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What RLC’s
Attenuators and
Terminations
Can Do For You...

PERFORM!

From DC to 26.5 GHz
with low VSWR,
excellent power handling
capability and consistent
accuracy.

RLC’s complete line of attenuators
andterminations have the high quality
and superior performance you need.
Select a standard attenuator or
termination from our catalog or have
us build a custom one to your exact
specifications. Prototype .delivery—
takes less than four weeks, standard
delivery from stock.

Types:
Attenuators: Precision Step,
Miniature Step,
Switchable,
Programmable,
Continuously Variable,
Miniature Fixed,
High Power Fixed,
Terminations: Low, Medium and .~
High Power -

Frequency Range: | DC to 26.5GHz
Attenuation Range: | 0- 130dB

Average Power: 10 175W
Connectors: .~ | SMA, N, BNC, TNC

Environmental Attenuators:
Conditiefs: MIL-A-3933
. Terminations:

1% MIL-D-39030
Programmable Fail Safe, Latching, (
Options: TTL, Indicators, '
Voltages

Call or write today for complete :‘é
specifications. ’ '

P - :.\‘~
Ifl RLC ELECTRONICS, INC. '

83 Radio Circle, Mt. Kisco, NY 10549
(914) 241-1334 « TWX: 710-571-2103
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‘"Can’t Miss"’
Dependabilit

Reeves-
Hoffman

fills your
MIL-0-55310
and other

high reliability
requirements

A long-term commitment ‘
to quality has earned Reeves- N
Hoffman a high degree of I g
customer confidence. Those who I
depend on us demand high performance
and cannot afford component failure. For
those needs, Reeves-Hoffman is right
o on target. [ | Reeves-Hoffman
\ has provided high-quality
quartz crystal products for
! military ond industrial applica-

'\',\\ <
"’l

tions for nearly half

a century. This

experience is enhanced

by an unmatched degree of

order control; we are the only

oscillator manufacturer with in-house facilities
for the production of quartz crystals, hermetic
seal packages, and hybrid substrates. [ In
addition to MIL-QPL oscillators, we can also
provide you with custom designed oscillators to
fit your special requirements. [ Whether you
need MIL-O-55310 QPL

oscillators, or the reliability

that a QPL supplier

,T |  can provide, set your sights

’ ] 1 ] on Reeves-Hoffman.

DIVISION DYNAMICS CORPORATION OF AMERICA

Reeves-Hotfman, 400 W. North Street, Carlisle, PA 17013 USA ¢ Phone 717-243-5929
TLX 265873 RHDV UR ¢ FAX 717-243-0079
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NEC introduces an extensive line of low

cost RF amplifiers, RF prescalers, high
Ft transistor arrays, UHF converters,
and demodulators.

Take the high frequency amplifiers for

example. They include a choice of 13 different
circuits (see insert). And low prices? Try the

i B UPC1675G or UPC1676G wideband amplifiers.
Both are under 75 cents at the 2500 piece
quantity. And no external biasing resistors
are required.

Most of these [Cs are available as chips,
. : or in ceramic, metal, plastic DIP, or plastic
Intr Oducmg Our LOW COSt Llne surface mount (SMT) packages. Consistent
: > i performance and volume
of High Frequency, High Speed ICs i
the NEC mass produc-
tion process.
Call or write today
for our free brochure
on NEC Silicon ICs.
With CEL you get the

technology that puts you ahead,
and the support that keeps you there.

California Eastern Laboratories

NF 3260 Jay Street. Santa Clara, CA 95054 (408) 988-3500
4 Western (408) 988-3500  Eastern (301) 6571310

% Canada (613) 726-0626
NEC COI’DOfatIOH Europe NEC Electronics GmbH 021176503

Wideband Amplifiers Prescalers —0.5-2.8 GHz.
UPC1651.2,3 1.2 GHz at 3 dB down, 18 dB Gain Transistor Arrays —F=9GHz
UPC1654 1.1 GHz at 3 dB down, 19 dB Gain, 10.5 dBm Pg,;¢ Configurable as: Mixers, EXOR/NOR
UPC1655 1.0 GHz at 3 dB down, 5.5 B NF, 18 dB Gain Gates. Diff Amps, Multipliers
UPC1656 850 MHz at 3 dB down, 19 dB Gain, 10.5 dBm Pgyq
UPC1658 Low Noise, 1.5 dBNF at 100 MHz

UPCI659  0.6-2.3 GHz, 5 dB NF, 23 dB Gain Demodulators —FM and QPSK
UPCI16756G 2.1 GHz at 3 dB down, 5.5 dB NF, 12 dB Gain

UPC16766 1.4 GHz at 3 dB down. 4.5 dB NF. 22 dB Gain

High Isolation, Differential, AGC Amplifiers

UPC1668 =55 dB isol at 70 Mifz, 14.5 dB Gain, 13 dBm Py,

UPC1669 — 55 dB Isol at 70 MHz, 10.5 dB Gain, 11 dBm Py,

UPC1670 — 55 dB Isol at 70 MHz, 7.0 dB Gain, 11 dBm Py,

UPC1663,4  Differential. Up to 700 MHz

UPC1476 AGC, 20-600 MHz, 45 dB Gain Control

Down Converters —Upto 1.0 GHz

.
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Cover Story

Microwave Subsystem Design Using Schematic Capture
The analysis and optimization ability of SUPER-COMPACT™ has been combined with
the schematic capture and system layout capacity of Tektronix’ DDSC in a new soft-
ware package. Together, they allow engineers to examine larger systems and collect
the work or several engineers in a single subsystem.

— John A. Mezak and Stephan A. Mezak

Features

Special Report — The RF/Aerospace Alliance

The final part of our series on the interdependence of RF and other technologies looks
at the aerospace industry, where military systems are the largest users of RF techniques
for communications, missiles, navigation and countermeasures. — Mark Gomez

Featured Technology — The GaAs MMIC Explosion:
Three Case Histories

The rapid surge in development of GaAs MMICs is illustrated by examining three com-
panies’ directions in products and applications. — Gary A. Breed

Power Transistor Output Port Model

Switch-mode applications of power transistors, including both RF amplifiers and switch-
ing power supplies, have not had adequate models for circuit design and analysis. This
article presents parameters for such models and proposes a figure-of-merit to characterize
transistors in switching circuits. — Nathan O. Sokal and Richard Redl!

Microstrip Low Pass Filter Design

By examining the design process for a 2 GHz-cutoft filter, the author offers insight into
the fundamentals of microstrip filter design. — Alan Tam

RFIVEMC Corner — MIL-STD 461B/C Test Requirements
and Comparison

The second of two articles on the revised military EMC standards examines specific
test requirements, and identifies the changes from the previous standard.— Mike Howard

Designer’s Notebook — A Variable Bandwidth IF Amplifier

The value of filters in reducing noise is well known, but in a TDMA environment, a fixed
bandwidth cannot always be specified. This note describes the design of a variable
bandwidth IF amplifier. — Steve Kuh

New Products at MTT-S

RF and microwave engineers attending the MTT-S Symposium in Las Vegas have an
opportunity to look over the latest technology.
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HIGH POWER

2 Way Combiner

1000 WATTS

Model D2051

Freq. Range 1-200 MHz
Loss 05 dB
Isolation 20 dB
Model D1824
Freq. Range 20-500 MHz
Loss 05 dB
Isolation 20 dB

BROADBAND RF
COMPONENTS
Hybrid Junctions
Power Combiners
Power to 20 KW
Frequency .01-2000 MHz

See Gold Book and Microwave & RF
Product Directory for Additional Products.

WERLATONE INC.

NP P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
TWX 510-600-0747

decades ahead
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Playing Hardball in April

By Gary A. Breed
Editor

he month of April had two major

headlines — baseball and interna-
tional trade. The Brewers had quite a
winning streak, Bo Jackson was getting
Royals fans excited; there were no-hitters
and home runs enough to make any
sports fan happy.

The other news headline wasn't quite
as much fun. On April 17, President
Reagan imposed import tariffs on Japan-
ese laptop computers, color TVs and
small power tools. This retaliation for
computer-chip dumping and lack of Jap-
anese cooperation has the potential for
starting a major trade conflict. Baseball
may the favorite American sport, but mak-
ing profits from American consumers and
businesses seems to be a favorite sport
of many foreign countries, not just Japan.

Unfortunately, it is very difficult to deal
with our trade imbalance. We have grown
extremely dependent on imports, from oil
to precious metals to VCRs. Quite sim-
ply, the advanced technology and pros-
perity of the U.S. cannot exist without
strong economic ties to the rest of the
world. There is not a country on Earth that
is truly independent, economically. It is
time for everyone to realize that we have
a world-wide economic system, a collec-
tion of inter-connected national econo-
mies.

The problem with the global economy
is that every player doesn’t subscribe to
the same set of rules. The game of base-

ball would cease to exist if a team could
choose any set of rules it wished, and
could change them at any time. The more
serious game of international economics
needs players who can agree on the
rules. Just like baseball, if we don’t like
the way things are going, we can take our
ball and go home. Unlike baseball, the
result of a called-off game is chaos. Pro-
tectionism is a poor alternative to free and
fair trade.

Electronics, particularly consumer and
general business products, has been the
most visible area of off-shore success.
Our niche of RF has not been as strongly
affected, since low-cost manufacturing
has less effect on the relatively small
numbers of high-quality units common to
RF products. However, be assured that
the rest of the world would be delighted
to have a substantial piece of the U.S. RF
market, and American companies would
like to broaden their markets overseas.

| don’t mean to downplay the serious
effect that foreign competition has had on
U.S. manufacturers of consumer products,
land mobile and amateur radio equip-
ment, transistors and linear ICs. Like
every other type of business, the RF in-
dustry has had to deal with unequal com-
petition. The bright side is that RF is also
an area where the US. is still a world
leader: in avionics, satellite communica-
tions, military systems, test equipment
and high-performance components.

The RF industry needs to be an exam-
ple. We already have strong ties to Europe
and Israel through military RF gear and
international ownership of RF compan-
ies by Thomson, Philips, Rohde and
Schwarz, Varian and others. Our products
use components made in Singapore,
Mexico, Japan and the Philippines along
side American-made parts.

We have an edge over other industries
in the art of international cooperation. If
we use our heads, we can avoid the
mistakes and shortsightedness that have
caused the present crisis in consumer
electronics and computers.

Play Ball!!!

June 1987



Which Instrument Specialties contact strip

will solve your connector grounding problem?

0 d A B c D E
” eries elaxed Relaxed Compressed :
SEED Width Height Height EA R fon
97-610 297 .100 .040 047 187
97-555 340 .070 .008 015 165
97-542 250 079 .035 018 186
97-541 .380 .100 .040 018 186
Custom
97-610
é “off the shelf” Grounding Strips are easily installed in most
97-541 common connectors by means of the self-adhesive strip or the
or self-contained spring clip. This style contact provides consistent
97-542 interconnection grounding in mated pairs, as a result of the supe-

Strips shown above are suggestions only. Various
combinations may be chosen to suit your needs.

Delaware Water Gap, PA. 18327

rior spring characteristics of the Beryllium Copper material.

More complete descriptions of these strips and other
shielding products can be found on pages 10 and 11
of our Guide to Interference Control. Write for your
free copy. Address: Dept. RFD-35.

Many custom variations are also possible. Where necessary,
Instrument Specialties can create the precise strip to meet your
specific requirements.

é INSTRUMENT SPECIALTIES COMPANY, INC.

Phone: 717-424-8510 ® TWX: 510-671-4526
Specialists in beryllium copper since 1938
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»F viewpoint

Is RF Design Hard to Get?

By Keith Aldrich
Publisher

Yes, it was, 'til a few months ago. No,
it isn't any more — assuming, of
course, that you are “qualified” (meaning
that you are involved in the design or de-
velopment of RF systems or equipment).

Until recently, many engineers who are
qualified had the experience of filling out
a subscription card (like the one in the
back of this issue), sending it in, then
waiting for months without receiving their
own copy of this magazine. You may be
one of those. Chances are, however, you
are now reading these words in a copy ad-
dressed directly to you. Chances are, if
your RF engineering friend across town
were to send in the “sub” card from this
issue, he or she would be getting RF
Design by August.

Does this mean that we've relaxed our
standards or suddenly inflated our circula-
tion? No. It means we've changed our pri-
orities on who will get the magazine, when
it comes to the oldest vs. the newest. To
oversimplify it, we now make room for a
new subscriber the minute a request
comes in, by dropping the oldest name
on our list.

Before you start rushing to the defense
of that oldest subscriber, remember that
he or she has been receiving the maga-
zine for a year or more since being last
renewed as a subscriber, and has received
at least two mailers asking for a fresh re-
newal. Chances are pretty good that this
reader has moved on, or up, or out of the
spot that made the magazine a useful ad-
junct to his or her job.

The up side of our new policy is that we
now have and will continue to have the
newest people invoived in RF, and a total
audience of 34,000 involved 100 percent
in the work on today’s drawing boards.
The down side is that only a certain core
of our readership will be a long term, loyal
family with whom we can share anniver-
saries and reminiscences on how it was
in the old days.

Suppose it should come to pass that all
34,000 readers renew within a year, and
3,000 new RF engineers are also clamor-
ing to be added to our audience?

Well, then we'll know the time has come
to raise the ceiling, and enlarge our circu-
lation. It will mean the RF population is
growing, which will mean the market is
too, and nobody will be happier than we.

Gl (10g.-
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HIGH ISOLATION
SWITCHES

dB Isotation Typical Performance Key Specifications
140 } [ et CDSUS61 | 100C1670 | 100C1664 =
130 Ty 188 | PARAMETER TYPICAL | TYPICAL | TYPICAL | UNITS | CONDITION
1 ) | Control Configuration | TLINETTL | TLINETTL | 4LINETTL - | logic
120 1 | Switching Transients 155 10 600 | mv Peak Value
Transition Time 4 2 — ns 90%s/10% or 10%/90% RF
— N t
110 { Switching Speed 17 33 400 ns 509% TTL to 10%/90% RF
100 { 4 insertion Loss ! 15 15 | - | a8 —
‘ | = | o1 | ¢  20-35%Mu
90 < v 3 [ fo e 1w | @ 350 - 600MHz
‘ Isolation | 106 | 100 - d8 -
80 1 TS SN (M T 105 dB | 20- 200MHz
‘ [ = | - 1| & | d8 |20 -600MH: |
L | vswh | usn | e | wan |-
60 (L] L | Termination VSWR { 1511 | 1211 11 = =
! RF Power, I +135 +12 +24 dBm 0.1 dB Compression
50 4 44 Rt S | d8 l Operate Max. = < +30 d8m No Damage
ORDINARY RF SWITCH ISOLATION Insertion | Operating Frequency | 1700-1900 | 10-100 | 20-600 | MHz | —
40 | Il 11 1Loss | Operating Temperature | —65- 4125 | -55- +85 | -55- +85 °C_ITA
30 $
L L 1 OUR 20TH YEAR
n 2 3 4 5 6789w 1000 00
FREQUENCY IN MHz
DAICO INDUSTRIES offers high isolation switches step- or voltage-controlled attenuators. or step phase Call Daico for applications assistance, custom
with over 100dB of isolation in a variety of switching shifters with: device information, and a prompt response.
speeds anq freqqennes_. These dgvlces vhave extremely . High Isqlallfm “U  DAICO INDUSTRIES, INC.
high isolation without increased insertion loss. [1 Fast Switching Speeds @71 ., 2139€ast Del AmoBiva , Complon, CA 90220
If your system requires cost effective switches, {1 Phase or Attenuation Compensation AL s 9o

Low Switching Transients
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ITTERS

Innovative solid-state building block designs and rigid quality
assurance procedures are factors that assist in making MMD’s medium
to high power transmitters an ideal choice where highest reliability
and performance are vital considerations. Typical examples are the
transmitters designed and built by MMD specifically for wind
profiling systems operating unattended on a 24 hour basis and self
monitored. Some of the special features of these transmitters are
listed below. MMD can provide any combination of these or other
features on custom, built-to-requirements solid state transmitters.

Ievels be1on

Electronically switched redundarr't‘l"b*"" o
driver modules. ‘

The sophisticated solid-state amplifier shown here has been Oceanic a-nd Atmo
selected by Unisys (formerly Sperry Corp.) as the Department of Commerce. Data bta
16KW peak power transmitter used to excite missions are processed top ;’9‘; Yo
the UHF arrays used in the wind pro- toring of wind velocity and (i'eouon vector
filing program. The concept has  for weather predictions and air traffic
been developed by Unisys in  safety and fuel economy. Results are
support of the National transmitted at intervals by
satellite and landline.

m
MICROWAVE MODULES & DEVICES, Inc.

550 Ellis St., Mountain View, CA 94043
415) 961-1473 TELEX: 508 746
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In your frequency range,
but not out of your price range.

Introducing the first high-
performance 2 GHz signal generator
under $11,000.

If you're expanding your testing capa-
bilities in the up to 2 GHz range, or updat-
ing older equipment, our new 6062A offers
an outstanding value. With high accuracy,
low noise signals, and AM, FM and PM
modutation, this new synthesized signal
generator keeps the price of quality pro-
duction testing surprisingly low.

The 6062A is the only signal generator
in its price range that also offers high-speed
pulse modulation as a standard feature. So
you can test radar and avionics transpon-
ders without paying a premium. Very high
on-to-off ratios (80dB minimum) and very

FREQUENCY GHz

fastrise times (15 ns) are made possible by

new gallium arsenide switching technology.

For low-cost convenient maintenance,
you can do on-site calibration yourseif—
manually or over the IEEE bus. The 6062A
is based on the highly reliable 6060B,
proven in thousands of installations at
manufacturing facilities worldwide. And
like all Fluke instruments, the 6062A is
backed by Fluke service, training and our
exclusive fast-turnaround modular
exchange program for emergency repairs.

Contact your local Fluke Sales Engineer
or call 1-800-426-0361. High perform-
ance is now in your frequency range. And
in your price range.

Fluke 6062A

Frequency Range

100 kHz to 2100 MHz

—147to +13dBm

Amplitude range

Spurious —60dBc (to 1050 MHz}
Residual FM (500 MHz) 6Hzin 0.3 to 3 kHz BW
Modulation AM_FM, PM, pulse
A e A e

FLUKE

IN'THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mig. Co., Inc., P.0. Box C9090, M/S 250C, Everets, WA 98206, Sales. (206) 356-5400, Other. (206) 347-6100.
EUROPEAN NEADQUARTERS: Fiuke (Holiand) B.v., PO Box 2269, 5600 CG Eindhoven, The Netherlands (040} 458045, TLX: 51846

 Copyright 1986 John Fluke Mig. Co. Inc.  Ali rights reserved. ~ Ad No. 2042-6062.

INFO/CARD 14



rFletters

An Eye on the Future
Editor:

| read your “RF Editorial” of April '87
(and pp. 28-29) with great interest and am
pleased to see an RF type person with
such a broad acceptance of the encroach-
ment of fiber optics onto our sacrosanct
microwave spectrum. As you have stated,
the hoopla and glory of technological
achievements will probably soon be
transferred to the “terrabit region on terra
firma.” | disagree with you on the impact
of photonics causing a reduction of the
demand for RF spectrum, however, since
at the last two or three international RF
spectrum aliocation conferences, much of
the argumentative subjects were the
grabs for unused (and used) RF (LF, HF,
VHF, UHF and microwave) frequencies.
It might be well into the year 2000 before
we see a receding of RF usage since it
usually takes many years for a new type
of transmission to take over and obsolete
the well established “old method.”

Consider, too, that the current invest-
ment (no pun intended) in wired systems
and satellite links must be paid for before
a proliferation of buried fiber-optic cables
can economically replace existing
systems. That will be a whole new ball
game — | don’t think | will live long
enough to see the total disappearance of
all those ugly telephone poles and
beautiful satellite dishes that now clutter
our landscapes. Also keep in mind the
giga-dollar cost to design, build, launch
and maintain our present group of satellite
data, communication, TV and global
weather, navigation and military satellite
systems. All of these will have to be milk-
ed dry of profit and use before they can
be replaced. (Look how long it took to get
microwave repeaters, touch-tone phones
and digital TV systems.)

| think you've started many of us think-
ing. To prove my point, | must confess that
this is my first ever letter to an editor after
50 years plus in the electronics (and old
Radio) business and I'm going to cut out
and save your editorial for future
reference.
Nick Marshall
Lockheed Missiles & Space Company
Palo Alto, CA

More German-English Information
Editor:

Check out the IEC Muiltilingual Dic-
tionary of Electricity, 1983, ISBN 471-80
784-2, 461 pages hard cover, available
from the IEEE for about $24.00, member
price. However, Michael Waters would be
better advised to sign up for a technical

RF Design

reading course in German at a local
school.

Don Steinmeyer,

Emerson Electric Co.

St. Louis, MO

Understanding the
“Black Art” of RF
Editor:

| was glad to see in the “RF Viewpoint”
in the April RF Design that you recognize
the existence of two “classes” of RF
engineers, the traditional, and the new
breed (no pun intended). As one of the
older variety who has tried over the years
to remove some of the “black art,” | am
well aware of the differences.

Unfortunately, the aspects of black art
that concern me are as much black art
with recent graduates as they have been
with our class, who had to come up the
hard way. My goal over the years has
been to attempt to resolve the black art.
The math used today looks fine, but if the
parameter information used and/or regu-
larly available does not characterize the
elements used over their normal spec-
trum of use, but is useful at only one point,
you are no better off than you were before.

Apparently the younger people who
haven't had to make these circuits with
tubes and both types of transistors or ICs
just don’t have the understanding of net-
work fundamentals to a depth that they
can apply sound technology to design. In
a corollary way, you need reviewers
thoroughly versed in both phases of the
technology if they are to recognize the
booby traps that still exist.

For example, a design article published
in February depended on the use of “S”
parameters. Unfortunately, S,, is related
to h,, (base input resistance}, an approx-
imate value defined by (KT/ql,), a number
that strongly depends on base current. Yet
a single numerical value is typically pro-
vided for it. Not only that, but ALL of the
“S" parameters depend on respective
currents, S,, and S,, on output current,
and S,, and S,, on input current. Clear-
ly, while you can adjust one of these cur-
rents to a specified value, you can’t ad-
just both at the same time because of the
variations encountered in the value of
beta.

In all the years | have been reading RF
Design, | haven’t seen this noted in one
of your articles or in any other recent
magazine carrying material of a cor-
responding technical level. Isn't this
something you could do for your readers’
benefit?

Keats A. Pullen
Kingsville, MD

From power amp&e.r mod 1
ules to HPA's and other sub- '
systems, EPSCO's in-house
capabilities primarily exploit
discrete silicon FETs and bipo-
lar devices in non-MIC circuits.
For any RF power requirement
our experienced design teams
have every available design
assist that today’s technology
has to offer.

In RF modules "« !
our concentra- Si‘:.
tionis in the O =

frequency '&%f]

range of

1 MHzto
3 GHz with
output power up to 100 watts.
HPA standard models have
output power levels up to 1000
watts at frequencies from 1 MHz
to 1000 MHz and power levels
up to 10 KW in custom designs.

CALL EPSCO EARLY

For more information and a
discussion of your particular RF
requirements, contact EPSCO,
RF Division, 31355 Agoura
Road, Westlake Village, CA
91361. (818) 889-5200. Telex:
18-3378.
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rF news

RF Leads the Way in
Automatic ID Tags

Radio frequency identification systems
using bi-directional radio signals to read
coded information are finding increasing
use in automatic ID applications. The
technology is being used by the transpor-
tation industry for vehicle and cargo con-
tainer identification and for animal iden-
tification in the farm market. It is finding
increasing applications in industrial
automation and materials handling,
especially where there is no line of sight
between the scanner and ID tag.

RF coded identification systems have
been acknowledged by the Automatic
Identification Manufacturers, Inc. (AIM) to
be one of the fastest growing ID
technologies. In a recent general meeting
of AIM, the organization drafted a position
paper supporting universal standards for
operation and coding of RFID tags. Such
standards will enable products of different
vendors to work together. In the past, AIM
has made similar efforts for standardiza-
tion of bar code ID systems, and will use
that experience in the area of RFID. More
information can be gotten from AlM, 1326
Freeport Road, Pittsburgh, PA 15328.

GaAs Wafer Test System Developed

Detecting flaws in gallium arsenide
(GaAs) semiconductor materials should
be easier with two polarized infrared light
systems developed by National Bureau of
Standards Semiconductor Electronics
Division researchers in Gaithersburg, MD.
Both are nondestructive methods wafer
manufacturers can use to screen
materials before marketing. One system
can examine an entire wafer, while the
other employs a 75- to 600-X microscope
to view isolated wafer portions. Both
systems allow digital storage of images
and the use of false-color graphics to
represent wafer characteristics such as
variations in the transmitted infrared in-
tensity, which could indicate potential
problems.

The rapid growth of GaAs manufactur-
ing has placed a great demand on wafer
makers to provide the near-perfect GaAs
crystals required, a process which has not
yet reached the level of capability achiev-
ed in silicon technology. NBS is using the
infrared techniques in-house, but will also
assist industries in setting up there own
systems.

U.S. Wire and Cable Industry
Still Troubled

The U.S. insulated wire and cable in-
dustry experienced only sluggish growth
in 1986, with more of the same predicted

14

for 1987. In a report published by Business
Trend Analysts, Inc., increased imports,
growth of fiber optics, and overall depress-
ed prices were the main factors influenc-
ing the wire and cable market.

Imports, which represented only 4 per
cent of the market in 1978, have reached
a level of 16 per cent. This increase has
been partially mitigated by joint ventures
between U.S. and foreign companies. The
price of copper has been depressed for
several years, and has combined with a
weaker demand to push prices to a
minimum.

Most important, according to the study,
is the growth of fiber optic communica-
tions systems, using glass fiber cables in-
stead of copper-based products.
Telephone and telegraph cable products
which totalled 30 per cent of the total in-
sulated wire and cable market in 1977 are
currently just 18 per cent of sales.

The report analyzes these aspects, and
provides historical and projected market
figures for these and other sub-sections
of the whole insulated wire and cable
market. Information is available from
Business Trend Analysts, 2171 Jericho
Turnpike, Commack, NY 11725,

Varian Acquires Pye TVT

Varian Associates’ acquisition of Pye
TVT Ltd., formerly the United Kingdom
Transmission subsidiary of Philips was an-
nounced during the 1987 National
Association of Broadcasters convention
and trade show. Pye TVT designs and
manufactures broadcast and transmis-
sion equipment for television frequencies.
The plant employs 220 persons and is
located in Cambridge, England.

Varian Awarded SDI Contract

A $3.2 Million Strategic Defense In-
itiative (SDI) contract has been awarded
to the EIMAC division of Varian Assoc-
iates, Inc., by the Los Alamos National
Laboratory. Under terms of the research
and development contract, Varian EIMAC
will produce a 1/2 MW, 425 MHz version
of its Klystrode™ power amplifier tube
over the next 24 months. Plans call for the
Klystrode to be used as the RF energy
source for the linear accelerator portion
of the neutral particle beam weapon
system currently under development.

The Klystrode was developed as a high-
efficiency amplifier for UHF television
transmitters, using tetrode-type grids and
a single-cavity with a short electron beam,
relative to a klystron. The hybrid design
combines the efficiency of a tetrode with
the power handling capabilities of a
klystron.

GaAs IC Price Reductions

Anadigics, Inc., has announced price
reductions on three of its GaAs IC pro-
ducts. Credit for the reduction was given
to the company’s 0.5 micron, 24 GHz f,
process which produced higher than anti-
cipated yields. For example, the price for
the Anadigics AWA20601 2 to 6 GHz
amplifier has been reduced from $109 to
$37.50 for 1,000 pieces in package form.
Prices of the ADA25001 DC-2.5 GHz amp-
lifier and ADV3040 3 GHz 4-to-1 divider
have also dropped.

Real Time Catalog for
Military Test Specs

National Semiconductor has im-
plemented a real-time electronics catalog
of military test specifications for integrated
circuits. RETS™ (Reliability Electrical
Test Specifications) gives military IC
customers essential current information
on device testing.

The catalog resides in the company’s
mainframe computer and can currently be
accessed by National’s sales personnel.
By the end of this year customers will be
able to access the electronic catalog
directly.

Shielding Systems Corp. Formed
The Shielding Systems Corporation
(SSC), a subsidiary of Bairnco, was
created on January 1, 1987 and is com-
prised as three former Keene Corporation
divisions: Ray Proof, Keene Engineering
and Construction (formerly Dow In-
dustries), and Advanced Absorber Pro-
ducts. SSC'’s capabilities include concept
and architectural design through
manufacture, final test and service.

Philips and Fluke Join Forces

John Fluke Mfg. Co., Inc., of Everett,
WA and Philips Test and Measurement
(T&M), Netherlands, have announced
their intention to establish an alliance
regarding distribution of their electronic
test and measurement equipment. The in-
tended alliance entails a distribution
agreement whereby Fluke would sell sup-
port and service Philips T&M products in
North America and other markets in-
cluding China, Hong Kong and Japan,
while Philips would sell, support and ser-
vice Fluke products in Europe and re-
maining markets.

