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50% smaller 
than you'd expect 
...available now! 

CTS Hybrid 
VCXO 

End the trouble of designing your oscillator 
now you can specify this highly reliable CTS component! 

Actual size: 
.860" X .830” X .350" 

Solve your space limitations and put an 
end to specifying a crystal and design¬ 
ing your own oscillator. This CTS hybrid 
VCXO comes in a package that is 50% 
smaller than usual—and you can simply 
specify and order the oscillator as you 
do any other component. Because CTS 
Knights Division specializes in precision 
crystal products, we have the largest 
staff of engineers in the industry. We 
even make our own crystals to assure 
precise uniformity. 
This subminiature IKVXO-I00 voltage 

controlled crystal oscillator is available 
today, with the specs listed here. Or, if 
you have a special application, we will 
customize a design to meet your require¬ 
ments. Either way. you'll get traditional 
CTS reliability at very competitive prices. 
WRITE TODAY for full specifications 

on this CTS subminiature 
crystal oscillator. Contact: 
CTS Corporation. Knights 
Division. 400 Reimann .. <■ 
Ave . Sandwich. IL 60548. ' ï 
Phone: 1815) 786-8411. 
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Specifications 
JKVXO-I00. Crystal Oscillator 

Small Size 

Wide Pullability 

Temperature 
Stability 

Center Frequency @ 
Room Temperature 

.860" X 830" X .350" 

± 200 PPM minimum 

0°C to + 60°C 
+ 40 PPM 

± 10 PPM 
when shipped 

CTS 

Series CCXO 140 Leadless 
Chip Carrier Crystal Oscil¬ 
lator for surface mounting. 
Phone: 1815) 786-8411 
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MEANS RELIABILITY 
CTS CORPORATION • ELKHART INDIANA 

DIP Attenuator Switchable 
attenuator in standard DIP 
package 
Phone: 131 7) 463-2565 
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Printed Circuit Boards 
Complex double-sided and 
multilayer styles. 
Phone: 1415) 659-1770 
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Custom Crystal Oscillator 
with multiple integrated 
functions. 
Phone: (815) 786-841 1 
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Motorola RF Design News 

Take your choice of surface-mount power. 
GHz gain, miniscule drain in SOT-143. 

Operating at less than 1 mA Ic with a Vcc 
of only 1 V, the MRF9331 offers 13 dB typical 
gain at 1 GHz and 2 dB NF at 500 MHz. Use of a 
single emitter finger of a 1.25 micron die design 
achieves state-of-the-RF-art performance with 
high, 6 GHz fT. 

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 p.A to 2 mA Ic. 
And SOT-143s provide dual emitters for best 

performance in common emitter configurations. 
Price: just $1.50, IK-up. 

600 W, MRF430 bipolar unit not for 
the timid. 

At 600 W Pout, the MRI-430 is the most power¬ 
ful 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 a given P^, improving reliability and allowing 
direct, heat sink mounting. It's basically four 
MRF429s in a single package with all the rugged¬ 
ness and low IMD of the '429. 
And 50-up is only $315—30% less than 

MOSFETs. 

900 MHz SO-8 grabs 1 W 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 f i MRF837 used in wideband, large-
signal, pre-driver, 900 MHz, land-mobile stages. 
No sacrifices in technology, either 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 charac¬ 
terized at 75 V and at 512 MHz. 

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

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 

Monolithic RF amplifier 
available two ways. 
Our first monolithic wideband RF amplifier 

—the MWA0204—is designed for industrial/ 
commercial systems up to 3GHz and offers 12 dB 
typical gain at 500 MHz. 

It's fully cascadable, provides 50 fl input 
and output impedances and is available in low-
cost, plastic packages.The basic MWA0204 

applications where high-gain to high-frequencies 
are required, or in fast switching designs. 
Just $1.00, 100-up. Samples now. 

1-800-521-6274 

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. 

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 
is in a MACRO-X ™ strip¬ 
line package while the 
MWA0211 is in the sur¬ 
face-mountable SOT-143. 

Data sheet parameters 
cover gain, gain com¬ 
pression, noise figure, 
input/output VSWR and 
S-parameters to 2 GHz. 

I To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 
Í Please send me the latest information on these Motorola RF Semiconductors: 
i ( 1 MRF430 □ MRF8372 I I MRF9331 
□ MWA0264 □ MRF5711 «»RFimnn« 

I ZböKrUUöUUöb 

I Name -

j Title_ 

I Company - -

I Address_ 

I City - State - Zip -

j Call me (_ )-



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 Si.bsidiary'ol EiEcrnowics. INC 

Impressive Standard Features Include: 
■ 100 kHz to 1 GHz frequency coverage ■ VRS,U (Vertical Raster 
Scan) CRT display ■ Single function keyboard entry ■ Menu 
driven display modes • Automatic amplitude calibration 
■ Selectable linear/log display modes ■ Digital storage of all 
displayed parameters • 70 dB dynamic range ■ 300 Hz 
resolution bandwidth ■ 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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Page 32 — TEMPEST Requirements 

Page 45 — GaAs IC Interfacing 

Cover 
This month’s cover illustrates mixer development from the basic modulators 
of the 1960s to the higher integration levels of today’s compact packages. 
Shown for the first time are Merrimac Industries’ new 3 GHz synchronous 
detector compressed to a 0.8-inch square flatpack (center) and a quadraphase 
modulator reduced to a 5/8-inch square flatpack with no loss in performance 
(lower left, above surface mount mixers). 

Features 

Special Report — Mixers: Making the Right Choice 
24 Mixers represent one area where RF designers must evaluate the choices and 

make the compromises necessary to fulfill the goal of a design assignment. 
This report reviews the products available and explores the criteria for choosing 
a mixer for a specific design. — Gary A. Breed 

RFI/EMI Corner 

32 
Understanding TEMPEST Requirements 
Part II of this series explores the design techniques required for TEMPEST-
qualified equipment and analyzes the cost and time aspects of system testing. 

— Michael L. Brooks 

45 

Design Feature 
Interfacing With GaAs Digital ICs 
This article provides practical information on the use of GaAs digital ICs, 
presenting specific interfacing requirements. — Don Apte 

Design Feature 
50 100 MHz to 3.5 GHz Propagation Curves 

Classic propagation data are presented in a computer program for communica¬ 
tions range prediction. — Lynn A. Gerig and Joseph R. Hennel 

Digital Connection 
RF-to-Optical Data Link 
This article describes a patented RF-to-optical data communications system 
design. — Gary O. Sandstedt 

58 

Designer’s Notebook 
Magnetic Core Calculations — A BASIC Program 
Here is a short program to assist in the design and evaluation of RF circuits 
using toroid, sleeve, bead, or binocular magnetic cores. — Serg Ticknor 
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No 
Big 
Thing. 

In fact, this surface mount 
leadless chip carrier is a 
pretty small item. Except that 
ours carries an 8-pole crystal 
filter (17-250 MHz) - or a 
clock oscillator (12-30 MHz) -
or many comparable varia¬ 
tions (from 5-250 MHz). 
Which is like putting a quality 
concert hall performance in a 
telephone booth. 

No matter what outfit you’re 
talking to, all the crystal filter 
talk filters down to perform¬ 
ance in space. We’re big on 
performance. Easy on space, 
if you’re having a fit because 
the other outfits’ outfits won’t 
fit . . . send us your specs. 

And try our outfit on for size. 

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

121 Water St., Box 249 
Mineral Point, Wl 53565 
(608) 987-3363, Telex 467581 

rf editorial_ 

Public Domain Library 
Gets Under Way 

By James N. MacDonald 
Editor 

About a year ago, Gerald Harrison 
approached us with an idea for a 

library of public domain software for RF 
engineers. Jerry offered to collect pro¬ 
grams written by designers and often 
published in RF Design and other high 
frequency magazines and distribute 
them. This would avoid the problem of 
copying the listings from the magazines 
and would make the programs readily 
available. 
Now Jerry has announced his first four 

disks for distribution. The first disk is one 
unpublished program by Christopher 
Trask, called ALMOND. Trask said AL¬ 
MOND is “a high frequency analysis, 
design, and optimization program in¬ 
tended for the beginning professional or 
hobbyist whose workstation needs suffer 
from financial limitations.” The program 
includes lumped element, distributed ele¬ 
ment, and S-parameters data files for 
design and optimization of filters, am¬ 
plifiers, and oscillators. Optimization is ac¬ 
complished by using an experimental 
second-order descent method. 

Disk 2 includes nine programs pre¬ 
viously printed in RF Design or other 
magazines. They are: Intermodulation 
Products, Marc Goldfarb; Designing 
NBPF With a BASIC Program, William E. 
Sabin; BASIC Program Computes Values 
for 14 Matching Networks, Allen J. 
LaPenn; Transistor Parameter Conver¬ 
sion, Stanley Novack (and a modified ver¬ 

sion); Microstrip Matching Networks Can 
Be Designed Fast With a BASIC Program, 
James E. Lev; Computer Aided B.P. Filter 
Design, Jerry Hinshaw; A Basic Approach 
to Calculating Intercept Points and N.F., 
William E. Sabin; and Easy to Use BASIC 
Program Analyzes Transient Response, 
William Gill. 

Disk 3 contains 13 programs by Dr. 
Allen Katz, Chairman, Electrical Design 
Dept., Trenton State College: Amplifier 
Analyses Using S-Parameters; Bessel 
Functions; Noise Figure and Gain of 
Cascaded Stages; Dimensions of BP 
Comb Line Micro Strip Filter; Design But¬ 
terworth and Chebysheff LP, HP, BP, and 
Band Stop Filters; Fourier Analysis of 
Waveform Described in File; Inductance 
of Straight Wire, Ribbon, and Coils; Inter¬ 
mod From Transfer Characteristics; L 
Matching Networks; Add and Multiply 
Complex Matrices; Analyze Microwave 
Network; Calculate Dimensions of Single 
or Coupled Microstrip Lines; and Cal¬ 
culate Shape and Gain of Parabolic 
Antenna. The disk also contains: Calcu¬ 
late Noise Figure and Gain of Cascaded 
Stages, Matthew S. Tietze; Calculate Bias 
for CB, CE, CC Stages, Roman Orzel; 
Fourier Analysis of Waveform, Described 
by Table, author unknown; and Intermod, 
Frequency, and Amplitude From Power 
Series, H. Charles Ross. 

Disk 4 contains: Simple Bandpass 
Filters, Alex Burwasser; Helical Resonator 
Filter Design, Vincent G. Heeson; three 
programs by Kevin J. McClaning — Induc¬ 
tor, Low Impedance Double Tuned Circuit, 
and Synthesize and Analyze Microstrip 
Lines; Hone Filter, Jeff Crawford; and The 
Micro Magic Pi Designer, Gil Boelke. 
RF Design is happy to have helped 

Jerry get his library started and to have 
had a part in making these programs 
available to our readers. For information 
on the nominal cost for copies of these 
programs contact Gerald S. Harrison, 
E. E. Public Library, 36 Irene Lane East, 
Plainview, NY 11803, or circle INFO/CARD 
#132. 
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FIXED ATTENUATORS 
DC-2 GHz BNC, TNC, SMA or Type N 
DC-18GHZ SMA or Type N 

TERMINATIONS 
DC-2 GHz 
DC-8 G Hz 
DC-18 GHz 

BNC or SMA 
Type N 
SMA 

PUSHBUTTON ATTENUATORS 
DC-750 MHz BNC, TNC, SMA or Type F 

DETECTORS 
100 KHz -1000 MHz 

Units available 50 or 75 Ohm 

JFW Industries, Inc. 
5134 Commerce Square Dr. 

■JB/ Indianapolis, IN 46237 
VW 317-887-1340 

ATTENUATORS 
TERMINATIONS 
MATCHING PADS 
DETECTORS 
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rf viewpoint_ 

Proposed Radio LANs May 
Interfere with TIROS Satellites 

The National Oceanic and Atmospheric 
Administration (NOAA) operates weather 

satellites which produce data used in the 
study of the earth, its weather and resources. 
Among these satellites are the TIROS-N 
series, whose data are sent to earth by radio 
on frequencies in the 1700-1710 MHz band. 
An unknown number of receiving ground 
stations have been built by weather 
forecasters, TV broadcast operators, univer¬ 
sities, and private individuals. FCC regula¬ 
tions do not require licensing or registration 
of these receivers, so their existence and 
locations may be unknown to NOAA. 
Because they are unknown, NOAA can take 
no steps to protect them from interference. 
The FCC is considering a proposal to 

allow an entirely new type of radio device 
in the band, a radio local area network, 
which has potential for causing severe in¬ 
terference to weather satellite receivers. This 
office is appealing to anyone who knows of 
such a receiver or plans to build one to tell 
us about it. We will provide additional infor¬ 
mation on how operators can protect 
themselves from potential interference. We 
propose to register such receivers in a 
master file, to help prevent interference from 
occurring. 

Radio-linked LANs (RLANs for short) are 
potentially very useful devices. Their pro¬ 
blem, from NOAA’s perspective, is the fre¬ 
quency band chosen. The choice was ap¬ 
parently based on a fundamental piece of 
misinformation: the idea that Meteorological 
Satellite (MetSat) receivers are few in 
number and likely to remain so. In fact, since 
we began looking for them we have un¬ 
covered an average of several new receivers 
each week. Government agencies have 
them and didn’t know it. The military are 
buying a significant number. We are finding 
them in the hands of colleges and univer¬ 

sities around the country. NOAA has let a 
contract for the development of a new, low-
cost design that will put even more of these 
earth stations in private hands. 

Unlike fixed microwave links, whose 
antenna keep pointing in one direction, these 
MetSat receivers follow a moving target. The 
antennas may point at any azimuth and any 
elevation and must receive data from one 
horizon to the other. The zero elevation 
angles used make these receivers extremely 
vulnerable to interference from ground-
based transmitters such as RLANs. 

MetSat receivers in this band have what 
is termed a “primary” allocation status, and 
the proposed RLANs would have a “secon¬ 
dary” one. This means that RLANs would 
not be permitted to operate where they might 
cause interference to a MetSat receiver. 
Large numbers of prospective RLAN users 
would either be unable to obtain licenses at 
all, or would be required to undertake ex¬ 
tensive (and expensive) coordination pro¬ 
cedures to ensure that interference would 
not result from their operation. The secon¬ 
dary status of RLANs also means that an 
RLAN would be required to shut down, if 
necessary, to protect a MetSat receiver built 
after the RLAN was already in operation. 
The expense and disruption this would 
cause to RLAN users is obvious. 

In sum, the proposed rules reflect a good 
idea gone awry. Putting this equipment in 
a more suitable band would benefit the 
users, the manufacturers, and all who de¬ 
pend on weather data from NOAA’s 
satellites. And that’s all of us. 

Richard Barth 
Office of Radio Frequency Management 
U.S. Department of Commerce 
Room 6106, Herbert C. Hoover Bldg. 
Washington, DC. 20230 
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ninr>O PDA ICE For more than 20 years, 
DIFlUO II iMlQl-. Raytheon Company has 
chosen Thomson as the major supplier of the RF transistors used in the guidance 
system of their Hawk air defense missile. And in our book, that's praise indeed. 

Just as important, it seems Raytheon is as satisfied with the relationship as we 
are. Because in the phased array radar of the ground base equipment in their Patriot 
missile system, you’ll also find our RF parts. 

Long-term customer relationships like this are an important part of the way we 
like to do business at Thomson Components-Mostek. Which is why you’ll find that a 
full 80% of the RF and microwave power products we supply are customized to 
individual electrical and packaging specifications. In fact, we have over 800 active parts. 

We offer a broad range of products for both commercial and high-rel applications 
at frequencies from 2 MHz to 4.2 GHz. Which means we can respond to virtually any 
application requirement you can create. 

We’re also a leading supplier of internally-matched RF power transistors for the 
800 MHz mobile market, as well as microwave DME, TACAN and Weather Radar pulsed 
power devices. 

So when your design calls for RF or microwave power products, 
call us at 21 5/362-8500 or write Thomson Components-Mostek, 
Commerce Drive, Montgomeryville, PA 18936. And learn -as Raytheon 
has - that on the battleground of today's market, it helps to have a re¬ 
sponsive supplier on your side. 

THOMSON 
COMPONENTS 

MOSTEK 
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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 EEsoFs 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. 

You build your circuit with Touchstone/RF, 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. 

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

You won't spend your time tweaking trash. 
Think what this new freedom will do for your output, 
for your engineering creativity! 

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

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

...and much more. 

A 

A Touchstone analysis of an active triplexer circuit 
with sampled output 

8 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 

INFO/CARD 6 
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Metelics Mesa PIN Diodes are tough. .. 
tough enough to meet the challenge. 
Our new production process is carefully 
monitored to provide outstanding 

QUALITY and HIGH PERFORMANCE from 
all Metelics diodes. Our new ruggedly 
constructed Mesa Beam Lead PINs are 
ready to take on your application! 

Preliminary Specifications @ 25°C 

’Series resistance is calculated from insertion loss at 3 GHz, 50 mA 
"Total capacitance Is calculated from isolation swept over 2-18 GHz. zero bias 

Model-
Outline 

VBr @ Ip = 10/iA 
(Volts) 

Typ-

Rs* 
(Ohms) 

Typ 

Cjo" 
(pF) 
Typ. 

T 

(nsec) 

Typ. 

MPB 1030-B11 
MPB 1O34-B11 

100 
100 

4.0 
3.0 

.020 

.030 
80 
80 

Write or call for your free sample and a copy of our product catalog! 

metelics 
CORPORATION 

1031 East Daune Ave., Suite D 
Sunnyvale, CA 94086 
Telephone: (408) 737-8181 
TWX. 910-339-9537 
FSCM & CAGE 59365 
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rflètters 

Silicon/GaAs Complementary, 
Not Competitive 
Editor: 

It was with some surprise I saw your ar¬ 
ticle in the April edition extolling the vir¬ 
tues of Gallium Arsenide over silicon. As 
you can see from the enclosed data 
sheet, Plessey Semiconductors have had 
a silicon 2.4 GHz divide by 4 integrated 
circuit in production for some time and 4 
GHz is not far away. There are some 
areas where GaAs is not the best answer 
and the enclosed graph of phase noise 
against offset from carrier for various 
divider technologies shows just how much 
worse GaAs is. 

