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Touchstone RF 
gets you out of the lab— 

to make the most of your talent, 
boost your productivity 

Touchstone/RF is the most advanced program there is for 
computer-aided RF design. You use it in your own office, 
on your own PC. 

It's much like EEsof s regular Touchstone™ - the 
microwave industry's standard of CAE. But we have 
adapted Touchstone/RF specially for your RF design needs. 

First, we've eliminated expensive microwave models 
that are unnecessary for even complex RF circuit designs. 
So Touchstone/RF is less than half the price of Touchstone. 

Just as important, we've added some things 
specifically for the RF engineer. With Touchstone/RF 
you have everything you need for circuit design. 

You build your circuit with Touchstone/RE predict 
performance, tune, change elements and retune, 
optimize. All, with just a few keystrokes. 
In short, you perfect your circuit - right at your own desk. 
Quickly, easily, accurately. 

Touchstone frees you from the lab, from the 
breadboard-bashing and component-crunching that can 
sap so much of your time and talent. With Touchstone/RF 
you'll work on elegant, completed, well-running circuits. 
You won't spend your time tweaking trash. 
Think what this new freedom will do for your output, 
for your engineering creativity! 

simulation and analysis: 

■ toroidal transformers 
■ lumped elements 
■ transformers 
■ ferrite core inductors 
■ ideal transmission lines 
■ device models 
■ g-, h-, y-, z- and s-parameters 

...and much more. 

One look at Touchstone/RF 
will convince you. Call or write EEsof 
and we'll prove it. 

A Touchstone analysis of an active triplexer circuit 
with sampled output 

B Insertion loss and return loss of crystal filter 
analyzed over its narrow pass band 

C Schematic diagram of the active triplexer 
analyzed above 

D A log axis can be used for displaying very broad 
frequency ranges This feed back amplifier 
operates over nearly a decade bandwidth 

See us at the RF Technology Expo, booths #503, 505, 602 and 604. 
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High 

50 ohmTransmission Lines - Maintains Constant Impedance 

Ceramic Chip Capacitors 

Thin-Film Metalizaron 

High Speed Internal EC. Drivers-TTL or CMOS 

Gold Plated Case, Pins, and Lid -Per MIL-G-45204 

Hermetic Metal Enclosure -ASTM F15 Alloy 

Redundant Critical Wire Bonds 

PIN Switching Diodes 

Temperature Stable Nichrome Resistors 

Alumina Substrate -
Expansion Coefficient 
Matched to Header 

Glass to Metal Seals -
Using Matched 
Borosilicate Glass 

Actual size 

Reliability RF MlCs 
DA1CO High Reliability RF Microwave Integrated Circuit Components 
are products of state-of-the-art thin-film 
technology. Quality screened components, 
manufactured and tested to rigid Daico 
standards and numerous in-process quality 
tests, assures each device meets applicable 
MIL STD Specifications. Quantitative 100% 

final electrical tests are made with HP8505 
Analyzers and HP9825 Computer controlled 
automatic systems. These data assure Daico 
High Reliability RF MIC components meet all 
critical design parameters, thus saving costly 
incoming testing. 

MIC SWITCHES 
• Thin-film MIC 
construction. 

•DC-4GHZ 
• SPST-SP24T 
• Speeds < 5nS 
(10-90% RF) 

• Internal TTL or 
CMOS drivers 

• Internal 50 ohm 
terminations 

• PC Board 
mount, 
Stripline or 
Connectorized 

MIC VOLTAGE 
CONTROLLED 
ATTENUATORS 
• Thin-film MIC 
construction 

• Linear attenu¬ 
ation to 60dB 

• Linearity to 
±O.75dB 

• Internal drivers 
• Constant 50 ohm 
impedance 

• PC Board mount, 
Stripline or 
Connectorized 

MIC STEP 
ATTENUATORS 
• Thin-film MIC 
construction 

• Steps -1 
through 7 

• Attenuation 
to 63.5dB 

• Speeds < 5nS 
(10-90%RF) 

• Internal TTL or 
CMOS drivers 

• PC Board 
mount or 
Connectorized 

DAICO INDUSTRIES, INC 
2351 East Del Amo Blvd., Compton, Calif. 90220 
Telephone: (213) 631-1143 • TWX 910-346-6741 

INFO/CARD 22 
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Cover 
This month’s cover features a new 600 watt FM amplifier module from 
Microwave Modules and Devices, Mountain View, Calif. Nine modules are suc¬ 
cessfully combined to create a 4,000 watt system for FM broadcast applications. 

Features 
Special Report — FM Broadcast 88-108 MHz 4,000 Watt 
Amplifier Subsystem 
Solid State high power amplifiers are a “hot topic” among RF companies right 
now. This Special Report features the efforts of Microwave Modules and 
Devices in developing a power amplifier for FM broadcast transmitters. 

— Lee B. Max 

Commutation Mixer Achieves High Dynamic Range 
Using the new Siliconix SÍ8901 FET quad-ring in a commutation (switching 
mode) mixer results in a circuit having a 3rd order intercept of +39 dBm with 
only +17 dBm local oscillator drive. — Edwin S. Oxner 

Basic Programs for Symmetrical Attenuators and 
Active Filters 

33 Add these programs to your personal computer library for quick computation 
of Tee or Pi attenuators and 2-pole active lowpass, highpass, bandpass and 
notch filters. — Carl Lodström 

Directional Coupler Design Graphs 
A graphical solution to the design of parallel coupled lines and interdigitated 
couplers is presented by the authors. Derived from a proven computer pro¬ 
gram, these graphs make design alternatives available “at a glance.” 

— Alejandro Duenas and Arturo Serrano 

Departments 

The Digital Connection — RF/Digital Applications: A Review 
67 A look at some of the many applications of digital devices and techniques 

in RF designs. — Gary A. Breed 

RFI/EMI Corner — Simple Approaches to Limiting Radiation from 
Foil-Shielded Computer Cables. 

72 — Howard C. Rivenburg and John Juba, Jr. 

Designer’s Notebook — A Passive Remote Control 
— Harvey L. Morgan 

82 New Products Featured at RF Technology Expo ’86 

6 Editorial 
8 Viewpoint 
14 Calendar/Courses 
16 Letters 

23 News 112 
98 New Products 113 
106 New Literature 
108 Classified Advertising 
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Actual Size 

So 
Much 
Frequency range 17-250 MHz 

From 
So Little 
.12” diameter x .32” high 

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

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

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

Come see us at the 
RF Technology Expo ’86, Booth #118 

Sokol 
Crystal Products, Inc. 
Where the Impossible Becomes the Ordinary 

121 Waler St.. Box 249. Mineral Point. Wl 53565 
Phone 608-987-3363 Telex 467581 

INFO/CARD 3 

RF Technology Expo — 
An Information Exchange 

By James N. MacDonald 
Editor 

We sometimes receive a letter in 
response to a technical article tell¬ 

ing us that the design feature described 
in the article has been known for years. 
Usually, we also receive comments from 
others about how useful that same arti¬ 
cle was. To us, the fact that a particular 
problem was solved years ago does not 
lessen the usefulness of an article, even 
if the previous solution was better. A cir¬ 
cuit design concept is only useful if it is 
known, and the more engineers who 
know about it the more useful it is. 
The biggest problem we see in the RF 

industry is the difficulty of sharing infor¬ 
mation. Universities, the traditional institu¬ 
tions fo' passing on knowledge, general¬ 
ly ignore analog circuit design. Very few 
books are written on the subject. RF 
Design is the only magazine dedicated 
exclusively to the subject. Computer 
databases carry few references to work 
in the sub-microwave frequencies. 
We have acknowledged before the sig¬ 

nificant contribution the amateur radio 
service makes in teaching and sharing in¬ 
formation, but this too is a limited popula¬ 
tion. What has been lacking is a method 
of bringing together all the divers com¬ 
munities of RF designers: project team 
engineers, staff engineers, those helping 
to build new companies, consultants, in¬ 
structors, authors and programmers, to 

share knowledge in all aspects of the 
discipline. This is the purpose of the RF 
Technology Expo and the reason it has 
been expanded to the East Coast. (See 
the announcement on p. 81.) It is also the 
guiding philosophy of RF Design maga¬ 
zine. 

This issue of RF Design is significant 
in several ways. It is the show issue for 
the second RF Technology Expo, it begins 
our second year as a monthly publication 
and it is the largest issue in the maga¬ 
zine’s seven year life. All three facts are 
evidence of the contribution RF Design 
is making to the electronics industry. We 
observe this not with a sense of compla¬ 
cency but with a sense of responsibility. 
The appreciation and encouragement we 
receive from our readers spurs us to in¬ 
crease our efforts to serve this community. 

Most magazines strive to be interesting 
and attractive. Too few strive to be useful 
as well. This is the goal of RF Design. The 
promotional brochure introducing the 
magazine at the end of 1978 said, “In a 
world seemingly wrapped up in ones, 
zeros, minis, micros, and submillimeter 
wavelengths, it’s easy to forget that nearly 
50 percent of the plants listed in the 
D & B Electronic Marketing Directory 
manufacture communication equipment 
operating at RF . . . Never since Marconi 
started it all has there been a special 
place for the engineers who are making 
it happen to get ideas and exchange in¬ 
formation. RF Design will be that place.” 
The basic philosophy of the magazine 

remains unchanged. 
This issue begins my second year as 

editor of RF Design, a milestone more 
significant to me than to you. Let me take 
advantage of this milestone, however, to 
pledge my best efforts to continue to bring 
you the information you need. All of us on 
the RF Design staff are proud of the pur¬ 
pose the magazine serves. We will con¬ 
tinue to pursue that purpose to the best 
of our abilities, and your suggestions and 
comments are appreciated. 

February 1986 



ROTARY ATTENUATO RS 

todel: 50DR-001 
requency Range: DC-1000 MHz 
attenuation Range: 0-110 dB in I dB steps 
'SWR: DC-500 MHz I 2 I maximum 

500-1000 MHz I 4 I maximum 
isertlon Loss: 5 dB maximum @ 1000 MHz 
attenuation Accuracy: 

DC-500 MHz ± 2 dB or 1% 
500-1000 MHz ± 3 dB or 2% 

ionnectors: BNC. TNC. N or SMA 5ODR-OO3 
50R-083 

IFW Industries, Inc. 
134 Commerce Square Dr. 
idianapolis, Indiana 46237 
317) 887-1340 ■-

Jw 

DC-1000 MHz 
0-50 dB in 1 dB steps 
DC-250 MHz 1.1:1 maximum 
250-500 MHz 12 I maximum 
500-1000 MHz I 4 I maximum 
5 dB maximum 
DC-250 MHz ± 2 dB 
250-500 MHz ± 5 dB 
500-1000 MHz ± I 0 dB 
BNC. TNC. N or SMA 

DC-2000 MHz 
0-10 dB in I dB steps 
DC-1000 MHz I 2 I maximum 
1000-2000 MHz 1 4 I maximum 
DC-1000 MHz 2 dB maximum 
1000-2000 MHz 4 dB maximum 
DC-1000 MHz ± 2 dB maximum 
1000-2000 MHz ± 4 dB maximum 
SMA female 

50R-084 
DC-2000 MHz 
0 to 60 dB in 10 dB steps 
DC-1000 MHz 12 I maximum 
1000-2000 MHz I 4 I maximum 
DC-1000 MHz 3 dB maximum 
1000-2000 MHz 5 dB maximum 
DC-500 MHz ± 5 dB 

or 1% whichever is greater 
500-1000 MHz ± 5 dB 

or 2% whichever is greater 
1000-2000 MHz ± 5 dB 

or 3% whichever is greater 
SMA female 

INFO/CARD 104 
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HIGH POWER 
COMBINER 

5-28 MHz 

rF viewpoint 

40KW 
4 WAY COMBINER 

MODEL 
LOSS 
ISOLATION 
POWER 

D1855 
0.3 dB 
20 dB 
20Kw CW 
40Kw pep 

Introducing 
RF Expo East: 
November 10-12, 
in Boston 

30KW 
2 WAY COMBINER 

• MODEL 
• LOSS 
• ISOLATION 
• POWER 

D1854 
0.3 dB 
20 dB 
15Kw CW 
30Kw pep 

• NON FERRITE DESIGN 
• EXTERNAL ISOLATING 
• TERMINATIONS 

See Gold Book and Microwave/RF Handbook for 
additional products. 

decades ahead 

WERLATONE INC. 
P.O. BOX 47 

BREWSTER, NY 10509 
TEL: (914) 279-6187 
TWX 510-600-0747 

Keith Aldrich 
Publisher, RF Design 

In this issue you will find an announce¬ ment ad and a call for papers for a new 
event: RF Expo East, to be held for the 
first time at the Boston Marriott Copley 
Place, Nov. 10-12, 1986. 
Assuming the success we expect for it, 

RF Expo East will be held every Fall in the 
Northeast U.S. Thus RF Design will pre¬ 
sent two convention events every year: RF 
Technology Expo, the first and still the 
only technical conference dedicated to RF 
engineers; and now RF Expo East, to 
serve RF engineers who may not be able 
to attend RF Technology Expo, which is 
held in mid-winter on the West Coast. 
RF Expo East will feature two-and-a-

half days of technical sessions of exactly 
the same sort that are presented at RF 
Techno ogy Expo. That is to say, they will 
be original papers by and for RF engin¬ 
eers only, offering practical solutions to 
RF engineering problems on the boards 
today. In fact, it is likely that RF Expo East 
will repeat some of the more popular 
papers :hat were presented at RF Techno¬ 
logy Expo. . and certainly will repeat Les 
Besser’s one-day course, “Introduction to 
RF Circuits.” 

Like the national show, RF Expo East 
will also have product exhibits by leading 
RF manufacturers. The first convention 
this Fall will have booth space for well over 
100 exhibits. We have reason to believe 
they will all be sold out within a few weeks 
after this announcement. 
The decision to hold RF Expo East each 

year in addition to RF Technology Expo 
was based quite simply on market de¬ 
mand. Whatever else is happening in the 
economy, the RF boom is continuing un¬ 
abated. Engineers desperately need the 
information offered in the RF Expos, and 
it just isn’t being offered anywhere else. 

However, the engineers who need the 
information aren’t necessarily in a posi¬ 
tion to pick up in mid-Winter and go to 
Southern California. In a recent survey, 
we found that fully 85% of our readers in 
the Eastern U.S. cannot attend RF Tech¬ 
nology Expo, for reasons of distance and 
expense. At the same time, we found that 
85% of our readers in that same area 
would attend an RF Expo East in the Fall, 
should we decide to hold one. 

It is hard to imagine a more affirmative 
response. Since we have a concentration 
of 8,000 readers on the Eastern Seaboard, 
just from Pennsylvania north, the research 
would indicate a first-year attendance of 
over 6,000. Realistically, of course, we will 
be happy with 800 to 1,000. However, the 
research affirms the deep enthusiasm 
among our readers for a chance to attend 
a good RF Expo. 
We are going to give them that chance. 

More. We are going to give twice as many 
authors a chance to present papers on 
the work they are doing, the breakthroughs 
they have made. We are going to stand 
in the gap. . .the tremendous information 
gap that prevails in RF technology. . .until 
the need begins to be filled. 
See you in Boston. 

8 
INFO/CARD 5 

February 1986 



SMART 
SWITCHES. 

't i 

Dow-Key Microwave introduces a line-up of 
INTELLIGENT RELAYS. Our multithrow SP8T -
SP12T switches integrate the latest CMOS logic and 
MOSFET switch driver circuits with the simplicity 
and low insertion loss of electromechanical relays. 
Model 491 is a pulse latching SP9T with internal MIC 
terminations which accepts and decodes all binary or 
TTL compatible signals to select RF paths while 
actively deselecting all others. The multithrow switches 
are designed to be computer driven for switch matrix 
or automatic test equipment and are available with 
HPIB or IEEE 488 connectors. Frequency operation is 
DC to 12 GHz. Model 401 and Model 403 are miniature SPDT 

switches designed to Mil-S-3928 specifications. Model 
401 incorporates internal TTL logic/switch drivers for 
both commercial and military temperature ranges. 
Model 403-230802C is the smallest SPDT switch avail¬ 
able today which uses MOSFET logic for TTL compati¬ 
bility. Both switches operate from DC to 26.5 GHz. 

Model 402 w/SWR Detection Circuit 

Model 402 SPDT and Model 412 transfer relays are 
SMART SWITCHES with internal MIC power/SWR 
detection circuits which sense RF power between 
coaxial connections and automatically switch when 
pre-set conditions are met. These INTELLIGENT 
RELAYS are ideal for redundant transmitter 
applications or “hot standby” switching. 

Model 401 TTL Control 

DowKey Microwave, 1110 Mark Avenue, 
Carpinteria, CA 93013-2918, (805) 684-0427, 
TWX 910-380-4327, EID 586052 

irk DowKey® 
Microwave 

See us at the RF Technology Expo '86, Booths #414 and #416. 
INFO/CARD 6 



I HV Ml- •' WANTED 

THE ANZAC GANG 
For various counts of fast delivery operating reliably, exceptional performance, 

and taking a tough stand on quality. 
AMPLIFIERS 

Sneaky critters. Dorit make hardly any 

noise. Use a variety of disguises: flatpack, 

relay header. TO-8. even connectorized 

boxes Operate all over the range—from 

0.5 to 5200 MHz. Known to hang out 

with the notorious LOG AMP. a non linear 

operator with a reputation for mighty wide 

dynamic range— some say 80 dB! 

MIXERS 
More socially acceptable, double -balanced 

and all. but tough customers nonetheless 

TIM * a particularly ornery type, will go 

with anything—doesn t care how he’s 

loaded. Wry much home on the range from 

a lowdown 0.02 MHz way up to 18 GHz! 

Thals microwave, pardner. 

’Ternwxdbon Insensitive Mixer 

PASSIVES 
Don t be fooled by their name These are 

tough hombres. Some of these hybrids 

will turn on you—90. even as much as 

180 degrees' DIVIDERS. COUPLERS. 

(DIRTY) DOUBLERS. TRANSFORMERS 
and that paragon of respectability, the old 

tinter and favorite of the dance hall darliris. 

IMPEDANCE BRIDGE 

CONTROL DEVICES 
a.k.a. (also known as) SWITCHES— 

trigger-happy showoffs. some as fast 

as 50 ns!. MODULATORS—sharpies 

that re really up on the Ccxle of the West. 

ATTENUATORS— tough guys that 11 step 

you right down. and. watch out for these 

guys. PHASE SHIFTERS! 

SUBSYSTEMS 
Alias for a powerful hunch of multiple per¬ 

sonalties that will do anything for a buck. 

Their specialty is custom jobs. And they've 

got the most advanced tools and techniques 

of the trade Fearless and experienced, 

they've even stood up to MIL-STD 885B! 

HEWARD 
Interested parties will be rewarded with 

complete specifications. Actual buyers will 

be specially rewarded with top perfor¬ 

mance. Contad your local sheriff or us 

lack home 

Adams Russell 
ANZAC DIVISION 

• MA 01 830 • (617)273-3333 



We’ve Put EMC T( 
Where Your Mane 

As part of the world renowned 
AILTECH Series VIT EMC System, 
Eaton’s instrumentscan perform 
individually or be computer con¬ 
trolled via the IEEE 488 bus to pro¬ 
vide automated testing to MIL-STD 
461/462, CISPR/ANSI/VDE and 
FCC Specifications from 20 Hz to 
40 GHz. 

■ A Family of AILTECH Field Inten¬ 
sity Meters Cover from 20 Hz to 
40 GHz. 

■ The AILTECH 757A Spectrum 
Analyzer Quickly Scans the 
Entire Spectrum to Localize Your 
EMI Search. 

■ The AILTECH Computer Soft¬ 
ware is Designed for MIL-STD 
461/462 Series, CISPR ANSI/ 
VDE and FCC Specifications. 

■ There are AILTECH Antennas for 
both Emission and Susceptibility 
Testing. 

■ AILTECH High Power Amplifiers 
and Amplifier Systems Provide 
Power over the Wide Frequency 
Spectrum of Susceptibility 
Applications. 

■ AILTECH Programmable Synthe¬ 
sized Signal Generators Provide 
a Wide Band Signal Source for 
High Field Susceptibility Testing. 

For Literature Circle 
INFO/CARD 8 

For Demonstration Circle 
INFO/CARD 38 

Whether you are just getting into 
Electromagnetic Compatibility test¬ 
ing, or if EMC testing is part of your 
daily routine, you should take a 
close look at AILTECH EMC Instru¬ 
mentation. For a discussion with 
our technical specialists, a demon¬ 
stration or complete catalog infor¬ 
mation, call (213)822-3061, 
TWX: 910-3436969 or write: 
Eaton Corporation, 
Electronic Instrumentation Division, 
5340 Alla Road, Los Angeles, 
California 90066. 

The Measure of Excellence 
continues... 

F.T-N 



“When they pulled in 
their horns, 

we pulled out our 
checkbook" 

In a mixed market, the 
[ natural inclination is to hold 

back on capital investment. 
' Natural, but wrong. That's the 
time to make the capital improve¬ 

ments that increase efficiency: 

A new top of the line wafer fabrication 
facility has produced a dramatic increase 
in yields. Products are made on time and 
delivered on time — not "just in time." 

Internally it helps us keep ahead 
of a changing marketplace. A cus¬ 
tomized product line demands more 
advanced systems for dealing with logis¬ 
tics and communications. Of course the 
routine tasks are streamlined: materiel 

So while our competitors stepped back, we 
stepped in with a four million dollar com¬ 
mitment to make Acrian work better, smarter 
and harder 

CONSOLIDATION SOLVED 
A LOT OF PROBLEMS. 

We put all our domestic operations 
under one roof to keep prices from going 
through the roof. And to service the Euro¬ 
pean market, we built a factory in Wales. 

OUR CUSTOMERS DEMAND 
ACCOUNTABILITY 

Our new teams are made up of dedi¬ 
cated people who represent the customer 
inside oar factory: When the customer calls 
in he gets answers because the appropriate 
people are available: applications engineer, 
sales person, quality assurance rep. product 
control supervisor — and when necessary 
any or al I of the above. 

OUR NEW MIS SYSTEM. 
Tilt most important benefit of our new 

DEC VAX system is that it allows the cus¬ 
tomer to monitor their programs within 
Acrian. 

—Jack Harris, President 

monitoring, production control data, doc¬ 
umentation, contract status, delivery; ship¬ 
ping and billing. 

THE LONG LOOK. 
Our continuing substantial invest¬ 

ment in R&D is the only way to meet the 
long term needs of the market. At the 
moment, were developing advanced sili¬ 
con technologies, gallium arsenide products 
and vertically integrating our line with 
higher level assemblies. 

Programs go on for a long time. Now 
that we've reached the critical mass and 
committed the dollars, were prepared for 
the years to come. 

The true test of a company's strength 
is to make these investments and remain 
profitable. And few have demonstrated the 
strength of Acrian. 

If ire bad pulled in our horns, we 
wouldn t he able to toot them now. 

Jibuti 
490 Race Street. San Jose. California 95126 
(408)294-4200. TWX(910)338-2172 

See us at the RF Technology Expo, Booths #702 and #704. 
INFO/CARD 9 



SURFACE ACOUSTIC WAVE TECHNOLOGY 
provides performance advantages and design flexibility that have proven invaluable to engineers in need of reliable, reproducible components featuring linear phase, temperature stability. 

small size, or other SAW characteristics. Increasingly, SAW technology is meeting the exacting requirements of modern systems with high performance bandpass filters, resonator 

products, delay lines, and other state-of-the-art signal processing components. Sawtek offers the industry's broadest product line and provides the total engineering support needed to 

make the proper design trade-offs among key parameters in order to achieve the optimum performance available from SAW technology. 

Sawtek produces hundreds of standard SAW products for both low and high volume programs in Cable Television, Satellite Communications, Modems, Radar, EW, and 

many other applications. In addition, Sawtek’s custom design capability can provide technical assistance 

and rapid response to new design and production requirements at frequencies from 10MHz to 

more than 1 GHz. Sawtek also designs and produces subsystems which incorporate 

SAW components. These include filter banks comprised of cascaded filters 

packaged in a single assembly, SAW resonator-controlled oscillators, 

and ovenized components. 

Sawtek maintains a leadership role in SAW technology through the 

development and production of superior SAW components and a proven track record of delivering these reliable, high performance 

products on time and at a very competitive price. Product reliability for Sawtek’s broad range of military and commercial parts is insured by a 

watchful quality control program that meets even the exacting requirements of military and space applications. 

SAW BANDPASS FILTERS 
SAW bidirectional bandpass filters 

are available at frequencies from 

10 MHz to 1000 MHz. Fractional 

bandwidths from 0.1 % to 65% are 
produced with insertion loss that is 

typically 15 dB to 30 dB with shape 

factors as low as 1.1 5:1 and linear 

phase response 

OSCILLATORS 
SAW resonator-controlled oscil¬ 

lators are produced in both hybrid 

and discrete versions for military, 

aerospace and commercial appli¬ 

cations. Operating at fundamentals 

to more than 1000 MHz, SAW oscil¬ 

lators simplify design, reduce cost, 

and improve noise 

performance 
through the «»»»*« » 

elimination of » 

multiplier 

stages. 

LOW LOSS FILTERS 
Sawtek offers low-loss SAW filters 

for applications where noise figure 
or dynamic range are limited by filter 

insertion loss. Losses of 4 dB to 10 
dB are typical while achieving excel¬ 

lent time spunous performance. 

DELAY LINES 
Sawtek produces non-dispersive 

delay lines for signal processing, 

oscillator control, and discnminator 

applications: dispersive delay lines 
for EW receivers and radar pulse 
compression systems: and tapped 

delay lines. 

* 

RESONATOR PRODUCTS 
Sawtek’s resonator products include 

high-Q resonators for oscillator con¬ 

trol and low-loss resonator filters for 

narrowband applications requiring 

0.01% to 0.25% fractional band¬ 

widths. The resonator filters are pro¬ 

vided in indivi¬ 

dual two-pole 

stagesand 

in custom 

modules. 

SAW ASSEMBLIES 
Sawtek designs and manufactures 

RAC devices and other SAW com¬ 

ponents in ovenized assemblies as 

well as filter banks, pulse com¬ 

pression subsystems, 

oscillators, and 

specialized 

signal 
processing 

modules. 

"SOW 

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

Post, Office Box 1BOOO • Orlando. Florida 32860 
[305] 886 8860 

See us at RF Technology Expo ’86 in Booth #911. INFO/CARD 10 



rf calendar ff courses 

February 25-27, 1986 
Nepcon West ’86 
Anaheim Convention Center, Anaheim, California 
Information: Show Manager, NEPCON WEST, Cahners 
Exposition Group, 1350 East Touhy Ave., P.O. Box 5060, Des 
Plaines, IL 60017-5060; Tel: (312) 299-9311. 

March 11-13, 1986 
Automated Design for Engineering for Electronics West 
Moscone Convention Center, San Francisco, California 
Information: Show Manager, ADEE WEST, Cahners Exposi¬ 
tion Group (see address above). 

March 18-20, 1986 
Southcon/86 High Technology Electronics Exhibition and 
Convention 
Orange County Convention Center, Orlando, Florida 
Information: Electronic Convention Management, 8110 Air¬ 
port Blvd., Los Angeles, CA 90045; Tel: (213) 772-2965 

March 25-27, 1986 
IEEE Instrumentation and Measurement Technology 
Conference 
University of Colorado Events/Conference Center 
Hilton Harvest House, Boulder, Colorado 
Information: Robert Myers, 1700 Westwood Blvd., Los 
Angeles, CA 90024; Tel: (213) 475-4571 

April 8-10, 1986 
Test and Measurement World Expo 
San Jose Convention Center, San Jose, California 
Information: Meg Bowen, Conference Director, Test and 
Measurement World Expo, 199 Wells Avenue, Newton, MA 
02159 

April 9-16, 1986 
World Market for Electronics and Electrical Engineering 
’86 
Hannover Fairgrounds, Hannover, West Germany 
Information: Hannover Fairs USA Inc., PO Box 7066, 103 
Carnegie Center, Princeton, NJ 08540; Tel: (609) 987-1202 

May 5-7, 1986 
36th Electronics Components Conference 
Westin Hotel, Seattle, Washington 
Information: Tom Pilcher, Electronics Industries Association; 
Tel: (317) 261-1592 

May 13-15, 1986 
Electro/86 High Technology Electronics Exhibition and 
Convention 
Exposition Center, World Trade Center, Boston, 
Massachusetts 
Information: J. Fossler, Electronic Conventions Management 
(see address above) 

June 24-26, 1986 
Military Microwave Conference 
Metropole Convention Centre, Brighton, England 
Information: Roger Marriott, Microwave Exhibitions and 
Publishers Ltd., Convex House, 43 Dudley Road, Tunbridge 
Wells, Kent TN1 1LE; Tel: 0892-44027 

The George Washington University 
Electronic Warfare Systems: Technical and Operational 

Aspects 
March 10-14, 1986, Washington, DC 
July 14-18, 1986, Washington, DC 

Spread Spectrum Communications Systems 
March 3-7, 1986, Washington, DC 

Synchronization in Spread Spectrum Systems 
April 7-11, 1986, Washington, DC 

Introduction to Receivers 
March 17-18, 1986, Washington, DC 

Modern Receiver Design 
March 19-21, 1986, Washington, DC 

Antennas and Arrays 
March 17-21, 1986, Washington, DC 

Information: Merril Ann Ferber, Assistant Director, 
Continuing Education Engineering Program, The George 
Washington University, Washington, DC 20052; Tel: (800) 
424-9773 

Besser Associates, Inc. 
Introduction to RF & Microwave Circuit Design 
March 19-21, 1986 

Information: Ron Rose, Executive Vice President, Besser 
Associates, Inc., 3975 E. Bayshore Road, Palo Alto, CA 94303. 

Virginia Polytechnic Institute and State University 
Antennas: Principles, Design and Measurements 
March 19-22, 1986, St. Cloud, Florida 

Information: Ann Beekman, 1101 Massachusetts Ave., St. Cloud, 
FL32769; Tel: (305) 892-6146. 

Interference Control Technologies 
Grounding and Shielding 

February 4-7, 1986, Orlando, Florida 
February 18-21, 1986, San Antonio, Texas 
March 18-21, 1986, San Diego, California 

Tempest Design, Control, Testing 
March 4-7, 1986, Washington, DC 

Practical EMI Fixes 
March 24-27, 1986, Atlanta, Georgia 

EMI Control in Computers and PCBs 
February 4-7, 1986, San Jose, California 

Information: Penny Caran, Registrar, Interference Control 
Technologies, State Route 625, PO Box D, Gainesville, VA 
22065; Tel: (703) 347-0300 

University of Mississippi 
Dielectric Resonators 

April 9-11, 1986, Oxford Campus 

Information: Bruce Bellande, Continuing Education, Univer¬ 
sity of Mississippi, University, MS 38677; Tel: (601) 232-7282 
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[M©w8 EMC testing services 
to FCC and MIL-STD-461 ... 
by Instrument Specialties— the 

shielding specialists! 
If you’re involved with keeping RFI/EMI in or out, 
you already know about Instrument Specialties. 
You’ve probably used our beryllium copper 
shielding strips ... received our engineering help 
...even used our new line of ESD devices. 
And now—the superb EMC testing facilities we 
use to assure performance of our products are 
available to you for the first time. You now can 
access the sophisticated equipment you don’t 
have—but must have—to secure the test results 
you need! 
State-of-the-art computer-controlled emission 
and susceptibility measurements from 20 Hz to 1 
GHz. .. RF gasket evaluation ... FCC/VDE/CISPR 
and MIL-STD-461 A/B Tests ... networks for power 
line conducted RF emission tests ... semi-anechoic 
shielded enclosure ... confirming open field test 
site. ..computer-produced hard copy readout of 
test results—all are yours at Instrument Special¬ 
ties. Additionally, our Field Service Department 
routinely performs TEMPEST measurements for 
enclosures per NACSIM 5203 and 5204 facility 
requirements. 
Following testing, you'll leave our facility with the 
precise documentation you need. In the event you 
need help to meet required interference specifica¬ 
tions, we can supply that as well. All this, from one 
qualified source! 
For more information, rates, and schedule avail¬ 
ability, phone us and ask for EMC Customer 
Service. Or, write us at Dept. RFD-25. 

1
 INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 
Specialists in beryllium copper since 1938 
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kf letters 
Editor: 
Due to my return to Rio de Janeiro I was for a while cut from 

your magazine, RF Design, which I asked to be transferred to 
my new address here in Rio. Unfortunately I am still not receiv¬ 
ing it, but I got a chance to see some comments on my paper 
published in the May issue. I was surprised about the response 
to the paper which seemed to be widely commented, mostly 
favorably. As to the comment from one person regarding the 
paper from Robert R Arnold in Electronic Design, I could only 
say that the program is in Fortran, based on different algorithm 
and using arrays for storing data, the rest I leave for the judg¬ 
ment of the readers who know both programs. As it seems that 
there is requirement for such program, I would like to point out 
an error in line 1240 which should read 11 = l(2), which is ob¬ 
vious from conversion formulae. Further, I am enclosing addi¬ 
tional lines which could be typed directly into the program and 
provide for a complete set of conversions, hoping that it may 
be of use to readers who liked the program. 