Standard Oil Announces
New Division

Standard Oil Engineered Materials
Company announced the formation of an
Electronics Ceramics Division. $8.5M will
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New!

4 Symmetrical Shielding Strips (S°)
provide bi-directional engagement
at severe shear angles!

These new symmetrical slotted shielding strips of
beryllium copper permit continuous spring con-
tact throughout their length, providing the perfect
answer for a variety of shielding requirements.

Three models are available: basic, rivet-mount and
double-faced adhesive-mount designs. The basic
design consists of low-compression, adhesive-
mounted strips. A generous radius profile
provides for the greatest incident engagement an-
gle with the lowest force. As with all Sticky Fin-
gers® shielding strips, the self-adhesive tape

makes mounting easy and secure.

The rivet-mount design incorporates the addition
of an integral track, pierced for mounting with
nylon push rivets. This configuration allows bi-
directional engagement, and is specially designed
for slide applications, PC board connections, etc.

The third design also incorporates an integral
track-mount design, but employs a double-faced
adhesive tape instead of push rivets. This provides
for fast, easy field replacement in military applica-
tions, especially where high frequencies do not
permit the use of mounting holes.

For complete information, including exact specifi-
cations, 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-36.

1 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

Adhesive-mounted
strips for typical elec-
tronic enclosures.

Strips with integral
mounting track™ and
nylon push rivets,
for sliding drawer
applications.

Strips with integral
mounting track™ and
self-adhesive strip for
fast field replacement.

*patent pending
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' ’ neWS Continued

be invested in two facilities to produce
materials substrates and planar diffusion
sources. The division is composed of
three business groups: electronics, in-
tegrated circuit thermal management and
electro-mechanical.

Electrospace Receives
$10.7M Contract

Electrospace Systems, Inc. has received
two contracts from the Defense Commu-

nication Agency (DCA) for a total value of
$10,697,416. The contract covers scientific
and technical support to the center for
command and control communication sys-
tems (C4S) over a three-year period.

FAA Awards Test Set Contract
Systron Donner’s Instrumentation Divi-
sion has received an initial contract from
the FAA to produce 95 microwave
repeater test sets (MRTS). The MRTS is

Introducing a small
accomplishment in
UHF frequency sources!

Our SAW-stabilized frequency
sources provide a unique solution
to your demanding UHF system
requirements. They pack the
performance of a fine cavity
oscillator into less than a tenth of
a cubic inch. Their small size,
low power consumption and ex-
cellent reliability are made possi-
ble by our advanced UHF Quartz
SAW technology.

We cover applications from
150 MHz to 6000 MHz, and
offer a wide range of options
including temperature compensa-
tion, frequency multiplication
and voltage tuning. We can cover
the full —55°C to +125°C

IRl

temperature range and offer test-
ing and screening to a variety of
MIL Standards.

Our SAW-stabilized UHF
frequency sources are being used
in IFF systems, radar frequency
synthesizers, GPS receivers,
emergency location transmitters,
fiber-optic communications and
a host of other UHF and micro-
wave system applications.

Contact us with your next
UHF frequency source require-
ment. You’ll find our engineer-
ing staff ready to provide you
with a custom solution that is
innovative, timely and cost-
effective.

RF Monolithics, Inc. « 4441 Sigma Road ¢ Dallas, Texas 73244 U.S.A.
Phone: (214) 233-2903 - Fax: (214) 387-8148 « Telex: 463-0088
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integral to a compiete test capability re-
quired for the new radio communication
link used at approximately 750 sites used
by the FAA throughout the U.S.

New Contracts for
Herley Microwave

Herley Microwave Systems, Inc., an-
nounced the receipt of a series of con-
tract additions and new awards totalling
$7,700,000. With these contracts, the com-
pany’s backlog is increased to $20 million.
The primary Herley manufacturing plant
in Lancaster received over $3 million in
awards. Includes in the awards were
transponders for the Titan tl and Titan IV
programs form Martin Marietta, signal
processing devices from the Air Force for
the ALQ-119 and 131 ECM programs, and
an award for the IFM’s from Northrop
Corp. for the ALQ-135.

MwT Acquires MMI

Microwave Technology, Inc., has signed
an agreement to acquire Monolithic Micro-
systems, Inc. of Santa Cruz, CA. MMI’s
proprietary silicon monolithic technology
will complement MwT's emerging GaAs
monolithic technology. MMI will operate
as a wholly owned subsidiary of MwWT and
will continue its manufacturing operations
in Santa Cruz.

Rockwell, IBM in GaAs Pact
Rockwell International Corp. and IBM
have announced an agreement for co-
operative development of advanced GaAs
technology and production techniques.
The joint effort is intended to accelerate
the development of high speed digital and
opto-electronic components for compu-
ters and telecommunications, utilizing the
advantages of gallium arsenide.

Watkins~Johnson to Acquire
Honeywell Microwave Operation
in an announcement made April 30,

| Watkins-Johnson Company will acquire

Honeywell, Inc’s Santa Barbara Micro-
wave Center for approximately $2 million.
The center currently employs 30 persons
in the design and manufacture of mm-
wave mixers and oscillators for defense
electronics applications.

Litton to Buy Gould Microwave
Division

Gould Inc. and Litton Industries, Inc.
have signed a letter of intent for the sale
of Gould’s Microwave Products Division
in San Jose, Calif., to Litton. The sale is
expected to be completed within the next
60 days. The planned sale is part of
Gould’s previously announced action to
divest its defense systems businesses.
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NOW, YOU CAN HAVE IT ALL!
POWER & SPEED.

Up to 2000 watts from 10-500 MHz, and blanking speeds
of better than 0.5 usec.

The latest MOSFET technology from Kalmus Engineering
has made it possible to combine linear power with high
speed blanking. Choose from eight different models.

NMR/MRI POWER AMPLIFIERS

Model 164 LP, 500 W, 10-86 MHz, 55 dB gain
166 LP, 1000 W, 10-86 MHz, 55 dB gain
167 LP, 2000 W, 10-86 MHz, 60 dB gain
164 HP, 500 W, 80-200 MHz, 55 dB gain
166 HP, 1000 W, 80-200 MHz, 55 dB gain
164 UP, 300 W, 200-400 MHz, 55 dB gain
166 UP, 600 W, 200-400 MHz, 55 dB gain
164 SP, 250 W, 400-500 MHz, 55 dB gain

ENGINEERING INT'L., LTD USA
21820 87th SE e Woodlnwlle WA 98072
206/485-9000 ¢ Telex: 24-7028 FAX: 206-486-9657
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OMNI SPECTRA ATTENUATORS

Consistent Performance
Consistent Quality

Iin-House Control

To maintain consistent performance, you must maintain control. That's why Omni
Spectra controls every facet of attenuator manufacture: from process through
assembly to final test . . . in-house. Like you, we simply can’t afford to ship less than
the best.

Thin Film Design

Omni Spectra’s state-of-the-art design and processing means superior attenuator
performance. For example, our microstrip attenuator circuits are thin film coated, by
us, because thin film performs better than thick film for resistive elements. Thin film
means tighter tolerances, which helps control attenuator flatness and accuracy. We also
designed the critical coaxial/microstrip interface to reduce mechanical stress and
ensure low VSWR

100% Tested

Omni Spectra attenuators are 100% tested — at every step in the production process.
So when we promise low VSWR across the dc to 18 GHz range, or 0-60 dB in 1 dB
increments, that's exactly what you'll get. In any connector configuration: SMA, N, TNC,
7mm, BNC, or OSP.

Lot-to-Lot Consistency
It's one reason you'll find Omni Spectra attenuators wherever you find high quality
microwave components. Airborne. Shipboard. Commercial and laboratory applications.

Stock Delivery

Thevre available now — at competitive prices. Omni Spectra utilizes a strong network
of service-oriented distributors across the United States and Canada. It puts the
consistent performance of an Omni Spectra attenuator closer to you. Call or write for
the distributor nearest you.

SPECIFY OMNI SPECTRA

M/A-COM OMNI SPECTRA, INC. Q'Qi-s
91 Continental Boulevard o g
Merrimack New Hampshire 03054
(603) 424-4111
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OSM/SMA MINJ

dc-4.0 GHz 1.15:1
4.0-124 GHz 1.25:1
12.4-180 GHz 1.35:1

dc-4.0 GHz 1.15:1
4.0-120 GHz 1.25:1
124-180 GHz 1.35:1

il
Mt

dc-4.0 GHz 1.15:1
4.0-12.4 GH; 1.25:1
12.4-180 GHz 1.35:1

dc-4.0 GHz 1.15:1
40124 GHz 1.25:1
124-180 GHz 1.35:1

57" DIA. MAY

dc-4.0 GHz 1.15:1
4.0-124 GHz 1.25:1
12.4-180GH; 1.35:1

dc-4.0 GHz 1.15:1
4.0-124 GH; 1.25:1

dc-4.0 GHz 1.10:1
40124 GH; 1.20:1

12.4-18.0 GH; 1.30:1 ‘

Power: 2 w avg,,

100 W peak Temperature: ~54 to +125°C, 50 ohm impedance.



HERES A SWITCH -

‘SRR AR R R R R R RN
Y TR R R R R R R R R R R R R R
T T T R R R R R R R
L R PR LR R R R RN mEREEEEa- .-
R LR R R LR B R R R R RN _-me-.
YT R R R T R R R R R R
'TET A R R R R R R R R R R R R
AT T T T TR E S R R R R R R R R R R R A R R R R R
TR R R R TR R R R R R R R R R R R R R R LR RRRLRE RN
SRR P R R R R T R R R R R R R R R R R R R R R R R R
TSI AT R T R R R R R R R R R R R R R R R R R R R R LR L L LR
T AL AR R R R R R R R R R R R R R LR R ER L ERERELELLERELERSESSESLSE}.
TP PR R R R R R R R R R R R R R R R R R LR R LR LRER LR LRN
AR EEEEES A A RN mEEEEEE- LR R R RN LA A R B R B N --n
LA L B B B R A B R R R R Sessssaw - R R R RN SRR Eae. L
TP PR R TR R R R R R R R R R R R R R R R R R R R R R R R L RN R R
T T T E T R R T R R R R R R R R R R R R R R R R R R R R R R R R R LR R LR NE RN
TR R R R EREEREEEREREEREEESE R REREEREEEERESESERSEEELESERESLEERLELELELELESENRLESR 3
PP R PR R R R R R R R R R R R R R R R R R R R R R R R R R RERE LR NERLLELESES LR R 2
T 2 A s s r r r rr Y AT RRRRRERRRERR R R R R R LR LR R YRR
R R R R R R R R R EREEREREREREEREERS LR R R R R R R EREELEELERELELRERLRERLERLLLESR B
A R A R R R R R R R R RERLERRE A R R R R R R E R E R EEERERELELSERLE DR K BN
LA A R B A B B A & L L A A B B B B B B B B B B 2 - TR R R R R R R R R LR R RN LLELES N LN N B J
- LA AL L R R B BEeEEEEE. - ' Basssnew LR B R R R R R Essaaw \
R} LA A B B B B B s LR B B B B B N Jd sE=- »..-A.._.--' LA R B B B B BN J LA N N N N B ‘,
A A A A B A A B B B B B R 2 B B B B A B A A B A 8 = - T x R R R R R R R R AR LA RN RENE N B
A R R R BB R R REEREREENEEERELELESRSRESESESES. 8 3
R R A R B A B B R A E R R B BB BELLLSENRR .

Tl el s T I s ST T YT Y
T A EF R R R YR TR RA R R R R RN RN N A e LR R R
T Il L L T R T R R R R SRR TR
- SESsSESRl . SERAESAEE . SBESEERRES .bﬁ'ﬁ'ﬂﬂ'.,‘~ SEEeEw
5 - WeeTasSSaE - SeNEBNEeED -
T I il Ry R Y Y Y Y B —— =y el |
T Y L s A T T IS N I TR S
AP S e PP NP ARN NS EDEEEEEEE e
T I I A T R T N TR R R T
T I R R A E R R R R RN R R
I I Il I T TSy Y
T Il L R T R T T T P R T R R RN s
A B E B B E N E BB N NN B ERZSENJSENNNRDSERSMEIR-SE-S B 8 B B )
(e R R T T 0 B A
SEsSsewe ° CASOGEBDEE - UBeESEDE®
frtasScolasrssssCcssanDeEBROEEERESSS
LA B R A R R ERNNENERENRNNZSNRZSNNNEHMNSELR B & 8 §)
L E N N B B BN BN ENLENRNRERNERNNERZSEZRHZESRZS 8 8 8}
‘WressevaceREsOETEsoasDEmESs s
I S R R S E T RS R R TR
G S S PN LN NN RN IR EEEEEENe A
O E NN TS UNARNENRSEREE .
Y Y R R R SRS o
SURsSENEY  SeEsssaEms . Bes
‘SeswESes - BEmESsEBR® - A%

What more can we say? For one thing, this SPDT 2 ns
chip has unbelievably low DC power require-
ments — 200 uAl' And low Insertion Loss — dc to 6 GHZ

typicalty 0.5 dB at 2 GHz. And even integral static
protection. That's a lot for a little chip that costs G A MM’c '
only $40.00! Six additional models, configured as a s [ ]
TO-5, flatpack, and 14-pin DIP with integral drivers

round out the line. Want more facts? Just ask.
We'll send you our latest folder.

Adams [} ¥ Russell

ANZAC DIVISION “*7

80 Cambridge St., Burlington, MA 01803, (617) 273-3333 TWX 710-332-0258 FACSIMILE (617)273-1921 TELEX 200155
INEOINASD R7



»F calendar

June 15-19, 1987

ISDN-87, ISDN/Broadband Networks for the Future

Atlanta Merchandise Mart and Westin Peachtree Plaza,
Atlanta, GA

Information: Renee Farrington, Information Gatekeepers, Inc.,

214 Harvard Ave., Boston, MA 02134; Tel: (617) 232-3111

June 22-26, 1987

Laser '87 Optoelectronics Microwaves

Munich Trade Fair Center, Munich, West Germany
Information: Munchener Messe-und Ausstellungsgesellschaft
mbH, Messegelande, Postfach 121009, D-8000 Munchen 12,
West Germany; Tel: (89) 5107-0

June 23-25, 1987

1st SAMPE Electronics Materials and Processes Conference
Doubletree Inn, Santa Clara, CA

Information: Marge Smith, Business Director, PO. Box 2459,
Covina, CA 91722. Tel: (818) 331-0616

July 7-8, 1987

Telemetry UK

Bloomsbury Crest Hotel, London

Information: Sira Limited, South Hill, Chisiehurst, Kent BR7 5EH,
England. Tel: (212) 752-8400

July 17-20, 1987

1987 International Microwave Symposium/Brazil

Rio Palace Hotel, Rio de Janiero, Brazil

Information: Alvaro Augusto de Salles, CETUC-PUC/RJ, Rua
Marques de Sao Vicente 225, Gavea, CEP22453, Rio de Janiero,
Brazil

August 9-14, 1987

Intersociety Energy Conversion Engineering Conference Set
Wyndham Franklin Plaza Hotel, Philadelphia, PA
Information: Cathy Joyce, SAE Headquarters, Dept., 935,
400 Commonwealth Drive, Warrendale, PA 15096; Tel: (412)
776-4841

August 25-27, 1987

9th Quartz Devices Conference

Westin Crown Center, Kansas City, MO

Information: Components Group, Electronic Industries Associa-
tion, 2001 Eye Street, N.W., Washington, DC 20006, Tel: (202)
457-4930

September 7-10, 1987

17th European Microwave Conference

Ergife Palace Hotel, Rome, Italy

Information: Microwave Exhibitors of Publishers Ltd., 90 Calverly
Road, Tunbridge Wells, Kent TN12UN, England

September 15-17, 1987

Midcon/87

The Ohara Center, Chicago, IL

Information: Midcon/87, 8110 Airport Boulevard, Los Angeles, CA
90045-3194; Tel: (213) 772-2965, (800) 421-6816, inside California
(800) 262-4208

September 22-24, 1987

Northcon/87

Portland Memorial Coliseum, Portland, OR

Information: Show Manager, Northcon/87, 8110 Airport Boulevard,
Los Angeles, CA 90045-3194; Tel: (213) 772-2965

RF Design

WROTE THE BOOK*

B

PORCELAIN AND CERAMIC
CHIP CAPACITORS FROM THE
LEADER IN RF CAPACITOR
TECHNOLOGY

ATC Multi-Layer Capacitors are available
as MLP’s™ (Multi-Layer Porcelain) or MLC's
(Multi-Layer Ceramic).

ATC 100 MLP’s™ : Dubbed Superchips™ by
the U.S. Navy. High Q porcelain capacitors. Q's
greater than 10,000 at TMHz. Cap. range: 0.1 to 100
pF, 150 WVDC for 55 mil cube; 0.1 to 1000 pF, up to
500 WVDC for 110 mil cube. QPL Approved, MiL-
C-55681, BG Characteristic, to Failure Rate Level S.

ATC 175 MLP’s™ : Ultra-high Q porcelain ca-
pacitors. Q typically 4X higher than ATC 1008B.
Cap. range: 1.0 to 100 pF, up to 500 WVDC.

ATC 200 MLC'’s: High packaging density ceramic
capacitors. Ideal for coupling, bypass. Cap. range:
510 pF to 0.01 MF, 50 WVDC for 55 mil cube; 0.005
MF to 0.1 MF, 50 WVDC for 110 mil cube.

ATC 700 MLC'’s: Temp. stable ceramic capacitors.
Zero T.C. Highest packaging density of any NPO
MLC capacitor. Cap. range: 0.1 to 1000 pF, up to 150
WVDC for 55 mil cube; 0.1 to 5100 pF, up to 500
WVDC for 110 mil cube. QPL Approved, MIL-C-55681,
BP Characteristic, to Failure Rate Level S.

ATC 111 MICROCAPS®: Single-layer micro-mini-
ature capacitors with ultra-high Q's for use up to
50 GHz. Cap. range: 0.1 to 1800 pF, 100 WVDC.

*THE RF CAPACITOR HANDBOOK
— To get your free copy, send us a
note with your business card or
company letterhead.

american
technical
ceramics

CORP.

one norden lane, huntington station, n.y. 11746
516-271-9600 « twx 510-226-6993 « telex 221201
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brings out the best in
microwave/RF design software.
And in you.

Touchstone 15 a registered trademark of EEsol, Inc
microwave SPICE, mwSPICE. MICAD, E-Syn and ANACAT are trademarks of EESf, Inc

VAX 15 a trademark of Drgital Equipment Corporation;
Apolio s a registered trademark of Apoiio Computer, inc

©1987 EEso!, Inc




. Bill Childs, Ph.D.

Executive Vice President

. Octavius Pitzalis

Senior Staff Scientist

. Wenson Hu

Development Engincer
Niranjan Kanaglekar, Ph.D.

. John Baprawski

Senior Scientist
Paul Wang, Ph.D.
Manager, SPICE Development

It's astounding how EEsof's development staff can continue to dramatically enhance
CAE/CAD/CAT tools that already set the standard for the microwave/RF industry. But
then, our staff is far beyond any comparabie group in arny comparable company— both
in number and credentials.

What they bring out brings out the best in you. Their creations help make you the
most creative, efficient engineer/designer you can be.
Touchstone.® The latest release is significantly more powerful— with more optimizers
and element models, larger files and circuits, advanced graphics, and an optional MMIC
foundry element library.
microwave SPICE.™ The new version features revolutionary enhancements: signal-power
analysis (with virtually unlimited hammonic number}; FFT in the post processor that permits
spectral displays; driving function synthesis.
MICAD.™ We rewrote the program to take advantage of new computer architectures.
So the next release will boast a remarkably easy user interface, a highly advanced (yet
friendly) graphics editor and enhanced hierarchical database. You can even define your
own shapes and elements.
E-Syn.™ Our first release made network synthesis almost automatic. Now our people
have automated synthesis from 1- and 2-port S-parameters and calculation of distributed
network parameters. And they've added an adjoint optimizer.
ANACAT.™ With this new program, our development staff makes Veector Network Analyzers
like the HP 8510 and Wiltron 360 exceed your expectations. You calibrate and
measure test data better— and manage them with ease.

What's in the works?

Two new releases of Touchstone are in development— with new nodal-reduction
algorithms to improve simulation speed of complex circuits. And time-domain analysis.
And generalized nodal noise figure calculation. And more.

Our next mwASPICE release will feature a comprehensive FET model with an open
database that lets you generate parameters; the newest MiCAD will let you create and
edit circuit files from physical circuit layouts; new E-Syn will include exact distributed
synthesis and elliptic function filter synthesis.

Even ANACAT— just recently introduced!— will soon offer enhanced support for
power supplies and displays for n-port measurement, plus time-domain displays.

And EEsof products now run on DEC VAX™, Apollo™, and HP 300 series,
in addition to PCs.

Brand new— and expected!

Before the year is out, EEsof will unveil two entirely new programs from our
development staff:

& The first schematic editor tailored to the specific needs of microwave/RF designers;
® A new dlass of frequency-domain nonlinear simulators that complements both
Touchstone and mwSPICE.

* * *

But, really, isn't all this only what you've come to expect from EEsof?

Since the start, we have continually introduced new programs and upgraded our
present ones. So you know that each EEsof product you buy has, built in, a future of
enhancements, guaranteeing that you will always have the latest and best in microwave/RF
technology— a regular part of your extended support contract.

A commitment like that is not possible without a development staff like ours. Anyone
can promise; because of people like those pictured here, EEsof delivers. We always have.
We aiways will.

To find out more about what's in store, call or write today.
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The George Washington University
Electromagnetic Pulse and its Effect on Systems
June 15-17, 1987, Washington, DC
Frequency Synthesis
August 3-5, 1987, Washington, DC
Frequency Hopping Signals and Systems
September 9-11, 1987, Washington, DC
Spread Spectrum Communication Systems
September 21-25, 1987, Washington, DC
Fiber Optics Technology for Communication
September 22-24, 1987, Washington, DC
Introduction to Receivers
October 19-20, 1987, Washington, DC
Modern Receiver Design
October 21-23, 1987, Washington, DC
Global Positioning System: Principles and Practice
November 4-6, 1987, Washington, DC
Information: Shirley Forlenzo, Continuing Education Program,
George Washington University, Washington, DC 20052; Tetl: (800)
424-9773, (202) 994-8530

UCLA Extension
Navstar Global Positioning System (GPS)
June 15-19, 1987, El Segundo, CA
Pave Pillar Avionic Systems and Related Technologies
June 23-25, 1987, El Segundo, CA
Kalman Filtering
August 31-September 4, 1987, Los Angeles, CA
Information: UCLA Extension, PO. Box 24901, Los Angeles, CA
90024; Tel: (213) 825-1901, (213) 825-1047, (213) 825-3344

Interference Control Technologies, Inc
Grounding and Shielding
June 9-12, 1987, San Jose, CA
July 21-24, 1987, Myrtle Beach, SC
July 28-31, 1987, San Diego, CA
August 11-14, 1987, Denver, CO
August 18-21, 1987, Ocean City, MD
September 15-18, 1987, Washington, DC
Tempest Design
June 16-19, 1987, Mountain View, CA
August 4-7, 1987, Washington, DC
Practical EMI Fixes
July 14-17, 1987, Denver, CO
August 25-28, 1987, Virginia Beach, VA
September 22-25, 1987, San Diego, CA
EMP Design and Testing
July 21-24, 1987, Washington, DC
Tempest Facilities
July 28-31, 1987, Mountain View, CA
MIL-STD-461/462
September 29-October 2, 1987, Washington, DC
Information: Penny Caran, Registrar, Interference Control
Technologies, Inc., State Route 625, PO. Box D, Gainsville, VA
22056; Tel: (703) 347-0030

integrated Computer Systems
Digital Signal Processing
July 14-17, 1987, Washington, DC
July 21-24, 1987, Los Angeles, CA
July 23-26, 1987, San Diego, CA
August 18-21, 1987, Palo Alto, CA

24

September 22-25, 1987, San Diego, CA
October 27-30, 1987, Anaheim, CA
December 1-4, 1987, Washington, DC
December 8-11, 1987, Boston, MA
Machine Vision and Image Recognition
June 16-19, 1987, Washington, DC
July 28-31, 1987, San Diego, CA
September 15-18, 1987, Los Angeles, CA
September 29-October 2, Washington, DC
Fiber Optic Communication
June 23-26, 1987, Boston, MA
Information: Marilyn Martin, Integrated Computer Systems, 5800
Hannum Avenue, PO. Box 3614, Culver City, CA 90321-3614; Tel:
(800) 421-8166, (213) 417-8888

Norand Corporation
FCC, VDE, CISPR, and SAE Regulation and Design Criteria
September 1-2, 1987, Cedar Rapids, |IA
Grounding, Bonding, Shielding and PCB Design for
EMI/EMC
September 15-16, 1987, Cedar Rapids, |A
MIL-STD 461B/C and 462 Regulations and Design Criteria
October 13-14, 1987, Cedar Rapids, |1A
RF Susceptibility and ESD Testing
November 3-4, 1987, Cedar Rapids, |IA
Information: Bev Reynoldson, Norand Corp., 550 2nd St S.E.,
Cedar Rapids, IA 52401; Tel: (319) 846-2415

Besser Associates, Inc.
Microwave Circuit Design
July 1-5, 1987, Los Angeles, CA
Principles of RF Circuits
July 6-9, 1987, Santa Clara, CA
information: Les Besser, Besser Associates, Inc., 3975 East
Bayshore Road, Palo Alto, CA 94303; Tel: (415) 969-3400

R & B Enterprises
FCC Requirements & Test Methods per parts 2, 15 & 68
June 15-16, 1987, Boston, MA
Printed Circuit Board & Wiring Design for EMI & ESD
Control
June 17-18, 1987, Boston, MA
Understanding & Applying MIL-STD-461C
June 23-24, 1987 Philadelphia, PA
Information: Registrar, R & B Enterprises, 20 Clipper Road, West
Conshohocken, PA 19428; Tel: (215) 825-1966

California State University
Microwave Antenna Measurement Short Course
July 13-17, 1987, Northridge, CA
information: Shirley A. Lang, Center for Research and Services,
School of Engineering and Computer Science, California State
University, Northridge, CA 91330; Tel: (818) 885-2146

Georgia Institute of Technology
Millimeter and Microwave Ferrite Materials
July 27-29, 1987, Atlanta, GA
Modelling, Simulation and Gaming of Warfare
August 18-21, 1987, Atlanta, GA
Information: Deidre Mercer, Department of Continuing Educa-
tion, Georgia Institute of Technology, Atlanta, GA 30332-0385;
Tel: (404) 894-2547
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TAVIA

TechFile Series

TECHNICAL INFORMATION FROM THE LEADER IN MLCs

Thin-Film High-Q Chip Capacitors for
UHF/VHF/Microwave Applications

Termination
Solder-Nickel

Seal

L
Dielectric | q Electrode
Electrode 1

—— Giass

Figure 1 ACCU-F Cross-Section

In answer to the fast growing
demand for surface mountable high-
“Q” chip capacitors in the VHF/UHF/
Microwave range, AVX has developed
a thin-film capacitor in the standard
EIA chip sizes. This capacitor is fully
compatible with SMT and has Q/ESR
performance superior to other capaci-
tor types to above 1GHz.

The very high “Q" of these thin-film
chip capacitors, called ACCU-F, is
obtained through the use of low-loss
dielectric of either silicon dioxide
(SiO,, K = 4.4) or silicon nitride
(Si:N,, K = 7.5) sandwiched between
electrodes of high conductivity alumi-
num and copper (Figure 1). The
dielectric temperature coefficient
meets EIA characteristics COH (0+60
ppm/°C from-55°C to +125°C). Its
nickel-solder terminations withstand
the rigors of SMT, with leach resist-
ance in excess of 30 seconds at 260°C
and 90% coverage in 3 seconds.

Test Results

Figure 2 and Figure 3 demonstrate
the superiority of ACCU-F’s ESR as
compared to the best microwave
MLC'’s above 500MHz. The frequency
limits of performance for ACCU-F are
still under investigation, but the low-
loss properties are maintained to
above 2GHz.

Conclusions

ACCU-F has the edge over micro-
wave MLC'’s, by virtue of its more
gradual rise in ESR above 500MHz.
In addition, tight dimensional control
permits very small chip sizes (0603,
0504, 04083 etc.) to be more easily
manufactured. Moreover, extremely
tight capacitance tolerances ( + 0.1pf,
+ 1%) can be obtained without major
cost penalty.

See us at MTT-S Booth #1918.
INFO/CARD 7
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[_D Please send me the AVX Technical
Paper, “Thin-Film Chip Capacitors
with Very High-Q”’

[] Please send me literature describing
AVXMLC’s.
[J Please send me samples.

I Name
l Title
l Company

[
I
|
I
I Address I
I
I
I
I
[

City
State. Zip
I Phone

| Send to AVX Corporation, Dept. 25,
P.O. Box 867, Myrtle Beach, SC
| 29577.

