown in the following
example.

Given: 1 mV,,, across

: 50 Q load

: Noise Bandwidth = 10 MHz
Find: ENR = 57 dB

dBm
-73

31

ENR dB

TOO HVims

o]
[}
(o)
(4]
03
4 “V"T\S
1l
X
31 ENR dB
a
o
w
&
K
1 mv
57 ENR dB
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Now! EMC testing services
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the company that knows shielding

inside and out!

If you're involved with keeping RFI/EMI in or out,
you already know about Instrument Specialties.
You've probably used our beryllium copper
shielding strips...received our engineering help
...even used our new line of ESD devices.

And now—the superb EMC testing facilities we
use to assure performance of our products is
available to you for the first time. You now can
access the sophisticated equipment you don't
have—but must have—to secure the test results
you need!

State-of-the-art computer-controlled emission
and susceptibility measurements from 10 kHz to 1
GHz...RF gasket evaluation... FCC/VDE/CISPR
and MIL-STD-461A/B Tests . .. networks for power
line conducted RF emission tests. .. semi-anechoic
shielded enclosure.. .. confirming open field test
site...computer-produced hard copy readout of
test results—all are yours at Instrument
Specialties.

Following testing, you'll leave our facility with the
precise documentation you need. In the event you
need help to meet required interference specifica-
tions, we can supply that as well. All this, from one
qualified source!

For more information, rates, and schedule avail-
ability, phone us and ask for EMC Customer
Service. Or, write us at Dept. RFD-10.

< INSTRUMENT SPECIALTIES COMPANY, INC.
’ Delaware Water Gap, PA. 18327
== Phone: 717-424-8510 ® TWX: 510-671-4526

Specialists in beryllium copper since 1938
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Anechoic Chamber Considerations

By Gabriel Sanchez
Advanced Electromagnetics, Inc.

In general, it is the test engineer’s goal
to simulate a far field condition while con-
ducting an electromagnetic test, i.e.,
antenna patterns, power testing, suscep-
tibility testing, etc. The engineer wishes
to illuminate a test device with an elec-
tromagnetic wave that is uniform in ampli-
tude and phase. The ideal condition
would be to place the device in free space
at a large distance, providing the perfect
test situation. In practice this is rarely a
true option. Instead the engineer must set
up tests near the earth andfor in a sup-
porting structure. This leads to certain
compromises in both amplitude and
phase uniformity.

The familiar range equation:

R= 2D?

A
is a result of deciding that for most testing
the acceptable phase variation is 22.5 de-
grees. This equation is applicable to all
test facilities except those operating in the
near field.

The amplitude compromise most often
used is approximately 0.5 dB, with preci-
sion ranges having a 0.2 dB or less re-
quirement. This is achieved by carefully
selecting the type of source antenna and,
in the case of ranges based on the use
of energy reflection, the geometry of the
facility.

Extraneous energy is unwanted energy
reflecting from the ground, support struc-
ture or the walils of anechoic chambers
which reaches the test region and causes
errors in the measurement process. The
effect of extraneous energy on the ac-
curacy of the measurement is a great con-
cern to the engineer. This concern is
generally limited to distortion in amplitude
uniformity, but it can have an effect on
phase when precise polarization meas-
urements are required.

A final consideration is isolation of the
test environment from interference from
outside sources such as TV stations, radio
stations, communications dishes, etc.
Isolation can also be for security reasons,
keeping the energy radiated within a facili-
ty from getting out and being detected
with special equipment.

RF Design

Far Field Facilities Using
Suppression Techniques

The outdoor elevated antenna range
and the indoor rectangular anechoic
chamber are examples of far field facilities
designed to suppress unwanted reflec-
tions. The designer builds an outdoor
range so extraneous energy from the
source antenna does not reach the test
antenna.

The rectangular anechoic design is
similar in that the antennas are carefully
chosen to minimize the energy reaching
the sidewalls of the chamber. The walls
are then covered with microwave ab-
sorbers to attenuate energy that may
reach the wall.

Both facilities are guided by the range
equation with regard to phase accuracy.
This means that the outdoor range is suit-
able for large aperture devices and the in-
door range is suitable for smaller aper-
tures. Both ranges are suitable for testing
at microwave frequencies rather than at
UHF or VHF frequencies. In general, an-
tennas operating at these frequencies are
very low gain and radiate energy in all
directions, thereby limiting the amount of
extraneous energy suppression achiev-
able. The rectangular anechoic room is
generally limited to operation above 1.0
GHz.

Far Field Facilities Using
Reflection Techniques

The ground reflection site and tapered
anechoic chamber are facilities which use
reflections from the surroundings to help
produce an acceptable test environment.
The ranges are far field in that the 2D2/A
requirement is still applicable, but instead
of suppressing the reflection encountered
on the ranges, the physical parameters of
the facility are selected so that direct path
and reflected path energy arrive in phase
at the test region. With the energy arriv-
ing in phase rather than out of phase a
constructive field distribution is set up in
the test region.

On the outdoor range this in-phase con-
dition is established at a given operating
frequency and polarization by adjusting

the transmitter height unti! a maximum
signal level is received at the test anten-
na. A uniform signal level illuminates the
test antenna when it is properly adjusted.
The smoothness of the range surface
determines the uniformity of the field at
the test antenna.

The tapered chamber can be visualized
as a four-sided ground reflection range;
thus, the source antenna must be careful-
ly placed in the cone end to achieve the
desired uniform field in the test region.
Here the symmetry of the structure and
the type of absorbers used determine the
performance achieved. These types of
ranges are especially suited for low fre-
quency testing. When broad beam anten-
nas are properly placed in the cone they
provide proper illumination so reflections
can be controlled to be in phase at the test
Zone.

Near Field Testing

In recent years two methods of near
field testing have been developed and are
being used by several testing facilities.
One method is to place the antenna under
test in the field of a larger antenna,
simulating the far field requirements. This
has been found to be successful for mod-
erately directive antennas up to four feet
in diameter operating in the frequency
range of 3 GHz to 18 Ghz.

The second type of near field measure-
ment uses a small probe antenna very
close to the antenna under test sampling
over the whole aperture. This data is then
fed into a computer and translated into the
far field pattern by numerical analysis.

Rectangular Anechoic Chambers

This type of chamber is in the form of
a rectangular shell covered on the entire
inner surface with one or more types of
absorber materials. Chamber width and
height are usually in the range of one-half
to one-third the required transmission
length. A chamber of this design has dif-
ficulty in providing good performance at
UHF and lower frequencies, as discussed
above. The basic problem is that reflected
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rFi/emi corner c..in.

signals that arrive in the test region are
the result of specular reflection from the
bounce points on the sidewalls, floor and
ceiling. At lower frequencies it becomes
increasingly difficult to limit reflected
signals traveling those paths for two
reasons:

1) finite size of the source antennas, i.e.,
the lower the frequency the broader the
pattern.

2) absorbers become less effective at
the longer wavelengths, especially at wide
angles of incidence.

For these reasons a rectangular
chamber of reasonable size is limited to
operation down to approximately 1.0 GHz.

Tapered Anechoic Chamber
In facilities using specular reflection to
establish the test environment (ground

SAW Oscillators

Sawtek's Surface Acoustic Wave oscillators for military and commercial
applications simplify design and improve noise performance. High-Q SAW resonators
offer quartz stability at fundamental frequencies from 100 MHz to 1000 MHz. Hybrid
oscillators in hermetic packages are available for reduced size and increased
reliability. FM or pulse code modulation capability is optional.

Sawtek maintains a large selection of frequencies from an inventory of pre-tooled
resonator crystals and new designs can be tooled rapidly. Our engineers also offer
assistance in oscillator design for low-cost consumer applications and are prepared
to help evaluate the suitability of SAW oscillators for your requirements.

In addition to oscillators and resonator products, Sawtek produces other high
performance SAW components including bandpass filters, delay lines, and pulse
compressors for cable television, satellite communications, modems, radar, EW, and
many other signal processing applications. And, if what you need is not among our
hundreds of standard products, we can provide technical assistance and rapid
response to new design and production requirements. Quality and performance have
made Sawtek the industry leader in SAW technology; you can rely on us for the total

engineering support you need.

When your system demands the advantages of
SAW Technology ... Demand SAWTEK.

[:3 SAWTEK
4 INCORPORATED

PO BOX 18000, DEPT MRF. ORLANDO, FL 32860, (305) 886-8860
INFO/CARD 32
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reflection range and tapered anechoic
chamber) the design is somewhat com-
plex because facility geometry, ground or
surface effects and operating frequency
determine the purity of the test environ-
ment achieved.

On the outdoor ground reflection range
source antennas are selected to illuminate
the surface. The surface is graded to a
tolerance in keeping with the Rayleigh
criterion so it represents a microwave mir-
ror to the incoming wave. The range
length and tower height are then adjusted
so the direct path and the wave reflected
from the range surface are in phase at the
test aperture, thereby producing a
smoothly varying cosinusoidal in-
terference pattern peaked on the anten-
na under test. The mere fact that the
reflected wave can approximately equal
the direct path wave in amplitude in no
way detracts from the range’s usefuiness
as a test facility, since the purity of the in-
cident field and how this purity was ob-
tained are the important considerations.

The tapered chamber is characterized
by five attractive features.

1) Using the tapered surfaces proper-
ly, the chamber can provide a quiet zone
free from periodic amplitude variations
which characterize a rectangular chamber
at lower frequencies.

2) This additional design parameter
permits the designer to control the level
of reflections to a significantly lower level
than is attainable with absorber alone.

3) The source antennas used are low
gain versions which permit operation
down to very low frequencies.

4) The area to be covered by high quali-
ty absorber is significantly reduced from
that of a rectangular chamber providing
the same transmission length.

5) A smaller percentage of thick, high-
performance absorber is required. Meas-
urements have shown that tapered cham-
bers provide quiet zones of relatively
uniform phase amplified at frequencies as
low as 30 MHz and as high as 30 GHz.

Tapered chambers are, therefore, well
suited for almost all the typical measure-
ments made in microwave anechoic
chambers: measurements of antenna pat-
terns, antenna gain, power, systems com-
patibility and systems boresight. On the
other hand, certain types of tapered
chambers are not as well suited for other
uses. It is worthwhile to consider these
uses specifically.

Gabe Sanchez is President of Ad-
vanced Electromagnetics, Inc., 369 North
Raleigh, El Cajon, CA 92020. f|
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The Electro-Mechanics Company has
been designing and manufacturing
EMI/RFI Test Accessories for over 25
years.

We began with Magnetic Field
Instruments and Radio Frequency
Antennas for the military. Since the
mid-sixties we have been working
closely with the military and industry
standard setting groups, and EMCO
now has one of the broadest lines of
Test Antennas and EMI/RFI Test Ac-
cessories in the World.

EMCQO’s primary business is Test
Antennas for use in Emissions and
Immunity (Susceptibility) Testing as
required for MIL Standard, FCC, VDE,
and CISPR Test Procedures.

Typical Military Antennas for Radi-
ated Immunity (RS) and Emissions
(RE) Testing cover the frequency
ranges from 30 Hz to 18 GHz, and are
noted in MIL STD 462, Notice 3, Table
1. EMCO currently manufactures

Magnetic Field Loops, the 41" Rod
Antenna, Parallel Strip Line, both
Biconical Anten-
’ nas, the Conical
Log Spirals and
|| the Double
\ Ridged Guide An-
tennas shown on

this table.
Antennas which are currently ac-
ceptable for use in FCC Volume II,
Part 15 Emissions Testing include,
Adjustable Element Dipole Sets,
Broadband Biconical Antennas and
Broadband Log Periodic Antennas.
EMCO manufactures all of these sep-
arately or can include them as part of
an FCC “Class A” and “Class B" An-
tenna Test System.

One major difference is Calibration.
Each Antenna is calibrated using NBS
Traceable Testing Equipment, on our
own FCC open field test site. Calibra-
tion data includes Antenna Factor, Nu-
meric Power Gain, and dBi Gain for
each individual Antenna. For Immunity
Testing Antennas we include Field
Strength measurements in Volts Per
Meter, and Radiation Patterns where
applicable.

Another difference is Design and
Construction. Each Antenna is de-
signed to be durable and long-lasting,
yet functional in varied applications,
such as in Anechoic Chambers or
Outside Test Sites. Antennas and ac-
cessories are machined and con-
structed “in-house” for Optimum
Quality Control.

One last differ-

- ence and maybe
T the most impor-
& tant, is EMCO's
continual Product

improvement thru Research and De-
velopment. For example, our Dipole
and Biconical Balun design is much
improved from the old DM-105 and
military designs . . . and we are con-
tinually researching and redesigning
to make EMI/RFI Testing simpler and
more accurate.

EMCO adds efficiency to
EMI Testing with an An-
tenna Positioning Tower
(1-6 meters) and an Equip-
ment Testing Turntable.
Both are suitable for out- [,
side or indoor use, come
with a standard Digital
Readout Controller and are
available with |EEE-488
Bus Option.

For Conducted
Emissions Testing,
EMCO manufac-
tures Line Imped-
) ance  Stabiliza-
tion Networks to satlsfy FCC and
VDE requirements. Our unique design
allows production of as many as 4
separate lines (three phase) in one
unit.