Stanley Novak 
Professor 
Instituto Militar de Engenharia 
Rio de Janeiro 

(Transistor Parameter Conversion, May 1985, p. 49) 
Addition to Parameter Conversion Program for all Conversions 
(double and triple): 
440 DUAL CONVERSIONS 
442 IF P$ = "Y” AND S$ = “A” THEN 470 
444 IF P$ = “A” AND S$ = “Y” THEN 480 

446 IF P$ = “H” AND S$ = “A" THEN 490 
448 IF P$ = “A” AND S$ = “H” THEN 480 
450 IF P$ = "S” AND S$ = “H” THEN 500 
452 IF P$ = “H” AND S$ = “S” THEN 510 
454 IF P$ = “S” AND S$ = "Z” THEN 520 
456 IF P$ = "Z” AND S$ = "S” THEN 530 
458 IF P$ = “S” AND S$ = “A” THEN 534 
460 IF P$ = “A” AND S$ = “S” THEN 536 
465 GOTO 2100 
470 GOSUB 740 
475 P$ = “Z”: GOTO 200 
480 GOSUB 960 
485 GOTO 475 
490 GOSUB 1160 
495 GOTO 475 
500 S$ = “Y”: GOSUB 1360 
505 P$ = "Y”: S$ = “H”: GOTO 200 
510 GOSUB 540 
515 P$ = "Y”: GOTO 200 
520 S$ = “Y”: GOSUB 1360 
525 P$ = “Y”: S$ = “Z”: GOTO 200 
530 GOSUB 740 
532 P$ = "Y”: GOTO 200 
534 S$ = “Y”: GOSUB 1360 
535 P$ = “Y”: S$ = “A”: GOTO 200 
536 GOSUB 1960 
537 P$ = "Z”: S$ = “S”: GOTO 200 

For a power resistor that 
stays non-X up to vhf, 
there’s only one choice. 
The Carborundum® Type SP. Only the 
Carborundum ceramic power resistor 
behaves like a pure resistance rather 
than an inductor and/or capacitor. It 
operates from low audio frequencies up 
into the vhf range. Each unit is a solid 
body of resistive material. No wind¬ 
ings, no film. Ideal for frequency¬ 
sensitive rf applications like feed¬ 
back loops. 
And it gives you extremely high 

power density, with great surge¬ 
handling capability because it’s solid. 
Our Type 234SP, for example, is 

about the size of a 2-watt carbon comp, 
but dissipates a full 10 watts in 40°C 
ambient air. Moreover, it can consis¬ 
tently absorb surges of over 10X rated 
power for several seconds and come 
back for more with very little △ R. 
Forced-air-cooled, water-cooled or 

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

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

Sohio Engineered Materials Company 
Refractories Division 
Electric Products Plant. P.O. Box 339 
Niagara Falls, New York 14302 
716/278-2553 

SOHIOJ CARBORUNDUM 
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Leaded or surface mount-
only Coilcraft gives you 

all these inductor options 
■ Axial lead chokes 

0.1 uH - 1000 uH 

“132 Series” coils 
31.5 nH - 720 nH 

Surface mount tuneable 
100 nH - 10 uH 

.0435 uH - .54 uH 
■ Surface mount 

4 nH - 1000 uH 

They’re all here-from 10 mm 
tuneables to surface mount induc¬ 
tors. And they’re all in stock, ready 
for immediate shipment. 
Our handy Experimenters Kits 

make it easy for you to pick the 
right parts. And our low, low 
prices make them easy to afford, 
whether you need five parts or 
five hundred thousand. 

If you don’t have our latest 
RF coil catalog, circle the reader 
service number. Or call Coilcraft 
at 312/639-6400. 

Experimenters Kits 
To order call 312/639-6400 
Tuneable inductors 
“Slot Ten” 10 mm inductors 
0.7 uH-1143 uH 
18 shielded, 18 unshielded 
(3 of each) 
Kit M100 $60 

"Unicoil” 7/10 mm inductors 
.0435 uH-1.5 uH 
49 shielded. 49 unshielded 
(2 of each) 
Kit M102 $60 

Surface mount inductors 
Fixed inductors 
4nH-1,000uH 
64 values (6 of each) 
Kit C100 $125 

Tuneable inductors 
100 nH-10uH 
11 values (6 of each) 
Kit C101 $50 

Fixed inductors 
Axial lead chokes 
0.1 uH-1000 uH 
25 values (5 of each) 
Kit F101 $50 

“132 Series" coils 
31.5nH-720 nH 
20 values (6 of each) 
Kit F100 $50 

Dept. D, 1102 Silver Lake Rd., Cary IL 60013 • 312/639-6400 
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MONOLITHIC ICS- 1985 
Significantly Reduced Size 
Analog/Digital 
EW and Phased Array Radar 

applications 

HYBRID ICS- 1980 
CATV Modules 
Cellular Radio Power Modules 
Ku-Band Satellite Earth Station 
Modules 
Low Noise Amplifiers 
Power Amplifiers 
Local Oscillators 
Mixer Modules 

GaAsFETS-1975 
Low Noise and High Power 
High Frequency beyond 18 
Power (50 ohm matched, 
semi-matched) 

Low Cost Packages 

BIPOLARS—1945 
Small Signal 
Power 
Pulse Power 

DIODES—1930 
IMPATT, GaAs Varactor 
Si/GaAs Schottky 
Beam Lead PIN and Schottky 
Low Cost Packages 



The culmination of 
experience and skill over time 

"NEG.. for masterfúl perfofhiances in microwave 
CALIFORNIA EASTERN LABORATORIES 
3260Jay Street • Santa Clara^CA 95054 • (408) 988-3500 - ’ 
Western (408) 988-3500 • Midwestern (214) 437-5487 • Eastern (301) 667-1310 
Canada (613) 726-0626 • Europe 02 11/650301 

í i * • /• 7. ' ’■ /•- * ;
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Inducing A New Level of Productivity: 
TDK INDUCTORS 

TDK fixed inductors have become the accepted standard 
at quality-conscious manufacturers worldwide. Accessing 
its wealth of experience and knowhow in magnetic mate¬ 
rials, TDK produces fixed inductors not only in a huge 
variety of types and specifications, but with the highest 
degree of consistency and quality, a result of the superior 
electromagnetic and physical characteristics of TDK’s 
ferrite cores. 
Choose the type that fits your production systems best: 

shielded or unshielded; axial or radial. There are 35 
standard types in all. Inductances cover the range from 
0.1 micro-H to 100mH. For extremely critical applications 
in industrial equipment. Induce a new level of quality and 
productivity in your production. Look to TDK for exactly 
those inductors that meet your needs best. 
Major applications: Radio Equipment, Telecommuni¬ 
cations, Automotive & Industrial Equipment. 

TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, Skokie. IL 60076 Phone: (312)679-8200 CHICAGO REGIONAL OFFICE 4711 West Golf Road Skokie, IL 60076 Phone 
(312) 679-8200 INDIANAPOLIS REGIONAL OFFICE 4015 W Vincennes Road Indianapolis, IN 46268 Phone: (317) 872-0370 LOS ANGELES REGIONAL OFFICE 3102 Kashiwa Street Torrance 
CA 90505 Phone (213) 539-6631 NEW YORK REGIONAL OFFICE 12 Harbor Park Drive, Port Washington, NY 11050 Phone. (516) 625-0100 DETROIT DISTRICT OFFICE 3000 Town Center 
Suite 2239. Southfield. Ml 48075 Phone: (313) 353-9393 HUNTSVILLE DISTRICT OFFICE 303 Williams. Suite 1032. Huntsville. AL 35801 Phone: (205) 539-4551 SAN FRANCISCO DISTRICT 
OFFICE 2254 North First Street San Jose. CA 95131 Phone (408) 943-9325 TDK CORPORATION. TOKYO. JAPAN 
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Now— reliable RF Transistors from 900 MHz 
down to 1 MHz for Mobile Communications. 

A NORTH AMERICAN PHILIPS COMPANY 

Amperex, 230 Duffy Avenue, Hicksville, New York, 11802, 

or phone 516/931-6200, TWX 510/221-1839. 
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30 to 
900 MHz 

BASE STATIONS 

Type Power (W) Freq. (MHz) Gain (db) min. VCC (V) Package 

BLW96 
BLV25 
BLV80 28 
BLV33F 
BLV36 
BLU53 
BLV97 
BLV57 

200 
175 
80 
85 
120 
100 
30 
38 

30 
108 
175 
225 
225 
400 
860 
860 

135 
105 
6.5 
10 5 
10.0 
6.5 
6.5 
6.5 

50 
28 
28 
28 
28 
28 
24 
25 

SOT- 121 
SOT-119 
SOT-119 
SOT-119 
SOT- 161 
SOT- 161 
SOT-171 
SOT- 161 

66 to 
870 MHz 

AMPLIFIER MODULES FOR LAND MOBILE 

Type Freq (MHz) P In (MW) P Out (W) VCC Package 

BGY32 
BGY33 
BGY35 
BGY36 
BGY43 
BGY40A 
BGY41A 
BGY40B 
BGY41B 
BGY40A 

I BGY41C 
BGY45A 
BGY45B 
BGY46A 
BGY47A 
BGY47B 
BGY47C 
BGY22 

68-88 
80-108 
132-156 
148-174 
148-174 
400-440 
400-440 
440-470 
440-470 
470-512 
470-512 
68-88 
144-175 
400-440 
400-440 
430-470 
460-512 
380-512 

100 
100 
150 
150 
150 
100 
150 
100 
150 
100 
150 
150 
150 
30 
45 
45 
45 
50 

20 
20 
20 
20 
13 
7.5 
13 
7.5 
13 
7.5 
13 
30 
30 
1.5 
22 
22 
2.2 
2.9 

12.5 
125 
125 
125 
125 
125 
125 
12 5 
12.5 
125 
12.5 
12 5 
12.5 
96 
96 
9.6 
9.6 
12.5 

SOT- 132 
SOT- 132 
SOT- 132 
SOT- 132 
SOT-132B 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-30 1-A-03 
SOT-301-A-03 
SOT-26NC 
SOT-26NC 
SOT-26NC 
SOT-26NC 
SOT-75A 

BGY23 380-480 2 5 WATTS 7 125 SOT-75A 
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Continued 

Editor: 
Though we have not yet seen your 

December issue, I suspect that we will be 
pleased with its editorial content in gen¬ 
eral and our input in particular. 

This letter was written to inform you of 
a potential problem we foresee with the 
RF Design staff. . . 

In the course of events, we have had 
reason to talk with Kathy Kriner, Kathi 

Walsh (who visited us here), April, Gary 
Breed, and other members of your staff. 
Some of these dialogs were convoluted 
and technical, while others involved detail¬ 
ed placement and printing instructions. In 
one case, we even asked for something 
that was apparently impossible (a booth 
at your sold-out Expo). 

To date, everything we’ve asked for has 
been provided, and not one single prob-

Kay programmable attenuators are offered in a variety of 
impedances and attenuation ranges for applications up to 
1500MHz. Substantial discounts are offered on quantity (two or 
more units) orders. 

Model Imped- Freq. Atten. 
No. anee Range Range Steps 

P-1/4450 500 DC-lOOOMHz 0- 16.5dB .IdB 
P-4460 500 DC-1500MHz 0- 31dB 1 dB 
P-4480 50o DC-1500MHz 0- 63dB 1 dB 
P-4450 500 DC-1500MHZ 0-127dB 1 dB 
P-4440 500 DC-1500MHZ 0-130dB 10 dB 
P-1/4457 750 DC- 750MHz 0- 16.5dB IdB 
P-4467 750 DC-lOOOMHz 0- 31dB 1 dB 
P-4487 750 DC-lOOOMHz 0- 63dB 1 dB 
P-4457 750 DC-lOOOMHz 0-127dB 1 dB 
P-4447 750 DC-lOOOMHz 0-130dB 10 dB 

lem has arisen. Your staff members have 
been remarkably cooperative and helpful, 
and we have yet to encounter reason for 
criticism. Hence this letter. 
As the Boss, you’re going to have to do 

something to lower that level of perfor¬ 
mance. Zero errors is not only too expen¬ 
sive to maintain, but eventually your mar¬ 
ket begins depending on it. Imagine our 
furor when we next discover a comma in 
the wrong place! 

Henry Eisenson 
Sciteq Electronics 
San Diego, California 

I wish I could take credit for this “pro¬ 
blem," but I can’t. April reports to Kathy 
Kriner, who is Convention Manager for 
Cardiff Publishing Company and, as you 
have seen, is boss of an outstanding staff. 
All I am to them is a nuisance. Kathy 
Walsh, like me, reports to our publisher, 
Keith Aldrich. We all thank you for your 
tongue-in-cheek compliment, Henry. 

— editor 

Editor: 
I always look forward to each month’s 

publication of RF Design and especially 
if the articles are accompanied with pro¬ 
grams for the handheld computers such 
as the HP-41. 

I understand some papers submitted to 
RF Design with programs for the HP-41 
have been rejected. The apparent reason 
being that the editors have not taken a 
position on what program language the 
readers want. 

Sorry to see this happening, especial¬ 
ly if it happens to be a follow-up in a series 
such as “RF Amplifier Design” by Feeney 
and Hertling. 
Keep up the good work, but don’t let 

your HP-41 followers down! 

Terry White 
C-Cor Electronics, Inc. 
Beaverton, Oregon 

• Rapid Relay Switching 
• Easy Field Service 
• Optional TTL Interface 
• Quantity Discounts 

Kay Elemetrics Corp manufactures a complete line of Atten¬ 
uators which includes Programmable, Standard In-Line, Miniature 
In-Line, Rotary (Bench and OEM) and Continuously Variable. For 
more information and/or details on a demonstration unit call 
Vernon Hixson at (201) 227-2000, Ext. 104. 

KAY Tel: (201) 227-2000 TWX: 710-734-4347 
Kay Elemetrics Corp, 12 Maple Ave. Pine Brook, NJ 07058 
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While we recognize that most of our 
readers use handheld computers, our 
selection of articles is based on their 
general usefulness. We do favor pro¬ 
grams written in BASIC because we 
believe most engineers are familiar with 
that language. It is somewhat of a stan¬ 
dard. We assume handheld computer 
users can convert BASIC programs for 
their computers more easily than 
microcomputer users can convert various 
handheld computer programs for theirs. 

— editor 
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rf news 

Bell Labs Builds 
Faster-Switching Transistor 
The fastest semiconductor device ever 

built has been demonstrated by scientists 
at AT&T Bell Laboratories, Murray Hill, N.J. 
The switch, designed and fabricated in 

collaboration with scientists at the Na¬ 
tional Research and Resource Facility for 
Submicron Structures (NRRFSS), Cornell 
University, can turn an electronic signal 
on or off in 5.8 picoseconds. The previous¬ 
ly reported record was 8.5 picoseconds. 
Using circuit components as small as one 
third of a micron and exceptionally high 
quality control of materials, the scientists 
showed that submicron features can be 
integrated with larger elements to create 
ultra high-speed circuits. This technology 
will be useful in communications equip¬ 
ment, microprocessors and computer 
memories. 
The work rivals a competing tech¬ 

nology, superconducting Josephson junc¬ 
tions, which require the super-cooled en¬ 
vironment of liquid helium (4.2° Kelvin) to 
operate. That technology has resulted in 
speeds of 4.2 picoseconds. The new 
device achieved 5.8 picoseconds (the time 
it takes light to travel a sixteenth of an 
inch) at the temperature of liquid nitrogen 
(77^ K) and a near record 10.2 picosec¬ 
onds at room temperature (300° K). 

Researchers made test structures, 
called ring oscillators and frequency 
dividers, on multilayered wafers of gallium 
arsenide and impurity “doped” aluminum 
gallium arsenide, in work supported by 
the National Science Foundation and the 
Air Force Wright Aeronautical Laboratory. 

“A competitive technology for the future 
requires not only high speed, but also low 
power,” said Nitin J. Shah, a member of 
the Heterostructure Integrated Circuits 
Group at AT&T Bell Laboratories, who 
coordinated circuit fabrication and testing. 
“With this submicron-gate technology, we 
have demonstrated transistors which 
meet these requirements.” 
The basic units in these circuits are 

called Selectively Doped Heterostructure 
Transistors (SDHTs). The fundamentals of 
the SDHT technology were discovered in 
1978 at Bell Laboratories. In the past few 
years, experimental devices and circuits 
have been developed under the guidance 
of Shin-Shem Pei, supervisor of the 
Heterostructure Integrated Circuits Group. 
Precise control over the quality of semi¬ 
conductor materials used for these cir¬ 
cuits was achieved with a method devel¬ 
oped at Bell Labs called molecular beam 
epitaxy (MBE), according to Charles W. 
Tu of the Heterostructure Materials Group. 

Shah, Pei and Tu collaborated with 
Richard C. Tiberio and his colleagues at 
the NRRFSS, a National Science Foun¬ 
dation-funded national research facility 
available to qualified personnel for ex¬ 
ploratory experiments in submicron 
science and technology. Edward D. Wolf, 
director of the facility, said the submicron 
components were fabricated using direct-
write scanning election beam lithography. 

Recently, Bell Labs researchers also 
built the largest known SDHT logic circuit, 
a 4x4 bit parallel multiplier. This multiplier 
can complete a 4x4 multiplication in 1.6 
nanoseconds, a considerable edge over 
other multipliers. Larry Vernerin, head of 
the Heterojunction Integrated Circuits and 
Materials Department at Bell Laborator¬ 
ies, said, “The switching speed record 
and the multiplier chip results open the 
way to a new generation of ultra high¬ 
speed electronic circuits.” 

Thomson-CSF Sells Socapex 
to Amphenol Products 
Thomson-CSF, the French con¬ 

glomerate headquartered in Paris, has 
signed an agreement to sell its Socapex 
subsidiary to Amphenol Products, an 
operating unit of Allied-Signal Inc. The 
purchase price totaled 199 million francs 
($29.5 million U.S.), including 47 million Fr 
($6.1 million) for shareholders' equity and 
152 million Fr ($19.8 million) in assumed 
debt, according to Phillip W. Arneson, 
president of Amphenol Products. 
Amphenol Products, a manufacturer of 

electronic connectors as well a electronic 
and fiber-optic components, considers the 
Socapex connector company to be a key 
factor in current plans for growth. 
“Amphenol is interested in Socapex on 

several counts,” Arneson said. “Socapex 
is already tooled to produce Amphenol 
Products’ Bendix line of circular, en¬ 
vironmental connectors, having been a 
licensee of Bendix connectors since 
1960.” 
Socapex also manufactures a wide 

range of electronic and fiber-optic connec¬ 
tors for telecommunications, computer and 
industrial applications. Arneson said 
these products complement Amphenol’s 
interests in those area. Amphenol was in¬ 
terested in Socapex's Technology and 
engineering expertise, especially since 
the two companies have complementary 
strengths in high-growth, high-technology 
areas, such as fiber-optic connectors. 
Amphenol Products, headquartered in 

Lisle, III., has manufacturing facilities in 
France, West Germany, Great Britain, 
Italy, Canada, The United States and 

Hong Kong as well as affiliated com¬ 
panies in Japan and India 

Siemens, Motorola Agree on 
Surface Mount Optocoupler 

Motorola and Siemens, two world 
leaders in surface mount components, 
have announced an agreement on a stan¬ 
dard package profile and pin-out for 
small outline surface mount optocouplers. 
Spokespersons for both companies say 
the agreement is a major step toward 
establishing a worldwide industry stan¬ 
dard and guaranteeing second-sourcing 
in a new fragmented marketplace. 

“Motorola and Siemens have agreed 
on an SO-8 small outline IC footprint and 
package outline with a slightly larger 
package height of .125 inches for isola¬ 
tion purposes,” said Larry Hayes, product 
marketing manager at Motorola Discrete 
& Special Technologies Group, Phoenix. 
"Pin spacing will be on 50 mil centers.” 

Brian Pottie of Siemens Optoelectronics 
said the agreement meets the needs of 
a marketplace characterized by a pro¬ 
liferation of oackages. 

“There are at least five non-compatible 
packages in the market right now,” said 
Pottie, group marketing manager for in¬ 
frared products at Siemens Optoelec¬ 
tronics Division in Cupertino. “Most cur¬ 
rent packages are standard 6-pin DIP with 
gull-wing leads. Our agreement guaran¬ 
tees the industry’s first surface mount 
device (SMD) coupler second-sourcing 
through Siemens and Motorola, compan¬ 
ies with considerable experience in devel¬ 
opment and introduction of surface mount 
devices.” 

Initial products include four product 
families with 13 different part numbers. 
These include standard (IOMA) and low-
input (IMA) phototransistor couplers, rated 
20, 50 and 100 percent current transfer 
ratios (CTR). Also, 100, 200 and 500 per¬ 
cent CTR low-input (IMA) Darlington and 
an AC input coupler will be introduced in 
the SO-8 standard package outline. The 
agreement also includes common part 
numbering with an IL prefix for Siemens 
and an MOC prefix for Motorola. Samples 
will be available later this year. 
Both companies emphasized this 

agreement is a commitment to support 
surface mount design. “Siemens and 
Motorola are major players in the SMD 
arena, with years of experience and a 
broad range of surface mount products. 
We each have IC and active mount com¬ 
ponents with Siemens also manufactur¬ 
ing passive surface mount devices,” Pot¬ 
tie said. “With the introduction of a stan-
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The best system 
ever developed 
for FCC Part 15. 

FSK transmitter and receiver hybrids. 
Announcing the first realistic solution for demanding 

UHF low-power applications such as wireless security and 
alarm systems, commercial remote control, wireless data 
terminals and rf telemetry systems. RF Monolithics’ FSK 
transmitter and receiver hybrids will allow you to get the 
maximum service potential out of FCC Part 15, Subpart D 
and E. 

FSK modulation and SAW technology. 
The perfect combination. 

Because our hybrids use FSK modulation, they afford 
excellent immunity to impulse noise and background 
AM transmissions, plus the sharp receiver “capture” 
characteristic of wide-band FM modulation. 
And SAW technology makes them easy to use, highly 

reliable and surprisingly cost effective. That saves you 
from a protracted rf design effort. And it assures almost 
textbook performance. 

FSK transmitters. 
With our FSK hybrid transmitters, you just add a 9V 

battery, a simple printed-loop or coil antenna, and a digital 
input. Our hybrid transmitters do the rest. Transmitter 

output can be easily adjusted to achieve full legal radiated 
power (operating range) for your particular choice of 
antenna, transmission duty cycle, and operating authority 
(Subpart D or E). Quartz SAW resonator frequency control 
assures that our transmitters will never drift out of your 
receiver’s bandpass— or into a military “forbidden band.” 

FSK receivers. 
With our superheterodyne receiver “front end” hybrids, 

all you add is a standard 10.7 MHz FM radio i-f. The 
hybrids’ 6.5 dB noise figure and 27 dB conversion gain 
assures excellent receiver sensitivity. The local oscillator 
is SAW resonator stabilized. A third-generation quartz 
SAW filter provides both image and LO-beat rejection, 
plus superb intermodulation performance. The filter also 
suppresses LO leakage to the antenna, allowing a high 
gain receiver antenna to be used with full compliance to 
Part 15 regulations. 

RF Monolithics. We’re behind you all the way. 
Whether you need transmitters, receivers or both, you’ll 

find our rf engineers ready to help you integrate SAW 
technology into your product. And you can count on 
innovative, cost-effective solutions. 

THE NEW WAVE IN RF 

RF Monolithics, Inc. • 4441 Sigma Rd • Dallas, Texas • 75244 U.S.A. 
Phone:(214)233-2903 • Telex: 795022 • FAX: (21 4) 387-81 48 • TWX: 910-860-5474 
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EIMAC Tubes Provide Superior 
Reliability at radio station KWAV — 
over 112,000 hours of service! 

Ken Warren, Chief Engineer at 
KWAV reports that their 10 kW 
FM transmitter went on the air in 
November, 1972, equipped with 
EIMAC power tubes. The origi¬ 
nal tubes are still in operation af¬ 
ter over 13 years of continuous 
duty! 

Ken says, “In spite of terrible 
power line regulation, we’ve had 
no problems with EIMAC tubes. 
In fact, in the last two years, our 
standby transmitter has oper¬ 
ated less than two hours!” 
Transmitter downtime means 
less revenue. EIMAC tube relia¬ 
bility gives you more of what you 
need and /ess of what you don’t 
want. More operating time and 
less downtime! 
EIMAC backs their proven tube 

reliability with the longest and 
best warranty program in the 
business. Up to 10,000 hours for 
selected types. 

Quality is a top priority at EIMAC, 
where our 50-year charter is to 
produce long-life products. And 

our products are backed by the 
most comprehensive and long¬ 
est warranty offered in the indus¬ 
try. Send for our free Extended 

Warranty Brochure which covers 
this program in detail: Write to: 

Varian EIMAC 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: (415) 592-1221 

varían 
See us at the RF Technology Expo, booth #100. 
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MOMOUTHIC SCHOTTKYS ... ft . 

Flexibility with Custom Design 
As the industry’s leading manufacturer of Schottky diodes, we have more than a 
thousand ways to satisfy your most pressing design needs ... because we make more 
than a thousand different types of diodes. 

And we make them in a wide range of configurations including GaAs and Silicon 
materials... beam lead and bonded construction... single and multiple junctions... 
six different drive levels... and more than 100 package styles. 

To this unprecedented level of flexibility we add direct applications assistance 
and a delivery commitment to suit the tightest schedule. Well even supply your 
devices to accommodate "Just-In-Time" delivery, to help you avoid unnecessary 
inventory buildup. It’s all part of a solution that lets you meet your original design 
requirements... without having to compromise and without missing deadlines! 

So start taking advantage of the flexibility that only the industry’s leading 
microwave semiconductor manufacturer can offer. Tike a look at our extensive catalog 
and if you don’t find exactly what you’re looking for, call our Senior Applications 
Engineer, Stan Howe, at 617-935-5150, Ext. 252. He’ll discuss your requirements and 
help you target an optimum design solution to your most challenging design problems. 

Alpha. Your commitment to quality starts with ours. 

EB Alpha 
Alpha Industries. Inc. 20 Sylvan Road • Woburn, MA 01801 • Prone: 617-935-5150«Twx: 710-393-1236 -Telex: 949436 Th© MÎCfOWaVe P©Ople 

INFO/CARD 20 



70 dB 
Dynamic 

Range 
for 

$7500 
TEXSCAN NAS-51 
Spectrum Analyzer/ 
Tracking Generator 
4-990 MHz 

70dB Dynamic Range 

Line Powered 

Low Cost 

Fast Delivery 

This special combination package of spectrum 
analyzer and tracking generator represents an 
outstanding value for doing frequency response 
measurements in the 4-990 MHz range. A dis¬ 
play range of up to 70dB with 2 and lOdB per 
division scaling enables both skirt response and 
pass band ripple response to be examined. The 
generator’s RF output frequency is counted and 
displayed on a built-in 5 digit counter, enabling 
precise frequency information to be obtained. 
Level output counted is available with 0-70dB in 
lOdB steps and a 0-10dB vernier control. Gener¬ 
ator output flatness is better than ±0.5dB with an 
overall system response flatness of better than 
±2.5dB. The analyzer is mounted on top of the 
tracking generator, and interlinked with two 
SMA cables. Both units are powered from 
115/230 VAC line. 

SPECIFICATIONS 
FREQUENCY RANGE 4-990 MHz 
DISPERSION CW-100 MHz/Division 
FREQUENCY READOUT 5 Digits (10 kHz Resolution) 
DYNAMIC RANGE 70 dB 
GENERATOR OUTPUT OdBm 
GENERATOR FLATNESS ±0.5 dB 
OUTPUT LEVEL 
CONTROL 0-70 dB in 10-dB Steps 

0-1 OdB Continuous 
ANALYZER 
SENSITIVITY -100 dBm 

ANALYZER MAX. INPUT +30 dBm 
ANALYZER INPUT ATT. 0-70db in 10-dB Steps 

0-10dB in 1-dB Steps 
ANALYZER VERT. 
SCALE 10 dB/Division 

2 dB/Division 
Linear 

SYSTEM SWEEP RATE 0.3-30 Hz and Manual 
SYSTEM STABILITY Not Phase-Locked: 30 kHz/ 

Minute 
Phase-Locked: 10 kHz/ 

Minute (1 hr. warm-up) 
POWER 115/230 V, 50/60 Hz 
SIZE 14" W X 11.5" Hx 11.75" D 
ACCESSORIES 
A VAI I ABLE RFB2 VSWR Bridge 

OPTIONS AVAILABLE D59 512xl024-Point Digital 
Store 

Texscan 
Texscan Instruments, 3169 N. Shadeland Ave., Indianapolis, Indiana INSTRUMENTS 
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dardized coupler package to round out 
both our product lines, customers will now 
be able to realize the full benefits of sur¬ 
face mounting.” 

Hayes pointed out that, “similar to other 
surface mount devices made by both 
Motorola and Siemens, the new opto pro¬ 
ducts would be available in tape and reel 
options in conformance with EIA standard 
RS481A.” 

For further information, please circle 
Info/Card #133. 

‘No Hands Road Map’ Helps Pilots 
A new electronic “road map” will let 

military pilots fly low over unfamiliar ter¬ 
ritory at near supersonic speeds without 
having to wrestle with flight charts. 
Hughes Aircraft Company has been 
selected by the U.S. Air Force to complete 
the development of a system that will con¬ 
stantly update terrain data, which pilots 
can display at the touch of a button. 
The Integrated Terrain Access and 

Retrieval System (ITARS), under develop¬ 
ment at the company’s Radar Systems 
Group, will display color-coded surface 
features and man-made structures. Pilots 
can elect to see the information in look¬ 
down or look-ahead views or on the head-
up display. The system marks a new era 
of avionic development in which the use 
of stored terrain information will make 
possible greater pilot survivability and im¬ 
proved mission effectiveness, according 
to Donald M. Small, Air Force project 
engineer at Wright-Patterson AFB. 

ITARS automatically will share its stored 
data with other systems aboard the air¬ 
craft to aid in navigation, terrain following 
and terrain avoidance, weapon delivery, 
sensor blending, mission planning and 
threat avoidance. 

Hughes’ modular design makes ITARS 
flexible enough for a variety of applica¬ 
tions, ranging from helicopters and small 
tactical fighters to strategic and recon¬ 
naissance aircraft, depending on the mis¬ 
sion, the aircraft, and the branch of ser¬ 
vice. ITARS will enable military pilots to 
“pre-fly” a mission in a simulator to ac¬ 
quaint them with the terrain and location 
of probable threats, and to permit them 
to plan their routes to limit exposure to 
detection and enemy fire. 
“The system’s modular design will 

make it possible to tailor it to the needs 
of the user, with the initial version suppor¬ 
ting up to 10,000 square miles of terrain 
data,” Small said. "If the mission requires 
it, and the aircraft can accommodate it, 
the system can be expanded to include 

terrain data covering 250,000 square 
miles.'' 

Digital map information being incor¬ 
porated in the system by Hughes will 
come 'rom a data base produced by the 
Defense Mapping Agency, St. Louis, Mo. 

New Microscopic Details Magnetic 
Structure of Surface 
NBS researchers have developed a 

new technique for observing — simul¬ 
taneously — both the magnetic and phys¬ 
ical structure of a surface over dimensions 
as small as 100 angstroms (10 nano¬ 
meters). New, compact electron spin 
analyzers developed at NBS are used to 
measure the spin vectors of secondary 
electrons produced by a scanning elec¬ 
tron microscope. The instrument meas¬ 
ures the magnitude and orientation of the 
magnetic structure of materials with a 
resolution many times better than the best 
current instruments, while simultaneously 
producing a conventional topographic 
SEM image of the surface. The new 
technique is expected to find wide ap¬ 
plication in fields such as the develop¬ 
ment of high-density magnetic recording 
media, the search for new strongly 
magnetic alloys for use in high-efficiency 
electric motors, as well as development 
of new RF-related magnetic materials. 

New Publications 

Monolithic Microwave 
Integrated Circuits 

Monolithic Microwave Integrated Cir¬ 
cuits has been published by the IEEE 
PRESS, the book publishing division of 
the Institute of Electrical and Electronics 
Engineers, Inc. The 512-page volume, 
edited by Robert A. Purcel, was prepared 
under the sponsorship of the IEEE Micro¬ 
wave Theory and Techniques Society. 
Monolithic Microwave Integrated Circuits 
contains 82 key papers by experts in the 
field of MMICs. The book also includes 
a comprehensive tutorial introductory 
paper written expressly for this volume by 
the editor. The reprint papers are ar¬ 
ranged in four main sections covering all 
phases of MMICs from design to testing. 
The titles of the sections are: 1) Design 
Considerations; 2) Materials and Process¬ 
ing Considerations; 3) Monolithic Circuit 
Applications, and; 4) CAD Measurements 
and Packaging Techniques. The applica¬ 
tions section is subdivided into these 
categories: low noise amplifiers and 
receive' circuits; power amplifiers; broad-
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- ; QUALITY & RELIABILITY 
Louency IySTh^ that stand the test of time 

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

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

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

PTS 500 shown with 0.1 Hz resolution, 
frequency standard, 3 x 10-9/day: $7,750 

PROGRAMMED TEST SOURCES, INC. Littleton, MA, (617) 486-3008 
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band amplifiers, transmit/receive 
modules; millimeter wave circuits; and 
special components and circuits. Each 
section and category is preceded by a 
short introductory summary. 

This book is an excellent source of in¬ 
formation on materials and device pro¬ 
cessing for microwave engineers and 
graduate students in physics, chemistry 
and related technical fields Specialists in 
research and development programs con¬ 
sidering the inclusion of MMICs in their 
future projects will find this book a 
valuable guide. 
The editor is a consulting scientist at 

the Raytheon Company, where he has 
been a senior staff member of the 
Research Division since 1955. His re¬ 
search has encompassed both theoretical 
and experimental studies of most micro¬ 
wave semiconductor devices, especially 
their signal and noise properties. During 
the last seven years he has been heavily 
involved in the field of MMICs. 

Monolithic Microwave Integrated Cir¬ 
cuits (PCO1867) is available for $69.95 
($41.95 for IEEE members). For ordering 
information, INFO/CARD #143. 

Yearbook of West European 
Electronics Data 1986 
The total West European market for 

electronic equipment and components 
will reach $96 billion in 1985, according 
to the 13th Edition of the yearbook of West 
European Electronics Data 1986, pro¬ 
duced by Benn Electronics Publications 
Ltd. (BEP). This represents an increase 
of 6.4 percent over the 1984 total of $91 
billion at constant 1984 values. The rate 
of growth is forecast to slow to 4.4 per¬ 
cent in 1986, when the European elec¬ 
tronics market will top $100 billion at con¬ 
stant 1984 values, but then to recover to 
give an annual average growth rate of 6.7 
percent in real terms over the period 
1986-89 to reach $122 billion in 1989 (Fig. 

1). 
In their review of economic prospects 

contained in the report, BEP predicts that 
growth of the world economy will be 
slower in 1986 than in 1985, but that 
Europe’s rate of economic expansion will 
be higher than that of the USA. The per¬ 
formance of the European electronics 
market 1984 showed growth of only 6 per¬ 
cent over 1983, at current prices and ex¬ 
change rates, but the increasing strength 
of the U.S. dollar against European cur¬ 
rencies masked the true growth rate, 
which at 1984 constant prices and 1984 
exchange rates was around 13 percent 
(1983 prices adjusted using GDP inflator). 