/‘\'- /A"¢ Technology
\'//.\ For The Times _I
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CRYSTAL CLEAR

K&L Quartztek specializes in the design and manufacture of
crystal filters and crystal discriminators. We also have complete
in-house capability for the production of our own precision quartz
crystals —

* Your crystal filter is designed by an engineering team ex-

perienced in precisely controlling the most critical compon-
ent — the crystal itself

¢ Our strict in-house control results in products of the highest
reliability

* Qur total in-house capability reduces response and delivery
times to a minimum

Osclllatek designs and manufactures custom hybrid crystal
oscillator products and also offers a line of off-the-shelf com-
ponents, such as —

Crystal controlled clock oscillators

Temperature compensated crystal oscillators (TCXQ’s)
Voltage controlled crystal oscillators (VCXO’s)

Dual band rate generators

Programmable dividers

Mulitiple output microprocessor drivers

So, for your crystal product requirements, the choice is crystal
clear — K&L Quartztek or Oscillatek!

KoL,

QUARTZTEK

ADIVISION OF K&L MICROWAVE INC Phone (913) 829 1777
TELEX: 437045
INFO/CARD 57

408 Coles Circle, Salisbury, Maryland 21801

Phone: 301-749-2424 TWX: 710-864-9683 FAX: 301-749-5725

INFO/ICARD 15




rF cover story

Microwave Subsystem Design
Using Schematic Capture

SoftWare Gives RF Designers More

CAD Power

By John A. Mezak

Eaton Corporation, EID Division, and
Stephan A. Mezak

COMPACT Software

The availability of circuit analysis and op-
timization programs, such as SUPER-
COMPACT™, has greatly enhanced the
microwave circuit design process. By
using MIC (Microwave Integrated Circuits)
with alumina substrates on carriers, a
relatively large number of circuits can be
integrated into one assembly or sub-
assembly. However, until now it has been
too difficult to model the entire subsystem
because the circuit file describing it has
been too complex to enter by hand, and
it has been difficult to collect the opti-
mized circuit files from a number of de-
sign engineers. The use of schematic
capture techniques, such as Tektronix’
Designer’s Database Schematic Capture
(DDSC)™, provides the means to model
a complex subsystem.

Schematic capture software has been
used for several years to enter and
debug large digital and low frequency
analog circuit designs. The schematics
are drawn from a library of components,
placed and interconnected on the screen.
Design verification can be performed by
extracting a netlist file from the schem-
atics and simulating circuit behavior with
logic simulation software.

With Compact Software’s DDSC/
SUPER-COMPACT Interface™ micro-
wave circuits can now be drawn, analyzed
and optimized. A library of symbols
representing SUPER-COMPACT circuit
elements is used to draw the schematics.
The symbols are selected off a menu and
connected in a design "window” on the
screen.

The underlying database used to store
the schematics on the computer main-
tains information about each symbol as
well as the connections to other symbols

RF Design

This preamplifier assembly can now be modeled as a complete subsystem.

in the drawing. A command is provided
in the DDSC system to extract this infor-
mation and create a SUPER-COMPACT
circuit file from the schematics.

How DDSC Works

DDSC provides a friendly circuit design
environment. The software runs in a work-
station window concurrently with SUPER-
COMPACT, and with other programs in
their own windows. A designer can simul-
taneously view schematics and analysis
results on the same screen.

The entry of a microwave circuit schem-
atic is relatively error-free compared to the
traditional typing of circuit files. The
designer does not need to specify node
numbers or remember the exact syntax

of circuit elements parameters. When the
schematics are complete, a single com-
mand is used to extract a SUPER-COM-
PACT circuit file and submit it for analysis
and optimization. Analysis and optimiza-
tion of the circuit occurs interactively with
SUPER-COMPACT and the designer may
modify or tune individual circuit element
values or parameters in the circuit file.
At any time the designer can view
modified parameters on the schematic
through the back annotation process.
Back annotation with DDSC automatically
retrieves modified parameter values and
places them on a revision of the original
schematic drawings. The designer no
longer needs to search through a circuit
file for modified parameters, trying to

27
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visualize how the circuit has changed. In
addition, notes and comments may be
entered on the schematic to keep track
of design decisions and results. Past
schematic revisions are available and can
be called from the database for com-
parison or reuse.

Microwave Subsystem Design

Typical microwave circuits are small,
containing twenty to fifty components;
sophisticated schematic capture tools
have not been available for such smali
designs. However, individual circuits are
often combined into a subsystem. These
subsystems are rarely analyzed because
circuit files to model them easily run into
hundreds of lines and become difficult to
use. But when the individual circuits are
stored in a schematic database, combin-
ing them into a microwave subsystem is
simple: they are tied together with a block
diagram. Subsystem circuit files can be
produced in a few minutes from block
diagrams with any number of hierarchy
levels.

Since the DDSC workstation computers
are connected in a network, designers
can work in a team. Depending on file
protections, team members can view (but
perhaps not modify) each others schem-
atics. Team engineering allows the de-
signer to develop his design in the con-
text of the overall microwave subsystem.
Meanwhile, the project leader can quick-
ly combine the circuits to monitor total
microwave subsystem performance.

Design Example:
A Receiver Preamplifier Assembly

An actual subsystem design problem is
shown in Figure 1, the block diagram of
a receiver preamplifier assembly. In ad-
dition to the preamplifiers, the assembly
contains a FET band switch, a band stop
filter to attenuate signals at the first IF fre-
quency, and a low pass filter to attenuate
signals in the image band at microwave
frequencies. In the complete system, the
preamplifier assembly is followed by a
mixer to upconvert signals to a fixed IF fre-
quency of 4500 MHz. In addition, two of
the input bands have YIG preselectors to
reduce spurious receiver responses. The
preselectors and preamplifiers in these
two bands, 100 to 1500 MHz and 1.0 to
35 GHz, are required to have return
losses typically greater than 10 dB to
alleviate impedance mismatch interaction
with the YIG filters and the resulting gain
variation versus frequency.

The circuits for the preamplifier as-
sembly were designed by several en-
gineers before tools like the DDSC/

June 1987
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Figure 1. Block diagram of the preamplifier assembly.
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Figure 4. Schematic of FET band switch.
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SUPER-COMPACT interface became
available. Individual circuit files for some
of the assembly circuits and were anal-
yzed and optimized by computer, al-
though no attempt was made to model the
whole preamplifier assembly.

Originally, little attention was paid to the
overall output return loss because the up-
converting mixer would have an atten-
uator for trimming the overall receiver
front end gain. This attenuator would also
alleviate impedance mismatch and gain
variation. Consequently, the individual cir-
cuits were designed for reasonably large
but repeatable return losses. This ap-
peared to be acceptable when the first
four preamplifier assemblies built had out-
put return losses of 8 to 9 dB, which did
not degrade performance. However, the
fifth assembly had 35 dB output port
return loss along with unacceptable gain
variation in the 1.0 to 3.5 GHz band (Fig.
2).
The fifth preamplifier assembly was
disassembled and the individual circuits
were remeasured and retuned. In addi-
tion, the complete subassembly design
was drawn with the DDSC software on an
Apollo R workstation computer. A circuit
file was extracted from the block diagram
and schematics of the 1.0 to 35 GHz band
of the preamplifier (156 lines long). The
SUPER-COMPACT analysis of output re-
turn loss for the 1.0 to 35 GHz band is
shown in Figure 3, confirming the test
results.

Model of the FET Band Switch

A powerful feature of DDSC is the easy
entry of hierarchical designs. This was
used to model the overall preamplifier
with a block diagram and was also used
in the FET band switch schematic. Pub-
lished S-parameters for the device are not
accurate in this case since the FET is
biased at approximately |y, (saturation).
Instead, the FET was modeled as a sub-
circuit containing a series resistor and
shunt capacitor (including an estimate of
the shunt capacitance of the FET’s phys-
ical mounting). The resistance and capa-
citance values were computed by the
SUPER-COMPACT optimizer to match
the measured insertion and return loss of
the FET band switch in the band 3 on
position. These were then back annotated
automatically by DDSC to the FET sub-
circuit schematic.

A special FET symbol was created to
represent the equivalent subcircuit in the
overall FET band switch model. DDSC al-
lows a subcircuit to be defined and used
on the same schematic page. Therefore
the equivalent FET subcircuit was con-
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veniently placed on the same page as the
overall FET switch model as shown in
Figure 4.

Tuning the Preamplifier Assembly
with the Optimizer

The type of tuning which improved the
fifth preamplifier assembly in the lab was
added to the preamplifier schematics. The
tuning elements consisted of: 1. Additional
shunt capacitance added to the interstage
and the output of the 1.0 to 3.5 GHz pre-
amplifier circuit; 2. Additional shunt capa-
citance in the low pass filter; 3. Open cir-
cuited tuning stubs at the input in the
band stop filter; and 4. Series inductance
at the FET switch junction (Figure 4).

A new SUPER-COMPACT file was ex-
tracted and initial analysis predicted a
greater than 6 dB output return loss for
the preamplifier assembly. Optimization
of the assembly showed improvement in
output return loss to greater than 9 dB
while maintaining good input return loss
and gain (Fig. 5). The optimized tuning
parameters were back annotated to the
schematics and applied to the preampli-
fier assembly, yielding an actual return
loss of better than 9 dB (Fig. 6).

Conclusions

We have shown how a schematic cap-
ture program can be used to enter and
help tune the design of an MIC sub-
system. When DDSC is used in conjunc-
tion with SUPER-COMPACT, the designer
has a powerful set of tools to analyze and
optimize individual microwave circuits and
then quickly combine them into a sub-
system using a block diagram. With these
design tools, the performance of the sub-
system can be predicted and tuned.
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Trimmer Capacitors
from HF
Microwave.

Sprague-Goodman
P has’emall.

If you’re looking for quality, variety, and easy
availability, call (516) 746-1385 today.

SPRAGUE
GOO0MAnN

The Firstand Last Name in Trimmer Capacitors
Sprague-Goodman Electronics, Inc./An Affiliate of the Sprague Electric Company

134 Fulton Avenue, Garden City Park, NY 11040-5395/516-746-1385/ TWX: 510-600-2415/TLX: 14-4533

See us at the MTT-S show, Booth #1230.
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FRENKY RADID

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

The New, Dynamic

2050 S. Bundy Drive, Los Angeles, CA 90025
TOLL FREE: 1-800-421-6631
In California call (213) 820-1234
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Building blocks for
accurate, reliable RF/microwave systems

To get optimum performance from your system specify Alan microwave components. Our preci-
sion attenuators have excellent electrical characteristics including low VSWR, flat frequency
response and low insertion loss. Choose from a broad selection of programmable, fixed, manual
switch, rotary and continuously variable attenuators. Many are qualified under MIL-A-3933 and
MIL-A-24215. In addition, we supply documented calibration free.

Since 1971, our attenuators and accessories have met the highest standards for commercial and
military requirements through our Quality Assurance Program which complies to the full intent of
MIL-Q-9858. Our prices are competitive and delivery is prompt.

Whether you need a catalog item or a custom design, call us and let us help build a solid foundation
for your RF/microwave system.
Alan
Manufacturers of...
Attenuators: Programmable e Rotary e Manual Switch e Fixed e Continuously Variable
Accessories: Loads e Dividers e Terminations e RF Fuses e Bridges

Alan Industries, Inc.
745 Greenway Drive, P.O. Box 1203, Columbus, Indiana 47202
Phone (812) 372-8869 CALL TOLL FREE 800-423-5190
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| We mass-produce DTOs
when few others can

We manufacture Digitally Tuned Oscillators in production
quantities. We are currently producing them for the
ALQ-161 (B-1B Bomber), ALQ-172 (PAVEMINT) and the
ALQ-126B systems at a rate in excess of 100 units a month.

When you need DTOS for your vital military system, come
to M/IA-COM Omni Spectra for quality, performance and
delivery to your specifications.

2-18 GHz = Broad bandwidths = 10-12 bit tuning
Frequency accuracy to + 5 MHz

2626 South Hardy Drive, Tempe, Arizona 85282
(602) 966-1471 O TWX 910-950-1296 O TELEX 668-332

M/A-COM Omni Spectra also produces VCOs, DROs,
Amplifiers (GaAs FET), and multi-functional assemblies
See us at MTT-S, Booth #1514,
INFO/CARD 22




rF specialreport

The RF/Aerospace Alliance

Part Three in a Series: The Integration of RF and

Other Technologies.

By Mark Gomez
Assistant Editor

RF has found a constantly growing
home in the aerospace industry. The RF
role ranges from silicon MMICs for air-
borne EW systems, to subsystems (such
as VCOs and synthesizers) for radar and
military satellites, to major navigation and
communication systems. The industry is
so vast and diversified that this report can
only skim the surface of the many ongo-
ing projects and the companies that are
a part of the RF/Aerospace alliance, the
third and final part of our series on the in-
tegration of technologies.

F “‘super component” devices such
as silicon and GaAs MMICs play a
major role in the aerospace industry.
MMICs are used in expandable EW sys-
tems, missile radar IF amplifiers and GPS
satellite receiver RF amplifiers. In the front
end of GPS receivers, MMICs can be
used as low noise amplifiers, down con-
verters, VCOs and digital converters.
As an example of RF subsystem devel-
opment, Eaton Corporation has recently
introduced a low phase noise VCO speci-
fically designed for electronic warfare. It
covers from 8 to 16 GHz with a minimum
output power of +20 dBm. Another exam-
ple is the MSF series from Avantek, a
family of silicon MMIC frequency con-
verters. The devices simultaneously func-
tion as a self-oscillating LO and two port
active mixer with up or down conversion
gain or as an active mixer with low power
LO injected at the input or output.

Military Systems Represent
Biggest RF Role

The Global Positioning System (GPS)
is a satellite based navigation system that
may be incorporated into military aircraft.
The problem of ground obstructions found
in terrestrial based systems will be elimi-
nated by GPS as the signals are obtained
from satellites. Magnavox is developing a
series of modular GPS sensors for appli-
cations in navigation and guidance sys-
tems. The basic assembly is a two chan-
nel satellite receiver and interface which
can be expanded to provide additional
channels when a higher degree of accur-
acy is needed.

Digital RF memory (DRFM) devices
play an important part in jamming sys-
tems. An ideal DRFM would convert an
incoming threat radar signal to an analog
signal while preserving the characteristics
of the radar, then would convert and store
the data in digital format. This is required
to reconstruct a replica of the original
radar signal to be radiated by the jammer.
The Avionics Group at ITT is currently
developing a device to fit the above re-
quirements. Also involved in the develop-
ment of a DRFM is Thomson-CSF who is
working on attaining a DRFM with an in-
stantaneous bandwidth of 800 MHz and
response time of 10 ns.

Jamming systems represent a major
part of the electronic warfare industry.
They came into play soon after radar was
incorporated to track a possible threat.

IhAutve ol
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Eaton Corporation’s VCO is designed for EW applications.
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These systems are now used for jamming
enemy radar and communication systems.
The airborne self-protection jammer is
a system designed to provide automatic
jamming protection from a large number
of threats. Bistatic jamming is an effective
means for disrupting automatic target
tracking and missile guidance, involving
a redirection of the victim’s radar from the
defended object to a false target. Velocity
deception jamming diverts the range gate
to a decoy, hence redirecting the radar to
a false target. It is possible to imitate a
large number of false targets causing the
radar operator to see more than one tar-
get when there is actually one. Randomly
switching jammers denies the radar the
ability to track a target. These counter-
measures are effective against surface
based tracking radars and radar guided
missiles. The ICMS 2000 made by
Thomson-CSF is a self protecting suite
that performs warning, jamming and de-
coying functions, and system manage-
ment. It has a crystal video receiver and
a superheterodyne receiver for detection
of doppler and puise doppler radars. The
warning protection is provided by the
superheterodyne receiver, processing
units, direction finding antennas and an
omnidirectional antenna.

The AN/ALQ-162, an airborne jamming
system made by Northrop, has its own
receiver and prcessor for managing the
jammer against multiple threats. This con-
tinuous wave jammer will be used in Navy,
Army and allied nation aircraft.

Marconi Defense Systems has a family
of electronic warfare systems that in-
cludes jamming of enemy radar and com-
munication systems. The communications
jammer is designed for monitoring enemy
VHF communications and jamming those
radio circuits from behind their positions.
The device for radar band jamming de-
tects threat radars and selects the best
jamming mode for the given conditions.

The Rotman lens is a type of antenna
array developed to simultaneously moni-
tor and detect the direction of a number
of signals, or to simultaneously jam
several bearings. Raytheon’s Electromag-
netic Systems Division is working on an
interferometer that will replace the Rot-
man lens on the ALQ-142. The 142 is a
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The AMRAAM is shown mounted under the wing of an F-16.

shipboard electronic support measures
system used to locate enemy threats. It
is comprised of a series of spiral anten-
nas and phase processing circuitry. This
modification will provide resolution that is
good enough to be used as targeting in-
formation for weapons launch when only
target bearing is known. The greater sen-
sitivity allows more targets to be detected.

Decoys are EW devices that provide
tactical aircraft with protection against
radar directed anti-aircraft missiles. They
protect aircraft from enemy semi-active
missiles that home in on the reflected
radar energy from an aircraft. They trans-
mit radar of the same frequency but of
higher intensity than that is bounced oft
the aircraft causing the enemy missile to
home in on the decoy rather than the air-
craft. A typical decoy consists of a control-
ler, phase lock loop, modulator, local oscil-
lator, receiver, power amplifier and input
frequency limiter.

Jammers need to know the exact oper-
ating frequency of the radar it is assigned
to counter while radar warning systems
scan the spectrum of radar threats to
distinguish the type and approximate

RF Design

bearing of the threat.

Simple RWRs (radar warning receivers)
detect radar pulse envelopes with the aid
of crystal video receivers. The pulse repe-
tition rate and frequency is determined by
the radar and tracking status. A superhet-
erodyne receiver can be added to the
crystal receiver to separate pulses by fre-
quency and to lead jammers to the proper
frequency.

The Bragg cell is another type of re-
ceiver designed for intercepting and ana-
lyzing hostile emissions. It may be able
to analyze up to 100 threat emitters simul-
taneously when it is fully developed. This
method uses a transparent crystal that is
attached to a transducer. RF signals are
sent to the transducer which in turn gen-
erate acoustic pressure waves that change
the optical refractive index of the crystal.

The Zeus system, developed by Mar-
coni, is an electronic counter measures
system designed for high performance
combat aircrafts. It consists of a RWR and
a jamming unit. When both are used con-
currently, the RWR controls the jammer.
The system can also control decoys, chaff
and flares. It has eight receiving and two

transmitting antennas. The receiving an-
tennas detect missiles, anti-aircraft artil-
lery and airborne intercept radars.

Watkins-Johnson Company has pro-
duced a triple channel interferometer
radio direction finder. It has a frequency
coverage of 20 to 500 MHz which is ex-
pandable to 2 to 1100 MHz. It is relatively
immune to the type of signal modulation,
permitting effective operation on noisedike
signals such as spread spectrum as well
as AM, FM, SSB, CW, and pulse type sig-
nals. Utilization of a discrete fourier trans-
form algorithm provides signa! amplitude
and phase data which is used with signal
frequency and antenna geometry to com-
pute a line of bearing.

The AMRAAM — An RF Guidance
System Example

Hughes Aircraft Company is currently
testing their advanced medium range air
to air missile (AMRAAM Aim-120). In a test
of the missile's ability to distinguish be-
tween clustered targets, it passed within
lethal distance of its target. The AM-
RAAM’s active radar recognized two
QF-100 drone aircrafts as individual tar-
gets and attacked one of them. During the
test, the QF-100s were flying abreast,
closely spaced. An F-15 flying at Mach
0.90 at an altitude of 10,000 feet launched
the AMRAAM at medium range. The two
QF-100s were flying directly towards the
F-15 at Mach 0.80 at 1000 feet.

Before launching, the AMRAAM re-
ceived target information from the F-15.
Only one target was perceived at the time
of launch. After launch, the missile guided
itself in its command inertial midcourse
mode during which it received target loca-
tion update information over its data link
from the F-15. The AMRAAM switched to
its on board active radar and acquired the
two target cluster before designating a
single target for attack. Current medium
range air-to-air missiles in the Air Force
and Navy lack the AMBRAAM’s ability to
zero in on one aircraft in a cluster which
could cause them to miss all the targets.

The AMRAAM’s seeker’s RF signal pro-
cessor is mounted behind its flat anten-
na resuiting in a good signal to noise ratio
and phase matching in the receiver. Wat-
kins-Johnson Company has been con-
tracted to produce the RF processors for
use in the AMRAAM. The deliveries are
expected to extend through late 1988.

This report has touched only a few of
the many aspects of RF technology in the
aerospace industry. The RF role ranges
from simple components to massively
complex electronic warfare systems. De-
sign and development of these systems
provides an unparalleled technical chal-
lenge for RF engineers. (]
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Anritsu's Portable Spectrum
Analyzer, Model MS610B/J1,
combines advanced measure-
ment techniques with field
tested durability at a price you
can afford.

The MS610 provides a 10 kHz to
2 GHz range, AC-DC operation
and 80 dB of dynamic range.

A quasi-peak detector (in
combination with the MH680B
tracking generator) is available
as an option; with it, the MS610
becomes a powerful EMI mea-
surement tool. The instrument is
available with input impedances
of 50 Ohms (Model B) or 75
Ohms (Model J1) for use in
video and CATV applications.

No matter where you are, the
MS610B/J1 is easy-to-use and
assures accurate, error-free
measurements. By setting the
center frequency, pressing the
COUPLED TO REF and COUP-

LED TO SPAN keys, and spec-
ifying the desired reference
level and frequency span, the
analyzer automatically chooses
the optimum resolution
bandwidth, sweep time, and
RF attenuation, eliminating the
chance for any calculation
errors!

Production Test Engineers like
the ease-of-use and GP-IB pro-
grammability of the MS610B/J1;
Quality Control Engineers like
the wide dynamic range and
measurement dependability;
Field Service Engineers like the
portability and EMI measure-
ment capability. Everyone loves
the low $7,500 price tag!

For more information call Anritsu
today at:

Anritsu America, Inc.

15 Thornton Road

Oakland, NJ 07436
201-337-1111 (in NJ)

or 800-255-7234
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rF featured technology

The GaAs MMIC Explosion:
Three Case Histories

By Gary A. Breed
Editor

Recent growth in gallium arsenide
(GaAs) monolithic microwave integrated
circuits (MMICs) has been, to understate
the case, rapid. Amplifiers, mixers, swit-
ches, attenuators, oscillators and every
possible combination of these can now be
created in a MMIC functional block. This
feature highlights three companies and
their most recent products. It is intended
not only to show the current products
available, but also to provide some insight
into the technological and market factors
which have given GaAs MMICs such a big
push.

Before presenting the three feature
stories, it is appropriate to recognize
some of the other companies who are
making substantial contributions to GaAs
MMIC technology. These companies in-
clude M/A COM Advanced Semiconduc-
tor, who introduced new GaAs switches
and attenuators at last November’s RF
Expo East. M/A COM components have
already been designed into new products.
Harris Microwave Semiconductor’s ampli-
fier products were early entries into the
GaAs MMIC marketplace. They were also
leaders in emphasizing the necessity for
RF and microwave techniques in the im-
plementation of digital GaAs ICs.

Nippon Electric (NEC) has drawn on the
experience of 15 years of GaAs FET tran-
sistor production and six years of GaAs
MMIC research to offer capabilities in
0.05-30 GHz IF amplifiers, 2-20 GHz wide-
band amplifiers, phase shifters, pre-
scalers and LNA/Mixer/IF amplifier front-
end circuits. Microwave Semiconductor
Corp. (MSC) is a relative newcomer to
MMIC technology, although experienced
in discrete transistor technology. GaAs
opto-electronic circuits are in production,
with new MMIC products on the threshold
of announcement.

Plessey’s Three-Five Group has devel-
oped amplifier and switch products, in-
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cluding switch arrays for phase shifters,
attenuators or filters. Plessey’s GaAs foun-
dry service offers custom MMIC produc-
tion. Also in the foundry business is Tri-
Quint, a Tektronix subsidiary.

Celeritek, Rockwell, Texas Instruments
and ITT have also joined the ranks of

companies with GaAs MMIC capabilities.
The growing list of companies and pro-
ducts is evidence of the manufacturer’s
confidence in the technology. The follow-
ing case histories are examples of product
developments and perspectives on GeAs
technology by three companies.

GaAs Receiver ICs for GPS

Pacific Monolithics, Inc.

The Global Positioning System (GPS)
will be the first satellite system to provide
continuous, precision navigation through-
out the world. Eighteen operational
satellites, plus three spares, orbiting in 55
degree inclined orbits 20,200 km above
the earth will provide a three-dimensional
navigation solution (latitude, longitude
and altitude), time reference and veloci-
ty information anywhere in the world.

The system’s signals are transmitted in
L-Band at 12276 and 1575.4 MHz. A GPS
receiver has a “generic” block diagram
like that illustrated in Figure 1. Microwave
electronics make up much of the receiver,
including a low noise amplifier, frequency
converter and frequency standard. Using
discrete microwave circuits, the RF por-
tion of the receiver represents about half
its cost. With GaAs MMIC technology, a
factor of five reduction in cost and size
can be realized.

In 1984, Pacific Monolithics developed
a complete C-Band satellite receiver front-
end using GaAs MMIC technology. Dur-
ing 1985, over 25000 devices were
delivered for these applications. The
technology both improved the quality and
reduced the cost of TVRO satellite
systems. Applying the same principles to
a GPS receiver, a set of chips meeting the
RF functional requirements of Figure 2
were developed. The circuit performance

specifications are summarized in Tablz 1.

The L-Band low-noise amplifier (PM-
AMO0101) is a two-stage cascode design
with a chip size 0.5 x 0.75 mm. Amplifier
gain of 20 dB with a noise figure of 1.9 dB
is achieved over the 1.2-1.6 GHz band of
interest. Designed for minimum power
consumption, the chip has a current drain
of 21 mA with an 8 V supply.

The frequency converter brings a bigh
level of integration into a 1.2 x 1.2 mm die.
The PM-CV0202 chip combines RF ampli-
fication, IF amplification, LO buffer and a
double-balanced mixer. Each comporent
makes a specific contribution to the
MMIC’s performance. For example, the
RF amplifiers add gain, but reduce the
subsystem noise figure and provide
reverse isolation for LO and IF leakage to
the RF port. The LO buffers supply a con-
stant power level to the mixer and reduce
the LO power requirement. The LO buf-
fer also improves mixer performance by
its very short electrical distance from the
mixer diodes.

There are two downconverter chips
available. The CV-0201 has balanced
(push-pull) inputs for RF and LO signals,
while the CV-0202 has single-endec in-
puts. Both convert 1.2-2.5 GHz inputs to
IF signals of 15-1000 MHz, with 20-2€ dB
RF-IF conversion gain using a +5 V
supply. LO input level requirement is —5
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Figure 2. RF electronics of GPS receiver.

dBm or greater (up to +10 dBm), and the and 1250 MHz. The 696 MHz oscillator
output 1 dB compression point is +15 demonstrated 125 dBC/Hz phase noise 10
dBm. kHz from the carrier.

A GaAs MMIC voltage controlled oscil- The PM-DD0201 is a microwave fre-
lator (VCO) was designed using a two- quency divider designed for divide-by-two
stage FET oscillator with an output buf- operation from DC-2 GHz. The device is
fer for load isolation. The frequency deter- a static frequency divider, and the input
mining feedback element is external to can be either capacitively or DC coupled
the PM-OV0101 chip, which has been to the signal source. The output is
tested with SAW resonators at 696, 928 capable of ECL-level voltage swings into

The SW-200 GaAs SPDT MMIC Switch
Adams-Russell Electronics Inc., Anzac Division

isolation between the RF path and the
control circuitry. The series device gate
is connected to the gate of the shunt
device on the opposite arm of the switch.
Long-term static buildup is prevented by
connection of a Schottky diode/20k ohm
resistor network between each control in-
put and its respective ground. Although

Among the first MMIC components
available from Adams-Russell’'s new
GaAs production facility is the SW-200
series of SPDT RF switch products.
Adams-Russell saw that GaAs technology
could achieve switching performance
comparable to PIN diode designs, but
with nanosecond switching speed, low
power consumption and standard CMOS

a 50 ohm load.

A monolithic VHF/UHF converter bas-
ed on the Gilbert multiplier cell was
designed using active phase splitters and
an active balun to achieve proper drive
signals. Conversion gain is from 5 to 15
dB, depending on frequency, and worst-
case LO-IF leakage of —27 dB (1-2000
MHz) was measured with +5 dBm LO
drive.

The final member of the GPS chip
family is the PM-AG0101 VHF/UHF AGC
amplifier, providing IF gain with gain con-
trol from 20-1000 MHz. The chip has 25
dB gain and more than 25 dB of gain con-
trol range, together with 50 dB output to
input isolation.