I do take issue with you on the virtues 
and otherwise of multiplying an oscillator 
when low phase noise is required. From 
Leeson’s equation, phase noise is propor¬ 
tional to 1/Q2. Thus, if an oscillator at 800 
MHz has a Qw of 1/3 to 1/4 of an equiva¬ 
lent oscillator at 400 MHz, the noise will 
be 9 to 16 times worse — but only 2 times 
if the 400 MHz oscillator is doubled. Prac¬ 
tical component Qs are often in this ratio, 
so the choice of either the fundamental 
or multiplier approach is not as easy as 
might be imagined. For further analysis, 
see my paper, “Design Compromise in 

Single Loop Frequency Synthesizers,” 
presented at the 1985 RF Technology 
Expo. 
Another problem with higher frequency 

VCOs is that GaAs devices are worse than 
silicon for l/f noise: this noise intermodu¬ 
lates with the RF to give poor close-in 
noise. GaAs tuning diodes are also notor¬ 
ious for post-tuning drift which can lead 
to excessive group delay when modulat¬ 
ing a VCO. 
Another area in which to be careful is 

in frequency counters. If a translation is 
made from phase noise through the Allen 
Variance to jitter, then it may be seen that 
jitter (noise) in a prescaler can affect the 
accuracy of a counter — although, I ad¬ 
mit, this is probably only a problem at 
parts in 1010 . 
A-D converters using silicon are avail¬ 

able from several companies besides 
Plessey Semiconductors operating at fre¬ 
quencies higher than 100 MHz, while DA 
converters operating at 200 MHz are avail¬ 
able; Plessey will announce a 500 MHz 
silicon D-A this year. 

In general, silicon is always likely to be 
cheaper than GaAs — it is, after all, more 
readily available. All this is not to suggest 
that Gallium Arsenide technology doesn’t 

Phase Noise of Dividers 
10G065 GaAs FET Ripple Counter 

HIGH POWER 
COMBINER 

5-28 MHz 

40KW 
4 WAY COMBINER 

• MODEL 
• LOSS 
• ISOLATION 
• POWER 

D1855 
0.3 dB 
20 dB 
20Kw CW 
40Kw pep 

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 

RF Design 
INFO/CARD 8 

13 



have a place in RF engineering. It certain¬ 
ly does — for example in LNAs, micro¬ 
wave linear front ends, high power micro¬ 
wave amplifiers and so on. But it certainly 
isn’t the “answer to the maiden’s prayer” 
that the media are playing it up to be. 
Silicon’s capabilities are steadily increas¬ 
ing, and are likely to do so for a long time 
to come. The two technologies are com¬ 
plementary, not competitive. 

Peter E. Chadwick 
Principal Applications Engineer 
Plessey Semiconductors Ltd. 
Swindon, Wiltshire, U.K. 

Correct Equations More Important 
than Programming Language 
Editor: 
Judging from a recent letter you pub¬ 

lished, there still seems to be confusion 
on how best to present programs for com¬ 
puting designs based on articles you 
print. I believe the crux of the matter rests 
in the selection of the most useful form 
for providing the appropriate data for most 
readers. 

I believe that the most important ques¬ 
tion is presenting the correct equations 
that must be solved, as busy engineers 
will only rarely be able to take the time to 
check derivations in the required detail to 
assure their validity. (I missed an error but 
I picked up another making a dimensional 
check.) The equations should if possible 
be in the most self-consistent form so that 
computing time and programming errors 
can be minimized. 
The question of the best form in which 

to present a program of the equations (if 
any) is more complex. The reader choices 
probably are among the three most 
common: 

1. BASIC format for a computer 
2. Algebraic for one class of program¬ 

mable calculator 
3. Reverse Polish for another class 
The choice can be difficult, but I believe 

it can be resolved. 
I believe that BASIC is perhaps a 

reasonably universal computer language, 
and is in most cases adaptable to most 
personal computers. (The occasional 
publication of substitution tables covering 
most types such as the Sinclair-Timex, 
TI-99/4A, various Apple, the TRS, VIC, 
and the various near-compatible IBM 
types would be very useful.) And conver¬ 
sion of BASIC to FORTRAN, FORTH, 
PASCAL, etc., should offer no problems 
for those literate in these other languages. 

It’s really a question of ease of use and 
effectiveness. What basic forms are the 
most easily used by the majority of your 

readers? I believe the equations are im¬ 
portant in any case, as they can be used 
with any programming language one 
uses. The next in order of flexibility of use 
would appear to be BASIC because of the 
wide use and relatively simple modifica¬ 
tion problems for going from computer to 
computer. I have invariably had to give up 
when only unknown dialects were pres¬ 
ented, and the equations were missing. 

Perhaps it would be worthwhile to 
survey your readers on this. 

Keats A. Pullen, Jr. 
Kingsville, Maryland 

Constructive Criticism is Better 
Editor: 

I have always felt that those of us in the 
RF community are a more “tight-knit” 
group than most, a feeling very well rein¬ 
forced when I attended RF Technology 
Expo 86 in Anaheim, Calif. The range of 
expertise in our ranks is impressive and 
interests widely varied. 
Because of this, I am disappointed 

when readers write RF Design magazine 
to criticize an article and use words like 
“inadequate” and “misinformation.” Any¬ 
body who writes an article for any maga¬ 
zine puts themselves on the line. Should 
we be so quick to “knock ’em down” 
when an error is detected? Wouldn’t it be 
better to refrain from harsh words and 
make it a learning experience for all by 
simply identifying the error and offering 
a solution? Constructive criticism with the 
intent to teach is received better and is 
less apt to discourage the author. Those 
who are willing to write articles and share 
their experiences are few. Let’s not kill a 
valuable resource. 

Finally, for those purists out there who 
just can’t sleep at night because an arti¬ 
cle had an error or didn’t take a point far 
enough: I challenge you to write your own 
article and submit it to RF Design. Share 
your expertise with us. 

T. Nick Hulbert 
Texas Instruments Inc. 
Colorado Springs, Colorado 

No Money in Engineering 
Editor: 

I am always disappointed in articles re¬ 
garding engineering manpower, for they 
always address the effect, not the cause. 
You and I both know the cause of almost 
all enginering problems is the fact there 
is no real money in engineering. As a 
result, engineers get out of the field, or 
remain in with the attitude of “screw it.” 

Would you believe that public school 
teachers earn far more per hour than en¬ 
gineers? This is due to the fact that engi¬ 
neers cannot effectively organize and go 
out on strike. Who would notice? Engi¬ 
neers have had to rely upon supply and 
demand. This has not been successful 
because those who employ engineers 
flood the news media with inflated salary 
figures and the future need for engineers. 
There has never been a shortage of engi¬ 
neers or this would be reflected in in¬ 
creased salaries. Nevertheless, there is 
a copious supply of young engineers to 
replace those who leave the field for 
greener pastures. 
We need to come out up front and ad¬ 

mit that money is the prime driver in our 
society. There is nothing wrong with 
money. Money is how you keep score in 
the career game. This is why our keenest 
technical minds no longer opt for science 
and engineering but go into medicine, 
business and law where the financial re¬ 
wards are from two to three times as 
great. Assigning our scientists and engi¬ 
neers to second class status has created 
a drain of the best minds from this field, 
as evidenced by our ever increasing neg¬ 
ative balance of payments. Our second 
best simply isn’t getting the job done. As 
Babe Ruth, Shakespeare or some great 
man once said, “Any country that does 
not place prime emphasis on science and 
technology is destined to be a second 
class nation.” 
Can you think of any major problem 

currently facing our country that wouldn’t 
be solved if once again our technology 
was far superior to that of the Japanese? 

Carl W. Chapman 
Directware, Inc. 
Carmichael, Calif. 

Author Responds 
Editor: 

I read the RF letter (June 1986) from 
Ralph Burgess on the Varactorless VCO 
paper that appeared in the April 1986 
issue of RF Design. He states that, bas¬ 
ed on his experience with this circuit, he 
considers the explanation of this par¬ 
ticular VCO to be inadequate and believes 
that the modulation mechanisms are bet¬ 
ter described via Ccb rather than Ceb . For 
sufficiently low values of Ccb Burgess 
might have a point. However, his conclu¬ 
sions appear to be based on an inade¬ 
quate analysis of this circuit. Considering 
a relatively large transistor collector im¬ 
pedance (Rc) and a Ccb of 0.4 pF to 1 pF 
(reasonable assumptions for small signal 
transistors) the impedance matrix for this 
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Seal-Trim 
By 

Johanson Seal -Trim® capacitors are high 
performance variable ceramic capacitors 
encapsulated in a moisture resistant housing. 
Their design eliminates the intrusion of 
dirt, dust and solder flux during assembly 
and atmospheric contamination during use. 
Notable features of the Seal-Trim® are low 
drift rates and high Q, making them ideal 
for higher frequency applications beyond the 
limits of ordinary ceramic variable capacitors. 

□ MIL-C-81 Qualified 

□ Capacitance Range: .5 to 2.5 through 20 to 100 pF 

□ Operating Frequency: From DC to Microwave* 

□ Temperature Range: -55°C to +125°C 

□ Size: .180 "D x .085 ”H to .390"D x ,125"H* 

‘Depending on Model 

Johanson Manufacturing Corporation 
Rockaway Valley Road, Boonton, New Jersey 07005 

201-334-2676 TWX 710-987-8367 

circuit shows that the impact of Ccb on 
the VCO response frequency and 
modulation mechanism is minimal. 
Burgess also mentions problems with 

this circuit concerning 1) control of 
spurious outputs, 2) non-linearities in 
deviation sensitivity, and 3) deviation sen¬ 
sitivity and non-linearities being sensitive 
to RF loading. Item 3) requires the ser¬ 
vices of an isolation amplifier. Items 1) and 
2) certainly can be a problem, but if he 
wants to see evidence of the varactorless 
VCO’s capability of providing a 
reasonable amount of linearity, I recom¬ 
mend taking a good look at reference 7 
from this article. 

George D. O’Clock, Professor 
School of Physics, 
Engineering and Technology 
Mankato State University 
Mankato, MN 56001 

Questions for Our Readers 
Editor: 

I have three questions that your au¬ 
dience of RF people might answer. First, 
does anyone know what the “Red Book” 
of the CATV industry is? (Who are) the 
author and publisher? 

Second, who makes a grip-dip meter in 
the class of the “Megacycle Meter” of the 
1940S-1960? The last were made by 
McGraw-Edison — then the item seems 
to have vanished. 

Third, does anyone know what the 
“Yehudi Circuit” mentioned in the MIT 
Rad Lab Series is? (No kidding, that was 
its name.) 

Irv Bardetch 
4007 Rosecrest Ave. 
Baltimore, MD 21215 

Amateur Equipment 
Not Low Quality 
Editor: 

I believe Mr. DeMaw’s letter (your May 
'86 issue) raises a good point. Just be¬ 
cause equipment is labeled as “home¬ 
brew” or “amateur radio” it should not be 
(but unfortunately often is) labeled as low 
quality. When RFI occurs, unfortunately 
“ham” radio is unjustly accused. Of the 
repeater work I’ve done (as an example), 
the amateur equipment definitely repre¬ 
sents a higher standard of quality than 
some commercial equipment standing 
right next to it. 

Clifford Spies 
YBM Enterprises 
Niles, III. 
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□ Low Transients 25mV Typical 
□ Meets Military Environmental 

Requirements 

□ Range of Center Frequencies: 20 to LJ Range of Attenuation Values/ 
70MHz Steps: From O.ldB (LSB) to 32dB 

□ High Speed 25 Nanoseconds Typical (MSB) One Bit (Step) through 
Eight Bits (Steps) 

DAICO 
PHASE COMPENSATED 
STEP ATTENUATORS 

OPTIMIZED FOR SINGLE FREQUENCY/NARROW 
BAND APPLICATIONS 

FEATURES: 
■ Single +5V Supply Operation 
■ TTL Control Inputs 
■ RF Operating Power +10dBm 
■ 50 Ohm Impedance 
■ VSWR 1.35/1 Maximum 
■ Insertion Loss O.6dB/Bit 

typical Idb/Bit Maximum 
■ Dual In-line MIC (Microwave 

Integrated Circuit) Package 

Also Available Broad Band Phase Compen¬ 
sated Step Attenuators and Voltage Controlled 
Attenuators with Operating Frequencies from DC 
to 2 GHz. 

DAICO INDUSTRIES, INC. 
2139 East Del Amo Blvd , Compton. CA 90220 

Telephone: 213/631-1143, TWX 910-346-6741. 
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ft news 

Siliconix Offers First Computerized 
Data Book for MOSPower Products 

Siliconix, Inc., Santa Clara, Calif., has 
produced an innovative MOSPower Com¬ 
puter Data Book, providing designers with 
easy access to the latest power MOSFET 
technology. The entire MOSPower catalog 
is presented on a 5’A" floppy diskette and 
runs on any IBM PC or PC compatible. 
Designed to be used with little com¬ 

puter experience, the program will search 
for and display device options from a 
specific part number input or from device 
parameters defined by the user. The pro¬ 
gram also includes an automatic power 
MOSFET cross reference to select alter¬ 
nate components from other manufac¬ 
turers’ part numbers. 

“This provides a powerful engineering 
tool,” said Larry Meiners, Siliconix MOS 
Power Strategic Marketing Manager. “The 
circuit designer who wants to use a power 
MOSFET just enters the parameter limita¬ 
tions required. In seconds the program 
will provide a list of optimized products, 
including device characteristics and 
package options, so he can choose the 
most efficient alternative. 

“Another advantage of this medium,” 
said Meiners, “is the ease of updating and 
distributing MOSPOWER product infor¬ 
mation to the engineering community. 
This format can be freely distributed 
among users more friendly than a con¬ 
ventional data book. Using this 

technological bridge, we foresee a major 
expansion of the product information that 
can be made available. Future editions 

will include device modeling as well as in¬ 
teractive applications circuits and reliabili¬ 
ty data. 

Siliconix has the broadest offering of 
power MOSFETs and package options in 
the industry,” said Meiners, “and our 
6-inch wafer fab will ensure that we are 
the market leader in availability and low 
cost. We needed an innovative means to 
convey this information to the market, and 
the MOSPower Computer Data Book 
satisfies that need.” 
The MOSPower Computer Data Book 

will be provided at no charge to Siliconix 
customers. For further information, con¬ 
tact Larry Meiners at (408) 988-8000, or 
circle INFO/CARD #131. 

EEsof Installs Device 
Characterization Laboratory 

EEsof, Inc. has installed a complete 
laboratory at its Westlake Village head¬ 
quarters to offer device characterization 
services to RF/microwave component 
manufacturing companies. The lab will be 
used for the generation of parameters for 
models used in microwave SPICE and for 
test and verification of linear models us¬ 
ed in Touchstone. The lab uses the follow¬ 
ing equipment: 
• HP 8510 Automatic Network Analyzer 
• HP 4145B Semiconductor Parameter 
Analyzer 
• HP 4280A C Meter/C-V Plotter 
• Software for extraction of SPICE model 
parameters. 
“The new lab provides us with 

sophisticated test and measurement 
capabilities in three crucial areas,” said 
Charles Abronson, president of EEsof. 
“First, it increases our ability to provide 
a library of commonly used devices to be 
utilized in conjunction with microwave 
SPICE. Secondly, it lets us offer a unique 
service whereby companies can submit 
active microwave devices directly to our 
lab, and we will perform the necessary 
SPICE parameter extraction. Finally, the 
network analyzer capabilities allow us to 
verify and refine our Touchstone linear 
models. As a result, manufacturers can 
avoid the costly investment in capital 
equipment and software for device 
characterization needed only perhaps a 
few days a year and turn their attention 
to other needs.” 

With the introduction of EEsof’s on-site 
test laboratory, manufacturers can send 
their devices directly to EEsof for the re¬ 
quired measurements. The cost of the 
service will be determined by individual 
design requirements. 

“Most companies still characterize 
devices by trial and error,” Steve 

Hamilton, vice president of engineering 
and operations at EEsof explains, “and 
that is a process that can consume 
several days of an engineer’s time in hand 
calculations and manually optimizing the 
many interrelated model parameters. Our 
service will profoundly decrease the 
design time, increase the measurement 
accuracy, and complete the results in a 
model library that can be read directly in¬ 
to a SPICE circuit file." 

GTE to Develop High-Power 
Transistors 
GTE, Waltham, Mass., has received two 

separate military contracts totaling $1.8 
million to continue development of a new 
GTE-designed transistor which will greatly 
improve the efficiency of electronic equip¬ 
ment calling for high-power, high frequen¬ 
cy operation. 

Designated static induction transistors 
(SITs), the new devices are expected to 
enhance operation of such items as 
phased-array radars used for coastal 
defense, television transmitters, 
microwave ovens, electrodeless lamps, 
and a variety of other equipment. GTE 
Laboratories Inc., the central research 
facility of Stamford, Conn.-based GTE 
Corp., will conduct research on the basic 
materials with which SITs are made; 
develop techniques for designing, pro¬ 
cessing, and packaging SITs; and 
demonstrate prototype SIT devices in 
power amplifiers. Researchers believe 
such work will yield much better perfor¬ 
mance than is possible with any current¬ 
ly available transistor. 
A contract awarded by the U.S. Army 

Signal Warfare Center, Warrenton, Va., 
calls for GTE Laboratories to develop a 
300-W transistor capable of operating 
over a frequency range 1 to 200 MHz — 
something no other transistor has yet 
achieved. Until now, such performance 
has been possible only by assigning dif¬ 
ferent frequency ranges to several dif¬ 
ferent transistor amplifiers. The SIT 
amplifier, in contrast, will combine both 
high power and wide frequency response 
in a single device. 
Under a second contract awarded by 

the U.S. Air Force's Avionics Laboratory 
at Wright-Patterson AFB, Ohio, GTE 
Laboratories will study the use of gallium 
arsenide as a base material for SITs and 
develop a discrete pulse power GaAs SIT. 
Researchers believe GaAs may replace 
silicon as the material of choice in high-
power transistors operating at very high 
microwave frequencies. Under this con¬ 
tract, GTE Laboratories expects to 
develop a transistor which will operate at 
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Stable, Compact 

Small Accomplishment! 

Our SAW hybrid oscillators 
and modular frequency sources 
provide a unique solution to 
your demanding requirements. 
They pack the performance of a 
fine UHF cavity oscillator into 
less than a tenth of a cubic inch. 
Their small size, low power 
consumption and excellent re¬ 
liability is made possible by our 
advanced UHF Quartz SAW 
technology. 
We cover applications from 

150 MHz to 6000 MHz, and 
offer a wide range of options 
including temperature compen¬ 
sation, frequency multiplication, 

voltage tuning, and a variety of 
modulation formats from linear 
FM to direct-sequence spread 
spectrum. We can cover the full 
-55°C to +125°C temperature 
range and offer screening to 
MIL-STD-883 and MIL-
S-49433. 
Our SAW-stabilized UHF 

frequency sources are being 
used in IFF interrogators and 
transponders, radar frequency 
synthesizers, GPS receivers, 
emergency location transmit¬ 
ters, security systems, and a 
host of other UHF and micro¬ 
wave system applications. 