European Electronics Market By Sector 
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The active component sector grew par¬ 
ticularly strongly in 1984, with a true rate 
of growth of over 30 percent, mainly due 
to the increase in the market for integrated 
circuits. However, BEP predicts that the 
European active components market will 
fall by 3.7 percent in 1985 but then revert 
to a growth market in 1986 and show sub¬ 
stantial growth of over 9 percent per an¬ 
num over the period 1986-89. The fastest 
growing European market sector con¬ 
tinues to be electronic data processing 
(EDP), covering mainframe and personal 
computers, word processing systems and 
computer peripherals, with an average 
forecast growth of 9.9 percent per annum 
in real terms over the period 1984-89, tak¬ 
ing the European EDP market to $42 
billion in 1989. 
The European Consumer electronics 

market is expected to be particularly slow 
moving, with an overall projected growth 
at an annual average rate of 1.9 percent 
over the period 1984-89. The only product 
showing significant growth prospects is 
compact disc players, with an average 
growth rate in value terms predicted of 55 
percent per annum. The BEP Yearbook 
estimates that over 2 million compact disc 
player units will have been sold in Europe 
by the end of 1986. The market for video 
recorders grew very strongly in the early 
1980s, but has now stabilized and is pro¬ 
jected to grow at an average rate of only 
5.4 percent per annum up to 1989. In the 
U.K., VCR sales dropped appreciably in 
1984 from 2.4 million units in 1983 to only 

1.6 million units in 1984 as the rental boom 
subsided. 

Other sectors covered in the BEP Year¬ 
book 1986 are Control and Instrumenta¬ 
tion, which is expected to expand at 5.0 
percent per annum 1984-89, Telecom¬ 
munications Equipment, which is pre¬ 
dicted to grow at 4.8 percent per annum, 
Communications and Military Equipment 
forecast to increase at 4.5 percent per an¬ 
num and Passive and Audio Components 
with growth rates of 4.5 percent and 3.0 
percent per annum respectively. 

Of the major European countries, West 
Germany and the U.K. are forecast to 
grow a little faster, at 6.9 percent per an¬ 
num and 6.4 percent per annum respec¬ 
tively over the period 1984-89, than Italy 
and France (5.6 percent and 5.5 percent 
per annum respectively), thus increasing 
their share of the European market. The 
U.K. will enjoy the highest growth in 1985 
of any of the countries surveyed but will 
then falter in later years. The reverse is 
the case for France where 1985 is ex¬ 
pected to be a very poor year but which 
is forecast to recover in 1986. 
The 13th Edition of the Yearbook of 

West European Electronics Data 1986 is 
$495 per copy. For ordering information, 
please circle INFO/CARD #141. 

Siliconix Offers 
MOSPOWER Applications 

Siliconix has released the semiconduc¬ 
tor industry's first comprehensive video 
course on MOSPOWER applications. 
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New design 
resists damage, provides 
superior RFI/EMI shielding! 

Series 521 
.512" wide 

Now! Sticky-Fingers beryllium copper shielding gaskets 
have been made even better! A special, U-shaped end 
permits the upper part of the strip to slide when 
enclosure doors are closed, protecting against acci¬ 
dental damage to the strip's fingers. 

Three models provide you a choice of widths to suit 
your application. As with all Instrument Specialties 
Sticky-Fingers shielding strips, they attach quickly 
and securely with a really sticky self-adhesive strip. 
You simply peel off the backing, press the strip to the 
surface selected, and it’s there to stay! 

At the same time, you get the same high shielding 
effectiveness offered by all Sticky-Fingers... 
attenuation of more than 102 dB at 10 GHz plane wave, 
and 71 dB at 14 kHz magnetic. 

Complete information on these new strips, as well as 
the complete line of Sticky-Fingers shielding strips 
is available free. Write today to Dept. RFD-4. 

_ «_ Relaxed or 

i ' ’°Pen ’ Position 
1 040" 

i mm. 
T gap 

Compressed 
position 

Series 515 
.760" wide 

_ Relaxed or 
7 XW’ Position 

220 ./ V  1 040" 
m '' min. 

„ F 9aP 
Compressed 

position 

/I INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 

Specialists in beryllium copper since 1938 
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WE CAN DO THINGS 
WITH A SIGNAL TRANSFORMER 
YOU NEVER DREAMED POSSIBLE! 

(over 400 off-the-shelf models—for immediate delivery!) 

We can accommodate 
signals from 3.5 Hz to 1000 
MHz! -

We can minimize signal 
distortion, with less than 
1 dB flat loss from 0.2 to 
125 MHz! —_ 

We can handle a 1 kW 
signal over a 2 to 32 MHz. 
range! 

Let's face it. Even in a digital world, many of your 
design problems are still analog. Like the need to 
match transmission lines of different characteristic 
impedances. Or to eliminate 
ground-loop currents in video 
lines. Or to filter out common¬ 
mode noise in data lines. 
Applications like these call for 
specialized signal transformers. 

That's where we come in. 
Wideband transformers are our 
business. We offer over 400 
models. All available from stock. 
All 100% tested to insure 
specified performance for any of 
the following applications: 

We can provide over 140 
dB noise isolation in video. 
high-speed data, and 
process control lines! 

We can match 
ratios of up to 
kHz to 5 MHz 

impedance 
25:1 withal 
bandwidth! 

Isolation— To eliminate transmission problems 
due to differences in ground potential or induced 
common-mode noise. 

Power Combining/ 
Dividing— For low-loss 
distribution of signals to or from 
multiple isolated ports. 
Data Bus Coupling— To 

protect data networks or signal 
busses from shorts and spikes at 
each port per MIL- STD- 1553 or 
IEEE 802.5 LANs. 
Pulse Transmission— To 

insure clean, high-speed data. 
Nobody offers a wider choice 

Impedance Matching— Balun and unb/unb 
designs for maximum signal strength and minimum 
distortion when connecting circuits of different 
impedances. 

of off-the-shelf wideband transformers. Nobody! 
And, if necessary, we'll custom design to meet your 
specific needs. 

Just call Sales Engineering: 516-671-5700. Or 
write for our free catalog. 

H^North Hills ̂ Electrònics, Inc. 
1 Alexander Place, Glen Cove, NY 11542-3796 (516) 671-5700 Telex: 46-6886 
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...and less jam in your production line! 

Broadband power transistors used in 
electronic warfare equipment are expen¬ 
sive. But no matter how much you’re 
willing to pay, if you can’t get them, your 
production line is jammed. TRW solves 
this problem by offering you more tran¬ 
sistor at a significantly lower cost—and 
you can get immediate delivery. 

TRW RF Devices has three new broad¬ 
band power output transistors which 
operate Class “AB” linear and, in com¬ 
bination, give you decade frequency 
capability from 100 to 1000MHz—the 
MRA0510-50H, the MRT0105-75 and 
its companion part MRT0105-100. 

All three components are capable of 
delivering their maximum output power 
broadband. They feature high gain, 
extreme ruggedness and excellent ther¬ 
mal performance. And all are available 
in solder sealed hermetic packages. 

©TRW Inc. 1985-TRF 5105 

But the best features are their price and 
delivery—$147.11 for the MRA0510-
50H; $1 11.15 and $125.30 for the 
MRTO1O5-75 and -100 respectively. All 
prices are in U.S. dollars for quantities 
of 100. 

These devices are ideal for use in elec-

tronic warfare and communications 
equipment. Don't jam up your produc¬ 
tion line with high-priced components 
that are hard to get. Contact your local 
TRW component distributor today. 

Look to TRW RF DEVICES 
for the latest developments in 
RF POWER TECHNOLOGY. 

For data sheet or the location of your 
nearest stocking distributor, contact our 
Sales Engineer, Military Products: 

RF Devices Division 
TRW Electronic Components Group 
14520 Aviation Blvd. 
Lawndale, CA 90260 • 213.536.0888 

FREOUENZY-MHi 

TYPICAL BROADBAND PERFORMANCE 
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RF Devices Division 
TRW Electronic Components Group 

See us at the RF Technology Expo, booths #313 and 315. 



rf news Continued_ 

This course consists of eight video cas¬ 
settes with a corresponding syllabus and 
the popular new MOSPOWER Applica¬ 
tions Handbook. 

Over ten hours of in-depth power 
MOSFET applications information is pre¬ 
sented on the video tapes. Topics include 
practical switchmode power converter cir¬ 

cuits and design tips, MOSFET struc¬ 
tures, MOSFETs as charge-controlled 
devices, MOSFET thermal design, safe¬ 
operating area, dV/dt turn-on, MOSFETs 
as rectifiers, paralleling MOSFETs, and 
radiation effects on power MOS circuits. 
The accompanying syllabus contains a 
complete set of copies of the material 

KsisS 3S/M 

- SCJ31L 

The Affordable Luxury. 
The specs determine the cost. Let Bliley 

quote on yours. 

Quartz Crystals • Crystal Oscillators • Free Catalog 

The First Name in Frequency Control for Your Circuit. 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 
RO. Box 3428, Erie, PA 16508 
(814) 838-3571 TWX 510-696-6886 
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shown in the video presentation with 
space for taking notes. 
The MOSPOWER Applications Hand¬ 

book is provided as a supplement to the 
video course. This 512-page technical 
reference was first offered to the public 
earlier this year. The book includes more 
than 70 articles and application notes con¬ 
tributed by 32 recognized industry experts 
on power MOSFET applications. 
The course is designed to provide de¬ 

tailed circuit information and practical 
solutions to power MOSFET design prob¬ 
lems. The $625 package — including one 
set of tapes (standard VHS format), five 
syllabi, and five handbooks — is available 
for immediate delivery. For further infor¬ 
mation circle INFO/CARD #140. 

Kalman Filtering: 
Theory and Application 
Kalman Filtering: Theory and Applica¬ 

tion, edited by Harold W. Sorenson, has 
been published by the IEEE PRESS, book 
publishing division of the Institute of Elec¬ 
trical and Electronics Engineers, Inc. 
(IEEE). This 464-page volume in the IEEE 
PRESS Selected Reprint Series was 
prepared under the sponsorship of the 
IEEE Control System Society. 
Kalman Filtering: Theory and Applica¬ 

tion explains state-of-the-art applications 
and fundamental theories behind this 
methodology. Among the 45 papers, 
assembled from world-wide sources, are 
those covering a broad range of Kalman 
filter applications, from spacecraft orbit 
determination to the demographics of 
cattle production. Included with the ap¬ 
plication and theoretical papers are 
penetrating tutorials emphasizing the 
major contributions discussed in the 
reprinted papers. 
The volume is divided into two parts 

and seven sections: Part 1 — Theoretical 
Beginnings; Historical Survey; Theoretical 
Foundations; General Application Con¬ 
siderations; Model Errors and Diver¬ 
gence; Divergence Control and Adaptive 
Filtering; Computational Considerations; 
Smoothing; Part 2 — Applications. 
The extensive applications covered in 

this volume focus on: orbit determination; 
phased array radar tracking; polar coor¬ 
dinates for bearings-only tracking; 
maneuvering target trajectories; high-
performance GPS Navigation; techniques 
for terrain-aided navigation; a recursive 
terrain height correlation system; design 
and analysis of a dynamic positioning 
system; dynamic ship positioning; real¬ 
time prediction of aircraft carrier motion 
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Continued 

at sea; aircraft track recovery system; 
bathymetric and oceanographic applica¬ 
tions; natural Gamma Ray spectroscopy; 
instantaneous flow rate; estimation and 
prediction of unmeasurable variables in 
the steel mill soaking pit control system; 
dead time processes; nuclear power plant 
instrumentation; power station control 
systems; and demographic models. 

Harold W. Sorenson is chief scientist, 
United States Air Force, Washington, D.C. 
He has published over 70 papers dealing 
with Kalman filtering, estimation theory, 
identification, optimization and control of 
stochastic systems. He is author of the 
book Parameter Estimation: Principles 
and Problems, a past president of the 
IEEE Control Systems Society, and a 
member of the IEEE Board of Directors. 
Kalman Filtering: Theory and Applica¬ 

tion (PCO1859) is available for $58.95 
($35.95 for IEEE members). For ordering 
information, INFO/CARD #142. 

RF Design to Hold 
Two Expos in 1986 

Responding to numerous requests from 
East Coast readers, RF Design will hold 
an Expo in that region similar to the one 
held in Anaheim, Calif., each year. The 
East Coast show, called RF Expo East, 
will be held in the Boston Marriott Copley 
Place, Nov. 10-12, 1986. 
RF Design publisher Keith Aldrich said 

the decision to have an East Coast show 
was made after a survey of 1,000 readers 
in the Northeast U.S. 
“The returned questionnaires showed 

an ovenwhelming interest in such a show," 
Aldrich said. “Eighty-five percent said 
they probably or definitely would go to an 
Expo in that region." 

Most respondents picked Boston as the 
preferred location. Surprisingly, of the few 
respondents who said they were planning 
to attend RF Technology Expo 86, in 
Anaheim, almost all said they would also 
attend RF Expo East. Aldrich said such 
response indicates that RF Expo East can 
serve East Coast engineers without de¬ 
creasing attendance signficantly at the RF 
Technology Expo. Only 12 percent of the 
sample, which represented nearly 8,000 
readers, said they would go to the West 
Coast show. Most respondents said it was 
too far to travel. 

Aldrich said RF Expo East is not in¬ 
tended to be “just an East Coast version 
of the RF Technology Expo” and certainly 
is not intended to replace that show. 
“Our primary show is the RF Tech¬ 

nology Expo, and the third one is sched-

RF Design 

uled in Anaheim again, early in 1987,” he 
said. “On the other hand, the East Coast 
show may be as big as the Anaheim show 
because of the large engineering popula¬ 
tion there.” 
A call for papers has been issued for 

RF Expo East and RF Technology Expo 

’87 (see announcement on p. 81). Exhibit 
space at both shows is coordinated by 
April DeBaker, Cardiff Publishing Com¬ 
pany, 6530 South Yosemite Street, Engle¬ 
wood, CO 80111. The telephone number 
is (303) 694-1522. For information circle 
INFO/CARD #132. 

BK3 (TO-5) Crystal 
Frequency Range (5th Overtone) 75-125MHz

Frequency Calibration (At 75°C) ± .0005% 

Frequency Stability (70°C to 80°C) ±.0002% 

Series Resistance 60 OHMS MAX. 

Aging — 1st Month 1 PPM 

Aging — Per Year (After 1st month) 3 PPM 

Shock 150G/7ms 

Vibration 20G/10-2,000Hz

Not bod sped 
for to ooldweld, 

crystalpriced 
under $19! 
(Price will vary with quantity or 

apeclal specifications.) 

Quartz Crystals • Crystal Oscillators • Free Catalog 

ELECTRIC COMPANY 
2545 West Grandview Blvd. 
P.O. Box 3428, Erie, PA 16508 
(814) 838-3571 TWX 510-696-6886 
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rf special report 

FM Broadcast 88 to 108 MHz 
4,000 Watt Amplifier Subsystem 
By Lee B. Max 
Microwave Modules and Devices 

During the last five years, ultra high 
power solid-state transmitters have truly 
come of age. A variety of multikilowatt, all 
solid-state systems have been developed. 
Initially, military systems, where more 
dollars were available, were developed 
using ultra high power solid-state 
transmitters. The more cost conscious 
commercial applications remained tube 
systems. Today, however, the technology 
and economics have reached the level 
where one of the most cost sensitive com¬ 
mercial applications is being converted to 
solid-state. The FM broadcast transmitter 
(88-108 MHz) market has already con¬ 
verted to wide band, solid-state, driver 
amplifiers for power levels through 1,000 
watts. But even beyond this, the perfor¬ 
mance, initial cost, operational cost, and 
reliability considerations have made solid¬ 

state transmitters the choice of a new FM 
broadcast market. 
As a result of an interest in the FM radio 

station business, the Federal Communi¬ 
cations Commission (FCC) has taken the 
following actions: 

1. Relative to the presently licensed high 
power FM radio stations, the FCC, has 
adopted to “use it or lose it" policy. Mean¬ 
ing that a time limit has been set when 
a radio station whose license allows for 
more "effective radiated power” (ERP) 
than it is presently delivering must either 
increase its ERP level or be relicensed 
down to its present ERP level. 
2. After the “use it or lose it” cut-off date, 
the FCC will begin issuing new licenses 
for FM radio stations to fill in the open 
areas. 

3. Approximately 700 new licenses for FM 
radio stations will be issued for 3,500 watt 
transmitters. 

In response to the creation of this en¬ 
tirely new 3,500 watt “low power” trans¬ 
mitter market opportunity, complete 3.5 
kW solid-state transmitters are already be¬ 
ing built. 
Microwave Modules and Devices 

(MMD) has developed a 4,000 watt sub¬ 
system for use in these low power FM 
broadcast transmitters. The major fea¬ 
tures of this subsystem are: 
• 4,000 watt output 
• electrically self-protected 
• mechanical rugged 
• 50 watt input 
• low cost 
• high efficiency 
• rack mounted 

Figure 2. 19” rack-mounted subsystem 
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The most crucial requirement is that the 
unit be totally self-protected and virtually 
indestructable. 

Subsystem Architecture 
The 4,000 watt subsystem (Figure 1) is 

modular in construction. It uses nine iden¬ 
tical 600 watt amplifier modules in a one 
driving eight configuration. The mech¬ 
anical structure consists of three rows of 
three modules per row (Figure 2). All nine 
modules are plug-in replaceable from the 
front of the cabinet. The subsystem is also 
designed to allow for “hot replacement” 
(i.e., a module can be removed and re¬ 
placed without turning the transmitter off). 
This helps maximize the stations “up” 
time. The subsystem is cooled using 
forced air with each 600 watt module hav¬ 
ing its own self-contained blower as¬ 
sembly. 

600 Watt Self-Protected FET 
Amplified Module 
The heart of the 600 watt module is the 

RF amplifier section (Figure 3). The unit 
uses eight 125 watt silicon FETs. The die 
are similar to those used in the Motorola 
MRF-174 transistor. These die are 
mounted in special high performance 
MMD packages. Since high temperature 
reliability was critical and small size was 
not a driving consideration, MMD’s mod¬ 
ule was targeted for minimum thermal 
density (Figure 4). The unit easily delivers 
the rated 600 watts of power with eight 
FETs operating at well under 140°C even 
during worst case environmental condi¬ 
tions. 
The eight thermally individually pack¬ 

aged transistors are binarily intercon¬ 
nected through three levels of combining. 
To end up with the maximum combination 
of benefits, each level of combining uses 
a different technique. At the first level, a 
pair of transistors is combined in the 
simplest possible way, i.e., in phase or 
parallel combined. Isolation resistors are 
used across the pair to smooth out slight 
amplitude or phase imbalances. The next 
level of interconnecting uses 180°, i.e., 
push-pull combining techniques. An op¬ 
timally designed transmission line trans¬ 

RF Design 

Figure 3. 600 watt FET module amplifier architecture 

Figure 4. 600 watt building block amplifier module 
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Figure 5. Self-protected 600 watt module 

former structure accomplishes this. The 
push-pull combiner is an ultra-wide band¬ 
width structure that provides very predic¬ 
table impedance transformation, even 
harmonic attenuation, as well as efficient 
power combining. The third and final level 
of interconnection uses a special 90° 
combiner. This combiner is the key to 
making the 600 watt module a true 
building block unit. Use of the 90° (or 
Quad) combiner produces a module with 
the following advantages: 
• 1.5:1 VSWR input and output 

• Improved forward power delivery into a 
mismatched load 
• Improved back IMD 
• Reduced 3rd harmonic levels 
• Sub-module isolation 
• Improved efficiency into a mismatched 
load 
Since it is crucial that the 600 watt 

building block module be indestructable, 
sophisticated protection circuitry is built 
in. As seen in Fig. 5, the module contains 
both an input power sensor and a load 
VSWR detector. The critical parts of these 

sensors are the special, low-loss, bi¬ 
directional couplers used to pick off for¬ 
ward and reflected power samples that 
are then rectified and converted into DC 
reference levels. The 600 watt module 
also contains DC voltage, DC current, and 
baseplate temperature monitoring cir¬ 
cuits. If abnormal conditions appear, the 
unit can automatically reduce the DC 
voltage to the module, or crowbar the sup¬ 
ply to the ground, depending on what is 
required. The entire 600 watt module can 
be shut down in less than 2 milliseconds. 
When any module shuts itself off after 

sensing an abnormality, it must wait a 
preset time (not more than 2 seconds) 
before resetting itself and trying to come 
back on line. Each 600 watt module has 
a slightly different preset time so that if 
the entire 4 kW subsystem shuts down, 
all nine modules will not try to come up 
at the same instant and overload the 
power supply. 

4,000 Watt Combiner 
The low-loss, 4,000 watt, 8-way combiner 
is critical to the system performance and 
reliability. As seen in Fig. 6 it is con¬ 
structed using eight 71 ohm, 11/4 inch 
cables assembled in a ring configuration 
on both the input and output of the com¬ 
biner. The circular structure allows for the 
balancing terminations to be convenient¬ 
ly mounted on the input, and the high 
power combining to occur with the min¬ 
imum loss to the output. It should be 
noted that the output impedance of the 
combined eight large coaxial cables is 
12.5 ohm. To transform from here to 50 
ohm, a low loss 1:4 transformer made 
from a 25 ohm, quarter wave length 
transmission line is used. The entire com¬ 
bining system has less than 0.2 dB inser¬ 
tion loss. Furthermore, the eight isolation 
resistors, rated at 500 watts each, provide 
a minimum of 20 dB isolation between 
any one module and its neighbors. Meas¬ 
urements have shown that if a module 
fails or is removed, none of the remain¬ 
ing seven modules sees a load VSWR any 
worse than 1.5:1. Thus, if one module fails 
or is removed, the subsystem can still 
deliver over 80 percent of its full power 
capability. 
The eight way low power splitter used 

on the input (not described in detail) is a 
conventional in-phase Wilkinson struc¬ 
ture. 

Figure 6. 4 kW output combiner 

About the Author 
Lee Max is vice president of Micro¬ 

wave Modules and Devices, 550 Ellis 
St., Mountain View, CA 94043. His tele¬ 
phone number is (415) 961-1473. 
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Ask the right questions about CAD 
software...BEFORE ITS TOO LATE! 
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COMMUNICATIONS CONSULTING CORP.® 
52 HILLCREST DRIVE, UPPER SADDLE RIVER, NEW JERSEY 07548 

(201) 825-7966 • (201) 881-8595 TELEX 130073 
See us at the RF Technology Expo '86, Booth #803. 
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When the 
chips are down, 
GaAs FETs FROM HARRIS MICROWAVE: YOU CAN’T AFFORD TO WAIT. 

You know all GaAs chips are not created equal. . .so when you 
shop for FETs, you search for the best value. When it comes to per¬ 
formance, quality, service and price. . .Harris delivers. 

Selective ion implantation and in-house material growth provide 

Delivers 
value. 

superior uniformity and wafer-to-wafer 
consistency. The first ten chips you buy 
from Harris will perform to the same set of 
rigid specifications as the chips you pur¬ 
chase six months from now. 
And Harris’ metallization system and 

T-gate structure contribute to excellent bonding and die attach 
characteristics, as well as providing greater durability and 
resistance to electrostatic discharge. 
This means higher circuit yields for you 
in production. 

Harris quality certification tests are as 
rugged as our chips. Each and every Harris 

GaAs FET wafer must pass a bat-

Delivers 
quality. 

of tests which exceed the Element Evaluation 
requirements of MIL-STD-883C, Method 5008 

Class B. And Harris GaAs FET chips 
are uniquely serialized for the ultimate 

in traceability. 

- Harris Microwave Semiconductor. 1985 



Harris delivers. 
Our complete family of low noise, high gain and power opti¬ 

mized FETs are available now from a large inventory of pre¬ 
qualified wafers. On-time customer delivery is our forte. 
The best news? Harris FETs are competitively priced .. .and 

we intend to keep it that way. 
When you shop for GaAs FETs, shop 

Harris—for value, quality, delivery and ap¬ 
plication support. You can’t afford to wait. 
Call our FET HOT LINE, (408) 434-0832 
for application support, and immediate 
information on pricing and delivery. 

Harris Microwave Semiconductor, 1530 
McCarthy Boulevard, Milpitas, CA 95035, 
(408) 262-2222 (TWX 910 338 2247) 

GaAs FETs 
From Harris. 

Delivers 
on time. 

For your information, our name is Harris. HARRIS 
INFO/CARD 30 

See us at the RF Technology Expo, booth #201. 



MdtœolaTCMTs prove 
That Heh Performance Gw 
be Small And Inexpensive 

ed 
oscillators with the MDO-2 and A 

Ai l util Size 

get a better overall picture of how much better 
IQ 

significantly improved performance, reduced size, 
and lower cost compared to other designs. 

these Motorola oscillators perform in severe 
environmental conditions. 

Superior Manufacturing 

Tight Stability Over Extended 
Environmental Ranges 

The effects of 
extreme tempera¬ 
ture variations on 
frequency is one 
way to compare 
the stability of a 
TCXO. And the 

Technology Improves MTBF 
Both MDO Series oscillators benefit from 

proprietary thick film hybrid design, automated 
manufacturing, and reduced discrete component 
counts. 

new Motorola MDO-2 and MDO-3 offer impressive 
performance, as shown in the graphic at left. 

But that’s not the only measure. 

MDO-2 MDO-3 
PACKAGE SIZE (inches) 0.8 X 0.8 X .455 .82 X .52 X .245 
FREQ. RANGE (MHz) 10 to 20 10 to 20 
FREQ. STABILITY (ppm) 
(ppm over temp., 
humidity, and voltage) 

±2.0 
-35 °C to +85 °C 

±5.0 
-30°Cto + 70°C 

Sl'PPLY VOLTAGE (Vdc) 5.0 to 16.0 5.0 ± 0.1 
CURRENT DRAIN (mA) 4.0 2.0 
AGING (ppm/1 yr. typical) ±1.0 ±1.0 

This achieves not only smaller 
size and lower cost, but also 
improved field reliability, as 
documented in longer MTBF. 

These devices can be tuned 
using an external potentiometer 
or electronically tuned for AFC 
capability. And the all-metal 
welded packages with full hermetic 
seals minimize RF radiation. 

lb find out how the MDO-2 and MDO-3 can give 
your new or existing products a performance advan¬ 
tage, send for samples and complete literature. 

Motorola Inc. Components Division, 
2553 N. Edgington Street, Franklin Park, IL 
60131. Phone (312)451-1000, Ext. 4835. 
TWX 910-255-4619, Thlex 4990104. 

MOTOROLA 
Components Division 

® 1985 Motorola Inc. Motorola and (M) are registered trademarks of Motorola Inc. 
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Merrimac L-BAND 
AMPLIFIER 

now there is one signal processing 

S-BAND POWER 
AMPLIFIER 

POWER AMPLIFIER 

This new GaAs FET linear amplifier is specially de¬ 
signed, manufactured and tested for S-Band Telemetry 
and point to point radio applications operating in the 2.2 
to 2.3 GHz band Key operating characteristics are. low 
intermodulation distortion, low noise and excellent linear 
power transfer Packaged m a 2 5'x 4.0' x 0.75' case, 
these amplifiers are capable of being hermetically 
sealed to meet applicable MIL specifications 

Power Transfer 
Characteristics 
2235 MHz 

Two Tone 
Intermodulation 

Input Return Loss 

Bandwidth Measured 
at Nominal Power 
Output 

Model No. AMP-10-2.25 G Minimum Performance Specification 

Drop-In 

Isolators and 

Circulators 

CALL US! 
We have 
many more 
answers. 

CHARACTERISTICS TYPICAL 

FREQUENCY RANGE 2235 MHz - 2285 MHz 

GAIN 16dB 

GAIN FLATNESS (MAX.) 0.3dB 

POWER OUTPUT AT 1 dB COMPRESSION (MIN.) + 40.7 dBm 

VSWR (MIN) INPUT/OUTPUT 1.5:1/1 .25:1 

DC CURRENT (MAX.) AT + 10 VOLTS 5.3 AMP 

THIRD ORDER TWO TONE INTERCEPT POINT • 50.7 dB 

Merrimac M P.O. BOX 986, 41 FAIRFIELD PLACE, WEST CALDWELL, NJ. 07007^)986 201-575-1300 • TWX 710-734-4314 • TELEX 6853128 
FAX 201-575-0531 

Merrimac M P.O. BOX 986, 41 FAIRFIELD PLACE, WEST CALDWELL, N.J. 07007-0986 201 -575-1 300 • TWX 71 0-734-431 4 • TELEX 68531 28 • FAX 201 -575-0531 
See us at Expo East Booth #205 and #207. 



WE APPRECIATE ALL 
THOSE WHO BELIEVE 
OURMICROWAVECAD 
SOFTWARE IS WORTH 

HANGING AROUND FOR. 



SUPER¬ 
COMPACT 

PC 
With competition growing in the 

technical software industry, you're 
bound to see more than a few 
promises. 

You’ll see promises of future 
developments, soon-to-be-here 
products and right-around-the-corner 
results. Initially, it may all look pretty 
exciting. 

At COMPACT SOFTWARE we 
know you as an engineer are looking 
for something a little more exciting 
than promises. 

You’re looking for accurate and 
proven performance. 
And proven performance is exactly 

what has made SUPER-COMPACT® 
the industry standard for computer-
aided design tools in the development 
of high-frequency and microwave 
circuits. 
SUPER-COMPACT can now run on 

your IBM® PC XT, AT, COMPAQ™ 
and other IBM compatible computers. 
It offers the same design and full 
modeling capabilities as our 
mainframe versions. 
• Analysis of the simplest to the most 
complex circuits 

SUPER-COMPACT is unique in 
that it allows you to use formulas to 
define parameters in circuit design. 
And SUPER-COMPACT PC and the 
mainframe version offer the most 
extensive element model library 
available. 

In addition to these standard 
features, our IEEE-488 Interface 
allows users to download measured 
S-parameters from the HP8510 
Network Analyzer via the HP200 
series computer to the IBM PC XT 
and compatibles. 

You’ll also be able to set up private 
data banks for S-parameters. The 
data bank information is stored on 
floppy disks and is part of the 
SUPER-COMPACT PC software 
distribution package. COMPACT SOFTWARE 

NOW PART OF 
A TRADITION 
OF ACCURACY 

COMMUNICATIONS 
CONSULTINGCORP. 

As an engineer, competition 
demands that you keep up with the 
pace of technology. Your products 
must be brought to the market not 
only faster, but without costly 
remanufacturing time. 
When you combine our AUTOART™ 

PC software, an interactive two-
dimensional drafting program for 
microwave circuits, wtih SUPER¬ 
COMPACT PC, you have a fully 
complemented microwave design 
workstation. 
SUPER COMPACT and AUTOART 

give you the competitive edge you 
need by giving you the potential to 
significantly reduce your product 
design cycle. 
Whether running SUPER¬ 

COMPACT on a mainframe or a PC, 
the proven accuracy, power and 
speed are there to save your 
company manpower, money and to 
deliver your product to the market 
before your competition. 

SUPER-COMPACT 
COMPATIBILITY 

Communications Consulting 
Corporation is one the world leaders 
in computer aided design (CAD) and 
synthesis software for the microwave 
and RF industry. 
The combination of CCC and 

Compact Software products offers 
you solutions that save time and 
money while providing you with the 
most attractive, powerful, and reliable 
software available. 
An additional member of the CCC 

group is Synergy Microwave 
Corporation, one of the leading RF 
and microwave components 
manufacturers. The software solutions 
available from our products are 
thoroughly tested and implemented in 
hardware through Synergy’s 
manufacturing and state-of-the-art test 
capabilities. 

All Compact Software products are 
fully supported and will be constantly 
updated and enhanced through its 
new parent organization, CCC. 

Call or write for details today at our 
new location: 
483 McLean Blvd 
Paterson, NJ 07540 
Telephone (201) 881-1200 

(201) 881-8595 
TELEX 130073 FAX: (201) 881-8361 

• Two different optimizers, Random 
and Gradient, to help you achieve the 
best design. (You’ll want to use the 
Gradient optimizer when optimizing 
for global optimum results in High-Q 
circuits.) 
• Transmission Line Synthesis and 
Analysis (TRL) 
• Statistical Analysis with Monte Carlo 
Simulation, yield prediction, histogram 
plotting and stability circles 
• Synthesis for lumped and 
distributed networks 

SUPER-COMPACT PC’s 
compatibility with our mainframe 
versions means you save money by 
not having to invest in additional 
costly equipment such as photo¬ 
plotters, printers, and terminals. 

If you have large circuits to 
optimize, use SUPER-COMPACT PC 
for your circuit preparation and data 
graphics output, while using MAIN¬ 
FRAME SUPER-COMPACT for your 
analysis and optimization. 
You can include input files as part 

of standardized reports and can 
transfer designs to other design 
groups for further value-added 
customization. 

Compact 
Software 

A COMMUNICATIONS 
CONSULTING COMPANY 

See us at the RF Technology Expo '86, Booth #803. 
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There’s only one signal generator 
that’s abetter value than the 6060A. 

The new 6060B. 

Price, features and performance. Judge 
the new 6060B by its specifications. 

When we introduced the 6060A, it was 
without a doubt the best signal generator 
value on the market. With its unique architec¬ 
ture, this fully programmable synthesized RF 
signal generator offered the RF industry the 
performance it needed for design, testing and 
maintenance applications. Yet it was priced 
well below other generators in its class. 

The new 6060B takes this remarkable 
signal generator another major step ahead. 
New wider frequency range. 

The 6060B has an even wider output fre¬ 
quency range. Low end coverage is extended 
to 10KHz for VLF and LF applications and still 
maintains the capability to output frequencies 
up to 1050MHz. 

Better residual FM and amplitude 
accuracy. 

Guaranteed amplitude accuracy is now 
±1.0dB from +13dBm to -127dBm, im-
prcved from ± 15dB. You can rely on precise 
amplitude control across the frequency range. 

Residual FM performance specification has 
been improved by better than 30% in all 
bands It is now guaranteed less than 10Hz 
rms (.3 to 3KHz) at 500MHz. 
Three options now included standard. 

We ve added three popular options to the 
standard 6060B model for much less than 
yoc’d pay for each separately. Now standard 
are: Non-Volatile Memory that can store 50 
instrument settings up to two years without 
power, Reverse Power Protection, and Sub¬ 
Harmonic External Reference input. 

Good news on the bottom line. 
Although we’ve boosted performance and 

standard features, the 6060B is still priced at a 
modest $4995* We think that makes it an 
unbeatable value in general purpose signal 
generators. Second to none. 