Drawing on past experience in C-Band
satellite receiver MMICs, Pacific
Monolithics sees GPS system com-
ponents as the area they are best able to
serve with new GaAs MMICs. Despite the
delays in deployment of the entire con-
stellation of GPS satellites, the worldwide
navigation accuracy and convenience that
GPS will provide is seen as a significant
market.

there is gate leakage present, the DC
power consumption is dominated by the
currents in the 20k resistors. When the
controt input is low (0 to —0.2 V), the cur-
rent is 20 pA and with the control high (=5
to —8 V), current is 40 to 200 pA.
Arrangement of the control network is
such that complementary gate control

or TTL logic drive. These advantages can
be put to use in phased array radar, ECM
and EW systems and switching matrices,
as well as general purpose RF switching.

The SW-200 is based on the use of RF1 o

SW-200

Q3

Metal-Semiconductor Field Effect Tran-
sistors (MESFETs) as the active devices.

Schottky diodes are configured into a
switch circuit utilizing air bridge intercon-

The technology used is N-channel deple- Q1 2K 2K Q4
tion mode GaAs MESFETs with 1 um
Schottky gates. Impianted resistors and ¢ B

© RF2

nects. MMIC wafer fabrication follows an
eight-mask process using direct ion im-
plantation into semi-insulating GaAs
substrates. The SW-200 chip size is 30 x
30 x 10 mils.

As shown in the schematic of Figure 3,
four MESFETSs are arranged in two mirror-
image series-shunt configurations origin-
ating at the common RF node. Four 2k

D1

GND o—"—-l\,w_i‘._-

20K

Control “A” Ji

D2
.—-b'-—w\/v—l——o GND
20K

J’ Control “B”

ohm resistors connect the control inputs
to the MESFET gates while providing
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Figure 3. Schematic diagram of SW-200 GaAs MMIC SPDT switch.
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voltages applied at the control inputs
switch the appropriate series-shunt
MESFETs “on” and “off”” The “on” state
occurs with a 0 to —0.2 V control input,
resulting in an “on” resistance of only four
ohms and a capacitance of 0.2 pF across
the MESFET. The —5 to —8 V “off” con-
trol state causes the MESFET to cease
conduction, with a resistance of 100k
ohms and the same 0.2 pF capacitance.
The MESFET pinch-off voltage deter-
mines the minimum “off” control voltage,
and is determined by the ion-implantation
dose of the MESFET channel. This is
designed to be —4 V maximum, to provide
the lowest “‘on” channel resistance that
can be reliably turned off by a =5 V con-
trol input.

MMIC Switch Performance

Figure 4 shows the measured perfor-
mance of the SW-200. At 4 GHz, the in-
sertion loss is less than 1 dB, with over
30 dB “off” port isolation. The absence
of DC blocking capacitors and bias
chokes enables operation literally down
to DC, as well as reducing the size of the
circuit. The upper frequency performance
is limited to 6 GHz by parasitic source-
drain capacitance. With the SW-200’s
direct coupling, rise and fall times of 2 ns
are typical (determined by the RC time
constant of the 2k resistor and the 1 pF
gate input capacitance.

Input power for 1 dB compression is
+25 dBm with a control of =5V, increas-
ing to +31 dBm with —8 V control. (The

—8 V maximum control voltage lies mid-
way between the pinch-off and the gate
breakdown voltage.) Typical second and
third order intercept points are +66 and
+41 dBm.

Drive circuitry for the SW-200 must pro-
vide complementary control voltages to
the gate drive inputs. Compatibility with
common logic families such as CMOS or
TTL is highly desirable for convenience
and low DC current consumption.

One method, shown in Figure 5, raises
the channel of the MESFETs above
ground. The DC voltage is applied
through 1k ohm (or larger) resistors and
bypass capacitors to the chip “grounds.”
10k ohm or greater resistors are required
for proper isolation at the drains (switched
ports), with DC blocking capacitors for the
external RF inputs and outputs. This bias-
ing method changes the control re-
quirements to 0 V for “off” and +5 V for
“on.” The diagram shows the SW-200
driven by a CD54HCT04 hex inverter. The
HCT family of CMOS is LSTTL compati-
ble, but with lower power consumption
and a full 0 to +5 V output voltage swing.

Alternate drivers include the 54LS04
hex inverter and the standard CMOS
CD4041 quad truefcomplement buffer. Ad-
ditional pull-up circuitry is needed be-
tween the LSTTL outputs and the +5 V
supply to achieve the required voltage
swing. The maximum operating voltage
of the CMOS device cannot be utilized,
since the limit of the SW-200 control
voltage is 8 V. However, both LSTTL and

HCT CMOS have +5 V maximum supply
voltage ratings. Standard CMOS can be
used to take advantage of the maximum
signal handling capability of the switch
MMIC when used with an 8 V supply.

Anzac offers the GaAs MMIC switch
family in seven configurations. The TTL-
compatible versions use the CD54HCT-
series drivers:

1. SW-200: chip only.

2. SW-201: basic chip in 8-pin TO-5
package.

3. SW-202: basic chip in 3/8-inch
flatpack.

4. SW-205: switch plus TTL-compatible
driver in 14-pin DIP, plus two additional
switches to terminate the “off” port and
increase isolation.

5. SW-206: switch plus 8-volt CMOS
driver in 14-pin DIP, with termination
feature.

6. SW-207: same as SW-205 without ter-
mination (has lower insertion loss).

7. SW-208: same as SW-206 without
termination.

Although packaged versions are
available to give designer’s greatest flex-
ibility in component choice, the real value
of the SW-200 GaAs MMIC switch is the
potential for integrating switches and
amplifiers in a monolithic format. Alone,
the SW-200 devices offer an immediate
alternative to PIN diode switches when
low power and driver interface conve-
nience is important. The devices have the
additional benefit of monolithic reliability
and low volume cost.

Insertion loss
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Designing and Fabricating a 2-6 GHz Amplifier:

Anadigics, Inc.

Anadigics, like most other companies
involved in GaAs MMIC technology,
places a strong emphasis on capabilities,
not just product offerings. With relatively
few standard components to choose from,
the GaAs MMIC customer can't just pick
an off-the-shelf device. He needs a
specific design or a specific combination
of proven circuit modules. This case
history describes the design and fabrica-
tion process for GaAs MMICs such as the
AWA20601 2-6 GHz amplifier (photo and
Figure 6).

Any monolithic integrated circuit begins
as a software-generated model. Typical-

ly, the design is established and optimized
using available software (SUPER-COM-
PACT™, Touchstone™ or MSPICE). The
foundry, in this case Anadigics, has a
library of circuit models, including all of
the active and passive elements available
in the fabrication process. Anadigics also
offers proprietary enhancement of SPICE
called AISPICE, which allows both time-
domain non-linear analysis and frequency-
domain linear analysis to be performed
with SPICE.

Analysis, optimization and reiteration of
circuit layout is required to *fine tune” the
design. The design task is far more com-

plex than choosing circuit elements from
a menu and assembling them into a cir-
cuit. Impedance matching, transistor
parameters, sizes and values of passive
components, and layout considerations
for both crosstalk and wafer yield require
extreme care. With all the software
assistance available, it still takes the in-
tuition gained from experience to estimate
parasitics and make layout decisions.

In the case of the AWA20601, the cir-
cuit models were evaluated on an ongoing
basis, comparing the models to measured
data. As the first standard product to come
from Anadigics recently completed foun-
dry, the AWA20601 development was
monitored closely from start to finish. The
result of this care was a product with a
correct design the first time, a rarity in the
world of ICs.

The Anadigics foundry service is based
on their 0.5 micron, 24 GHz f; depletion-
mode MESFET technology. The foundry
service was made available to customers
in December 1986.

Chip photo shows layout of AWA 20601 amplifier.

Gain: 95 dB
Gain flatness

(0 dBm): +0.75 dB
Noise Figure: 6.0 dB
Gain Control Range: 5.0 dB
Output Power

(1 dB comp.): +145 dBm
Reverse Isolation: 30 dB

Input VSWR: 1551
Output VSWR: 1551
Supply Voltage: +25to +7 V
Supply Current

(VDD = +5): 100 mA
Input Power: +20 dBm max.
Power Dissipation: 1 W Max.

Figure 6. Typical performance specifications for the AWA 20601 GaAs

MMIC amplifier.

AMO101 CV0202 OV0101 DD0201 CV0101 AGO101
Frequency (MHz) 1200-1600 1200-2600 400-1700 DC-1500 5-2000 50-600
Gain (dB) 20 20 N/A 6 15t0 5 25
Output Power (dBm) 0 15 -4 8 0 0
IF Frequency (MHz) N/A 15-1000 N/A N/A 3-1000 N/A
LO Drive (dBm) N/A 5 N/A N/A 0 N/A
Noise Figure (dB) 19 6 N/A N/A 7 7
DC Voltage (V) +8 +5 +5 +4 +5 +5
DC Power (mW) 170 800 80 580 100 120

Table 1. Performance summary of GaAs MMIC chip set for GPS receivers.
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To receive more information on the
GaAs MMIC products and capabilities
of these companies, circle the Info/
Card numbers given below:

Pacific Monolithics, Inc., Sunnyvale,
CA. Info/Card #137

Adams-Russell, Inc., Anzac Division,
Burlington, MA. Info/Card #136
Anadigics, Inc., Warren, NJ. Info/Card
#155

M/A COM Advanced Semiconductor,
Burlington, MA. Info/Card #134
Harris Microwave Semiconductor, Mil-
pitas, CA. Info/Card #133

California Eastern Laboratories (NEC),
Santa Clara, CA. Info/Card #132
Microwave Semiconductor Corp.,
Somerset, NJ. Info/Card #131
Plessey Three-Five Group Ltd., San
Diego, CA. Info/Card #130

TriQuint, Inc., Beaverton, OR. Info/
Card #129

Celeritek, San Jose, CA. Info/Card
#128

Rockwell International, Newbury Park,
CA. Info/Card #127

Texas Instruments, Inc., Dallas, TX.
Info/Card #126

ITT Defense, Roanoke, VA. Info/Card
#125
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Super Selection

RF shopping just became easier!

$8 million of RF transistor inventory will put your order on your desk
the NEXT DAY—not next month. Excellent selection plus factory pricing makes
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The Tek 2750 Series of
Laboratory Spectrum
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FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER

Our versatile 7000 series of
coaxial relays have band-widths
from DC up to 800 MHz. They're
available from 2 to 24 throw.
And by using our 9000 series
cross-straps, switching matrices
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Why have Matrix broad-band
relays become the industry
standard? Because we construct
them of precision machined
anodized aluminum alloy, all
signal shield paths are silver
plated, and basic switch ele-
ments are hermetically sealed
in nitrogen filled gas envelopes
with rhodium plated contacts to
insure non-stick operation.

The end result is extremely
low crosstalk, EMI and VSWR.
Another plus, all switchpoints
are individually field replaceable.

The units are plug compatible
with Matrix 6100A and 1600
Series Logic Modules for com-
patibility with RS-232, RS-422
and IEEE-488 Interface busses
as well as 16 bit parallel.

Non-blocking Matrix configu-
ration may be easily assembled
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band relays, it pays to deal with
Matrix. After all, we've been
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ernment agencies, defense
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ATE and telecommunications
companies—and more.
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Power Transistor Output Port Model

For analyzing A Switching-Mode RF Power Amplifier

or Resonant Power Converter.

By Nathan O. Sokal and Richard Red|!
Design Automation, Inc.

To derive accurate equations for switching-mode RF power
amplifiers, the engineer needs a model for the output port of the
switching power transistor. This article gives a model for field
effect and bipolar junction transistors (FETs and BJTs) which
yields accurate performance predictions. Also included are new
figures of merit for power transistors and for power amplifiers
and power converters, measured model parameters for a power
MOSFET, and appraisals of the resulting transistor performance
in an example switching-mode HF power amplifier.

hy another transistor model? Engineers can derive

equations which predict accurately all of the following for
high-frequency switching-mode RF power amplifiers (the power
transistor acts as a switch at the carrier frequency) and reso-
nant DC/DC power converters:

* RF or DC output power,

¢ DC input power,

¢ collector or drain efficiency, and

e power dissipation.

At present, the Class-E member of these families is the most
thoroughly documented. The upper frequency limits, at the time
of this writing, are about 3 GHz for RF power amplifiers and 50
MHz for DC-DC converters. The limits result from the electrical
parameters of available economical power semiconductors.

However, to derive the equations, the engineer needs a model
for the output port of the switching power transistor. The modei
must include the important electrical parameters, and be sim-
ple enough to include the model in deriving tractable equations.

Published models [1]-[3] are not appropriate for this purpose.
Oxner [1] gives an accurate small-signal model of a silicon
MOSFET. That model is excellent for computer simulation of the
small-signal linear characteristics of a circuit with a specific set
of component values, but it is not appropriate for our present
purpose: deriving analytic expressions for the performance of
a switching-mode power circuit. Other published models [2], [3]
accommodate large-signal switching-mode operation, but all of
the models in [1)-[3) are too complex for use in deriving tractable
analytic expressions. They were all intended for use with com-
puter programs which simulate circuit performance with specified
sets of component values. Although such simulation is very
useful, it does not take the place of equations which predict cir-
cuit performance in symbolic terms. The modei given in this ar-
ticle applies to the output port of a BJT, usually silicon, a
MOSFET, also usually silicon, and a metal-semiconductor FET
(MESFET), now usually gallium arsenide.

This model is simple enough to produce tractable analytic ex-
pressions, and it yields accurate predictions of the performance
of high-frequency switching-mode power circuits.

A similar model can be derived for the transistor input port,
for analyzing operation of the input circuit and predicting in-
put/ouput power gain. However, although BJTs, MOSFETs and
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Figure 1.
Model for output port of switching transistor.

MESFETs have the same output-port model, three different
models of input port are necessary.

What is ‘‘High Frequency?”’

In a low-frequency switching-mode power circuit, the effects
of the transistor switching times and output capacitance are
negligible. Then the “on” transistor can be modeled as a resistor,
the “off”’ transistor can be modeled as an open circuit, and the
transitions between those two states can be taken as instan-
taneous. But in a high-frequency switching-mode power circuit,
the switching times and the output capacitance are important:

1. The switching times are usually appreciable fractions of the
waveform period (e.g., up to 10 percent of the period). That can
reduce the power efficiency substantially unless the circuit is
designed to accommodate those switching times.

2. The output capacitance has important effects on the cir-
cuit operation:

a. The output capacitance comprises an appreciable part of
the total capacitance to ground from the collector or drain.
Therefore it affects the tuning and timing in resonant circuits.

b. Appreciable power is dissipated if the output capacitance
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Figure 2. Complete equivalent circuit of

“off’transistor.
is discharged to zero from a substantial voltage by the turned-
on transistor, once or twice per cycle for single-ended or push-
pull circuits: C,V2/2 or C,V2f, respectively, where C,is the out-
put capacitance, V is the voltage change when the capacitor is
discharged, and f is the switching frequency. For example, that
power dissipation would be about 80 W for a 10-MHz voltage-
switching Class D amplifier using a pair of IRF540 transistors
operating from an 80-volt DC supply. An amplifier with a pair of
those transistors would be designed to supply about 200 W of
RF output. 80 W of power dissipation is too much, for a 200-watt
switching-mode power amplifier. The Class-E circuit [4]-[10]
avoids the capacitor-discharge power dissipation.

¢. In many high-frequency circuits (e.g., Class E [4]-[10] and
current-switching Class D), the output capacitance carries an
appreciable fraction of the high-frequency output current when
the transistor is “off”” That can result in substantial power dissipa-
tion if the capacitance has appreciable series resistance. (it has,
as we shall see subsequently.)

A suitable model of the output port of a switching power tran-
sistor in high-frequency operation must include:

a. the “on” switch resistance,

b. the “off” output capacitance,

c. the series resistance of that capacitance,

d. the switching times, and

e. the maximum current for which the model is valid (at higher
currents, the transistor no longer acts like a switch: it leaves the
voltage-saturated region of operation (low V4 or V.,), and enters
the saturated-current region of operation (high V. or V).

Model of Switching Transistor:

A. Approach to Modeling Switching Transistor

Figure 1 shows a model of the output port of a switching tran-
sistor. It is less detailed than the models of [1]-[3], but is simple
enough to be included in analytical expressions, and it gives ac-
curate predictions of the performance of high-frequency
switching-mode power circuits. The switch models the two states
of the transistor: “on’" and “off”” The other components mode!
the transistor behavior in those two states; they will be discussed
further insubsequent sections.

Because the model given here is less detailed than those of
[1])-[3], the values of the parameters in Figure 1 are somewhat
frequency-dependent; the reason is discussed further in Sec-
tion D below.

B. “On" State — ‘‘On” Resistance

For both FETs and BJTs, the branch C, — R, usually can be
ignored when the transistor is “on.”” That branch is discussed
further in the sections dealing with the switch *off” state. Ignor-
ing the C, — Rg, branch, a FET in the voltage-saturated ‘“‘on”
state can be characterized as a resistance R,,. R,, is almost al-
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ways specified [as Rpgq) for power FETs intended for use in
DC power supplies. As o? February 1987, it is not specified for
any RF power FETs. The engineer can measure R, easily; but
if it is not specified, there is no guarantee on its maximum value
in production.

C. “On” State — BJT Saturation Offset Voltage

A BJT in the *on” state can be characterized as a resistance
R, in series with a saturation offset voltage V,. V, is shown in
Figure 1 as a battery opposing the collector supply voitage (V).
R.. and V, of a BJT are increasing functions of frequency,
especially if the transistor is made “rugged” (resistant to second
breakdown) by placing a high-resistivity layer on the collector
side of the metallurgical collector-base junction. V, is of the order
of 0.1 V at low frequencies (<f;/100) and can be as large as
several volts at high frequencies (>f;/10). Although R, and V,
are important parameters of a BJT, they have not yet been well
characterized as functions of frequency, base drive, and tran-
sistor manufacturing process. They are never specified in data
sheets for bipolar RF power transistors. (Data sheets for RF power
transistors sometimes specify the DC saturation voltage, but that
has no relevance to operation at frequencies higher than a few
hundred kHz.)

V, “bucks” the supply voitage. The effect of V, on efficiency
and output power is accounted for exactly by subtracting V,
from the collector supply voitage: the efficiency and output power
which would be obtained in the absence of V, are multiplied by
the factors (1 — V,/V,) and (1 — V /V_)?, respectively.

D. “Off”’ State — Output Capacitance

1. Elements of the model. In the “off’ state, the transistor is
characterized primarily by its output capacitance (C,), and
secondarily by the parasitic resistance (Rc,) in series with that
capacitance. Usually the gate or the base is held at a cutoff
voltage by a low-impedance drive source. Then C, and R, are
a one-branch representation of the combination of three
capacitors and their associated loss resistances shown in Figure

v

DS‘

Nonlinear C,

*

Linear C,

/

cc

off

Y

Figure 3. Switch-voltage waveforms in Class-E circuit
with linear and nonlinear capacitors in parallel with
switch.
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Figure 4. Class-E RF power amplifier.

2. Usually the output impedance of the drive source is low. Ac-
cordingly, the transistor output capacitance is usually specified
as the value measured with the enhancement-mode FET gate
(or the BJT base) shorted to the source (or the BJT emitter). For
a depletion-mode FET, the gate is biased beyond pinch-off, by
a low-impedance voltage source. Hence, the output capacitance
of a grounded-source FET is approximately Cys + Cgy,. Usually
that capacitance (or its two components) is specified on the tran-
sistor data sheet. For an enhancement-mode FET, the output
capacitance is called C,,. The output capacitance of a
grounded-emitter BJT is approximately C, + C.,. Usually C.,
is much smaller than C,. C,, is specified on the transistor data
sheet as C,;, or Cypo.

2. Nonlinearity of output capacitance. The transistor output
capacitance is voltage-dependent,decreasing with increasing
voltage. Figure 6 shows an example: C, vs. drain-source
voltage for a 100-volt MOSFET, International Rectifier IRFD1Z0.
To be able to derive tractable analytic expressions for predic-
ting circuit performance, the engineer must replace that voltage-
dependent capacitance by an “equivalent” fixed-value (linear)
capacitance. The definition of “equivalent”’ depends on the ap-
plication. For analyzing switching-mode RF power amplifiers such
as the Class-E ampilifier [4]-[6], “equivalent linear capacitance”
can be taken to mean the linear capacitance which would result
in the switch voltage returning to zero during the switch “off”
interval at the same time as occurs with the actual nonlinear
capacitor. (During that “off” interval, the capacitor is being
charged and discharged by a current which is determined par-
tially by the transistor output capacitance.) The peak voltage on
the nonlinear capacitor will be larger than the peak voltage which
would occur in the same circuit using a linear capacitance of
the same “effective” value.

Because most analytical methods assume linear capacitors,
the designer should expect the actual peak voltage to be
somewhat larger than the calculated value. The difference will
be up to about 20 percent, depending on what fraction of the
total circuit capacitance is supplied by external linear
capacitance.

3. Capacitance multiplier effective during transistor-current fall
time. The transistor-current fall time usually occupies only the
first 20 percent or less of the “off” portion of the cycle. In cir-
cuits which provide high efficiency at high switching frequen-
cies, the voltage on the capacitance during the current fall time
is much lower than it is during the remainder of the “off” por-
tion of the cycle. With that much-lower voltage goes a much-
larger capacitance, because of the voltage dependence of the
output capacitance. Therefore the effective value of the nonlinear
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output capacitance during the current fall time is significantly
larger than C,, the value which is averaged over the entire ‘off”
portion of the cycle. The result of having that larger capacitance
is a substantial reduction of the transistor turn-off power dissipa-
tion. (The capacitance holds the transistor voltage low while the
transistor current is falling; [5] gives a detailed explanation.) The
larger effective capacitance during the turn-off transient is taken
as cC,, where ¢ is a capacitance-multiplying factor.

4. Estimated values of C, and c. Transistor manufacturers
usually spedify the voltage-dependent C, or C,, at 25 or 28
VDC. C, is a weighted-average value of that voltage-dependent
output capacitance, averaged over the range of voltage travers-
ed during the “off” portion of the cycle. (That range of voltage
is 20 to <BVpgg or BVg,.) Analytical relations and test methods
have not yet been published for determining C, and ¢ as func-
tions of the voltage-dependent output capacitance, for use in
analyzing tuned switching-mode power amplifiers, such as the
Class-E amplifier. At present, the authors come close by
estimating ¢ as approximately 2, and the effective C, for a
100-volt silicon MOSFET, over the voltage range of 0 to 80 V,
as about equal to the value of C at 25 V.

5. Rc, lossiness of output capacitance. R¢, represents the
lossiness of the combination of the three capacitors described
above. At high frequencies, an appreciable part of the circuit
capacitance from collector or drain to ground (e.g., C1 in the
Class-E circuit [4]-[9)) is supplied by the transistor’s C,. In that
case, an appreciable part of the high-frequency output current
flows through C, during the half-cycle when the transistor is
“off”” Then Rg, is important because the substantial high-
frequency current flowing through C, also flows through Rc,,
where it can cause substantial 2R, power dissipation.

The MOSFET models of [1] and [3] suggest that Rc, will be
equal to or less than R,, at high frequencies. All silicon
MOSFETs measured at 0.5 to 13 MHz by the authors have R,
greater than R,,, by as much as an order of magnitude.

As of February 1987, R, is never specified by the transistor
manufacturers, but it can be measured by the users. Further work
is needed to develop meaningful measurement methods.

6. Frequency dependence of parameters. The R and C values
of the one-lump approximation to the output capacitance and
its loss resistances are frequency-dependent, because only one
capacitor and one resistor are being used to model in one lump
the combined effects of three capacitances and their associated
six loss resistances. C, and R¢, should be evaluated in the fre-

Q
R¢[l
14

:
]
¢

08 1 16 2 3 4 567810 fiumz)

Figure 5. R, vs. frequency and V¢ for IRFD1Z0.
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quency range of interest. For a tuned power amplifier or power
converter (such as the Class-E circuit), that frequency range is
from one to about three times the switching frequency. With that
choice, the parameters will be characterized in the frequency
range which contains the major components of the current flow-
ing in C,. Because the output capacitance is voltage-
dependent, Rg, depends also on the capacitor voltage. The
“equivalent” fixed-value (linear) resistance is one which results
in the same power dissipation as with the actual voltage-
dependent resistance, in a circuit which applies a voltage
waveform to the capacitance similar to the waveform in the power
circuit. In Section VI, we give experimental data on the variation
of R¢, with frequency and drain-source voltage, for a 100-volt
MOSFET.

E. Switching Times

The transistor power dissipation increases with increasing tran-
sistor switching times.

1. Fall time, t;. When the transistor turns “off,” the collector
or drain current falls from 100 percent to 0 percent in a fall time
t.. For a BJT, that time is inversely proportional to lg,fy, where
laz is the turnoff base current and f; is the product of grounded-
emitter current gain and frequency, in the region where current
gain is inversely proportional to frequency (i.e., the extrapolated
unity-gain frequency). fyis a function of V ,and I.. The approp-
riate voltage and current for specifying or measuring f; are
those existing during the turnoff transient. f; is much lower (e.g.,
by a factor of 20) at the few volts of “'on” voltage in a switching
circuit than it is at the 10-20 V at which f; is usually specified.
For a FET, t, can be predicted from a knowledge of the driver
output and the input capacitance of the FET. Knowing the value
of tf, the engineer can derive an expression for the associated
power dissipation, in terms of the circuit parameters.

2. Rise time. In most power converters, the collector or drain
current is injected into the turning-on transistor by the external
circuit. At high switching frequencies, the transistor turn-on time
can be an appreciable fraction of a period of the switching fre-
quency. If too high a current is injected into the transistor during
the turn-on transient, the transistor voltage becomes high dur-
ing that transient. In that case, the power dissipation during the
turn-on transient can be substantial. in the Class-E circuit, the
current injected into the transistor by the external circuit starts
from zero and increases at a well-defined and limited rate. As
a result, the transistor voltage remains low during the turn-on
transient, and the power dissipation during the turn-on transient
is usually negligible.

F. Maximum current, | .,

Imax iS the maximum current for which the model is valid, with
the particular input drive being provided (V for a FET, or |, for
a BJT). At higher currents, the transistor no longer acts like a
switch: it leaves the voltage-saturated region of operation (low
Vgs OF V¢,), and enters the saturated-current region of operation
(high V4 or V). In that region of operation, the transistor can
no longer be modeled as a switch, and the present model is not
applicable.

Normalized Electrical Parameters

Power transistors usually come in families comprising various
numbers of the same basic cell connected in parallel. The rated
output power is proportional to the number of cells. The normal-
ized electrical parameters are the same for all members of the
family. C, (the equivalent linearized output capacitance) is pro-
portional to the number of cells, and R,, (the “on” resistance)
is inversely proportional to the number of cells; but their product
is a normalized parameter which is independent of the number
of cells. That product, R,,C,, is the time constant at the tran-
sistor output port. It is a fundamental parameter which
characterizes the entire family of transistors which use the same
basic cell. For Class-E circuits, and probably for most other
high-frequency switching-mode power circuits, R,,C, is the
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Figure 6. R¢, and C,, vs. V5 t 13 MHz, IRFD12Z0.

most important factor determining the achievable drain or col-
lector efficiency at high frequency, and the associated transistor
power dissipation. The second important factor is the time con-
stant of the output capacitance: R¢,C,. It characterizes the
high-frequency loss characteristic of the output capacitance. In
the section evaluating circuit performance, we give quantitative
information on the relationship between those time constants and
the corresponding components of transistor power dissipation.

The output-port time constants R,,C, and R.,C, are such
basic figures of merit for switching-mode power transistors used
at high frequencies that they deserve special symbols: 1, and
Teo- (Similarly, the input port is characterized by the parameter
7 = R,,Ci, where C, is the weighted-average value of the FET
input capacitance C;, or the BJT input capacitance C,. T;
determines the required input-drive power and the input-output
power gain. Those relationships are the subject of an intended
future publication.)

The authors encourage manufacturers of high-frequency
power transistors to publish and specify 1, and s, for their
transistors. As of February, only the vendors of transistors for
swithing-mode DC power supplies publish the parameters from
which the user can derive 1,, and no vendors publish informa-
tion on Rc,.

Criteria for Evaluating
Circuit Performance

A. Efficiency and Power Dissipation

For high-efficiency power amplifiers or power converters, it s
meaningful to evaluate both the efficiency and the power dissipa-
tion.