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

Reliable and Efficient 
UHF Frequency Sources. 

IIVM 
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8/10" sq. Phase Comparator High Performance IF Signal Processing 
Networks in up to 50% less space 

■ Save on real estate and also obtain low profile 0.20” 
height package 

■ Compatible package for computerized parts placement 
■ Increase yields by avoiding lead forming 
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Merrimac’s Meri-pac provides you with a new way to save space in dense PCB require¬ 
ments for all your IF signal processing needsup to 3.5 GHz. When you have flat packs 
on your mind — consider Meri-pacs instead — you’ll eliminate wasted space and lead 
breakage problems. Plus you have the advantage of a package which permits direct in¬ 
sertion into PCB by computer control parts placement. 
The gold-plated Meri-pacs give you not oniy real estate sav¬ 

ings, but also environmental integrity—package is hermetically 
sealed, seam welded ... no solder, therefore no solder balls. 

Merrimac’s extensive Hi-Rel product experience in RF and IF 
signal processing is available in every configuration; flat pack, low 
profile TO cans, relay packages, discrete connectorized SMA or 
OSP low profile packages, and NOW in new Meri-pac. 

Call us on your next project. We want to help. 

Merrimac M 
P.O. Box 986, 41 Fairfield Place, West Caldwell, NJ 07006 
201-575-1300. TWX 710-734-4314. TELEX 6853128 
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news Continued 
frequencies approaching 10 GHz at 100 
W of peak-pulse output power. Currently, 
no single device is capable of providing 
such power levels at that frequency. Such 
a device is expected to greatly reduce the 
size, weight, and cost of military equip¬ 
ment calling for these characteristics. 

Survey Shows Many Companies 
Hesitate on CAE 
More than one-third of the companies 

involved in the design of electronic cir¬ 
cuitry have made no significant purchase 
of computer-aided engineering tools, ac¬ 
cording to a survey conducted for 
Automated Design & Engineering for 
Electronics (ADEE). 

Thirty-seven percent of the survey 
respondents reported that their com¬ 
panies have either not started their pur¬ 
chases of CAE or have made “no signifi¬ 
cant purchase.” In addition, 20 percent 
reported that their companies were less 
than half-way complete in their pur¬ 
chases; 19 percent said their companies 
were more than half-way complete; 17 per¬ 
cent said their companies had essential¬ 
ly completed their purchases but were still 
making supplemental purchases of 
peripherals and software. 
Only 6 percent reported that their pur¬ 

chases of computer-aided engineering 
tools were “essentially finished.” 
ADEE, which takes place twice a year, 

once on each coast, is an exposition and 
conference devoted entirely to automated 
systems for the design of electronic cir¬ 
cuitry. This circuitry includes logic circuits, 
integrated circuits and printed circuit 
boards. ADEE will next take place at the 
World Trade Center, Commonwealth Pier, 
Boston, September 30-October 2. 
Those companies that have invested in 

CAE systems reported heavy usage of the 
CAE workstations. A typical workstation, 
the survey showed, is shared by an 
average of 3.9 designers and is used 
almost 13 hours a day. The average 
designer, it was reported, uses CAE tools, 
when they are available, about 3.3 hours 
each day. 
The survey indicated that add-on soft¬ 

ware for existing systems was likely to be 
a market segment that should experience 
rapid growth. A total of 70 pecent of the 
respondents planned to purchase addi¬ 
tional software for hardware they already 
own. The largest segment, 49 percent, 
was composed of companies that planned 
additional purchases of software for 
personal computers, it was found. Soft¬ 
ware purchases for large host computers 
were planned by 12 percent, and 9 per¬ 
cent reported planning software pur¬ 
chases for engineering workstations. 

RF Design 
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Hughes Outer Space Technology 
to Tap Subsea Oil Reserves 

Outer space technology is being put to 
work in inner space by Hughes Aircraft 
Company to help tap oil reserves buried 
deep beneath the world’s oceans. 
Hughes’ Radar Systems Group, El 

Segundo, Calif., has applied its aero¬ 
space experience to develop a multiplex¬ 
ed telemetry command and control sys¬ 
tem that will provide the reliability 
necessary to extract oil economically from 
wells thousands of feet below the oceans’ 
surfaces. The group will produce the elec¬ 
tronic portion of the deepwater oil well 
control systems being built by Hughes 
Offshore, part of the Houston-based 
Hughes Tool Company, for a floating pro¬ 
duction platform and accompanying 
subsea oil wells in the Gulf of Mexico. 
Hughes Offshore is under contract from 

Placid Oil Company, an oil producer, to 
provide the control systems for up to 24 
subsea wells, production from the wells, 
situated in approximately 1,600 feet of 
water in the Gulf about 100 miles 
southwest of New Orleans, is scheduled 
to begin in mid-1987. All equipment will be 
rated for at least 3,500-foot water depths. 
When installed in the Gulf, the system will 
break the world’s water depth record for 
subsea oil production. The current record, 
1,253 feet, is held by Hughes Offshore in 
the South Atlantic Ocean off the coast of 
Brazil. 
"Our work in subsea telemetry com¬ 

mand and control system technology is a 
direct transfer of the expertise acquired 
in more than 38 years of developing 
telemetry for a wide range of missile, 
spacecraft, and aircraft flight test, in¬ 
strumentation, and data reduction pro¬ 
grams,” explained James A. Skinner, 
RSG’s subsea project manager. 

Multiplexed systems, which use paired 
wire cable to transmit many bits of infor¬ 
mation almost simultaneously, have been 
used by some oil companies for several 
years to control subsea wells. However, 
the RSG approach permits economic 
recovery of oil and gas reserves from 
greater depths than ever before. 

“In researching the market, we 
discovered the state of the art in subsea 
telemetry command and control for the oil 
industry had lagged behind space and 
airborne applications,” Skinner said. “At 
about the same time, the major oil com¬ 
panies were seeking more efficient ways 
to automate their offshore operations. 
There are tremendous capital investments 
in these operations, as well as enormous 
operating expenses, so oil companies 
need the type of reliability we are supply¬ 
ing for the military. 

"Our system provides the capability to 
operate in deeper waters, farther from the 
surface control points, and to get real-time 
monitoring of events occurring at the 
wellhead,” he added. 
Hughes Aircraft entered the subsea 

market by developing multiplex control 
systems for remotely operated submersi¬ 
ble vehicles for the British Ministry of 
Defence and the U.S. Navy. Both of these 
projects used a direct application of 
missile telemetry command and control 
technology. 

Worst Case Circuit Analysis 
Handbooks Available 
The first Worst Case Circuit Analysis 

(WCA) Handbooks have been developed 
to introduce engineers and managers to 
the subject and show them how to meet 
the WCA requirements of MIL-STD-785B. 

Design & Evaluation, Inc., Voorhees, 
N.J., developer of the handbooks, teach 
a 4-day professional engineering course 
called "Worst Case Circuit Analysis” 
under contract with the Reliability 
Analysis Center, RAC/RADC, Griffiss Air 
Force Base, New York. 
The WCA handbooks are designed to 

be an everyday working aid for seasoned 
electronic design engineers. They are 
also useful as on-the-job training materials 
for engineers new to worst case circuit 
analysis. The WCA handbooks contain 
more than 900 pages (in three volumes) 
of practical “how-to” material for perfor¬ 
ming worst case analysis, worst case cir¬ 
cuit attributes and operating conditions. 
Numerous examples and case studies are 
presented for analog and digital circuits, 
power supplies, RF circuits and more. 
Volume 1 — INTRODUCTION explains 

the philosophical concepts of WCA and 
takes the handbook user step by step 
through the construction of a Worst Case 
Analysis Report in an organized cost-
effective manner. 

Volume 2 — DESIGN GUIDELINES 
provides the circuit designer with 
operating principles, error sources and 
critical parameters for major classes of 
circuits. 

Volume 3 — EXTREME VALUES DATA 
explains how-to develop Worst Case 
envelopes for electronic components in 
various environments. Included are Worst 
Case Data Sheets for popular electronic 
parts over ranges of -20°C to +80°C, 
10-year life and non-radiation environ¬ 
ment. 
The Complete Worst Case Circuit 

Handbook is available for $395 from 
Design & Evaluation, Inc., 1000 White 
Horse Road, Voorhees, N.J. 08043, (609) 
770-0800, or circle INFO/CARD #130. 
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rf special report 

Mixers: Making the 
Right Choice 
Choosing a mixer requires the RF engineer to remember 
the Three “P’s” — Performance, Price and Packaging. 

By Gary A. Breed 
Technical Editor 
One of the most common elements in 

RF circuitry, the mixer often represents 
the “weakest link,’’ making it the major 
factor determining intermodulation, har¬ 
monic and signal-handling performance. 
The non-linearity required for mixing ac¬ 
tion guarantees that some unwanted pro¬ 
ducts will appear at the mixer output. The 
job of the RF engineer is to identify 
realistic performance criteria for his 
specific design assignment, then choose 
the mixer that best meets those re¬ 
quirements, while also considering the 
price, manufacturing ease, and packag¬ 
ing configuration desired for the system. 

It is never an easy job to balance 
conflicting requirements in an RF 

design assignment. Choosing a mixer is 
even harder than usual, because there is 
no “perfect” mixer available. However, 
there are many different configurations 
and performance levels available, and 
one of them represents the best possible 
compromise for a specific RF design. 

The Diode DBM 
Easily the most common form of mixer 

today, the standard diode-ring double¬ 
balanced mixer (DBM) offers reasonably 
good intermodulation and signal handling 
performance for a very low price. Synergy 
Microwave and Mini-Circuits are the price 
leaders in this area, with similar products 
also available from Merrimac, Solitron and 
Adams-Russell^s Anzac Division. For just 
a few dollars and very little engineering 
time, a diode mixer can be put into an RF 
circuit. 
What is traded for this convenience is 

a fairly high local oscillator (LO) level, and 
moderate port-to-port isolation of 20-35 
dB, depending on frequency. Like nearly 
all mixers, the diode DBM is also sensitive 
to termination impedance. If designed for 
50 ohms, the intermodulation distortion 

(IMD) products will increase if the de¬ 
sired output frequency, the image fre¬ 
quency, and to some extent, harmonics 
of these frequencies see a termination 
other than the desired 50 ohms. 
Beyond price and engineering costs, 

the other practical advantage of diode 
DBMs is packaging. These devices are 
available in every conceivable configura¬ 
tion from connectorized metal cases to 
8-pin relay headers to DIP plastic carriers 
to surface mount (SMD) packages. With 
this kind of packaging selection, com¬ 
bined with generally adequate perfor¬ 
mance specifications, it is easy to see why 
the packaged diode DBM is so popular. 

Higher-Performance Passive Mixers 
There are several variations on the 

diode DBM theme that improve IMD, 
signal-handling and isolation perfor¬ 
mance. The most straightforward is the 
use of multiple diodes in each leg of the 
ring. At the cost of increased LO drive 

power (up to +23 dBm), a DBM can han¬ 
dle up to about +20 dBm signal (1 dB 
compression point) with a third-order in¬ 
tercept of +35 dBm or so (specifications 
will be discussed later on). 

Another method is the use of two diode 
rings, usually in a push-pull arrangement, 
to increase both signal handling and isola¬ 
tion. These two factors also improve IMD 
performance. Special transformer design 
and diode configurations are also used in 
the “termination insensitive mixer” or TIM. 
Although mixers are four-port devices (RF, 
IF, LO and Image), most mixers have only 
three connections, and the image is 
reflected internally unless it is specifical¬ 
ly terminated at the IF port. The TIM uses 
coupling and matching transformers to in¬ 
ternally terminate reflected products. 

IC Mixer Choices 
Another low-cost mixer alternative 

featuring packaging variety and design 
simplicity is the integrated circuit. The 

Prototype commutation mixer uses the Siliconix SÍ8901 DMOS FET quad ring. 
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• Maximum dynamic range from 
an off-the-shelf amplifier 

• Broadband HF and VHF models. 

• Smallest size vs performance 
available. 

• Ideal for receiver pre-RF, l-F, 
multicoupler, switch matrix 
and distribution amplifier 
applications. 

• Immediate small quantity 
delivery. 

MODEL HDM-100 (Typical performance) 

Frequency: . 2-32 MHz. 
Pout @ 1 dB compression:. +40.5dBm. 
Noise figure:. 3.5dB. 
Gain: . 17.5dB ±0.5dB. 

IP3: . +52dBm. 
IP2: . +90dBm. 

VSWR (In/out):. 1.35:1 max. 
DC input: . +24VDC @ 1 amp. 

Size (case less connectors): 
Inches: 1.5W, 2.5L, 1 H. MM: 38W, 63.5L, 25.4H. 

PRICE (in quantities of 100): $350 .00 

MODEL HDM-200 (Typical performance) 
Frequency: . 20-80MHz. 
Pout @ 1 dB compression:. +38.5dBm. 
Noise figure:. 3.5dB. 
Gain: . 16.5dB ±0.5dB. 

IP3: . +50dBm. 
IP2: . +90dBm. 
VSWR (In/out):. 1.75:1 max. 
DC input: . +20VDC @ 1 amp. 
Size (case less connectors): 

Inches: 1.5W, 2.5L, 1 H. MM: 38W, 63.5L, 25.4H. 

PRICE (in quantities of.100): $325.00 

ZVW» 550 Ellis St., Mountain View, CA 94043 (415)961-1473 TWX 508746 
MICROWAVE MODULES & DEVICES, Inc. 
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Our high standards of manufacturing 
excellence is your assurance of 

superior quality in design, versatility 
and reliability. Choose from our 

complete line of over 30 laboratory type 
AC instruments or from more than 40 

DC modules for OEM or special 
projects. Over 16 years of RF Power 
design and manufacture. If we don’t 
have what you need, we’ll design it 

for you! Send for free catalog. 

EMI/RFI TESTING 
NMR SPECTROSCOPY 
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200/400/1000/2000/3500 WATTS 

MADE IN U.S.A. 
.01-220MHz 
10/200/500/ 
1000 WATTS 

Engineering International, Ltd., U.S.A. 
21820 87TH SE, WOODINVILLE, WA 98072 

(206) 485-9000 TELEX: 24-7028 

INFO/CARD 52 



principal advantages of ICs are those of 
any active device mixer, low LO drive and 
conversion gain, rather than the losses in¬ 
herent to passive designs. Packaging of 
ICs lends itself well to current manufac¬ 
turing techniques, and manufacturers 
have a wealth of applications data avail¬ 
able to assist the design engineer. 

Plessey, Motorola, Signetics, Texas In¬ 
struments, RCA and others make mixer 
ICs. Single-balanced mixers based on dif¬ 
ferential amplifiers (e.g., RCA’s CA3028A) 
are available, but the double-balanced 
"Gilbert cell” type are the principal types 
currently in use. These include the 
Plessey SL6440C, Motorola (and other 
manufacturers) 1496/1596, and the Sig¬ 
netics NE602. Another category includes 
the "analog multiplier” ICs which can be 
used as mixers, modulators or attenu¬ 
ators. The new Burr-Brown MPY634 and 
the Motorola 1495/1595 are examples of 
analog multipliers, typically used below 10 
MHz. 

Performance limitations are the prin¬ 
cipal drawbacks of IC mixers. They can 
perform extremely well in narrowband ap¬ 
plications with fairly constant signal levels, 
but in the widely variable environment of 

a receiver front-end only the most inex¬ 
pensive designs can accept the com¬ 
promise in performance. One notable ex¬ 
ception is the Plessey SL6440C, which is 
capable of high bias currents and, there¬ 
fore, higher signal handling capabilities 
than its lower power counterparts. Zero 
dBm LO power is all that is needed to ob¬ 
tain IMD and compression levels similar 
to diode DBMs which need at least +13 
dBm LO power. On the negative side is 
power consumption of 60 mA and a noise 
figure of 11 dB. 

Build Your Own? 
Designing a mixer using discrete com¬ 

ponents is another way to meet the 
desired price/performance requirement. 
The simplest and cheapest mixer avail¬ 
able is a single diode, bipolar transistor 
or FET. This can be the choice of an RF 
designer in low cost consumer elec¬ 
tronics, or in a design with a well-con¬ 
trolled signal level and narrow bandwidth. 
Single-ended mixers of any type are 
definitely not high performance. 
Some designers have chosen to build 

single- or double-balanced mixers using 
discrete devices. It probably is no longer 

effective to build a diode mixer with so 
much variety commercially available, but 
certain applications many benefit from a 
bipolar or FET mixer. Certain power bi¬ 
polar transistor mixers (using 2N5109 or 
similar RF transistors) can be used to ob¬ 
tain high signal level performance and ac¬ 
companying high third order intercept 
point. However, such designs typically 
achieve good performance in a narrow 
bandwidth application. If a specific design 
requires high performance over a moder¬ 
ate bandwidth, converted to a fixed IF, 
such a mixer may be the answer to high 
dynamic range requirements. 

It is easier to obtain such performance 
using FETs, since these devices have the 
square-law transfer characteristics best 
suited for mixing. In a transconductance 
mode, they require little driving power and 
can provide excellent dynamic range per¬ 
formance. The same bandwidth limitation 
exists for FET mixers as for bipolars: they 
will perform optimally only in narrow band 
applications. The narrow bandwidth is a 
requirement to avoid reactive com¬ 
ponents, since proper input and output 
matching can be achieved over relatively 
small bandwidths. Broadbanding is possi-
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ble, but lowers system impedances, re¬ 
sulting in lower conversion efficiency and 
higher LO drive, creating a mixer which 
no longer has an advantage over simpler 
designs. 

The Commutation Mixer 
Another passive mixer design which 

has recently gotten renewed attention is 
the commutation mixer, using the mixing 
components as switching elements to in¬ 
terrupt the RF signal at the frequency of 
the LO. One way to accomplish commuta¬ 
tion is to drive a diode DBM with a square 
wave. It has been shown by Walker (1) that 
a reduction in the rise and fall times of the 
switching waveform reduces the inter¬ 
modulation distortion of a mixer. He 
developed a driving circuit to provide 
square wave drive at currents appropriate 
for diode mixers. 
JFETs can also be used as switches, 

and have been used in past experimen¬ 
tal mixers that showed promise. Siliconix 
at one time offered a quad JFET (the 
U350) for such application. DeMaw devel¬ 
oped a mixer using a pair of power VMOS 
FETs (2) that also showed promise, but did 
not become widely used. 