For more information about the 6060B, call 
1-800-426-0361 or contact your local Fluke 
Sales Engineer or Representative. 
Fluke 6060B_ 

Amplitude range_ +13dBm to -127dBm 

Accuracy_ ±1.0dB_ 

Harmonics_ <-30dBc_ 

Spurious_ <-60dBc_ 

Modulation_ AM/FM_ 

IEEE-488 Interlace, opt 488 switch speed <100ms,typ_ 

•Suggested U.S. price only 

IN THE U S AND NON-EUROPEAN COUNTRIES Joha Fluke Mfg Co . Inc. PO Box C9090. M/S 25OC. Everett. WA 98206. Sales (206) 356-5400. Other (206) 347-6100 
EUROPEAN HEADQUARTERS Flute (Holland) BV . PO Box 2269. 5600 CG Eindhoven The Netherlands (040) 458045. TLX 51846 

© Copyright 1985 John Fluke Mfg Co.. Inc All rights reserved Ad No 4405-6060 
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Commutation Mixer Achieves 
High Dynamic Range 
Introducing the Siliconix SÍ8901 Quad FET 
By Edwin S. Oxner 
Siliconix Incorporated 

This article is an abridged version of a 
paper presented by the author at R F Tech¬ 
nology Expo '86 in Anaheim, Calif., and 
describes the performance achieved 
using the new SÍ8901 in a commutation 
(switching-type) double-balanced mixer. A 
rigorous analysis of double-balanced mix¬ 
ers and the method of commutation is 
contained in the complete paper, which 
has been published in the Proceedings 
of RF Technology Expo '86. 

Dynamic range remains the principle 
goal of HF mixer design. The inter¬ 

modulation performance and overload 
characteristics of a mixer are fundamental 
qualities used in the evaluation of a good 
design. Heretofore, most mixers sporting 
a high dynamic range have been either 
the passive diode-ring variety, or the ac¬ 
tive FET mixer (1, 2). 
Common to both the diode and FET is 

their square-law characteristic so impor¬ 
tant in maintaining low distortion during 
mixing. However, equally important for 
high dynamic range is the ability to with¬ 
stand overload that has been identified as 
a principle cause of distortion in mixing 
(3). Some passive diode-ring mixer de¬ 
signs have resorted to paralleling of di¬ 
odes to effect greater current handling, yet 
the penalty for this apparent improvement 
is the need for a massive increase in 
local-oscillator power. 

This report examines a new FET mixer 
where commutation achieves high 
dynamic range without exacting the antici¬ 
pated penalty of increased local-oscillator 
drive. Using the Siliconix SÍ8901, third-
order intercept points upwards of +39 
dBm (input) have been achieved with only 
+17 dBm of local-oscillator drive! 

Unlike either the conventional diode¬ 
ring mixer or the active FET mixer, the 
commutation mixer relies on the switching 
action of the quad-FET elements to effect 
mixing action. Consequently, the commu-

Figure 1. Equivalent circuit of commutation mixer 

tation mixer is, in effect, no more than a 
pair of switches reversing the phase of the 
signal carrier at a rate determined by the 
local-oscillator frequency, as shown in the 
equivalent circuit of Fig. 1. Ideally, we 
would anticipate little noise contribution 
and since the switching mixer, consisting 
of four “switches,” has finite ON resis¬ 
tance, performance is similar to that of a 
switching attenuator. As a result, the con¬ 
version efficiency of the commutation mix¬ 
er may be expressed as a loss. 

The SÍ8901 as a 
commutation mixer 
Because of package and parasitic con¬ 

straints, the SÍ8901 appears best suited 
for performance in the HF to low VHF re¬ 

gion. A surface-mounted version may ex¬ 
tend performance to higher frequencies. 
In a review of intermodulation distortion 
(4) it is recognized that to achieve a high 
intercept point the local-oscillator drive 
must: 

approach the ideal square-wave; 
ensure a 50% duty cycle; and, 
offer sufficient amplitude to ensure a 

full ON and OFF switching condi¬ 
tion, as well as to offer reduced 
rDS when ON. 

Furthermore, to maintain superior over¬ 
all performance in conversion loss, dy¬ 
namic range (noise figure) and intercept 
point, some form of image frequency ter¬ 
mination would be highly desirable even 
though the mixer’s bandwidth would be 
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restricted. Therefore, the principal effort 
in the design of a high dynamic range 
commutation mixer is two-fold. First, and 
most crucial, is to achieve a gating or con¬ 
trol voltage sufficient to ensure a positive 
and hard turn-ON as well as a complete 
turn-OFF of the mixing elements (MOS¬ 
FETs). Second, and of lesser importance, 
is to properly terminate the parasitic and 
harmonic frequencies developed by the 
mixer. 

Local-oscillator injection to the conven¬ 
tional diode-ring, FET, or MOSFET dou¬ 
ble-balanced mixer is by the use of the 
broadband, transmission-line transform¬ 
er (5), as shown in Fig. 2. For the diode-
ring mixer where switching is a function 
of loop current, or for active FET mixers 
that operate on the principle of transcon¬ 
ductance and thus need little gate voltage 
(6), the broadband transformer is ade¬ 
quate. If this approach is used for the 
commutation mixer, we would need extra¬ 
ordinarily high local-oscillator drive to en¬ 
sure positive turn-ON. Rafuse (7) and 
Ward (8) used a minimum of 2 watts to en¬ 
sure mixing action; Lewis and Palmer (9) 
achieved high dynamic range using 5 
watts! The MOSFETs used in these early 
designs were p-channel, enhancement 
(2N4268) with moderately high threshold 
(6 V max.) and high input capacitance (6 
pF max.). All of these early MOSFET dou¬ 
ble-balanced mixers relied on the conven¬ 
tional 50 to 100-0-100Q transformer for 
local-oscillator injection to the gates. 
The major goal of the conservation of 

power cannot be achieved using the con¬ 
ventional design. Increasing the turns 
ratio of the coupling transformer is coun¬ 
teracted by the reactive load presented by 
the gates. The obvious solution is to use a 
resonant gate drive. The voltage appear¬ 
ing across the resonant tank (and thus on 
the gates) may be calculated by: 

V = (P • Q • X)’* 

where P is the power delivered to the 
resonant tank circuit; 

Q is the loaded Q of the tank cir¬ 
cuit; and, 

X is the reactance of the gate cap¬ 
acitance. 

Since the gate capacitance of the 
MOSFET is voltage-dependent, the reac¬ 
tance of the gate becomes dependent 
upon the impressed excitation voltage. To 
allow this would severely degrade the IMD 
performance of the mixer. However, we 
can minimize the change in gate capaci¬ 
tance and remove its detrimental influ¬ 
ence using a combination of substrate 
and gate bias, as shown in Fig. 3. Not only 
is it beneficial in this regard, but gate bias 
is necessary to ensure the required 50% 

Figure 2. Local oscillator drive using conventional broadband transformers 

Figure 3. Effect of bias and substrate voltage on gate reactance 
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flTTITlíC 20 YEARS 
P il_il H|1\1J OF EXPERIENCE 

TUNABLE 
SERIES 5VF 3VF 
FREQ(MHz) 24-4000 24-4000 
TUNING RANGE 1 octave 1 octave 
3/30dB SHAPE 2.2:1 3.5:1 
SIZE 9.6x5.6x3.2" 6.25x5.6x3.2" 

CAVITY 
SERIES CH CR 
FREQ(MHz) 30-400 401-3000 
BANDWIDTH .2-3.5% .2-3.5% 
SECTIONS 2-6 2-6 

WAVEGUIDE 
SERIES BW 
FREQ(GHz) 5-18 
BANDWIDTH .2-5% 
SECTIONS 2-6 

TUBULAR LOWPASS 
SERIES LB LC LD LE 

SIZE(dia) %" ¥2' %" 1%* 
FREQ(MHz) 80-6000 40-4000 25-1500 10-1000 
SECTIONS 2-12 2-12 2-12 2-12 

BANDPASS LOWPASS 
LUMPED LUMPED 
SERIES BM SERIES LM 
FREQ(MHz) 5-125 FREQ(MHz) 5-125 
BANDWIDTH 2-60% SIZE lxl.lx2.4 
SIZE lxl. 1x2.4 SECTIONS 2-8 
SECTIONS 2-8 

TUBULAR BANDPASS 
SERIES BB BC BD BE 
SIZE (dia) %" ¥2" ¥4" VA" 
FREQ (MHz) 80-6000 60-4000 40-1700 30-1000 
BANDWIDTH 2-75% 2-75% 2-75% 2-75% 
SECTIONS 2-12 2-12 2-12 2-12 

3169 N. Shadeland Ave. • Indianapolis, Indiana 46226 • (317) 545-4196 
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L.O. Input 

Figure 4. Resonant-gate drive 
transformer, T2, is tuned to resonate 
with CGG of SÍ8901 

Gate #1 SÍ8901 

O +VGG

► Gate #2 SÍ8901 

Isolation ... 

duty cycle. Also, a negative substrate volt¬ 
age ensures that each MOSFET on the 
monolithic substrate is electrically isolated 
and that each source-/drain-to-body diode 
is sufficiently reverse biased to prevent 
half-wave conduction. 
Implementing the resonant gate drive 

may take any of several forms. The reso¬ 
nant tank circuit may be merged with the 
oscillator, it can be a varactor tuned Class 
B stage (10), or an independent resonant 
tank as in the present design (Fig. 4). 

To ensure symmetrical gate voltage in 
180° anti-phase with asymmetrical local 
oscillator drive (fed by unbalanced coax), 
a balun must be used (T1 in Fig. 4), other¬ 
wise capacitive unbalance results, with an 
attendant loss in mixer performance. 

When you need It, Q-blt’s® got It! 

Most Q-bit® standard RF amplifiers have single stage reverse isolation 
greater than 25 to 35 dB. Covering the frequency range of 0.3 to 1300 
MHz, maximum noise figures of 1.5 to 5 dB are common, with 12 to more 
than 20 dB of flat gain over a defined bandwidth. Typical specifications: 

Model Frequency Reverse Gain 
No. Range (MHz) Isolation (dB) (dB) 

QBH-101 5-500 25 13 
QBH-117 5-100 35 16 
QBH-182 10-500 24 12 
QBH-187 10-500 35 7 
QBH-367 3-300 70 7 

Noise 
Figure (dB) 

3.0 
1.3 
7.0 
4.0 
13.0 

When you want isolation, check out the broad range of standard RF 
amplifiers from Q-bit® Corporation. 
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Figure 5. Influence of loaded Q on gate 
voltage versus L.O. power 

Table I offers an interesting comparison 
between a resonant-gate drive with a load¬ 
ed tank Q of 14 and conventional gate 
drive using a 50 to 100-0-100Q 
transformer. The importance of a high 
tank Q is graphically portrayed in Fig. 5. 
Walker (3) has derived an expression 
showing the predicted improvement in the 
relative level of two-tone third-order inter¬ 
modulation products (IMD3) as a function 
of the rise and fall times of the local¬ 
oscillator waveforms. 

20 Log 

V, ’ 

trC^LO Vc 
8 

dB Eq- 1 

where, Vc is the peak-to-peak local-oscil¬ 
lator voltage, 

Vs is the peak signal voltage, 
tr is the rise and fall time of Vc, 
œL0 is the local-oscillator fre¬ 

quency. 

The full impact of a high gate voltage 
swing can be appreciated by using Equa¬ 
tion 1. As Vc (gate voltage) increases, the 
intermodulation performance (IMD) also 
improves as we might intuitively expect. 
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Motorola RF Design News 

Superb 8 GHz performer even 
more so in SOT-143. 
None finer and now in SOT-143. It's the 

popular MRF571 and it's now MRF5711 in 
4-leaded SMD for reduced common¬ 
element inductance and higher gain. 

Leading-edge die technology, identical 
to its MACRO-X counterparts, provides 
1.7 dB NF and 12 dB gain at 1 GHz. 

Available in standard and low profile, 
this high-performer is ideal for high-gain, 
low-noise, small signal amplifiers: 
satellite TV receivers (TVRO), wide 
dynamic range front end amplifiers and 
low-noise VCOs. Plus instrumentation 
applications where high-gain to high-
frequencies are required, or in fast switch¬ 
ing designs. $1.00, 100-up. Samples now. 

900 MHz SO-8 grabs 1W honors. 
Providing 1 W and more PD, equal 

to or exceeding that of MACRO-X and 
SOE packaging, the MRF8372 is the SMD 
version of the popular, 6 GHz fT MRF837 
used in wideband, large-signal, pre¬ 
driver, 900 MHz, land-mobile stages. 
No sacrifices in technology: 2-micron 

geometry, gold top metal, ion-implanted 
emitters and silicon nitride passivation. 

Typical performance is 10 dB gain 
at 870 MHz, 12.5 V in a broadband circuit 
delivering 3/4 W RF power with 60% 
efficiency. It's also characterized at 7. 5 V 
and at 512 MHz. 

Little price, too: $1.65, IK-up. 

600 W,MRF430 bipolar unit not 
for the timid. 

Your best resolution— 
RF CRT drivers. 
NPN/PNP symmetry, fT more than 

1 GHz, Vjbrjcbo greater than 100 V and 
common- emitter or common-base char¬ 
acterization make the MRF542-549 units 
ideal for high-resolution color monitors. 
They offer low output capacitance to 

aid wideband amplifier design and 
emitter ballasting for ruggedness. 
The medium-powered TO-39 units 

are common-emitter characterized. The 
low-cost, FbwerMacro and up-to-800 mA 
TO-117 types are common-base. By 
assembling the SOB parts with two base 
leads, you can apply them in voltage gain 
and signal transfer circuits in the preferred 
common-base amplifier configuration . 

Prices start at only $2.90, 100-up. 

At 600 W Pout, the MRF430 is the most 
powerful bipolar RF transistor of its kind. 
It's for those who want to have it all in one 
potent package without water-cooling for 
linear amplifiers from 2 to 30 MHz, base 
station equipment, nuclear magnetic 
resonance, sputtering equipment or in 
1 KW SSB amplifiers. 
You replace up to eight lower-powered 

units plus associated parts and circuitry. 
Low, 0.2° C/W thermal 
resistance keeps die 
temperature cooler for I 
a given Pq, improving | 
reliability and allowing | 
direct, heat sink 
mounting. It's basically 
four MRF429S in a 
single package with all 
the ruggedness and 
low IMD of the '429. 
And 50-up is only 

$315—30% less 
than MOSFETs. 

GHz gain, miniscule drain. 
Operating at less than 1 mA Ic with 

a Vçç of only 1V the MRF9331 offers 13 dB 
typical gain at 1 GHz and 2 dB NF at 
500 MHz in SOT-143. A single emitter 
finger of a 1.25 micron die design achieves 
state-of-the-RF-art, 6 GHz fp 

Applications are pagers, portable radios, 
hearing aids, remote controlled door 
openers and any equipment operating on 
batteries you want to last. Wide dynamic 
range is possible with 100 jiA to 2 mA Iç. 
And SOT-143s provide dual emitters 

for best performance in common emitter 
configurations. 

Price: just$1.50, IK-up. 

See us at booth 403 
RF Tech Expo '86. 

One-on-one design-in help. 
Anywhere in the U.S. or Canada, get 

an engineer-to-engineer update on the 
latest in Motorola RF technologies. 

1-800-521-6274 
Call toll-free any weekday, from 8:00 A.M. 

to 4:30 PM.,M.S.T. If the call can't cover 
your applications, we'll have an 
applications engineer 
contact you. 
And help you 
to market faster. 

MOTOROLA 

To: Motorola Semiconductor Products, Inc. 
RO. Box 20912, Phoenix, AZ 85036 
Please send me the latest information on these Motorola 
RF Semiconductors: □ MRF430 □ MRF8372 
□ MRF542-549 □ MRF5711 □ MRF9331 

ZooRr DO 20086 

Na me_ 

j Title_ 

I Company_ 

I Add ress_ 

I City _ State _ Zip_ 

! Call me (_ )_ 



Calculated and measured results shown 
in Fig. 6 demonstrate reasonable agree¬ 
ment. The difference may reflect prob¬ 
lems encountered in measuring Vc as 
any probe will inadvertently load, or de¬ 
tune, the resonant tank even with the spe¬ 
cial care that was taken to compensate. 

If we have the option to choose “high 
side” or “low side” injection — having the 
local-oscillator frequency above (high) or 
below (low) the signal frequency — a 
closer inspection of Equation 1 should 
convince us to choose low-side injection. 

slug. The unbalanced-to-balanced reso¬ 
nant tank drive used a T4-1. The schemat¬ 
ic diagram, Fig. 8, is for a commutation 
mixer with high-side injection, operating 
with an IF of 60 MHz. 

The principle effort involved the design 
of the resonant-gate drive. This necessi¬ 
tated an accurate knowledge of the gate’s 
total capacitive loading effect. To accom¬ 
plish this, a precision fixed capacitor (5 

Figure 6. Effects of gate voltage on in¬ 
termodulation distortion 

Terminating Unwanted Frequencies 
If our mixer is to be operated over a re¬ 

stricted frequency range where the local 
oscillator and signal frequencies can be 
manipulated, image-frequency filtering 
may be possible. Image-frequency filter¬ 
ing does affect performance. For high-
side local-oscillator injection an elliptical¬ 
function low-pass filter, or for low-side in-
jecton a high-pass filter might offer worth¬ 
while improvement. In either case, the fil¬ 
ter offers a short-circuit reactance to the 
image frequency forcing the image to re¬ 
turn once again for demodulation. 
The resonant-gate drive consisting of a 

high-Q tank offers adequate by-passing of 
the intermediate frequency and image fre¬ 
quency. If the IF is narrow band, filtering 
may be possible by simply using a reso¬ 
nant LC network across the primary of the 
transformer. 

Building the Commutation Mixer 
The mixer was fabricated on a high-

quality double-copper clad board shown 
in Fig. 7. An improvised socket held the 
Si8901 . The signal and IF ports used Mini¬ 
Circuits, Inc., plastic T-case RF transform¬ 
ers. For the IF, the Mini-Circuits T4-1 (1:4); 
for the signal, the Mini-Circuits T1-1T (1:1) 
or T4-1 was used. The resonant tank was 
wound on a ’/«-inch ceramic form with no 

Figure 7. Prototype balanced mixer 

Figure 8. Schematic — commutation double-balanced mixer 
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pF) was substituted for the SÍ8901 and at 
resonance it was a simple task to calcu¬ 
late the inductance of the resonant tank. 
Substituting the SÍ8901 made it again a 
simple task to determine the capacitive ef¬ 
fect of the SÍ8901 . Once known, a high-Q 
resonant tank can be quickly designed 
and implemented. To ensure good inter¬ 
port isolation, care is necessary in 
assembly to maintain mechanical symme¬ 
try, especially with the primary winding. 

Introducing the 
Siliconix SÍ8901 

The SÍ8901 Ring Demodulator/Bal-
anced Mixer is the first 

commercially-available FET ring de¬ 
modulator, consisting of four matched 
transistors on a single chip. As the core 
of a double-balanced mixer, the SÍ8901 
can be used from HF to low VHF fre¬ 
quencies, up to about 150 MHz. The 
device is available in a TO-78 hermetic 
metal case, and in the SO-14 package 
for automated assembly. 

Specifications of the SÍ8901 include 
the following maximum ratings: 
Vos 

Drain-Source 15V 
Vqb 

Drain-Substrate 12.5V 
Vsb 

Source-Substrate 22.5V 
Vgs 

Gate-Source -22.5 to +30V 
Vqb 

Gate-Substrate -0.3 to +30V 
Vgd 

Gate-Drain -22.5 to +30V 
'd 

Drain Current 50 mA 
Power Dissipaton 640 mW 

Performance 
The primary goal in developing the 

SÍ8901 commutation double-balanced 
mixer is to achieve a high dynamic range. 
If this task can be accomplished with an 
attendant savings in power consumption, 
then the resulting mixer design should 
find wide application in HF receiver de¬ 
sign. The following tests were performed: 

Conversion efficiency (loss) 
Two-tone, 3rd-order intercept point 
Compression level 
Desensitization level 
Noise figure 

Conversion loss and intercept point are 
directly dependent upon the magnitude of 
the local-oscillator power. The mixer’s per¬ 
formance is offered in Fig. 9, where the 
input intercept is plotted with conversion 
loss. 

Other operating specifications (typi¬ 
cal) include: 
rDS (on) 50Q (VGS = 5 V) 

30Q (VGS = 10 V) 
23Q (VGS = 15 V) 
192 (VGS = 20 V) 

rDS Matching <6% 
Cgg Gate-Gate 4.4 pF 
Lax 200 MHz 

The SÍ8901 represents a new pro¬ 
duct with great potential for RF ap¬ 
plications, using commutation to 
achieve mixer design with high 
dynamic range and low 3rd order 
distortion. 

For more information on this pro¬ 
duct, circle INFO/CARD #70. 

Figure 9. Input intercept point and con¬ 
version loss 

Both the compression and desensitiza¬ 
tion levels may appear to contradict rea¬ 
son. Conventional diode-ring demodula¬ 
tors exhibit compression and desensitiza¬ 
tion levels an order of magnitude below 
the local-oscillator power level. However, 
with a commutation MOSFET mixer, switch¬ 
ing is not accomplished by the injection 
of loop current but by the application of 
gate voltage. At a local-oscillator power 
level of +17 dBm (50 mW), the 2 dB com¬ 
pression level and desensitization level 
was +30 dBm! The single-sideband HF 
noise figure of 7.95 dB was measured 
also at a local-oscillator power level of +17 
dBm. 

might at first label the mixer as narrow¬ 
band, in truth the mixer is wideband. For 
the majority of applications, the intermedi¬ 
ate frequency is fixed, that is, narrowband. 
Consequently, to receive a wide spectrum 
of signal frequencies the local-oscillator 
is tuned across a similar band. In modern 
technology this tuning can be accom¬ 
plished by numerous methods. Likewise 
the resonant tank may take several forms. 
It can be part of the oscillator, or, as in Ref. 
10, it can be a varactor-tuned driver elec¬ 
tronically tracking the local oscillator. 

If the local-oscillator drive was pro¬ 
cessed to offer a more rectangular wave¬ 
form, approaching the idealized square¬ 
wave, we might then anticipate even 
greater dynamic range as predicted by 
Equation 1. H 
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Conclusions 
Achieving a high gate voltage to effect 

high-level switching by means of a reso¬ 
nant tank is not a handicap. Although one 

About the Author 
Ed Oxner is Staff Engineer with Sili¬ 
conix Incorporated, 2201 Laurelwood 
Road, Santa Clara, CA 95054. He can 
be reached at (408) 988-8000. Ed has 
many years experience in mixer design. 
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The precise attenuators 
for your automatic test equipment 

Alan programmable series MDA attenuators are 
designed to increase the performance of your com¬ 
puterized or automatic test equipment (ÁTE). They 
supply speed, reliabilty, long life and miniature size 
while accurately controlling attenuation levels in your 
equipment. 

MDA series advanced electrical construction uses 
one EMI-RFI filter per bit and all bits are intercon¬ 
nected to a single common filter for the opposing 
polarity. Negative polarity is standard for this com¬ 
mon filter. 

Switching speed: 6 milliseconds. Switch life: 10 mil¬ 
lion selections per bit. ON level control is +17 VDC to 
+ 26.5 VDC @ 17 ma. OFF level control is 0 to 5 VDC. 
Standard units are arranged in binary sequence but 

Alan 

other attenuation steps and control voltages are 
available. 

There are four miniature size models in the MDA 
series beginning at 1 " x 1 " x 3.1 75". Each model can 
be supplied with either swage nut mounting or four 
hole flange mounting. 

Attenuation ranges of 0-1 5 dB, 0-31 .5 dB, 0-63 dB 
and 0-1 27 dB are available. Accuracy @ 500 MHz is 
± 0.5 dB to 31 dB and ± 1 dB from 32to 127 dB. VSWR 
1:3:1 @ 500 MHz and 1:4:1 @ 1 GHz. Logic 4, 6 and 8 
bit. This series is useful in many applicationsto 2 GHz. 

Enhance your computerized or ATE performance 
with our MDA miniature programmable attenuators. 
They are compatible at competitive prices. Call us 
today. 

Alan Industries, Inc. 
745 Greenway Drive 
P.O. Box 1203 
Columbus, Indiana 47202 
Phone: (812) 372-8869 

Manufacturers of... 
Attenuators: Programmable • Rotary • Cam Actuated • Manual Switch • Fixed • Continuously Variable 

Accessories: Loads « Dividers • Terminations • RF Fuses • Bridges 
Call Toll Free 800-423-5190 

INFO/CARD 39 
Come see us at the RF Tech Expo, Booth #403. 



BASIC Programs for Symmetrical 
Attenuators and Active Filters 
By Carl Lodström 
Dow Key Microwave Corp. 

Engineers often require quick solutions 
to simple problems, and a library of com¬ 
puter programs can take the tedium out 
of repeated calculations, however simple. 
The author presents two programs writ¬ 
ten for the Commodore VIC-20 or C64 
computers. Written in BASIC, they may be 
easily translated for use on many other 
personal computers. 

The first program computes symmetri¬ 
cal attenuators (same input and out¬ 

put impedance), in either Tee or Pi config¬ 
uration. This program is written for the 
C64, and requires a small change to run 
on a VIC-20. Line 3 should be: POKE 
36879,8 (to make the screen black), then 

CTRL 2 should be keyed in to make white 
characters. Other notes on this program 
include the references in Lines 901-903. 
NE is Neper, which is dB with “e” for a 
base, since the computers use natural 
logarithms. SH and TH represent SINH 
and TANH, respectively. 
The second program computes 2-pole 

active lowpass, highpass, notch and 
bandpass filters. Please note that the 
scale of units (kHz, kohm, pF) are noted 
in REM lines. Persons copying the pro¬ 
gram might wish to make them PRINT 
statements, as a reminder of the proper 
units. This program was written on a VIC-
20 and will run as-is on a C64. 

These programs are simple enough to 
require no detailed operating instructions. 
The programs prompt the user as to the 
required data entry, and inspection of the 
programs should answer any other ques¬ 
tions about the formulas or the display 
and graphics techniques used. 0 

About the Author 
Carl Lodström is an Applications En¬ 
gineer with Dow Key Microwave Cor¬ 
poration, 1110 Mark Avenue, Carpinter¬ 
ia, CA 93013-2918. He can be reached 
by mail at this address, or by telephone 
at (805) 684-0427. 

3 POKE 5328 1,0 SPOKE 53280,0 
5 PRINT "J" 
10 INPUT "SYSTEM IMPEDANCE "1Z0 
100 PRINT "iWI OR P ATTENUATOR?" 

1 10 GET 
120 IF X*="T"THEN 200 
130 IF X$="P"THEN 400 
140 GOTO 110 
200 PRINT " >jrr ATTENUATOR "" Z0 "OHMMH" 

201 PRINT" 
202 PRINT" 
203 PRINT" 
204 PRINT" 
205 PRINT" 
206 PRINT” 
207 PRINT" 
208 PRINT" 
209 PRINT" 
210 PRINT" 
211 PRINT" 
212 PRINT" 
220 PR I NT" BBflZ- ’.VEN DB OR RI <D/R>" 

221 GETYÍ 
222 IFY*="R"THEN GOTO 300 

Program 1. Symmetrical Attenuator Program 
This program will repeat 

223 IFY$ ="D "THEN GOTO 900 
224 GOTO 221 
250 R3=Z0/SH 
260 R1=Z0*TH 
270 PRINT"R1=R2=";R1 
280 PRINT" R3=";R3 
299 GOTO 100 
300 INPUT"R1 (<Z0)";R1 
301 R5=Z0+R1 
302 R4=Z0-R1 
303 R3=l/< 1/R4-1/R5) 
304 PR INT"R3= "'R3 
305 U4=R4/< R 1+R4 ) 
306 U5=U4*< Z0/< R1+Z0) ) 
307 DB=L0G< <U5)t2) 
308 DB=DB*4 .34294482 
309 PRINT" |G|=";DB"DB" 
310 GOTO 100 
400 PRINT " ATTENUATOR "? Z0 "OHMMM" 

401 PRINT" _ " 
402 PRINT" •- ,- 1 I- T- •" 
403 PRINT" I - I" 
404 PRINT" I R3 I" 
405 PRINT" -L -L" 

itself after each calculation. To exit the program, RUN/STOP should be pressed. 
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Program 1. Symmetrical attenuator program 
Continued 

Program 2. Active Filters — highpass, bandpass, notch 
and lowpass 
As written, this program needs to be “RUN” for each computation. 
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406 
407 
408 
409 
4 10 
4 1 1 
4 12 
420 
42 1 
422 
423 
424 
450 
460 
470 
480 
499 
500 
50 1 
502 
503 
504 
505 
506 
507 
508 
509 
599 
800 
898 
899 
900 
90 1 

PRINT" li II M
PRINT” I I RI R2 I | " 
PRINT“ Il II" 
PRINT" -r -r" 
PRINT" I I“ 
PRINT" I I" 
PRINT" •- 1- 1- • “ 
PR INT "MM3 IVEN OB OR RI (D/R )" 
GETZ$ 
IFZ$="R"THEN GOTO 500 
IFZ $= "D"THEN GOTO 900 
GOTO 421 
R3=Z0*SH 
R1=Z0/TH 
PRINT"R1=R2=";R1 
PRINT" R3=";R3 
GOTO 100 
INPUT"R1= ( >Z0)";R1 
R5=Rl*Z0/( R1+Z0) 
S4»1/Z0-1/R1 
R4= 1/S4 
R3=R4-R5 
PR INT "R3 = ";R3 
U5 = R5/( R5+R3) 
P5=U5t2 
DB=LOG( P5 ) *4 .34294482 
PRINT" IG I=";DB"DB" 
GOTO 100 
INPUT "RI (OHM)",’ RI 
IF X$="T"THEN 250 
IF XS="P"THEN 450 
INPUT "OB "; OB 
NE = DB/8 .68588964 

902 SH=( EXPC NE )-EXPC -NE ))/2 
903 TH=( EXPC NE/2 ) -EXPC -NE/2 ) ) 

/< EXP< NE/2 ) +EXPC -NE/2 ) ) 
904 IF X$="T"THEN 250 
905 IF X$=”P"THEN 450 

3 REM FREQUENCIES IN KHZ EXEPT FOR 
3 PEM BANDWITH IN BP FILTER 

4 PEM RESISTANCES IN KOHM 
5 REM CAPAC ITANC ES IN PF 
11 PRINT"U * * ♦ *" 
12 PRINT" * SELECT ONE! *" 
13 PRINT" * * * *" 
14 PRINT "MTOM " 
15 
16 

18 

30 
40 
50 
60 
70 
80 
82 
84 
86 
38 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
1 
1 
1 

10 
1 1 
12 

1 13 
1 14 

1 16 
1 13 
120 
125 
130 
135 

140 

150 
155 

PR INT" 
PRINT" 
PR INT " 
PRINT" 
P=0 
HÍ = CHR*C 
B$=CHR$'" 
N«=C HR 
Lf=CHR$( 

HIGHPASS 
BANDPASS 
NOTCH 
LOWPASS 

134) 

136) 

F 1 
F3 
F5 

a 
a 
a 

GET X$: IF X$=""THEN80 

IF 
IF 
IF 

X$ = H$ 
X$=B$ 
X$=N$ 
X$ = L$ 

THEN 
THEN 
THEN 
THEN 

GOTO 
GOTO 
GOTO 
GOTO 

100 
300 
500 
700 

GOTO 30 
PR INT" J" 
PRINT " 

PRINT "B" 
PRINT" 
PRINT " 
PRINT" 
PRINT" 
PRINT" IN 
PRINT" 
PRINT" 
PRINT " 
PRINT " 
PR INT " 
PRINT" 
PRINT "3" 

P = 1 
INPUT 
INPUT 
INPUT 
INPUT 
IF P= 1 

HIGHPASSFILTER 

CE R2 

I I K 

I i RI 

+ 
1/ 

THEN GO TO 140 

"FREQUENCY (KHZ) 
"Q -VALUE ";Q 
“gainh;g 
“Cl (=C3)PF";C 
THEN PR INT "J" 

OUT" 

GOTO 103 
W=F *2*<r*10t3 
R 1 = 1/( Q*W*C* 10 1- 12*( G*2+ 1 ) ) 
R2=Q/( W*C* 101-12) ♦ ( 2*G + 1 ) 
C2=C/G 

160 PR INT"C 1=C3= " ; C 
165 PRINT"C2= ":C2 
170 PRINT"R1= ";R1/1013 
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175 PRINT"R2= “;R2/1013 518 PR INT "B" 
180 END 520 IF P=1 THEN GOTO 545 

300 PR INT "J" 525 P=1 
30 1 PRINT" BANDPASSFILTER" 530 INPUT "FREQUENCY (KHZ )"; F 
302 PRINT"a" 540 INPUT "Cl <=C3) PF ";C 
303 PRINT" C R2 “ 545 W=2*<*F*1013 
305 PRINT" ,- T- 1 " 550 R 1 = l/( LJ*C * 10 1 - 12 ) 
307 PRINT" -L J- 1" 555 PR INT“R 1=R3= R1/1013 
309 PRINT" -r 1 1 K 1" 560 PR1NT“R2= ";Rl/2000 
311 PRINT" RII C tI\ 1" 585 PR 1NT "C1=C3 =";C 
313 PRINT" •-[ 34— II— 1 \ 1" 570 PRINT"C2= "C*2 
315 PRINT" IN -L 1 \ l__" 575 END 
317 PRINT" 1 1 R3 1 / “" 700 PRINT"J" 
319 PRINT" -r /- + / OUT" 701 PRINT" LOWPASSF ILTER " 
321 PRINT" 1 1 /" 703 PRINT" a" 
323 PRINT" / 1/'" 705 PRINT" ,- ,- , " 
324 PR I NT "3" 707 PRINT" -L | |" 
325 IF P=1 THEN GOTO 340 708 PRINT" R2||C2= K |" 
326 P=1 709 PRINT" IN -r | | \ I" 
327 INPUT "FREQUENCY <KHZ )"; F 710 PRINT" •-[ 3-K 3—•- \ |" 
328 INPUT "Cl <=C2)PF";C 711 PRINT" R1|R3 I \ 1 _ " 
329 INPUT "BANDWITH <HZ) M"B 712 PRINT" 01 = I / "" 
330 INPUT "GAIN“;G 713 PRINT" I- + / OUT" 
335 IF P=1 THEN PPINT"J" 714 PRINT" I | /" 
336 GOTO 303 715 PRINT" / |/" 
340 F=F*1013 718 PRINT"B" 
345 0=0*101-12 719 IF P=1 THEN GOTO 732 
350 Rl=l/< G*B*C*2**> 720 P=1 
355 R2=G*R1 725 INPUT "FREQUENCY <KHZ )"; F 
357 X=F12 726 INPUT "Q-VALUE";Q 
35« x=X/B 727 INPUT "GA IN"; G 
359. Y=-G*B 728 INPUT "Cl <PF >";C1 
360 X=X+Y 729 Cl »01* IE- 12 
361 X=X*2*rf*C 730 IF P=1 THEN PRINT"U" 
362 R3=l/X 731 GOTO 703 
365 0=0*10112 732 W=2*1013*<*F 
370 PR INT”C 1 =02= " * 0 733 K = 1 /( 4 *Q 12 *( G + 1 ) ) 
375 PRINT" R1=";R1/1013 735 C2=K*C1 
380 PRINT" R2=";R2/1013 738 R2 =1/< 2*Q *K *W*C 1) 
385 PRINT“ R3=";R3/1013 740 R1=R2/G 
390 END 742 R3= 1/< W12 *C 112 *R2 *K ) 
500 PRINT"J" 755 PR INT"C 1 = "; 01 * 1E 12 
501 PRINT" NOTCHFILTER“ 756 PR INT "02 ="; 02 * 1E 12 
502 PRINTS" 757 PR INT"R 1 = "; R1/1E3 
503 PRINT" N" 758 PR INT “R2 =“;R2/ 1E3 
504 PRINT" RI R3 1 \" 759 PR INT"R3= ";R3/1E3 
506 PRINT" ri JtC ]-i- + \ OUT" 760 ENO 
507 PRINT" 1 J- 1 1 X-
508 PRINT" IN |C2-r 1 1 / I”" 
509 PRINT" •- 1 1- 1—r— / 1" 
510 PRINT" IR2-L III/ 1" 
51 1 PRINT" 1 II III/ 1 " 
512 PRINT" 1 -r 1 1- 1 " 
513 PRINT" 1 1 1" 
515 PRINT" H l-H H " 
516 PRINT" Cl 03" 

RF Design 57 



NEW —11 2- Page Information 
and Product 
Catalog 
Complete from Abrupt to Zener — 
112-pages of designer data to make 
your life easier and your project 
trouble-free. Our new catalog will 
give you the needed information 
to complete even your 
toughest projects, by 
describing our broad base 
capabilities in silicon and 
gallium arsenide diodes. 