Efficiency (n) is relevant when considering the input power
needed to obtain a specified output power:

Pou (1)

Efficiency is important when the available input power is limited.
Examples are battery-powered portable equipment, or ground-
mobile or airborne equipment supplied by a generator which has
little reserve capacity. Efficiency is important aiso for high-power
equipment: over the equipment’s operating life, the cost of the
electric power for the equipment and its associated motors for
refrigerant compressors and/or air blowers can be substantial,
compared with the purchase and maintenance costs of the
equipment.
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Power dissipation is important when considering thermal fac-
tors, which relate directly to the equipment size and weight (heat
sink), and reliability (transistor junction temperature). A power
amplifier or power converter usually is designed for a specified
output power. Hence a meaningful criterion for comparing
different design approaches (all yielding the same output power)
is the fractional power dissipation: the power dissipation as a
fraction of the output power: Py /P, The relationship between
fractional power dissipation and efficiency is:

1
o 5 1+ Pdlsslpout (2)

B. Importance of a Seemingly ‘‘Small” Increase of
Efficiency

In a high-efficiency power equipment (n near 1.0}, increasing
the efficiency by only a few percentage points reduces the frac-
tional power dissipation by a large factor. That can result in large
reductions in equipment size and weight, and/or a large decrease
of failure rate (increase of MTBF). The large effect of efficiency
on fractional power dissipation can be seen from the
mathematical relationship between them:

Pdiss i i
P

P oy 1
= = 3
out P n ®

For example, if the efficiency is 80 percent, increasing the effi-
ciency by only nine percentage points (from 0.80 to 0.89) reduces
the fractional power dissipation by a factor of 2.0 (from 0.250 to
0.124). If the designer chooses to maintain the same temperature
rise, the heat-sink’s surface area is reduced by a factor of 2.0,and
the volume and weight are reduced by a factor of 2.8. Alternative-
ly, if the designer retains the original heat sink, the temperature
rise is reduced by a factor of 2.0. If the original temperature rise

NOISE
SOURCES

has been 130C above a 50C ambient (T, = 180C), T, will be
reduced to 115 C (a 65C rise above the 50C ambient). Reducing
T, from 180C to 115C will reduce the failure rate (increase the
MTBF) of a silicon bipolar junction RF power transistor by a fac-
tor of approximately 14 [4]. Comparable increases of MTBF apply
to other types of transistors.

C. Need for Transistor Figures of Merit

The transistor power dissipation is usually the major contributor
to P4 in a well-designed switching-mode power amplifier.
Usually, most of that is in R,, and R¢,. Those two components
of power dissipation can be assessed quantitatively, a priori, as
functions of the switching frequency and the transistor para-
meters R,, Re,, and C, (hence 1, and 1¢,). Then circuit design-
ers can design their circuits with full knowledge of all of the com-
ponents of power dissipation, and transistor designers can use
explicit quantitative trade-off criteria for choosing the transistor
design parameters which affect R,,, R¢,, and C,.

D. Example Application of Transistor Figures of Merit

For an example application of the transistor figures of merit,
we use the Class-E RF power amplifier shown in Figure 4, for
which extensive analytical results are already available.

1. Frequency ranges. Recall that low frequencies are frequen-
cies at which the transistor switching times and output
capacitance do not have important effects on circuit performance,
and that high frequencies are frequencies at which those effects
are important. For explaining the application of the transistor
figures of merit to the Class-E circuit at high frequencies, we sub-
divide the high-frequency range into two sub-ranges: “lower-
high” frequencies and “‘upper-high” frequencies.

The “lower-high” frequency range is the range in which C,
is larger than C, and the designer adds external capacitance
in parallel with C,,. In this frequency range, the designer is free
to choose the output power (P,,) and the corresponding value




of C, for delivering that value of output power at the chosen
switching frequency (f). (This frequency range includes also the
low-frequency range, and the equations to be given below are
applicable at low frequencies, too. But there would be no reason
to use a Class-E circuit at low frequencies; at low frequencies,
Class-D circuits are superior.)

In the “upper-high” frequency range, C, is larger than the
value of C, required in the published circuit, and the nominal
Class-E waveform cannot be generated with the published cir-
cuit. Then the published analyses are not applicable. Other (un-
published) circuits and design procedures must be used. (The
authors use an in-house computer program which simulates and
optimizes high-frequency Class-E circuits. Simulation of the
voltage and current waveforms of a complete cycle of the steady-
state circuit operation takes only 2 seconds on an IBM PC, and
about V2 second on an AT.) “Borderline frequencies” are frequen-
cies on the borderline between *lower-high” and *“upper-high”
frequencies, i.e., they are the upper limit of the frequency region
in which the published circuit analyses are applicable. At
borderline frequencies, C, supplies all of the needed C,, no ex-
ternal capacitance is added in parallel with C,, the circuit
operates with the nominal Class-E waveform, and the published
analyses apply. At borderline frequencies, C, is pre-determined
as the value of C, supplied by the transistor; and P, is pre-
determined by the existing C,, the chosen switching frequency
(f), and the chosen DC supply voltage (Vo). as given in (8).

2. Components of power dissipation. The transistor power
dissipation in R, and in R¢, can be quantified as shown in (4)
and (5) below for operation at lower-high frequencies, and in (6)
and (7) for operation at borderline frequencies.

_ 2.367 Roy Pouln @

PR¢, 2nf 1C,) (2n fC.) (Voe — Vo2
{Pof.]wh:( ) @r1Co Voo = Vo 0 o

M2cePou/n

In (5), 2nf 1¢, is the loss tangent of the capacitor C, at the fre-
quency f.

| PRon 46.72 1ot 3
Pout b -y N2 c2 ©)

[ PR, 7.241 1o,

l_ e :l it M2c2 )

Poup-n = 212 Cy (Vec = Vo)*n (8)

In (4)-(8), the subscripts I-h and b-f indicate lower-high frequency
and borderline-frequency, respectively; n is the circuit efficien-
cy due to all causes of power dissipation other than the V, of
a BJT (recall that V, is zero for a FET); and ny, ¢, is the circuit
efficiency in transferring power through L, and C, (including
their parasitic series resistances R, and R¢,) from Port B-B’ to
Port A-A’ of Figure 4:
QL QL QL S, 17879

=1- + X 9
202 QuL2 QUCZ OL - 0678 ( )

In (9), Q, is the loaded Q of the load network at the switching
frequency f: approximately 2nfL,/R; and Q,, and Q,c, are the
quality factors (X/R) at frequency f of L, and C,.

Interpretation of (4) Through (8)
1. In lower-high frequency operation, the fractional power

(Vec — Vo)? UL ] .
dissipation in R, is proportional to R, and the output power.
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2. In lower-high frequency operation, the fractional power
dissipation in Rg, is:

e proportional to the loss tangent of C, at the switching
frequency,

e proportional to the switching frequency, because with in-
creasing frequency, C, comprises an increasing portion of the
total C,; hence an increasing fraction of the total output current
Ige flows in C, and R¢,; and

¢ inversely proportional to output power, because with increas-
ing output power, an increasing portion of C, is made up of ex-
ternal capacitance, decreasing the fraction of Ize which flows in
C, and Rc,.

3. In borderline-frequency operation, the fractional power
dissipation:

¢ in R,, is proportional to the product of frequency and the
transistor parameter 1,, and

¢ in C, is proportional to the product of frequency and the
transistor parameter t,.

For example, using a 100-volt International Rectifier HEX-
FET(R) at 25 MHz, with all of C, supplied by the transistor C,,
the power dissipation in R¢, would be about 62 percent as large
as the power dissipation in Rpgen. Conclusion: The power
dissipation in R¢,, ignored until now, is important when oper-
ating at frequencies high enough that hatf or more of the capaci-
tance C, is being supplied by the transistor output capacitance.
Transistor designers should take account of this fact when they
choose the design parameters to optimize the transistor design.

Equations comparable to (4)-(9) for the Class-E circuit could
be derived for other high-frequency power circuits.

Transistor Experimental Data

Initially, we tested two members of the International Rectifier
100-volt family of MOSFETs: the IRFD1Z0 and the IRF510. The
two transistors are different numbers of the same basic cell con-
nected in parallel; the ratio of their numbers of cells is 4:1. The
IRFD1Z0 is the smallest member of the family, with “typical”
Rosory given in the I data sheet as 2.2 ohms (we measured 1.75
ohms, 80 percent of the published “typical” value). We chose
the smallest member of the family for further testing because
its relatively high impedances are easier to measure accurately
than are the lower impedances of the larger members of the fami-
ly, such as the IRF510 (typically 0.5 ohms) through 1RF540
(typically 0.07 ohms).

We measured the small-signal values of R, and C,, as func-
tions of frequency and Vpgg, using a Hewlett-Packard 4192A
Low-Frequency Impedance Analyzer, at a test voltage of 60 mV
rms. The measured values depended noticeably on the test-
signal level; 60 mV was the lowest level at which we could ob-
tain reliable measurements.

Figure 5 shows the measured R, vs. frequency and voltage.
The measured value of Rg, varies by about +50 percent for
measurement frequencies in the range of 0.7 to 13 MHz and
drain-source voltages in the range of zero to 35 V. The variation
would be smaller over a smaller frequency range. Fig. 6 shows
Rco and Co V. Vg, at 13 MHz. C g, vs. Vg is about the same
as shown in IR’s published data. R¢, at 13 MHz varies by +34
percent over the voltage range of 0 to 35 Vdc. The variation of
Rc, with frequency and V, is small enough for making satisfac-
tory predictions of circuit performance.

Eventually, we shall measure directly the large-signal value
of Reo.

Conclusions

1. The power dissipation in R, is important in high-frequency
switching-mode power circuits, when the transistor output
capacitance comprises half or more of the capacitance across
the switch.

2. The efficiency achievable with a given transistor family, at
frequencies near the upper limit of practical operation, can be

RF Design

characterized by two new figures of merit: 1, and tgc,.

3. The proposed model is simple enough to be used in quan-
titative analyses of the operation of high-frequency switching-
mode power circuits. (Some of the analytical results for the Class-
E circuit, obtained using that transistor model, were given here
as examples of the use of the new transistor figures of merit).

4. The transistor-model parameters can be measured easily.

5. The variations of the model parameter values with frequency
and voltage are low enough that engineers can make satisfac-
tory practical predictions of circuit operation. Certainly those
predictions are much more accurate than the results which would
be obtained by not using the model: an explicit value of zero for
the power dissipation in Rc,.
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Microstrip Low Pass Filter Design

By Alan Tam
Space and Communications Group
Hughes Aircraft Company

There are some important reasons why
microstrip design becomes more attrac-
tive than its conventional lumped element
counterpart. The major advantages are
lower loss, lower cost, higher reliability
and superior consistency in electrical per-
formance. The main drawback of using
discrete components is the limited self
resonating frequency and the quality fac-
tor Q. The Q can degrade the electrical
performance of a filter drastically.

he objective of this article is to design
a reasonably low cost high perform-
ance low pass filter to the following
criteria:
Cutoff frequency: 2.0 GHz
Insertion loss: 2 dB max
Passband ripples: 0.5 dB max
Stopband attenuation at 1.5 times
the cutoff frequency: 40 dB min
Input and output return loss:
< -12 dB
Input and output impedance:
50 ohms
A 31 mil thick teflon fiberglass circuit
board has relatively low dielectric cons-
tant (e, =2.55) and reasonably good ther-
mal characteristics. The highest recom-
mended frequency is 4 GHz. Since the
material is soft, it can be easily cut to the
required size. The physical handling of
this material is fairly straightforward when
compared to the alumina substrate. With
good manufacturing processes the dielec-
tric constant of the teflon fiberglass board
can be controlled to within 0.5 percent.

Filter Selection

The Chebyshev filter has a high Q mak-
ing it ideal for applications where a steep
rolloff characteristic is required at the
stopband and a flat response is not de-
sired at the passband. In order to achieve
an attenuation of better than 40 dB, a
seven-element filter is needed. This can
be seen in Figure 1. f/f_ is 3 GHz/2 GHz
for the horizontal scale.
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Figure 1. Attenuation characteristics for a Chebyshev filter with 0.5 dB
ripple.
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Figure 2. Chebyshev low pass filter model.
50Q 5.2 nH 5.5 nH 5.2 nH
\)
§ 50Q

Figure 3. Discrete component values for the model.

Frequency and Impedance Scaling

The models of a 7 element Chebyshev
low pass filter is shown in Figure 2. The
cutoff frequency (f)) is 2 GHz. The

source and load impedance are both 50
ohms. Normalized values for Ry and R
are 1 ohm. The normalized impedances
for the inductors and capacitors are trans-
formed by the following formulas:
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Figure 7. final dimensions for filter after optimization.

Figure 4. Microstrip impedance vs. W/H
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Figure 5. Physical structure of microstrip
on circuit board
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Figure 6. The final theoretical microstrip filter.
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N cr L2’ § C3¥

L4’

Cs’ L6’ cr R,/R

s 1

7 1.79

1.30 2.72

139 | 2.72

1.39 1.30 1.0

Table 1. Normalized values for a 7 element Chebyshev low pass filter with

0.5 dB ripple.
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C = C./(2nf.R) (1)
L = L,R/(2nf) 2
where C = final capacitor value

L = final inductor value

C. = normalized capacitor value
L, = normalized inductor value
R = final load resistor value

fo = final cutoff frequency
The normalized values for a seven-
element Chebyshev low pass filter with a
0.5 dB passband ripple is shown in Table
1. Note that the values for C; and C;, C5'
and Cs', and L,’ and L' are equal.

Design Implementation

The design process is simplified if the
lumped element components for the filter
are calculated first. This is done by substi-
tuting values in equation 1 and 2. The
solution is shown below.

Cy = C; = 1.79/(2n(2 GH2)50) = 2.85 pF
Ca = Cs = 2.718/(2n(2 GHz)50) = 4.33 pF
L> = Le = 50(1.30)/(2n(2 GHz) = 5.2 nH
Ls = 50 (1.39)/(2n(2 GHz)) = 55 nH

The finalized discrete component
values and complete circuit diagram is
shown in Figure 3. Before the lumped
components are converted to distributed
elements, the electrical wavelength of the
teflon fiberglass circuit board must be
calculated.

Ag = 3 x 10'%cm/(\/¢, f) (3)
40"

Since C;, C3, Cs and C; will be
transformed into double sided open stubs
on the circuit board, a characteristic im-
pedance (Z,) of 30 ohms is recommend-
ed for this application. The capacitive
reactance X is calculated by using
equation 4.

I {length) L (inductance)
100" 1.9nH
125" 2.5nH
150" 3.2nH
175" 3.9nH
.200™ 4.6nH
7225 5.3nH
.250™ 6.0nH
275" 6.7nH
.300™ 7.4nH

Table 2. Inductance values for
different wire lengths.

June 1987



X
2 nCt (4)

The following steps aid in the calcula-
tion of the microstrip lengths.
2X, = —jZ, Cot © (5)

X, =

© = arc Cot (2XJ/Z,) (6)
0 = 2ni/A, 7
= 8

Inserting C,=2.85 pF in equation yields
X. = 28 ohms. © is calculated to be 28.2
degrees in equation 6. Using equation 7
and 8; 1= 31" and L = .62" is obtained.
Note that in equation 7, 360 degrees is
substituted for 2n. Solving for C; = 4.33
pF, L = .87". The microstrip length, L, is
preferably set to be less than one guarter
of the wavelength for practical purposes.

For inductors:

L = 0.005081(2.303 log(4l/d)—1) uH (9)

where, | = the desired length of a
straight round conductor
d = the diameter of a straight
round connector

Note that a AWG #40 is used in this case
because of the small inductance needed
and the size constraint of the circuit
board. The diameter of the AWG #40
enamel wire is 0.0034". Table 2 is derived
for wire lengths ranging from 0.1” to 0.3"”
with 25 mil increments by substituting val-
ues in equation 9. From here the lengths
of Ly and Lg (5.2 nH) are 0.22" and L, (55
nH) is 0.25".

The effective width of the open stub is
determined from Figure 4. Since Z, is 30
ohms and & is 2.55, the W/H ratio is 6.
Figure 5 is an illustration of the physical
relationship between W (width) and H
(height) of a microstrip on a circuit board/
substrate with different dielectric constant.
Since the height of the teflon fiberglass
board is 31 mils, the width of the double
sided open stub should be 6 times 31 mils
which is 190 mils. Likewise, the 50 ohm
transmission line width should be 85 mils.
Figure 6 is an illustration of the microstrip
Chebyshev low pass filter.

Conclusion

The filter was tested and optimized. The
final dimensions for the distributed ele-
ments are shown in Figure 7. Figures 8
and 9 are the actual measurements done
on the HP 8756A Scalar Network Ana-
lyzer. Note that the filter performs closely
to the specifications. The same design
technique can be used for higher frequen-
cy LPFs if the circuit board or substrate
material is changed to either duroid or
alumina. rf]

RF Design

References

1. A.K. Tam, “Microstripline High Power
Amplifier Design," RF Design, December
1985, pp. 21-24.

2. Chris Bowick, RF Circuit Design,
Howard Sams & Co. Inc., Indianapolis, IN,
1982. p. 51.

3. Joe Johnson, Solid Circuits, Com-
munications Transistor Corporation, March
1973, p. 57.

4. Radio Engineers Handbook, p. 49.

About the Author

PO. Box 92919, Los Angeles,
90009. Tel: (213) 618-2312.

Alan Tam is Section Head, RF and
Microwave Design Hardware Engi-
neering Department of the Space and
Communication Group, Hughes Air-
craft Company, Bldg. S73, MS T327,

CA

" TOP COVRRL
BLANK LABEL.

seif-adnesive -

e
STURDY CASE.
DIZ5 W el

plaved alorrimum DC FEED THRY

BEWVUTS™
secore Duth cowry
vt o W s
6 = = ] ‘5,/
° | 4
BOTIOM (OVER.  S» ~ 7
SN eraiony gt ove _A;N
2, G

>
-

for Prototypes or Production

Your circuit needs the protection only MODPAK
can give. More than 100 standard models to
choose from . . . or we will custom-fabricate to
your specifications. Send for catalog.

Adams [] §Russell

MODPAK
80 Cambridge St., Burlington. MA 01803  (617) 273-3330 ¢ FAX 617-273-1921

INFO/CARD 31

kel Pated Mg

Here’s the Secret !\

MOUNTING CLITS
ol rd

SI\DE VIEN DETAIL.

MODPAK" Shielded RF Housings

57




The no-gimmick
MMICs: Cascadable,
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uniform GaAs gain
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now from stock!
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INTRODUCING EMCO’S NEAR-FIELD PROBE SET.

THE SOLUTION SET.

THE RIGHT TOOL TO SOLVE
EMISSIONS PROBLEMS
Locate sources of E- and H-field
emissions quickly with EMCO’s new

Model 7405 Probe Set. Versatile
and easy-to-use, this set is a conve-
nient and inexpensive tool for
extending the capability of your
spectrum analyzer, oscilloscope or
signal generator. Using the probe
set, you can detect and identify the
signal sources that might prevent
your products from meeting fed-

» eral regulatory requirements.
ol o byl it IDEAL FOR CIRCUIT
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ation problems faster and easier,
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extension handle, they can be
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o H-field and two E-tield probes, a 20
y o5 L cm extension handle, documenta-
901, 902, 903 loop probes offer varying senszllvmes tion and a convenient, foam-lined
o Htleld emissions carrying case. The set is also
available with an optional pre-
amplifier.® The entire set is covered
by a two-year warranty from
EMCO, an industry leader for
more than 25 years. So now, for
even the most complex set of emis-
sions problems, there’s one simple
solution set: the Probe Set from
EMCO, only $495. Call or write for
your free brochure.
*Optional preamplitier 5255

FIRST IN QUALITY.
FIRST IN PERFORMANCE.
1-800- 253 3761
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M8 005 stub probe provides measurement near the signal source ‘ ‘ k k J
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Call 1oll-free between 7 30 AM and 4 30 PM (CST)
In Texas. call 512-835-4684 Inlernational Telex 797627
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MIL-STD 461B/C Test Requirements
and Comparison

Part ll: MIL-STD 461C Requirements and MIL-STD 462 Test Methods

By Mike Howard
Norand Corporation, EMC Test Lab

MIL-STD 461C became effective along
with notice 5 of MIL-STD 462 on August
4,1986. Several changes have taken place
in MIL-STD 461C over MIL-STD 461B par-
ticularly the addition of EMP (electromag-
netic pulse) test requirements as listed in
Part 1 of MIL-STD 461C. These modifica-
tions have superseded or been added to
MIL-STD 4618 in 461C for both emission
and susceptibility testing. Details of all
methods & procedures required to fulfill
specifications of 461C are called out in
MIL-STD 462. Notice 5 (Navy) of MIL-STD
462 includes test methods required for
EMP testing for 461C.

he purpose of this article is not to

detail every change in 461C over
4618, but to highlight specific changes
and to detail the new test requirements for
EMP. In part 1 of 461C three new test
methods for EMP have been added. They
are:

CS10 — Conducted susceptibility,
damped sinusoidal transients injected on
connector & cable pins.

CS11 — conducted susceptibility,
damped sinusoidal transients injected
directly into cable assemblies.

RS05 — radiated susceptibility, electro-
magnetic field transients.

Part 1 also provides an improved defini-
tion of items listed within the specification
such as in paragraph 3.3 which defines
the difference between control and signal
leads. Technical requirements for filtering
(Navy only) have been established in Part
1 in that the maximum line-to-ground
capacitance values are to be 0.1 uF for 60
Hz and 0.02 uF for 400 Hz equipment.
This applies for all filtering used for EMI
control in the equipment under evalua-
tion.

Part 2 will serve as an overall indicator
of the type of changes reflected in Parts
3 through 10 of 461C as compared to
461B. In Part 2, CEO1 test limits have been
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left unchanged. The applicability of this
requirement has been expanded to in-
clude Navy equipment and subsystems
intended for use on aircraft which have
very low frequency (VLF) subsystems and
equipment. For CEOQ3 tests, the narrow-
band limit has been relaxed by 10 dB for
class Ale equipment procured for Navy
or Air Force use. The broadband limit has
also been revised for Navy and Air Force
equipment. For CEO6 the requirements
are the same as 461B, with the exception
of the suppression limit for the 2nd and
3rd harmonics at the antenna port being
suppressed by 50 + log P. In 461B the re-
quirement was 40 + 10 log P.

The requirements for CEQ7 are the
same, but if transients are found to exceed
50 usec then the equipment must also
meet the requirements of MIL-STD 704.
Limits for CS01 have been revised over
461B. The limit at 50 kHz has been set at
1 V (rms) and the limit between 30 Hz to
1.5 Hz now has a minimum of 1 V (rms).
This actually represents a relaxation in the
limit as compared to 461B. CS06 pulse
width tolerances of 20 percent have been
added in 461C. REO1 has been expanded
to include Navy equipment intended for
use on aircraft having very low frequen-
¢y (VLF) equipment. The limit for REO1
has been revised and the limit relaxed
from 500 Hz to 50 kHz. REO2 remains the
same with improved chart definitions to
select limits for Army, Navy and Air Force.

For REOQG, the same changes that took
place for CEO6 for harmonic suppression
are in effect. For RS02 no changes have
taken place other than the addition of
pulse width tolerances of +20%. For
RS03 the field strength levels have been
increased from 10 & 5 V/im to 20 V/m from
2 MHz to 10 GHz.

Miscellaneous changes worth describ-
ing are as follows:

¢ A new category A2d has been estab-
lished for Part 3 of 461C

e RSO3 in Part 5 has a new category
added for susceptibility tests of equip-
ments with non-metallic hulls.

Parts 3 through 10 of 461C have similar
changes as listed herein for Part 2. Parts
2 through 10 of 461C, as in 461B, outline
the requirements for various classes of
equipment for Army, Navy and Air Force
procurement activities. The basic cif-
ferences between sections 2 through 7 re-
late to specification limits, with each ser-
vice branch defining limits as they apply
to their individual requirements.

Parts 8 through 10 outline requirements
for tactical and special purpose vehicles,
engine driven equipment, uninterruptable
power sets, mobile electric power equip-
ment and commercial equipment. Re-
quirements for these sections are covered
by Unique Methods (i.e., UM03, UM04,
and UMO0S). In 462C, UMO03 has been ex-
panded to include radiated narrowband
limits as well as broadband limits. UM04
remains unchanged. UMO5 has been ex-
panded to include narrowband radiated
emissions limits and a radiated suscep-
tibility requirement between 0.15 to 400
MHz of 10 V/im.

MIL-STD 462:

This standard establishes techniques to
be used for the measurement and deter-
mination of the electromagnetic interfer-
ence characteristics (emission and sus-
ceptibility) of electrical, electronic, and
electro-mechanical equipment, as re-
quired by MIL-STD 461C. Specific chang-
es to MIL-STD 462 relating to these test
methods or specific test requirements of
the procuring agency (i.e. Army, Navy,
etc.) are in the form of notes or notices
that supersede current 462 requirements
and are revised accordingly.

To get a better understanding of these
test requirements, we will now look at the
following test methods as they pertain to
Part 2 of MIL-STD 461C which deals with
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Figure 1. Typical current probe test setup for conducted emission measure-
ments on power leads.
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Figure 2. Conducted susceptibility 50 kHz to 400 MHz.
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Figure 3. Typical test setup for radiated measurements.

June 1987




A Decisive Advantage In
Winning The Wide-Band
Dynamic Range Game.
135 dB Spurious-Free
Dynamic Range.

At frequencies from HF to microwave,
Paramixer™ Technology is a design archi-
tecture which realizes the highest dynamic
range frequency converters available
today.

Jamming Immunity (out-of-band dy-
namic range) of radar and communica-
tion receivers can be significantly
enhanced even in the harshest environ-
ments with a Paramixer front end. The
Paramixer frequency converter is capa-
ble of withstanding out-of-band interfer-
ing signals of up to one watt without
suffering in-band desensitization. The
unequalled second-order intercept per-
formance of the Paramixer frequency con-
verter can permit frequency hopping
tuning speed to be maximized by elim-

inating the need for preselection filtering.

Spur levels due to out-of-band jammers
are reduced to levels presently attained
by preselector designs.

Optimal in-band dynamic range can
be attained by incorporating Paramixer
technology throughout the RF chain.
Triple-conversion architectures can be
realized with more than 90-db in-band
spurious-free dynamic range in a | MHz
bandwidth.

Wide Frequency Coverage Applications—
HF To Microwave. Paramixer technology
can be used to realize low spurs and high
dynamic range in designs for wide-band —

& Frequency Converters

® Translators

@ RF-to-Digital Converters

u Exciters

® Synthesizers
Reduce synthesizer spurs by incorporat-
ing Paramixer technology into critical
frequency translator stages. Paramixer
frequency converters have been designed

having M X N products (M>3, N>2) at

Itis a Steinbrecher goal to provid
our customers with a decisive

o ge, gained through applied
technology, superior engineering
and high quality manufacturing.
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more than — 100 dBc with 0 dBm input.

Specifications For A Typical
Paramixer Frequency Converter.

Input intercepts:

Third-order >+45dBm
Second-order >+ 82 dBm
Noise figure <6.5dB

LO power required + 17 to + 20 dBm

DC power required <7 Watts

High-level Paramixer frequency convert-
ers have been designed to handle contin-
uous signals at power levels exceeding
ten watts. Gain a winning advantage in
the wide-band dynamic range game— call
us today for details.

Steinbrecher Corporation, 185 New
Boston Street, Woburn, Massachusetts
01801, Telephone (617) 935-8460,

Telex 948600.

Steinbrecher

Providing a decisive advantage.



Class A1 equipment (i.e. aircraft equip-
ment and subsystems). The following test
methods have been selected for review
here since they reflect some of the more
commonly required test methods for pro-
curement activities. They are:

CEO03 — Conducted emissions from 15
kHz to 50 MHz for both narrowband and
broadband emissions.

CS02 — Conducted susceptibility from
50 kHz to 400 MHz on all AC and DC
power leads.

REO2 — Radiated emission tests of E
field emanations from 14 kHz to 10 GHz.

RS03 — Radiated susceptibility tests
from 14 kHz to 10 GHz.

CS10, CSM1, and RS05 — Conducted
and radiated EMP test requirements.

A vast majority of the tests required for
MIL-STD 461C will typically be completed
in a shielded or an absorber lined cham-
ber (ALC). MIL-STD 462 lists the require-
ments for the test medium, as well as the
type of test equipment required for a parti-
cular test method. Proper use and know-
ledge of the test medium and equipment
used for a test is essential to ensure a
high degree of repeatability of test results
as well as providing meaningful and real-
istic data. In the case of the shielded

enclosure, reflections can occur during
emission and susceptibility tests adding
to measurement uncertainty. In these
cases a certain degree of absorbing
material placed in locations of high reflec-
tivity within the shield room is highly de-
sirable to minimize reflections. Other con-
cerns during radiated and conducted
emissions is to ensure that the integrity
of the shield room shielding provides an
ambient that is at least 10 dB below the
required test limit.

During 461C tests the equipment under
test (EUT) will be placed on a copper clad
bench top and bonded securely to this
copper ground plane. This is to simulate
the mounting of the EUT as it would be
mounted on vehicular surfaces, decks,
racks, consoles or similar metallic struc-
tures. The ground plane as mentioned is
typically constructed of copper or brass
to facilitate soldering ground straps or
leads when required for actual mechani-
cal bonding of the EUT to the ground
plane. This ground plane is in turn bond-
ed to the wall of the shielded enclosure
at no greater than 30 cm spacing. The
table is typically 76 cm in depth and 3
meters in length with a table height of 80
to 90 cm. The bond resistance from this

CONTINUOUS CREATIVITY...
Glasteel Industrial Laminates
Make a World of Difference

64

o . & ;
Figure 4. REO2 emissions test us-
ing a biconical antenna in the

horizontal plane one meter from
the EUT.