Ed Oxner of Siliconix re-introduced the 
commutation mixer this year at the RF 
Technology Expo '86 (3), with a mixer 
based on a new part, the SÍ8901 DMOS 
FET quad ring. DMOS technology has 
made possible analog switch devices that 
operate into the hundreds of MHz, rather 
than previous CMOS or JFET switches 
that operated only in tens of MHz. The 
switching mixer concept put forth by 
Walker now has better devices to work 
with. A prototype SÍ8901 mixer has 
achieved third order intercept perfor¬ 
mance beyond +40 dBm; better in nar¬ 
rowband applications. Oxner’s design 
achieved this sort of performance with +17 
dBm LO power. 
The DMOS commutating mixer is still 

not the perfect mixer, however. Driving the 
capacitive gates of a FET is no small pro¬ 
blem. A tuned circuit tank can provide 
high voltage to the gates, as needed, but 
is a narrowband solution. Otherwise, high 
LO power is needed for the fast turn-on 
time and fairly high gate voltage required 
for top performance. 
Wes Hayward at Tektronix has eval¬ 

uated the mixer, and while generally im¬ 
pressed with its performance, noted a 

couple of characteristics that are unusual. 
The most significant was the fact that the 
slope of the third order IMD products did 
not follow the classic relationship as the 
cube of the input signal level. With this 
variation, the RF engineer cannot predict 
with certainty that a 1 dB reduction in 
signal will reduce third order products by 
3 dB. 

Making Design Decisions 
Ulrich Rohde’s comparison of different 

mixer types (4) is a good place to 
start in the evaluation of options for a new 
design. His notes are a result of the same 
process of evaluation every RF engineer 
must go through, and is one of very few 
side-by-side comparisons that have been 
published. 
The bottom line of that analysis is that 

diode DBMs and commutating FET mix¬ 
ers have the most favorable character¬ 
istics, while ICs and discrete component 
designs have a combination of pluses and 
minuses that must be considered care¬ 
fully. It is this consideration of the strong 
and weak points in each mixer’s charac¬ 
teristic that is the engineer’s job. 

Before establishing specifications for 

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-

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

Other Carborundum Type SP resis¬ 
tors—including high-power, water-

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

tently absorb surges of over 10X rated 
power for several seconds and come 
back for more with very little AR. 
Forced-air-cooled, water-cooled or 

cooled configurations—are rated from 
2.5 to 1000 watts. For further details, 
call or write us today. 

716/278-2553 
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a mixer, the RF designer has to make 
sure everyone’s specs are defined in the 
same way. As in every business, each 
manufacturer wants to make its product 
appear in the best light, and may define 
specifications somewhat differently than 
others. Principal mixer specifications are: 

1. Input compression: The level of 
signal at the input that results in an 
output that deviates 1 dB from a 
linear response. Some manufactur¬ 
ers may specify 2 dB compression, 
or output compression. 

2. Third-order intercept (input): The 
point at which the input level slope 
and the third order IMD product level 
slope intersect on a graph of input vs. 
output level (using a two-tone test 
signal). As pointed out by Hayward, 
if the whole graph is available, possi¬ 
ble anomolies in the slopes may be 
identified. If just a number is given, 
it may not tell the whole story. Also, 
some manufacturers may specify an 
output intercept, requiring the con¬ 
version loss or gain to be factored in¬ 
to the figure. 

3. Conversion loss (or gain): While the 
definition is self-explanatory, the con¬ 
ditions of measurement should be 
identified by the manufacturer, and 
should represent normal operation, 
not a set of parameters that result in 
the best efficiency at the expense of 
other performance characteristics. 

4. Local oscillator drive: Again, normal 
operating parameters are required, 
not a minimum specification that 
does not truly represent the mixer. 

5. Noise figure: In a passive mixer, the 
noise figure will be the same as con-
verion loss, with negligible noise con¬ 
tribution from the diodes or tran¬ 
sistors. An active mixer may have 
conversion gain, but also have a 
noise figure higher than a passive 
mixer. Don't get the terms confused. 

6. Desensitization level: This is the level 
at which a signal removed (typically 
20 kHz) from the test signal results 
in a 1 dB reduction in output. This is 
related to, but not the same as, input 
compression. 

Once an engineer is “speaking the 
same language” as the manufacturer, the 
selection process can begin. Each speci¬ 
fication has to have a target value as¬ 
signed to it, and can then be compared 
to the available mixer choices. 

For example, a receiver operating in the 
low-VHF range may require signal han¬ 
dling capabilities up to about -10 dBm, 
with interfering signals of similar levels. 
Bandwidth needed is about 20 MHz, and 

Packaging options for diode mixers in¬ 
clude 8-pin relay headers (top) and sur¬ 
face mount packages by Synergy Micro¬ 
wave (center) and Mini-Circuits (bottom). 

IF 
-o o-

Typical circuit design of a standard diode 
double-balanced mixer. IF port may be 
DC-coupled as shown, or AC-coupled by 
a third transformer. 

no special needs are identified for power 
consumption, LO drive, or conversion 
loss. In this example, the signal levels are 
too high for most ICs, although the 
lessey SL6440C could be used. With¬ 
out special needs, an inexpensive diode 
DBM would probably fill the design needs 
adequately. 
Another possible design task is to iden¬ 

tify a second mixer in a double-conversion 
communications receiver. The unit will be 
portable and battery operated, and will 
have AGC applied to the first IF. In this 
case, the mixer will be narrowband, with 
controlled signal levels. Power consump¬ 
tion should be minimized for battery 
operation, and conversion gain would 
reduce the number of components. Possi¬ 
ble choices for this mixer are a bipolar 
transistor or FET, but better yet would be 
an IC mixer, offering conversion gain and 
small size. Further savings might be 
achieved with a multi-function IC which 
has a local oscillator transistor on the 
same chip, and possibly additional IF 
amplifiers and detectors, as well. 

Mixers need special attention by the RF 
designer, since they represent the limiting 
factor in system performance. Careful at¬ 
tention to specificiations, performance 
characteristics, plus the cost and size re¬ 
quirements of manufacturing, is the job 
of the RF designer who must choose the 
right mixer for the application. 

Note: Attention was not given here to 
the specialized mixer functions such as 
the Image-Reject mixer or Quadrature 
mixer. Readers are invited to submit com¬ 
ments and analysis on these and other 
mixer types. 0 
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How sure are you of your 
Instrument Specialties can 

provide you with Certified Testing5.“., 
document with computer print-outs... 
recommend corrections if necessary! 

What is Certified Testing? 
Certified Testing is Instrument Specialties’ name for its auto¬ 
mated test program that evaluates the effectiveness of the 
interference control built into the equipment being tested. It is 
available only from Instrument Specialties. State-of-the-art 
emissions and susceptibility measurements over the range 
of 20 Hz to 20 GHz up to 20 V/m...RF gasket evaluation... 
FCC/VDE/CISPR and MIL-STD-461 A/B tests...TEMPEST 
facility measurements per NACSIM 5203 and 5204 require¬ 
ments. . .all can be performed and documented, depending on 
your needs. 

How do we test? 
* - — -

Tests are computer-controlled, to provide customized testing 
with precise results, repeatability, and hard-copy documentation 
to be included in your test reports. In addition to those tests 
mentioned above, shielding can be tested to MIL-STD-285, 
IEEE 188, NSA, etc. RF gaskets are tested using the SAE 
ARP-1705 transfer impedence method, to 140 dB. Computers 
and proved software, plotters, signal sources, oscilloscopes, 
meters, receivers, amplifiers and antennas are employed in 
a quantity and degree of sophistication not available even to 
most manufacturers of Class A and B devices. In fact, few, if any, 
other test facilities in the U.S. have a comparable array of equip¬ 
ment, calibrated and trace¬ 
able to the National Bureau 
of Standards! 



Interference Control? 
Where do we test? 
Your place or ours! If your equipment is portable, 
we’ll conduct your tests in our new shielded en¬ 
closures, including semi-anechoic (non-echoing). 
Commercial tests are confirmed in an open field test 
site, itself tested in accordance with FCC stan¬ 
dards. Originally developed to ensure performance 
of our own EMC shielding 
strips, these superb facilities 
are available to you on a daily 
basis. Engineering help is also 
available on request. On the 
other hand, when on-site test¬ 
ing is required, we’ll gladly 
come to you with our portable 
laboratory instruments. 

What do you get? 
We’ve been told our Test Reports are the 
best in the industry. More detailed, and 
much clearer, since you get a continuous 
sweep of frequency spectrum— not just a 
few hand-plotted points. You get computer 
print-outs and documented data which 
meet both FCC and military audit require¬ 
ments. And, if desired, we can supply you 
with engineering consultation leading to 
specific recommendations and verification. Finally, our strict non¬ 
disclosure policy assures that only you or your designees receive this 
valuable data. 

For more information on rates and schedule availability, or to 
discuss your specific needs, phone and ask for EMC Customer 
Service. Or, write us at Dept. RF-29. 

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

Specialists in interference control since 1944 
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Understanding 
Tempest Requirements 
Part II: Design Techniques and 
Test Considerations 

By Michael L. Brooks 
Teledyne Systems Company 

The first part of this article (RF Design, 
June 1986) provided information on 
TEMPEST definitions, security considera¬ 
tions, and the implication of having a 
TEMPEST requirement imposed on a 
contract. This information gave us a fun¬ 
damental understanding of TEMPEST 
considerations for complying with these 
constraints. This second part concen¬ 
trates on general design techniques for 
satisfying TEMPEST requirements, pro¬ 
viding additional insight into the implica¬ 
tions of these requirements, especially at 
the Red/Black interface design level. 

Included in this discussion are the follow¬ ing topics: mechanical partitioning and 
shielding, grounding configurations, and 
cabling design. Finally, a brief description 
of test costs completes this TEMPEST dis¬ 
cussion. 

Mechanical Partitioning 
and Shielding 
The TEMPEST sub-system example 

shown in Figure 1 interfaces with both 
Red and Black I/O signals, and receives 
Black input power. (As a review; the term 
“Red” is used to define any plain-text 
classified signal, its associated circuitry 
or signal-line, while “Black” is any 
unclassified signal, associated circuit or 
signal-line. The junction of Red and Black 
areas in a design is called “The Red/ 
Black interface.”) The TEMPEST engi¬ 
neer’s task is to contain Red radiated 
emanations and to prevent coupling of 
Red signals onto Black circuits or signal¬ 
lines via ground loops or common-impe¬ 

dance grounds. Requiring particular de¬ 
sign considerations are the Red/Black in¬ 
terfaces internal to the unit or sub-system 
which involve the electrical/mechanical 
design of modules and backplanes, the 
power supply, and the EMI filter assembly. 
Although power supply and EMI filter 
design are discussed, primary concentra¬ 
tion is on design techniques involving the 
module and backplane printed-circuit 
(PC) boards. 

Figure 2 illustrates this TEMPEST sub¬ 
system divided into Red and Black sec¬ 
tions, with the Red/Black interface ex¬ 
isting between backplane modules and 
between the power supply compartment 
and those modules located in close proxi¬ 
mity to the Red I/O connector. The Red 
section modules, by definition, are the 
only ones which process classified infor¬ 
mation, and none of these Red signals in¬ 
tentionally flow into the Black section of 
the backplane or into the power supply. 
A mechanical partition, or “wall,” may be 
created at these Red/Black interfaces to 
shield the Red signals from the Black cir¬ 
cuitry and contain them to the Red sec¬ 
tions of the unit. This “wall” should be a 
solid and integral part of the housing rather 

Figure 1. Red Signal radiation/con-
duction paths. 

than a bolted-on addition, to ensure that 
it will absorb or reflect radiated signals 
and provide a low-impedance path for 
ground currents. 

Figure 3 is an illustration of a metal 
Red/Black “wall” shield that is employed 
to pass Black signals and isolate Red and 
Black circuits from each other. A feed-thru 
isolation component is inserted between 
the two compartments to attenuate Red 
signal frequencies and prevent them from 
entering the Black side. This component 
is bonded to the “wall” barrier, and this 
barrier is bonded to the equipment hous¬ 
ing. The leads of this isolation component 
are connected to the PC boards located 
on the respective Red and Black sides of 
the barrier. This isolation device may be 
either a discrete filter to attenuate Red 
signals in a certain frequency range, or it 
may be an opto-coupler that will transmit 
only the Black signal information and not 
Red-related signals. An opto-coupler will 
also provide isolation of Red and Black 
current returns (grounds). 

It may not be feasible in a particular 
TEMPEST design to insert isolation com¬ 
ponents in such a “wall” structure. If this 
is the case, the Red/Black interface has 
to be extended into the design of the adja¬ 
cent Red module. A Red, rather than a 
Black, module is chosen for control pur¬ 
poses so that all Red signals remain with¬ 
in the Red section. 

This module then becomes a Red/Black 
module and is constructed to contain full¬ 
layer PC groundplanes to shield the Red 
signal traces from Black circuitry. The in¬ 
terconnecting backplane traces must be 
shielded and isolated accordingly. Figure 
4 indicates a simplified layering arrange¬ 
ment for such a Red/Black interface 
module with its interconnecting back-
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plane, and their locations relative to the 
metal “wall” barrier. Note that the Red/ 
Black interface now extends from the 
Red/Black module into the associated 
backplane area, and the “wall” acts only 
as a shield. 

Since the Red/Black module contains 
the Red/Black interface circuitry and its 
associated PC traces, the conduction of 
Red signals must be prevented between 
the Red signal layer of this module and 
the Black signal layer via interfacing cir-

Figure 2. Red and Black compart¬ 
mentalization. 

cuitry (coupling effects). Either isolation 
devices such as integrated-circuit buffers 
or filter networks can be employed for this 
purpose. The isolation circuit techniques 
should perform as their main function the 
attenuation of any Red information that 
has been coupled onto the Black signal¬ 
line traces. Figure 5 illustrates how an 
isolation device would provide intercon¬ 
nection of Black signals between the 
Black and Red layers of the Red/Black 
module (layers 2 and 4 of the module, as 
shown in Figure 4). 
The backplane PC traces which connect 

the Black signals from the Red/Black 
module to other modules in the Black sec¬ 
tion, and which connect the Red signals 
from the Red/Black module to those 
modules in the Red section, are arranged 
to provide the needed isolation between 
Red and Black signal-lines. The back¬ 
plane area, located at the Red/Black 
module connector, must provide a contin¬ 
uation of the shielding and isolation de¬ 
signed into the Red/Black module. What¬ 
ever degree of Red/Black isolation is 
found in the Red/Black module has to be 
maintained in the backplane and in the 
module connector; i.e. , no “weak links.” 
Figure 6 shows a possible backplane 
trace and connector-pin arrangement for 
Red/Black signal isolation. (Figure 6 is the 
backplane-side view of Figure 4). Note 
that ground pins are utilized to separate 
the Red and Black signal pins. These pins 
are plated-thru to the backplane ground¬ 
plane. 

Shielding of the power supply and EMI 
filter (shown in Figure 2) may be accom-

Figure 3. Red/Black shield “wall.” 

plished by enclosing these sections in a 
metal compartment isolated from the back¬ 
plane and modules. The objective is to 
prevent radiated Red signals in the Red 
section of the TEMPEST subsystem from 
entering the power supply and EMI filter 
compartments. If the power supply can¬ 
not be located in a separate compartment, 
but is designed instead as one module in 
the backplane, then the shielding tech¬ 
niques illustrated in Figures 4, 5 and 6 
may be employed. Nevertheless, the EMI 
filter must be isolated in a separate com¬ 
partment with its output terminals shield¬ 
ed from its input terminals and, preferably, 
constructed integral with the input power¬ 
line connector (used exclusively for input 
power connections). 
The Red/Black interface that is devel¬ 

oped at the system, sub-system, or unit 
level must be continued at the module/ 
backplane level and down to the compo¬ 
nent level. A concentrated effort is re¬ 
quired in the early design stages to suffi¬ 
ciently define the Red/Black interfaces. 
The prompt definition of these interfaces 
by the cognizant TEMPEST engineer en¬ 
ables module and backplane designers 
and mechanical engineers to “design-in” 
the required isolation and shielding. After-
the-fact remedial methods are inefficient 
and poor design techniques that can 
prove costly in terms of program delivery 
schedules and budget levels. 

Grounding Configurations 
A complete grounding configuration for 

Figure 4. Module and backplane 
Red/Black interfaces. 

the equipment must be developed, as part 
of the Red/Black interface design, in the 
early stages of its TEMPEST design. A 
common ground path must not occur be¬ 
tween Red and Black circuits, since the 
creation of a common impedance between 
these circuits would cause coupling of 
Red signals onto Black circuits or signal¬ 
lines. Separate current return paths are 
therefore needed to prevent this TEMPEST 
problem, and a method of achieving these 
separate Red and Black grounds is shown 
in Figure 7. This diagram indicates that 
the two different grounds are connected 
together at one point, with no “ground 
loop” created and thus, no common im¬ 
pedance path for Red-to-Black circuit 
coupling (assuming that the Red and 
Black circuits are isolated sufficiently to 
prevent any high-frequency coupling due 
to stray capacitance). This single-point 
chassis ground connection can be ac-

Figure 5. Component-level isolation. 

complished with plated-thru holes in a PC 
board (module or backplane). 
The separate and isolated grounds 

must be continued into the Red/Black in¬ 
terface area and provide the required cur¬ 
rent return paths for the Red and Black 
circuits. If the layering configuration of the 
Red/Black module indicated in Figures 4 
and 5 is expanded to include the separate 
Red and Black groundplanes (with addi¬ 
tional circuit and power layers), then the 
module layering arrangement shown in 
Figure 8 would be developed. This con¬ 
ceptual eight-layer PC board arrangement 
provides the separate Red and Black 
grounds required as well as the single¬ 
point chassis ground connection shown 
in Figure 7. Also, the separation and isola¬ 
tion of Red and Black traces needed to 
satisfy TEMPEST design constraints can 
be implemented. If this Red/Black module 
also had to process both analog and digi¬ 
tal signals, then a power or ground plane 
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would consist of four separate sections: 
Red analog, Red digital, Black analog, 
and Black digital. Different circuits and 
component types would then be required 
to achieve the necessary isolation at the 
analog and digital Red/Black interfaces. 
These groundplanes may also be util¬ 

ized for shielding purposes (as shown in 
Figure 4). Each “split” groundplane layer 
would shield its respective circuits: Red 
or Black. As many layers as required are 
employed to isolate Red circuit traces 
from other Red circuits, as well as from 
Black PC traces. The Red and Black 
groundplanes thus serve the dual function 
of current return and shielding for the Red 
and Black circuitry. If required, this duality 
of function could apply to both module 
and backplane groundplanes. 
The use of copper in the PC power or 

ground planes must be maximized to pro¬ 
vide low-impedance paths for current 
returns (to minimize power losses) and to 
ensure that these boards are effective as 
shields. The “cross-hatching” of traces 

Figure 6. Isolation of backplane 
traces. 

between backplane connector pins or 
module components is required to form 
an interconnecting copper grid, permitting 
only the minimum optical opening (aper¬ 
ture) dimension to remain for connector 
pins or component leads. Sufficient de¬ 
coupling capacitors or filter networks are 
required for powerplanes to attain a high-
frequency zero-potential (ground) level for 
these layers. 