Many of our high performance 
products are available as 
standard products or call us 
and discuss your special 
designs. 

■ Silicon Abrupt Junction 
Tuning Varactors, 
30V to 90 Volts 

■ FLTVAR — Frequency Linear 
Tuning Varactors 

■ VHF/UHF Hyperabrupt 
Tuning Varactors 

■ GaAs Tuning Varactors 
15V to 60 Volts 

■ Power Generation 
— Multiplier Varactors 

■ Step Recovery Diodes 
■ Harmonic Generator Varactors 
■ Multi-Chip High Power 
Generator Varactors 

■ Noise Diodes 
■ Gunn Diodes 
■ Parametric Amplifier Varactors 
■ Control Devices — PIN and 
NIP Diodes 

■ UHF/VHF PIN Diodes 
■ Power RF Switching 
■ Small Signal RF Diodes 
■ HF Power PIN Diodes 
■ Limiter Diodes 
■ Chip Capacitors 

FREQUENCY 
SOURCES 
SEMICONDUCTOR fDI\/ISIOI\l 
A SUBSIDIARY OF LORAL CORPORATION 

16 Maple Road 
Chelmsford, MA 01824 
(617) 256-8101 
TWX (710) 343-0404 
INFO/CARD 40 



A New Dimension in Portable, Digital Spectrum Analyzers! 

The A-7550 Spectrum Analyzer by 
IFR is the most advanced, low cost, 
portable spectrum analyzer on the 
market today. 

Two powerful microprocessors, menu driven dis¬ 
play modes and single function keyboard entry aid the 
user in the operation of all analyzer functions. 

To further enhance the operational simplicity of the 
A-7550, the microprocessor system automatically selects 
and optimizes the analyzers bandwidth, sweep rate, 
center frequency display resolution and the rate of the 
frequency slewing keys. An operator override is also 
provided when non-standard settings are required. 

Features... Performance... Dependability...The 
A-7550 portable Spectrum Analyzer by IFR—innovative 
accomplishments in design. 

A Subsidiar (lKTROHIC*. IAC 

Impressive Standard Features Include: 
■ 100 kHz to 1 GHz frequency coverage ■ VRS'M (Vertical Raster 
Scan) CRT display ■ Single function keyboard entry ■ Menu 
driven display modes • Automatic amplitude calibration 
■ Selectable linearllog display modes ■ Digital storage of all 
displayed parameters ■ 70 dB dynamic range • 300 Hz 
resolution bandwidth • 16 selectable scan widths ■ Accurate 
center frequency readout ■ Direct center frequency entry 
• Automatically scaled electronic graticule ■ Variable top scale 
reference ( + 30 to - 95 in 1 dB steps) • IF gain in 1 dB steps 
• Line, bar, average and compare display modes ■ 300 Hz and 
30 kHz video filters 

Optional Features Include: 
■ Internal rechargeable 5 APH battery for portable operation 
■ Tracking generator with 10 dB step attenuator ■ Tracking 
generator with 1 dB step attenuator ■ FM/AM/SSB receiver 
■ IEEE-488 interface bus ■ RS-232 interface bus ■ 75Q adaptor 

■ Quasi-peak detector 

Contact your local IFR authorized 
distributor for a demonstration. 

10200 West York Street / Wichita. Kansas 67215 U.S.A. 

316/522-4981 / TWX 910-741-6952 
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MSC Thermal 
Management means Radar 

System Reliability 
More than ten years of RF life testing has demon¬ 
strated MSC's leadership in technologies for in¬ 
creasing system reliability. Through our use of ther¬ 
mal management techniques we have designed and 
manufactured outstanding reliability into our line 
of silicon bipolar pulsed power radar transistors. 
This exceptional reliability is the result of MSC's 
unique "emitter site ballasting" technology; a uni¬ 
que solution which makes the difference. We 
ballast our emitter -base junctions so that the cur¬ 
rent flow within the device is uniformly distri¬ 
buted. The resulting uniform junction tempera¬ 
ture ensures longest system life. Longer than any 
other comparable technology. * 

Greater amplifier production yields also result from 
our transistor’s ability to withstand overdrive and 
load mismatch. This translates to lower production 
costs for you. 
At MSC we have applied strict standards to every 
step in our manufacturing process, including 
computer-aided automatic assembly and testing 
of our devices. 
It is this dedication to building reliability into our 

products and services that has 
made us industry leaders. Let 
us show you how MSC can 
build longer life into your 
radar systems. MSC: where the 
solution makes a difference. 

* Results of independent testing as reported in NRL Contract 
I N-00173-78C-0012) final report, published August 1981: that the MTF of 
MSC devices is significantly higher than other competitors' devices tested. 

CLASS C AMPLIFIER (Pulse Conditions Per Table) ELECTRICAL CHARACTERISTICS 25 °C) 

L BAND RADAR PULSED POWER TRANSISTORS SBAND RADAR PULSED POWER TRANSISTORS 

Test Pqut pin E,f VCC Pulse Duty 
Model Freq. Mln. Mln. Width Cycle 
Number (MHz) (W) (W) (%) (V) (usee) (%) 

AM 1214-100 1235-1365 125 28 50 32 1000 10 
AM 1214-300 1235-1365 270 63 40 50 50 4 
AM 1416-100 1400-1600 90 15 40 45 10 10 
AM 1416-200 1400-1600 180 40 40 50 10 10 
AM 0610-200 650-1000 180 35 40 45 10 10 
AM 0710-300 750-950 270 30 40 50 10 10 

Test Pqut pin E,f Vcc Pulse Duty 
Model Freq. Mln. Min. Width Cycle 
Number (MHz) (W) (W) (%) (V) (usee) (%) 

AM 82731-12 2700-3100 12.5 3.0 32 40 100 10 
AM 82731-45 2700-3100 45.0 12.0 30 40 100 10 
AM 82931-55 2900-3100 55.0 14.0 30 42 50 10 
AM 83135-15 3100-3500 15.0 4.0 30 40 100 10 
AM 83135-30 3100-3500 30.0 8.5 30 40 100 10 
AM 83135-40 3100-3500 40.0 12.5 30 40 100 10 

MSC; The Breakthrough Company 
Microwave Semiconductor Corp, 

100 School House Rd . Somerset. N.J 08873 
(201)469-3311 TWX( 71 0)480-4730 TELEX219929 

A Siemens Company 

I * 

MM 

DETECTION 
RANGE = 

4 

(Pt G2 <T X 2) 

(4tt)3LKTB(F-1) V0

>rsYsM 
RELIABILITY 
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It PUMPS 400W AT 100-500 MHz. 
Yet the Model 1370 H PA 
contains its power in a mere 
5.25 inches of rack space. 

At Epsco’s RF Division 
(formerly 3dbm Systems, Inc.), 
our customers were asking for 
power amplifiers with higher 
output, greater gain regulation, 
multi-octave bandwidths. They 
wanted thermal stability and 
high resistance to mechanical 
stress. And they needed to save 
as much space as possible. 

Creating the HPA 
The Epsco Model 1370 is 

one memberof a solid-state 
High Power Amplifier (HPA) 
family developed in response to 
those needs. Small, light, self 
sufficient, and highly reliable, 
these amplifiers cover a range 

of frequencies from 2 to 1000 
M Hz and output power up to 
1000W. 
The key to their superiority is 

a sophisticated 
combination of 
analog, digital, 
mechanical 
and thermal 
engineering 
techniques... 
including 

TYPICAL BANDWIDTHS 
AND OUTPUT POWER LEVELS 

2-32MHzatlOOOW 

20-100MHzatl000W 

100-500 MHz at 400W 

500- 1000 MHz at 400W 

advanced power combining... 
all designed to harness with 
maximum efficiency the multi¬ 
ple power modules sufficient 
for the application. 

High power epsco 
With their integrated power 

supplies and self-contained 
thermal control systems, these 

INFO/CARD 43 

Epsco H PA’s are ideal for Class 
1 military environments as in 
jamming, decoy, and set-on 
operation applications. 

Conservative 
operation of all 
devices insures 
long-term reli-
abilityand 
MTBF. 

Formore 
information, 

contact Epsco, RF Division, 
31355 Agoura Road, Westlake 
Village, CA91361.(818)889-
5200. Telex: 18-3378. 



Directional Coupler Design Graphs 

For Parallel Coupled Lines and 
Interdigitated 3 dB Couplers 

By Alejandro Duenas J. 
Universidad de Colima, Mexico and 
Arturo Serrano S., CICESE Research 
Center, Ensenada, Mexico 

3 dB directional couplers (power divid-
ers/combiners) are an integral part of 
many VHF, UHF and microwave designs. 
The authors have prepared a series of 
curves to facilitate design of parallel cou¬ 
pled line and 2, 4 or 6 line interdigitated 
couplers. The curves were generated by a 
computer program written by one of the 
authors (1). Although these couplers could 
be readily designed using the computer 
program alone, a visual representation of 
the design parameters allows the design¬ 
er to establish basic design criteria with¬ 
out the need for repeated computations 
and to examine design alternatives literal¬ 
ly “at a glance.’’ 

In 1969, when Lange (2) introduced the four-line interdigitated 3 dB directional 
coupler the design approach of divider/ 
combiner coupling devices was radically 
changed. At that time, branch line (3) (Fig¬ 
ure 1) or single parallel coupled line direc¬ 
tional couplers (4) (Figure 2) were conven¬ 
tionally used. Today, however, the most 
often used directional couplers are the in¬ 
terdigitated ones (Figure 3). This structure 
provides wide bandwidth for better coupl¬ 
ing resolution occupying less space. Fur¬ 
thermore, it can be easily constructed with 
conventional microstrip technology. 
A coupler is a four-port device without 

coupling between diagonally opposite 
ports (Figure 4) in which an incident wave 
at port 1 couples power to port 2 and 
transfers power into port 4 but does not 
couple power to port 3. Similarly, an inci¬ 
dent wave at port 3 couples power to port 
4 and transfers power into port 2 but does 
not couple power to port 1. Therefore, 
ports 1 and 3 are uncoupled. 
With an incident signal at port 1, the 

parameters which determine the coupler 
performance are: 
The coupling: The ratio of the incident 
power at port 1 (P,) to inversely coupled 
power at port 2 (PJ, is given by: 

62 

ws 

A./4 @ fop 

Figure 1. Branch lines directional coupler. 

Wc 
Figure 2. Parallel coupled lines directional coupler. 
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making tedious calculations or using long 
calculator or computer programs. 0 

Figure 4. (a) Ideal symmetrical directional coupler; (b) Coupler with 
ports 3 and 4 crossover. 

About the Authors 
Alejandro Duenas-Jimenez is with the 
Centro de Investigación en Ciencias 
Básicas, Universidad de Colima, Col¬ 
ima, Mexico. Arturo Serrano Santoyo is 
Professor (Solid State Devices) at the 
Centro de Investigación Cientifica y de 
Educación Superior Ensenada, B.C. 
(CICESE Research Center), Ensenada, 
Baja California, Mexico. Both authors 
can be reached at CICESE, P.O. Box 
4944, San Ysidro, CA 92173. 

CdB — 10 Iog 10 (Pj/PiC) (1) 

where P/P.C is the power coupling coeffi¬ 
cient. 
The isolation: The ratio of the incident 
power at port 1 to straightforward coupled 
power at port 3 (Psc), is given by: 

'dB - 10 iOQlO (P/Psc) (2) 

The directivity: The ratio of the inversely 
coupled power at port 2 to straightforward 
coupled power at port 3, is given by: 

DdB - 10 Iog 10 (P«/Psc) ori (0) 
DdB = I - c (4) 

An important paper which studies the 
parallel coupled line directional coupler 
theory thoroughly was developed by 
Jones (4). He obtained the coupled and 
transferred voltages in ports 2 and 4 re¬ 
spectively (Fig. 4) as a function of the vol¬ 
tage coupling coefficient (kv) and the 
electrical length (0) of the coupled lines. 
The associated voltages, coupling coeffi¬ 
cient and electrical length are: 

_ jkv sin 0_ 
- V (1 - Iç2)'* cos 0 + jsin 0 1 

(1 - ky2)* 
" V (1 - kv2)% cos 0 +jsin e 

where, V = driving source voltage 
Zoe = even mode characteristic 

impedance 
Zoo = odd mode characteristic im¬ 

pedance. 

2n fop L 
(8) 

where, fop = operation frequency 

L = physical length of the cou¬ 
pled lines 

V = propagation velocity. 

The Synthesis 
The synthesis theory of microstrip cir¬ 

cuits has been extensively treated in 
several works (Wheeler (5), Bryant (6), 
Schneider (7), Crampagne (8)). The best 
paper to date is Wheeler’s 1965 work, an 
extension of which was presented in 1977 
(9). Based on Wheeler’s paper and that 
presented by Akhtarzad (10), Reisch (11) 
presented a calculator program which 
generates good design results. 
A Fortran IV computer program with an 

algorithm similar to Reisch’s program was 
used in this article to obtain synthesis 
curves. Figs. 5, 6 and 7 show the W/H 
(width/height) and S/H (spacing/height) 
ratios vs. dielectric constant for couplers 
of 2, 4 and 6 lines, respectively. Figs. 8, 
9 and 10 show the relative phase velocity 
for each case. 
A general procedure for using the infor¬ 

mation presented in Figs. 5 to 10 is the 
following. Knowing the height (H) and the 
substrate dielectric constant (er), the 
W/H and S/H ratios and the relative phase 
velocity can be found by drawing a line 
from the desired dielectric constant point 
toward its respective curve (dotted lines 
in Figs. 6 and 9). 
A design example shows the advantage 

of using these graphs. For instance, sup¬ 
pose it is necessary to get 3 dB power di-
vision/combination with 90° of relative 
phase for the input/output of a given bal¬ 
anced amplifier at 3.95 GHz. A 4 lines in¬ 
terdigitated coupler must be used which 
will be realized using DUROID 5880 (€r 

= 2.2). From the graphs of Figs. 6 and 9 
the desired parameters are: W/H = 0.55, 
S/H = 0.052 and RPV = 0.76. The dimen¬ 
sions of the final 3 dB coupler for H = 
0.07874 cm are shown in Fig. 11. 

With the use of these graphs the design 
engineer is now able to find rapidly the 
physical dimensions of three kinds of 3 dB 
microstrip directional couplers without 
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Figure 5. W/H and S/H ratios vs. 
dielectric constant for 2 lines 3 dB 
couplers. 

Figure 6. W/H and S/H ratios vs. 
dielectric constant for 4 lines 3 dB 
couplers. 

Figure 7. W/H and S/H ratios vs. 
dielectric constant for 6 lines 3 dB 
couplers. 

RELATIVE PHASE VELOCITY-- 4 LINES RELATIVE PHASE VELOCITY --Ö LINES 

Figure 8. Relative phase velocity 
for 2 lines 3 dB couplers. 
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Figure 9. Relative phase velocity 
for 4 lines 3 dB couplers. 
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Figure 10. Relative phase velocity 
for 6 lines 3 dB couplers. 
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Figure 11. Dimensions for a 4 lines 3 dB interdigitated directional coupler (design example). 
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WHEN IT COMES TO SEMI-RIGID CABLE, 
WE WROTE THE BOOK. 

Next time you need MIL-C-17 QPL-approved semi-rigid coax 
cable, check with us first. Because nobody else comes close 
to having as many QPL-approved coaxial cables—flexible 
as well as semi-rigid—as Times. Over the past 40 years, 
we’ve solved more than 10,000 specific problems with 
our coax cables. And now we’ve put that experience 
and knowledge to work for you in a full line of A , 
semi-rigid cables that meet or 
exceed MIL-C-17. 

Send for our new catalog 
today. And when you’re 
ready to buy, give us a call 
firstat (203) 265-8700. 
You’ll salute our selection, 
competitive price 
and delivery. 

Times Fiber 
Communications, Inc., 
Government Systems 
Division, P.O. Box 384, 
Wallingford, CT 06492, 
(203) 265-8700. 

¥FC 
Cables 
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Matrix Makes Switching 
as Easy as “OFF” or “ON” 

MATRIX MAKES 
SWITCHING A SNAP 
Whether you’re switching VHF, HF, IF, 
video, audio or DC, Matrix Systems 
makes it a snap. That’s because we 
can tailor a system to your exact 
needs using Reed, CMOS, or Pin 
Diode relays. The chart tells the story. 

It pays to deal with a company like 
Matrix who really understands the 
switching business. We’ve been 
designing and delivering state-of-the-
art systems for over 15 years to 
defense contractors, government 
agencies, the TV industry, ATE 
manufacturers - and more. Built to the 
toughest electrical and packaging 
specs imaginable. 

BUILT TO YOUR SPECS 
Don't spend months designing a 
custom switching system when we 
can do it faster and for far less 
money. We assume total system 
responsibility, including computer 
compatibility, control panel, status 
indicators, scanning functions and 
power supplies. We can switch any 
type of cable system: coax, twinax, 
triax, common ground, floating ground 
or twisted pair. And because our 
systems are modular, repairs can be 
made in minutes. 

MATRIX COVERS THE 
WHOLE FREQUENCY 
SPECTRUM 

BALANCED AUDIO 
◄- ► 
CMOS RELAYS 

BALANCED AUDIO 

REED RELAYS 

VIDEO 
«- ► 
CMOS COAX RELAYS 

VIDEO, IF, HF 
*- ► 
COAX & TWINAX REED RELAYS 

IF, HF, VHF 
◄- - ► 

COAX PIN DIODE RELAYS 

<- ► 
0 FREQUENCY 300 MHz 

COMPUTER 
COMPATIBILITY 
Just apply a control input from your 
computer and the system will instantly 
route your signal to as many points 
as needed. 16 bit parallel interface is 
standard, and we also offer IEEE-488 
and RS232, all with status feedback. 

NEW PRODUCTS 
We have a lightweight portable 
system which is perfect for test, and 
service. Plus an ULTRA-FAST 
(microsecond range) pin diode coax¬ 
ial system. 

LEAVE THE SWITCHING 
TO US 
Don’t make switching a chore. Make it 
a snap. Matrix has the answers to 
your switching problems, no matter 
how tough they may be. 

oooooo oooooo 
oooooo oooooo 
oooooo oooooo 

MATRIX SYSTEMS CORPORATION 
5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 
(818) 992-6776 • TWX 910-494-4975 
INFO/CARD 45 
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RF/Digital Applications: A Review 

By Gary A. Breed 
Technical Editor 

Rather than explore one topic on the 
subject of digital applications for RF, this 
month’s Digital Connection will try to 
review many of the possibilities for direct 
applications of digital devices and tech¬ 
niques in RF circuits. 
Some applications are familiar, such as 

phase-locked loops (PLLs) and micropro¬ 
cessor controllers, but there are many 
more ways to utilize digital techniques, as 
we shall see. 

GaAs logic works from DC to GHz — 
Virtually everyone in the electronics 

industry is predicting a bright future for 
gallium arsenide (GaAs) components, 
both digital and analog. Compared to 
silicon, GaAs has both speed and power 
consumption advantages. Digital logic 
that operates at 2 or 3 GHz offers fascin¬ 
ating possibilities to designers of frequen¬ 
cy synthesizers, digital signal processing 
circuits, mixers, modulators, dividers, and 
analog-to-digital (A/D) or digital-to-analog 
(D/A) converters. 

Direct digital synthesis (DDS) — Cur¬ 
rent techniques and high-speed digital 
components now make it possible to digit¬ 
ally synthesize any waveform to frequen¬ 
cies beyond 30 MHz. Using digital recon¬ 
structions of the waveform and high-speed 
D/A converters, precise control over all 
aspects of the waveform’s shape, phase 
and frequency is possible. Without a feed¬ 
back loop like PLLs, DDS can switch fre¬ 
quencies almost instantaneously with 
phase coherence and low switching tran¬ 
sients. The use of DDS for frequency¬ 

hopping communications is obvious, with 
other applications including test instru¬ 
mentation, digital modulation and demod¬ 
ulation circuits, plus many of the uses now 
performed by PLLs. 

Digital signal processing (DSP) — 
The same fast A/D and D/A converters 
mentioned earlier, along with other high¬ 
speed logic, makes DSP an area of much 
current development. All communications 
transmitted via RF equipment can be dig¬ 
itized and processed digitally, providing 
improvement over analog processing in 
many areas. Filtering, modulation and 
demodulation can all be done digitally, as 
well as noise reduction, signal analysis, 
and data or voice encryption and decryp¬ 
tion. The fast Fourier transform used in 
RF test equipment to provide time domain 
information is one type of DSP, where the 
signal is digitized and mathematically 
manipulated. Other current applications 
include military communications, secure 
voice and data communications, and 
radio astronomy signal analysis. 
Class D/E (and higher) RF amplif¬ 

iers — With potential efficiencies of 
90+%, the various switch-mode amplifier 
designs are exciting projects for RF engin¬ 
eers. To achieve highest possible efficien¬ 
cy, these amplifiers need control over driv¬ 
ing pulse characteristics and circuits to 
monitor operating parameters. Digital cir¬ 
cuitry is the obvious method to maintain 
precise pulse control for these amplifiers, 
since pulses are the nature of digital sig¬ 
nals. Related functions often used in 
switch-mode amplifier system, such as 

envelope stripping and restoration and 
multi-phase driving circuits, may have 
digital solutions as well. 
Analog switches and commutating 

circuits — Analog switches have already 
had a major impact on the design of video 
and RF switching matrices and have 
wide-ranging applications in digitally-
controlled switching of all types. With their 
space and power consumption savings, 
analog switches can replace electromech¬ 
anical relays in many circuits with analog 
signal levels below ±10 V AC or DC. 
DMOS and other new fabrication tech¬ 
niques have given the most recently de¬ 
veloped switches increased speed, lower 
ON resistance, higher frequency signal 
capabilities and greater power handling 
over earlier components. 

Using switches as commutating circuits 
makes switching mixers, modulators, de¬ 
modulators, and multiplexing circuits rela¬ 
tively easy to implement. In these applica¬ 
tions, the transfer function of a near-ideal 
switch has significant performance advan¬ 
tages over the transconductance of tran¬ 
sistors or the high-current drive require¬ 
ments of diodes. 
Microprocessor controls — Although 

routine “housekeeping” functions for 
microprocessors are easy to imagine, 
some other uses of machine intelligence 
can be rather novel. AGC, AFC, and ALC 
circuits can benefit from decision-making 
algorithms. Built-in test (BITE) procedures 
need programmable controls. Spread¬ 
spectrum communications requires com¬ 
plex controls for frequency control and 
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signal processing. The variations in pro¬ 
pagation, noise, interference, and trans¬ 
mission delays over the frequency range 
utilized by spread-spectrum requires an 
intelligent operational system. 
Components — It would take volumes 

to describe all of the digital components 
useful for RF design, but there are a few 
that stand out. The logic families include 
GaAs at 3 GHz speed, ECL up to about 
1 GHz, FAST TTL at 100+ MHz, and the 
various CMOS types up to about 25 MHz. 
The really interesting components are 
large-scale integrated circuits (LSI). There 
are A/D converters which operate into the 
tens of MHz, D/A converters up to 200 
MHz, multiplier/accumulators up to 100 
MHz, PLLs on one chip, even low fre¬ 
quency DDS devices requiring only a D/A 
converter for a 5 MHz synthesizer. Various 
circuits of these types are available in 
each of the logic families. 
On the leading edge of technology are 

some new products, including digital and 
analog circuits combined on the same IC 
chip. Speed, accuracy and size all benefit 
from such technology, which has great 

GaAs digital ICs operate to 3 GHz and higher, with many RF-related applications. They 
also require RF microstrip design techniques for interconnection, as seen in the evalua¬ 
tion kit on the right. 

More EMI/RFI Protection 
MORE SHIELDING SYSTEM OPTIONS 
We offer a complete line of-modular enclosures, 
cabinets, and custom rooms. 
Shielding materials, in solid-sheet or screen, cover 
nearly every shielding requirement. 
Our application engineers will help you design 
enclosures that meet your requirements for 
windows, filters for power and signal lines, wave 
guide feedthrus and lights. 
Other options include RF connectors, fiber-optics, 
special access panels, automatic doors, emergency 
exits, permanent ramps, and flush floors with low-
rise thresholds. 

EASY MODULAR ASSEMBLY 
Our patented resilient clamping system permits easy 
assembly. Enclosures can be modified and relocated 
again and again without specially trained personnel. 
Call us for more information and applications 
assistance. 312-628-9100 

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

ONLY LINDGREN 
MODULAR SHIELDING SYSTEMS are \ 
assembled, tested, & guaranteed 
to meet specifications before 

they're shipped. 

LINDGREN 

1228 Capitol Drive 
Addison, Illinois 60101 
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testing 
minus 

Why mix and match the 
tools you use for rf testing? 

Instead, you can equip 
your entire test loop with instru¬ 
ments from Amplifier Research that 
have been thoroughly tested and 
work well with our high-perfor¬ 
mance broadband rf amplifiers. 
From 1Wto 10kW, 10 kHz to 

1,000 MHz, in 32 standard 
models, AR amplifiers give you 
optimum power, bandwidth, and 
versatility for your cw, sweep, 

the it’s. 
anc pulse requirements. Each 
model provides instantly available 
bandwidth without bandswitching 
or tuning, is completely immune 
to load mismatch, and won’t shut 
itself down when you may need 
it most. 

But a high-quality test presumes 
high-quality test equipment 
throughout. So we also supply 

leveling preamplifiers, 
field sensor systems, 

fiber-optic telemetry links, 
matching transformers, directional 
couplers, and power combiner/ 
dividers. 
With this full-system approach, 

equipment variables are less likely 
to show up in your test results. 
It’ll pay you to talk with us about 
all your rf test requirements. 
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potential for RF-related applications. 
Another new development is the military-
sponsored very high speed integrated cir¬ 
cuit (VHSIC) program, which has begun 
to develop products for digital signal pro¬ 
cessing applications. 

Finally, digitally-controlled analog 
switches, which can pass VHF signals 
and switch at similar rates, are being con¬ 
stantly improved. Switched-capacitor fil¬ 
ters using the same technology are mov¬ 
ing from the audio range to HF, where lab¬ 
oratory models have operated up to 10 
MHz, promising performance and preci¬ 
sion at lower cost than LC filters. 
RF design using digital circuitry and 

techniques has only begun to discover its 
potential! With all these possible ways to 
use digital devices, the RF engineer has 
a great deal of information to keep on top 
of. With many engineers moving into RF-
related jobs as the direction of the elec¬ 
tronics industry changes, those with a 
digital background will have expertise 
to share with their analog design col¬ 
leagues while they develop their own ana¬ 
log skills. 0 This prototype Class D amplifier operates up to 15 MHz with an efficiency of 65%, using 

ECL ICs to control the input drive pulses. 

Now there are low- cost EMP simulators! 
Both damped- sine and exponential waveforms. 

« 

For hardening electronic subsystems. 
This modular benchtop system eliminates the need to 
buy or build a huge million-dollar simulator to generate 
EMP and lightning effects on small to medium-size 
communications and data- processing gear, cables, and 
antennas. 
These new Elgal simulators are offered in a conve¬ 

nient range of plug-in modules for direct and indirect 
cable- injection to 20kV. Both exponen¬ 
tial-decay and damped-oscillation 
waveforms are available. Other Elgal 
equipment delivers up to 2.5 MV for 
high-altitude-burst EMP simulation. 

Built in Israel by Elgal Electronics, 
a major supplier to the Israeli defense 
effort. Call or write Amplifier Research, 
exclusive USA and Canada distributor, 
for further information. 

nmniFieR 
rbsbrrch 

160 School House Road, Souderton. PA 18964-9990 USA • Phone 215-723-8181 • TWX 510-661-6094 
INFO/CARD 49 8107
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Simple Approaches to Limiting Radiation 
from Foil-Shielded Computer Cables 

By Howard C. Rivenburg, and 
John Juba, Jr. 
Atlantic Research Corp. 

Electromagnetic (EM) susceptibility has 
typically been a difficult problem in the 
development of high-reliability communi¬ 
cation, navigation, and electronic warfare 
equipment. Military EMI requirements can 
be ten times more stringent than commer¬ 
cial standards. These military require¬ 
ments result from two prime factors. The 
first is that, in a typical military com¬ 
munications center, the equipment is in¬ 
stalled close together creating a worse-
than-normal EM environment. The second 
is to assure reasonable equipment im¬ 
munity to a potential hostile environment 
due to electronic countermeasures. 

The military susceptibility standard, 
MIL-STD-461B, outlines most govern¬ 

ment electromagnetic interference (EMI) 
requirements. This document is augment¬ 
ed by MIL-STD-462 which describes ac¬ 
ceptable testing procedures. Some equip¬ 
ment must also comply with TEMPEST re¬ 
quirements, part of a classified U.S. 
government security program dealing 
with controlling the emission and detec¬ 
tion of energy from communication and 
data processing equipment which could 
reveal classified information being pro¬ 
cessed by the equipment. All too often, 
TEMPEST guidelines for equipment instal¬ 
lation and interconnection are considered 
adverse to typical installation criteria. 

MIL-HDBK-419, although not a TEMP¬ 
EST specification, contains equipment 
and cable shield grounding recommenda¬ 
tions which are highly compatible with the 
TEMPEST guidelines and represents a 
more modern approach to facility design. 
This document clearly states that the only 
differences in grounding techniques be¬ 
tween those employed at facilities pro¬ 
cessing national security related informa¬ 
tion and any other facility are the ground¬ 
ing configurations used to terminate cable 
shields. These configurations are applica¬ 

ble when the equipment involved is refer¬ 
enced to an equipotential ground plane. 
Althcugh the majority of MIL-HDBK-419 

deal with design considerations for new 
facilities, implementation of recommend¬ 
ed installation techniques in existing 
facilities is also described. Concerning 
the ground systems installed in most ex¬ 
isting facilities, this standard states, 
“. . While these systems generally do not 
meet today’s standards and requirements, 
they wi I continue to be in use for many 
years a: existing facilities. Information on 
and description of these systems is there¬ 
fore included for maintenance purposes 
only. . .Any major building or facility re¬ 
habilitation should include upgrade of the 
grounding system to include use of the 
equipotential plane. ..” 

Relating cable shield grounding config¬ 
urations to the use of a facility equipoten¬ 
tial ground plane is fundamental to reduc¬ 
ing EM radiation from interface cabling. 
With this concept in mind, a test setup 
was designed to study what standard ap¬ 
proaches to EM radiation reduction could 
easily be implemented at older communi¬ 
cation facilities. 

Test Setup 
The test configuration was developed 

with the intent of establishing a controlled, 
easily varied test setup. The approach 
chosen was to enclose a line driver unit, 
a line receiver unit, and system power 
supply in a shielded enclosure along with 
a cable under study. Manual scanning 
with a receiver system was chosen over a 
spectrum analyzer because a greater re¬ 
solution of the E-field radiation profile was 
desired. The line driver and line receiver 
units were secured to a copper-clad test 
bench bonded to the walls of the shielded 
enclosure. This test bench acted as the 
equipotential plane of the test setup. The 
parameters to be varied during the course 
of testing were 1) the presence or absence 

of a line-terminating resistor, 2) the cable 
shield terminations, and 3) the use of fil¬ 
terpin connectors versus non-filterpin con¬ 
nectors. 
Two computer I/O cables were chosen 

for the study as cables typically used in 
a communications center. The first cable 
tested contained 13 pairs of stranded wire 
(not twisted pairs). The cable had only a 
single foil shield with a stranded drain wire 
surrounding the wire conductors. The se¬ 
cond cable had 27 twisted wire pairs 
which were each shielded with foil and 
had individual stranded drain wires. In ad¬ 
dition, the 27 pairs and their shields were 
collectively shielded by an overall cable 
shield of foil with a drain wire. 

In order to test the effectiveness of dif¬ 
ferent configurations of shield termina¬ 
tions, the I/O cable needed to carry digital 
data of a standard format. For this pur¬ 
pose, a line driver unit and a line receiver 
unit were constructed in small RF-tight 
boxes. The line drivers and line receivers 
used meet the requirements of EIA Stan¬ 
dard RS-422. (Balanced transmission of 
data was chosen because of the greater 
noise immunity.) 