Figure 5. A TEM cell can be used
for small EUTs for susceptibility
testing to RS02 from 14 kHz to 100
MHz.

Glasteel, the leader in contin-

#s lamination technology.
Manufacturers of high quality,

ost electrical gradéicopper clad
ites for the printed circtiit industry.
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Terminal
under test
Coupling device :
S © o
es
~ H sample
Current
probe ‘

Damped
sinusoid
generator

I

Oscilloscope

i’ 500

PRECISION
CRYSTAL
OSCILLATORS
Frequency Range:

8-200 MHZ
Frequency Stabllity:

LESS THAN 1 P.P.M.
From —30°C to 85°C

Aging: < 2 p.p.M for 6 months

< 1p.p.M for life
Trim Range: +8 p.p.M minimum
Fast Warm Up: < 1 minute from cold
Curvent Drain (Oven) < S50 mA @ 25°C
Oscillator Current: < 30 mA @ 12 VDC
Output Level/Shape: Per Customer requirement

Figure 6. Typical test setup for terminals.

test ground plane to the shielded cham-
ber wall should be less than 2.5 milli-ohms
DC resistance. The EUT should be at-
tached and bonded to the ground plane
that most closely resembles its actual in-
stallation. Here again, it is important to
maintain bond impedances that reflect the
actual EUT installation. In some cases the
vibration and shock test jig or fixture ex-
actly duplicates an installation and may
be used for mounting and bonding the
EUT to the copper ground plane. A pic-
torial diagram can be seen in Figure 1.

Depending on the test method used,
either 10 uF isolation capacitors or line im-
pedance stabilization networks (LISN) are
used to provide additional filtering and
isolation of the power supplied to the EUT
for MIL-STD 461C tests. Also, any I/O cabl-
ing is supported off the ground plane by
dielectric spacers (5 cm spacing) to mini-
mize I/O cable emission field reduction by
too close proximity to the ground plane.
As seen in Figure 1 an isolation trans-
former is shown along with the EMI meter
also mounted on the ground plane. The
test sample and the EMI instrumentation
should both derive their power from two
separate phases of AC power source as
well as breaking up any ground loops
through the use of the isolation trans-
former. Audio frequency ground currents
can flow through this potential loop, if not
broken through the use of separate phas-
es and an isolation transformer. The EMI
instrumentation can also be mounted out-
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side the shield room or in an ANTE room
attached to the shield room to meet this
criteria.

CEO3 is a conducted emission test
used to measure RF emissions that are
conducted on AC, DC and interconnecting
control and signal leads. Both narrow-
band and broadband emissions must be
identified for this test over the frequency
range of 15 kHz to 50 MHz. For this test,
an RF current probe is used in associa-
tion with an EMI meter. As with all emis-
sion tests, it is essential that proper EUT
loading and operation is evaluated to en-
sure that the worst case emissions are
produced and measured from the EUT.
Conducted switching spike emissions (in-
cluding ON/Off switching) on AC and DC
power leads, for Navy and Air Force pro-
curements, shall also meet the require-
ments of CEQ7.

CS02 is used to determine whether
communication electronic equipment is
susceptible to RF energy injected on its
power leads from 50 kHz to 400 MHz. The
test sample shall not exhibit any malfunc-
tion, degradation of performance, or devi-
ation from its operational specification
tolerances when subjected to a 1 V signal
from a 50 ohm source over the specified
frequency range. A typical test setup can
be seen in Figure 2.

REO2 is applicable for radiated emis-
sions from equipment and subsystems,
cables (including control, pulse, IF, power,
and antenna transmission lines), and in-

HIGH PERFORMANCE
LOW POWER
LOW DRIFT

ocx

62.500 M

CUSTOM DESIGN CAPABILITY

Crystek's innovative engineering group has
in-house capability of circuit develop-
ment/artwork using computer aided
design. (CAD/CAM)

This great flexibility allows Crystek to create
custom made oscillators to any special cus-
tomer requirement or specification.
Semi-automated manufacturing methods
(surface mount technology) and 100% test-
ing guarantees consistent and uncomprom-
ised quality of our product.

Fast turn-around for prototype samples and
production quantities at economical prices.

Write or Call Us Today!
Toll Free: 1-800-237-3061

CRYSTEK
CORPORATION

DIVISION OF WHITEHALL CORPORATION
2351/2371 Crystal Drive/Ft. Myers, FL
33907
P.O. Box 06135
Ft. Myers, FL 33906-6135
(813) 936-2109 / TWX 510-951-7448
FAXIMILE: 813-939-4226
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A New Standard
In 30MHz
Measurement
Receivers...

the VM-7

2 LSk S
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..In Price
and
Performance!

History Repeats Itself —

Over a quarter of a century ago,
Weinschel introduced the VM-3
30 MHz Attenuator Signal Cal-

ibrator...the industry standard for
precision attenuation measure-
ments. Now, there’s a new
standard, the VM-7, utilizing
today’s technology at yesterday’s
pricing. The VM-7 provides im-
proved accuracy and performance
at the touch of a button. It's a
cost-effective alternative for high-
priced insertion loss measurement
in production, lab or field
environments.

u wave and mm wave
Frequency Ranges

# Calibration of Signal
Generators

Unmatched Features —

B Advanced Solid State Triple
Down-conversion IF
Substitution

B - 110to — 127 dBm Sensitivity

# Built-in 30 MHz Calibration
Traceable to NBS

M Linear Over 100 dB Dynamic
Range
H 0.02 dB/10 dB Accuracy

B Split Second Measurement
Results

B ATE Ready, |IEEE 488 Bus
Compatible

For a demo or details

CALL TOLL FREE
(800) 638-2048.

®

WEINSCHEL
ENGINEERING

One Weinschel Lane,
Gaithersburg, MD 20878-4094
(301) 948-3434 ¢ Telefax: (301) 948-3625
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2. ) Ind pling device. 8. tsofation iransformer.
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terference to the test instrumentation,
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Figure 8. Typical test setup for indirect bulk cable injection.
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Figure 9. Typical radiated susceptibility test setup for RS05 EMP tests.
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Widebmd “ terconnecting wiring of the EUT. This test
covers the frequency range of 14 kHz to

10 GHz for narrowband emissions and 14
kHz to 1 GHz for broadband emissions.
For narrowband emissions, measurement
of the fundamental frequencies and all
spurious emissions, including harmonics,
is required. Radiation from actual anten-
nas is exempt. Above 25 MHz both verti-
cal and horizontal emissions must be
identified and measured. Test arrange-
ment can be seen in Figure 3 and an ac-
tual test setup can be seen in Figure 4.
RS03 is performed to ensure that a test
sample does not exhibit any degradation
of performance, malfunction, or undesir-
able effects in the frequency range of 14
kHz to 10 GHz when immersed in an elec-
tric field of 20 V/m. Test arrangement
would be similar to that used for radiated
emissions, as seen in Figure 3, above 30
MHz using discrete antennas to generate
the susceptibility field. For small EUT
dimensions a parallel plate or TEM cell
(see Figure 5) is more ideally suited for
generating susceptibility fields below 100
MHz than discrete antennas (i.e. rods, bi-
conicals, dipoles, etc.). For Army procure-
ments from 14 kHz to 2 MHz, the field
strength is 1 V/m instead of 20 V/im.
CS10 is used to determine EUT suscep-

transformers

° ° tibility to damped sinusoidal transients

Call COllCl‘aﬂ fOl’ the lowest pr lceS, caused by electromagnetic pulses. This
oa test is applicable for all interface pins and

even at lOw quantltles- terminals of control leads, signal leads,

] Y ! \ power leads, and grounds and neutrals
Coilcraft's RF transformers give you excellent wideband which are not grounded internally to the
performance and low off-the-shelf prices. Plus the best high EUT as specified in MIL-STD 461C or the

individual EUT specification. A typical test

IR U e setup for terminals is shown in Figure 6

Choose tapped or untapped versions in low-profile DIP and the JctuahCeitrandwant acd Wit
packages for through-hole or surface mounting. can be seen in Figure 7.
Our RF transformers cover the range from .005 to 600 MHz, CS11 is basically the same as CS10 but

the damped sinusoidal waveform is cou-

with impedance ratios from 1:1 to 4:1. plad into ORI &abiles inmond of G-

And all of them are available from stock for immediate | tual pin injection. This test can be thought
shipment. of as a bulk current injection (BCI)
For a free evaluation sample, technical data, and ordering i':e:_?;fr'eAgyp'ca' RTINS
information, call 800/322-COIL (in IL 312/639-6400). R it

EUT susceptibility when immersed in a
transient electromagnetic pulse field
(EMP). This requirement is intended for
Navy equipment and is applicable when
both of the following conditions exist:

1102 Silver Lake, Cary IL 60013 (a) operation of the EUT is essential for
safety or the success of a mission and
RF DESIGNER’S KITS To order call 800/322-COIL "~ . - S e TS
Tuneable inductors Surface mount Fixed inductors It is interesting to note here that cables
“Slot Ten” 10 mm inductors inductors éxial Iea((j) ggokes that are shown to meet the CS11 transient
07 uH-1143 yH Fixed induct .1 pH-1000 pH : :
18sl‘r’uelded.{éunsnielded(Soteacn) 4?:1-1".]&‘)]8:[: 25£Iues(5:feacn) reqmrements are ex?mpt f'tom this re-
KitM100 60 64 values (6 of each) KitF101  $50 quirement. The EUT is required to func-
Unicait” 7/10 mm inductors RILGIOUSERSIZS 132 Series” coils tion properly and not malfunction when

g:a: u'g(lj 54 SH o e Tuneable inductors 32)5 t:H<72(g n:i T exposed to field strengths from a simulat-

shieide: unshielded (2 of eacl 100 nH-10 pH vatues (6 of eacl 4 3

Km0z 60 11 values (45 total) KitF100 50 ed EMP pulse of 52,500 Vim with a rise
KitC101 50
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time of 5 x 10-19 sec, pulse width of 30 x
10-19 sec and a falltime of 550 x 109 sec.
Parallel plates are typically used to gener-
ate these types of EMP fields. These can
be seen in Figure 9.

Conclusion

This is just a brief look at a few selected
test methods from Part 2 of MIL-STD
461C. As mentioned earlier there are 10
parts with as many as 24 possible test
limits and methods. A thorough under-
standing of MIL-STD 461C and 462 is
necessary as well as final design consid-
erations before any tests are undertaken
for the product. This is due to the broad
range of test requirements for the three
procuring agencies (i.e., Army, Navy, and
Air Force).
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PIN diode solid state switch for trans-
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Kay Programmable
Attenuators

Kay Programmable Attenuators are offered in a variety of frequency
and attenuation ranges for applications up to 1500MHz. Substantial dis-
counts are offered on quantity (two or more units) orders.

Model Imped- Fregq. Atten.

No. ance Range Range Steps
P-1/4450 50 DC-1000MHz  0-16.5dB .1dB
P-4460 50 DC-1500MHz  0- 31dB 1 dB
P-4480 50 DC-1500MHz  0- 63dB 1 dB
P-4450 50 DC-1500MHz  0- 127dB INdB
P-4440 50 DC-1500MHz  0- 130dB 10dB
P-1/4457 75 DC- 750MHz  0-16.5dB .1dB
P-4467 75 DC-1000MHz 0- 31dB 1 dB
P-4487 75 DC-1000MHz 0- 63dB 1 dB
P-4457 75 DC-1000MHz  0- 127dB 1 dB
Kay Elemetrics Corp manufactures a com- Attenuators

& Test Equipraent

plete line of attenuators which includes Pro-
grammable, Standard In-Line, Miniature
In-Line, Rotary (Bench and OEM) and Con-
tinuously Variable. For a complete catalog
and price list or to place an order call Vernon
Hixson at (201) 227-2000, Ext. 104.

K Av Tel: (201) 227-2000, TWX: 710-734-4347
Kay Elemetrics Corp, 12 Maple Ave. Pine Brook, NJ

07058 USA
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Variable Bandwidth Intermediate

Frequency Amplifier

By Steve Kuh
Motorola, Inc.

The Intermediate Frequency (IF) Amplifier
is typically located in the front end sec-
tion of a receiver in order to amplify the
signal level. As the desired signal is
amplified, the undesired noise is also
amplified. Often, this is an altractive loca-
tion to place a Bandpass Filter (BPF)
centered around the carrier frequency in
order to help bring the signal to noise ratio
(SNR) up as much as possible. With the
amount of the noise reduced and with the
signal amplified to the desired level, the
receiver has a better conditioned signal
to process.

n a TDMA environment, it is often

desired to receive the data at a rate
spanning as much as two decades, from
0.4 to 40 megasymbols per second. In this
case, a fixed bandwidth bandpass filter
may help the SNR at one particular
symbol rate but may hinder the signal at
different symbol rates. An ideal and
logical choice for an IF amplifier is one
that has a variable bandwidth bandpass
filter characteristic. In addition, the
variable bandwidth IF amplifier can be
considered as an approximated match
filter to the various data modulated
signals. The fact that the IF bandwidth is
variable is advantageous in a TDMA re-
ceiver design.

Theory

The basic building block of the variable
bandwidth IF amplifier is a monolithic in-
tegrated circuit designed and developed
by Motorola. It is an analog switch used
to control the bandwidth of the bandpass
filters in the IF amplifier.

As shown in Figure 1, the analog switch
has two small amplifiers. The amplifiers
have a gain function that is controlled by
the magnitude of the bandwidth control
voltage, V.. This is a control voltage

Input

Figure 1. Functional diagram of the
analog switch.
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Inputs s
& Bias ‘

Outputs

Bandwidth
Control

Figure 2. Simplified circuit diagram of variable bandwidth IF amplifier.

which could be generated by other con-
trol circuitry or by a user’s control knob.
One of the amplifiers in Figure 1 has a
gain function that is directly proportional
to Vpwe While the other amplifier has a
gain function that is proportional to V.
by (1 Vowe). Therefore, as the
magnitude of V. increases, the gain of
one amplifier increases while the gain of
the other decreases. Consequently, as the
signal splits into two paths, it is propor-
tionately divided between the two
amplifiers by V.. Since the two paths
contain bandpass filters of different band-
widths, the effect of a variable bandwidth
IF amplifier is achieved. Furthermore, the
switch also provides an amplification fac-
tor, A, and signal amplification is obtain-
ed by an amplification control voltage,
ac*

Figure 2 shows a simplified circuit
diagram that can be used to perform the
analog switching function. The differen-
tial amplifier pairs D1 and D2 can be used
as amplifiers for the input signals. The
amplification control is obtained by the

constant current sink, I;. The variable
bandwidth control is given by the pair, D3.
A control voltage across the inputs of D3
will select either D1 or D2. Then, as the
outputs of D1 and D2 are shared, the ef-
fect of analog switching results. (The
results shown later used a special IC to
operate at an IF frequency of 160 MHz).

A block diagram of the IF amplifier is
shown in Figure 3. The input buffer takes
the signal and provides two paths in
which the signal can flow. Notice that six
bandpass filters are used. This provides
additional resolution to the variable band-
width. The control voltage, V.., controls
the bandwidth of the overall filter, and V.
controls the amplification of the signal.

The bandpass filters are also chosen
to be single pole filters in order to
minimize the distortion that the filters may
cause. This is especially important when
several filters are cascaded together to
form an overall approximated matched
filter. For example, equation 1 describes
the transfer function of N -pole Butter-
worth filter,

Output
Switch -

Figure 3. Block diagram of IF amplifier.
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where f;is the 3 dB cutoff frequency of
the filter. As the transfer function is in-
versely proportional to the number of the
poles, the group delay of H(f) would be in-
versely proportional to the number of the
poles at a higher order. Furthermore, cas-
cading other filters will introduce more
poles. Therefore, in order to minimize the
number of poles in the filter, single pole
filters are chosen for use in the IF
ampilifier.

Results

Figure 4 shows the resulting family
of bandpass filter frequency response
curves corresponding to various band-
width control voltages. It shows that the
bandwidths can be varied from 2 MHz to
100 MHz. The IF center frequency was ar-
bitrarily chosen to be 160 MHz.

Figure 4. Frequency response of IF
amplifier.

Figure 5 is a plot of output vs. input
power. It is evident that the transfer curve
is that of a differential amplifier. This in-
dicates that the IF amplifier can also be
used as a soft limiter.

Poyr {dBm)

2.40 VDC

Poyr (dBm)
3

204

2.14 VDC

40

s

et

50 a0 30 20 10 o P.(d

Figure 5. Power out vs. power in.

RF Design

l

The IF amplifier described can be very
useful in a receiver design. It is not only
an amplifier, but also a variable bandwidth
bandpass filter that can be used as an ap-
proximated matched filter. The control of
gain and bandwidth is very easy. It can
also be used as a soft limiter to aid in the
data decision. Thus, the variable band-
width IF amplifier is a cost effective
building block to aid in a receiver design,
particularly in a TDMA application.

About the Author

Steve Kuh is a communications
engineer at Motorola, Inc., GEG, Com-
munications Research Facility, 8201 E.
McDowell Road, PO. Box 1417, Scotts-
dale, AZ 85252. He received his BSEE
from the University of Southern Cali-
fornia.
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New Products at MTT-S

Las Vegas Exhibition Spotlights New RF and

Microwave Offerings.

IFF Oscillator
Andersen Laboratories

The Andersen 1030 and 1090 MHz
oscillator utilizes SAW technology. A SAW
delay line is used in the oscillator to pro-
vide sufficient bandwidth and pulling
range. Temperature stable quartz is used
as the SAW substrate to ensure medium
term frequency stability. Andersen
Laboratories, inc., Bloomfield, CT.
INFO/CARD #220.

Horn Antenna
Amplifier Research

The AT4001 antenna operates within
the frequency range of 400 to 1000 MHz
with power handling capability to 1000 W.
Its minimum 10 dB gain, at 400 MHz, in-
creases almost linearly to beyond 15 dB
at 1000 MHz.

Amplifier Research will also be intro-
ducing a high power RF pulse amplifier
and a broadband amplifier. Amplifier Re-
search, Souderton, PA. Please circle
INFO/CARD #219.

Low Loss Microwave Material
Keene Laminates

Cu-Clad, the newest member of the
Keene low loss microwave materials line
is tailored for applications in telecom-
munications, radar and satellite transmis-
sions. Keene Laminates, East Provi-
dence, Rl. INFO/CARD #218.

Comtran 84
Jensen Transformers, Inc.

Comtran is a set of programs that simu-
late and optimize the design of analog cir-
cuits. It includes digitizing waveform data
from the HP 5183T 4 MHz digital oscillo-
scope with 12 bit resolution and time do-
main averaging for improved signal to
noise ratio. Jensen Transformers, Inc.,
North Hollywood, CA. INFO/CARD #217.

Miniaturized Amplifiers for
Phased Array Radar
Advanced Microwave, Inc

The .2 to 18.0 GHz A-Pak amplifiers of-
fer MIC technology, dense packaging,
multi-octave bandwidth and low price tag.
The A-Pak is designed for applications like
array antennas employing thousands of
radiating elements. Also being introduced

72

is the GPS integrated antenna preampli-
fier assembly Model AT1575-30. It has a
VSWR of 1.5:1 with a minimum gain of 32
dB. Advanced Microwave, Inc., Cama-
rillo, CA. INFO/CARD #216.

GaAs MMIC Amplifier
Harris Microwave Semiconductor
Harris introduces the HMM-11810-0
GaAs MMIC for use in gain stage applica-
tions. The device has an operating range
of 6 to 18 GHz. Its features include large
gold bonding pads, dielectric scratch and
short circuit protection, and DC blocking
on RF input and output. Harris Micro-
wave Semiconductor, Milpitas, CA.
INFO/CARD #215.

Microwave Spice 1.1
EEsof, Inc.

Microwave Spice 1.1 is the latest ver-
sion of EEsof’s non-linear microwave/RF
circuit design and simulation tool. it
features a signal power analysis compo-
nent, a fast fourier transform and user
definable functions. EEsof, Inc.,

Westlake Village, CA. INFO/CARD #208.

Microwave Substrates are High-Q
Polyflon Company

Polyflon introduces a pure TFE dielec-
tric with a dielectric constant of 2.1 for ap-
plications up to 100 GHz. Copper clad-
ding is electroplated directly to the TFE
which eliminates added loss and instabili-
ty of a secondary dielectric.

Also featured are TFE constructed
capacitors that are shock and vibration
resistant with Q > 5000. Polyflon Compa-
ny, New Rochelle, NY. INFO/CARD #211.

20 W Amplifier
M/A-COM MPD, Inc.

M/A-COM introduces an amplifier that
covers 2 to 4 GHz and delivers 20 W of
power. The GaAs FET amplifier,
LWA2040-20, is designed to replace
TWT'’s in S-band systems among its var-
ious other uses. Also available is a labora-
tory version featuring a rack mount cabi-
net and built in power supply. M/A-COM
Microwave Power Devices, Inc., Haup-
pauge, NY. INFO/CARD #212.

Fixed Frequency Phase Locked
Sources
Watkins-Johnson Company

The units feature low phase noise, —100
dBc/Hz at 10 kHz offset in Ku band, fixed
frequency output, 500 MHz to 21 GHz, in-
ternal/external crystal reference and high-
output power, +23 dBm. The fixed fre-
quency phase locked sources measure
3” x 4” x 16" Watkins-Johnson Com-
pany, Palo Alto, CA. INFO/CARD #214.

Variable Delay Line
Sage Laboratories

Sage unveils a variable delay line or
phase shifter with in line SMA or type N
connectors. The model 6801 features a
variable delay line from 4.3 to 6.8 ns. The
maximum insertion loss is 0.6 dB.

A low loss phase shifter with matched
insertion phase is another product being
introduced. Model FPS3828 is a matched
pair of 1.0 to 1.1 GHz mechanical phase
shifter with insertion loss of less than 0.2
dB over the band.

Other products to be introduced include
a compact DC block, a six way power divi-
der, coaxial phase shifters and a fail safe
terminated switch. Sage Laboratories,
Inc., Natick, MA. INFO/CARD #210.

Miniature High Pass Filters
Daden Associates, Inc.

The Model MH 800-4SS and Model HP
2000-4SS are members of a series of min-
iature highpass filters being introduced by
Daden. The MH 800-4SS covers from 0.8
to 18 GHz with less than 1 dB insertion
loss. The HP 2000-4SS is similar except
for a cutoff frequency at 2 GHz. Daden
Associates, Inc., Laguna Hills, CA.
INFO/CARD #209.
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100 Hz to 22 GHz Spectrum
Analyzer
Hewlett-Packard Company

HP introduces two products in the HP
70000 modular system product line. The
71210A is a spectrum analyzer with a fre-
quency range from 100 Hz to 22 GHz. The
70700A is a 20 mega sample/second, 10
bit digitizer with 256 K words of waveform
memory.

The HP 8510B is a microwave network

analyzer. Its applications include charac-
terization of microwave semiconductor
wafers and ICs, frequency translation
devices and far field antenna pattern
measurements.

HP will show the HP 8562A and HP
8562B spectrum analyzers which cover
the 1 kHz to 22 GHz range. Other pro-
ducts that will be featured include the Vec-
tor generator and analyzer, the HP 8970T
microwave noise figure measurement
system and video detectors. Hewlett-
Packard Company, Palo Alto, CA.
INFO/CARD #207.

MMIC Packaging
Technical Components, Inc.

TCl introduces a line of multilayer cera-
mic MMIC packages suitable for the 2-10
GHz frequency range. The hermatic pack-
ages are available with five 50 ochm micro-
strip feedthroughs and two leads for DC
and bias functions. They meet MIL-STD
883-B. Technical Components, Inc.,
Warwick, Rl. INFO/CARD #206.

Medium Power Amplifier
Trontech, Inc.

The P4GA is a broadband medium
power class A amplifier that has a mini-
mum gain of 40 dBm + 1.5 dB.

The AS100C and the AS101C are ampli-
fiers designed for cellular radio base sta-
tion applications. Both operate in the 820
to 860 MHz range. Trontech, Inc., Nep-
tune, NJ. INFO/CARD #203.

FET Power Transistors
Microwave Semiconductor
Corporation

MSC introduces an internally input
matched balanced pair of silicon FET
power transistors. The operating range is
RF Design

from 225 to 400 MHz and it operates at
signal and bias levels comparable to
bipolar transistors.

Another featured device is the D Amp
110. This broadband GaAs ampilifier fea-
tures a distributed design for stability and
cascadability. It has a minimum signal
gain of 50 dB and operates from 500 MHz
to 10 GHz. Microwave Semiconductor
Corporation, Somerset, NJ. Please cir-
cle INFO/CARD #202.

Video Colorizer Module
Optical Electronics, Inc.

The 6730 is a video colorizer module
signal processing block. It takes 8-bit
monochrome video information and con-
verts it into RGB pseudo-colors via lumi-
nance levels.

Also being introduced is the 2545 video
enhancement module. It is capable of im-
plementing image compression, image
expansion, contrast enhancement, con-
trast compression and edge detection.
Optical Electronics, Inc., Tucson, AZ.
INFO/CARD #204.

Wideband Crystal Filters
Microsonics, Inc.

Wideband filters that provide a 480 kHz
0.5 dB passband with an insertion loss of
less than 3.5 dB and 0.25 dB maximum
passband ripple are introduced by Micro-
sonics. The packaged device measures
20" x 2.0” x 065" Microsonics, Inc.,
Weymouth, MA. INFO/CARD #213.

UHF High Power Amplifiers
TRW RF Devices Division

The PAM-0810 series of class A UHF
power amplifier modules operate in a 800
MHz to 1000 MHz frequency range and
power outputs of 3W, 5 W, 12 W, 25 W
or 50 W. The modules feature high 3rd
order intercept point, reverse polarity pro-
tection, and a machined housing. RF
Devices Division, TRW Electronic Com-
ponents Group, Lawndale, CA. Please
circle INFO/CARD #201.

Frequency Extension Receiver
COM DEYV, Ltd.

The receiver downconverts a number
of 12 GHz frequency bands in the 18 to
105 GHz range. It is tailored to fit in ex-
isting aircraft space. COM DEV, Ltd.,
Cambridge, Ontario, Canada. Please
circle INFO/CARD #200.

Anti-Aliasing Filters
TTE, Inc.

Anti-aliasing filters are very sharp cut-
off low pass filters used to attenuate the
Nyquist frequency in digitized signalis.

The frequency range of the series is 10
kHz to 20 MHz. They measure 4" x 6"
x 1.2” and 1.2” x 1.2” x 5”. TTE, Inc.,
Los Angeles, CA. INFO/CARD #199.

DC to 26.5 GHz Coaxial Switch
Teledyne Microwave

Teledyne Microwave has developed a
DC-26.5 GHz single pole double throw
electromechanical coaxial switch. Typical
specifications from 18 to 265 GHz include
a VSWR of 1.8:1 with an insertion loss of
0.7 dB. Teledyne Microwave, Mountain
View, CA. INFO/CARD #205.

GaAs Fets
Microwave Technology, Inc.

MwT introduces 6 GaAs FET products.
Each features a Ti-W/Au 0.3 micron re-
cessed gate. Gate widths range from 80
to 630 microns resulting in a noise figure
of 2 dB and gain of 13 dB at 18 GHz.
Microwave Technology, Inc., Fremont,
CA. INFO/CARD #198.

Direct Synthesized Signal
Generator
Eaton Corporation

Eaton introduces the 382A and 384A
direct synthesized signal generator. They
feature 20 microsecond switching and low
phase noise.

Also being introduced is the 2276S
noise figure test system. Its features in-
clude a direct digital plotter output and
single and double sideband capabilities.
Eaton Corporation, Electronic In-
strumentation Div., Los Angeles, CA.
INFO/CARD #197.

Thick Film Hybrid Amplitier
Aydin Vector

This cascadable modular thick film
amplifier is packaged with blindmate or
SMA connectors. The packaging, desig-
nated the AMX series, is available for ap-
plications from 5 to 1500 MHz. Aydin Vec-
tor, Newton, PA. INFO/CARD #196.

5 GHz Frequency Divider
California Eastern Labs

California Eastern Labs unveils a 5 GHz
GaAs MMIC from NEC. The operating
range for this device is from 1 GHz to 5
GHz. The UPG501B features a division
ratio of 4. Contained in the chip is an in-
put blocking capacitor.

Also being unveiled is the UPG102B
GaAs MMIC wide band amplifier. It is a
cascadable device that operates from 2
to 20 GHz.

The NE202 is a low noise GaAs FET.
At 12 GHz the typical noise figure is 1.0
dB and the high associated gain is 12 dB.
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California Eastern Labs, Inc., Santa
Clara, CA. INFO/CARD #195.

Directional Couplers
Synergy Microwave Corp.