Cabling Design 
Whatever level of required TEMPEST 

isolation accomplished by the design of 
the Red/Black interfaces within the unit 
must be continued into the design of the 
internal interconnecting wiring and exter¬ 
nal cables. Red signal lines must be 
physically separated from Black lines, in¬ 
cluding power, control, and signal-lines, 
to prevent the coupling of Red informa¬ 
tion onto these Black lines. In addition to 
this isolation requirement, the Red cables 
are shielded to contain information within 
these cables and minimize the creation 

Figure 7. Single-point grounding. 

of radiated fields. 
The physical space available must be 

effectively utilized in order to provide the 
necessary separation and isolation of Red 
and Black cables (with proper routing and 
dressing of these lines). As described 
earlier in the discussion of the Red and 
Black designated areas, the location of 
the I/O connectors on the housing must 
also be arranged to ensure that Red and 
Black signals are separated. As is shown 
in Figure 2, the Red I/O connector inter¬ 
faces with the Red backplane area and 
associated modules, whereas the Black 
I/O and power connectors will connect to 
their respective circuits. Red and Black 
wire cables (between the I/O connectors 
and the backplane) must be located in dif¬ 
ferent areas of the housing and shielded 
to prevent line-to-line coupling. 
The effective separation of Red and 

Black PC wiring requires substantial 
design forethought to properly route these 
traces in a backplane or Red/Black mod¬ 
ule, while considering other constraints for 
layout of these boards such as power and 
ground connections, shielding, thermal 
considerations, component placement, 
and restrictions on the number of layers. 
General considerations for the routing of 
Red and Black PC traces in a backplane 
are shown in Figure 6, with similar module 
trace layout used for interconnecting com¬ 
ponents. Separate sections of the PC 
board are utilized for the Red and Black 
signal traces, as is indicated in Figure 8. 
The use of different Red and Black sec¬ 
tions for these respective circuits enables 
the board to be fabricated with inherent 
Red/Black isolation. 

Figure 8. Module layering arrange¬ 
ment. 

Shielding is designed as part of the PC 
boards using ground traces and planes 
to surround the signal-lines and create a 
“simulated” shield. Figure 9 illustrates 
this shielding concept which employs a 
sufficient number of plated-thru connec¬ 
tor ground pins (in a backplane) or com¬ 
ponent ground pins (in a module) to pro¬ 
vide low-impedance grounding paths for 
the shield. Since the shield is composed 
of areas of solid copper, adequate protec¬ 
tion is provided for the shielded signal¬ 
lines. This shielding, combined with the 

Figure 9. PC board shielding. 

proper separation and routing of signals, 
ensures an adequate TEMPEST design 
at the PC board level. The specific exam¬ 
ple of Figure 9 is for a simulated twisted/ 
shielded pair or a twinax, but the con¬ 
struction of other shielding types is also 
possible. Double-shield configurations 
may also be obtained with this technique, 
but would utilize two extra board layers to 
create the second shield. 

Test Costs 
Just as the TEMPEST design considera¬ 

tions described in this article have a major 
impact on the budget and schedule of a 
program, test costs also have an impact 
on the budget (non-recurring costs) and 
schedule. Typically, the following tests will 
be performed at the equipment level (to 
NACSIM 5100A requirements): 

• Electric-Field Radiated (ER) 
• Magnetic-Field Radiated (MR) 
• Red Line Conducted (RLC) 
• Black Line Conducted (BLC) 
The number of different (differing in 

waveshape) Red signal types will deter¬ 
mine the expense of performing ER, MR, 
or RLC tests. The number of different Red 
signal types and the number of different 
Black signal types will determine the cost 
of performing BLC tests. The BLC test 
costs especially can become high if the 
equipment interfaces with a large number 
of different types of Red and Black sig¬ 
nals. 

In addition to testing, the cost of the re¬ 
quired documentation will also have a ma¬ 
jor impact. The following documents 
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would typically be required for TEMPEST 
testing: 

• Test Plan 
• Test Equipment Certification Report 
• Test Set-Up Ambient Certification 

Report 
• Test Report 
The test plan and the two certification 

reports are required for submission at 
least 180 days prior to testing. The test 
report submittal is usually required 30 
days after completion of testing. All 
TEMPEST documentation requires the . 
approval of the cognizant NSA depart¬ 
ment, known as the Special Committee 
on Compromising Emanations (SCOCE). 

Conclusion 
A requirement for TEMPEST com¬ 

pliance demands total commitment to a 
design that is optimum in every aspect of 
Red/Black isolation. The TEMPEST engi¬ 
neer must have both the authority and the 
initiative to ensure that this commitment 
is followed-through from the proposal 
stage to final production of the equipment 
or system. An in-depth understanding of 
TEMPEST requirements and their implica¬ 
tions to the budget, schedule, and design 
constraints of a program is a necessity for 
all mechanical and electrical engineers, 
the project engineer, and the engineering 
and program managers. 
Although the two parts of this article 

provide a fundamental background to 
TEMPEST and some design considera¬ 
tions, these and other design topics may 
be studied in more detail. In addition to 
the Air Force Systems Command EMC 
Design Handbook 1-4, NACSIM 5100A, 
NACSEM 5201, and NACSIM 5203, the 
list of unclassified references included 
below should prove very useful for EMI/ 
EMC/TEMPEST design. H 
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The Right 
Combination. 
Mixer + IF Amplifier = Mixer Preamp 

tr 

Mixer Preamplifier Typical Performance @ +25 °C 

Only The Right Combination Works 
At Magnum, we know the importance of 
supplying reliable products with state-of-
the-art performance, so we designed a 
family of mixer preamplifiers that utilize 
optimized functional blocks... mixers 
and amplifiers designed for optimum 
performance. Building state-of-the-art 
mixer preamplifiers requires more 
than just combining any mixer and 
amplifier in the same box. It re¬ 
quires the right combination. 
More Combinations 
To unlock the right combination, 
we at Magnum relied on our in¬ 
house amplifier design capability 
and broad family of mixer pro¬ 
ducts to develop one of the 
most extensive high perfor¬ 
mance mixer preamplifier pro¬ 
duct lines in the industry. In 
addition, the standard family of 
mixer preamplifier products is 
available in either industry 
standard drop-in or connec-
torized packages. 
Numbers You Can 
Count On 
A leader in hi-rel, Magnum man¬ 
ufactures each and every compo¬ 
nent to meet or exceed military 
specifications. You can count on a 
reliable, quality product that is tested 
and proven to meet your high standards. 
Dial Up Magnum 
Don’t run the risk of losing performance 
or reliability. Be safe — dial the Magnum 
sales office at 415/657-9898 and ask for the 
right combination mixer preamplifier for 
your application. 

Magnum Microwave 
4575 Cushing Parkway 
Fremont, CA 94538 
(415) 657-9898 P = Magpak 1M Connectorized Package 

PG = Magpak II 1M Connectorized Package 

M = Magpak 15' Drop-In Package 
MG = Magpak IP " Drop-In Package 

Frequenc 

Rf, LO 
y (GHz) 

IF 
Noise 

Figure dB 
Conversion 
Gain (dB) 

IdB Comp. 
Pt. (dBm) Model No. 

6-18 .070 
±.020 9.0 12 + 10 MMA942M/P-1 

6-18 .070 
±.020 9.0 25 + 20 MMA945M/P-1 

6-18 .160 
±.020 9.5 10 + 15 MMA943M/P-1 

6-18 .160 
±.020 9.0 22 + 15 MMA943M/P-2 

6-18 2-6 12.0 10 + 10 MMA962MG/PG- 1 

6-18 2-6 12.0 20 + 10 MMA962MG/PG-2 

6-18 2-6 12.0 18 + 15 MMA963MG/PG- 1 
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Interfacing With GaAs Digital ICs 
By Don Apte 
Harris Microwave Semiconductor 

The availability of GaAs SSI and MSI 
digital ICs has given designers a new way 
to design high speed digital systems. The 
inherent speed of GaAs makes it better 
suited for higher speed and wider band¬ 
width applications than have been possi¬ 
ble with ECL circuits, but moving up to 
GaAs ICs is not as straightforward as pull¬ 
ing out an ECL device and inserting a 
GaAs device. 

First, the power supply voltages for 
most GaAs ICs are different than ECL, 

and they vary from manufacturer to manu¬ 
facturer. Some companies offer products 
which have a VDD = +4.0 to +5 V and a 
Vss = -3.0 to -3.5 V, while others use a 
VEE = -4.9 to -5.5, a Vss = -3.3 V, and a 
VDDL = +1 V. Second, GaAs ICs faster 
edge rates (125 ps) require all input/output 
signal lines to be treated as 50 ohm micro¬ 
wave transmission lines. Third, the meth¬ 
ods for testing and measuring GaAs ICs 
are different, with operating speed 
representing a microwave environment. 
The inputs to most GaAs circuits use 

BFL, SDFL, DFL or CDFL MESFET con¬ 
figurations and must be protected from 
static discharge. Power supplies with 
good voltage regulation are essential for 
reliable operation. A good design practice 
is to use decoupling capacitors (0.1 pF) on 

all power supply lines. Adequate heat 
sinking and grounding of GaAs ICs is also 
essential because of the high-power dissi¬ 
pation and high-frequency operation. 
There are many other characteristics 

that distinguish GaAs from ECL devices. 
Unused GaAs IC MESFET inputs float to 
a high logic state. In contrast, unused 
single-ended inputs of ECL devices will 
assume a low logic state and can be left 
floating. GaAs devices require a pull-down 
terminating resistor (RT) that matches the 
transmission line characteristic impe¬ 
dance, typically 35 to 65 ohms, preferably 
42 to 52 ohms. The GaAs IC terminating 
resistor must be connected to a negative 
supply of -2.0 to -3.5 VDC. An ECL ter¬ 
minating resistor is typically 50 to 120 
ohms, and must be terminated to -2 VDC 
for 50 ohm transmission lines. The input 
impedance of an ECL device is around 
50,000 ohms, while the input impedance 
of a GaAs BFL MESFET input is typically 
between 100 and 200 ohms. The maxi¬ 
mum output current for ECL “10K” series 
devices is 50 mA, and the output current 
for military ECL devices is 11 mA. In con¬ 
trast, the l0H output current of GaAs ICs 
ranges from 30 to 65 mA. Depending on 
the output current for a particular device, 
this means that one GaAs device can 
drive as many as three other GaAs ICs if 

Rt terminates the transmission line at 
only one point. 
Any unterminated stub lengths should 

be kept under 0.25 inches. By keeping 
stub lengths very short, the reflections 
and spurious transmission line frequen¬ 
cy components are minimized. The fanout 
capability of a GaAs device is limited by 
the effective capacitive loading of the 
transmission line as well as by the load 
of the GaAs or ECL inputs receiving the 
signal (Figure 1). 

For example, a 125 ps edge rate driv¬ 
ing a 1 pF load will degrade to about 500 
ps when it must drive a 5 pF load. The rise 
and fall times (edge rates) of GaAs digital 
ICs are measured between the 20% and 
80% amplitude points on the output sig¬ 
nal, but most ECL devices are measured 
between the 10% and the 90% amplitude 
points. For applications that require multi¬ 
ple clock distribution, a Harris clock 
fanout Buffer/Driver can be used to pre¬ 
serve clock edge rates. 
When measuring fast rise and fall times 

of GaAs ICs, you must use a scope probe 
that has the lowest possible loading capa¬ 
citance (1 pF or less) and a bandwidth that 
passes harmonic frequency components 
above 12 GHz (Figure 2). It is also recom¬ 
mended that the scope probe have an in¬ 
ternal DC bias/offset. The use of gigahertz 

Figure 1. Driving multiple GaAs ICs. 
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Figure 2. Oscilloscope connection to a GaAs IC. 
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Figure 3. Driving GaAs ICs with an analog signal. 

Figure 5. Driving an ECL IC with a GaAs IC. 

Figure 7. -2 Circuit using the HMD-11131-2 Flip-Flop. 

Ground Ground 

-3.5 V 

Figure 4. Driving a GaAs IC with a GaAs IC. 

Ground 

-20 V 

Figure 6. Driving GaAs ICs with an ECL IC. 

Figure 8. The Harris HMK-11MSI-1 Evaluation Kit. 
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sampling equipment will provide good 
measurement results. 
The input signal requirements for Harris 

digital GaAs ICs are standard ECL-com-
patible levels: -0.8 V Logic High and -1.8V 
Logic Low, although some other GaAs 
ICs require higher input levels to achieve 
faster clock speeds. When applying a 
sinewave analog signal into a GaAs IC in¬ 
put, it must be AC-coupled and DC-offset 
to ECL levels (Figure 3). This can be ac¬ 
complished using a bias “tee” network 
with a suitable bandwidth. To use an input 
level other than ECL, certain design con¬ 
ditions must be met. For example, Harris’ 
divider ICs can accept an input swing 
level as low as 500 mV peak-to-peak if the 
DC offset voltage is adjusted to a more 
negative value, typically about -1.6 V. For 
reliable performance, IC inputs should not 
be biased at positive potentials above +1 
VDC or negative potentials below -2.5 V. 
Figures 1 through 7 show various bias 
and drive configurations for Harris GaAs 
ICs. If an RF signal source is used to drive 
the IC, the maximum power input should 
not exceed +13 dBm. 
The outputs of available GaAs digital 

ICs are also ECL-level compatible, and re¬ 
quire a pull down terminating resistor con¬ 
nected to a negative supply voltage. 
When driving a Harris GaAs IC with 
another GaAs IC (Figure 4), the terminat¬ 
ing 50 ohm pull down resistor must be 
connected to a -3.5 V negative supply. 
When using a GaAs IC to drive an ECL 
IC (Figure 5), the terminating resistor-bias 
voltage should also be -3.5 V. When an 
ECL IC is used to drive a GaAs IC, the 
bias voltage should be -2.0 V (Figure 6). 
If a reduced output amplitude is desired, 
the -3.5 V bias voltage can be adjusted 
to -2.0 V, lowering GaAs IC output buffer 
power dissipation by 30 percent. 
GaAs ICs with complementary Q and 

Q outputs should have a 50 ohm trans¬ 
mission line for each output to maintain 
a balanced system. This is best accom¬ 
plished by placing a 50 ohm pull down 
resistor on each output to a bias voltage 
of -3.5 V (Figure 7). For an IC with multi¬ 
ple single ended outputs, connect any 
unused output through a 50 ohm resistor 
to ground. 
These GaAs ICs are housed in hermet¬ 

ic 50 ohm microwave flatpacks to mini¬ 
mize parasitic and cross talk performance 
degradation. Standard ECL plastic and 
ceramic dual inline packages are unus¬ 
able at microwave frequencies, since the 
added propagation delay of the package 
must be minimized. For specific applica¬ 
tions, the GaAs IC supplier must under¬ 
stand the customer application and sys¬ 
tem layout, then configure the device pin¬ 

out to minimize propagation delay and 
feedback return path. 

To assist designers in learning the 
basics of working at the speeds now pos¬ 
sible with GaAs digital ICs, a number of 
manufacturers offer evaluation kits such 
as that shown in Figure 8. The evaluation 
kits allow “hands-on” use of the devices 
for prototyping or device characterization 
by the user. H 

About the Author 
Don Apte is Product Manager, Digi¬ 

tal ICs at Harris Microwave Semicon¬ 
ductor, 1530 McCarthy Blvd., Milpitas, 
CA 95035. He received his BS IT/ET 
from San Jose State University and 
has been working with GaAs products 
for over 10 years. Don can be reached 
at (408) 262-2222. 

LMI makes 

• 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 LMI 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 LMI 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/EM1 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 9814 U.S.A. • (800) 325 9815-CA 
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M4000 
g» g 

Compact, efficient, low noise, dependable, all you need in a 
microwave source is available from Techtrol. 

M5000 Power out to 100 mw 
500 Mhz to 12 GHz 
Aging 1 PPM/Year 

High spectral purity 

SPECIFICATIONS: 
Frequency Stability: 

t.001% 0°C TO +50°C 
± .003% -20 C TO +60°C 
± .005% -54 C TO + 71C 

THE SOURCE SOURCE 

Techtrol Cyclonetics Inc. 
815 Market Street New Cumberland, Pennsylvania 17070 

(717) 774-2746 
INFO/CARD 25 



0.5 to 36 MHz 160 MHz (Std.) BW IF 

+/-2.5°/o Disc. Linearity +30 dBm IP3 
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For further information, please call or write to 
Marketing Department, Reaction Instruments, 
1930 Isaac Newton Square, Reston, VA 22090. 
PHONE (703) 471-6060, TWX 710 833 9031. 

HIGH PERFORMANCE 
AM/FM 
DEMODULATOR 

REACTION 
INSTRUMENTS 

• Choice of IF 
• High Intercept Point 
• IEEE-488 Control 
• Compact—13/4" high 

The Model 701 AM/FM Demodulator is housed in a standard 
1% inch high rack-mount chassis. 