Other Related
Equipment in-
clude: Signal Re-
jection Networks,
Acceptance Net-

works, Magnetic

Field Intensity - -
Meters, Magne-

tometers and Heimholtz Coil

Systems.

&

The Electro-Mechanics Company is
more than just another manufacturer.
We realize that in order to grow and
help improve EMI/RFI Testing we
must constantly forge ahead . . . not
live in the past.

As the FCC moves toward better
and more Standardized Test Proce-
dures, EMCO is staying close to ANSI
(American National Standards Insti-
tute), NBS (National Bureau of Stan-
dards) and other standards groups so
we can keep improving our equip-
ment. Involvement with current and fu-
ture industry needs also helps us pian
for design of new equipment ... an
ongoing process at EMCO.

EMCO is committed to offering
Technical Assistance, as well as Test
Accessories, to help solve EMI Testing
Problems. Part of that Technical Assis-
tance is advice on purchasing only the
equipment needed, not kits or systems
with unnecessary items. We can also
advise on various manufacturers of
other complimentary test equipment.

The Electro-Mechanics Company
P.O. Box 1546/Austin, Texas 78767 /Telex 767187
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OEM STEP

ATTENUATORS

3000 SERIES

DC to 1.25 GHz*

0.1 dB Repeatability to
1,000,000 Operations

Nominal Impedance:
50 ohms

Standard Nominal
Values:

32.7° Step Angle

0-80 dB/10 dB Steps
0-90 dB/10 dB Steps
0-100 dB/10 dB Steps
0-80 dB/1 dB Steps
0-90 dB/1 dB Steps
0-100 dB/1 dB Steps
0-110 dB/1 dB Steps

36° Step Angle

0-80 dB/10 dB Steps
0-90 dB/10 dB Steps
0-79 dB/1 dB Steps
0-89 dB/1 dB Steps
0-99 dB/1 dB Steps

Maximum VSWR: 1.30

Connectors:
SMA Female

Power: 1 Watt Average;
100 Watts Peak,
5 msec Pulse

Temperature Range:
-40°C to +65°C

*DC to 2.5 GHz units
also available

WEINSCHEL
ENGINEERING

One Weinschel Lane
Gaithersburg, MD 20877
(301) 948-3434

Telex: ITT440702

or WU89-8352
800-638-2048

3020-100
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i Cavity Diplexers and Multiplexers
| Eaton Corporation Microwave Products
Division, introduces a new product line of
high guality diplexers and multiplexers
‘ with contiguous or noncontiguous capa-
| bility. This S-Band diplexer, with band-
widths <2%, utilizes computer-aided
“TEM lris Coupled Cavity” design tech-
l niques. The device provides very high
selectivity of 90 dB minimum, high un-
loaded “Q” and strict VSWR require-
ments of 1.25:1 maximum. Operating

] temperature range is -40°C to +85°C, with
100% R.H. Diplexers and multiplexers
from Eaton Corporation meet or exceed
| MIL-E-5400, MIL-E-16400. Eaton Cor-
poration, Sunnyvale, Calif., please cir-
cle INFO/CARD #176.

|

8-Junction Ring Quad Schottky
Metelics Corporation announces a new
8-Junction Ring Quad Schottky diode.
This monolithic beam tead schottky diode
l has two junctions in each leg. This results
in a higher drive ring quad than can be
| obtained with four junctions. The mono-
lithic construction results in close match-
’ ing between legs. Many combinations of
forward voltage at 1 mA, junction capac-
itance and junction resistance will be
available. Metelics Corporation, Sunny-
vale, Calif., INFO/CARD #175.

Antiparallel Schottky Pair

Metelics Corporation announces a new
Antiparallel Schottky Pair. This mcnolithic
beam lead schottky diode has two oppos-
ing junctions. The beam lead configura-
tion results in very close matching of the
| diode junctions. The antiparallel pair is in-
| tended for subharmonic L.O. mixing and
| clamping applications. It is available in
low, medium, high, and extra high bar-
| riers. Metelics Corporation, Sunnyvale,
Calif., INFO/CARD #174.

\

| Beam Lead Pin Diode

| Metelics Corporation introduces a new
Beam Lead Pin Diode. The diode, whose

| mechanical outline will be very similar to

’ the existing “B10" outline, has a depleted
junction capacitance of less than 30 fem-
tofarads. The diode resistance measured

at 20 mA will be less than 6 ohms. Mete-
lics Corporation, Sunnyvale, Calif.,
please circle INFO/CARD #173.

IF To Tape Frequency Converter

The 1000 ITC-3A, IF to TAPE Frequen-
cy Converter manufactured by Apcom,
Inc. accepts an input frequency of 21.4
MHz and provides three output center fre-
quencies of 31.5 kHz, 250 kHz and 1075
kHz, each with full data bandwidth. Im-
ageless mixers permit exceptional output
signal-to-noise ratios and multi section
group delay equalizers provide minimal
distortion. Both front panel and IEEE-488
remote control are implemented. The
1000 ITC-3A is a dual unit and each chan-
nel has a pair of buffered outputs. Ap-
com, Inc., Rockville, Md., please circle
INFO/CARD #171.

Precision Coaxial Inter
Series Adapters

In addition to the “‘standard” MIDISCO
inter- and intra-series adapters, MIDISCO
now has a complete line of precision types
with performance to 26 GHz and beyond.
Construction is stainless steel passivated
and connector interface is in accordance
with MIL-C-39012, where applicable. The
“X" series of adapters are available in 7
mm, 3.5 mm, SMA, SSMA, N, TNC, BNC,
SC, C and GR 874. MIDISCO, Commack,
N.Y., INFO/CARD #170.

Dual Junction Isolators
and Circulators

MIDISCO has just announced a com-
plete line of dual junction isolators and cir-
culators in selected frequency ranges
from 0.50 to 26.5 GHz. Models are speci-
fied in either high performance narrow
band or octave and broadband. SMA fe-
male connectors are standard, but other
types are available. The isolators, M41
series, and circulators, M4C series, are
dual junction devices designed to be light-
weight, small size and operate over full
temperature ranges with standard storage
temperatures from 55°C to 100°C.
MIDISCO, Commack, N.Y., please circle
INFO/CARD #169.

VHF Low-Profile Vehicular Antenna

A new, all metal communications anten-
na designed for special applications such
as locomotives, mass transit vehicles and
construction equipment, has been added
to The Antenna Specialists Co's line of
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land mobite antennas. Constructed of cast
aluminum, the Model ASP-579 covers the
VHF frequency range from 150-166 MHz.
It provides a vertically-polarized, omni-
directional pattern when mounted on a
horizontal flat metal surface. The Anten-
na Specialists Co., Cleveland, Ohio,
please circle INFO/CARD #168.

Termination Insensitive Mixer

The Anzac Division of Adams-Russell
Company introduces a low cost 1-1500
MHz termination insensitive mixer. The
MD-160 provides 7.5 dB typical mid-band
conversion loss and VSWR on all ports is
typically less than 2.5:1. The unit’s third
order intermodulation ratio is insensitive
to port mismatches. It is screenable to
MIL-STD-883B and operates over the full
MIL SPEC temperature range of -55°C to
+85°C. Anzac Division of Adams-
Russell, Burlington, Mass., please cir-
cle INFO/CARD #167.

Miniature Tone Ohmmeter

Now all the functions of desk-sized tone
ohmmeters can be performed by a new
instrument, the Model SQ-1 Shorts-
queek™, no bigger than a marker pen —
everthing but the visual read-out. In
testing boards for hairline shorts or
shorted components the hand-held probe

is placed on the clad surface of a bare or
loaded PC board; in the presence of a
short a tone is emitted from the probe
itself. As the tip of the probe moves about
the tone pitch rises or falls as the short-

The Problem Solver. ..

CELLULAR COMPATIBLE

The RF Wattmeter Model 81000-A
from Coaxial Dynamics, Inc. does
more than provide accurate rf meas-
urements. Testing of transmission
lines, antennas, connectors, filters
and related components can reveal
unknown problems and assure op-
timum equipment performance.

For more information on the 81000-
A Wattmeter or any of the complete
line of Coaxial Dynamics RF products
and OEM components please contact
Coaxial Dynamics, Inc. Special ele-
ments available for cellular frequen-
cies. Call factory for name of local

distributor. r
cad

| COAXIAL ?f&?
dB ) | DYNAMICS, INC.

15210 Indusirial Parkway, Cleveland, OH 44135  (216) 267-2233
Qutside Ohio, WATS: (800) Coaxiat, Telex: 380-630

INFOI/CARD 35
RF Design

Lock your UHF
and microwave oscillators on
frequency with fundamental-
mode SAW resonators...
Quartz stability from 200
MHzto 1.3 GHz

Typical phase noise—

140 dB./Hz at 10 kHz
Compact TO-39 packages
Low cost

Large selection of
standard models

Fast turnaround on
custom designs

For information on your
special requirements
call or write to:

Crystal Technology

A Siemens Company

1035 East Meadow Circle
Pato Alto, CA 94303
415/856-7911, TWX: 910-379-6625
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Model
SVC-12318
has full
band
tuning
from 12 to
18 GHz,
output
powers up
to +15
dBm.

SciComm
is Busting Out

with a new series
of voltage controlled
oscillator subsystems!

Features include:
> Frequency coverage of 100 MHz to 26 GHz

» Equipped with voltage regulation and foad
isolation

» Proportionally controlled DC or AC ovens

In addition to our new line of VCQO'’s, Scientific
Communications has an established reputation as
a prime supplier of:

» Low Noise Amplifiers
» Down Converters
> Parametric Amplifiers

Our established reputation for quality, reliability,
and on-time delivery combine to make Scientific
Communications the ideal choice for your
oscillator requirements.

For more information contact:

SciComm

Scientific Communications, Inc.
Microwave Products Division
2908 National Drive

Garland, Texas 75041

(214) 840-4900

62
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circuit is closer or farther away. When the
pitch can rise no higher the short is lo-
cated and the clad repaired or the board
discarded. The miniature tone ohmmeter
can locate a short circuit in discrete wir-
ing as well as on clad boards. Global
Specialties, New Haven, Conn., please
circle INFO/CARD #166.

Wideband Analog Operational
Amplifier

Harris Semiconductor has introduced
the HA-2542, a wideband op amp that of-
fers +100 mA output current at a high slew
rate of 350V per microsecond. The mono-
lithic design uses Harris dielectric isola-
tion (DI) technology, and the HA-2542
amplifier offers 60 MHz gain bandwidth.
The HA-2542 has a 55 MHz full power
bandwidth. This amplifier is most suitable
for high frequency signal conditioning cir-
cuits and pulse/video amplifiers, high
speed coaxial cable driver circuits, wide-
band amplifiers, fast sample-hold circuits,
and flash A/D converter drivers. Harris
Corp., Melbourne, Fla., please circle
INFO/CARD #165.

Video Analyzer

Rohde & Schwarz, introduces its Video
Analyzer Model UVF, suitable for all stan-
dard insertion test signal measurements.
Quasi-analog display of measure values
and automatic limit indication is appro-
priate for TV studios and OB units, test
vans and cable-distribution systems,
maintenance and repair, as well as devel-
opment and production. Remote control,

g v
A

possible with the IEEE bus, and limit-
value monitoring permit the Video Ana-
lyzer to be used in the most diversified
test systems. Rohde & Schwarz, Lake
Success, N.Y., INFO/CARD #164.

Quadrature IF Mixer 1.5 to 6 GHz

Model 1226A QIFM operates in the 1.5
to 6 GHz frequency range. Conversion
loss is 12 dB max. LO to RF isolation is
20 dB min. LO to IF isolation is 25 dB min.
Amplitude unbalance between two IF out-
puts is 1 dB max. The phase deviation
from quadrature is +10° over the frequen-
cy range. The device exhibits low VSWR:
1.6:1 max. LO input and 2.4:1 max. RF in-
put. IF bandwidth is DC to 500 MHz.
LO power level is +10 dBm. The units
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operate without degradation over -54°C to
+125°C temperature range. Units were
designed to meet and were tested to Mil-
itary Airborne requirements. Norsal In-
dustries, Inc., Central Islip, N.Y., please
circle INFO/CARD #163.

AH103/AH104 Fast Settling FET
Op Amp

OEI has developed the new AH103 and
AH104 FET op amps, which offer the user
extremely fast settling, excellent DC spe-
cifications and very good drive capabili-
ty. When stabilized for pulses and a gain
of -1, the AH104 will settle to within 0.1%
in 160 ns maximum. For optimum flexibili-
ty the AH104 is uncompensated. For ease
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of use the AH103 is internally compen-
sated for unity gain inverting pulses. The
slightly slower AH103 still has a minimum
slew rate of 190V/us and a minimum full
power bandwidth of 3.0 MHz. Active trim-
ming of these hybrid circuits allows even
the less expensive AH103CJ and
AH104CJ grades to have maximum initial
offset of 2.0 mV and maximum drift of 20
uV/°C. Optical Electronics Inc., Tucson,
Ariz., INFO/CARD #162.