Synergy introduces three and four port
directional couplers that cover from .5 to
1000 MHz with multi-octave bandwidths
and coupling values of 10 dB, 15dB, and
20 dB.

Also being introduced are broadband
multi-octave transformers in five port sur-
face mount packaging. The frequency
range is from 5 MHz to 1000 MHz with an
impedance ratio from 1:1 to 1:16. Synergy
Microwave Corporation, Paterson, NJ.
INFO/CARD #194.

Sliding Loads
Maury Microwave Corp.

The Model 2608C is a 7 mm sliding
load with a one piece inner and outer con-
ductor transmission line with integral con-
nector.

A family of thread on connector gauges
is also being introduced. The Model
AO34E is for measuring 3.5 mm connec-
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tors while the Model A028D is for measur-
ing 7 mm. Maury Microwave Corp.,
Cucamonga, CA. INFO/CARD #193.

Waveguide Noise Source
Noise Com, Inc.

The NC 5000 millimeter-wave wave-
guide noise source combines the per-
formance of a gas-tube-type source with
the light weight, low power requirements
and small size of solid state sources. Also
being introduced is the X-301 pocket sig-
nal generator. It is used to align radar and
communication receivers in the field. It
provides a continuous signal from 100
kHz to 1000 MHz. It costs $995. Noise
Com, Inc., Hackensack, NJ. Please cir-
cle INFO/CARD #192.

Phase-Locked Oscillator
Communication Techniques, Inc.

CTl introduces dielectrically stabilized
phase-locked oscillators. The PDRO-1401
is mechanically tunable from 11.26 to
11.76 MHz and phase locks to an internal
crystal oscillator. Communication Tech-
niques, Inc., Whippany, NJ. Please cir-
cle INFO/CARD #191.

Frequency Synthesizer
Sciteq Electronics, Inc.

This unit covers up to an octave with the
upper limit at 2 GHz and resolution of 1
Hz. The VDS-1600 typically switches be-
tween any two inband frequencies in
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about 25 usecs. It is a hybrid that com-
bines PLL with direct digital design.
Sciteq Electronics, Inc., San Diego, CA.
INFO/CARD #189.

GaAs Tuning Varactor
M/A-Com Semiconductor
Products, Inc.

M/A-Com Semiconductor will introduce
GaAs hyperabrupt tuning varactors, sili-



con hyperabrupt tuning varactors, her-
matic surface mount PIN diodes, beam
lead constant gamma GaAs hyperabrupt
tuning varactors, GaAs PIN diodes and
beam lead Schottky diodes. M/A-Com
Semiconductor Products, Inc., Burling-
ton, MA. INFO/CARD #190.

RF Amplifiers
Penstock Engineering Labs

A full line of cascadable RF amplifiers
are available with typical specifications for
noise figure at 1 dB and a frequency
range from 50 to 250 MHz. Pricing for 1
to 9 pieces is $350. Penstock Engineer-
ing Labs, Los Altos, CA. Please circle
INFO/CARD #188.

L-Band Bandpass Filters
Sawtek, Inc

Sawtek introduces L-Band SAW band-
pass filters that operate from 1 GHz to 2
GHz. They exhibit insertion losses from
15 to 40 dB. The fractional bandwidth ob-
tainable varies from 1 to 15 percent center
frequency with shape factor capabilities
as low as 1.5:1. Sawtek, Inc., Orlando,
FL. INFO/CARD #187.

and in the co

DC to 18 GHz Switch Matrices
Dow-Key Microwave Corp.
Dow-Key introduces a line of DC to 18
GHz switch matrices in standard 19" rack
enclosures. The 2 x 20 or 4 x 40 switch
matrix can be controlled with simple pro-
tocol statements via a GP-IB/HP-1B com-

patible computer or any IBM PC compati-
ble computer. Dow-Key Microwave Cor-
poration, Carpinteria, CA. Please circle
INFO/CARD #186.

SMA Plug and Jack

Gilbert Engineering Co., Inc.
These SMA plug and jack thread in to

020 C/C seal are connectors that provide

impedance matched launches into com-

ponent installed hermatic seals. Gilbert
Engineering Co., Inc., Glendale, AZ.
INFO/CARD #185.

Signal Calibrator
Weinschel Engineering

Weinschel Engineering introduces the
VM-7 attenuator and signal calibrator.
Weinschel Engineering, Gaithersburg,
MD. INFO/CARD #184.

Measurement and Computation
Tools
EIP Microwave, Inc.

This modular workstation can be con-
figured as a microwave network analyzer
among its other applications. The Model
21200A offers 1 to 18.6 GHz bi-directional
network analysis capability for testing
passive and linear active devices. The
Model 21100A offers 1 to 18.6 GHz uni-
directional capability. It allows amplifiers
and other active devices operating near
or in their non-linear reigons to be charac-
terized under the same conditions in
which they will actually be used. EIP
Microwave, Inc., San Jose, CA. Please
circle INFO/CARD #183.

mpetitive game of

Log Amp price and delivery,
Pascall wins again.

A range of IF amplifiers proven in use in the world's leading multi-role combat aircraft is assurance enough that they will meet
the avionics industry's most demanding specifications. But here’s the really good news — your program needn't suffer
delivery problems any longer — Pascall IF log amps are available on 4-6 weeks delivery and at prices we guarantee you'll

be interested to hear about.

Features
B Range or package styles available

@ Covers centre frequencies from 30-850 MHz

B Linearities better than + 0.5dB

# Temperature ranges from —40°C to +85°C

B Now available with JANTX devices
B Evaluation models on short delivery

If your next project calls for IF Log Amps be sure you
call us first, we could take a load off your mind.
In USA : Mernmac Industnies Inc, 41 Fairfield Place, West Caldwell, New jersey 07007.

Tel: (201) 575 1300. Telex: 710 734 4314.

In France: Salies SA. Tel: (010 33) 1 69 20 40 10. Telex: 690287 F.

In Germany: Semic RF Electronic GmbH. Tel: (010 49) 89 609 80 44. Telex: 523729 TWORF-D.

In Italy: D.S.P.M. Telecommurnicazioni StL Tel: (010 39) 2 48 05 98 & 46 34 98. Telex: 335545 DSPMIL I
In Sweden: Sangus, Sandberg & Gustafsson. Tel: (010 46) 8 37 25 30. Telex: 11198 SANGUS S

In Japan: Sogo Electronics Inc. Tel: (010 81) 3 309 84 42. Telex: 232 47 86.

Rest of the World:

Pascall Electronics Limited, Saxon House, Downside, Sunbury-on-Thames
Middlesex TW16 6RY England Tel (01) 979 0123, Tlx 8814536
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WITH THE COMPACT
DESIGN KIT SERIES...

THE ONLY DESIGN KIT SERIES
TO PROVIDE INSTANT
ACCURATE DESIGNS

RF DESICN KIT®

B System Optimization

B Noise/Intercept Point Optimization
B WB Transformer Synthesis

@ Oscillator Design

PLL DESICN KIT®

8 VCO Design

B Stability Analysis

@ Switching Analysis
B Non-Linear Analysis

COMMUNICATIONS
DESIGN KIT®

@ Simulate Digital Systems

B Evaluate Antennas

B Synthesize RF AGC Systems
M Mixer Analysis

FILTER DESICGN KIT®

M LC Filters

® Crystal Filters

B Helical Filters

B Interdigital Filters

Call or write for details today.
Compact Software

The Leader in CAD Software

483 McLean Blvd. and 18th Avenue, Paterson, NJ 07504
(201) 881-1200 » TELEX: 130073 » FAX: (201) 881-8361
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RF
MATRIX
MULTICOUPLER

MODEL 6855
MATRIX
MULTICOUPLER

e 20-1200 MHZ

e 4 ANTENNAS TO 12
RECEIVERS

e FULL FAN-OUT

e COMPACT—3Y%2" HIGH
e COMPUTER CONTROL
e TEMPEST DESIGN

GUARANTEED QUALITY
HIGH RELIABILITY

For further information, please call (703) 471-6060

n REACTION
INSTRUMENTS

475 Springpark Place, Herndon, VA 22070
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VHF/UHF

SURVEILLANCE

RECEIVER

MODEL 686
VHF/UHF RECEIVER

e 20-1200 MHZ

e AM-FM-CW-PULSE-SSB

e SEARCH MODE

e MASTER/SLAVE

e COMPUTER CONTROL
e INTEGRAL S.D.U

e ACTIVITY MONITOR

e COMPACT—3Y2" HIGH

e TEMPEST DESIGN

GUARANTEED QUALITY

HIGH RELIABILITY

For further information, please call (703) 471-6060.

n REACTION
INSTRUMENTS

475 Springpark Place, Herndon, VA 22070
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»F products

Motorola Introduces an RF Modem

Module

The MHW10000 RF Module is designed
to provide the RF functions needed for im-
plementation of a complete modem com-
patible with the IBM Personal System/2,
earlier members of the IBM PC family and
IEEE 802.7 broadband specifications. It
is a full duplex, continuous phase fre-
quency shift keyed (CPFSK) transceiver.
The design is such that the module opera-
tion is completely compatible with a
broadband coaxial cable environment.
The transmitter occupied bandwidth and
the receiver selectivity and overload
characteristics have been controlled so
that the module operation is completely
transparent to the cable system operation.

The module transmitter operates at a
nominal carrier frequency of 50.75 MHz
(CATV channel T-14) with a total frequency
deviation of 2 MHz. Transmitter occupied
bandwidth is controlled by a SAW filter. A
companion receiver operates at a center
frequency of 219 MHz (CATV channel J).
The circuitry is capable of operating with
center frequency offsets up to =500 kHz.
The receiver RF selectivity is provided by
a two resonator bandpass filter at the RF
amplifier input and a two resonator filter
between the RF amplifier and the mixer.
Receiver noise bandwidth control and ad-
jacent channel selectivity is provided by

B:_h
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two cascaded SAW filters in the IF cir-
cuitry.

Conversion of the analog RF data to the
digital data stream is provided by a Motor-
ola MC 13055 data IC. This IC provides
the final IF amplification and limiting, the

2. 6 GHz Frequency Counter from

Racal-Dana

A high speed 2.6 GHz frequency coun-
ter has been introduced by Racal-Dana.
Model 1999 features nine-digit resolution
over the 10 Hz to 2.6 GHz frequency
range. Sensitivity at 2.6 GHz is 10 mV.
With higher level inputs, the counter is
usable to 3 GHz.

It features an error free burst frequency
capability which allows six-digit resolution
for signals as short as 2 msecs. Use of
the counter’s external arming provides dif-
ferent portions of the burst to be synchro-
nized for frequency profiling. This capabil-
ity is beneficial for electronic warfare and
radar applications.

Optional GPIB capability provides full
programmability of front panel functions
keys and signal conditioning controls. For
maximum stability, a standby power mode
ensures that continuous power is applied
to the frequency standard. It is priced at
$2,400. Racal-Dana Instruments Inc., Ir-
vine, CA. INFO/CARD #155.
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quadrature detector, data carrier detect
(squelch) and data sharper functions. The
basic card occupies about 8 square in-
ches and the construction utilizes surface
mount technology. Motorola, Inc., Phoe-
nix, AZ. INFO/CARD #156.
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With IFl, finding an efficient, comprehensive RF testing system
isn’t a problem any more.

For over 25 years, IFl, Instruments for Industry, has been

the unequalled leader in producing RF system
modules and complete RF testing systems that
offer optimum power, broad bandwidth and ex-
ceptional versatility.

Whether you need wideband, high frequency
power amplifiers, E-field generators and sen-
sors, antennas, TEM test cells or automatic
leveling systems, IF! instruments are
engineered for long life and trouble-free
operation.

Sl

IN RF TESTING
AND STILL
THE BEST

INFO/CARD 65

In fact, for: e military and aerospace engineering ® defense

and space exploration ¢ medical and biological
testing, experiments, and treatments ® a wide
range of communications needs e automotive
manufacturing ¢ general lab susceptibility
testing and instrument calibration or whatever
your particular application ... IFl provides the
most comprehensive equipment available to
solve your critical RF testing and measurement
problems. IF], the problem solvers in RF testing.

Send for our IFl Data-Pak today!

INSTRUMENTS FOR INDUSTRY, INC.
151 Toledo Street ¢ Farmingdale, N.Y. 11735 ¢ (516) 694-1414
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“ 7 At just $9,500,
Why selt le.? the HP 8590A
Portable RF Spectrum Analyzer is such a
good buy that you can afford one for every

bench. Yet it’s no :
stripped down,
low-tech model.

It’s loaded.

You'll find
every essen-
tial measure- "o ok
ment tOOl in Portable RF Spectrum Analyzer.
the HP 8590A, plus more of the right bells
and whistles than analyzers three times
as expensive.

And there’s a wide frequency range
(10 kHz to 1.5 or 1.8 GHz), large amplitude
range (—115 dBm to +30 dBm), plus 50 or
75-ohm input. Frequency accuracy runs
+(5 MHz + 1% of span).

We take care of the basics with three
simply labeled keys: FREQUENCY, SPAN
and AMPLITUDE. The entire keyboard
is that easy to understand. Press SIGNAL
TRACK, for instance, and the analyzer will
capture a signal and hold it in the center
of the screen—even if the signal is inclined
to drift. There are 14 dedicated keys for
common functions plus softkeys for over
80 special tasks.

Better still, three optional digital interfaces
make the HP 8590A completely program-
mable for automated production testing. And
you can use just about any desktop or HP
hand-held computer to do it.

Use the HP 8590A’s briefcase handle
to carry it anywhere. It weighs just 30 lbs.
and slips into all the tight spots. Including
the space under your airplane seat. And it’s
sturdy enough to withstand the rigors of
real portability.

Call today for a demonstration or brochure:
1-800-556-1234, Ext. 515. In California
call 1-800-441-2345, Ext. 515. Take a look
at the HP 8590A; the first full-function ana-
lyzer that fits your budget and your bench.

$9,500: U.S. list price.

Newton refracts light
through a glass prism, circa 1672.
“The Bettmann Archive”

U

HEWLETT
PACKARD
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RF Amplifier

Amplifonix introduces an RF hybrid
amplifier, Model TM 5138 in a TO-8 her-
metic package. The design provides a
gain of 15 dB typical gain over the fre-
quency range of 5 MHz to 150 MHz. Other
specifications include a noise figure of 2.5
and VSWR of 2.0:1. All units meet MIL-
STD-883B screening. Price for 1 to 9 is
$84. Amplifonix, Inc., Langhorne, PA.
INFO/CARD #116.

Crimp-type Coaxial Connector

E.F. Johnson Company introduces a
tool-less coaxial connector. The self-
crimping connector can be reused without
detectable signal degradation. E.F. John-
son Company, Waseca, MN. Please cir-
cle INFO/CARD #115.

Frequency Response Analyzer
The instrument features two channels
operating in parallel and offering basic

CRYSTAL OSCILLATOI!S

o d
at—

OCXO ¢ TCXO ¢ VCXO « TCVCXO
AND GENERAL PURPOSE CLOCKS.

gain and phase accuracy of 0.02 dB and
0.2 degrees, respectively. The analyzer
uses a single sine correlation analysis
technique to provide fast and precise
measurement of amplitude and phase. It
featured easy set-up from the front panel
or remotely via the standard RS423 and
|IEEE-488 interfaces. The unit is priced at
$18500. Solartron Instruments, Elms-
ford, NY. INFO/CARD #154.

Directional Antennas with
Variable Gain

Decibel Products introduces variations
of the 820-900 MHz, 14 dB gain, 120 de-
gree directional Model DB564 antenna to
obtain choices of gains and patterns. The
directional antennas are for cellular radio-

g

SN
i
1 .".‘,,Ah 9 !
113 : il
7 4

phone receive (820-855 MHz) and trans-
mit (865-900 MHz) and 800 MHz conven-
tional/trunked site installations. The
design provides control of VSWR across
the operating band. Decibel Products,
Inc., Dallas, TX. INFO/CARD #153.

High Speed Silicon OP Amp
Plessey Semiconductors introduces a
monolithic bipolar op amp that features
a slew rate of 1400 V/us, a unity gain
bandwidth of 800 MHz and a gain band-
width product of 2.5 GHz. Open loop gain,
output current, supply voltage range and
output DC offset can be programmed on
the SL2541. Settling time to within 0.5 per-
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cent of full bandwidth is 30 ns. Plessey
Semiconductors, Irvine, CA. Please cir-
cle INFO/CARD #152.

Upper Sideband Crystal Filter
Piezo Technology introduces an upper
sideband crystal filter, Model 6495. It oper-
ates with a carrier frequency of 4.896
MHz, providing a minimum of 10 dB atten-
uation of the carrier with a 3 dB passband

of fc +30 kHz to +3.825 kHz. Stopband
attenuation of 30 dB minimum is at fc
+7.65 kHz. Piezo Technology, Inc., Or-
lando, FL. INFO/CARD #151.

Quad CMOS/D-MOS Analog Switch

CDG211CJ is a quad single pole, single
throw (SPST) analog switch with TTL
compatible control inputs in 16 pin plastic
dip, pin and function compatible with
CMOS devices. The technology combines
CMOS and D-MOS (double-diffused MOS)
processes on a single chip. The use of D-
MOS results in low insertion loss and high
OFF isolation (66 dB at 10 MHz with 50
ohm load) at video frequencies. It is priced
at $1.60 in 100-up quantities. Topaz Semi-
conductor, San Jose, CA. Please circle
INFO/CARD #150.

High Power Triplexer

This combline filter high power triplexer
is designed for ground-based applica-
tions. The specfications of this device in-
clude a passband VSWR of 1.2:1, rejec-
tion greater than 160 dB at 240 MHz and
the operating frequency is designed to

RF Design

customer specifications. Transco Pro-
ducts, Inc., Camarillo, CA. Please cir-
cle INFO/CARD #148.

Spectrum Analysis Peripheral
The R340 is a spectrum analyzer peri-
pheral for the IBM PC, XT, AT and compat-
ible computers. It uses an on board data
acquisition front end connected to a high
speed digital signal processing board to
turn PCs into real time spectrum analyzer

or digital oscilloscope. Features include
menu driven real time spectrum analysis
using 1024 point FFT and 20 MHz TI
TM32010 based digital signal processing
board. Rapid Systems, Inc., Seattle,
WA. INFO/CARD #147.

Surface Mount Oscillators

Seiko Instruments introduces the
SMO-100 surface mount crystal oscillator.
It covers from 262 kHz to 24 MHz. A strip

RF & Microwave
Filters 100 xu: wo 15 ch:

If you have a filter problem
we’ll provide the solution!

For Military, Communication
or Space Application

e Lumped Element
¢ Helical Resonator
e Coaxial

* Waveguide

e Low Power

e High Power

o Fixed Tuned

s Variable

Give us a call or send us your
specifications—we’ll do the rest.

LORCH ELECTRONICS CORP. =

/ . 105 CEDAR LANE, ENGLEWOOD, NJ 07631 -
L r (209) 569-8282 TWX: 710-991-9718 oy

A Subsidiary of Vernitron Corporation

S

>

INFO/CARD 48 85



IMPROVE GPS RECEIVER
PERFORMANCE

55 SC Cut Crystal
“. Aging Rate: 1 X 10" /day
%1 Low Phase Noise: > -165
dBc/Hz at 100KHz offset
& SPC Manufacturing and Hi-Rel capability”
to MIL-Q-9858A & MIL-1-45208A
ZJ) Allen Variance: > 5 X 10" for 1 second average

PIEZO’S LITTLE WONDERS

Merging the latest techniques in SC cut crystal design, compact size, rugged
construction and superb performance, Piezo’s Little Wonders set the standards
in GPS, instrumentation, communications, navigation and airborne systems
performance.

Standard output frequencies are 10.00 and 10.23 MHz with special frequencies
available. The Models 2810007 and 2850038 demonstrate frequency stability
of 4.5 X 107 over -55°c to +71°c; fast warm-up to within 5 parts in 10 of final
frequency in 10 minutes; and low power consumption of 1.5 watts after warm-
up. The Aging and Phase Noise curves below illustrate the advantages of the

Little Wonders: -
4o, Model 2810007 Aging Curve

Model 2810007 Phase Noise Curve "l
Carvier Freq= 1.0808006E +07 Hz e
30

1 3(‘
\ AR
== i
] :"*‘A A ! :"
S U, i< v 40 e =
&) (dBc Hz} vs 1[Hz) ‘
See for yourself the wonders Piezo can work for your systems and programs.
Call our Application Engineers today for more information. Or write to re-
quest a copy of our capabilities catalog.

PIEZO

CRYSTAL JCOMPANY
We help make whatever you're making better.
100 K Street ¢ P. O. Box 619 * Carlisle, PA 17013 » 717/249-2151

INFO/CARD 49

| 4 ’ pl' Oducts Continued

resonator crystal is hermetically sealed
within the SMT packaging. Seiko Instru-
ments U.S.A,, Inc., Torrance, CA. Please
circle INFO/CARD #146.

RF Amplifier is Low Cost

Aydin Vector’s MHT-220 series is a thick
film high gain, low noise, cascadable
wideband amplifier. The ampilifier offers
a typical gain of 28 dB with a noise figure
of 2.8 dB. Aydin Vector Division, New-
ton, PA. Please circle INFO/CARD #114.

HF Antennas

Trans World Communications unveils a
series of broadband HF antennas. The
average power levels are 1 kW and it
covers the 2 to 30 MHz HF frequency
spectrum. Coverage up to 2500 km is ob-
tainable. Trans World Communications,
Inc., Datron Systems, Inc., Escondido,
CA. INFO/CARD #145.

Amplifiers Offers 30 dB gain
A 0.5 to 4.0 GHz high gain amplifier with
a 0.5 dB gain flatness has been intro-

duced by Celeritek. The CMS-4-0503 pro-
vides +14 dBm output power and a 4 dB
noise figure. Gain is 30 dB typical and 28
dB minimum. Celeritek, San Jose, CA.
INFO/CARD #144.
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BROAD BAND NOISE SOURCES

FOR SPACE, MILITARY AND
COMMERCIAL APPLICATIONS...

DC-50 GH,

CHIPS AND DIODES BROAD BAND BROAD BAND
*Glass ¢ Ceramic ¢ Beam-Lead AMPLIFIED MODULES PRECISION,
AV «UHF +FF sbW oM PLUGHIN. DUALIN-LINE CALIBRATED

24 or 14 PIN, 150mv out COAXIAL

SMA, N, TNC Output Connectors

TYPICAL STANDARD MODELS :
NC 100 Series [up to 3 MHz TYPICAL STANDARD MODELS
NC 200 Series |up to 500 MHz NC 2101 up to 20 kHz
NC 300 Series jup to 11 GHz NC 2102 up to 100 kHz
NC 400 Series |up to 50 GHz NC 2103 up to 500 kHz
NC 2104 up to 1 MHz
ALL ARE IN STOCK NG 2105 iF fo.-10 mz
NC 2106 | up to 20 MHz TYPICAL STANDARD MODELS
DROP IN MODULES MOST ARE IN STOCK NC 3100 Series|up to 18 GHz
FOR BITE 15.5 dB ENR,
Self energized in TO-8 Y noise figure
Ideal for self testing of receivers HIGH-OUTPUT: eter compatible.
50 ohms, 30 dB ENR min, +10 dBM, 50 ohms NC 3200 ieslup to 18 GHz
35 dB ENR typ. SMA or BNC output c ug-s‘.:: dB ENR
high noise
utput.

NOISECom

T;g'__?% f\TAN?";F:S ;‘EELS “NOISE IS OUR ONLY BUSINESS”
TYPICAL STANDARD MODELS NG 1107A  |up to 100 MHz :“ﬁ';‘igg”g"{ INC.
NC 501 up to 500 MHz NC 1108A up to 500 MHz HoaokBRaAm .N J. 07601
NC 502 up to 1 GHz NC 1109A up to 1 GHz i
NC 503 | upto 2 GHz NC 1110A  |up to 1.5 GHz TWX 910-380-8198
NC 504 up to 3 GHz For more information and quick
NC 505 up to 4 GHz Other frequency ranges response, call Gary Simonyan at
NC 506 up to 5 GHz and output levels available 201-488-4144.
ALL ARE IN STOCK MOST ARE IN STOCK
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8-Bit A/D Converters

Sony unveils two 8-bit flash monolithic
A/D converters:the CXA1076K, rated at
200 million samples per second (MSPS)
and the CXA1176K rated at 300 MSPS.
These products have an input bandwidth
of 100 and 120 MHz and power consump-
tion of 860 mW and 1.5 W respectively. In
addition to 8-bit output data, there is an
over-range output and two digital inputs

which are used to program output format

for true or inverse binary or offset two's
complement. Internal circuits include in-
put amplifier, error supression and lineari-
ty compensation. Sony Corporation of
America, Cypress, CA. Please circle
INFO/CARD #143.

SMT Inductors

Piconics introduces a surface mount
version of its M series air core inductor.
The MC series chip inductor has values

Rotary Attenuators

Model 50R-079
Frequency Range
DC-1000 MHz
Attenuation Range
0-120 dB in 10 dB steps

Model 50R-080
Frequency Range
DC-1000 MHz
Attenuation Range
0-12 dB in 1 dB steps

Model S0R-028
Frequency Range DC-1000 MHz
Attenuation Range 0-1 dB in .| dB steps

Model 50R-019
Frequency Range DC-2000 MHz
Attenuation Range 0-10 dB in | dB steps

Modei 75R-002
Frequency Range
DC-500 MHz
Attenuation Range
0-10 dB in 1 dB steps

Model 75DR-003
Frequency Range
DC-1000 MHz
Attenuation Range
0-50 dB in | @B steps

JFW Industries, Inc.

5134 Commerce Square Dr.
Indianapolis, Indiana 46237
{317) 887-1340
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from 6.3 to 684 nH with operating frequen-
cies from 100 MHz. The coil is construc-
ted of 47 AWG wire. The base of the de-
vice is an alumina substrate with gold
plated wrap-around terminations to which
the coil is welded. Piconics, Inc., Tyngs-
boro, MA. INFO/CARD #142.

Coaxial Rotary Joint

Mast Microwave Model No. RC27001H1
is a dual channel coaxial rotary joint with
a frequency range of 145-225 MHz.

VSWR for channel 1 is 1.2 and for chan-
nel 2 is 1.25 with insertion losses of .1 dB
max and .2 dB max respectively. Peak
power for channel 1 is 50 kW and for
channel 2 is .5 kW with average power be-
ing 15 kW and .15 kW. Rotational speed
is 20 rpm. Mast Microwave, Billerica,
MA. INFO/CARD #141.

Arbitary Waveform Generator

The LeCroy Model 9100 arbitary func-
tion generator (AFG) is capable of gener-
ating standard or custom waveforms. It
features custom waveforms in a dual out-

Srmh

put generator and at up to 200 mega-
points/sec. The AFG can generate square
waves or pulses up to 100 MHz and sine
waves up to 25 MHz. LeCroy, Spring Val-
ley, NY. INFO/CARD #139.

Scanning Acoustic Microscope
The Olympus UH-3 applies sound
waves to permit comprehensive observa-
tion and measurement of previously inac-
cessible subsurface and details of opaque
materials. An array of lenses to focus
sound waves ranging from 30 MHz to 1
GHz provides a broad spectrum of pene-
tration depths and resolutions by scan-
ning the specimen immersed in a cou-
pling fluid (usually water). The sound
waves are reflected back from the speci-
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men through the lens and electronically
converted to a digital signal, which is
stored until a full scan is completed. The
image can then be displayed on a TV
screen. Olympus Corporation, Lake
Success, NY. INFO/CARD #140.

Broad Band Coaxial Relays

A line of coaxial reed relays with band-
widths from DC up to 800 MHz and avail-
able in configurations from two to 24 throw
is introduced by Matrix. Designated the
7000 series, these relay modules are de-
signed to maintain coaxial switching con-
tinuity over a wide range of applications.
All signal paths are silver plated with
covers gasketed for maximum EMI protec-
tion. The basic reed switch elements are
hermetically sealed in nitrogen filled gas
envelopes and employ rhodium plated
contacts to insure non stick operation.
Matrix Systems Corporation, Calabasas,
CA. INFO/CARD #138.

Frequency Synthesizer

A standard line of single loop frequen-
cy synthesizers covering the 10 MHz to
1.2 GHz range is available from Pacific R
& D. Octave bands and parallel TTL digital

controls are standard features. Other fea-
tures include: step size of 1 kHz, switch-
ing speed of 10 ms, spurious output of
—60 dBc and output power of +13 dBm.
Pacific Research and Development,
Montrose, CA. INFO/CARD #123.

GaAs PIN Diodes

These diodes have high carrier mobili-
ty resulting in low series resistance and
fast switching speed. Low | region carrier
concentration provides near zero bias
punch through. Switching speeds are in
the low nanosecond range. M/A-Com
Semiconductor Products, Inc., Burling-
ton, MA. INFO/CARD #122.