System Grounding 
Inside the line driver unit, three pieces 

of stranded wire connected the filtered 
Common of the power supply to the inside 
of the box, to circuit ground on the board, 
and to the conductors designated as 
Common from the multi-pin connectors. 
Inside the line receiver unit, a piece of 
stranded wire connected the Common ca¬ 
ble conductor (at the card-edge connec¬ 
tor) to the box. The line driver unit and the 
line receiver unit were each placed on in¬ 
sulating material on top of the copper test 
bench, and grounded to the bench by 0.5-
inch ground straps. 
The cable shields were to be grounded 

at the line driver and/or line receiver units’ 
bulkheads. Because of the foil-shielded 
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One Antenna Kit 
with everything, 
to go please. I 

A complete line of kits 
with upper limits to 
18GHz that satisfy FCC, 
VDE, and MIL-STD 461 
specifications, and more. 

Antenna kits that meet your specifications of high quality and 
frequency response, and that are also responsive to your demands 
of portability and easy use. A.H. Systems offers nine different kits 
that fill the bill. Each comes in a single, lightweight case. Just one kit 
can contain all the antennas, probes and cables to perform E-Field 
1 KHz-18GHz, H-Field 20Hz-50KHz and conducted 20Hz-100MHz 
testing. Antenna factor calibrations are provided with each antenna. 

Available now from your 
source for the finest 
EMI test equipment and 
accessories. 

So order one to go, with everything, or one of our other tantalizing 
specials. 
MODEL# FREQ. RESP DESCRIPTION 

SAS-200/510 300- 1800 MHz Log Periodic 
SAS-200/511 1000- 12000 MHz Log Periodic 
SAS-200,512 200- 1800 MHz Log Periodic 
SAS-200/518 1000- 18000 MHz Log Periodic 
SAS-200 530 150- 550 MHz Broadband Dipole 
SAS-200 540 20- 300 MHz Biconical 
SAS-200/541 20- 300 MHz Bicon'I. Collapsible 

MODEL # FREQ. RESP. DESCRIPTION 

SAS-200 542 20- 300 MHz Biconical. Folding 
SAS-200'550 001 - 60 MHz Active Monopole 

SAS-200 560 per MIL-STD-461 Loop - Emission 
SAS-200/561 per MIL-STD-461 Loop - Radiating 

BCP-200 510 20 Hz- 1 MHz LF Current Probe 
BCP-200 511 100 KHz-100 MHz HF/VHFCrnt. Probe 

AH Systems 
9710 Cozycroft Ave 
Chatsworth, CA 91 31 1 
Tel: 818 998-0223 
Telex: 182 640WKVG 

SYSTEMS 
INFO/CARD 50 
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construction of the cable, drain-wire con¬ 
nections to ground considered to be the 
simplest termination mode available. A 3.5 
cm drain wire length was used as a mini¬ 
mum pig-tail termination. The wire termi¬ 
nation was then passed through the rear 
of the backshield to act as the shield 
ground termination. These shields, their 

drain wires, and the ground-wire connec¬ 
tion were insulated with electrical tape so 
as to be isolated from the overall cable 
shield. 3.5 cm wires were also used at 
both ends of the overall cable shield and 
passed through the rear of the backshield 
for use as this shield’s ground termina¬ 
tion. 

Highly Reliable 
Miniature Clock Oscillators 
We offer microcircuit LCC, 

DIP, TO-8 and TO-5 packages 
fully tested to MIL-0-55310 
specifications. 
Custom design capability 

provides a wider range of con¬ 
figurations and performance 
characteristics from which to 
choose. 
McCoy maintains a complete 

in house thick film hybrid and 
crystal manufacturing oper¬ 
ation, along with all of the 
necessary environmental test 
equipment to furnish MIL spec¬ 

ification or Aerospace High 
Reliability performance. When 
you consider oscillators select 
experience—McCoy Electron¬ 
ics Company. For catalog or 
additional information write: 
McCoy Electronics Company, 
100 Watts Street, P.O. Box B, 
Mt. Holly Springs, PA 17065. 
Or call: (717) 486-3411; TWX 
510-850-3548. 

ELECTRONICS COMPANY 
a Subsidiary of OAK Technology Inc. 

For the 26-line and the 55-line cable 
shields, tests were performed using var¬ 
ious shield termination configurations with 
and without a matching resistor present. 
The tests were run using a 9.6 kbit/s data 
rate. 

Use of Impedance Matching 
The 26-line cable, having wire-pairs of 

unspecified characteristic impedance, 
presented a potential mismatch at the 
source end of the cable, as well as at the 
load end. In every test configuration, in¬ 
clusion of a 100 ohm matching resistor (Z) 
provided at least a minor reduction of em¬ 
anation levels. When filterpin connectors 
were used, the benefits of Z become less 
obvious. It is suggested that the charac¬ 
teristic impedance of the filterpins (10-100 
ohms) placed at both ends of the cable 
predominates in the transmission line 
parameters by reducing the impedance 
mismatch at both ends of the cable. 
The 55-line cable, whose wire-pairs are 

specified as having a 100 ohm character¬ 
istic impedance, presented a potential 
mismatch at the load end of the cable. 
Omission of the 100 ohm matching resis¬ 
tor generally resulted in higher level ema¬ 
nations with no noteworthy increase in fre¬ 
quency spread. When filterpin connectors 
were used, improvements arising from the 
inclusion of Z were less obvious. Again, it 
is believed that the characteristic imped¬ 
ance of the filterpins, imposed upon the 
cable prior to Z, reduces the impedance 
mismatch. 

Shield Termination Results 
When using the singly-shielded, 26-line 

cable, it was always best to ground the 
cable shield at both ends. A great deal of 
attenuation was forfeited by grounding only 
a single end of the shield. Some attenua¬ 
tion was noted at the high frequencies 
when non-filterpin connectors were used. 
However, any appreciable attenuation due 
to shielding effectiveness extended only 
to 6 or 7 MHz for the non-filterpin test 
cases. When filterpin connectors were 

I used, attenuation of emanations by the 
shields extended only up to 0.3 MHz. 
The shields of the 55-line cable were 

most effective when the two shields were 
grounded at both ends of the cable. When 
non-filterpin connectors were used, the in¬ 
fluence of different shield grounding con¬ 
figurations were discernable up through 
100 MHz. The effectiveness of shield 
grounding was predominant at frequen¬ 
cies below 6 MHz. Grounding a single 
end of the shields caused a loss of attenu¬ 
ation. Termination of the individual shields 

I was most crucial, probably due to greater 
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Electromagnetic Compatibility 
Testing from 20 Hz to 40 GHz 

Electro-Metrics CCS-750 computer-controlled system 
provides faster, more comprehensive EMC measure¬ 
ment and offers the flexibility to handle virtually 
any application. The system includes a desk-top 
computer system, a Digital Interface Unit and three 
EMI receivers to cover a frequency range of 20 Hz to 
18 GHz (expandable to 40 GHz!). 

The CCS-750 system displays signal strength vs. 
frequency directly, with automatic correction for 
antenna factors and RF attenuation. And all data can 
be stored for later use. An IEEE-488 Interface Bus 
controls signal sources as well as all other test 
parameters, and facilitates integration with other 
automated equipment. 

□ 20 Hz to 18 GHz/40 GHz frequency coverage 
□ Automatic calibration for improved accuracy 
□ Automatic antenna selection 
□ Control of all test parameters 
□ Reduced data tabulation time 
□ EMI emissions and susceptibility tests 

per FCC/VDE/CISPR and Mil-Std 461/462 
requirements 

Automate your emissions and susceptibility testing 
with Electro-Metrics complete CCS-750 system. Call 
or write today for more information. 
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capacitive coupling between the shields 
and wire-pairs. 
When filterpin connectors were used 

with the 55-line cable, shield grounding 
was especially important. The worst con¬ 
figurations were those where a shield was 
grounded at a single end and neither the 
overall cable shield, nor the individual 

shields grounded at both ends. These 
configurations actually resulted in en¬ 
hancement of frequencies (from 0.2-2 
MHz) over the unshielded profile. 

Effect of filterpin connectors 
Lowpass filterpin connectors proved to 

be the single most effective method of re-

Optimize 
MW circuit performance — 

without trying 
Our new digitally programmable attenuator 
automatically sets optimum dB values to adjust 
for varying signal strength. Compensate — not 
compromise. 

76 

Why waste time and talent struggling to optimize your MW circuit 
for varying performance conditions. The best you can hope for is a 
compromise. And the solution is simple: our new Model EPl 248 
24-pin DIP attenuator responds to your control signals and auto¬ 
matically adjusts attenuation values — from 1-15 dB in 1 dB 
increments — for optimum circuit performance. Regardless of 
circumstances. Think of how we can save your time, speed pro¬ 
duction, and help you make a better product with our new 
programmable attenuator. Let us know your frequency range and 
attenuation requirements. 

ducing unwanted emanations. No config¬ 
uration of shield terminations was nearly 
as effective as the filterpins. Even with the 
shields ungrounded, major reduction of 
emanation levels and overall frequency 
spread were achieved through the use of 
filterpin connectors. From the ER shield¬ 
ing perspective, the advantages of this at¬ 
tenuation far outweigh the few disadvan¬ 
tages that surfaced. 
From the systems perspective, the filter¬ 

pin connectors are potentially undesirable 
in a balanced data transmission system 
where they may contaminate the system 
grounds with common-mode currents. 
While these currents were not actually 
measured, they seem to have been re¬ 
sponsible for enhancement of emanations 
in some instances. 

Aside from the reduction of emanations 
by filtering, another advantage of filterpins 
became apparent when the effects of an 
impedance matching resistor were studied. 
Emanations resulting from a potential im¬ 
pedance mismatch were reduced by the 
presence of filterpin connectors. The filter¬ 
pins are specified as having a characteris¬ 
tic impedance between 10 and 100 ohms. 
Placement of this impedance at both ends 
of the transmission line-pairs tends to 
reduce the VSWR. 

In the final analysis, the advantages of 
filterpin connectors far outweigh the dis¬ 
advantages. With the proper shield con¬ 
figuration, the inclusion of filterpin con¬ 
nectors results in outstanding attenuation 
of unwanted emanations. The shielding 
effectiveness of any of these termination 
configurations is, however, based on the 
use of an equipotential ground plane as 
suggested in MIL-HDBK-419. 

This article has been condensed from 
a paper presented at RF Technology Expo 
'86. The complete paper contains a de¬ 
tailed description of the test setup and 
methodology, as well as quantitative re¬ 
sults of the various tests. The unabridged 
text may be found in the Proceedings of 
RF Technology Expo '86, available from 
RF Design. 0 

TECHNOLOGY. INC 

EMC TECHNOLOGY, INC. 
1971 OLD CUTHBERT ROAD 
CHERRY HILL, NEW JERSEY 08034 
Phone: (609) 429-7800 • TWX: 710-896-0193 

Authorized distributors and technical sales representatives in all major metropolitan areas 
EMC TECHNOLOGY is a full line MIC product manufacturer. Our products include SMA connectors, 

terminations, attenuators, resistors and DC blocks for stnplne. microstrip and SMA coax, 
and custom hybrid circuit packages for hi rel applications. 

About the Authors 
Howard Rivenburg is a senior engin¬ 

eer in the Tempest/EMI Department of 
Atlantic Research Corp., and has been 
with that company for over seven years. 
John Juba, Jr., is a junior engineer in 
the same department, responsible for 
laboratory testing. They can be contact¬ 
ed at Atlantic Research Corp., 5390 
Cherokee Ave., Alexandria, VA 22314. 
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rf designer’s notebook 

A Passive Remote Control 
By Harvey L. Morgan 
TDC, Inc. 

This month's column features the solu¬ 
tion to a unique engineering problem: im¬ 
plementing controls without physical con¬ 
tact and without power to the controlling 
switches. Although the application de¬ 
scribed is for automotive use, the princi¬ 
ple could be applied to many types of ro¬ 
tating devices, sealed rooms or contain¬ 
ers, or for high voltage isolation. 

On-off or digital commands can be im¬ 
plemented with passive (unpowered) 

remote controls by use of the technique 
described in this article. Remote control 
means no physical connection between 
control switch circuitry and output cir¬ 
cuitry. The application for which this cir¬ 
cuit was developed was control switches 
mounted on an automobile steering 

Figure 1. Cross-section of steering column, showing coupled inductors 

RF Design 

wheel, operating a cruise control. No 
power was available for controls, nor were 
sliding contacts or flexible connections 
between steering wheel controls and the 
cruise control unit permitted. 
The method developed and road tested 

uses the loading on an LC (inductance-
capacitance) oscillator by another tuned 
circuit magnetically coupled to the LC cir¬ 
cuit to indicate a “closed” switch condi¬ 
tion. The LC oscillator normally operates 
at high amplitude. When a control switch 
on the steering wheel is closed, it con¬ 
nects a capacitor across a coil, forming 
a tuned circuit on a frequency at or near 
that of the LC oscillator. The steering-
wheel coil (formed in an arc) is position¬ 
ed close to the coil of the LC oscillator 
(Fig. 1). With the switch closed, energy is 
coupled to the steering wheel LC circuit 
loading the oscillator. The drop in oscilla¬ 
tion amplitude indicates to the following 
circuitry that a control switch has been ac¬ 
tuated. The logic circuitry determines 
which switch has been closed and pro¬ 
vides an output to controlled circuitry. 

At the junction of the inductance and 
capacitance in the oscillator, a high 
amplitude clean sinewave is produced. 
The coupling capacitor to the emitter 
follower is very small to minimize loading 
on the oscillator. The rectifier circuit is 
followed by a Schmitt trigger to convert 
the amplitude change due to oscillator 
loading to a logic-level swing (0 VDC to 
VCC). 
The application requires more than one 

control switch, and associated with each 
control switch is a unique capacitor size. 
The LC oscillator is sequenced through 
alternate frequencies at a rate such that 
the probability of the closing of control 
switches going undetected is small. The 
drop in oscillation amplitude at a par¬ 
ticular frequency is detected coincident 
with the driver state, to generate the par¬ 
ticular control output. 
One of the control switches tunes the 

passive coil to the oscillator normal fre¬ 
quency (transistor frequency switch turn¬ 
ed off). The other control switch tunes the 
passive coil to the alternate frequency 
which occurs with the transistor frequen¬ 
cy-control switch biased on (for a two-
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switch controller). The passive circuit 
loads the oscillator over about 5% fre¬ 
quency range with the loading (amplitude 
reduction) a function of the tuned frequen¬ 
cy difference. The shifted LC oscillator fre¬ 
quency has to be outside that range to 
have a clear distinction between switch 
closures. 
The number of control switches can be 

increased as long as corresponding fre¬ 
quencies can be accommodated. A 
number of transistor frequency-control 
switches can be sequenced by shift 
registers or counters. Decoding logic will 
also have to be correspondingly expand¬ 
ed and sequenced. 
The frequency used in such a control 

system requires a careful choice. It should 
not be in the AM broadcast band, or any 
other frequency used for communication. 
The frequency used in the demonstration 
unit was about 20 kHz. Other design con¬ 
siderations include such things as the 

proximity of conductors to the locations 
of the coils, and the distance the LC 
oscillator coil can be separated from the 
oscillator circuitry. Low frequency opera¬ 
tion will allow greater separation distance 
than higher frequencies, with distributed 
capacitance and line inductance the fac¬ 
tors cf importance. 
The automotive application is a 

“natural” for th s method. Not only can 
cruise controls be operated from the 
steering wheel, but other functions such 
as lights, turn signals, interior lights, radio 
on-off and tuning, etc., could be con-
trollec by electronic rather than mechani¬ 
cal switches. The driver’s hands are nor¬ 
mally on the steering wheel, while dash¬ 
board controls require shifting of visual at¬ 
tention and reaching. 

Switches used in the test unit were of 
the membrane type with tactile feedback. 
Since the induced currents were small, 
the contact resistance of the switches was 

no problem. The bulk added by these 
small controls was minimal. 

For greater expansion of the system, 
two or more oscillators could be used with 
associated passive control circuits, with 
each oscillator having several frequen¬ 
cies. Combinations of two oscillators 
would provide six controls for three fre¬ 
quencies each, etc. 

Figure 2 is a schematic of the control 
system used for the road tests. Latches 
were not required since they were inter¬ 
nal to the cruise control, but other applica¬ 
tions might require latches to maintain an 
ON condition. HJ 

About the Author 
Harvey Morgan is a Senior Engineer 
at TDC, Inc., 621 Six Flags Drive, Arl¬ 
ington, TX 76011. He can be reached 
at (817) 649-4631. 

Figure 2. Circuit diagram: Passive remote control 
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A CALL FOR PAPERS. 
FOR TWO MAJOR CONVENTIONS. 

RF EXPO EAST _ RF TECHNOLOGY EXPO 87 
November 10-12, 1986 February 11-13, 1987 

H # Boston Marriott Copley Place JHI * Disneyland Hotel, Anaheim 

The demand for RF information is reaching a pitch. A pitch in direct proportion to the boom in RF applica¬ 
tions. In response to the demand. RF Design last year launched the first convention and exhibit for RF 
engineers, RF TECHNOLOGY EXPO, in Anaheim. Now in its second year, that show is an overwhelming 
success. And now our readers on the East Coast are demanding another EXPO, just for them. We are 
responding. The first RF EXPO EAST will be held this fall, November 10-12, 1986, at the Boston Marriott 
Copley Place . . . 

Which means we will need to generate twice as many papers during the next several months as we did in 
the past year. We’re shooting for 150, in fact — 75 for RF EXPO EAST, this fall in Boston. Another 75 for 
RF TECHNOLOGY EXPO 87, next February in Anaheim. 

Because the conventions are less than four months apart, we are issuing a joint call for papers . . . and let¬ 
ting you indicate the show where you would prefer to present your paper. 

Papers for both technical programs should be about devices or circuits that operate primarily below 2 GHz 
or design techniques for that frequency range. They should be tutorial — intended to help engineers increase 
their skills and their understanding of available technology. Proposals will be accepted or declined as they 
are received and authors will be notified as soon as the decision is made. 

Authors presenting papers at either show will receive complimentary registration for all technical sessions 
and exhibits at that show, and a copy of the proceedings, containing the text of all papers. 

Proposals for RF EXPO EAST must be received by May 26, 1986. Proposals for RF TECHNOLOGY 
EXPO 87 must be received by August 25, 1986. 

To submit a proposal, use the form on the facing page. Send it to: James N. MacDonald, Program 
Chairman. 

— — technology— expo. 
rxexpoFreast 

6530 S. Yosemite St. • Englewood, CO 80111 



DIE-CAST 
RF CONNECTORS 
CUT YOUR 
C0ST50%! 

rf ’86 expo products 

New Products Featured at 
RF Technology Expo ’86 

Hewlett-Packard Introduces Network 
Analyzer at RF Expo ’86 

When you need an SMB con-
nector, but don’t need the MIL- X 
spec, you can save up to 50%'X 
without sacrificing performance^ 
Johnson’s JCM-B miniature coaxial X 
connectors give you a low-cost, com- '• 
mercial grade alternative for 
munications, computer, office 
equipment and test and 
measurement applications up 
to 4 GHz. 

com¬ 

Hewlett-Packard — Booth 1001. 
The new HP 8753A RF vector network 

I analyzer covers 300 kHz to 3 GHz, mea¬ 
sures magnitude and phase of transmis-

Í sion and reflection, and group delay. Res-
I olutions are 0.001 dB, 0.01 degree, 1 ps. 
A ouit-in synthesized signal source has 1 
Hz frequency resolution and +20 dBm 
output. Additional features include error-
corrected measurements in real time, built-
in limit testing and optional time-domain 
capability. Additional new products from 
Hewlett-Packard include the HP 8770S Ar¬ 
bitrary Waveform Synthesizer, the HP 
3577A 5 Hz-200 MHz Network Analyzer, 
and the HP 5386A 3 GHz prescaled Fre¬ 
quency Counter. 

JCM-B connectors can be 
interchanged and intermated 
with their MIL-spec SMB coun¬ 
terparts, and give you virtually 

the same electrical, mechan¬ 
ical and environmental per- 1 
formance. In addition to die¬ 
cast versions, machined 
versions of JCM-B con¬ 
nectors are available. 

For SMA applications up 

surface-mount device from Motorola is the 
MRF8372, an SO-8 packaged version of 
the MRF837, offering 0.75 watts output 
and 8 dB gain at 870 MHz. Motorola 
Semiconductor Products, Phoenix, 
Ariz. INFO/CARD #175. 

RF Hazard Monitor 

to 8 GHz, you get the same perfor¬ 
mance and cost savings from Johnson’s 
machined JCM-A connectors. Both 

Two new EMI-related products from HP 
are the HP 11940A Close-Field Probe and 
the HP 8573A Automatic EMI Receiver/ 
Spectrum Analyzer. Hewlett-Packard, 
Palo Alto, Calif. INFO/CARD #176. 

Holaday Industries — booth 419 
Holaday Industries model HI-3500 

Broadband RF Hazard Monitor can be 
mounted in critical areas to sense RF ex¬ 
posure. The monitor provides a relay clo¬ 

JCM-A and JCM-B connectors are 
available in gold or nickel-plated ver¬ 
sions with beryllium copper and half-
hard brass contacts. 

For complete specifications and pric¬ 
ing on all Johnson JCM miniature coax¬ 
ial connectors, contact your local 
distributor or E.E Johnson. 

a JOHNSON ® Components Division 

E. F JOHNSON COMPANY. WASECA. MINN. 56093 
Telephone 1 -507-835-6307 Telex 290470 TWX 910-565-2161 

600 W HF Transistor 

Motorola — booth 403 
Motorola Semiconductor Products an¬ 

nounces the MRF430, a 600 watt bipolar 
RF power transistor for operation from 2-30 
MHz. With 10 dB minimum gain (15 dB 
typical PEP gain), the MRF430 is designed 
for high power base station linear ampli¬ 
fier applications, and requires only con¬ 
ventional cooling. 

Other new devices include the MWA0211, 
a monolithic IC amplifier in a surface¬ 
mount package, and its MACRO-X pack¬ 
age counterpart, the MWA0204. Another 

sure output for operation of an external 
alarm when a preset trip point has been 
exceeded. Holaday Industries, Inc., 
Eden Prairie, Minn. INFO/CARD #154. 

CALL TOLL-FREE! 1-800-247-8256 
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Power Meter and Counter 

Bird — booth 112 
The Bird model 3900 is a new product 

that provides RF power measurement em¬ 
ploying the same elements used in the 
Bird model 43 wattmeter. The model 3900 
also includes a frequency counter provid¬ 
ing ±1 PPM accuracy from 5 MHz to 1 
GHz. It can be powered from 110/220 VAC 
as well as its own internal rechargeable 
batteries. 
Another new product, the Bird 4380A-

488 provides a digital interface between 

A CHOICE! 
Flexible metal-core conduit 
systems with a wide selection 
of EMC shielding properties. 

Glenair offers flexible con¬ 
duit systems for mechanical 
protection of wiring and 
for electromagnetic com¬ 
patibility applications. 

Unique shielding of flexible 
metal core conduit meets virtu¬ 
ally any EM1/RFI suppression 
requirement, from H and E field 
shielding to TEMPEST, EMP and 
Lightning. 

New Series 75 System. 
Glenair’s new Series 75 metal¬ 

core conduit system offers un 
surpassed mechanical integrity 

and compatibility. Supplied 
unjacketed or with a Neoprene 
jacket for complete waterproofing 
and environmental sealing. Other 
jacketing materials available. 
Conduit construction qualified to 
MIL-C 13909. 

In-house capabilities and 
facilities. 

Glenair has over 25 years 
experience producing solutions to 
special electrical interconnection 
problems. If you’re looking for a 
cost-effective answer to a conduit 
problem, call or write: 

GLENAIR, INC. 
1211 Air Way • Glendale, California 91201 2497 • (818) 247-6000 
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A defense 
against cancer 

can be cooked up 
in your kitchen. 

There is evidence that 
diet and cancer are related. 
Follow these modifications in 
your daily diet to reduce 
chances of getting cancer: 
1. Eat more high-fiber foods 
such as fruits and vegetables 
and whole-grain cereals. 
2. Include dark green and 
deep yellow fruits and vegeta¬ 
bles rich in vitamins A and C. 
3. Include cabbage, broccoli, 
brussels sprouts, kohlrabi and 
cauliflower. 
4. Be moderate in consump¬ 
tion of salt-cured, smoked, and 
nitrite-cured foods. 
5 • Cut down on total fat in¬ 
take from animal sources and 
fats and oils. 
6. Avoid obesity. 
7. Be moderate in consump¬ 
tion of alcoholic beverages. 

I No one faces cancer alone. 

'¿’AMERICAN CANCER SOCIETY 

Microwave Superchip 
Capacitors for SMT*. . 
and Automatic Insertion 
^■Surface Mount Technology 

ATC's 100 Series UAFMicroWavê porcelairvcapacitors 
offer outstanding'performance’under extremes of volt¬ 
age, frequency, time and temperature; in short, the best 
in the industry. They’re ideal for the most demanding 
design applications because they're virtually indestruc¬ 
tible. Their rugged, self-encapsulated porcelain con¬ 
struction insures ultra-high Q, high power handling and 
ultra-stability. 
No wonder the U.S. Navy dubbed them "SuporchipB.”'' 
100 Series capacitors are available as chips, pellets (pre¬ 
tinned chips), and a variety of leaded styles, laser marked 
for permanent identification of capacity value and 

american technical ceramics coup. 
.one norden lane, huntington station, n.y. 11746 
516-271-9600 • twx 510-226-6993 • telex 221201 
INFO/CARD 56 
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Trim-Tronics’ air dielectric tubular trimmers offer H igh Q and a 
wide variety of capacitance ranges. Our unique rotor design 
provides smooth, uniform torque and excellent rotor-to-bush¬ 
ing contact resulting in low contact resistance. All metal 
surfaces are gold plated as a standard feature of our products. 

• Capacitance range .3pF to 16pF 
• Q > 5,000 at 200 MHz 
• Contact resistance < 001 Ohms 

• Operating temperature range 
-65° C to +125°C 

• Wide selection of mounting styles 

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS 

TF^IM-TFRafMICZS INC 
67 Albany Street, Cazenovia, New York 13035 

Tel: (315) 655-9528 TWX: 710-541-1530 
Outside USA and Canada contact Alfred Tronser. GmbH, Phone 49 07 082/3007 
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He*'-
BROADBAND EXPOSURE 

HAZARD MONITOR 
Complete Personnel Protection with 

this Monitor on Constant Guard 
For use in areas such as aircraft hangars, radar 

installations, industrial areas where RF is being used. 

Mounted in 
critical areas to 
sense RF and 
microwave fields, 
this monitor 
provides relay 
contact closure for 
operation of external 
alarm when trip 
point is exceeded. No 
tools or other equipment 
are required to adjust the 
trip point. 

Works with any of 
Holaday s Broadband 
Probes. Optional Fiber 
Optic Remote Readout. 

rf ’86 expo produc 

the Bird RF Power Analyst and an IEEE 
488 bus for remote readings of forward 
and reflected power in a 50 ohm transmis¬ 
sion line as well as VSWR, modulation 
percentage (AM) and minimum/maximum 
power excursions. Bird Electronic Cor¬ 
poration, Cleveland, Ohio. Please cir¬ 
cle INFO/CARD #174. 

6060B Signal Generator 

Fluke — booth 102 
John Fluke Mfg. Co., Inc., introduces 

the 6060B programmable, general-
purpose signal generator, enhancing and 
replacing the Fluke 6060A. The 6060B 
has a wider output frequency range, start¬ 
ing at 10 kHz for VLF and LF applications. 
The output extends up to 1050 MHz. 

BROADBAND EQUIPMENT 
FOR INSTRUMENTATION 
AND COMMUNICATIONS 

1971 - 1986 

15th Anniversary Year 

PRECISION TERMINATIONS 

HOLADAY INDUSTRIES, INC. 
14825 Martin Drice 
Eden Prairie. MN 55344 
Telephone (612)934-4920 
Telex 29-0922 

INFO/CARD 58 

1-500 MHz VSWR 1.006:1 max 

Price: $43.00 

1-600 MHz VSWR 1.006:1 max 

Price: $50.00 

1-900 MHz VSWR 1.02:1 max 

Price $72.00 

WIDE BAND ENGINEERING COMPANY, 
INCORPORATED 

P.O. Box 21652 Phoenix, AZ 85036 

Phone <6021 254-1570 
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Continued 

Guaranteed amplitude accuracy is now 
±1.0 dB from +13 dBm to -127 dBm. Stan¬ 
dard features for the 6060B include non¬ 
volatile memory for 50 instrument set¬ 
tings, reverse power protection up to 50 
watts, and an external reference imput. 
Options include ovenized reference oscil¬ 
lator and IEEE-488 interface. John Fluke 
Mfg. Co., Inc., Everett, Wash. Please 
circle INFO/CARD #173. 

Hybrid Oscillator — 

Sawtek — booth 911 
Sawtek Inc. is introducing a hybrid 

oscillator which operates at the funda¬ 
mental IFF operating frequency of 1030 
and 1090 MHz. The new hybrid oscillator 
uses advance L-band SAW resonators to 
obtain the lowest SSB phase-noise, spur¬ 
ious content and power consumption. It 
is available in 18-pin DIP plug-in package 
or surface mountable flatpacks. The oscil¬ 
lator is designed to meet all MIL-STD-883, 
Method 5008 Class B and Class S require¬ 
ments. Sawtek, Inc., Orlando, Fla. 
INFO/CARD #172. 

The value of High Q, wide operating temperature range 
and low TC is immeasurable when your electronic 
circuits demand added stability and reliability. 
Air Plate Trimmers from Trim-Tronics give you this 
added value for NO added cost. 
• 2-Way Communications • Satellite Communications 
• Security Systems • Filter Tuning & Crystal Trimming 

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS 

RggTmiM-TFROIMICZS INEZ 
ï, t ' 67 Albany Street, Cazenovia, New York 13035 
■ûfl Tel: (315) 655-9528 TWX: 710-541-1530 

Outside USA and Canada contact Alfred Tronser, GmbH. Phone 49 07 082/3007 

INFO/CARD 60 ese™ 
PE60/PE61 POWER ENTRY RFI FILTERS 
Combines Four Power Entry Components in a 
Single Compact Assembly 

• Voltage select. 
• Fits standard 2.60" x 1.06" cut-out. 
• Accepts US or European fuse size. 

Curtis' New 3 & 6-Amp Series PE60 & PE61 Power Entry 
RFI Filters feature voltage selection of 100,120, 220 and 
240 VAC, compact design, common-mode (line-to-
ground) and improved differential-mode (line-to-line) 
noise attenuation. Our high-performance filters are ideal 
for use in computers and computer peripherals, postage 
meters, auto bank tellers and other business 
machines. Call us for application engineering 
assistance and compliance testing. 

4353 

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

CURTIS "\Ne Build Confidence!’’ 
INDUSTRIES, INC. 

7400 West Douglas Avenue, P.O, Box 18699. Milwaukee, Wl 53218-0699, 

(414) 535-1500. TWX 910-262-3035 
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TAKE A REAL CLOSE LOOK AT 
FUJITSU’S GaAs FET LINEUP 
FOR L ANO S-RAND 

In the design of the input stage 
use the low noise FSC10LF with 
NF = 0.6dBand Ga = 13d Bat 4.0 
GHz. The FSC11LF, FSX51WF and 
FSX52WF are general purpose 
small signal FETs for the gain 
stages. 

For P1dB as high as 39dBm 
and gain greater than 8dB in the 
driver and output stages, use 
Fujitsu’s ultra linear FLL series: 
FLL10ME, FLL17ME, FLL35ME, 
FLL50MK and FLL100MK. 

Selection Guide 

Fujitsu has the GaAs FET line-up 
for your power amplifier design in 
L and S-band: low noise and 
small signal for the input stages 
and Fujitsu’s new FLL series for 
the output stages. 

At L/S band Fujitsu’s GaAs 
FETs have the advantage over 
silicon bipolars: 
• Easy Matching/Tuning 
• Broad Bandwidth 

Part No. Package 

Electrical Characteristics (Ta = 25°C) 

Rth 
TYR 

(°C/W) 

PldB 

TYP 
(dBm) 

GldB 
TYP 
(dB) 

rçadd 

TYR 
(%) 

f 
(GHz) 

Vds 
(V) 

los 
(mA) 

FSC10LF LF 10.0* 12 — 4.0 3.0 10 — 

FSC11LF LF 16.0 17 — 4.0 4.0 30 — 

FSX51WF WF 18.0 14 — 4.0 8.0 30 120 

FSX52WF WF 23.0 14 — 4.0 8.0 75 70 

FLL10ME ME 28.5 12 45 2.3 8.5 175 35 

FLL17ME ME 31.5 11 43 2.3 8.5 350 20 

FLL35ME ME 34.5 10 42 2.3 8.5 700 11 

FLL50MK MK 36.0 10 40 2.3 10.0 900 7 

FLL100MK MK 39.0 8 37 2.3 10.0 1800 4.5 

High Gain 
High Nadd 

•Tuned for best noise figure, NF = 0.6dB and Ga = 13dB. 

■I. 
FUJITSU 

■MM 
FUJITSU 
MICROELECTRONICS, INC. 
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Microwave and 
Optoelectronics Division 
3320 Scott Boulevard 
Santa Clara, CA 95054-3197 
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WIE TO THE PROBLEWI SOLVERS 
SK 

With IFI, finding a wide variety of high gain, high power, high quality broadband 
RF amplifiers to suit your specific requirements isn't a problem any more. 

For example, the IFI 400 series offers a choice of Also contact IFI for all your modular, system com-
power outputs from 100W to 15,000W over a broad patible , High Frequency Power Amplifiers • E-Field 
bandwidth of 10kHz to 220MHz, in 
models such as: 

• ultra wideband RF power amplifiers 

high power pulse amplifiers 

• multi-channel leveling capability 

TESTING 
STILL 

THE BEST 

Generators & Sensors • TEM Test 
Cells • Antennas • Automatic Leveling 
Systems and Custom EMC/Suscep-
tibility Systems. 
IFI, the problem solvers in RF testing. 
Send for our IFI Data-Pak today! 