Reaction 
Instruments’ Model 

701 AM/FM Demodulator 
accepts an IF input which is

demodulated in high performance 
FM and AM demodulators. Front panel 

controls allow selection of AM/FM demodu¬ 
lator, IF/Video/Audio gain, IF/Video bandwidth, 

and AGC/MGC. Filter bandwidths regularly available
range from 0.5 to 36 MHz, and up to 4 IF filter band¬ 
widths are optionally available. All functions are under 

IEEE-488 control. 



rí design feature 

100 MHz to 3.5 GHz 
Propagation Curves 
Computer Programs for 
Communications Range Calculations. 

By Lynn A. G erig 
and Joseph R. Hennel 
Magnavox Electronic Systems 

Although the typical RF design 
engineer is often characterized as being 
concerned only with transmitter or re¬ 
ceiver circuits, actual design tasks are 
widely varied, including everything from 
crystal filters to antennas. In recent years 
the heavy emphasis on energy conserva¬ 
tion and total system costs have required 
engineers to look at the total system. Can 
the increase in power consumption and 
cost resulting from increasing transmitter 
power from 10 watts to 100 watts be justi¬ 
fied? Could the same performance be 
achieved with less money by increasing 
antenna gain or height? In these times of 
economic “crunch,” contracts are won 
and lost by the answers to such questions. 

Many engineers, aware that tree-space 
propagation loss changes at a 20 log 

(distance) rate, assume one can always 
double communications range by increas¬ 
ing transmitter power by 6 dB. However, 
when working with actual earth curvature, 
a 25 dB increase in power may yield less 
than a 10 percent increase in range. This 
article describes computer programs 
which predict VHF, UHF and L-Band com¬ 
munications range based upon receiver, 
transmitter, and antenna parameters. 
Ground-to-ground, ground-to-air, and air-
to-air data are included. Both free space 
range and range over real earth are given. 

Propagation Curves 
Although propagation curves have 

been available for about 40 years, many 
engineers have not been aware of them 
or have not known how to use them. The 
classical curves by Bell Labs (1) cover fre¬ 
quencies from 200 kHz to 600 MHz, 
distances of .5 to 1000 miles, and are ar¬ 
ranged in 6 sections covering propagation 
over sea water, good soil, and poor soil 
for vertical and horizontal polarizations. 
Typical inputs and outputs are: power 
relative to 1 kW transmitted from a 
grounded vertical antenna, and field 
strength units of dB above 1 micro-volt per 
meter, and one must be wise in the ways 
of antenna conversions to use them. 
Predictions are also complicated at HF 
where antennas are usually located within 
a few wavelengths of ground, and where 
actual antenna directivity and efficiency 
are directly affected by soil conductivity. 

Propagation predictions at VHF (and 
higher frequencies) are more straightfor¬ 
ward because antennas at these frequen¬ 
cies are usually mounted many wave¬ 
lengths above ground. At these frequen¬ 
cies the communications range is essen¬ 
tially independent of polarization and soil 
type for antenna heights of 100 feet or 
more. Variations of not more than 3 or 4 
dB are to be expected at heights of 25 
feet. Based upon these facts (and other 
assumptions) the ESSA curves (2) are 
useful at frequencies above 100 MHz. 
The computer programs described be¬ 

low utilize data taken from selected curves 
in the ESSA document. After entering op¬ 

transmitter power, and antenna heights 
and gains, the programs calculate the ex¬ 
pected communications range. The pro¬ 
grams have been developed for the Com¬ 
modore 64 (or 128), the Texas Instruments 
TI-99/4, as well as the IBM-PC and com¬ 
patibles. A typical output from the Com¬ 
modore 64 version is shown in Figure 1. 

Program Description 
This section describes the program for 

the Commodore 64 (or 128) since it con¬ 
tains the most features. Adaptations for 
other computers will be described later. 
The program begins with line 2, sending 
you to a subroutine (lines 500-510) where 
arrays are dimensioned and certain vari¬ 
ables are established. The actual program 
begins with line 10. 

In lines 10 through 40 the program title 
is displayed on the screen and selection 
can be made by any combination of 
screen, border, and letter colors that may 
be pleasing, instead of the Commodore 
64 default conditions. In line 50-74 
receiver sensitivity and transmitter power 
is defined either in micro-volts and watts 
or in dBm (decibels relative to 1 milli-watt). 
This is for operating convenience, as the 
program will convert either type input to 
the other and display both as an output. In 
lines 100-110 selection is made of either 
VHF, UHF, or L-Band as the operating 
band, and the appropriate data is read 
(VHF data lines 2000-2610, UHF data 
lines 3000-3810, or L-Band data lines 
4000-4610). 
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Actual program inputs for range calcu¬ 
lations begin at line 200 where sequen¬ 
tial subroutines are used for selecting fre¬ 
quency, transmitter and receiver parame¬ 
ters, antenna gains, and antenna heights. 
The subroutine in lines 600-604 asks for 

a specific operating frequency within the 
band you selected. Actual data are for 125 
MHz, 300 MHz, and 1.6 GHz, but the pro¬ 
gram scales to your actual operating fre¬ 
quency by a 20 Log (F/Fref) factor in line 
350 to show propagation variations within 
a given band. 
The subroutine in lines 700-740 asks for 

receiver sensitivity and transmitter power 
output. The units are either micro-volts 
and watts or dBm, depending on which 
was selected in line 74. Input is converted 
to both units which will be displayed later. 
The subroutine in lines 900-906 asks for 

antenna gains in dBi, the gain in dB 
relative to an isotropic antenna. If your 
antenna gain is known relative to a dipole, 
add 2.15 dB. For example, an antenna 
with 7.5 dB gain referenced to a dipole 
(dBd) has a gain of 9.65 dBi. The operator 
is next asked to enter any system losses, 
such as coaxial line losses. 

Actual antenna heights are selected in 
the subroutine from lines 800-870. The 
data tables from lines 2000 to the end of 
the program contain propagation informa¬ 
tion for specific antenna heights, so the 
discrete value closest to actual antenna 
height must be chosen. For example, if 
the antenna height is 40 or 60 feet, use 
menu item “2” which is 50 feet. For 
selected antenna heights of 50' and 100’ 
(menu items 2 and 3), the program then 
selects H$(2, 3) data for these heights. 
The string manipulation in lines 850-858 
will be described later. 
The actual program output to the 

screen is performed in lines 300-426 
(shown in Figure 1). The operating fre¬ 
quency is printed, followed by XMTR out¬ 
put in dBm and watts and RCVR sensitivi¬ 
ty in dBm and uV. The antenna gains and 
heights selected are then printed follow¬ 
ed by the losses selected. The next item 
printed is the system path margin in dB, 
followed by the free space path length in 
miles. This is the distance over which 
communications could take place if it 
were not for the earth’s curvature, etc., 
and is useful in predicting satellite com¬ 
munications. Finally, the range over the 
real earth is printed in both statute and 
nautical miles. The range given is the ex¬ 
pected range for normal conditions; ac¬ 
tual range will obviously be affected by at¬ 
mospheric conditions, terrain, etc. 
One of the features of this program is 

UHF PROPAGATION: FREQ = 312.5 MHZ 

TRANSMITTER POWER OUT: 44.8 DBM 
30 WATTS 

RECEIVER SENSITIVITY: -95 DBM 
4 UV 

LOWER ANTENNA : 7.5 DBI © 50 FT 
UPPER ANTENNA : 1.5 DBI ® 40000 FT 

COAXIAL LINE LOSSES : 4.2 DB 

144.6 DB PATH 
FREE SPACE PATH = 768 MILES 

MAXIMUM EXPECTED RANGE: 272 MILES 
236 (NAUT MI) 

G=MODIFY ANT GAINS 
H=MODIFY ANT HEIGHTS 
X=MODIFY R/T SENS/PWR 
F=NEW FREQ (SAME BAND) 

R=RUN AGAIN 
P=PRINTER DUMP 
Q=QUIT 

Figure 1. Typical program output. 

the change in a single parameter without 
having to re-enter all previous inputs. Note 
the menu at the bottom of the screen 
(Figure 1). Would you like to see how 
much further you could communicate if 
you raised the ground antenna from 25 
feet to 50 feet or changed the aircraft 
height from 10,000 feet to 40,000 feet? 
Just press “H" on the keyboard and the 
program asks for new antenna height 
(subroutine at line 800 from line 420), then 
the new range for those heights will be in¬ 
stantly displayed. With a few keystrokes 
you can easily compare expected im¬ 
provements in range from changes in 
antenna height, antenna gain, power out¬ 
put,etc. If you have a printer, just press 
“P” and lines 430-436 will give you a 
screen dump to your printer. 

Data Format 
The data in lines following 2000 are 

taken from the ESSA Technical Report 
mentioned earlier. There are about 100 
pages of curves with up to 17 curves per 
page in that document. The programs 
store selected data points from various 
curves, and they construct “piece-wise 

linear” equations fitting the original curve 
as nearly as possible. 

For the curious, the following is a detail¬ 
ed explanation of the data manipulations. 
Assume the selection of VHF and anten¬ 
na heights of 50 and 100 feet. Logical 
breakpoints in the ESSA curves are 10 
miles for a 120 dB path, 32 miles for a 150 
dB path, 50 miles for a 165 dB path, 105 
miles for a 175 dB path, and 310 miles for 
a 210 dB path. Now refer to line 2085 and 
note that: 

H$(2,3)=“120010150032165050175105210310.” 

The first 3 digits (120) store the first path 
point, the next 3 digits (010) store the first 
distance point, the third 3 digits (150) store 
the second path point, the fourth 3 digits 
(032) store the second distance point, etc., 
to the last three digits (310) which repre¬ 
sent the last mileage point. After anten¬ 
na heights are chosen (lines 800-832), the 
appropriate data line is divided up into 5 
path points and 5 distance points by string 
manipulation in lines 840-858. 

After the program calculates system 
path margin (lines 320 and 350) from the 
various inputs, the program path is com-
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pared to the data points described above. 
If it is less than the smallest or greater 
than the largest, a “Range Not In Pro¬ 
gram" message is printed (lines 352-358). 
If the path margin falls between the data 
endpoints, the program calculates ex¬ 
pected range by assuming a straight line 
between the nearest 2 points stored (lines 
360-366), and the expected range is 
printed to the screen. 

Using the Programs 
The programs must be used with cau¬ 

tion. They give ranges over average ter¬ 
rain for which communications can be ex¬ 
pected 50 percent of the time. Obviously 
you won’t be able to communicate as far 
through a dense jungle or over moun¬ 
tainous terrain, etc., so some common 
sense must be used. However, the pro¬ 
grams are very practical for determining 
relative changes in anticipated range due 
to modifications of receivers, transmitter, 
and antenna specifications. When enter¬ 
ing receiver and transmitter parameters, 
use power output (not input) at the 
transmitting end and sensitivity at the 
receiving end. 

Feel free to contact either of the authors 
with questions or comments about the 
programs, but only letters with an SASE 
will be answered. 

Copies of the programs for the Commo¬ 
dore 64 and the IBM-PC are available 
from the authors. For the C64, send a 
blank tape (C-30 or longer) or a format¬ 
ted disk (1541 format), and for the IBM-
PC, a formatted disk. These should be 
sent in a stamped, self-addressed mailer 
with check or money order for $5.00 to: 
Lynn A. Gerig, R.R. #1, Monroeville, IN 
46773. Two verified copies will be made 
on the tape or disk. 0 

Editor's Note: With over 350 lines of 
DATA statements, each containing 30 
digits of numerical information, it is 
recommended that interested readers ob¬ 
tain a copy of the program from the 
authors. However, if only a program listing 
is desired, one can be obtained by sen¬ 
ding a self-addressed stamped business¬ 
size envelope to RF Design, 6530 S. 
Yosemite St., Englewood, CO 80111. Only 
requests which include a SASE will be 
accepted. 
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PITCH 

CONNOR-WINFIELD CORPORATION 
West Chicago, IL 60185 USA 

Phone 1 -312-23 1 -5270 TWX No. 910-230-3231 
Cable: CONWINWCGO 

Keeping Pace with Progress 

Connor-Winfield oscillators keep you 
in tune with the proper frequencies. 

Like the musician blessed with such a gift, our 
oscillators provide you with precise frequency 

stability. We can supply you with ECLs, TTLs, CMOS, 
DIPs, or ovenized anda variety of frequencies from 

less than 1 Hz to 400 MHz. You can expect 
noteworthy speed of shipment and service support, 
and all orders, large and small, are handled with 

equal importance. 
You've heard the pitch. Call Connor-Winfield today 

and stay in tune with the times. 
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Come where 
the 
power 
is. 

Power amplifiers for every rf testing need. Power you 
can depend on. Power from one watt to ten kilowatts. 
And these power ratings are ultra-conservative: 
Whether you order a 10-watt or a 2000-watt amplifier, 
you can be certain of at least its rated output at every 
point in its frequency band. 

Model 2000L, shown, delivers 2000 watts minimum 
cw saturated power over a bandwidth of 10 kHz to 220 
MHz. In pulse mode (up to 25% duty cycle), you can 
almost double that output rating—a vital feature in 
NMR. 
Our amplifiers are totally immune to damage from 

load mismatch—from wildly fluctuating VSWR to out¬ 
right open or shorted output terminals. 
The Amplifier Research line covers the frequency 

range from 10 kHz to 1 GHz. Bandwidth is instantly 
available without need for tuning or bandswitching. Our 
booklet, “Your guide to broadband power amplifiers," 
will tell you a lot more. Send for it. 

RmPlIFIBR 
Cl ■ ReSBHRCH 
160 School House Road 
Souderton, PA 18964-9990 USA 
Phone 215-723-8181 • TWX 510-661-6094 
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better than 20ns with 2ns rise times and 
6ns fall times. It's the world's fastest 
monolithic log amp. 

And. like Plessey's complete family 
of monolithic ICs, the SL2521 meets 

MIL-STD-883C requirements. 
In fact, it's the only log amp with 

guaranteed performance at + 125°C, 
making it ideal for the most demanding 

radar applications. 
So if you still think a radar 

hybrid has to be a hybrid, we'd like 
to change your mind. Call Plessey at 

800-321-0871 or 714-951-5212. Or 
write us at Plessey Semiconductors, 
3 Whatney, Irvine, CA 92718. 

ds for radar 
s hybrids 

They're SL2521 Monolithic Log Amps 
from Plessey. You heard right. Monolithic. 

Our advanced 3 micron oxide 
isolated bipolar process allows us to put 
Phase, Video and IF limiting functions 
on a single chip. About one-third the 
size of bulky hybrids. 

So now you can achieve a 
higher level of performance and 
reliability with less power than most 
hybrids. Not to mention a lower price. 

Standard features found in the 
SL2521 include 1.3GHz bandwidth, 
balanced IF limiting, temperature sta¬ 
bility, phase linearity better than 2° 
(six-stage strip), and pulse handling 

pete aw 
aapirp 

The best h 
aren’t alw 

■ FF 
\ OUTPUT 

CHIPI CHIP Z. CHIP 3 

O PLESSEY 
Plessey and the Plessey symbol are trademarks of the Plessey Company plc. 
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rí digital connection 

RF-to-Optical Data Link 

Patented system uses both RF and fiber optic technologies. 

By Gary 0. Sandstedt 
Commercial Data Processing, Inc. 

PF technology must often interface with 
other technologies within a system, 
whether it be communications, control or 
measurements that are required. This ar¬ 
ticle describes a way to interconnect RF 
and optical transmission modes in a data 
communications system. 

There is another important lesson, too. 
This system concept is patented (U.S. Pa¬ 

tent 4,259,746 and various foreign pat¬ 
ents), and illustrates that new arrange¬ 
ments of existing technology can be con¬ 
ceptually unique enough to be patentable. 

In recent years the marriage of radio frequency and optical transmission 
systems has become dramatically more 
important as a means of moving data 
cheaply, fast and reliably. Described here 
is a system where, at some point in the 
communications link, a change is effected 

in the method of transmission (from RF 
to optical or vice versa) while the com¬ 
munications in process retains its integri¬ 
ty. Transmitters and receivers are not 
merely transmitters and receivers any¬ 
more, but support such features as in¬ 
tegrated data bases, processors, storage 
and ancillary peripheral devices including 
CRTs, tape and disk drives, keyboards, 
readouts, transponders and other inno¬ 
vations. 

RF-to-optical conversion offers many 

Figure 1. Diagram of the RF-optical data link. 
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possibilities with the advent of local area 
networks. One may think of LANs as client 
computers talking to each other or a cen¬ 
tral mainframe host in an office environ¬ 
ment, but with the advent of factory and 
campus-wide LANs, distribution of data 
on a network can be formidable. There 
are frequently gaps in a system where one 
technology does not lend itself efficiently 
to the resolution of all transmission and 
distribution obstacles. The RF-to-optical 
link can solve many of these problems. 

Figure 1 illustrates the RF-to-optical 
link’s versatility in sourcing digital and/or 
analog signals, then transmitting them to 
a distant point and onto utilitarian devices 
such as host or client computers, ter¬ 
minals, printers, data loggers, instrumen¬ 
tation, etc., by fiber optics. 

At the receiving site data is loaded into 
memory, assembled into some form of 
protocol and communicated to client 
devices. The hallmark of both RF and op¬ 
tics is speed, allowing flexibility not found 
in hard wiring. 

Environments where large areas of 
distribution are needed, such as a recrea¬ 
tional theme park, military base, industrial 

site, a college or corporation campus, pro¬ 
vide opportunities for RF-to-optical im¬ 
plementation. Data downlinked from a 
satellite can be distributed throughout a 
complex. Obviously a satellite-to-ground 
link must be by RF means, but from the 
point of RF demodulation all hardware 
can be high speed optics. 

Office complexes or corporate head¬ 
quarters situated in a campus environ¬ 
ment can communicate through a fiber 
optic Local Area Network and send their 
data between buildings via the RF portion 
of the communications link. 

The Military Connection 
It has been established within the air¬ 

craft industry that an on-board fiber optic 
communications network is desirable 
when weight, speed and transmission 
capacity are considered. One major air¬ 
frame manufacturer has recently an¬ 
nounced that fiber optics control and com¬ 
munications will be part of their new 
generation of aircraft, making RF-to-
optical connection necessary in both com¬ 
mercial and military aircraft. Another 
military application of the RF-to-optical link 

is in satellite-to-ship and conventional RF 
communications-to-ship. Fiber optic com¬ 
munications is becoming increasingly im¬ 
portant in battlefield operations where a 
single strand of fiber can replace many 
times its weight in copper. A satellite 
uplink-downlink to a battlefield fiber op¬ 
tic network will find its place in future 
wars, with the added benefit of reduced 
RF emanations. 
Whenever wired communications is too 

costly, or becomes saturated with users, 
the space, weight and cost savings of RF 
and optical systems will become more 
and more attractive. 0 

About the Author 
Gary O. Sandstedt is president of 

Commercial Data Processing, Inc., 
2241 South Grand Blvd., St. Louis, MO 
63104. He is an electronics engineer 
with experience in design of television 
studio equipment and transmitters, as 
well as his current work in RF and 
telecommunications data transmission 
equipment. Gary can be reached at 
(314) 776-1130. 