CAD Programs for
Apple Computers

RF filter programs from 8th Dimension
Enterprises will calculate component
values for the following filters: low pass
DC to 1200 MHz, high pass 1 kHz to 1100

RF Design

MHz, band pass from 10 kHz to 1000
MHz, band reject from 10 kHz to 1200
MHz, and microstrip low pass from 100
MHz to 265 GHz. Other CAD programs
only let you see the frequency response
after you have calculated all the compo-
nent values. Not this one. You can specify
the termination impedances (i.e. 35, 50 or
75 ohms), frequency range and so much
more. No other commercial RF filter CAD

RF AMPLIFIERS

by AYDIN VECTOR

Tthe Jeast o/ the Jown...

Available in frequencies of 5MHz to 1 GHz, single and
multi-stage T0-8, T0-12 and 4 pin DIP packages; N Ay &
standard and custom cascaded assemblies with y
varying gain, NF and power output options

and a variety of connectors.

CUSTOM RF AMPLIFIER ASSEMBLIES . . .
to meet your specific need, backed by the
engineering skill, manufacturing facilities

and quality assurance ex-
perience to meet your ex-
act specifications and the
requirements of MIL-
STD-883B and MIL-
Q9858A.

VOLTAGE CONTROLLED
ATTENUATORS.. .ranges
to 40 dB within a 5-1000
MHz frequency range.

Accept no substitute for high
quality, low cost, speedy delivery

and guaranteed specifications. Specify

Aydin Vector RF amplifiers
and attenuators.

For a free copy of our brochure, #.F¥ P

AYDIN XX VECTOR

program matches this ability with this
ease of use. 8th Dimension Enterprises,
Sunnyvale, Calif., INFO/CARD #130.

AC300 Video Current Booster
The AC300 provides 1000V/us min and
+100 mA min. drive at +10V. It is
specifically designed for driving coaxial
cable and features a small signal band-
width of 250 MHz. To complement the

(0
&y, Ay
//;:}(Og f'

In the United States — Aydin Vector Division, POB 328, Newtown, PA 18940

Tel 215-968-4271, TWX 510-667-2320

In Europe — Aydin international U.K., 64 Wilbury Way, Hitchin Herts, SG4 OTP
England; Tel 011-44-462-34555, TLX 851826626

INFO/CARD 38
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DEPENDABILITY

ARE
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SPECIFY
DELEVAN
COILS &
INDUCTIVE
COMPONENTS

For over 30 years Delevan has built
inductive components to meet the
rigid specifications of a wide variety
of end uses. The result is a com-
mitment to reliability, a quality you
can depend upon. To meet these
critical demands, we have estab-
lished a production capability to
assure prompt delivery via a net-
work of distributors located through-
out the U.S.A., Canada and many
foreign countries. Call us for the
name of your nearest Delevan Dis-
tributor or Representative.

N

AMERIBAN
PRECISION

Delevan
Division NC

270 QUAKER RD /EAST AURCRA N Y 14052
TELEPHONE 716/652:3600 TELEX 91293
INFO/CARD 39
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high slew rate and drive capability of the
AC300, settling time to 0.1% is 50 ns. The
AC300DJ provides +100 mA minimum
drive at +10V from 8-pin mini-dip
packages. The AC300CJ version is
housed in a standard 12-pin TO-8
package, allowing easy heat sinking
where temperature or load conditions re-
quire. Optical Electronics Inc., Tucson,
Ariz., INFO/CARD #161.

1 KW Solid State FM Amplifier

The first 1-kilowatt, solid state RF
amplifier for the 88-108 MHz FM broad-
cast band is now available from Acrian,
Inc. The new amplifier, called the FM1KW-
IPM, is a self-contained unit with output
power exceeding 1100 watts, with 10 watts
of input drive into a 50 ohm load. Other
FM1KW-IPM specifications include 20 dB
power gain, 1 dB maximum gain ripple,
-10 dB minimum overall efficiency, 28
volt supply voltage, 75 amps typical supp-
ly current, and 10 watts input power.
Acrian, Inc., San Jose, Calif., please
circle INFO/CARD #160.

RF Amplifier Model 9126

Amplifonix has announced a new RF
Hybrid Amplifier, Model TM 9126, in a
TO-8 hermetic package. This new design
provides a gain of 20.5 dB typical over the
frequency range of 10-1500 MHz. Other
specifications include: noise figure, 5.0
dB; power out at 1 dB comp. +16 dBm;
Max. VSWR (In/Out), 2.0:1; current at 15V,
64 mA,; temperature range, -54°C to
+85°C. All units meet MIL-STD-8838B
screening. Amplifonix, Inc., Bristol,
Penn., INFO/CARD #159.

Digital Multimeter and
Tone Generator

Simpson Electric Company has an-
nounced a new digital multimeter specif-
ically designed for telecommunications

servicing. The new Model 467-2T is a
3'2-digit instrument with direct-reading
dB ranges (switchable 600Q and 900Q
references) for both “new and old” tele-
communications systems. It also has a
built-in 1004 Hz tone generator for line
checking and signal tracing. The 467-2T
has Simpson's Digalog™ (digital and
analog) LCD readout with pulse, continui-
ty and low-battery indicators. The DMM
has true RMS AC capability. Basic DC
voltage accuracy is 0.1%. AC voltage fre-
quency response is typically 100 kHz.
Simpson Electric Co., Eigin, Ill., please
circle INFO/CARD #158.

6%2-Digit Systems Multimeter

A 3%- to 6%2-digit muitimeter from
Hewlett-Packard Company provides sys-
tems and bench users with seven meas-
urement functions, extended resolution to
7' digits and scanner capabilities. Read-
ing rates of the new HP 3457A systems
multimeter vary from less than one every
second for extremely stable readings to
1,350 readings per second for high-speed
measurement bursts. The multimeter of-
fers basic DC volts accuracy as good as
5 ppm and the maximum amplitude
through the input terminals is 300 volts
RMS. Two optional plug-in scanner cards

permit multiplexing access of up to 10
signal channels. Users can store up to
1,050 readings or entire measurement se-
quences in the instrument. The built-in
math routines include statistical functions,
thermistor linearization, pass-fail limit test,
dB, dBm, scale, offset and single-pole
digital filters. Hewlett-Packard Co., Palo
Aito, Calif., INFO/CARD #157.

Monolithic Dual JFETs

For specialized electronic designs that
require parts with a combination of low
leakage and low noise specifications,
Siliconix now offers high performance
monolithic dual n-channel JFETs. The
performance specifications of these de-
vices greatly increase design flexibility for
medical and test equipment such as low
noise FET input amplifiers, low frequen-
cy amplifiers, precision instrument amp-
lifiers and comparators. The high perform-
ance features of these devices include a
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We're Right In The Thick Of It!

RIGHT WHERE

And we're there, not with one, but with
three programmable generators —

each one optimized for a particular fre-
quency range — each one with the best
modulation performance of any generator,
regardless of price — and each one a
performance/price leader.

Need a high performance signal generator from 150 kHz
to 1.08 GHz with pushbutton and spin knob control? The
Boonton 1021 gives you that and it functions as an analog
and digital sweeper, a low distortion audio oscillator, and a
generator with NVR memory that can recall up to 250 com-
plete panel setups — as well as a fast responding |EEE488
bus-operated instrument with free format data entry and full
talk and listen capability.

Need to go only to 540 MHz? Then the 1020 is the
choice — same features, less money.

If your highest frequency is less than 180 MHz, the
1030 can save you even more money, with all the same fea-

SOONTON . AATOR 45 -1
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MOST OF YOUR

SIGNAL GENERATOR

APPLICATIONS
ARE

tures and 7 dB of additional output
power to + 23 dBm.
All three generators offer dc-coup-

led f.m. deviation to 600 kHz, 6 radians
of phase modulation, a.m. to 100%, f.m.
broadcast distortion less than 0.05% at 75
kHz deviation, a.m. distortion less than 1% at
30% a.m. (0.3% for 1030), controlled a.m. phase shift for
low VOR bearing error, ATE speed of 20 frequency steps per
second, choice of 50 — ohm or 75— ohm voltage calibra-
tion, and built-in r.f. reverse power protection.

If you're caught in the middie between the choice of a
low price, low performance generator and a very high price,
“does it all” generator, we've got your solution. Call your
local representative or Boonton Electronics for a convincing
hands-on demonstration.

Boonton Electronics Corporation
791 Route 10, Randolph, NJ 07869
Telephone (201) 584-1077

Signal Generators
Modulation Meters
RF Power Meters
RF Millivoltmeters
Capacitance Meters and Bridges
Audio Oscillators

11500000=

PROGRAMMABLE
SIGNAL GENERATORS



MOS FET POWER
From INTECH

COM 1000: 1000W. Av. Power
1.6-30 MHz with PS 248 Dual
Switching AC Power Supply.

Introducing the next generation
of unconditionally stable POWER
MOS FET Linear Amplifiers from
Intech.

Combining the low order distor-
tion of Class ’A’" with the high
efficiency of “AB”" & "C”’
Designs, they can withstand
severe load mismatch conditions
without spurious oscillation or
failure.

They are capable of high speed
on-off switching and are Frequen-
cy Agile over their 1.6-30 MHz
range.

They are ideal for: RFI/EMI
Testing, H.F. Transmitters, Linear
Accelerators, N.M.R. CATSCAN,
plasma equipment and
diathermy.

Power levels — 500 W, 1Kw and

up.

Please contact Ted Steven-
son Phone: 408-727-0500,
TWX: (910) 338-0254) to
discuss your State-of-the-
Art amplifier requirements
or write him at

oNm o

I intech
282 Brokaw Rd.

Santa Clara, CA 95050

INFOI/CARD 41
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gate-source cutoff voltage of less than 2.5
volts, low noise of 15 nanovolts der root
hertz and low gate current of -2 picoamps
typical. Sample parts are currently avail-
able. Siliconix, Inc., Santa Clara, Calif.,
INFO/CARD #156.

Nine-in-One HF Antenna Kit

An easily portable multi-purpose anten-
na kit from Britain contains all the com-
ponents needed for one person to erect
any of nine different antennas covering
the HF band in less than ten minutes. The

MTA (multipurpose tactical antenna) kit
covers the frequency range 1.6 MHz to 30
MHz. Components can be selected to pro-

vide omnidirectional or directional char-
acteristics for short-, medium- or long-
range communications. By using trees or
buildings, dipole, delta, base-fed vee, in-
verted “L” or sloping-vee configurations
can be rigged. Transmitter powers up to
500 W can be used. British Information
Services, New York, N.Y., please circle
INFO/CARD #152.

High Performance Multicoupler
Watkins-Johnson Limited has de-
veloped a new series of improved-per-

formance, wide-dynamic-range multi-
couplers for operation in the 1 to 30 MHz
frequency range. The new units offer the
following features: 7 dB maximum noise
figure at 30 MHz; 77 dB third-order inter-
modulation product suppression; 73 dB

SHIELDED COIL FORMS

"IRON POWDER CORES

1190 N. Hawk Circle, Anaheim, Califomia 92807 USA e (714) 630-7420 o TWX 910-591-1690

Engineering Kits and
Design Aids for RF
Application From

10 KHz to 200 MHz

~ea
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CLOSE THE CIRCLE

ENuEney
St
CORPORETYON

The = YNERGY ==& OURCE-LINE

THE MINI-CIRCUITS Alternative Source-Line
CROSS REFERENCE
NEW SOURCE | |
Model Price CI:‘cllTllt-s Description
FOR THOSE S-1 g s 88&86535) SBL-1 1-500 MHz, Metal Case
$

- .g. 3.70 (100 pcs) A 7

SINGLE S-2 $ 4.15 (10-49 pcs) 1-500 MHz, Metal Case

SOU RCED S3 $10.95 (1-49 pcs) SRA-1 .5-500 MHz, MIL-STD

MlXERS S-4 | $535(10-49 pcs) | SBL1X 10-1000 MHz, Metal Case
[ ]

S-5 $ 5.35 (10-49 pcs) ASK-1 1-600 MHz, Plastic Flatpack

S-6 $10.95 (1-49 pcs) TFM-2 1-1000 MHz, 4-Pin, MIL-STD

. * Reduced Performance Version of S-1
Call tOday for litera ture, Cross reference based on published specifications.

483 McLean Bivd. and 18th Avenue, Paterson, New Jersey 07504 * (201) 881-8800 ¢ Telex-130073

quotes, delivery! O IMLTE T MRS
U e Kla

: W INhRATA R

S S
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You've decided not to

take chances with rfi
susceptibility. Then why mix

and match the tools you'll use to
test for it?

Instead, you can equip your en-
tire test loop with instruments fron
Amplifier Research that have
been thoroughly tested and work
well with our high-performance
broadband rf amplifiers.

From 1W to 10kW, 10 kHz to
1,000 MHz, in 32 standard models,

AR amplifiers give you optimum
power, bandwidth, and versati'ity
for your cw, sweep, and puise
requirements. Each model pro -
vides instantly available bandwidth
without bandswitching or tuning,
is completely immune to load
mismatch, and won't shut itself
down when you may need it most.
But a high-quality test presumes

high-quality test
equipment throughout.
So we also supply special-
ized antennas, leveling

preamplifiers, field sensor systems,
fiber-optic telemetry links, TEM
cells, matching transformers, and
directional couplers.

With this full-system approach,
equipment variables are less likely
to show up in your test resuits.

Il pay you to talk with us about
all your rfi test requirements.