INSTRUMENTS FOR INDUSTRY, INC. 
151 Toledo Street • Farmingdale, N.Y. 11735 • (516) 694-1414 
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LOW NO1SE 
SYNTHESIZER-MULTIPLIER 

•100 

-110 

-120 

-130 

-140 

-150 

-160 

-170 

CARRIER OFFSET (HZ) — _ 

The PLX6000 series provides low noise 
multiplication by application of digital and 
analog synthesis techniques. This method 
provides an output signal with the lowest 
possible noise. 

6000 

FEATURES: 
• Low Noise Degradation 
• Programable Loop Bandwidth 
• Integer or Fractional Multiplication 
• Single or Multiple Frequency 

THE SOURCE SOURCE 
Techtrol Cyclonetics Inc. 
815 Market Street New Cumberland, Pennsylvania 17070 

(717) 774-2746 
See us at the RF Technology Expo 86, Anaheim, California, 

January 30-February 1 
Booth 209 

INFO/CARD 64 



Design Contest 
Sponsored by RF Design magazine 

Enter your original cir¬ 
cuit design in the first 
Design Contest spon¬ 
sored by RF Design. 
The winning design 
will be featured in the 
July 1986 issue of RF 
Design, and will 
receive an HP 41 CX 

WANTED! 
calculator, courtesy of 
Hewlett-Packard, plus 
a recognition plaque. 
Other top designs will 
receive recognition 
plaques and several 
will be published in 
the “Designer’s Note¬ 
book.” 

Judging criteria include originality of concept, imaginative application of design, signifi¬ 
cant cost or labor savings, elegance, exceptional performance, usefulness, clear description 
of function and reproducibility. All circuit components must be available for purchase. The 
designer must be able to document that the circuit operates and performs as decribed. 

DEADLINE FOR ENTRIES is April 15, 1986. Send your entries to: RF Design, 6530 S. 
Yosemite St., Englewood, CO 80111. 

- Contest Rules-

1. Design must be an active RF circuit, from VLF 
to UHF. Active circuit is defined as one that 
introduces gain or has a directional function, 
i.e., an amplifier, oscillator, mixer, modulator 
or demodulator. 

2. Design must be original work, not previously 
published. 

3. If the design develops from the entrant’s 
employment, the employer must give permis¬ 
sion to enter it. 

4. The design must contain a complete descrip¬ 
tion and parts list. 

5. Complete schematic diagram and any other 
necessary photos or drawings must be in¬ 
cluded. 

6. All components must be available for purchase. 
7. Patent or copyright infringement will disqualify 

the design. 
8. Entries must be received by April 15, 1986. 

Mail to: RF Design, 6530 S. Yosemite, 
Englewood, CO 80111. 

Contest will be conducted in accordance with all applicable laws and regulations. 



G & H Technology-

Electromagnetics Laboratory 

For over a decade, G&H Technology has been a leader in the development of EMP 
hardened and/or EMI shielded electromechanical components. The knowledge 
gained from this experience has been employed in the establishment of our 

advanced Electromagnetics Testing Laboratory in Camarillo, California. 

This state-of-the-art facility provides scientific expertise in EMC, EMI, EMP and 
Tempest testing. From this location, G&H offers a wide spectrum of testing services 
including: 

■ Technical Proposal Preparation 
■ Design Control Plans 
■ Engineering and Qualification Testing to 
TEMPEST requirements 

■ Test Plans (461/462 and TEMPEST) 
■ Testing Per Mil-Std 285 and 

Mil-Std 461-462 
■ Failure Analysis 
■ Test Reports 
■ Preparation of Specifications 

G&H Technology’s advanced Electromagnetics Laboratory gives you quality and 
reliable service whatever your E3 testing requirements may be. 

G&H Technology. Inc. 
750 West Ventura Boulevard, Camarillo, CA 93010, (805) 484-0543 

Telex 181095 TWX 910-336-1237 
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ff ’86 expo products Continued 

Fast-Switching Synthesizer 

Comstron — booth 312 
Comstron’s new FS-2000 is the first 

synthesizer to combine ultra-fast switch¬ 
ing and low phase noise over a wide fre¬ 
quency range. Comstron’s frequency plan 
(patent pending) permits direct analysis 
synthesis over an octave range. The unit 
covers the frequency range of 10 MHz to 
4 GHz in 1 Hz steps (.1 Hz steps optional) 

and can switch between any two frequen¬ 
cies in less than 1 fjs with no exceptions. 
The FS-2000 is unique in that larger step 
size has faster switching speed, with 1 
GHz steps typically taking 200 ns or less. 
Phase noise rivals that of the cleanest 
phase lock loop synthesizers. A parallel 
BCD interface is provided, with an option¬ 
al IEEE-488 interface also available. 
Comstron Corporation, Freeport, N.Y. 
INFO/CARD #171. 

INFO/CARD 66 
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rf ’86 expo products Continued 

RF Switch Control Unit 

K&L — booth 518 
K&L Microwave Inc. announces a new 

18 position RF Switch Control Unit. With 
automated testing in mind, this unit inter¬ 
faces with a computer to remotely switch 
up to 18 devices cabled to the unit. This 

unit is particularly useful when cycling 
components through environmental tests 
such as vibration and temperature where 
the devices are held on or within special 
chambers or ovens. Switch specifications 
include 1.5:1 maximum VSWR from DC to 
18 GHz, insertion loss of 0.5 dB maximum 
from DC to 18 GHz, and isolation >60 dB 
through 18 GHz. Communication with 
controlling computer is through the stan¬ 
dard IEEE-488 interface bus. K&L Micro¬ 
wave Inc., Salisbury, Md. Please circle 
INFO/CARD #170. 

New Modem Synthesizer 

Sciteq — booth 921 
Sciteq announces the VDS-1400-70, a 

new frequency synthesizer designed 
specifically for modem applications. It 
covers 50 to 90 MHz in 1 Hz steps, with 

5 msec switching, excellent spectral puri¬ 
ty, and the ability to support even those 
modems that operate at very low bit rates. 
Depending on required performance, the 
product can be built as either two or three 
modules, each only 4” x 6” x 1”. Options 
include resolution to 1 MHz, phase rota¬ 
tion and modulation in .36° increments, 
broader bandwidth, and miniaturization. 
In modest quantities, unit price is below 
$1,500. A complete instrument with IEEE-
488 control is under $3,000. Sciteq Elec¬ 
tronics Inc., San Diego, Calif. Please 
circle INFO/CARD #169. 

SAW Filter Bank 

Andersen Labs — booth 317 
The filter bank consists of a series of 

switchable surface acoustic wave (SAW) 
bandpass filters preceded by a rooting 
filter and an amplifier and followed by 
another rooting filter. SAW filters can be 
arranged either contiguously providing in¬ 

92 
INFO/CARD 67 

February 1986 



HOW TO GET CMOS CAPABILITY 
AT LOW POWER SCHOTTKY SPEEDS. .. 

stantaneous broadband coverage com¬ 
bined with narrow based signal sorting, 
or by centering the filters at various band¬ 
widths. At a single frequency adaptive 
processing can be done to compensate 
for changes in the signal environment. 

QT2HC QT22HC OT3HC 

Design tn Q-Tech’s New High Speed CMOS HC Series 
Clock Oscillators 

Q-Tech's new generation of High Speed CMOS Crystal Clock Oscillators, the HC 
Series, can reduce your system power consumption by allowing replacement of low 
power Schottky devices with High Speed CMOS, while still operating at full mil spec 
requirements of -55°C to +125°C and tolerances of ±50 ppm. 
Available in the complete lines of Q-Tech packages, including 14 pin DIP, 
TO-8, Flatpack and Leadless Chip carriers with frequencies as high as 24 MHz @5.OV. 
Call or write for full details. 

CONTACT US FOR ALL YOUR CLOCK OSCILLATORS 
Clock Oscillators: in TTL, 

Andersen is also introducing a com¬ 
pressive receiver for real-time signal 
analysis and identification, using linear 
dispersive SAW delay lines. Andersen 
Laboratories, Inc., Bloomfield, Conn. 
INFO/CARD #168. 

CMOS, HI-SPEED CMOS 
and ECL. Available in TO’5, 
8, DIP, & Flat Pack. Consult 
factory tor other custom 
packaging. 

■ Baud Rate Generators 
(QT100 series) 

* 6875 type Microprocessor 
Drivers 

* Z80 and Z8000 Drivers 

* Precision Ovenized Crystal 
Oscillators 

* VHF and UHF Clocks and 
Signal Sources in Hybrids 

• Hybrids VCXO 

Q-TECH ALSO SPECIALIZES IN CUSTOM HYBRIDS 

Optimic™ Program 

Summit Technology — booth 203 
Summit Technology announces Optim¬ 

ic, a low cost, high performance optimiza¬ 
tion program for Microwave and RF cir¬ 
cuits. Optimic is available for the Apple 
II and IBM PC computers. Summit Tech¬ 
nology, Los Gatos, Calif. Please circle 
INFO/CARD #167. 

Q-Tech Corporation 
2201 Carmelina Avenue, Los Angeles, CA 90064 
(213) 820-4921 • Telex: 696140 

INFO/CARD 68 

Coaxial Relay Matrix 

Matrix Systems — booth 310 
A miniaturized, wide bandwidth 8x8 

matrix switching configuration with a fre¬ 
quency response of DC-500 MHz is intro¬ 
duced by Matrix Systems Corporation. 
Designated Model 4108, the compact, 

lightweight module weighs only 1.5 lbs. 
and measures 6”L x 7.2”H x 2.2”W. It is 
completely self-contained, requiring the 
user to supply only TTL control signals 
and +5 VDC power through dual-edge 
connectors. Model 4108 modules are priced 
at $3,200 in 1-9 quantities and at $3,075 in 

INFO/CARD 69 
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r EMI CAN BE FOILED 1 
with 

AD-MU-80 FOIL IN CUSTOMIZED SHAPES 

rf ’86 expo produc 

High Permeability Shielding Alloy Foil 
in thicknesses of .002 ", .004 ”, .006" 
and .010" can be fabricated by 
Ad-Vance Magnetics for your spe¬ 
cific requirements. 

• CNC Punch Press Capability. 
• AD-MU-80 Alloy requires no 
painting or plating. 

• Tooling charge minimal, if any. 
• Time saving and cost effective. 
• Design assistance available. 

A small AD-MU Foil Shield may solve a 
large PROBLEM. 

Gives major designing 
procuring guidelines. 2 3 of 
84-page book contains 
valuable technical 
engineering information 
about the entire magnetic 
shielding field. 1 3 is catalog 
data. Yours for the asking 

10-24 quantities. Matrix Systems Corpor¬ 
ation, Calabasas, Calif. INFO/CARD #165. 

“CADEC-4” 

Communications Consulting 
Corp. — booth 803, 902 
A new, expanded version of the popular 

circuit analysis program, “CADEC-4” of¬ 
fers expanded microwave modules, with 
complete nodal circuit noise analysis and 
a two-times speed improvement over pre¬ 
vious versions. “CADEC-4” is for the 
Hewlett-Packard series 9000 computers. 
Communications Consulting Corp., Up¬ 
per Saddle River, N.J. INFO/CARD #166. 

AD-^nSe MAGNETICS,INC. 
The Problem Solving Magnetic Shielding Specialists 

625 MONROE STREET, ROCHESTER, IN 46975 
(219)223-3158 TWX 810 290 0294 

INFO/CARD 70 

1.3 GHz Frequency Counter 

Racal-Dana — booth 709 
A high-speed, high-resolution frequen¬ 

cy counter has been introduced by Racal-
Dana Instruments, Inc. The half-rack-sized 
Model 1998 features nine-digit resolution 
in one second over the entire 10 Hz to 1.3 
GHz frequency range. Displayed resolu¬ 

NOW THRULINE® 
Directional Wattmeters 
that measure RF Power 
from 2 milliwatts to 10 
kilowatts with ±5% of 
READING accuracy 
from 200kHz to 1 GHz 
FULL-SCALE POWER AND FREQUENCY (MHz) RANGES OF 4410 ELEMENTS 

0-10. 30. 100. 
300 milliwatts. 
1. 3. 10 watts 

0-100.300 milli¬ 
watts. 1, 3. 10. 30. 
100 watts 

0-1.3.10. 30. 
100. 300. 1C00 
watts 

0-10 30. 100. 
300. 1000. 3000 
10.000 watts 

MHz P/N MHz P/N MHz P/N MHz P/N 

30-50 4410-20 
50-88 4410-21 
100-152 4410-22 
150-250 4410-23 
225-400 4410-24 
400-800 4410-25 
800-900 4410-26 

25-80 4410-10 
50-125 4410-11 
100-250 4410-12 
200-500 4410-13 
400-1000 4410-14 

2-30 ¿410-3 
25-80 ¿410-5 
50-200 ¿410-6 
144-520 4410-7 
200-1000 4410-8 

0.2-
0.535 4410-1 
0.45-2.5 4410-2 

2-30 4410-4 

tion may be varied from three to ten digits 
depending on the degree of resolution 
and speed of measurement required. Op¬ 
tional GPIB (IEEE-STD-488) capability 
provides full programmability for front 
panel function keys and signal condition¬ 
ing controls. For maximum stability a 
standby power mode ensures that contin¬ 
uous power is applied to the frequency 
standard. Racal-Dana Instruments, Inc., 
Irvine, Calif. INFO/CARD #164. 

94 

A new Series of Low-power Plug-in 
Elements adds 0.002-1 0W of power 
measurement to current choices of 
0.02-100W, 0.2-1000Wand 2-
10.000W. Each Element features 7 
overlapping power levels in our 4410 
THRULINE® Wattmeter series. 

Who else but 

30303 Aurora Rd.. 
Cleveland (Solon), Ohio 44139 
216 - 248-1203 TLX: 706898 
WEST Ojai. CA 805-646-7255 

See us at the RF Technology Expo, booth #112. 
INFO/CARD 71 

Low Noise Crystal Oscillator 

Vectron — booth 811 
Vectron has introduced a series of 

crystal oscillators with noise floor below 
-160 dBc/Hz. Series CO-233L2 is avail¬ 
able at any frequency in the 5-200 MHz 
range. It provides an aging rate of 2 ppm 
per year and is available with several sta¬ 
bility options ranging from ±3 ppm over 
0°C/50°C to ±50 ppm over -55°/+125°C. 
Its initial accuracy at 25°C is ±10 ppm but 
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You Demand Precision ... 
We Build It! 
High precision ovenized crystal oscillators for use in counters, 
synthesizers and communications systems. 

• Up to 1x10 ,0/24 hr. aging 
• Single side band phase noise (BW-lHz) at 1 KHz-160dB 
• Frequencies from 1 to 120 MHz 
• MIL-SPEC, JANTX Radiation-hardened capability 
• ± 5x10 10 from 0 to 50°C 
• MIL-SPEC temperature ranges 
• Fast warm-up options available 
• Various mechanical configurations 

Call or write with your oscillator requirements! 

AUSTRON INC. 
P.O. Box 14766 • Austin, Texas 78761 • (512) 251-2313 • TWX 910-874-1356 

See us at the RF Technology Expo, booths #114 and 116. 

INFO/CARD 72 

SMD Mixers 

Synergy Microwave — 
booth 803, 902 
Synergy Microwave announces new 

commercial SMD (surface-mounted) mix¬ 
ers, offering all of the features of 

a tuning option permits setting to ±1 ppm. 
Output level is +7 dBm over 50Q with +13 
dBm optionally available. 

Vectron also announces the new 
CO-404V Hybrid DIP VCXOs specifically 
designed for phase-locking applications 
from 25-70 MHz. Vectron Laboratories, 
Inc., Norwalk, Conn. INFO/CARD #163. 

Variable Attenuator 

Alan Industries — booth 804 
Alan Industries announces their model 

50CAL20, a 75 ohm continuously variable 
attenuator for the 50-800 MHz frequency 
range. Minimum attenuation is 20 dB with 

an accuracy of ±3 dB over the frequency 
range. The unit is available with either 
BNC or F connectors. Alan Industries, 
Inc., Columbus, Ind. INFO/CARD #162. 

Super-Compact PC 3.0 

Compact Software — 
booth 803, 902 
Super Compact PC version 3.0, a new 

version of the popular Compact PC ser¬ 
ies, is announced by Compact Software. 
This version offers all of the features of 
the mainframe-based Super Compact soft¬ 
ware. Compact Software, Paterson, N.J. 
INFO/CARD #161. 

Synergy’s line of SMD mixers in a low-cost 
package suitable for high-quality commer¬ 
cial applications. Synergy Microwave, 
Paterson, N.J. INFO/CARD #160. 

New Software 

EEsof — booth 503, 602 
EEsof, Inc., announces several new 

programs and enhancements to their ex¬ 
isting program line. Synthesis is a pro¬ 
gram for lumped matching networks, fil¬ 
ters and multiplexers. Touchstone Sr. adds 
user-defined elements and customization 
flexibility to all of Touchstone’s capabili¬ 
ties. The Touchstone/VAX Connection™ 
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AEP...THE * 
FULL UNE a 

FOR SUBMINIATURE fW’ 
I COAXIAL CONNECTORS 

rf *86 expo produc 
combines PC workstation operation with 
simultaneous simulations and optimiza¬ 
tions on a VAX mainframe. Microwave 
Spice is a superset of Berkeley Spice 2G, 
with added interactive user capabilities, 
and an S-Parameter file which is readable 
by Touchstone. EEsof, Inc., Westlake 
Village, Calif. INFO/CARD #158. 

RF Power Transistors 

M/A COM PHI — booth 903 

High Performance SMA, SMB, SMC and SMS series; SMA Launchers for 
sealed MIC use; our newest SMC hermetically sealed receptacles; 

and many others. . you can always count on all precision made AEP 
subminiatures to meet and exceed tight spec's, including MIL-C-39012! 

In a variety of configurations, mounting types and finishes 
'Jf they're also ideal for easy, permanent cable assembly 

attachments. And, they save you time, money and trouble / 
because they’re produced with AEP’s proven technology and expertise. > ij 
Quick, send for our 120 page catalog. And, ask about our unique W 

cable assemblies, too! • 

Headlining new RF power transistors 
from M/A COM PHI, Inc., is the UF28100V 
DMOS FET offering 100 watt output at fre-

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

Distributors Nationwide. 

INFO/CARD 73 

OSCILLATEK 
A DIVISION OF K&L MICROWAVE, INC. 

SYNMAT 

Synthesis of Wideband Matching 
Networks for Microwave Amplifiers 

-Friendly, Simple to use 
-Select Gain Slope, Ripple and Loss 
-Includes Parasitics Automatically 
-Impedance Transformations Automated 
-Lumped or Distributed Realizations 
-Multiple Solutions Found and Displayed 
-Design for Best Match or Noise Figure 
-Device Impedances and Noise Match Modelled 
-Topology Selected from User,Default,or List 
-Output Circuit Files or Hard Copy 
-Runs on PC/PC Compatibles 
-Synthesis Power at an Affordable Price 

A FOREMOST PRODUCT OF AMERICAN TECHNOLOGY 

CRYSTAL OSCILLATORS BY OSCILLATEK 
• QPL d to M55310/09/14/16 • Clock Oscillators: TTL, ECL, 
• TCXO’s, VCXO’s, TCVCXO's CMOS, H-CMOS, Sinewave 
Standard — Custom • Frequency Range: From .001 Hz 

to 200 MHz 
620 North Lindenwood Drive • Olathe, Kansas 66062 

Phone: (913) 829-1777 • TELEX: 437045 

RADOM Inc. 
1035 Justin Place 

Meridian, Idaho 83642 
(208) 323-0318 
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SAW Filter Bank for 
Signal Channelizing Applications 

■ Small size 
■ Large dynamic range 
■ Well defined channel crossover 
■ Accurate phase tracking 

SAW filter banks are available to custom 
design specifications in the frequency range 
100 MHz to 700 MHz with fractional band¬ 
widths as small as 0.1% or as high as 50%. 
The filter bank can be configured either as 
1 input with n outputs or as n inputs with 
n outputs. 

Crystal Technology 
1035 East Meadow Circle 
Palo Alto, CA 94303 USA 
(415) 856-7911 • TWX 910-379-6625 

See us at the RF Technology Expo, booths #705 and 707. 

INFO/CARD 76 

quencies up to 400 MHz with 55 percent 
efficiency and 12 dB power gain. Other 
new devices from M/A COM PHI include 
the PHO105-100 push-pull pair with 100 
watt output up to 500 MHz, and the 
PHO104-125 with 125 watt up to 400 MHz. 
In the 1200-1400 MHz range, the new 
PH1214-60 and PH1214-30 offer 60 watt 
and 30 watt, respectively, with internal 
matching at both input and output. M/A 
COM PHI, Inc., Torrance, Calif. Please 
circle INFO/CARD #157. 

Thick Film Attenuators 

KDI Electronics — booth 1013 
KDI Electronics is expanding its line of 

thick film products to include new 2 GHz 
digital attenuators in hermetic plug-in 

packages, plus surface-mount digital at¬ 
tenuators and other components up to 5 
GHz. KDI also features custom thick film 
subassemblies with switches, dividers, at¬ 
tenuators, logic and control circuitry. KDI 
Electronics, Inc., Whippany, N.Y. Please 
circle INFO/CARD #156. 

multiplier, using both analog and digital 
synthesis techniques to achieve the low¬ 
est possible noise output signal. The 
PLX6000 is available with integer or frac¬ 
tional multiplication, and single or multi¬ 
ple frequency operation. Techtrol Cyclo¬ 
netics, Inc., New Cumberland, Pa. 
INFO/CARD #159. 

Synthesizer/Multiplier 

Techtrol — booth 209 
Techtrol Cyclonetics Inc. (TCI) announc¬ 

es the PLX6000 low-noise synthesizer/ 

Low Cost Transistors 

California Eastern Labs — 
booth 124 
NEC is now producing two new low cost 

silicon bipolar transistors in large volume, 
the NE680 and NE681, designed for both 
low noise/high gain amplifiers and 
oscillators. The NE680 is suitable for UHF, 
VHF, and microwave amplifiers from .5 to 
6.0 GHz, while the NE681 is well-suited 
for the range of .5 to 4 GHz. At 2 GHz, 
the NE 680 and NE681 have low noise 
figures of 1.7 and 1.6 dB and associated 
gain of 12.5 and 12.0 dB, respectively. 
Both the NE680 and NE681 are also avail¬ 
able as surface mount, low cost plastic 
and hermetic micro-x packages as well as 
chip form. California Eastern Labs, San¬ 
ta Clara, Calif. INFO/CARD #134. 
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SMD Soldering Kit 
An experimental soldering kit with a 

variety of tip sizes and shapes to fit most 
popular SMD packages is available from 
Hexacom Electric Company. The new kit 

permits industrial engineers to experiment 
with hand soldering, desoldering and 
rework techniques for SMD printed wiring 
boards without a large investment. The kit 
is also valuable for field service repair 
work. Included in the kit are tip sizes and 
shapes for use on the popular size 1206 
chip components, SOT-23 transistors, and 
SOIC packages. Hexacom Electric Co., 
Roselle Park, N.J. INFO/CARD #153. 

4000 MHz Signal Generator 
Colby Instruments, Inc. introduces the 

SG 4000A, specifically designed as an 
ideal driving source for their new 4000 
MHz pulse generator, Model PG 4000A, 
because a phase-coherent subharmonic 
trigger pulse is made available. The 
SG4000A signal generator can be used 
quite independently for other applications 
which call for low-cost microwave signal. 
The frequency range is 10 MHz to 4000 

MHz in 12 bands. Output amplitude is +13 
dBm, internally leveled to 0.5 dBm. Out¬ 
put amplitude is directly displayed to 
within 0.1 dBm. Harmonic Distortion is 
-26 dBc or better. Price is $2,990 to 2000 
MHz and $4,950 to 4000 MHz (option 1). 
Colby Instruments, Inc., Los Angeles, 
Calif., INFO/CARD #152. 

L-Band Power Divider 
Sage Laboratories, Inc. has developed 

a new low loss. L-Band 3-way power 
divider for a specialized application. The 
Model FP3777 was designed to operate 
at 1090 MHz, and features a VSWR of 
1.3:1 maximum with peak to peak am¬ 
plitude unbalance of 0.3 dB maximum. 
Phase unbalance is 1° maximum, and 

isolation between outputs is 20 dB min¬ 
imum Sage Laboratories, Inc., Natick, 
Mass., INFO/CARD #151. 

Coaxial Power Terminations 
As an extension to the existing product 

line of coaxial terminations, Suhner now 

7 

PIEZO’s Mini Wonder. 
Superb performance in 3 cubic inches 

of 5X10 10/day. with an aging rate 
□ Stress compensated (SC) cut crystal 
□ Single supply voltage 
□ Low power consumption 

PIEZO’s new Model Number 2850038 
Series oscillators are designed for equip¬ 
ment requiring a miniature, rugged, pre¬ 
cision frequency standard. The stress 
compensated (SC cut) crystal offers the 
advantages of a longer life and low vibra¬ 
tional sensitivity. This makes the 
2850038 an ideal, cost effective oscillator 
for precision time keeping, instruments, 
communication and navigation equip¬ 
ment. 
The PIEZO standard of quality guar¬ 

antees you this kind of performance: 
• Aging rates: <5 parts in 10'°/day 
• Phase noise: Better than -153 dBc/Hz 
at 10 kHz offset 1.98" X 

□ High short-term stability 
□ Low phase noise 
□ Fast warm up 

• Warm up: Within 1 part of 107 of final 
frequency in 2V2 minutes at +25°C; 
within 5 minutes at -40 °C 

• Time domain stability: Better than 5 
parts in 10 12 for a 1 second averaging 
time 

• Power consumption: Approximately 
1.5 watts after warm up at +25°C 

• Output frequency: 10 MHz or 10.23 
MHz standard, custom frequencies 
available. 
PIEZO Systems is an affiliate of 

PIEZO Crystal Company, a leader in the 
production of piezo-electric crystals since 
1936. For more information call your 
nearby PIEZO representative, or write to 
PIEZO SYSTEMS, P.O. Box 619, Car¬ 
lisle, PA 17013. Telephone (717) 249-2151. 
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offers power terminations with 6, 15, 25, 
50 and 60 watt continuous power rating. 
Depending on power rating and connec¬ 
tor, these terminations are specified and 
tested up to 2, 5, 10 or 12.4 GHz. Six dif¬ 
ferent connectors are available. Huber & 
Suhner Ltd., Herisau, Switzerland, 
please circle INFO/CARD #150. 

Silicone Rubber RFI/EMI Shielding 
Silicone rubber molded and extruded 

products with a volume resistivity as low 
as .002 ohm-cm can be provided by Mox-
ness Products, Inc. For use in RFI/EMI 
shielding applications silicone rubber can 
be formulated as carbon filled, silver-
plated filled and pure silver filled to 
achieve specified resistivity and conduc¬ 
tivity levels. Tubing can take almost any 
form required — round or oval, large or 
small, heavy or thin walls. Moxness Pro¬ 
ducts, Inc., Racine, Wis., please circle 
INFO/CARD #149. 

Diamond MICutter 
A.R Microwave announces a new high 

performance direct circuit cutter on 
rubylith for HP Plotters HP7580/85, 
HP7470/75 and HP9872. It is ideal for use 
with MICAD, AUTO-ART, EMG and other 
MIC CAD software programs. Price: 
$149.50 (1-9). A.P. Microwave, Sun¬ 
nyvale, Calif., INFO/CARD #148. 

High Reliability RF Switches 
Internal termination of each unused or 

open port is now available on nearly all 
models of the ultra-high-reliability RF 
switches recently introduced by the 
Wavecom Division of the Loral Corpora¬ 
tion. With this option, each such port of 
these multi-position electromechanical 
switches is internally and independently 
terminated in a 50-ohm (5w CW) resistive 
load, ensuring the isolation and power 
matching needed for critical low-noise 
and stable signal applications. The SP2T 
switch covers the frequency range from 
DC to 26.5 GHz, the SP3T to SP8T models 
operate up to 23 GHz, and the 2P2T 
models up to 24 GHz. Wavecom, North¬ 
ridge, Calif., INFO/CARD #147. 

Telemetry System 
The General Instrument NSL-1017 

Telemetry System is a battery powered, 
40-channel, portable telemetry system 
designed for short range analog and 
digital data transfer and recording, par¬ 
ticularly in the presence of high level RF 
interference. Although the NSL-1017 was 
developed to support the U.S. Navy’s 
HERO (Hazards of Electromagnetic Rad¬ 
iation to Ordnance) program, it is useful 
in any application where remote sensing 

RF Design 

of analog or digital data is required. The 
system is provided with both RF and fiber 
optic link capability. General Instrument, 
Northern Scientific Laboratory, Fair¬ 
child, N.J., INFO/CARD #143. 

Laser Machining Service 
Coors/Ceramics, a subsidiary of the 

Adolph Coors Company, now provides full 
laser machining services to hybrid sub¬ 

strate users. The new Coors’ laser ser¬ 
vices include scribing, cutting, contour¬ 
ing, and hole drilling for simple to com¬ 
plex shapes in numerous ceramic sub¬ 
strate materials. Coors’ inventory of 
ADS-86R, ADS-995 and ADOS-90R 
(opaque) substrates allow the ceramic 
substrate manufacturer to provide 2 to 4 
weeks delivery. Faster delivery is also 
available upon request. Coors/Ceramics, 

EMI makes 
RFI/EMI Hlter 

• Lectroline" power line filters meet 
MIL F-15733 and interface with all UL and 
NEC approved equipment. UL-1283 approval 

pending. 

• Wall- and Floor-mounted Lectroline 
power line filter panels. 

• Filters and power factor coils available 
for standard 60 Hz and 400 Hz power systems. 

• Communication and control line 
filters. 

* Lectroline signal line filter panels. 
• Custom filters to your specs to comply 
with MIL STD 461/2/3, FCC, VDE and other 

regs. 

• Common mode filters. 

Reliability —an LM1 advantage. 
All Lectroline power line filters are supplied 
with internal bleeder discharge resistors per 

UL 478-1967 and NEC 460 4. 

Oil leakage is virtually eliminated by hermetically 

sealing both the oil impregnated capacitors and 

the external case. 

Other LM1 advantages include ventilation 
screens in high current Lectroline filters (to 
UL 1283), use of wiring wells to isolate input 
and output wiring, and internal filter wiring at 
1000 circular mils per ampere, minimum. 
Assembly of all electrical wiring, terminal strips 
and cabling is performed with UL approved 

devices. 

For most RFI/EMI suppression 
applications. 
LMI filters and filter panels are now widely used 
in shielded rooms and cabinets, ground support 
equipment, computer rooms, hospital 
diagnostic facilities, electrical and electronic 
equipment, and communication centers. Write 
or call the LMI Application Engineering 
Department for additional information. 

Nationwide Representatives 

LectroMagnetics, Inc. 
Specialists in electromagnetic shielding and compatibility 

6056 West Jefferson Blvd., Los Angeles. CA 90016 • (213) 8709383, Toll Free (800) 325 98I4 L. S.A. • (800) 325 9815 CA 
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Ga As FET Amplifiers For 
Communications, Radar and EW 
Many Models Available 
For Off-The-Shelf Delivery!* 
MAJOR FEATURES: 
• 100 MHz - 18 GHz • MIL-STD 883 
• Noise Figure as Low as 0.9 dB • Hermetically sealed packages 
• Medium Power Available • Phase and Gain Matching Optional 

MODEL 
NUMBER FREQUENCY 

GAIN 
(MIN.) 
(dB) 

GAIN 
VARIATION 

(MAX.) 
(± dB) 

NOISE 
FIGURE 
(MAX.) 
(dB) 

VSWR 
(MAX.) 
IN/OUT 

1dB COMP PT. 
(MIN.) 
(dBm) 

SIZE 
(INCHES) 
L X W X H 

To 4 GHz 
CP12932 .5 - 2.0 18 1.0 3.5 2.0:1 +20 3.25 X 1.5 X .85 
•CP12933 .5 - 2.0 27 1.0 3.5 2.0:1 +20 3.25 X 1.5 X .85 
CP12934 .5 - 2.0 36 1.0 3.5 2.0:1 +20 3.25 X 1.5 X .85 
C1 5603-9 1.0 - 2.0 30 1.0 1.3 2.0:1 +10 1.64 X .76 X .26 
C1 561 3-8 1.0 - 2.0 30 1.0 1.8 2.0:1 + 10 4.75 X 1.75 X 1.0 
*C30634 2.0 - 4.0 30 1.0 2.5 1.5:1 + 10 4.75 X 1.75 X 1.0 
C32524 2.4 - 4.0 40 1.0 2.6 2.0:1 + 15 4.75 X 1.75 X 1.0 
•C25923-1 1.0 - 4.0 17 1.0 5.0 2.0:1 +15 4.75 X 1.75 X 1.0 

To 8 GHz 
C40943 2.0 - 6.0 25 1.0 4.5 2.0:1 +10 1.64 X .76 X .26 
C50423 4.0 - 6.0 30 0.5 2.5 2.0:1 +10 3.0 X 1.2 X .46 
C60632 4.0 - 8.0 18 1.0 3.5 2.0:1 + 10 1.23 X 1.2 X .67 
C60633 4.0 - 8.0 28 1.0 3.5 2.0:1 +10 2.05 X 1.2 X .67 
C60634 4.0 - 8.0 38 1.0 3.5 2.0:1 + 10 2.05 X 1.2 X .67 

To 12 GHz 
C100452 8.0 - 12.0 20 1.0 5.5 2.0:1 + 10 2.05 X 1.2 X .67 
C100453 8.0 - 12.0 30 1.0 5.5 2.0:1 +10 2.05 X 1.2 X .67 
C100454 8.0 - 12.0 40 1.0 5.5 2.0:1 +10 2.87 X 1.2 X .67 

To 18 GHz 
C150462 1 2.0 - 18.0 2C 1.0 6.0 2.0:1 +10 2.05 X 1.2 X .67 
C150463 12.0 - 18.0 30 1.0 6.0 2.0:1 +10 2.87 X 1.2 X .67 
C150464 12.0 - 18.0 40 1.0 6.0 2.0:1 + 10 2.87 X 1.2 X .67 

NARROW BAND - VERY LOW RANGE 
*C19513 1.4 - 2.4 30 ±1.0 1.6 1.5:1 +10 4.75 X 1.75 X 1.0 
*014013 1.43 - 1.54 30 ±0.5 1.1 1.5:1 + 10 4.75 X 1.75 X 1.0 
*022103-9 2.2 - 2.3 30 ±0.5 0.9 1.5:1 +10 4.75 X 1.75 X 1.0 

I *022113 2.2 - 2.3 30 ±0.5 1.1 1.5:1 + 10 4.75 x 1.75 x 1.0 J 

Call factory for your special requirements. 
Variations on noise figure and power output available. 
Narrow band ultra low noise amplifiers available to 4.0 GHz. 