PIEZO’s Quiet Wonder 
Improve system performance using Piezo’s low noise reference 

oscillator with vibrational sensitivity of 5 X 10 '7g. 
□ Stress Compensated (SC) cut crystal JJ — I 
□ Low vibrational sensitivity 
□ High short term stability 
□ Rugged Construction 
□ Low Phase Noise 

PIEZO’s new Model 1830025 Series os¬ 
cillators are specifically designed for appli¬ 
cations requiring low phase noise for multi¬ 
plication to microwave frequencies. The 
internal ruggedized construction and the 
use of a PIEZO stress compensated SC cut 
crystal results in typical vibrational sensi¬ 
tivities of 5 X 10 ro/g. These characteris¬ 
tics make the Model 1830025 ideal for use 
in communication, radar and instrumenta¬ 
tion applications. 
PIEZO Systems is a manufacturer of 

custom oscillators engineered to your re¬ 
quirements, including TCXOs, VCXOs, 
OCXOs, and XOs. PIEZO Systems is an Available from 80 tO 110 MHz 

innovator in the production of piezoelectric 
crystals since 1936. For more information 
and a free catalog describing our capabili¬ 
ties, contact your nearby PIEZO represen¬ 
tative. Or contact PIEZO Systems, P.O. 
Box 619, Carlisle, PA 17013, (717) 249-
2151. 
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.375 X .500 X .140 .375 X .500 X .150 

♦ 

SMC 
SMD-CI 

SMC 
i SMO-I 

THE 
ONLY 

THE 
LOWEST 

COST 
SMD SMD 
.MIXER AfIXER 

MODEL 
RF/LO 
MHz 

IF 
MHz 

LO 
POWER 
dBm 

SMD-1 

SMD-1M 

SMD-1 H 

SMD-2 

SMD-2M 

SMD-2H 

SMD-3 

SMD-3M 

SMD-3H 

1-1000 

1-1000 

1-1000 

20-1500 

20-1500 

20-1500 

20-2500 

20-2500 

20-2500 

DC-1000 

DC-1000 

DC-1000 

DC-1500 

DC-1500 

DC-1500 

20-600 

20-600 

20-600 

+ 7 

+ 17 

+ 23 

+ 7 

+ 17 

+ 23 

+ 7 

+ 17 

+ 23 

MODEL 
RF/LO 
MHz 

IF 
MHz 

LO 
POWER 
dBm 

PRICE 
(100 pcs.) 

SMD-C1 

SMD-C1M 

SMD-C1H 

SMD-C2 

SMD-C2M 

SMD-C2H 

SMD-C3 

SMD-C3M 

SMD-C3H 

1-1000 

1-1000 

1-1000 

20-1500 

20-1500 

20-1500 

20-2500 

20-2500 

20-2500 

DC-1000 

DC-1000 

DC-1000 

DC-1500 

DC-1500 

DC-1500 

20-600 

20-600 

20-600 

+7 

+ 17 

+ 23 

+ 7 

+ 17 

+ 23 

+ 7 

+ 17 

+ 23 

$ 6 50 

7 00 

11.00 

7 00 

8.00 

12.00 

8 90 

9.70 

12.95 

Call or write us today. 

483 McLean Blvd, and 18th Avenue, Paterson, New Jersey 07504 • (201) 881-8800 • Telex 130073 
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art designer’s notebook 

Magnetic Core Calculations — 
A BASIC Program 

A Design Aid for Known and Unknown Cores. 

By Serg Ticknor 
Wide Band Engineering 

Magnetic cores using ferrite, powdered 
iron, or resin-iron materials are used in 
many applications from audio to micro¬ 
wave. Manufacturers often supply limited 
or incomplete practical data, or a “mys¬ 
tery” core in an existing circuit may have 
unknown characteristics. To help in the 
design of inductors and transformers, this 
program takes the known parameters and 
fills in the blanks from a few physical 
measurements and simple tests. It also 
provides a flexible design tool for deter¬ 
mining optimum geometry and winding 
data for toroids, sleeves, beads, and 
binocular cores. 

Here are the step-by-step instructions 
for using the program: 
1. To evaluate an existing core, meas¬ 

ure the I.D., O.D., and height of the core. 
Note that some inaccuracies can be be 
expected depending on the degree of cor¬ 
ner radii, effectively increasing or de¬ 
creasing some dimensions. 

2. Wrap several turns or wire around 
the core (the more the better). Each pass 
through the core counts as one turn. 

3. Take an inductance measurement 
using a Q-meter or series resonance 
technique using a signal/sweep gener¬ 
ator. Note that permeability usually varies 
with frequency, so make sure the meas¬ 
urement frequency of the meter or signal 
source is within the proper range. 

4. Enter the dimensions, inductance 
measured, number of turns, RMS voltage 
and frequency. The other parameters will 
be displayed by the program. 

Designing Inductors 
and Transformers 

After choosing the most applicable core 
from the manufacturers’ data sheets, 
enter the permeability physical size, 
number of turns, operating frequency and 
expected RMS voltage across the primary 
winding. After studying the display of 
values, the program may be run again, 
substituting other numbers of turns, other 

sizes, etc., until a satisfactory prototype 
inductor is obtained. 

Using the manufacturers’ data together 
with observations of the display, consider 
changes in: 1) form factor, 2) toroid, 
sleeve, bead, and binocular configura¬ 
tions, 3) saturating or non-linear flux 
levels, 4) wire lengths vs. inductance (for 
broadband applications), 5) reactance (for 
loss and resonance factors) and 6) sur-

PERMABILITY (U) = 050 
FLUX (B)- 341.343263 GAUSS 

INDUCTANCE (L) = 126.640400 UH 
REACTANCE (XL) = 113.355732 OHMS 

IND. IT (AL) = 1.37075660 UH 
XL IT (XAL)- 1.86433425 OHMS 

COOLING A (AS)“ .235506053 SQ.IN. 
WINDOW A (AW)“ 1.3634S541E-03 SQ.IN. 

CRS SEC A (AE) = .01B75 SQ.IN. 
MAG PATH (LE)“ .257143653 IN. 

EFF. UOL . (UE) = 4.82144361E-03 CU.IN. 
IT WIRE (Wl)“ 1.075 IN. 

(Bl) = .65 IN. (BIO) 
TOTAL WIRE (WT)“ 8.025 IN. 

(BT) = 5.125 IN. (BIO) 
FORM FACT. (FF)“ 14.7 

(FB) = 8.3 (BIO) 

AGAIN? a END? 3 PRINT DATA? ä 

Figure 1. Software printout of program computations. 
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10 REH "HAGCDR” 
P0 REH BY S. TIGKNOR (W7ILH) REU.EEB HB 
10 REM 
40 REH •••••••••••••••••••••••••••••••• 
50 REH • COMPUTES L . Ul , B , AL . XL , FF . WL , • 
60 REM • ETC. FOR TOROIDAL, SLEFUE • 
70 REM • & BINOCULAR MAGNETIC CORES • 
H0 REH •••••••••••••••••••••••••••••••• 
90 TiEM 

FROH "RF DESIGN” MAGAZINE 

100 
110 
150 
130 
140 
190 
1110 
170 
180 
190 
500 
510 
550 
530 
540 
590 
560 
570 
580 
590 
300 
310 
350 
330 
340 
390 
360 
370 
380 
390 
400 
410 
450 
4 30 
440 
490 
460 
470 
480 
490 
900 
910 
930 
540 
950 
560 
570 
580 
590 
600 
610 
650 
6 <0 
640 
650 
6'0 
680 
690 
'00 
710 
5’0 
730 
740 
790 

760 
' 70 
780 
790 
800 

REH ••• SYHBOLS LOG(X)-NATURAL LOG X "□"-CURSOR UP "U" -CURSOR DOWN 
REH "□"-CLEAR SCREEN, HOHE "àB"-REUERSE UN, PRINT BLUE ^"-REU. OFF BLACK 
PRINT "□SJ" TAB(IZ)" INSTRUCTIONS " 
PRINT "PJ ENTER EITHER "»CHRSi 34 )"IN IT1 AL PERM I AB ILITY" *CHRS( 34 ) 
PRINT" OR "♦ CHRS(34 )" INDUCTANCE" »CHRSC 34 )", BUT NOT BOTH. THEN" 
PRINT " ENTER "CHRSÍ34) "0" CHRSÍ34)" FOR THE OTHER UALUE." 
PRINT "üsJ NOTE RESULTS INDICATED " CHRS( 34 )"(BINO )" CHRSÍ34) " ARE FOR”, 
PRINT " THE SAHE CORE, CUT IN HALF BY HEIGHT, AND REARRANGED IN A "; 
PRINT "PARALLEL OR BINOCULAR CONFIGURATION." 
PRINT "PJ FOR A SPECIFIC BINOCULAR CORE, APPROX." 
PRINT " THE DI HENS IONS AS IF IT WAS 5 PARALLEL" 
PRINT " CORES. ENTER THE I.D. AND O. D. OF ONE " 
PRINT" CORE, ANI) HT. EQUAL TO 5X ONE CORE." PRINT"»1SJ WHEN RUNNING "CHRSÍ34), 
PRINT "AGA 1N”CHRS( 34 )". TO ENTER ANY OLD UALUES. JUST PRESS THE RETURN KEY’. 
PRINT TAB( 56 ) " *1»PRESS RETURN" 
GET AI IF AS-"" THEN 550 

INITIAL PERM 
INDUCTANCE (UH J 
NUMBER OF TURNS 

HEIGHT OF CORE (INCHES) 
OUTSIDE DIAMETER (INCHES) 
INSIDE DIAMETER (INCHES) 

FREQUENCY (MHZ) 
U( RMS) 

REM 

",U REM AT APPROPRIATE FREQ. "F" 
La 4 ", L 
LOi^ ",N REM (PASSES THROUGH CORE) 
¡O1 TRI ", HT 
¿0)1)^ ", OD 
£01 D^ ”, ID 
La^ ";F 
Í0JRI ”,U REH UOLTS ACROSS PRI. WINDING 

INPUT "p; 
INPUT "PJ 
INPUT "E 
INPUT "PJ 
INPUT "PJ 
INPUT "PJ 
INPUT "PJ 
INPUT "PJ 

IF U-0 THEN 390 
L- .01 17*U*N*N*HT’L0G(0D/ 1D)/LOG( 10) AL-L/NT5 REM REF 3, PG 8, REF 1 PG 16 
GOTO 400 
U-L/( .0117*N*N*HT*LOG(OD/ ID)/LOG( 10) ) AL-L/NÎ5 
Xf-5*w«F*L X1-XL/NT5 
AS-n*HT*(OD* I D ) ♦ ( if /B ) • ( 0DT5 IDT5) 
AW“»t*( IDT5)/4 REM REF 4, PG 536 
AE-HT*((OD ID)/5) 
LE- ((OD ID)/ (LOG( OD7 ID)/LOG( 10 )))*1 .36437 REM REF 3 
UE’AE’LE REM REF 4 PG, 198 
Wl-OD ID*5*HT Bl-5*(0D ID)»HT REM REF 5 PG 69 
WT -N* (5*HT ♦OD ID)-( OD ID*HT) 
BT-N*(5»(0D- 1D)*HT)-(OD ID) 
FF-W1 *5*«/ (HT*LOG( OD/ ID) ) REM REF 5, PG 68 69 
FB-B1 •5»n/(HT*L0G(0D/ ID) ) 
B-U/(.58649*F*N*AE ) REM REF 1, PG 15 
PRINT "□" 
PRINT " CORE OD- "OD "IN."TAB( 55 )"N- "N "TURNS " 
PRINT "CORE ID-”ID”1N. "TAB( 55 )"F- "F "MHZ" 
PRINT " CORE HT-"HT"IN. "TAB(55)"U-"U"U RMS" 
PRINT " -- —- -
PRINT "□ PERHABILITY (U)-"U REH PERMABILITY AT FREQ "F" 
PRINT " FLUX (B )-"B"GAUSS" 
PRINT INDUCIANLE (I )-"L "UH" RFH TOTAL INDUCTANCE 
PRINI " REAI TANCI (XI > XL "OHMS" REM TOTAL REACTANCE 
PRINT " IND. IT (AL )- "AL "UH" REH INDUCTANCE FOR 1 TURN 
PRINT " XL I T (XAL )-"Xl "OHMS” REH REACTANCE FOR 1 TURN 
PRINT " COOLING A (AS )-"AS "SQ .IN." REH TOTAL SURFACE AREA FOR COOLING 
PRINT " WINDOW A (AW i -"AW "SQ . IN." REM WINDOW AREA (OF INSIDE DIAMETER) 
PRINT " CRS SEC A (AE )“"AE "50 .IN." REH EFFECT I UE CROSS SECTIONAI AREA 
PRINI " HAG PATH (LE )-"LE "IN." REM EFFECT IUE MAGNETIC PATH LENGTH 
PRINT " EFF. UOL . (UE )-"UE "CU .IN.". REH EFFECTIUE UOLUHE 
PRINT " IT WIRT (W1 J "W1 "IN. " REH LENGTH OF 1 COMPLETE TURN 'TOROID) 
»’K 1 N F " (Bl )-"Bl "IN. (BIO)". REH LENGTH 1 COMP . TURN ( B I NO . CORE) 
PRINT ” TOTAI WIPI (WT) "WT-IN." REH TOTAL I ENGTH OF WIRE (IN TOROID 
PRINI " (BI )“"BT"IN. (BIO)" RFH TOTAL WIRE LENGTH ON BI NO . CORE 
PRINT " FORH FACT. (FF )-"I NT ((FF ♦.05 )• 10)/10 REH TOROID FORM FACTOR UALUE 
PRIM (FB) ' I N I। < FB• .05 ' •10 ', 10"(B I 0 1 " RFH HINO. CORE E. FACTOR 
¡4 (iS "P-THEN 1100 REH GOTO PRINTER- OFF COMMAND IF IN PRINTER ON MODE 
PRINT "*j AGAIN7 L01W END7 ¿0 R| PRINT DATA7 
GET GS IF GS ""THEN 770 
IF GSO-A AND GSO 'E" AND liS<>"P" THEN ’70 
IF GS "A"THEN 560 IF (iS -"E "THEN 810 
IF GS-"P”THEN 1000 

H10 PRINTS" END 
1000 OPEN 1,4 CHD1 GOTO 540 RFH ••• COMMAND TO TURN ON PRINTER 
1100 PRINT Hl CLOSE 1 GOTO 770 REM ••• COMMAND IO TURN (IFF PRINTER 

About the Author 
Serg Ticknor is president of Wide 

Band Engineering Company Inc., P.O. 
Box 21652, Phoenix, AZ 85036. He is 
a member of IEEE, ARRL and QCWA, 
and has been head of WBE for 15 
years. 

face area (heat dissipation). 
When re-entering data with the “again” 

option, input values identical to the 
previous trial need not by typed in. Just 
re-enter by pressing the return key follow¬ 
ing the prompt. 

In this program all dimensions are in 
inch units. This seems to be a worthy 
compromise since data sheets, articles 
and design data may use either English 
or Metric (or an unwieldy mixture of both). 
Conversion is a simple task, if necessary. 
The program should be usable on most 

computers using BASIC. Peeks, pokes, 
and other non-universal language have 
been avoided as have superfluous open¬ 
ing formats, menus, graphics, etc. Plenty 
of space has been left between line 
numbers for additions and alterations. 

Liberal use of REM statements explain 
terminology and assist start-up. Since the 
Commodore C64 was used, lines 100 and 
110 explain any symbols needed for con¬ 
version to other computers. Lines 755, 
1000, and 1100 give instructions to the 
printer which prints data from lines 
540-750. Equation source references can 
be found in REF statements opposite the 
equations in lines 370-510. To speed 
copying, all REM statements can be 
deleted. 
Although there has not been any at¬ 

tempt to offer comprehensive grounding 
in theory, measurements or applications, 
the references provided are an excellent 
source of information. The user is en¬ 
couraged to experiment with the program 
and gain confidence in its use by cross 
checking manufacturers’ data and com¬ 
paring this data with the display. The 
benefits of speed and accuracy will soon 
be revealed and make this program 
a useful addition to your circuits lib¬ 
rary. H 

References 
1. DeMaw, “Magnetic Cores in RF Cir¬ 
cuits,” RF Design, April 1980. 
2. Nagle, “Use Wideband Autotrans¬ 
formers,” Electronic Design, Feb. 2, 
1976. 
3. Stackpole Carbon Company, “Cer-
mag Ferrite Cores,” Bulletin 50C. 
4. DeMaw, “Ferromagnetic-Core 
Design and Application Handbook,” 
Prentice-Hall, Inc., 1981. 
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diodes feature wide band RF match, very 
wide video bandwidth (fast pulse re¬ 
sponse), and low l/F noise. No DC bias 
is required; junction capacitance is .3pF 
maximum and peak currents range from 
100-600^ amps. Metelics Corporation, 
Sunnyvale, Calif. INFO/CARD #155. 

VDS 
^1400 

e. 

$24oo on 1 

• DIGITAL PLL& HYBRID DESIGNS 

• BINARY/BCD/IEEE INTERFACE 

• FAST TURNAROUND 

ELECTRONICS INC 

7300 CLAIREMONT MESA RUHL 
SAN DIEGO CALIFORNIA 921 11 
1019)292-0500 TELEX 882008 

• EXCELLENT SPECTRAL PURITY 
• HIGH RESOLUTION 

to microHertz level 

• BOARDS/MODULES/CHASSIS 
FOR OEM 

• ULTRAFAST SWITCHING 
<70 NANOseconds available 

SOLUTIONS IN 

FREQUENCY 
SYNTHESIS 

50-90 or 100-180 MHz 
1 Hz STEPS 

<-60dBc SPURS 
ECL OUTPUT 
BCD CONTROL 

<5 mSEC SWITCHING 

0 NOISE 
10Hz to 10kHz: <-95dBc/Hz 

UNIQUE HYBRID 
SYNTHESIZERS 

in board or modular form, combine direct-
digital, mix/filter, and PLL techniques to 
meet YOUR specs. 