' AMPLIFIER
RESEeARCH

160 School House Road, Souderton, PA 18964-9990 USA

INFO/CARD 44
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second-order suppression; 10 W CW and
2 kV impulse input protection;, 1.3:1
VSWR; bandpass filter and DC supply op-
tions available. Watkins-Johnson
Limited, Windsor, England, please cir-
cle INFO/CARD #151.

Phase Measurement

Leader Instruments Corporation an-
nounces a new Stereoscope. The LBO-
552BH1 displays left and right channel
traces side by side, simplifying channel
to channel amplitude comparisons. This
new Stereoscope is rack mountable and
is provided with rear panel XLR input con-
nectors. The graticule has indications for
left and right channels and a zero phase
angle reference line making the LBO-
552BH1 an optimum unit for making
stereo channel measurements of level,
balance, azimuth, separation and phase
angle. Leader Instruments Corporation,
Hauppauge, N.Y., INFO/CARD #149.

TO/5 Style Attenuator

KDI Electronics has announced the
availability of a Thick Film T Pad at-
tenuator in a hermetically sealed TO/5
package. Frequency response is from DC
to 2 GHz with a maximum VSWR of
1.35:1. The standard attenuation range is
from 3 dB to 20 dB. The characteristic
impedance is 50 ohms. These devices are
based on a distributed element attenua-
tor, and will meet or exceed the re-
quirements of MIL-A-3933/23B. The TO/5
package is top marked with identifying
part number and attenuation value. KDI
Electronics, Inc., Whippany, N.J.,
please circle INFO/CARD #147.

Die Attachment Evaluator

Sage Enterprises, Inc. announces the
latest version of the Bipolar Transistor Die
Attachment Evaluators, the D.A E. 2058,

designed for bipolar device manufac-
turers as a production process Q.C. tool
and for device users as an incoming in-
spection tool for prescreening burn-in or
life cycle testing. Sage Enterprises, Inc.,
Mountain View, Calif., please circle
INFO/CARD #146.

RF Design

30-50 MHz Log Amplifiers

The SD Series of logarithmic amplifiers
from Pascall Electronic Systems uses sur-
face mounted technology to cover the fre-
quency range 30-50 MHz, with band-
widths from 10 MHz to an octave. The SD

L
(AR, i itid '}-- € o
'.:_;T" :

Series were especially developed for
radar and EW applications and these
amplifiers give a dynamic range of 75 dB,
video output of 0.1 to 2.2 V DC coupled
into 100 ohms and limited |F output of O
+2 dBm into 50 ohms. Pascall Elec-
tronics Ltd., Middlesex, England,
please circle INFO/CARD #129.

Programmable Oscilloscope
Calibrator

The new 61278 programmable oscillo-
scope calibrator delivers the test signals
required, either manually from its “smart”

front panel or as the principle stimulus
component in a computer-controlled test
system using the IEEE 488 BUS. An “auto
step” feature lets the operator step
through internal calibrator settings. There
is a 1 MHz rep rate on the 200 picosecond
fast rise pulse. A 50-ohm termination,
when required, is automatically con-
nected across the scope input, and a soft-
ware activated filter removes broadband
noise from the test signals. Ballantine
Laboratories, Inc., INFO/CARD #128.

Universal Counters

Racal-Dana’s new 1990 series of uni-
versal counters offer “system” counter
performance in a compact, half-rack
package. Two models are available: the
160 MHz Model 1991 and the 1.3 GHz
Model 1992. Racal-Dana Instruments,
Inc., Irvine, Calif., INFO/CARD #127.

o 1 ¢

Get
fothe
meaning
of it all:

An accurate measure
of field strength

The Aeritalia field-sensor sys-
temtells you what you need to
know to make rfi susceptibility
testing work. A range of bal-
anced isotropic (non-polar-
ized) sensor probes lets you
cover the entire frequency
band from 20 Hz to 1 GHz.
These handy small-diameter
probes, which fit easily into
TEM cells, may be purchased
individually to cover your fre-
quency requirements.

Sensor and repeater, linked
by fiber-optic cable, telemeter
data from your shielded room
on the level of the electric or
magnetic field around your
test item. This information, in
combination with AR ampli-
fiers, preamplifiers, antennas,
anddirectional couplers, gives
you real-time control of the
interference environmentwith-
in the test chamber.

Call or write for complete

information.
AMPLIFIER
RESEARCH

160 School House Road

Souderton, PA 18964-3990 USA

Phone 215-723-8181
TWX 510-661-6094
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Save up to

25%

on DBM'’s
fromn SOLITRON

™Pin-for Pin
Interchangeable with
Mini-Circuits DBM’s.

#Built with Solitrons Hi-Rel
Expertise

Mavailable Now ... Call
or write for samples or
specifications

ALSO AVAILABLE:

Quartz Crystals
Crystal Oscillators
RF/Microwave Mixers

Eolitron

8808 Balboa Avenue,
San Diego, CA 92123
(619) 278-8780
TWX: (910) 335-1221
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High Rejection Filters

A full line of very high power low pass
transmitting filters designed in standard
EIA 6'4" rigid co-axial configuraton in the
range of 10-650 MHz, with CW power
ranging from 25-100 kW are now available
from Cir-Q-Tel, Inc. Harmonic rejections of
20 to 100 dBc are standard. Losses as low
as 0.02 dB on certain models and VSWR
as low as 1.15:1, depending on complexi-
ty and cutoff frequency. Cir-Q-Tel, Inc.,
Kensington, Md., INFO/CARD #144.

L/C Meter With Handier Interface

An option to the company’s Model 520
digital inductance and capacitance meter
series that permits interfacing the built-in
tri-mode comparator to component hand-
lers has been introduced by Cambridge
Technology, Inc. Five lines are provided:
three are open collector TTL outputs, one
of which goes low if the high, low, or
dissipation limit is exceeded. The fourth
is a trigger input that allows the handler
to tell the instrument when to begin the
measurement. The fifth is a data ready
output that tells the handler when the data
is valid. The basic Model 520 is accurate
to 0.25% of reading, performs true 4-ter-
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minal measurements and is supplied with
shielded 4-terminal Kelvin clips. It has an
internally adjustable, 0 to 10 VDC capac-
itor bias voltage, and measurement fre-
quencies of 120 Hz or 1 kHz are automat-
ically selected. The instrument auto-
ranges from 0.1 pF/uH to 1999 uF/H. Full
scale and a range-hold feature permits
fast repetitive measurements. Cambridge
Technology, Inc. Cambridge, Mass.,
please circle INFO/CARD #142.

Just in case you haven't
heard: Stettner Electronics is
recognized as one of the most
versatile manufacturers of vari-
able ceramic capacitors
(trimmers) in the world. In
Europe Stettner is Number
One!

‘ Stettner stocks a wide var-
iety of variable and fixed

SPECIFY
THE BEST-
SPECIFY

STETTNER
TRIMMERS

ceramic capacitors for prompt
delivery, and can cross refer-
ence to most manufacturers.

STETTNER
ELECTRONICS, INC.
6135 Airways Blvd.
Chattancoga, Ténnessee 37421
Phone: (615) 892-0291
Call Toll Free: 1-800-251-4558

INFO/CARD 47
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Network

e ——
IQF-2-70 — 1&Q Networks

:

PDF-5€E-1000 — Power Divider

BMF-2-60 — Beam Former

AM-20-1.3 — L-Bond Amplitier

Integrated Assemblies and Discrete Components Designed and Tested
to Meet Hi-Rel and MIL Screened Requirements

Whether you are involved in the Stealth technology, airborne electronic warfare systems as INEWS or
other advanced and complex programs such as J-Stars, Merrimac’s experience can help. We offer you
either custom infegrated networks or discrete circuit elements to the MIL-screen or Hi-Rel standards
needed and in the configuration you require.

Merrimac provides integrated networks such as beam formers, up and down converters, 1&Q and
quadripole networks, as well as discriminators, phase shifters, phase comparators and modulators.
Available also are broadband, high level mixers, power dividers, quad hybrids, hybrid junctions and
directional couplers.

With 30 years experience in signal processing and 19 years in Hi-Rel devices and infegrated
assemblies, Merrimac is the experienced, dynamic company fo serve your RF and IF signal processing
requirements. Most of Merrimac’s broad range products are available ina variety of configurations; flat
packs, TO cans, platforms and discrefe connectorized, SMA and OSP low profile packages.

Call us on your next project. We can help.

1&Q NETWORKS IMAGE REJECT MIXERS

m Frequency from 10 MHz to L-Band B Frequency up to 4 GHz

= Phase range from 0 to 360 m Octave to decade bandwidths

B TO-8 package or flat pack # IF up to 500 MHz/octave to 5:4 BW

HI-REL POWER DIVIDERS BEAM FORMERS

B Ffrequency up to 125 GHz ® Frequency up to 1.5 GHz

# Bandwidth to 1 GHz ® Amplitude balance to - 025 dB

M MIL-STD-5-45743/MIL-WS-6536D m Bandwidth from 10 MHz to multi-octave

e Memimac

specifications. P.O. Box 986, 41 Fairfield Place, West Caldwell, NJ 07006
INFO/CARD 48 201-575-1300. TWX 710-734-4314. TELEX 6853128
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Ultra Low Noise - Low Power - Ovenized

Wenzel Associates

11124 Jollyville Road - Austin, TX 78759
(512)345-2703 TWX 910-997-4554
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Ferrite Bead-On-Lead Kit

Fair-Rite Products has made available
a sample kit of 12 different lead-mounted
ferrite beads in a range of imaedance
values for EMI/RFI suppression. '‘When in-
serted in a circuit which contains both DC
or low frequency signals and high fre-
quency noise or interference, a properly
selected bead will pass the desired low
frequency energy unimpeded and atten-
uate the unwanted high frequercy com-
ponents. The Fair-Rite Bead-on-Lead Kit

/ FERRITE BEAD-ON-LEAD 1
b, EMI SUPPRESSOR KIT |
; 1

/ R FAIR-RITE J

e —— -—

it e
Er ELL

contains an assortment of single hole
beads with either axial or radial tinned
copper wire leads. Production quantities
are available taped and reeled for use
with automatic insertion equipment, per
ElIA standards RS 296D and RS 468 re-
spectively. The included Engineering
Bulletin guides the designer in using the
beads to solve his EMI/RF| problems.
Fair-Rite Products Corp., Wallkill, N.Y.,
please circle INFO/CARD #139.

Quartz Crystal Frequency
Control Devices

SFE Technologies’ Electro Dynamics
Division has introduced a new line of
quartz crystal frequency control devices
in the RW-45 package configuration. The
downsized “AT cut” crystal is hermetically
sealed in a resistance-weld holder having
maximum dimensions of 0.345 inches
high x 0.274 inches wide x 0.135 inches
thick. Frequency range is 10 MHz to
16.999 MHz. These devices are intended
for high density circuit assembly. Optional
configurations include special pin cut,
lead forming and third “lead” for horizon-
tal mount. SFE Technologies, San Fer-
nando, Calif., INFO/CARD #138.

More EMI/RFI Protection

MORE SHIELDING SYSTEM OPTIONS
We offer a complete line of modular enclosures,

cabinets, and custom rooms.

Shielding materials, in solid-sheet or screen, cover

nearly every shielding requirement.

Our application engineers will help you design
enclosures that meet your requirements for
windows, filters for power and signal lines, wave

guide feedthrus and lights.

Other options include RF connectors, fiber-optics,
special access panels, automatic doors, emergency
exits, permanent ramps, and flush floors with fow-

rise thresholds.

EASY MODULAR ASSEMBLY

Our patented resilient clamping system permits easy
assembly. Enclosures can be modified and relocated
again and again without specially trained personnel.

Call us for more information and applications

assistance. 312-628-9100

Higher Performance

Independent tests show that Lindgren double-
electrically-isolated (DEI) enclosures give more
protection in low-frequency magnetic and high-

frequency electric fields.

INFO/CARD 50

5 ONLY LINDGREN
Y MODULAR SHIELDING SYSTEMS are\\
assemblied, tested, & guaranteed
1o meet specifications before
they’re shipped.

1228 Capitol Drive
Addison, lllinois 60101
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Battery Operated Log Amplifiers

The CBLA series of Log Amplifiers has
been designed specifically for battery ap-
plications. The log amplifier has both
standby and active current modes. When
in the standby mode (low power consump-
tion) it responds as a high gain linear
amplifier and allows for full signal detec-
tion. In the active mode it becomes a wide
dynamic range log amplifier with extreme-
ly fast rise and fall times. The amplifier
can be provided with dynamic range up
to 80 dB and input RF frequency range
from 10 MHz to 1.2 GHz. Power is sup-
plied from a single 12 volt supply. Video
output voltages are available to 0.3 volts.
The amplifiers have a wide temperature
range and will meet the environmental re-
quirements of MIL-E-5400 Log Tech,
Inc., Newbury Park, Calif., please cir-
cle INFO/CARD #137.

Surface Mount Trimmer Capacitor

Voltronics Corp. now produces screw-
tuneable surface mount precision trimmer
capacitors. These miniature parts are
available in two ranges: 0.1 to 25 pF
(CPA2) and 05 to 85 pF (CPA10). Qs are
over 1000 and 500 respectively at 250

\s o
Ne (o

MHz and are over 100 at 2 GHz. Self-
resonance frequency is over 45 GHz. The
self inductance is only 0.3 to 0.5 nH.
Dimensions are 0.20”" wide (5.08 mm) x
0.26" long (6.60 mm) x 0.09” high (2.29
mm). D.CWV. is 150 and temperature co-
efficient is -100 ppm/°C. They are suitable
for extreme conditions of shock and vibra-
tion of over 500 G because the moving
electrode is held in place by forces over
1000 times greater than its weight. Volt-
ronics Corp., East Hanover, N.J., please
circle INFO/CARD #135.