460 Calle San Pablo, Camarillo, California 93010 (805)987-9000 • TLX 469193 
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Grand Junction, Colo., please circle 
INFO/CARD #142. 

Surface Mounted Oscillator 
A chip carrier style clock oscillator has 

been added to the line of surface mounted 
components available from Dale Elec¬ 
tronics, Inc. Designated as the XOSM-13, 
the TTL compatible clock oscillator has 
a hermetically-sealed package and is 
available in a frequency range from 16 to 

series and TDK “SP0305/SP0406” 
series. Future production will include 
replacements for the Taiyo Yuden “02” 
series coil. Robert G. Allen Co., Inc., N. 
Hollywood Calif., INFO/CARD #139. 

Microwave MIS Capacitors 
This family of high quality metal-nitride-

oxide-silicon capacitor chips can be used 
in circuits to greater than 18 GHz. Capac¬ 

itance values of 1.5 to 50 pF are available 
and working voltages range from 50 to 
200 volts. Die sizes are available in .015” 
square and .020” square with maximum 
possible pad sizes of .011” and .016” 
square respectively. A thick gold metal 
system is provided which is suitable for 
ribbon or wire bonding and eutectic or 
epoxy die attach. Virtech, Los Gatos, 
Calif., INFO/CARD #145. 

RF AMPLIFIERS 
by AYDIN VECTOR 

24 MHz. Information on other logics and 
frequencies available in this style can be 
obtained from the factory. Supplied in a 
40 pin leadless chip carrier, the XOSM-13 
occupies board space .480”W x .480”L 
X O85”H. It is hermetically sealed to meet 
MIL-Std-833, Method 1014 and is de¬ 
signed for reflow soldering. Dale Elec¬ 
tronics, Inc., Tempe, Ariz., please cir¬ 
cle INFO/CARD #141. 

Coaxial Detectors 
MIDISCO has introduced a Zero Bias 

Schottky Detector with precision 7mm 
(APC-7) input connector for use from 0.01 
to 18 GHz. Model MDC1087-7 has a max¬ 
imum VSWR of 1.2:1 up to 4.0 GHz and 
1.4:1 up to 18 GHz. The broadband fre¬ 
quency response is ±0.3 dB to 8 GHz and 
±0.5 dB to 18 Ghz. Low level sensitivity 
is >0.42mV/uW. The MDC1087 series also 
contains detectors in other connector con¬ 
figurations. MIDISCO, Commack, N.Y., 
INFO/CARD #140. 

Axial Lead Inductors 
The Robert G. Allen Co., Inc., in¬ 

troduces its new series of axial lead in¬ 
ductors. Available in a range of 0.1 to 4700 
micro henry (uH), inductive tolerances are 
±2.5, 5, 10, and 20 percent. These induc¬ 
tors are color coded, with packaging 
available in bulk, taped in boxes or reels. 
The new RGA inductors are direct re¬ 
placements for the Taiyo Yuden “03", “04” 

RF Design 

¥J/ie t/ie dawn ... 

Available in frequencies of 5MHz to 1 GHz, single and 
multi-stage TO-8, T0-1 2 and 4 pin DIP packages: 
standard and custom cascaded assemblies with 
varying gain, NF and power output options 
and a variety of connectors. 

CUSTOM RF AMPLIFIER ASSEMBLIES ... 
to meet your specific need, backed by the 
engineering skill, manufacturing facilities 
and quality assurance ex¬ 
perience to meet your ex¬ 
act specifications and the 
requirements of MIL-
STD-883B and MIL-
Q9858A. 

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

Accept no substitute for high 
quality, low cost, speedy delivery 
and guaranteed specifications. Specify 
Aydin Vector RF amplifiers 
and attenuators. 

For a free copy of our brochure, áÈTTái0

AYDIN A VECTOR_ 
In the United States -Aydin Vector Division, POB 328, Newtown, PA 18940 
Tel 215-968-4271, TWX 510-667-2320 
In Europe —Aydin International U.K., 64 Wilbury Way, Hitchin Herts, SG4 OTP 
England; Tel 011-44-462-34555. TLX 851826626 
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Now that we have your attention, 
why don't you get our attenuators? 

A recent production 
breakthrough allows us to 
offer attenuators at prices 
that are one third to one half 
less, for any quantity—even 
one at a time ! 
These price reductions apply 

throughout our lines of 
programmable attenuators, 
50Q and 75Q turret 
attenuators and fixed 
attenuators. Frequency 
capabilities are DC to 1 or 2 
GHz, depending on model. 
So whether you’re building 

□EM test instrumentation, 
military or commençai RF 
systems, or just putting 
together a benchtop setup, 
you’ll find our new attenuator 
prices are impossible to turn 
down. 
Programmable 
Model 5 PI 30 
0 to 130 dB/1 0 dB steps 
de to 2 GHz, 50 ohms 
$320 ea. 
Rotary 
Model 5070A 
0 to 70 dB/10 dB steps 
de to 2 GHz, 50 ohms 
$87 ea. 
SMA Fixed Pad 
Model Al 51 
1 to 20 dB 
de to 2 GHz, 50 ohms 
$9.85 ea. 
TO-5 Micropads 
1 to 20 dB 
de to 3 GHz, 50 ohms 
$8.50 ea./$3.75 ea./1000qty. 

Especially when you consider 
that quantity discounts are 
available on top of the basic 
price reduction 

For detailed specifications 
and prices, phone Toll Free 
800-851-1202. Ir Indiana, call 
317/788-5975, cr write 
Wavetek Indiana, Inc., 5808 
Churchman, P.O. Box 190, 
Beech Grove, Indiana 46107 
TWX: 310-687-6033. Telex: 
6876033. 

Programmable 
130 dB 

SMA Fixed Pad 
de to 2 GHz 

For Literature Circle 
INFO/CARD 42 

For Demonstration Circle 
INFO/CARD 34 

Rotary 
de to 2 GHz 

$3.75 ea./1000 qty. 



RF POWER 
Lab Instruments & Modules 

• 2 to 5000 Watts, 25Hz to 550MHz 
• Innovators in Solid State Design 
• Superior Quality Construction 

A complete line of high quality RF Power Amplifiers designed for versatility and reliability. 
Choose from over 30 laboratory type AC instruments, or from more than 40 state-of-the-art 
DC modules for OEM or special project use. All modules are housed in “one-piece’’ solid 
aluminum machined RFI-proof enclosures for reliability and low leakage performance. 
Over 16 years of RF POWER design and manufacturing experience enable us to supply 
you with a combination of the very best amplifier system for your money and provide the 
know-how to quote you on your special requirements. If we don’t have what you need, 
we’ll design it! Send for your free amplifier catalog. 
APPLICATIONS: NMR/ENDOR/ESR, Communications, Lab Test Equipment, Ultra 
Sonics/Sonar, RFI/EM I Testing, Accelerators, Medical Research. 

Engineering International, Ltd., U.S.A. 
2180 87TH SE, WOODINVILLE, WA 98072 206/823-1832 TELEX: 24-7028 

INFO/CARD 81 
See us at the RF Technology Expo, booth #713. 



PORCELAIN CHIPS IM QTAOIZ 
FOR MICROWAVE 11 \l ò I UUl\ 

DESIGN 
and FABRICATION 

• EM SENSORS 
Current Probes 
Antennas 
FCC & CISPR LISNs 

• NANOSECOND TRANSIENT 
SUPPRESSORS 
Coaxial Lines 
Power Lines 
Telephone Circuits 
I/O Semiconductor Circuits 

• MURATA-ERIE NORTH AMERICA 
MANUFACTURES THE FINEST 
QUALITY MICROWAVE CHIP 
CAPS IN THE WORLD. 

• VARITECH STOCKS EVERY 
STANDARD CAPACITANCE IN 
C AND J TOLERANCES. FROM 
DESIGN THROUGH PRODUCTION, 
WE MEET THE NEED. 

Fischer Custom Communications, Inc. 
P.O. Box 581 Dept. J 

Manhattan Beach, Ca 90266 
(213) 642-0049 

INFO/CARD 84 
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BROADBAND EQUIPMENT 

FOR INSTRUMENTATION 

AND COMMUNICATIONS 

1971 - 1986 

15th Anniversary Year 

RF IMPEDANCE BRIDGES 

WBE, Inc. Return Loss Bridges are direct reading, balun null type bridges. 
Bridge loss is 12 dB nominal or 6 dB per lee. Various connector options, 50 or 75 ohm 
Impedance, and Fixed or Variable Impedance options allow for custom tailoring to your 
exact specifications. 

Minimum Freguency Range PRICE 
Model Applications 40 dB Directivity 50 dB Directivity 50 ohm 75 ohm 

A57T VHF Fixed 1-500 MHz 5-300 MHz 
A57TGA VHF Fixed 1-550 MHz 5-500 MHz 
A57TU UHF Fixed 1-900 MHz -
A57T/30 Low Freg. 30 KHz-30 MHz -
A57TLL Low Freg. - 190 KHz-50 MHz 
A56 VHF Variable 1-500 MHz 5-300 MHz 
A56GA/6 VHF Variable 1-600 MHz 5-600 MHz 

$258.00 
311.00 
357.00 
311.00 
395.00 
445.00 
532.00 

$270.00 
322.00 
369.00 
323.00 
411.00 
448.00 
535.00 

WIDE BAND ENGINEERING COMPANY, INC. 
P O BOX 21652. PHOENIX, ARIZONA 85036. U S A • TELEPHONE (602I 254 1570 

INFO/CARD 83 
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rf products Continued 

HP41 Emulator Software 
Straightforward introduces the Forty-

One. The Hewlett Packard HP41, HP41CV 
and HP41CX are the world's most popular 
handheld computers, with over 1.4 million 
in use. The FortyOne is an HP41CV 
Emulator for the IBM PC and can im¬ 
mediately run most of the 5000 programs 
in the HP41 users Library without altera¬ 
tion. The FortyOne-ES (software version) 
is $115. The FortyOne-EF (8087 version) 
is $100. Straightforward, Gardena, 
Calif., INFO/CARD #155. 

Broadband Antenna 
The OD310 Omni-Directional Antenna 

manufactured by Credowan Limited pro¬ 
vides full band coverage from 210-240 
MHz in fixed, mobile or shipborne appli¬ 
cations. Designed to handle an input 

Your best choice for 
UHF and microwave applications. 
Sprague-Goodman Gigaherz Trimmer Capacitors. 
Nobody offers a wider selection of 
single turn ceramics, mulriturn sap¬ 
phire and plastic trimmers for appli¬ 
cations in the UHF and lower GHz 
bands. All feature high Q, 
great stability small size 
and low cost. 

SPRAGUE 
GOODITIQn 

For RF applications, our line includes 
sub-miniature gloss and quartz Piston¬ 
cops®, plastic Rimtrims® and Ceramic 
single turn, Mica compression, Airrrim® 

air dielectric, miniature LC 
tuners, and Srab-L® metal¬ 
lized inductors. 

(An affiliate of rhe Sprague Electric Company) 

134 Fulton Ave., Gorden City Pk, NY 11040. 516-746-13Ô5. W 510-600-2415. TLX: 14-4533. 
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power of 250W via the type “N” connec¬ 
tor, novel design prevents wasteful high 
angle radiation and provides a DC path 
to static as well as providing lightning pro¬ 
tection. Input VSWR is 2.0:1 max and the 
antenna is designed to operate over a 
temperature range of -55° to +75°C. 
Credowan Limited, West Sussex, U.K., 
INFO/CARD #136. 

Hi-Power RF 
AMPLIFIERS, TRANSMITTERS, POWER GENERATORS 

10-10,000 WATTS! / 2-500 MHz Frequency Range! 

PCB Connector System 
McMurdo Connectors has introduced 

the 801/801CX Series two-part PCB con¬ 
nector system utilizing a 0.05 in staggered 
pitch with 0.10 in between rows, offering 
a combination of LF and RF contacts as 
well as polarizing and locking guide for¬ 
mats. All are designed to meet the latest 
requirements of the MIL-C-55302/140 
through 155 specification as and when 
allocated. All contacts are removable and 
as an alternative to RF, high power 
variants are available as a substitute for 
RF contacts. Other main features include 
’A turn locks, hoods and pin shrouds. 
McMurdo Connectors, Lexington, 
Mass., INFO/CARD #146. 

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 

2050 S Bundy Drive, Los Angeles, CA 90025 
TOLL FREE: 1-800-421-6631 

In California call (213) 820-1234 
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OTŒmr 
1750 MOUNTAIN GLEN 

STONE MOUNTAIN, GEORGIA 30087 

STAR is a general purpose RF analysis and optimization program. A 
circuit is described and stored as a file. Files may be recalled and 
edited. Output is to the screen, printer or a printer plot. Stability circles 
are also computed. 
Optimization, with selectable weights, of any 10 values are allowed. 
28 examples are included on the disk and described in the manual. 
STAR allows up to 50 lines in an easy to write circuit file. This is more 
than enough capacity for amplifiers, matching networks, filters, 
oscillators, hybrids and other circuits. Up to 100 frequencies may be 
used in one run. 
STAR is todays best RF circuit design software value. Circle info card 
or write for free brochure. ..Or for immediate delivery, order today. 

IBM PC/XT/AT/Jr $99.00 Macintosh $99.00 
IBM with 8087 or 80287 super fast!!! $1 95.00 
Apple ll+/c/e $89.00 C64 with 1525 printer $99.00 
Kaypro 2/2X/4/1 0 CP/M 2.2 MBasic SSDD $89.00 

Please order by mail. Shipping paid on prepaid orders. Purchase orders 
requiring invoice add 5% to total. Net 30 days. Orders shipped from stock 
within 7 days. For order questions call Marilynn (404) 923-9999, 8AM-9PM. All 
other questions 6PM-9PM. 
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Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 
The “Generation Gap” is filled with the “new” EXPEDITOR, the 
microprocessor based R.F. AnaDigit System. 
The EXPEDITOR power computer. . .you make the demands, it fills 
the requirements. 
• Programmable forward AND reflected 
power ranges. 

• Can be used with the elements you 
now have. 

• Compatible with all Coaxial Dynamics 
line sizes and power ranges. 

• 18 scales from 100 mW to 50 kW. 
Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 

COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability. . .A Part of Every Product 

rf literature 

FCC/VDE Testing Brochure 
Schaffner EMC, Inc., announces the 

availability of their new EMI Test System 
brochure. This literature contains useful 
information on the Schaffner EMI Test 
System which provides users with cost-
effective, uncomplicated FCC or VDE 
Testing. Included are technical specifica¬ 
tions of the system as well as an in-depth 
look at Radiated Emissions and Con¬ 
ducted Emissions. Schaffner EMC, Inc., 
Union, N.J. INFO/CARD #153. 

Honeywell Microwave Catalog 
Honeywell Inc., Santa Barbara 

Microwave Center, has released an ex¬ 
tended Short Form Catalog. This revised 
catalog features SBMC’s standard pro¬ 
duct line, which covers the frequency 
ranges from 2 to 110 GHz. Included in 
SMBC’s new short form catalog are MIC 
and Waveguide mixers, mechanically and 
varactor tuned Gunn oscillators, IF 
amplifiers, MIC and Waveguide multi¬ 
pliers, network analyzer frequency ex¬ 
tenders, and line extenders. Honeywell 
Inc., Santa Barbara Microwave Center, 
Santa Barbara, Calif. INFO/CARD #152. 

QPL Cross Reference Guide 
Abbott Transformer Division now offers 

over 750 models QPL certified to MIL-T-27. 
Included in this offering are six complete 
product lines — 60 Hz and 400 Hz 
models; Grades 4 and 5/Class S; ranging 
from 5 V to 220 V and 2 VA to 375 VA. To 
aid the design engineer and purchasing 
agent, a free Abbott/QPL Cross Refer¬ 
ence Guide is available upon request. Ab¬ 
bott Transistor Laboratories, Inc., Bur¬ 
bank, Calif. INFO/CARD #151. 

Porcelain Capacitors 
An 8-page brochure describes ultra 

high Q porcelain capacitors according to 
MIL-C-55681/4 and 5. CDR12 and CDR14 
styles are QPL approved. The brochure 
provides specification of dimensions, per¬ 
formance characteristics and termina¬ 
tions. Also included are Q vs. frequency, 
ESR vs. frequency curves and compari¬ 
son ESR vs. frequency of the three dielec¬ 
tric materials. Dielectric Laboratories, 
Inc., Cazenovia, N.Y. INFO/CARD #150. 

Allen Avionics Catalog 
Allen Avionics video and pulse delay 

lines and video filters are presented in 
Catalog 19V. The product line includes the 
VES series of fixed delay lines and the 
HEC1000 Hum Eliminator which provides 
hum reduction to 50 dB depending on 
system. A group of low cost, high quality 
fixed attenuators for the video industry is 
also illustrated. Allen Avionics, Inc., 
Mineola, N.Y. INFO/CARD #149. 
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The best names 
in the business 
are sold on us. 
Advanced ElectroMagnetics, Inc. has long been a 
leader in the microwave absorber material industry, 
setting new standards and developing new 
technologies for application by the best known 
names in the business: companies like Hewlett-
Packard; IBM; Texas Instruments; SRI International; 
Hughes Aircraft Company; Boeing; 
Tektronix and many others. 

PRECISION CRYSTAL 
OSCILLATORS 

SERIES 8000 

Today, companies throughout 
the microwave development and 
testing industry turn to Advanced 
ElectroMagnetics for proven 
performance in an extensive 
range of products and services. 
Through continuing research and 
technical expertise. Advanced 
ElectroMagnetics has emerged as 
the leading source for: 

• Anechoic chamber design and installation. 
• Broadband pyramid absorbers. 
• Low frequency absorbers. 
• Millimeter wave absorbers. 

STANDARD FREQUENCY 5.0 MHz 
AGING RATE _ MODEL ER8001 1 x 10- 9/day 

MODEL ER8003 1 x 10- 1°/day 
MODELER8005 5 x 10 -"/day 

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

INPUT VOLTAGE __12 VDC ± 10% STANDARD 
OUTPUT _ SINE-WAVE 1VRMS INTO 50 

ohm LOAD 
SIZE _ MODEL ER8001 and 

MODEL ER8003 
2” x 2” X 4” H 
MODEL ER8005 
2.25” x 2.25” X 4.25” H 

OPTIONS _ MANY OPTIONS ARE AVAIL¬ 
ABLE TO INTERFACE WITH 
YOUR REQUIREMENTS 

• Broadband convoluted 
absorbers. 

• Absorbing wall modules. 
• Broadband walkway 
absorbers. 

• Tuned frequency absorbers. 
• Special projects and 
consultation. 

With a comprehensive 
program of design, 
research and 
manufacturing 
capabilities, Advanced 
ElectroMagnetics is the 
primary source of 
absorber technology for 

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. 

America's best known 
companies. For complete details on how 
your company can join that list, contact 
Advanced ElectroMagnetics, Inc. today. 

Advanced 

For information and prices, send your specifications to: 

Electromagnetics, Inc. ere 

JTROL PRODUCTS 

electronic research company 

P.O. Box W, 9257 Mission Gorge Road 
Santee, CA 92071-0618 • (619) 449-9492 

7618 Wedd, Overland Park, Kansas 66204 
TWX:(910) 749-6477 
Telephone: (913) 631-6700 

INFO/CARD 90 
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MSP Bedford Laboratories 

Getting There First 
with Tomorrow’s Technologies 
The Bedford Laboratories of Fortune-100 Raytheon’s 
Missile Systems Division is enjoying continued 
achievements and expansion in the research, design 
and development of several of the world’s most 
sophisticated air defense systems. We are also 
involved in integrating breakthrough technologies 
and applications for our missile systems that are 
internationally recognized. 

The commitment of Raytheon’s Missile Guidance and 
Radar Systems Engineers is total, extending beyond 
the labs into flight/site test and evaluation, and ulti¬ 
mately through production and implementation. 

Missile Guidance Laboratory 

Microwave Design 
—Radomes, stripline, microstrip, MMIC, amennas, 

transmitters, receivers, low noise frequency 
sources and amplifiers 

Receiver & Signal Processors 
—IF circuits, FFTs, phase lock and AGC loops, ECM/ 
ECCM 

Control System Design 
—Inertial platforms, antenna and fin actuator control 
systems 

Systems Engineering 
—Design, requirements, analysis and simulation for 

missile guidance against advanced threats 
Test & Evaluation 
—System integration and test, flight test support, 

field test 
CAD 
—Circuit and system model development and appli¬ 

cations 

Radar Systems Laboratory 

Wideband Adaptive Antennas 
Millimeter Wave and Microwave Solid State 
Technologies 
Integration and Test Systems 
Receivers, Signal Processors, and High Speed 
Control Units 
Radar System Design and Analysis 
Radar System Test Engineering and Management 
Antenna Design and Test Engineering 
Receiver/Signal Processing Design 
Microwave Design Engineering 
EMC/EMI Analysis 

Raytheon’s Bedford Laboratories is located in one of 
suburban Boston’s most desirable communities— 
convenient to the city’s incomparable educational, 
cultural and entertainment resources, as well as the 
innumerable four season, recreational activities of 
nearby New Hampshire, Maine, Vermont and Cape 
Cod. 

A BS degree in an engineering discipline is neces¬ 
sary. Both experienced engineers and recent college 
graduates will be considered. Raytheon offers an 
excellent salary/company-paid benefits program, 
including Investment Savings and Stock Ownership 
Plans. Please send resume with salary requirements to: 
Todd R. Tetreault, Raytheon Company, Missile Sys¬ 
tems Division, Hartwell Road, Bedford, MA 01730. 
An Equal Opportunity Employer. U.S. Citizenship 
required. 

Quality Starts 
with Fundamentals 

Raytheon 



opportunities 

PROJECT 
ENGINEER 
RF DEVELOPMENT 

Due to increased research and development actitivites, 
Shure seeks the skills of a Senior RF Design Engineer. 

You will apply your background in phase lock techniques 
and modern modulation/demodulation methods to design 
from concept to working prototype. 

Ability to coordinate and direct projects is required. You 
will be responsible for developing a line of low powered 
VHF equipment. 

Shure is located in Evanston, a near north suburb of Chi¬ 
cago and offers a competitive salary commensurate with 
your experience. Our excellent benefits include an op¬ 
portunity for personal and professional growth in a chal¬ 
lenging environment. CALL COLLECT: 

RF/MICROWAVE 
CIRCUIT DESIGN 

ENGINEER 
Colorado 

(312) 866-2228 

Manufacturer of RF products for TV broadcast, CATV and 
satellite needs EE's to design new TVRO products for con¬ 
sumer and commercial markets. Experience in 
RF/microwave circuit design required. 
Based in Burlington, Iowa and recognized as an 
industry leader for 30 years, Winegard Company 
develops new products at its engineering and research 
division located in a scenic Colorado mountain 
community within commuting distance of Denver 

CHERYL YOUNG 

Shure Brothers Inc. 
222 Hartrey Avenue / Evanston, IL 60204 

An Equal Opportunity Employer 

Our medium-sized, stable, independent company 
offers multiple benefits for its professional employees 

Phone or send resume to Jim Kluge, Winegard 
R4D Lab, P.O. Box 940, Evergreen, CO 80439. 

(303) 674-5576 

WINEGARD 

PUT A NEW MARKETING REP ON YOUR TEAMI 
USE REPRINTS FROM RF DESIGN MN3MÍNE 

For a cost-efficient way to reach your customers — and 
potential customers — reprints are the way to go. 

WHY REPRINTS? 

• Advance consumer & industry awareness 
• Focus attention to your products & services 
• Explain what your company does 
• Positions your company as an industry leader 

Order your reprints now. Let a low-cost solution solve a 
high-cost problem. 

For further information on how to order your reprints, 
call Kathi Walsh at (303) 694-1522. 
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Proclaim liberty 
throughout 
the land. 

It was rung to announce the 
adoption of the Declaration of 
Independence. In a sense, the 
liberty bell has never stopped 
ringing for America. 

Keeping liberty alive for the 
free world has often been an 
arduous task. But in one area, 
this task has been more than just 
hard work. The development of 
advanced radar, RF and micro¬ 
wave technologies to serve our 
nation’s defense is both an 
adventure and a challenge. 

At Support Systems, the 
freedom to create is simply one 
more stimulus to work for the 
cause of liberty. 

We continue to remain a free 
country by staying strong. Hughes 
Support Systems is proud to be 
a part of this strength. And we’re 
proud to extend this invitation to 
you. . to help us keep working 
for America. 

We have career openings in 
the following critical areas: 

Radar Systems Engineers 
(Hardware/Software) 

RF Systems Engineers 
(Transmitters, Receivers, 
Antennas) 

Please call C. Burton collect 
at (21 3) 605-2005, 7am-5pm PST, 
or send your resume to: G.M. Quick, 
Hughes Aircraft Company, Dept. 
001, P.O. Box 9399, Long Beach, 
CA 90810-0399. Proof of U.S. 
citizenship required. Equal oppor¬ 
tunity employer. 

Creativity 
America depends on. 

HUGHES 
AIRCRAFT COMPANY 

SUPPORT SYSTEMS 



RF 
PRODUCT DEVELOPMENT 
ENGINEER 

Phonic Ear Inc. is an electronics 
company located in beautiful Marin 
County, just north of San Francisco. 
We have been developing and 
manufacturing electronic devices for 
the speech and hearing impaired for 
the past 20 years. We employ 200 
people worldwide and offer excellent 
salary and benefits. 

If you have experience in FM 
communications and enjoy working 
with radio projects, we may have a 
position for you on our technical 
staff. This is an exciting opportunity 
to work with state-of-the-art 
sophisticated products and equip¬ 
ment and to use your FM expertise to 
help hearing impaired children func¬ 
tion in a normal society. 

If you are interested in this 
rewarding opportunity, please send 
your resume to the Personnel 
Manager at: 

))))IIIPhonicEar 
250 Camino Alto / Mill Valley, CA 94941 

U.S.A. 

or contact Dave Sien at the 
Anaheim Hilton & Towers. 

LTLkrZ^A Missile 
And Surface Radar, 
r developing technology 
æBàs? and careers! 

RCA Missile and Surface Radar Division is on the leading 
edge of Military Electronics in the creative application of 

the latest state-of-the-art technology Our engineering 
team develops major systems for deployment and 

integration of combat systems for surface naval forces of 
guided defense missile cruisers. 

If you are an experienced engineer who would like to see 
your ideas integrated into advanced systems that guard the 
nation's defense, we invite you to join us. 

Unit Manager, RF/IF Processor 
Design 

BSEE/MSEE with 10» years military or commercial exper¬ 
ience in the design of analog equipment which spans the 
intermediate and microwave frequency range. Experience 
with Product Design of Receivers. IF Processors, Frequency 
Sythesizers and Waveform Generators for Modern Radar 
Applications desired Responsible for schedule and cost 
control, preparation of new business technical and cost 
proposals, and management of technical and support 
personnel 

RCA MSR Division is proud of the exciting and challenging 
opportunities it has to offer to creative, career minded 
professionals. In addition to highly competitive salariesand 
a comprehensive benefits package which includes dental 
and tuition plans. RCA MSRD has two on-site Masters degree 
programs 

We are located in Moorestown. New Jersey, a beautiful rural 
South Jersey area, just 15 miles outside of Philadelphia and 
close to the shore and mountains Moorestown is a cultural 
community offering a wide variety of lifestyles and 
educational opportunities. 

Interested professionals are urged to send their resume, 
with salary history, in confidence to: 

Double up, 
America. 
Two can ride cheaper 

than one. 
When people carpool, companies ben¬ 
efit directly, because, obviously, 
fewer cars will make less demand on 
the parking spaces in the company lot. 
And some companies have attributed 
an increase in punctuality to the fact 
that more and more of their em¬ 
ployees were carpooling. 

Find out how you can help or¬ 
ganize carpools. For your “Double up 
Kit,” write to Double up, U.S. De¬ 
partment of Transportation, P.O. Box 
1813, Washington, D.C. 20013. 

o 
A Put*c Service al The Magazine & The Acfvertamg Counai 

H.S.C Phillips. Dept 366622 
RCA Missile and Surface Radar Division 
Borton Landing Road 
Building 108-111 
Moorestown, NJ 08057 

US Citizenship Required 
Equal Opportunity Employer 

One Of A Kind. 

RF Design 

Kathi Walsh 
Classified Advertising Manager 

ndesign 
A Cardiff Publication 

6530 South Yosemite Street 
Englewood, Colorado 80111 
(303) 694-1522 
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The 
Frequency of Technical 

Opportunities 

...Originates in Dallas 

from ELF to UHF — and beyond Conti¬ 
nental Electronics, a Division of Varian 
Associates, is spanning the limits of high 
power RF technology to bring imagination 
and application closer together As an 
engineering-oriented company that special¬ 
izes in the design, development and pro¬ 
duction of high power radio frequency 
transmitters, we've delivered many firsts in 
communications, radar, radio broadcasting 
and scientific research 

Qpportunities exist RIGHT NOW for profes¬ 
sionals at all levels with design experience 
in high power RF amplifiers and/or control 
and monitor systems We'æ looking for 
achievement-oriented Engineers, with 
BSEE/Physics. US. Citizenship and the 
ability to obtain DOD clearance, in these 
areas: 

• RF DESIGN 
• CONTROL and MONITOR 
DESIGN 

• MICROPROCESSOR 
SOFTWARE DESIGN 

A our Dallas. Texas headquarters, team in¬ 
teraction and responsive management pro¬ 
mote a corporate culture attuned to in¬ 
dividual achievement, creating avenues for 
those who want to originate change 

A core cadre of professional experienced 
engineers and a broad scope of projects 
make Continental Electronics an excellent 
choice for the experienced or recently 
graduated engineer who is motivated 
toward program success and a high level 
of self satisfaction resulting from involve¬ 
ment in all facets of engineering 

A a division of a Fortune 500 Company. 
Continental Electronics promotes profes¬ 
sional satisfaction through challenging 
work, excellent salaries, and a benefits 
package which includes cash profit sharing 
and a 401(k) retirement and tax-deferred 
savings plan To apply, send your resume 
with salary history to Professional Recruiter. 
Continental Electronics. PO Box 270879, 
Dallas. TX 75227. or call (214) 381-7161 
Principals only, please We are an equal 
opportunity employer. 
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High tech leadership 
in high power amplifiers 

Application requirements tor solid 
state RF Microwave amplifier 
systems become more demanding 
every day. Power outputs up to 20 KW ^B 
and frequencies up to 20 GHz present 

formidable challenges in circuit 

Bl 
techniques Ad ri SBSBmMWBMMi’ 
host of complex operational I '¿gA 
a:. : ■-win u.rw re ; ■! hhE| J 
no which ::ei. w ï B • | ' 
being met by M A-COM MPD | I 
with a diverse array of iPO ' i. 
technological disciplines - * 
high power switching for 
antenna T/R; electro-mechanical and 
solid state filter switching for harmonic suppression; 
prime power conditioning; antenna integration; high power 
tunable filters for co-location conditions; microprocessor ^B 
interfacing for control and BITE; air and liquid cooling for high 
density packaging. ^B 
The compact assembly shown here is a Class AB solid state ^B 

amplifier sub-system for airborne communications. It delivers 1000 
watts in the UHF band, and includes a unique digitally addressable 
high power filter to assure extremely clean RF output, allowing 
multiple amplifiers and receivers to be co-located without impinging 
on one another. Featuring high density easily maintainable 
packaging, with an ability to perform in a mission-critical environment, 
it is one more example of our expanding high tech leadership in high 
power amplifier systems and sub-systems... the kind of leadership that can 
meet the most difficult requirements of your EW, radar, communication 
and test applications. 

M/A-COM MICROWAVE POWER DEVICES, INC. 
X 330 OSER AVENUE. HAUPPAUGE. N Y 11788 (516)231-1400 TWX 510-227-6239 
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From Test to Toys 

Plastic 
MMIC gain blocks. 
Avantek 4-Pac 
amplifiers. $1.80 each*. 
Avantek’s series of MODAMP™ 
silicon monolithic microwave in¬ 
tegrated circuit amplifiers are 
ready to drop into your 50-ohm 
circuit, with no design problems 
— virtually no concern for what 
comes before or after. These 
MMICs are unconditionally sta¬ 
ble and provide cascadable gain 
blocks at any frequency up to 2 
GHz. 

4-Pacs are small (140 mil) plastic 
packages suitable for PC board or 
stripline applications in products 
ranging from instrumentation to 
toys, from fiber optic systems to 
mobile communications. They’re 
simple to use and readily avail¬ 
able. 

Available in volume. 
Avantek 4-Pac MODAMP MMICs 
are available today from your 
nearest distributor. Prices start at 
$2.75 and go to $1.80 in 10,000 

piece quantities. Don’t forget — 
because of their very wide operat¬ 
ing range, the same amplifier can 
work from DC through video all 
the way up to 2 GHz. And you 
can stack them like building 
blocks to add whatever gain you 
need. Avantek innovation — 
designed to make your design job 
easier. 

Avantek MODAMP MMICs are 
the most universal low-cost RF 
amplifiers available some 
today. Contact your nearest 
Avantek distributor or call us for 
complete details. 

Avantek Distributors 

Gain vs. Frequency 

MSA 0104 

MSA 0204 

MSA 0304 

MSA 0404 

(Gain flat to DC) 

Frequency, GHz 

*price in 10,000 piece quantities. 

EAST 
Applied Specialties 
Beltsville, MD 
(301) 595-5393 

Sickles Dist. Sales 
Lexington, MA 
(617) 862-5100 

Technical Marketing Asso. 
Hackensack. NJ 
(201) 342-4008 

CENTRAL 
Component Dist. 
Ft. Lauderdale, FL 
(305) 971-4950 

Peak Distributors 
Arlington Heights. IL 
(312) 255-0707 

Thorson Dist. 
Dallas, TX 
(214) 233-5744 

WEST 
Pen Stock, Inc. 
Los Altos. CA 
(415) 948-6552 

Sertek, Inc. 
ix« Angeles, CA 
(213) 477-9051 

Spirit Electronics 
Scottsdale, AZ 
(602) 998-1533 

0AVANTEK 
3175 Bowers Avenue 
Santa Clara, California 95051 
Sales: (408) 496-6710 

Copyright 1985 Avantek. Inc 
Avantek is a registered trademark of Avantek. Inc 
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