Spread Spectrum Gold Code
Generator

This system generates pseudorandom
sequences that are useful for developing
and testing spread spectrum and conven-
tional data communication systems. It
consists of two linear recursive sequence
generators that operate synchronously up
to 25 MHz. The feedback pattern, se-
quence starting point and sequence
length of one generator can be set in-
dependently of the other. New Wave In-

Measure Up With Coaxial Dynamics Model

10 watts linear,
10kHz to 250MHz.

The new Model 10A250 bench-
top broadband amplifier gives
you the freedom you've wished
for in your rf testing.

Its great phase response is
ideal for pulsed and non-sinu-
soidal waveforms. Uitrasound.

83000A RF Peak Reading Wattmeter

Take a PEAK with Coaxial Dynamics “NEW' Model 83000A, designed
to measure both FWD/RFL power in CW
and FM systems simply and quickly.
Then with a *FLIP" of a switch,
measure “PEAK POWER" in most
AM, SSB or pulse systems. Our
Model 83000A features a complete se-
lection of plug-in-elements plus a2
year warranty. This makes the
Model 83000A an investment worth
looking at. So go ahead, take a
“PEAK", you'll like “WATT” you see!
Contact us for your nearest autho-
rized Coaxial Dynamics representa-
tive or distributor in our world-wide
sales network.

NMR. Plasma physics. Inter-
ference susceptibility testing.
All-around rf fab work.

Latest FET technology gives
you instantly available bandwidth
from 10kHz to 250MHz. And total
immunity to load mismatch—
even from open or shorted output
terminals—means freedom from
worry about foldback, oscillation,
and blown output transistors.

You've always known our pow-
er ratings are ultra-conservative.
The 10-watt nameplate on this
one assures you 10 watts finear
throughout the bandwidth, and
even more when saturated.

COAXIAL The Model 10A250 belongs in
DYNAMICS, your lab.
INC.

160 School House Road
Souderton, PA 18964-9990 USA
Phone.215-723-8181
TWX 510-661-6094

15210 Industrial Parkway \
Cleveland, Ohio 44135
216-267-2233
1-800-COAXIAL

Telex 98-0630

Service and Dependability...a Part of Every Product

8408
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WVAVETE. .1:2200 MHz Synihesized. Signal.Generatorn model 2520

Modulation

Frequency

You'’ve waited along time for

For too many years, if you needed
a cost-effective 2 GHz signal gener
ator, you had to settle for clumsy,
clunky Klystron-based units. Many
of which have been around since
the last World War.

To achieve any accuracy you
needed a counter to set frequency.

Then it would drift. And such prim-

itive technology necessitated high
maintenance costs.
Of course you could opt for the

precision of a synthesizer. It only
takes $20,000 or more.

At last, a true alternative.

The Wavetek Model 2520 puts
these past technologies and prob-
lems far behind you.

Now you can have a 2.2 GHz syn-
thesized signal generator with all
the features and convenience of
the popular 1 GHz synthesizers.
But, remarkably, at the price of an
old-fashioned Klystron generator.

2.2 GHz for under $8,000.
You've come to expect a lot of per
formance from your 1 GHz signal
generator. Now you can have that
same affordable, effective perform-
ance ina 2.2 GHz generator with
no compromises.

Frequency range down to 200
KHz +13 dBm output power.*
Excellent spectral purity. Near field
RFI typically <0.1 microvolt. Fast
and precise setting of frequency to
10 Hz resolution by keyboard or




this 2 GHz signal

minutes. Simplicity and state-of-
the-art manufacturing techniques
provide long MTBF and the durabil
ity to stand up to the rigors of every-
day use.

spin knob. Fully annunciated dis-
plays. AM and FM. Pulse modula-
tion with 80 dB on/off ratio.* State
of the art GPIB interface.

No compromises.

Pure and simple.

The 2520 accomplishes all this per
formance without sacrificing sim
plicity. There’s no synthesizer
easier to maintain, easier to cali-
brate. With Autocal you just turn a
key and 2520 software helps you
through calibration in only fifteen

*Optional

Options for your application.
The 2520 offers a wide range of
standard features and an even
wider range of options to match
the instrument to your specific
needs. In fact, the 2520 is engi-
neered to make it easy to modify
for very specialized applications.

INFO/CARD 55

generator.

Just ask our engineers about it.

Seeing is believing.

We want to show you that the
Wavetek 2520 is the best 2 GHz
generator available for your testing
needs. Contact your local Wavetek
Representative or give us a call for
a demonstration. Wavetek Indiana
Inc., 5808 Churchman, Beech
Grove, IN 46107, 317-788-9351.

WAVETEK:




SMALL CONNECTORS
CANBE A BIG DEAL

s 030898 11

Small connectors can kill a big system if they don't
work or aren't there when you need them. AEP can
help make sure this doesn't happen to you.

Connectors that work.

Our production standards exceed MIL-C -39012 require-
ments. 11% of our workforce is in quality control to
make sure these standards are met. Need proof? We
have shipped 144,000 cable assemblies (with AEP
SMB connectors) for the ARC-164 military radio--NO
REJECTIONS. We've also shipped almost 150,000
SMA and SMB connectors to a major radio manufact-
urer--NO REJECTIONS.

Connectors when you need them.

It's easy to get our parts quickly, thanks to our net-
work of stocking distributors and four -week factory
delivery of 92 standard items. If you need something
unusual, we can generally deliver specials within
twelve weeks.

The right connector for the job.

We make hundreds of varieties of SMA, SMB, and
SMC connectors--many qualified to MIL-C-39012. Our
7000 series has unequalled performance in micro-
miniature size. Do you need 75 ohm connectors? We
make them. You can also save time, trouble, and
money by letting us build flexible and semi-rigid
cable assemblies for you.

If we sound like the kind of connector supplier you'd
like to have, call or write for our 120 page catalogue.

We'll probably save you some money, too.

1475 Whalley Avenue
New Haven, CT 06525

Fax: 203/387-7832
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struments, San Jose, CA. INFO/CARD
#121.

Attenuator Chips

10 mil thick quartz pads are available
in 1 dB increments from 1 dB to 20 dB
with solderable backside metalization
rated to 325 C. VSWR at 18 GHz is less
than 1.3:1 and flatness is +0.25 dB from
10 MHz to 18 GHz. The 50 ohm chip
measures 0.10” x 0.08"” x 0.01”. lon Beam
Milling, Inc., Manchester, NH. Please
circle INFO/CARD #120.

RF Distribution Amplifier
Viewsonics introduces their wideband
distribution amplifier Models VSA-10-550
and VSA-20-550. Both units cover a fre-
quency range of 50 MHz to 550 MHz. A
virtually flat signal gain of 10 or 20 dB can
be obtained depending on the model us-
ed. Typical noise figure is 7 dB. Input/out-
put impedance is 75 ohms. Viewsonics,
Inc., Syosset, NY. INFO/CARD #119.

Thin Film Mixers

Model TFX-18075 from Avantek covers
.75 to 18 GHz on the RF/LO ports and DC
to 0.5 GHz on the IF ports with 8.0 dB con-

version loss, 25 dB of LO-RF isolation and
25:1 VSWR on the RF and LO ports. They
are built with double sided, planar, thin
film ceramic substrates and beam lead
diode quads. Avantek, Inc., Santa Clara,
CA. INFO/CARD #118.

Phased Array Bragg Cell

Crystal Technology offers a phased ar-
ray Bragg cell made from gallium phos-
phide (GaP). The Model 41000LG-PA has
a center frequency of 1 GHz and a diffrac-
tion efficiency of 70%/W at 830 nanome-
ters. Its applications include high frequen-
cy spectrum analysis. Crystal Technolo-
gy, Inc., Palo Alto, CA. Please circle
INFO/CARD #117.

High Frequency Amplifier

Signetics Corp. unveils the NE/SA5204
wide band high frequency amplifier. A
unique feature of this device is its ability
to reflect a load impedance to the input
for both 50 and 75 ohm systems. The se-
cond and third order of intermodulation in-
tercepts are +24 dBm and +17 dBm, re-
spectively, at 100 MHz. Signetics Cor-
poration, Sunnyvale, CA. Please circle
INFO/CARD #124.

Performance Plus in
Absorber Materials.

many others.

as the leading source for:

ranging from 2" to 8'.
* Low Frequency Absorbers.
* Millimeter Wave Absorbers.

Advanced ElectroMagnetics, Inc. has been a leader in the microwave
absorber material industry for some time by putting winning solu-
tions to work for companies like Hewlett-Packard, IBM, Boeing and

Through continuing research and technical exper-
tise, Advanced ElectroMagnetics, Inc. has emerged

* Broadband Absorbers including Walkway,
Pyramidal, Convoluted and Wedge designs

* Absorbing Wall Modules.
* Tuned Frequency Absorbers.
* Special projects and consultation.

RF Design

Off the shelf or custom designed, these
materials feature the properties you need
most—high performance plus depend-
ability and reasonable costs. With a com-

prehensive program of design, research
and manufacturing capabilities, AEMI
wants to be your leading source in ab-
sorber technology. Call or write for com-

plete details.

ADVANCED

ELECTROMAGNETICS, INC.
PO. BOX W * SANTEE, CA S2071-0618, USA
618 4483-8492
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R.E. POWER
AMPLIFIER MODULES

EPSCO offers a family of extremely
compact power amplifier modules
for UHF/VHF applications, com-
bining wide bandwidth, high gain
and high output power levels. In
addition to standard wideband

and narrowband models (available
inClass A, AB or C operation),
EPSCO provides custom designs
to meet your specifications.

TYPICAL MODULE PERFORMANCE

Wideband Modules
Freq. (MH2) Input Power Output Power
(dBm) (dBm) min.

2-32 +10 +43
20-500 0 +43
500-1000 0 +43

Narrowband Modules
Freq. (MHz) Input Power Output Power
(dBm) (dBm) min.

2-100 0 +46

100-200 0 +46

225-400 0 +46

600-800 0 +43
TO MEET YOUR SPECS

Sizes startat 2” x 3" x 0.75.”
For more complete information
and discussion of your high power
RF amplifier needs, contact
Epsco, RF Division, 31355 Agoura
Road, Westlake Village, CA 91361.
(818) 889-5200. Telex: 18-3378.
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RF Power Amplifier Analysis and
Design

The CAED (Class E Amplifier Design)
program computes the steady state repeti-
tive time domain waveforms in a switching
mode RF power amplifier circuit of class
E topology. The DC power input, RF
power output, power losses and power ef-
ficiency is calculated. The computation
takes about 1/2 second on the IBM AT or
2 seconds on the IBM PC or XT. CAED

can also optimize the design automatical-
ly. It performs a series of circuit analyses,
adjusting component values automatically
to maximize the efficiency. The software
is priced at $2000. Design Automation,
Inc., Lexington, MA. INFO/CARD #182.

Filter Synthesis Program

Webb Laboratories introduces Filsolve
1.0. It performs synthesis of lowpass, high
pass and bandpass filters in Butterworth,

Model M310C

Model 300-400A
operates from 225 to
400 MHz with 400 W
output power.

—— BROADBAND R. F. —
— POWER AMPLIFIERS —

Models 220-10, 220-100, 220-200, 220-1K operate from
10kHz to 220 MHz, with .01, .1, .2, and 1 kW output power.

Model M310C runs
from 500 kHz to
300 MHz, with 10 W
output power.

—e

RF POWER LABS, INC.
has been a leader In
high-quality RF power
amplifiers for aimost two
decades.

Our rugged designs and
reliable manufacturing pro-
cesses produce amplifiers
operating from 30 Hz to 500
MHz with output from .5 to
2000 Watts. RF POWER LABS
offers complete lines of linear,
broadband amplifiers for a wide
range of applications, including:
® RFI/EMI susceptibility testing
& NMR/MRI

® Linear Accelerators
@ | aser Modulation
® Communications
We'll be glad to
discuss your
particular
applications
with you.

For more
information
or a copy of our
free catalog, contact:

RF POWER LABS, INC.
22125 17th Ave. SEE., #110
Bothell, WA 98021 USA.
Tel: (206) 481-8833.

Telex: 32-1042

Fax: (206) 486-1002
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Chebyshev, maximally flat time delay and
equal ripple time delay realizations. Also
available from Webb is demonstration
software on Syscad and Transcad. Webb
Laboratories, North Lake, WI. Please
circle INFO/CARD #181.

Simulator Integration Kit

SimKit is a simulator integration kit us-
ed to combine the Analog Workbench de-
sign environment with simulators and
model libraries. It includes simulator in-
terface software, documentation and an
example Spice 2G.6 connection. Analog
Design Tools, Inc., Sunnyvale, CA. IN-
FO/CARD #180.

CAE/CAD for Designing with SMD’s
Aptos System introduces a PC based
design system using surface-mount com-
ponents. The software library includes
small outline packages (SOIC), plastic
leadless chip carrier (PLCC), leadless
ceramic chip carriers (LCCC), small
outline transistors (SOT) as well as five
types of outline capacitors and six types
of outline resistors. Aptos Systems,
Scotts Valley, CA. INFO/CARD #179.

Remote Site Monitoring

Tektronix announces Remote Site
Monitoring Software (RSM). It was devel-
oped to merge the power of the Tek 490P
series portable and 2750P series labora-
tory spectrum analyzer with IBM PCs or
compatibles. The package simplifies con-
trol and data analysis of instruments at
remote sites. It gives the user the ability
to connect two PCs by phone with the
remote PC connected to a Tektronix pro-
grammable spectrum analyzer. The user
can control operations of the remote PC
or can acquire data from the remote spec-
trum analyzer. Tektronix Inc., Beaverton,
OR. INFO/CARD #178.

Mathematical Applications
Packages

NSC introduces two software packages
that support digital signal processing ap-
plications for the HPC family of 16 bit
CMOS microcontrollers. One package im-
plements a floating point routine and the
other is a fast fourier transform program.
The floating point package is a single
precision implementation based on the
IEEE standard for binary floating point
arithmetic with several differences to ac-
commodate the architecture of the HPC.
The fast fourier transform program is set
up to do FFTs of 2, 4, 8, 16, 32, 64, 128
and 256 inputs or bytes and can be easi-
ly modified to work with higher lengths.
National Semiconductor Corp., Santa

I Clara, CA. INFO/CARD #177.
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Power Electronics and Software Catalog

Bloom Associates has released their 1987 catalog of Power
Electronics Books and Software. Twenty-one books and 25 soft-
ware titles are included. Bloom Associates, Inc., San Rafael,
CA. INFO/CARD #175.

Power MOSFETs Described In Data Book

The 1987/88 SIPMOS components data book from Siemens
Components contains product innovations, expansions and im-
provements in the SIPMOS (Slemens Power MOS) small signal
and power transistor product lines. It includes 150 product types
with general technical and mounting information as well as com-
plete device parameters and characteristics. In addition, the
catalog contains a survey of types, selection, guides and an in-
dustry cross reference. Individual data sheets are included.
Siemens Power Semiconductor Division, Santa Clara, CA.
INFO/CARD #174.

Crystal Filters and Oscillators Brochure

PTl introduces a 16-page brochure on its line of crystal filters
and oscillators. The monolithic and discrete filter line includes
linear phase and spectrum clean-up filters and phase/amplitude
matched filter sets. A line of ovenized, temperature compensated
and voltage controllied oscillators is featured. Piezo Technology,
Inc., Orlando, FL. INFO/CARD #157.

Short Form Catalog

Available from Krohn-Hite is a short form catalog that highlights
their line of amplifiers, distortion analyzers, filters, function gen-
erators, oscillators and phasemeters. Krohn-Hite Corporation,
Avon, MA. INFO/CARD #172.

Microwave Detector/Limiter Brochure

The 28 page brochure presents information on TRW'’s planar
tunnel diode detectors, Schottky diode detectors and limiters.
Included are specifications, performance curves, outline draw-
ings, application information and a detector selection guide. TRW
Microwave, Inc., Sunnyvale, CA. INFO/CARD #171.

RF Selector Guide

Motorola’s 4th edition RF selector guide features product
categories which include RF power TMOS FETs, RF power
bipolar transistors, RF small signal transistors, bipolar NPN/PNP
transistors and hybrid amplifiers. The guide also includes a sec-
tion on recommended lineups to achieve output power levels re-
quired in many typical applications. Motorola, Inc, Phoenix, AZ.
INFO/CARD #170.

Crystal Oscillator Catalog

It features AT-cut quartz crystals from 5 MHz to 150 MHz and
crystal oscillators up to 1 GHz. Oscillators are available in
temperature compensated (TCXO), ovenized (OCXO) and voltage
controlled (VCXO) designs. EG&G Cinox, Cincinnati, OH.
INFO/CARD #169.

Application Note for EMI Measurement

An application note entitled Broadband Correction Factors is
available from Eaton Corporation. It reviews the differences be-
tween narrowband and broadband signals, the relationship of
bandwidth to measurement levels when measuring different
types of signals, and tips for converting measurements from one
bandwidth to another bandwidth when doing MIL-STD 461 test-
ing. Eaton Corporation, Electronic Instrumentation Division,
Los Angeles, CA. INFO/CARD #168.

RF Design

¢
PRECISION CRYSTAL
OSCILLATORS

SERIES 8000

STANDARD FREQUENCY 5.0 MHz

AGING RATE MODEL ER8001 1 x 10— 9day
MODEL ER8003 1 x 10 - '%/day
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
210X 2L AR
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 Overland Park, Kansas 66204
TWX:(910) 749-6477
Telephone: (913) 631-6700

INFO/CARD 60
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100Watts
of RF Power
from15to

ENI HASIT
(€07 3:{3)X

This single unit is so incredibly
versatile it can replace several you
may be using now. It's an
extremely broadband high power,
solid state, Class A linear
amplifier. It's rated at 100W from
1.5-400 MHz. But it can provide
200 Watts from 1.5-220 MHz. All
you need with the 5100L is any
standard signal or sweep
generator and you've got the
uitimate in linear power for such
applications as RFIIEMI testing,
NMR, RF Transmission, uitrasonics
and more
And like all ENI power amplifiers,
the 5100L features unconditional
stability, instantaneous failsafe
provisions, and absolute
protection from overloads
and transients.

The 5100L represents the pinnacle
in RF power versatility. There’s
nothing like it commercially
available anywhere.

For more information, a
demonstration, or a full line
catalog, please contact us at ENI,
100 Highpower Road
Rochester, NY 14623. Call
716/427-8300, or telex 671 1542
ENIUW.

7/ \ The advanced
y » designline of
power amplifiers
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EMI Shielding Handbook

The EMI shielding engineering handbook offers solutions to
electronic packaging problems. In addition to Chomerics line of
shielding products (conductive elastomers, wire mesh gasketing,
conductive compounds, cable shielding products, shielded ven-
tilating panels, shielded windows, engineered laminates, and
thermal interface materials), the handbook includes a section
devoted to value and risk, specification control, quality accep-
tance criteria, and corrosion prevention. Chomerics, Inc.,
Woburn, MA. INFO/CARD #163.

Vector Modulation Applications

Coherent Pulsed Tests for Radar and EW Systems is an appli-
cation note that describes methods for testing the microwave and
IF portions of equipment using vector modulation equipment and
principles. It covers vector fundamentals, basic receiver tests,
AM-PM and AM-AM considerations and standard tests for com-
plex signal processors. Hewlett-Packard Company, Palo Alto,
CA. INFO/CARD #173.

SMT Quartz Crystals Bulletin

This bulletin describes chemically milled miniature AT quartz
crystals (10 to 30 MHz) for Pierce, Colpitts, and series oscillators.
They are available in rugged, hermetically sealed miniature
ceramic packaged with standard leads or with leadless contact
for surface mounting by vapor phase, infrared solder or wave
soldering at 260 C for 20 secs. ETA Industries, Inc., New York,
N.Y. INFO/CARD #161.

TRIM-TRONICS

Air-Plate and Tubular Trimmers from Trim-Tronics are
designed for stability and reliability. With our operating
temperature range of -55°C to +125°C and a near zero TC,
these miniature air dielectric variable capacitors feature High
Q and are your ideal choice for RF to microwave frequency
applications.

® 2-Way Communications e Satellite Communications
® Security Systems * Filter Tuning & Crystal Trimming

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS
TRIM-TRONICS INC

W 67 Albany Street, Cazenovia, New York 13035
Tel: (315) 655-9528 TWX: 710-541-1530

Outside USA and Canada contact Alfred Tronser, GmbH 7543 Engeisbrand, W-Germany

INFO/CARD 20
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Harris Corporation

RF Communications / Engineers (EE, ME, Computer)

and Computer Scientists

TO MOVE AHEAD
IN COMMUNICATIONS,
JOIN A LEADER
IN THE FIELD.

Harris Corporation is a “Fortune 200" company with $2.2 billion
sales in state-of-the-art information processing, office automation,
microelectronic and communication products.

We're the Harris/RF Communications Group with a worldwide
reputation for leadership in the design, manufacture and installa-
tion of sophisticated HF and VHF/UHF radio communication sys-
tems unrivalled for performance, versatility, quality and reliability.
We are the world’s third largest producer of high-frequency, long-
range radios . ..a major supplier to NATO, U.S. and foreign govern-
ments.

Continued expansion and several new product developments
have created openings at various levels in an environment where
your skills will be challenged, recognized and rewarded.

You’ll enjoy the living environment, too.

Rochester offers a low-key modern lifestyle. Freedom from urban
pressures and pollution, desirable housing at reasonable rates, a
fine school system, extensive year-round cultural and 4-season
recreational attractions, renowned campuses for advanced de-
gree study.

Current openings call for a Bachelors degree or equivalent
(Masters preferred) and experience in the following areas:

* Analog and Digital Circuit Design

* RF Design

* Software Engineering

* Digital Signal Processing

* Microprocessor Applications

* Project Engineering (HF/VHF radio products)
* Program Management

* Electromechanical Packaging

* Applications Engineering

Please send resume, indicating earnings record, to: Mr. Leo Naioti,

Dept. RFD-6, Harris Corporation, RF Communications Group,
1680 University Avenue, Rochester, NY 14610

An equal opportunity employer, M/F/H/V

& HARRIS

ENGINEER
Broadband, Communications

and Electronics System

Michigan State University has an advanced
level opening for a seasoned, operations-
oriented communications engineer. This posi-
tion requires the application of extensive and
diversitied engineering principles and methods
to the operational development of a large
broadband LAN and various electronic
systems.

Examples of typical tasks are the following.
Plan, develop and coordinate large and vital
broadband cable and electronic systems, as
well as smaller complex projects. Develop
preventative maintenance programs for broad-
band television and data networks, and other
electronic systems. Design broadband cable
trunks and distribution systems. Consult on
maintenance and troubleshooting problems for
broadband cable, general analog, digital and
radio frequency communication systems.
Assist with the development of improved and
innovative operational procedures for high
technology systems in a university environ-
ment. Develop, direct and implement technical
training of personnel. Applicants must have a
BSEE and reasonable progressive and re-
sponsible experience in planning/designing
broadband and other electronic systems, in-
stallations and equipment. Some supervisory
experience is also required. Registration as a
PE in the State of Michigan is desired.

Contact Michigan State University Employ-
ment Office, 110 Nisbet Building, 1407 S. Har-
rison Road, East Lansing, MI 48824. Refer to
Position A654.

MSU is an Affirmative Action/Equal Opportunity
Institution.

RF Design

Bonnie Ward
Classified Advertising Manager

l_‘fﬂesign

A Cardiff Publication

6300 S. Syracuse Way, Suite 650
Englewood, CO 80111
(303) 220-0600
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If small volume, low power and fast response are your
prime concerns, but you do not want to lose on performance,
Surface Acoustic Wave technology is the solution to your
Spectrum Analysis problems.

? We offer compact (0.5 to 1.5l), low dissipation (5 to 35
W) fully militarized units which perform spectrum analysis in
real time over 10-500 MHz bandwidth and 60-80 dB dy-
namic range. These subsystem are ideally suited for Dop-
pler analysis (radar or laser) and countermeasurements.

A 60 kHz RESOLUTION
MILITARIZED
SUBSYSTEM

CW SPECTRIM OUC OF
FPOINT ANATYSFR

i ™ A

Bandwidth (MHz) 80 10 | 275 Tht”ee : j
3 subsystems

Resolution (MHz) A2 .015 1.8 St

Input Freq. (MHz) 265 40 522 catalog.

Analysis durat. (ns) 10 100 155

Dissip. power (W) 20 25 35

> THOMSON

DASM/DTAS
B.P 38 - 06561 Valbonne Cedex—France

PAONON o ush ama canacs

C ORPORATION

7 Herman Drive, P.O. Box 549. Simsbury. CT 06070
(203) 651-0211, FAX (203) 651-8618. Telex 294705

Tel. (93) 33 91 23—TIx TCSF 204 780 F (to TH-CSF BDAS Valbenne)
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N
The A-8000 ) Spectrum Analyzer.
N A step beyond the
A-7550.

Unprecedented Performers!

Now 2.6 GHz frequency coverage!
Fully synthesized. Tracking generator.* Quasi-peak detector.*
Truly portable. And again, an exceptional value!

The new A-8000, quite simply put, is our response to
industry’s demand for a higher frequency, yet still econom-
ical, Spectrum Analyzer.

Now, with two models and seven options to select
from, you can custom configure the unit that meets your
specific testing requirements.

The commonality of the A-8000 and A-7550 offer you
many benefits. Two powerful microprocessors, menu
driven display modes and single function keyboard entry
aid the user in the operation of all analyzer functions. To
further increase the operational simplicity of the A-80C0
and A-7550, the microprocessor systems automatically
select and optimize the analyzer’s bandwidth, sweep rate
and center frequency display resolution, with manual
override if desired.

Increased flexibility...added features...and
exceptional value continue to make IFR the logical

A-8000 and A-7550 Features — All Standard:

= Fully synthesized {A-8000) 10 kHz to 2.6 GHz {A-7550) 10 kHz
to 1 GHz = VVRS™ (Vertical Raster Scan) CRT display = Single
function keyboard entry ® Menu driven display modes

= Automatic amplitude calibration ® Selectable linear/log display
modes ® Digital storage of all displayed parameters = 70 dB
dynamic range ® 300 Hz resolution bandwidth = Selectable
scan widths, 1-2-5 sequence + 0 and full scan = Accurate center
frequency readout = Direct center frequency entry

= Automatically scaled electronic graticule = Variable top scale
reference (+30to —95in 1 dB steps) ®IF gainin 1 dB steps

= Line, bar, average, compare and peak hold display modes

= 300 Hz and 30 kHz video filters = 106 to 266 VAC operation
without switching = 12 to 30 VDC operation

*Optlonal Features Include: = Internal rechargeable 5 APH
battery for truly portable operation ® Internal tracking generator
with 1 dB step attenuator = FM/AM/SSB receiver = IEEE-488
interface bus = RS-232 interface bus ® 75Q adapter
= {nternal quasi-peak detector

10200 West York Street / Wichita, Kansas 67215-8935 US.A.

choice when considering your next Spectrum Analyzer.
Contact your IFR distributor or representative I R IFR SYSTEMS, INC.

for a demonstration.

316 /522-4981 / TWX 910-741-6952
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AGC Amplifiers

WJ-6243-0004

REFERENCE VOLTAGE

® High Gain
® Wide Attenuation Range

® Available in MULTIPAC™ Housings With
and Without Connectors

AGC Amplifiers (Guaranteed at +25°C)

Power!
Output 3rd-Order!
Noise! at 1B Attenuation Intercept
Figure Comp. Range Point
Frequency (dB) (dBm) (dB) (dBm)
[MHz) Description [Max) (Min} (Typ) {Typ)
5-500 G1/RABY/GI I 75 +75 +15
RAB9/G1/RABY y 50 +200 +20
100-2000 G30/RA36/G30 1 105 +80 +15
RA36/G30/RA36 . 70 +15
1000-2000 G30/RA43/6G30 95 +60
10004000 (40/RA43/G4D 95 +6.0

RA43/G40/RA43 . 60 495

Note: 1. Low-loss state.

For more information on tbese excellent products, contact the Watkins-Jobnson sales office in your wd WATKINS -JOHNSON
area or telephone Components Applications Engineering in Palo Alto, California at (415) 493-4141.

Wetkins-Johnson—U.S.A: e California, Palo Aito (415) 493-4141; Orange (714) 634-1811 @ Florida, Fort Waiton Beach (304) 863-4191 e Georgia, Atlanta {404) 458-3907 e lllinois. Palatine (312) 9910291
© Maryland, Gaithersburg (301) 948-7550 e Massachusetis. Lexington (617) 861-1580 e New York. Smithtown (516) 724-0952 e Texas, Dallas (214) 247-1761 e United Kingdem: Dedworth
Road, Oakley Green, Windsor, Berkshire SL4 4LH e Tel: (0753) 863241 @ Cabie: WJUKW-WINDSOR e Telex: 847578 e Haly: Piazza G. Marconi 25, 00144 Roma-EUR e Tel: 592 45 54 or 591 25 15
o Cable: WJ ROM 1 e Telex: 612278 e Germany, Federal Republic of: Keferloher Strasse 90, 8000 Muenchen 40, e Tel: (089) 35 97 038 e Cable: WJDBM-MUENCHEN o Telex: 509401
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