Higher Current Assemblies

A series of higher current assembiies,
designed and produced to meet JAN, JAN
TX and corollary military specifications,
has been introduced by Edal Industries,
Inc. Intended for application in RF gen-

CHIP

I Ms » RESISTORS

| Surface Mounted Devices
STOCK 24 HOUR DELIVERY
Others 2 Weeks MAX.

» STANDARD
10 Ohm to 25 Meg
LOW OHM
1 to 10 Ohm
e HI MEG
Up to 100 GigOhm
* POWER
Up to 10 W
e Any Value/Tolerance
18 Standard Sizes
Smallest .025” x .030”
¢ Hi Quality - Low Cost
Microwave Applications

ENGINEERING KITS
10 to 100 pcs / Value
SMD 1206 (IMS 10-2) IN STOCK

401-683-9700

International Manufacturing Serv.
50 Schoolhouse Lane, Portsmouth, Rl 02871
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New MLCs with negative TC available from
SFE Technologies combine excellent stability
and tight tolerances with a wide choice of packaging.

With a temperature coefficient of
-80 ppm/°C and -150 ppm/°C, our
negative TL MLCs span a capacitance

range of | pF to .056 uF with tolerances
to 1%, working voltages from 25 to 500
VDC, and have all other characteristics
of standard NPO series ceramics. Their
stable performance compared to plastic
film capacitors makes them ideal
replacements for polystyrene,
polypropylene and polycarbonate
components, in filters for modems,
cable TV, RF amplifiers and other
telecommunication applications. They
are unaffected by high production
methods of solder attachment such as
wave solder. Available in leadless

®

RF Design

chips, 2-pin DIPs, molded axials and

radials, glass encased axials and con-

formal-coated radials. In all standard
packaging methods including bulk,
tape-and-reel for pick-and-place and
automatic insertion.

Check these additional advantages:

* Cost effective—eliminates multiple
capacitor trimming.

» Compensates for positive TC of
inductive components, giving
superior filter performance over
temperature changes.

—E_,msd »‘
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NO80 & N150
Capacitance
Change (%) vs.
Temperature (°C)
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¢ Capable of high-density packaging in
thick-film hybrid or printed circuits.

For more information, call Steve
Klein at (818) 365-9411. Or write to
SFE Technologies, San Fernando
Electric Division, 1501 First Street,
San Fernando, CA 91340-2793.

TECHNOLOGIES
San Fernando Electric Division
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erators, broadcast AM/FM and TV trans-
mitters, medical devices, RF welders,
precipitators, Kiystron magnetron supplies
and radar transmitters, the new series is
offered in current ratings from 12 amp to
300 amp. All units are subjected to 100%
power rectifier testing before assembly in
order to meet the high reliability require-
ments demanded by both military and
commercial applications. Edal In-

dustries, East Haven, Conn., please cir-
cle INFO/CARD #134.

Mobile Radio Test Set

Marconi Instruments announces a new
Mobile Radio Test Set, Model 2955, with
advanced features designed 0 make
mobile radio testing simpler and faster. A
major portion of the front panel area is
devoted to a large 52" wide x 4%2” high

Edison
didn’t need
Modpalk .

But modern electronics involves more than a bulb, a vacuum
and a filament.

’

Your vulnerable RF circuit needs the
protection only Modpak can give: a

(1
.

'

wA W

Find out why

you need Modpak,
send for our
complete catalog

sturdy, RFl-shielded enclosure, user-
s designed with a choice of four inter-
changeable connectors and more than
( 30 standard off-the-shelf sizes or cus-
tom-fabricated in virtually any size.
/" Top and bottom covers are easily re-

moved for access to both sides of your
PC board. All this at an affordable low

Adams [ ¥ Russell

MODPAK DIVISION

80 Cambridge St., Burlington, MA 01803

(617) 273-3330
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CRT, which acts as the prime source of
information. Control is via color-coded
keys: Mode, Function, Numeric Data +
Units, together with just a few other selec-
tor keys and oscilloscope controls. This
simplicity of layout belies the fact that this
instrument embodies the functions of
eleven separate instruments required for
complete transceiver testing: Signal Gen-
erator, Modulation Meter, RF Frequency
Counter, Audio Counter, RF Power Meter,
Audio Generators, Audio Voltmeter, Audio
Distortion Meter, SINAD Meter, Encoder/
Decoder and Oscilloscope. The compre-
hensive display screen of Model 2955
shows all the control and measurement
data. Vertical bar-graphs for both transmit-
ter and receiver tests provide maximum

nanaaon

o 3

resolution for circuit adjustments of power,
SINAD, etc. The 2955 can perform and
display simultaneous tests on transmitters
and receivers in full duplex applications.
Comprehensive tone facilities are built-in
to this test set including all major National
and International Standards. In addition,
user-defined tones may be entered and
retained. Marconi Instruments, Allen-
dale, N.J., INFO/CARD #133.

Precision Variable Phase
Synthesizer

The Model 650 Precision Variable
Phase Synthesizer, capable of extreme
phase accuracy and suitable for multi-
channel testing with phase tracking, has
been introduced by Wavetek San Diego.

| ==

Multichannel phase tracking is attainable
to within 0.005° below 1 kHz and has 0.01°
setability. The 5% inch wide unit is con-
trolled by two 6803 microprocessors and
one 68000 microprocessor. The latter is
used as a co-processor and as the com-
putational portion of the phase accumu-
lator. Phase relationship of each channel
to every other channel can be preset by
the user. Model 650 can be used as a
phase standard or for calibration of other
phase standards in such applications as
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phase meters, synchro/resolver-to-digital
converters, phase locked loops, DPSK/
QPSK (communications) and phased ar-
rays sonar. The output capability of Model
650 is 40 volts peak-to-peak. Frequency
range is 100 uHz to 2 MHz, with a resolu-
tion of 100 uHz (10 digits). Waveforms
available are sine, square, triangle, and
variable duty cycle, square and triangle.
Wavetek San Diego, San Diego, Calif.,
please circle INFO/CARD #136.

18 Position RF Switch Control Unit
K&L Microwave Inc. announces the

release of a new 18 position RF switch
control unit. With automated testing in
mind, this unit interfaces with a computer
to remotely switch up to 18 devices cabled

to the unit. Standard units are rack mount-
ed with RF switches internally arranged
in a single pole, 18 throw configuration.
Switching specifications are: VSWR 1.5:1
maximum from DC to 18 GHz; insertion
loss 0.5 dB maximum from DC to 18 GHZ,
and isolation >60 dB thru 18 GHZ. Rear
mounted SMA connectors provide easy
access to RF switches. Visual confirma-
tion of activated switch is provided by front
panel mounted LEDs. K&L Microwave
Inc., Salisbury, Md., INFO/CARD #132.

LCD Pen Type Tester

The Akigawa AD20 auto-ranging and
auto-polarity 32 digit LCD Pen tester with
extended ranges features five DC volt
ranges (200 mV/2000 mV/20V/200V/500V,)
four AC volt ranges (2000 mV/20V/200V/
500V), six resistance ranges (200 ohm/2K/

20K/200K/2000K/20 MEG) and continui-
ty test. Data hold function allows lock
reading advantage. Unit is complete with
case, test lead, clip, short test probe, long
test probe and batteries. World Dis-
tributors, Inc., Huntsville, Ala., please
circle INFO/CARD #131.

SMA Attenuator Sets

Eilcom Systems, Inc. announces the
availability of two new sets of 50 ohm
coaxial SMA attenuators suitable for lab
testing or breadboard use. Each set con-
tains a 3, 6, 10 and 20 dB attenuator. They
are available in calibrated or uncalibrated
models. Attenuation accuracy is 0.5 dB
from DC to 1000 MHz, and 1 dB from 1000
MHz to 1500 MHz. VSWR is less than
1.35:1 at 1500 MHz, averaging 1.2:1 over
the band. They can dissipate 0.5 W CW
or 1 KW peak power. The design utilizes
MIL type connectors and high reliability
MIL resistors in a MIL plated housing.
Elcom Systems, Inc., Boca Raton, Fla.,
please circle INFO/CARD #179.

Fast Switching Power Transistors
Solitron Devices, Inc., Semiconductor
Division, has announced the immediate

CONNOR-WINFIELD OSCILLATORS

SHORT-ORDER SPECIALISTS

RF Design

=
4 big batch, too!

But we can cookup a

Connor-Winfield is ready to serve. Whether the oscillators you need are in
stock or custom designed or whether you need 1 or 10,000, our special of

4 | the day—everyday—is meeting your needs with the right combination of
quality and low cost. Are you ready to order? Call or write us today for more

CONNOR-WINFIELD CORPORATION
West Chicago, IL 60185 USA
Phone: 1-312-231-5270

TWX No. 910-230-3231

Cable: CONWINWCGO

A | information.
' Models:  ECLA, ECLB
‘ Egcn%re?ulgcv Frequency: 8MHz—200MHz, +.01%
L Supply: 5.2Vdc =5% or -4.5Vdc +5%
{ Output: 10K ECL or 100K ECL
Package: Allmetal, hermetically sealed
Models: DPS1 DPS2
Eevﬁr(,sqlcr;{:FWAVE Frequency: 1KHz—75KHz 100Hz—100KHz
] - Tolerance: +.01%, THD =5% = .01%, THD <5%
| Supply: 5Vdc +10% 8Vdc—15Vdc
Package: All metal, hermetically sealed
| Models:  S10C S10D ST0E
| Tglltl:og;gCKs Frequency: 31KHz—25MHz
[ F Tolerance: +.001% +.0025%  +.005%
3 Temp. Range: 0°—50°C  0°—70°C 26°—75°C
Package: All metal, hermetically sealed 14 pin DIP
Models: S14R8 S15R8
TTL CI:,?CKS Tolerance:  +.005% +.01%
AN - e Supply: +5Vdc +10%, 60mA max
Frequencies: 1,2,4,5,6,8,10,12,16,20,24,40,70MHz
Package: Ali metal, hermetically sealed 14 pin DIP
INFO/CARD 54
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Wanted
Technical Editor

RF Design is growing.

and to keep up with the flow of technical in-
formation we are planning to add to our
editorial staff by hiring a Technical Editor in
July.

The Technicai Editor will:

1. work with the Editorial Review Board and authors to
evaluate and edit technical manuscripts,

2. advise the Editor concerning the selection of articles
for each issue,

3. assist in writing the monthly Special Reports,

4. assist with the production of the Annual Directory,
RF Technology Expo 86 Proceedings and other special
projects, as required.

We are looking for an RF engineer, either an Electrical
Engineering graduate with RF training or one with recent
expernence n the field Pay is commensurate with educa-
tion and expenence Publications experience is a plus, but
not necessary.

This 1s a career opportunity with high potential in a ma-
jor mternational publishing company, located in Denver,
Colorado Send your resume to

Editor
RF Design
6530 So Yosemite St
Englewood. CO 80111

Only written applications will be considered.

76

Mi Shielding
Gaskets

figurations that will help you meet the latest
FCC regulations for Class A or Class B
Computing Devices.

Beryllium Copper
finger strips in con-

i AV Y

aasam
LLLLLEL

Tech-Etch offers RFI/EMI
shielding gaskets in a wide
variety of widths and lengths,
utilizing the basic
configuration.

Clip-on, pressure-sensitive
adhesive, or mechanical
mounting styles for gaps up
to 3/8" are available, and

INFO/CARD 55
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availability of a new series of low cost,
high current power transistors with IC
(max) ratings up to 70 amps and VCE (sat)
voltages as low as 1.25 volt at 50A. Iden-
tified as the SDT 96307-8-9 Series, these
fast switching devices are packaged in a
TO-3 case with 60 mill pins. The energy
saving capabilities of the SDT 96307-8-9
Series result in high efficiency for pulse
width modulated conversion systems, in-
cluding motor controllers, power supplies
and servo drivers. These single chip
planar devices make excellent replace-
ments for SCRs as well as equivalents for
MOSFETs in may applications. Solitron
Devices, Inc., Riviera Beach, Fla.,
please circle INFO/CARD #178.

Component Analyzer

The 6425 Precision Component
Analyzer is the newest addition to Wayne
Kerr's component analyzer line. Utilizing
a powerful microprocessor, the 6425 con-
tains all the measurement facilities re-
quired for the detailed analysis of capa-
citors, inductors and resistors.

With six figure resolution and a basic
accuracy of 0.05%, the Wayne Kerr 6425

" TechEtch

Tech-Etch, Inc., 45 Aldrin Road

Plymouth, MA 02360 (617) 747-0300

\\\\\ii\\\

mounting holes can be
added to customer specifica-
tions. The basic finish is
clean and bright, and other
finishes, including plating,
are also available.

For a free sample kit, please
write Tech-Etch.
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measures capacitance with the assoc-
iated minor terms D and Q; AC resistance
and impedance (series or parallel), induc-
tance with associated minor terms of D
and Q; conductivity, admittance and
phase angle. Internal DC bias voltage is
adjustable. The external power extends
the voltage range to a maximum of 50
Vdec. At full accuracy (0.05%) the 6425 will
measure capacitance as high as 5mF at
100 Hz with a resolution of 0.2 nH at 10
kHz, and resistance with a resolution of
0.01 milliohms.

The 6425 also features an amber dis-

I-POwer RF

AMPLIFIERS, TRANSMITTERS, POWER GENERATORS
10-10,000 WATTS! / 2-500 MHz Frequency Range!

HENRY RADIO
HAS THE PRODUCT
YOU NEED.

(If we don't have it, we'll make it.)

APPLICATIONS:

NMR, Nuclear Magnetic Resonance
PLASMA Generation

MEDICAL Applications

NUCLEAR Magnetic Imaging
COMMUNICATIONS Applications

play screen, soft key control (manual,
semi-automatic or GPIB remote control);
and battery-backed historical file manage-
ment. Wayne Kerr, Inc., Woburn, Mass.,
INFO/CARD #130.

Power Amplifiers for 500-1000 MHz
The 510 Series is a new family of power |

modules for 500-1000 MHz applications.

The modules, designated the MA510-5,

MB510-15 and 85 are combined using ‘ 2050 S. Bundy Drive, Los Angeles, CA 90025

quadrature hybrids, producing excellent TOLL FREE: 1-800-421-6631

input and output isolation. The MA510-5 | In California call (213) 820-1234

The New, Dynamic

FRENKY RADID

is a .05-watt muitistage linear transistor INFO/CARD 57

(?;:—&‘“‘ﬁn Y il £ KWK" ’AW_’Z.&‘
ﬁ/ )| Arc CAPACITORS A RE  INcLUDING ATC’s NEW RUGGED
|otA PHONE CALL AWAY. .. piiiee, SHPs, BARRIER Cap-

b AND LEADED DEVICES
® ]
‘5h1e plg?g?gg Osta’?dard in microwave capacitors for high “Q", high power for mi i ipli
o . PF 10500 WVDC. T.C. +90 + 20 PPM~C_ ' gl
17 5 B Ultra high Q" t

E ically 4X hi i i
o sl PP!\XP‘C. y igher than ATC 100 at microwave frequencies. 1 pF to 100 pF to 500 WVDC. T.C.

/

100£ HF 'VHF/UHF low loss transmitter i i
! porcelain capa i igh “O° hi
& capacitors for the most demanding requiremen?s ?r:t?ir% ?é%gé?{:ﬁ%eegﬁg Q." high power

1pF t0 2200 pF to 3600 WVDC. TC. +90 + 30 PPM C b

—O— 700A&B Ultra-stable NPO's with

- a UHF characterization. 0.1 PF 10 5100 pF, 500 WVDC. T.C. 0 + 30PPM/C
. 200 A & B Highest packaging densit
:@ 50 WVDC.

111 MIC”OCAP S A Low loss single-layer millimeter wavelength

Up10 50 GHE B by oI WVDCf:apacitors for use at microwave frequencies

¥, stable high K chip capacitors for bypass, coupling. 510 pF to 0.1 MF to

N SARNN T R  —

ATC capacitors are available with laser marking.

FOR RAPID DELIVERY, CALL (516) 271-9600

ameri i i
erican technical ceramics one norden lane, huntington sta. ny. 11746
516-271-9600 « twx 510-226-6993 » felex 221201

KIAEANN TN AR S U —

N

INFOICARD 56 7
June 1985



AD-VANCE SHIELDING:
THE “NICKEL'S” WORTH

Foil Magnetic Fields with AD-MU
Foil...Cut & Apply in Minutes

Solves many magnetic shielding problems for designers, experimenters, production
people and relatively small production runs. No waiting; can save days or wee<s of
valuable time. Eliminates designing, tooling and manufacturing costs for prefabricated
shields.

Use a single formula (ask us) to determine thick-
ness or number of layers. Or just use practical
trial and error.

Especially good also for hard-to-get-at
places and to make assemblies more
compact by placing magnetically
reacting components closer

together without perfor-

mance degradation.

/

Ask for NEW 84-PAGE
Time-Saving Reference
Manual/Catalog. Gives
Major Guidelines

for Magnetic Shielding

o

Design/Procurement

S

AD-VANCE MAGNETICS, INC.

625 MONROE ST. ROCHESTER, IND. 46975
(219) 223-3158  TWX 810-290-0294

NOW—4 Decades of Magnetic Shielding Leadership

.,_,m
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R.F. Coax
Connectors

BNC -F N -UHF
Adaptors
Commercial Grade

High Quality

Fast Delivery
Low Cost

\
Ga“ToII Free

1-800-824-0122
for Quote/Catalog

World Business Corporation

2720 W. Monterey *405
Torrance. CA 90503-7282

Order Desk
(213) 328-6871

In California
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amplifier for 500-1000 MHz low-level, pre-
amplified applications. The MB510-15 is
a compact, 15-watt linear ampilifier for ap-
plications within the 500-1000 MHz fre-
quency range. The MB510-85 is a 75-watt
linear bipolar transistor amplifier that
operates across 500-1000 MHz. This
power module employs push-pull, quad-
rature-combined circuitry for enhanced
isolation and broadband performance.
Acrian, Inc., San Jose, Calif., please cir-
cle INFO/CARD #126.

PC Board Option for RF Links
Neulink announces a “board only” op-
tion for its telemetry links. The UHF, VHF,
and mid-band radios are designed as
separate transmitting and receiving
boards. These radios replace costly tele-
phone lines and expensive microwave ap-

plications where voice, tone, or low speed
digital information is being transmitted.
The 6% " x 3" boards allow field person-
nel easy installation and integration into
current telemetry systems. The single
board’s radio also provides service per-
sonnel with easy access during service
periods. Neulink, San Diego, Calif.,
please circle INFO/CARD #125.

IBM PC Instrumentation
Control Software

The new GPIB package known as
GURU consists of GPIB interface board
with self-test/diagnostics, a high-quality
shielded GPIB cable, tutorial manual and
extensive support software including a
test procedure generator and subroutines
library. GURU is competitive in price with
GPIB similar packages which do not in-
clude tutorial and application support soft-
ware. Tektronix, inc., Beaverton, Ore.,
please circle INFO/CARD #124.

Telecommunications Signaling
Components

Tektronix, Inc. Hybrid Components
Operation (HCO), announces the availa-
bility of two new microelectronics com-
ponents: the Tek Multifrequency Gener-
ator 3501 and Tek Multifrequency Re-
ceiver 3101. These microelectronics com-
ponents are small, reliable and provide a
multiple source alternative to Aptek Micro-
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systems’ AMS 3501 and AMS 3101 com-
ponents. HCO plans to offer additional
telecommunications products in the near
future. The MF Generator 3501 contains
a CMOS digital frequency synthesizer,
digital-to-analog converter, and filtering
circuitry. A 2.976 MHz crystal is used to
generate the 18 frequencies required for
multifrequency inter-office signaling. The
MF Receiver 3101 was designed for use
with either the U.S. Rl or European CCIT
No. 5 signaling formats. A multifrequen-
cy receiver detects pulses and transfers
the digital information to control equip-
ment and establishes connections
through the switches. Tektronix, Inc.,
Beaverton, Ore., INFO/CARD #123.

Component Signal Generator
Rohde & Schwarz has announced the
Model SPF2C Component Signal Gener-
ator which produces signals to test:
a) new CCIR 601 specs for digital and
analog components; b) analog compo-
nent-based VTRs and ENG cameras; and
¢) MAC formats for satellite distribution.
New signal waveforms utilizing a low and
medium frequency triangular and saw-
tooth signal have been used with special
consideration given to noise measure-
ment. All signals are available (on three
75-ohm outputs) as Y, R-Y (V), and B-Y (U).
A button display allows selection of 26 dif-
ferent signals . Signal variants such as
APL, risetime or polarity use modification
switches. Rohde & Schwarz Sales Co.,
Lake Success, N.Y., INFO/CARD #122.

Synthesized Signal Generator
Comstron has announced the availabili-
ty of a Synthesized Signal Generator,
Model 740A with AM, FM phase and pulse
modulation; excellent in-close phase
noise; spinwheel and keyboard entry of

e M i .

o S T g

all functions; non-volatile memory for 40
complete configurations; 20 mSec. settl-
ing time; superb level accuracy, 10 Hz
resolution across entire frequency range,
and IEEE-488 BUS programming. The RF
frequency coverage over the range 100
kHz-1120 MHz (doubler option from 560
MHz) is derived from a crystal reference
driving a 10 Hz steps synthesizer, thus
producing the desired features of ac-
curacy, stability and spectral purity. Com-
stron Corp., Freeport, N.Y., please cir-
cle INFO/CARD #121.

THE LONG-TERM STABILITY OF A CESIUM.
THE SHORT-TERM STABILITY OF A
RUBIDIUM.

@ v

L T

-

y

OISCIPLINGD FREQUENCY STANDARD

wooer 210

AUSTRON MODEL 2110 DISCIPLINED FREQUENCY STANDARD

Announcing

THE FIRST MICROPROCESSOR CONTROLLED
DISCIPLINED FREQUENCY STANDARD.

Austron’s Model 2110 is the first micro-
processor controlled Disciplined Fre-
quency Standard. It offers an economical
solution to the most difficult and demang-
ing applications.

The Model 2110 automatically locks the
frequency of its internal oscillator to an
external reference that has superior long-
term stability. Through the use of a third-
order servo oscillator control technique,
the instrument corrects the frequency off-
set and aging of the internal oscillator.
Should the reference fail, the Austron
2110 can limit the frequency offset to
parts in 102 for several days.

A SOLUTION FOR DEMANDING
APPLICATIONS

® in communications systems where
spectral purity and redundancy are of
paramount importance

® in metrology where stable frequencies
to parts in 10'? accuracy are required

® in clock systems where a stable clock
with accuracies to + 100 ns is neces-
sary

® in frequency measurement where
there is a need to quickly set oscillators
to very high accuracies

OFFERING STATE-OF-THE-ART
FEATURES

® microprocessor controlied

® high-stability internal oscillator

® third-order servo oscillator control
system

® frequency measurement to parts in
1072 with 100 sec averaging times

® 1PPS clock output {externally
synchronizable)

® spectrally pure output signals

® optional IEEE-488 interface

® optional dual reference frequency in-
put allowing a choice of external
references

The Austron Model 2110 microproces-
sor controlled Disciplined Frequency
Standard is a first and it's from Austron.
The 2110 can solve your most difficult
timing and frequency application pro-
blems.

CALL OR WRITE FOR MORE
DETAILED INFORMATION.

LEADERS IN TIMING AND FREQUENCY MANAGEMENT

" AUSTRON e

P.0. BOX 14766 AUSTIN, TEXAS 78761¢(512) 251-2313=TWX 810/874-1356
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GaAs FET
Amplifiers
In 90 Days!

o
N\

../“

Complete Line, 2 to 21 GHz

Yes, we're quoting 90-day delivery on our
broad line of standard GaAs FET amplifiers.
Features of the proven line include state-
of-the-art noise figures, high linear power
outputs, and wide dynamic range.

Ultra-Thin Miniature MICPAKs

Our ultra-thin MICPAKS can operate as

standard connectorized amplifiers, or they
can be easily integrated into microstrip
systems as bolt-on units with RF and DC
pin connectors. Removable SMA connec-
tors are provided with every MICPAK.

Octave and Multi-Octave Bandwidths
Whether you have narrow-band, full-octave,
or multi-octave applications in radar, ECM,
missile control, or RF communications,
Systron Donner has the standard or custom
capabilities to meet all of your requirements.

Computer Designs To

Meet Custom Requirements

We also maintain full in-house facilities to
build fast-turnaround specials. Our custom
computer design department is operating
at the leading edge of MIC technology.
We'll create unique amplifier packages to
meet your exact specifications.

CALLOR WRITE FOR A CATALOG OR
CUSTOM DESIGN QUOTATICONS.

(818) 786-1760

SYSTRON MICROWAVE
DONNER DIVISION

A THORN EM) v

14844 Oxnard Street
Van Nuys, California 91411
(818) 786-1760
TWX: 910-495-1786
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New Literature

“Library’’ of Micro-Min Components For Surface-Mount
Assemblies

Allen-Bradiey Electronics Group and AWI have issued a Micro-
Min Component Library to educate the user on the benefits of
surface mount manufacturing technology developed by AWI. |t
is called Micro-Min for micro-miniaturization of circuit assemblies.
The spiral-bound softcover book is to be used as a guide to help
the user visualize the benefits of micro-min for the design and
manufacture of circuits. Available passive and active components,
including part numbers, certain specifications, descriptions,
packaging and vendors, are listed. AWI, Sunnyvale, Calif.,
please circle INFO/CARD #155.

Press-Fit Connector Catalog

SAE, Stanford Applied Engineering, has a catalog covering
the company’s new generation of press-fit connectors. The prod-
uct line features SAE’s TRI-LOK™ compliant pin system which
provides a gas-tight pressure fit between a pin and plated thru
hole in a PC board. The 20-page, 2-color catalog presents in-
depth descriptions of a complete family of backplane connec-
tors, such as fully shrouded, MODCON,™ reverse DIN and
edge card versions. Also included are I/O connectors in three
and four wall shrouded configurations, unshrouded and tele-
phone models. Stanford Applied Engineering, Santa Clara,
Calif., INFO/CARD #154.

Graphics Printed Circuit Drafting Technical Manual

Bishop Graphics, the world’s largest manufacturer of pressure-
sensitive, printed circuit design and drafting products, announces
the publication of their newly revised technical manual and
catalog. The publication, containing more than 220 pages and
called Bishop Graphics Printed Circuit Drafting Technical Manual
& Catalog 107A, is available free, upon request, from any Bishop
dealer or direct from Bishop Graphics. New products featured
in the 107A include Bishop's comprehensive line of microelec-
tronic artwork patterns for creating artwork masters for today'’s
high density PCBs. Also included for the first time is informa-
tion on ACCUPUNCHT™, Bishop's unique dual system punch
designed to give users the hole pattern of their choice for overlay
drafting applications. Bishop Graphics, Inc., Westiake Village,
Calif., INFO/CARD #153.

Applications Brochure for Linear Action DIP Switches

For application ideas and suggestions on how to use special
linear DIP switches, Grayhill, Inc. has published a new product
brochure, “Application Notes, Linear Action DIP Switches.”
Grayhill linear action DIP switches described in the brochure are
available in 10 and 16 station lengths and three circuitries, binary
coded output, single pole tap switch, and circuit selector.
Grayhill, Inc., La Grange, lIl.,INFO/CARD #150.

D.AT.A. ‘‘Linear ICs” Breaks Out Device Types for
Faster Search

The 34th edition of “Linear ICs,” the industry-standard tech-
nical reference book on linear IC devices, divides technical sec-
tions into specific device types for the first time, according to
publisher D.AT.A., Inc. Designers and purchasers can search
faster by going directly from the table of contents to the correct
page number without sorting through related devices. The ex-
panded table of contents now lists 15 major component cate-

RF Design



gories and 62 specific device functions within those categories,
each with page numbers to lead directly to the device informa-
tion. The “Amplifier” category, for example, is broken down into
Bufter Amplifier/Voltage Followers; Differential Amplifiers; Power
Amplifiers; RF/IF Amplifiers; and Video Amplifiers, each with a
specific page number. D.AT.A., Inc, San Diego, Calif., please
circle INFO/CARD #140.

New Brochure Simplifies Selection of Electronic
Counters

A new brochure from Hewlett-Packard Company describes the
company’s extensive line of electronic counters. Some 21 prod-
ucts are positioned to help the reader select the counter best
suited to solving a particular measurement problem. Selection
is further simplified by using the feature/price comparison at the
back of the brochure. Hewlett-Packard Co., Palo Alto, Calif.,
please circle INFO/CARD #148.

DC-DC Converter Handbook

This new 48-page product handbook includes comprehensive
data on Power General’s complete line of DC-DC converters, in-
cluding over 50 new products. Power supply characteristics are
presented in quick selection tables followed by complete engi-
neering data on all models. Also included is a glossary of DC-
DC converter terminology and tutorial information on DC-DC con-
verter operation. Power General, Canton, Mass., please cir-
cle INFO/CARD #143.

GST-MC2
Shielding Laminates

When it comes to direct shielding
of printed circuit boards, Glasteel
Industrial Laminates will help keep
you covered with GST-MC2
shielding laminates

Applications include die cut
forms to reduce RFI in disc drives,
card cage PC board radiated
interference, or aesthetic coverings
for walls to effect shielding to E fieids
of greater than 120dB at 1 MHz to 70
dB at 500 MHz.

ko
Y

PC Board

GST-MC2
Shielding Laminate

| Disc Drive

Features:

Excellent
fabricating
qualities

May be die cut
to almost any
size and shape

Al

Inquire for your special requirements

Glasteel Industrial Laminates

A DIVISION OF THE ALPHA CORPORATION
PO BOX 217 1727 BUENA VISTA » DUARTE. CA 91010
(213) 357-331

e}
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GIGATRIM

VARIABLE CAPACITORS
Sapphire Dielectric

- A -~ — B - @ Capacitance
- Ranges:

$ i W 342pF
- i 1o .8-8 pF

F-o

® Qualifiedto
MIL-C-14409D

®Qsto
~>5000
@250 MHz

Actual Size

Electronic Accuracy Through Mechanical Precision

Hohansor>

Manufacturing Corporation
400 Rockaway Valiey Road, Boonton, New Jersey 07005
201-334-2676 - TWX 710-987-8367

@® Zero 1C
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SERVING INDUSTRY & GOVERNMENT SINCE 1956

SEI--Your EMI
Problem Solver!

FCC; Parts 15, 15J & 18

VDE/CISPR

MIL STD.'s: 461/462
SAE e« ESD

Shielding Effectiveness

(Cables, Cabinets, etc.)

Radiation Hazard
And MUCH MORE!

Call SEI for All Your Testing Requirements.
BEST PRICING!

216/526-4386

') SmiTh ELECTRONICS, INC.

8200 SNOWVILLE ROAD
CLEVELAND, OHIO 44141
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NEED FAST LOG
RESPONSE?

LOG TECH HAS
THE SOLUTION

DO YOU NEED HIGH FIDELITY
LOGGED RF OR IF RESPONSE?
THEN STUDY THIS ACTUAL
PHOTOGRAPH SHOWING THE
LOGGED RESPONSE OF A ONE
MICROSECOND PULSE USING THE
CLA SERIES OF LOG AMPLIFIERS.

THE CLA SERIES OFFERS STATE
OF THE ART RISE AND FALL TIMES
TO PROVIDE A ‘“HIGH FIDELITY”
LOG RESPONSE.

SPECIFICATIONS:

Frequency Range
30MHZ—1.2GHZ

Input Dynamic Range
30 to 80 db (Selectable)

Meets Environmental Requirements of MiL-E-5400

WE INVITE INQUIRIES
CONCERNING YOUR SPECIAL
REQUIREMENTS.

LOG TECH, INC.
3529 Old Conejo Rd.

Suite 123

Newbury Park, Ca. 91320
(805) 499-6462
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Condensed Product Catalog

A new, 16-page, full product line short form catalog has been
published by Global Specialties, an Interplex Electronics Com-
pany, to briefly describe the company’s entire line of instruments
and components for electronic testing and design. This booklet
is dividad into instruments, frequency counters, logic monitors,
logic probes, solderless breadboarding, Data Routers, Data
Directors, and instrument enclosures for convenience. The use
of a built-in reply card will bring the reader specific data on each
of these product groups. Global Specialties, New Haven,
Conn., INFO/CARD #145.

Environmental Chamber Product Guide

ESPEC Corporation, a manufacturer of environmental
chambers, has announced the availability of their new Product
Guide/Catalog. Featured in this catalog will be the complete line
of ESPEC environmental chambers, which include temperature
and temperature and humidity chambers, accelerated life testing
chambers, thermal shock chambers, burn-in test systems, heat
treating chambers, vacuum ovens, clean room ovens and a range
of special chambers. Sizes range from laboratory scale through
to large scale test chambers and walk-in chambers. ESPEC Cor-
poration, S. Plainfield, N.J., INFO/CARD #91.

Electronic Hardware Catalog
Cable clamps, cable straps, cabinet feet, tilt stands, PCB

CONSULTING
DESIGN
and FABRICATION

e EM SENSORS

Current Probes
Antennas
FCC & CISPR LISNs

NANOSECOND TRANSIENT
SUPPRESSORS

Coaxial Lines

Power Lines

Telephone Circuits

I/0 Semiconductor Circuits

_BPec

Fischer Custom Communications, Inc.
P.O. Box 581 Dept. J
Manhattan Beach, Ca 90266

(213) 642-0049
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mounting posts, grommets, hole plugs, shoulder bushings,
shoulder washers, antenna connectors and antenna insulators
are offered in this revised publication. Information provided on
each product includes prices, engineering data, application in-
formation and installation instructions. Budwig Manufacturing
Company, Ramona, Calif., INFO/CARD #90.

LCD Catalog

Hamlin, Incorporated, the leading U.S. manufacturer of stan-
dard and custom LCDs, has issued a new 24 page catalog featur-
ing hundreds of standard displays exactly cataloged for applica-
tion in most industries and environments. This catalog provides
in-depth technical and dimensional information on specific LCD
types including: guest-host dichroic, multiplex, and direct drive
(TNFE) displays. Available display options include: number of
digits, display size, fluid type, segment and background color,
termination, operating voltage and more. Also included is a
custom LCD design sheet for applications where a standard
display does not meet the designers’ exact requirement. Hamlin
Incorporated, Lake Mills, Wis., INFO/CARD #93.

Switches Catalog

ITT Schadow announces its new 1985/1986 full line switch
catalog. The 112 page catalog features high performance key
switches, high volume key switches, keyboard switches, push-
button switches, power switches, telecom switches and rotary
switches. In addition to new products, ITT Schadow has improved

CELLULAR RADIO

RF AMPLIFIER
S —
L]

- «  Model

q v &~ PF833

Part of Janel’s complete line of cellular radio
components is this high dynamic range
amplifier. Features include a high reliability
hybrid configuration, low distortion, and a low
noise figure.

PARTIAL SPECIFICATIONS

Frequency 800 to 920 MHz
Gain, 0.5 dB 26.5 dB
VSWR, 50 Ohm, max 1h510]
Noise Figure, max 2.8 dB
3nd Order Intercept, min +34 dBm
Power, 20 Volts 275 mA

Janel manufactures a wide range of standard amplifiers, power
dividers and other rf components. Custom designs can be pro-
vided for unusual applications. For detailed information, call or
write Janel Laboratories, Inc., 33890 Eastgate Circle, Corvallls,

e !
VOLTAGE CONTROLLED

ATTENUATORS

(¥ 50 to 1250 MHz
Frequency Range
[wF 20 or 40 dB Attenuation

TYPICAL

N | ] | [
| R ) 2

m
<
z
Q
<
5
2R
E
<

CONTROL VOLTAGE

¥ +0.5 dB Linearity
[#1.25 VSWR Max.

SPECIFICATION P/N DA0244 P/N DAO243

Frequency 50-200 MHz | 50-1250 MHz
VSWR 1.25 max. 1.5 max
Linearty +05dB +2.0dB
Insertion Loss 1 dB max 3.5 dB max
RF Power 10 dBm
Impedance 50 ohms
Attenuation Range 20 dB min
Controt 0 to +5 volts
DC Power 15 volts at 60 mA

15 volts at 80 mA

Industry Leader in
Hybrid Switches,
Delay Lines, Step
Attenuators, Voltage
Control Attenuators

DAICO INDUSTRIES, INC.

OR 97333. Telephone (503) 757-1134.
2351 East Del Amo Blvd., Compton, Calif. 90220

@JAN ELLABORATORIES
Telephone: (213) 631-1143 - TWX 910-346-6741
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User friendly
miniature
programmable
attenuators

Get acquainted with Alan Series MDA miniature
programmable attenuators. These rugged, preci-
sion products have a switching speed of 6 milli-
seconds and switch life of 10 million selections
per bit. They are manufactured under our Quality
Assurance Program which complies with MIL-Q-
9858A and MIL-STD-45662. Standard units are
arranged in binary sequence but other attenua-
tion steps and control voltages are available. Pro-
gramming for automatic test equipment (ATE)
systems or remote control OEM applications is
user friendly.

The miniature MDA Series is as small as 1 x 1 x
3.175". Attenuation to 127dB. VSWR 1:3:1 @ 500
MHz and 1:4:1 @ 1 GHz. Logic 4, 6 and 8 bit. This
series is useful in many applications to 2 GHz.

Specify our Series MDA miniature programma-
ble attenuators and enjoy carefree automation at
competitive prices. Call us today.

Alan

INFO/CARD 70

Alan Industries, Inc.
P.O. Box 1203
Columbus, Indiana 47202
Phone: (812) 372-8869

' ’ _’iter atur € continued

their key switch selector guide and has included an Introduc-
tion to Power section, which contains option guide, approval
options, definition of terms and symbols and worldwide approval
agencies. The catalog details features, benefits, technical data,
mechanical data and ordering codes for each of ITT Schadow’s
switch products. ITT Schadow, Eden Prairie, Minn.,
INFO/CARD #92.

Lock-In Amplifiers

EG&G Princeton Applied Research has published a “Lock-In
Applications Anthology’ that describes the use of lock-in
amplifiers in a variety of low-level signal measurements. The 74
page booklet contains 20 application notes and is divided into
six sections covering solid-state, spectroscopy, electrochemistry,
mechanical, instrumentation and engineering applications.
Among the covered topics are: “Measurement of Semiconductor
Device Capacitance,” “Automated Measurement of Interface
States,” “Ratiometric Spectroscopy,” “Basics of AC Impedance
Measurements,” *‘Detection and Measurement of Light Signals,”
and “Femtosecond Signal Measurement.” EG&G Princeton
Applied Research, Princeton, N.J., INFO/CARD #107.

Miniature Circular Connectors

A new eight page catalog from Souriau describes the com-
pany’s 8526 Series of miniature circular connectors and
associated contacts. Thirteen outline drawings and dimension
tables are given for the plug, plug with RFI fingers, jam-nut mount
receptacle, square flange receptacle, solder mount hermetic

“Nobody believed
I'd ever get married.”

Prezident’s Committee on
Employmert of the Handicapped
Washington. D.C. 20210

The School of Visual Arts

Public Advertising System
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receptacle, square flange hermetic receptacle and jam-nut
hermetic receptacle. Souriau Inc., Valencia, Calif., INFO/CARD
#106.

Modular Probes

A six-page folder from Ballantine Laboratories, Inc. catalogs
and details an extended new family of rugged, modular probes
for oscilloscopes and meters made available for the commer-
cial marketplace. The new catalog also details specifications and
applications for a unique high voltage RF detector probe. The

BaIIantifne Model 1085;A,hone of th(e: compény's new line or: HIGH Q

probes for multimeters, high voitage AC and DC meters and hig

current meters, features an optional *“Tee” connector for direct CERAM'C CHIP CAPAC'TORS

50-ohm measurements and a 100:1 divider to handle very high Mini il 3 1 A \

RF input voltages. These are the first multimeter probes capable STIRKINS T Ea 5 ~capagior Ch'Ps with  High-Q

of this performance. Charts and photographs detail specifica- characteristics for applications in the microwave frequen-

tions for the full line of Ballantine probes. Ballantine cy range. Available in two of the most popular standard

Laboratories, Inc., Boonton, N.J., INFO/CARD #109. chip sizes, the capacitance range is from 0.1 pf to 1,000
pf. The Q-factor is greater than 10,000 at a frequency

Measuring Instruments Catalog of 1 MHZ. Desjgned and manufactured to meet or ex-

The Fred V. Fowler Company announces publication of the ceed the requirements of MIL-C-55681-B.

new Catalog No. 1684, Quality Measuring Instruments and Preci-

sion Tools. Included is a wide selection of digital electronic in- JOHANSON “}

struments with computer interface capability, plus the latest in

measuring machines and electronic measuring systems. Addi- I; D”ELE@TR @S

tional items in the catalog include precision tools, optical measur-

ing instruments, toolmakers’ aids, shop tools, work holders and | 2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505
more. Fred V. Fowler Co., Inc., Newton, Mass., INFO/CARD (818) 848-4465 TWX 910-498-2735
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il CAE for ]
Analog Circuit Designers

+ COMPONENT SENSITIVITY
PLUS: + OUTPUT WAVEFORM for any INPUT
* OPTIMIZATION + IMPROVED ALGORITHMS
1-500 MHz RF Switch - 98 NODES - COMPATIBLE with HP DATA FILES
+ TIME DOMAIN + INTEGRATED with FFT and
+ GROUP DELAY MEASUREMENTS with HPIB
+ RELATIVE PHASE + 6 YEAR TRACK RECORD
+ NEGATIVE COMPONENTS + 30 DAY TRIAL

Model A64 is an ultra wide band PIN diode
solid state switch for transfering both low and || 55 ALSO:FFT WAVEFORM ANALYSIS
high level signals with negligible distortion, g TGS DU ARG

. : 0 o 3 ; + INTEGRATED into ONE FILE
high isolation, and minimum loss. b1

| i) THREE INTEGRATED MODULES:
® 1-900 MHZ C Impedance TranSformer : :gfcrmtl\nalyslswi(hOPTIMIZATION $750.00
RF InStruments 2 Impedance Bridges by ?‘Fvcya‘veformAnalyslsfovTime Domain  $750.00
® RF Amplifier ® Precision Termination ARG IRy oo o=
[ J RF Com parator [} Rf Analyzer RpT ¥ Double all prices for 9020 Computer version
Availabie 50 or 75 ohms , DEMO DISK AVAILABLE
COMTRAN INTEGRATED SOFTWARE
FROM
Wide Band Engineering Co., Inc. jensen transformers I
{

P.O. Box 21652 1838 East University Drive
Phoenix, Arizona 85036 Phone (602) 254-1570

10735 Burbank Boulevard « North Hollywood, California 91601
' Contact Deane Jensen (213) 876-0059 « Closed Fridays

INFO/CARD 62
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»F opportunities

(" CIRCUIT DESIGN ) RFIMICROWAVE RF/MICROWAVE

ENGINEERS ENGINEERS e
Representing companies (In New England and National-
e ANALOG * Entry to 10 yrs. exp. 28-50K ly) with hundreds of opportunities for RF and Microwave
Engi th ntact necessary for
. DlGITAL ® Moncgers cmd consulfonts 45'65K lhf;?':;;fzof:;;:?::ex:' ilf)eora‘en:: challenge or career
* RF preferred + Finders fee and bonus program agiancenment.
Our senior and intermediate level posi- o We travelinotionwidete scek ETJ':;VTEOLS YRS. EXP gg-ggz
tions offer a friendly, creative environment out the best companies M MANAGEMENT40-70K
at our new executive headquarters in a 0 St SENIOR AND -
suburban setting, equidistant from the big Y Professional, confidential, free resume preparation ser-
apple, Pocono ski resorts and Atlantic City * Meet us personally to learn about our "‘C"-'C“:'“'Cl"m;?c:":ezo“;:”’“ all interviewing, employ-
seashore. client opportunities in Florida, Texas, PR
Please reply in confidence with resume and Colorado, California and your area Nationwide
salary history to: ¢ All expenses and fees paid . :
e alineg : ; Business Service
48-
co",é?.:ﬁes,ui,zo,i? o) PERSONNEL CONSULTANTS
BOONTON ILRA ] ESTABLISHED 1937
Gorm 145 STATE STREET,
791 Rt. 10 ¥ Es',?;'ﬂf - SPRINGFIELD, MASSACHUSETTS 01103
Randolph, NJ 07869 Carmel, IN 46320

EOE (201) 584-1077

Growing electronic manufacturer
offers excellent career opportunities
and benefits including medical, dental
and pension plans.

APPLICATIONS
SALES ENGINEER

R.F. Induction Heating
Equipment

RF ENGINEER

Colorado : Excelient opportunity for an EE or ME
or equivalent with good seiling skills to
grow with the fastest growing manu-
facturer of induction heating systems

A In the U.S
d Y/
Manufacturer of RF products for TV broadcast, CATV
and satellite TVRO needs EE's to design new products. E N G' N E E R
Experience in RF/microwave circuit design required. .5-120 MHz
. x : 3kW - 500kW Output
Based in Burlington, lowa and recognized as an Induction and Dielectric
industry leader for 30 years, Winegard Company
f g p Heating Systems
develops new products at its engineering and research
division located in a scenic Colorado mountain ?r"egé‘htlitanr%'glg ODPC‘J'TU""Y awaits a
community within commuting distance of Denver e b of?qsu?vval’;%fsvrft‘;"z"’f'gh
Our medium-sized, stable, independent company vears applicable experience
offers multiple benefits for its professional employees. For the above positions, please send
resume including salary history to:
N.A. Greene

Phone or send resume to Jim Kluge, Winegard
R&D Lab, P.O. Box 940, Evergreen, CO 80439.

(303) 674-5576 Radio Frequency Co.

150 Dover Road

. “ Millis, MA 02054
WINEGARD N A0 eaual cpporunty mpiover
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Diagnose the Present.
iscover the Future.

‘‘Each scientific discovery BN V- ; "i o

» High efficiency broad band solid
state RF power amplifiers having
precision linearity. Strong
documentation skills required.

* Military receiver HW design for
precision phase track receivers to
DoD requirements using ultra-pre-
cision internal phase/amplitude
alignment.

increases one’s ability ... to control 3 . |
future events.”’ Dr. Laurence J. "o ) \
Peter, Academician and Author - .

Put yourself in the forefront of
today’s advanced systems
technologies and you can get a head
start on making the breakthroughs
that shape the future of avionics
electronics.

Northrop DSD engineers have a
unique advantage. They are immersed
in the newest hardware, software and
systems. They are challenged within
demanding project environments. And,
they have the opportunity to interact
with highly motivated individuals in
close-knit project teams. It's a career
future worth investigating. Immediate
opportunities at Northrop DSD include:

TWT Project Design Engineers

BSEE or Physics or equivalent;
advanced degree a plus. Will develop
TWT design, fabrication and testing
procedures with product line design
responsibility.

Qualified candidates are invited to
send resume with salary requirements
to: Supervisor Staffing, Northrop
Corporation, Defense Systems

] 4 phased arrays, monopulse, D.F. Division. 600 Hicks Road. Rolli
Electrical Design/ system and millimeter wave Meadows, IL 6(;008. /?r? e'qugl )
Development Engineers techniques. opportunity employer M/F/V/H. U.S.

Positions require BSEE or ATE Engineers Citizenship Required.
equivalent, and design and -
development experience in one of BSEE or equivalent, and related
the following specialized areas: software/hardware experience

R s required. Advanced degree and
Power Supplies » Microwave avionics/military ATE background
Receivers ¢ Analog ¢ Digital desirable.
: i - ; “pes

Antenna Design Engineers Project Engineer g::ﬁg:;sssysst:;:; gm&s'on

BSEE or Physics or equivalent, MS BSEE, or equivalent; experience in y P
desirable. Reqguires knowledge of one of the following areas:

N:)[throp DSD: Where the mdladu—al thrives... on forésight.




AUTOMATIC TEST ENGINEERS:

BSEE/BSCS BACKGROUND IN ATE/SEM PUT A NEW MARKETING REP
AUTOMATED TEST EQUIPMENT

HARDWARE: ANALOG & RF CIRCUITS ON YOUR TEAM!

CELN . TE TaseaL/ USE REPRINTS FROM RF DESIGN MAGAZINE

FORTRAN ASSEMBLY
POSITIONS AS UNIT MANAGERS & SR
PROJECT ENGINEERS

LOCATION SOUTHWEST For a cost-efficient way to reach your customers — and
PROJECT ENGINEER & SR. PROJECT potential customers — reprints are the way to go.
ENGINEERS:

BSEE/MS BROAD BAND SOLID STATE
RF POWER AMPLIFIERS

TWT & SWITCHING POWER SUPPLY

DESIGN ENGINEERS WHY REPRINTS?
BSEE OR PHYSICS PRODUCT LINE g
DESIGN BACKGROUND * Advance consumer & lndustry awareness
S L N R -V OBy N, e Focus attention to your products & services
o O IMIER LRI fo: e Explain what your company does

AR Sy 15 e Positions your company as an industry leader

International
Technical
services Order your reprints now. Let a low-cost solution solve a
P.O. Box 56037 high-cost problem.
Phoenix, AZ 85079
602/246-6951 For further information on how to order your reprints,
call Lisa Fontana at (303) 694-1522.
Advertiser Index
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High tech leadership
in high power amplifiers

Application requirements for solid
state RF/Microwave amplifier
systems become more demanding
every day Power outputs up to 20KW
and frequencies up to 20GHz present
formidable challenges in circuit
design and fabrication i
techniques. Add to that a
host of complex operational
and environmental req-
uirements which are now
being met by M/A-COM MPD
with a diverse array ot ‘ — -
technological disciplines: ~ : I
high power switching for b

antenna T/R; electro-mechanical and
solid state filter switching for harmonic suppression;
prime power conditioning; antenna integration: high power
tunable tilters for co-location conditions; microprocessor
interfacing for control and BITE; air and liquid cooling for high
density packaging.

The compact assembly shown here is a Class AB solid state
amplitier sub-system for airborne communications. It delivers 1000
watts in the UHF band, and includes a unique digitally addressable
high power filter to assure extremely clean RF output, allowing
multiple amplitiers and receivers to be co-located without impinging
on one another. Featuring high density easily maintainable
packaging, with an ability to perform in a mission-critical environment,
it is one more example of our expanding high tech leadership in high
power amplifier systems and sub-systems...the kind of leadership that can
meet the most difficult requirements of your EW, radar, communication
and test applications.

MP M/A-COM MICROWAVE POWER DEVICES, INC.

D"‘ 330 OSER AVENUE, HAUPPAUGE, NY 11788  (516) 231-1400 TWX 510-227-6239
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EXPENSIVE

& Al-510, you can afford it.

ﬂ 510

.461000 [H;IIEHZ
COVERA
w.__..___.,,_.._((,. v
: —— ~—.'-.-'H
DYNAMIC
RANGE

SPEGTRUM

ANALYZERS
DON'T HAVE TO BE

If you think spectrum analyzers have to cost $12,000+
then here is good news! For less than $7,000 the
Texscan Al-510 Spectrum Analyzer covers from
.4 MHz-1 GHz with a 70dB dynamic range on screen.
Line or battery power enables laboratory, produc-
tion line or field use at an unbeatable price. Imagine
how much easier production test or engineering
\ development could be if every technician had a
. spectrum analyzer to use. With the Texscan

10 dB/DIV 200 KHz/DIV

B LOCK

Center 4 -
| STABILITY FECHERG0Y Wl
Dispersion 2 KHz/div
-100 MHz/div
Resolution 200 KHz/
10KHz/500 Hz
Sensitivity —100dBm @
200 KHz b.w.
Noise Sidebands > —50dBc,
15 KHz away
Display Range 70dB/14dB/lin
Power 117 VAC/Internal
Battery
Weight 30 Lbs.
10 dB/DIV 20 KHz/DIV Texscan
Texscan Instruments ¢ 3169 N. Shadeland Avenue * Indianapolis, IN 46226 » (317) 545-41396 CORPORATION

INFO/CARD 75