Example: VDS-3000-VHF 
VHF±10MHz, 4Hz steps, 150nsec 
switchina 0 noise <-110dBc/Hz at 
1kHz offset, external references. 
ON A SINGLE 4" x 6" CARD! 

rf products 
UHF Power Transistors Use 
Push-Pull Design 
TRW RF Devices Division has intro¬ 

duced new broadband, push-pull, high 
power, class “AB” bipolar RF amplifiers 
for military communications and ECM ap¬ 
plications. The MRA0510-50H device pro¬ 
vides 50 watts of CW linear power in 
broadband applications. Gain is 7 dB 
minimum at 1000 MHz and 28 volts, and 
is usable over a 500 to 1000 MHz fre¬ 
quency range. The MRTD105-75 device pro¬ 
vides 75 watts of CW linear power. Gain 

is 7.5 dB minimum at 500 MHz and 28 
volts, usable over a 100 to 500 MHz fre¬ 
quency range. The MRT0105-75V device 
provides 75 watts of CW linear power with 
gain of 7 dB minimum at 500 MHz. The 
MRT0105-75V can withstand a oo:1 VSWR 
load pull at 100 MHz. In 100 piece quan¬ 
tities, the MRA0510-50H is priced at 
$146.50, the MRT0105-75 is $111.00 and 
the MRT0105-75V is $114.00. TRW RF 
Devices Division, Lawndale, Calif. 
INFO/CARD #158. 

Oscillator Available as 
Phase Noise Standard 

Brightline’s Model 1039 oscillator 
features stability better than 3 x io~13 

from 0.1 s to 1 s, ultimate aging less than 
5 x io-11/day, and phase noise perfor¬ 

mance (-166 dBc floor) unique in its 
class. Output is nominally +13 dBm in 50 
ohms. Linear electric tuning permits recal¬ 
ibration at 3 years or more in atomic clock 
or other phaselock applications. The 1039 
is also available on special order in 
calibrated pairs for phase noise standard 
service. Brightline Corporation, Cedar 
Park, Texas. INFO/CARD #157. 

Sweep Generator Series 
Has Been Updated 
A new series of sweep generators 

enhances the performance and conven¬ 
ience of earlier instruments, including 
units significantly reduced in price. Cover¬ 
ing the 10 MHz to 60 GHz range in 36 
models, the Wiltron 6600B Series in¬ 
cludes units that sweep from 10 MHz to 

20 GHz with 40 mW leveled output power. 
Several new features reduce test times 
and simplify operation: nine stored front 
panel setups, eight markers, 15 dB power 
sweep, front panel security, and ten-year 
nonvolatile memory. An example of pric¬ 
ing is the Model 6647B, 10 Mhz to 20 GHz, 
40 mW; $27,000. Wiltron Company, Mor¬ 
gan Hill, Calif. INFO/CARD #156. 

Back Diodes (Tunnel Diodes) 
for Detectors 

Metelics introduces the MBD 100 
Planar Back (Tunnel) Diodes for detector 
applications. The planar germanium back 
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Your best choice for 
UHF and microwove applications. 
Sprague-Goodman Gigoherz Trimmer Capacitors. 
Nobody offers a wider selection of 
single turn ceramics, multiturn 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. 

For RF applications, our line includes 
sub-miniature glass and quartz Piston-
caps®, plastic Filmtrims® and Ceramic 
single turn, Mica compression, Airtrim® 

air dielectric, miniature LC 
tuners, and Stob-L® metal¬ 
lized inductors. 

SPRRGUE 
Gooomon 

(An affiliate of rhe Sprague Electric Company) 

134 Fulton Ave., Garden City Pk. . NY 11040. 516-746-1365. 1WX: 510-600-2415. TLX: 14-4533. 
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Hi-Power RF 
AMPLIFIERS, TRANSMITTERS, POWER GENERATORS 

10-10,000 WATTS! / 2-500 MHz Frequency Range! 

HENRY RADIO 
HAS THE PRODUCT 

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

APPLICATIONS: 
NMR, Nuclear Magnetic Resonance 
PLASMA Generation 
MEDICAL Applications 
NUCLEAR Magnetic Imaging 
COMMUNICATIONS Applications 

2050 S Bundy Drive, Los Angeles. CA 90025 
TOLL FREE: 1-800-421-6631 

In California call (213) 820-1234 

Zero Loss Probe 
for 100 kHz-1.25 GHz 
A new high-impedance FET active 

probe has been designed by Marconi In¬ 
struments. The Model 2388 Zero Loss 
Probe has a patented design that elimin¬ 
ates the need for clip-on voltage dividers 
as a means of varying attenuation. With 
the 2388, attenuation levels are con¬ 
tinuously varied over 40 dB by simple 
rotation of an integral barrel attenuator. 

The 2388 has a wide frequency range of 
100 kHz to 1.25 GHz covering HF to UHF. 
The probe is priced at $1195 and is sup¬ 
plied with its own carrying case, spring 
grounding pin, square probe tip and ter¬ 
minated 50 ohm Type N adapter. When 
used with the 2382 Spectrum Analyzer, 
the adapter enables the probe to be con¬ 
nected to the tracking generator output. 
Optional power supply is available for use 
with non-Marconi products. Marconi In¬ 
struments, Allendale, N.J. Please circle 
INFO/CARD #154. 

Low Cost Pushbutton Attenuators 
JFW announces their new pushbutton 

attenuators available in both 50 ohm and 
75 ohm. Standard attenuation range for 
the attenuators include 0-65 dB in 1 dB 
steps or 0-45.5 in .5 dB steps. The 50 ohm 

version has a frequency range of DC-750 
MHz and is available with BNC or TNC 
connectors. The 75 ohm version has a fre¬ 
quency range of DC-500 MHz and is 
available with BNC, TNC or F connectors. 
These units are priced at $95.00 each. 
JFW also has a make before break push¬ 
button available. JFW Industries, Inc., 
Indianapolis, Ind. INFO/CARD #153. 
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CAST 
amusia 

When you need an SMB con- \ 
nector, but don’t need the MIL- \ 
spec, you can save up to 50%^ 
without sacrificing performance.^ 
Johnson’s JCM-B miniature coaxial 
connectors give you a low-cost, com-

CUT YOUR 
C0ST50%! 

com¬ mercial grade alternative for 
munications, computer, office 
equipment and test and 
measurement applications up 
to 4 GHz. 
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¬ 
formance. In addition to die¬ 
cast versions, machined 
versions of JCM-B con¬ 
nectors are available. 

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

X JOHNSON 
- ® Components Division 

E F JOHNSON COMPANY. WASECA. MINN 56093 
Telephone 1-507-835-6307 Telex 390470 TWX 910-565-3161 

CALL TOLL-FREE! 1800-247-8256 
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rf products Continued 
Shielding Tape Features 
Plated Copper Construction 
A premium-quality, embossed, tin¬ 

plated copper foil shielding tape has been 
introduced by 3M's Electrical Products 
Division. Scotch brand Embossed Shield¬ 
ing Tape No. 99 is applied via pressure¬ 
sensitive adhesive and has a tin-alloy 

coating for corrosion control and easy 
soldering. It is ideal for sealing seams and 
penetrations in portable or permanent 
shielded rooms faced with copper, steel 
or aluminum where electromagnetic 
shielding is required. The 4.2-mil-thick 
tape is available in widths up to 8 inches. 
3M Electrical Products Division, St. 
Paul, Minn. INFO/CARD #152. 

GaAs FET LNAs for 
L- and S-Band 
JCA Technology has expanded its line 

of GaAs FET amplifiers to include a series 
of low-noise feedback amplifiers to cover 
L-Band and S-Band. These amplifiers 
feature a noise figure of less than 1.0 dB 
over a 100 to 200 MHz bandwidth and 
less than 1.2 dB over bandwidths of 500 
MHz. The amplifiers can be used as 
“drop-in” units by removing the SMA con-

I nectors and exposing the pin input and 
output. JCA Technology, Inc., Newbury 
Park, Calif. INFO/CARD #151. 

Attenuator Kits Include 
Documented Calibration 
Alan Industries has announced a line 

of fixed attenuators in kit form. Each kit 
contains four attenuators of the same 

series, the Alan 50SP, MP or HP. The 
50SP series is a small, general purpose 
pad for DC-2 GHz and 1-20 dB. The MP 
series covers up to 18 GHz with attenua¬ 
tion of 1 to 40 dB. For 10 and 25 watt 
average power in a frequency range of 
DC-2 GHz specify series HP. The user 
selects the series and dB values. Each at¬ 
tenuator is furnished with documented 
calibration traceable to NBS. Each kit is 
supplied in a hardwood enclosure. Prices 
are: SP Kit, $150 (all connectors); MP Kit, 
$250 with SMA and $425 with N connec¬ 
tors; HP Kit, $700 for 10 watt and $750 for 
25 watt kits. Alan Industries, Inc., Col¬ 
umbus, Ind. INFO/CARD #150. 

Isolated BNC Jack Mounts on PCB 
A series of isolated BNC and TNC 

chassis and PC board mounted jacks is 
being introduced by AVA Electronics. 
Isolation can often be useful in reducing 

RFI from computers and peripherals. 
They are also finding increasing use in 
testing and communications equipment. 
The body is nickel plated brass. Center 
contact is silver plated for reduced elec¬ 
trical resistance. Nominal impedance is 
50 ohms, at 500 volts RMS max., de¬ 
signed for operation to 4 Ghz. AVA Elec¬ 
tronics Corp., Drexel Hill, Pa. Please cir¬ 
cle INFO/CARD #149. 

Horn Antenna for 400-1000 MHz 
EMC Testing 

This high-gain, high-power horn anten¬ 
na by Amplifier Research, for shielded-
room or open-space RFI susceptibility 
and emissions testing, reduces the prob¬ 
lem of field-strength loss at high frequen¬ 
cies. The Model AT4001 antenna operates 
within the frequency range of 400 to 1000 
MHz, with power-handling capability to 
1000 watts. Its minimum 10-dB gain, at 
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400 MHz, increases almost linearly to 
beyond 15 dB at 1000 MHz. Field strength 
measured at one meter from the horn ex¬ 
ceeds 300 V/m at 400 MHz with a 300-
watt input Price is $2,000 with delivery 
in 60 days Amplifier Research, Souder¬ 
ton, Pa. INFO/CARD #148. 

Precision Oscillator 
is Space Qualified 

Available from Frequency and Time 
Systems, Inc. (FTS) is a remotely con¬ 
trolled, digitally tuned space qualified 
precision oscillator, the FTS 9125. The 
9125 features a low phase noise floor of 
-157 dB at 1000 Hz, radiation hardening, 

and remote frequency adjustment via a 
12-bit serial word command. Instability at¬ 
tributable to temperature and aging is 
very low at 5 * 10-12/°C and below 
10-’°/day. The oscillator is available for 
any frequency in the range of 4 to 6 MHz. 
Frequency and Time Systems, Inc., 
Beverly, Mass. INFO/CARD #147. 

EMI/RFI Gasketing 
Functions at 200°C 

Multi-Point VI, a line of particle filled 
composite materials that provide EMI/RFI 
shielding plus environmental protection at 
operating temperatures to 200°C and 
beyond, is now available from Conductive 
Systems, Inc. The conductive particles 
used are pure silver, silver-plated nickel, 
silver-plated copper, silver-plated inert, 
nickel and carbon. They provide shielding 

effectiveness to 70 dB or more over a fre¬ 
quency range of 10 kHz to 12.4 GHz. 
Flourosilicone compounds are available 
for applications involving contact with 
chemical solutions, organic or inorganic 
oils or fluids Conductive Systems, Inc., 
East Hanover, N.J. INFO/CARD #146. 

Coaxial Switches for 
Space Applications 
A line of space-qualified hi-rel 

microwave coaxial switches is now avail¬ 
able from the Wavecom division of the 
Loral Corporation. The lineup offers a DC-
to-26 GHz frequency range and includes 
both SPDT and multiposition models, with 

or without indicator circuits. RF perfor¬ 
mance features a VSWR of less than 1.5:1 
and insertion loss under 0.5 dB. These 
new switches satisfy all requirements of 
MIL-S-3928. As with others in the Wave¬ 
com line, the 7XXX series swtiches are 
guaranteed for 1 million cycles per posi¬ 
tion. Wavecom, Northridge, Calif. 
INFO/CARD #145. 

Tunnel Diodes Available 
in Die Form 
The Planar Tunnel diode is now 

available in die form for detector applica¬ 
tions which require their unique charac¬ 
teristics. Some of these characteristics are 
zero bias, low temperature sensitivity, low 
input and output impedance (50 to 150 
ohms) and fast pulse response. Epoxy die 
attach and wire bonding up to 160°C may 

BROAD BAND 
NOISE SOURCES 
FOR SPACE, MILITARY AND 
COMMERCIAL APPLICATIONS... 

DC -50 GHZ
MIL STD 883, MIL STD 1547 

BROAD BAND 
AMPLIFIED MODULES 
PLUG-IN, DUAL-IN-LINE 
24 or 14 PIN, 150mv out 

TYPICAL STANDARD MODELS 
NC 2101 
NC 2102 
NC 2103 
NC 2104 
NC 2105 
NC 2106 

up to 20 kHz 
up to 100 kHz 
up to 500 kHz 
up to 1 MHz 
up to 10 MHz 
up to 20 MHz 

HIGH-OUTPUT: 

+ 10 dBM, 50 ohms 
SMA or BNC output 

TYPICAL STANDARD MODELS 
NC 1101A 
NC 1107A 
NC 1108A 
NC 1109A 
NC 1110A 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 

Other frequency ranges 
and output levels available 

NOIS^ 
“NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
111 Moore St., Hackensack, N.J. 07601 
(201)488-4144 TWX 910-380-8198 
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QPL mixers for ground, air and shipboard programs. 

TYPICAL SPECIFICATIONS 

Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Eliminate: 

• Procurement Specifications 

• Nonstandard Parts Approval 
• Expensive, Tailored Hi-Rel 
Programs 

• Long Lead Times 

Provide: 

• Highly Reliable Mixers 
• Continuous Government 
Monitoring 

• Competitively Priced Units 
• Off-the-Shelf Delivery 

MIL-M-28837 mixers 
are available in two levels: 
screened and nonscreened. 
DoD's Defense Electronics 
Supply Center has approved 

the listing of certain 
Watkins-Johnson Company 

mixers on its qualified 
products list (QPL). 

Hermetic 

Seal 

Outline 

Drawing 

298572 
298572 

298572 

298572 

298509 
298509 

298642 

298642 

298643 
298643 

298500 

298500 

298640 

298640 

298640 
298640 

298640 

298640 

MIL M 28837 

W-J 

Model 

RF 

Frequency 

L0 

Power 

Nominal 

dBm 

Conversion 

Loss 

(Noise Figure) 

Typ. 
dB 

IF 

Freguency 

fR Level at 

1 dB Compression 

Point 

Typ. 
dBm 

Isolation 

Typ. 
dB 

L-R L-l 

Input 

Intercept 

Point 

Typ. 
dBm 

Package 

Type 

'1-01S 
'1-01N 

'1-02S 

A-02N 

.'2-02S 
'2-02N 

/7-01S 
7-01 N 

7-C3S 
7-C3N 

H-04S 
71-04N 

c -05S 
"-OõN 

Z1 -O6S 

A-06N 

fl-105 
A-10N 

V6D-100 

M6D-101 

M6E-100 

M6E-101 

M4A-100 
M4A-101 

M6T-100 

M6T-101 

M6V-100 
M6V-101 

M9D-100 

M90-101 

M9AC-100 
M9AC-101 

M9BC-100 

M9BC-101 

M9C-100 
M9C-101 

0.05-200 
0.05-200 

5-500 

5-500 

10-1500 
10-1500 

10-500 

10-500 

4 500 

4-500 

2400 
2400 

0.05-200 
005-200 

0.5-500 
0.5-500 

0.4-500 

04-500 

7 

7 

7 

7 

7 
7 

7 

7 

7 
7 

20 

20 

13 
13 

17 

17 

13 
13 

6.5 

6.5 

7.0 

7.0 

7,0 

7.0 

70 

7.0 

6.5 
6.5 

6.5 
65 

7.5 
7.5 

7.0 

7.0 

7.5 

7.5 

DC-200 
DC-200 

DC-500 

DC-500 

DC-1000 
DC-1000 

DC-500 

DC-500 

DC-500 
DC-500 

DC-800 
DC-800 

DC-200 
DC-200 

DC-500 

DC-500 

DC-500 
DC-500 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

15 

15 

10 
10 

8 

8 

10 
10 

45 40 
45 40 

45 40 

45 40 

30 30 
30 30 

40 35 

40 35 

45 30 
45 30 

40 40 

40 40 

45 40 
45 40 

55 45 

55 45 

45 40 
45 40 

13 
13 

13 

13 

13 
13 

13 

13 

13 

13 

30 
30 

23 
23 

23 

23 

23 
23 

PC 
PC 

PC 
PC 

Flatpack 

Flatpack 

T0-5 

T0-5 

T0-5 
T0-5 

PC 

PC 

PC 
PC 

PC 

PC 

PC 
PC 

uud WATKINS-JOHNSON 

Wïtkins^ohnson—U S A.: • California. Palo Alto (415) 433-4141, Orange (714) 634-1811 • Florida. Fort Walton Beach (904) 963-4191 • Georgia. Atlanta (404) 458-9907 • Illinois. Palatine (312) 991-0291 • Marylann 

Gaithersburg (301) 948-7550» Massachusetts. Lexington (617) 861-1580» New York. Smithtown (516) 724-0952» Texas. Dallas (214) 247-1761 »United Kingdom Dedworth Rd .Oakley Green. Windsor, Berkshire SL44LH 

• Tel: (0753) 869241 • Cable: WJUKW-WINDSOR • Telex: 847578 • Germany. Federal Republic of: Keferloher Strasse 90. 8000 Muenchen 40 • Tel: (089) 35 97 038 • Cable: WJDBM-MUENCHEN • Telex 509401 
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i m eh ns sh ob 
I 9 9 9 9 E 
I 9 9 9 9 S 
I M M M 1 a 
be utilized. Junction capacitance for the 
V100 series range from 0.7 pF up to 2 GHz, 
0.18 to 0.3 for the V2000 series up to 18 
GHz. Price of the V1000 Series (100 pcs) 
is $6 to $12; the V2000 series (100 pcs) 
is $12 to $24. Virtech Microwave, Inc., 
Los Gatos, Calif. INFO/CARD #144. 

TCXO Features 
Low Power Consumption 
Time & Frequency Ltd. has announced 

a new low power TCXO for frequency hop¬ 
ping portable military radios or for any bat¬ 
tery powered application. Designated the 
046 Series, the unit features small size, 
low power (3.5 mW @ 5.0 Vdc), and a wide 
frequency range of 3 to 10 MHz (50 Hz 

to 10 MHz with internal divider). 3.2 MHz 
model is in stock; for other frequencies 
allow 12 weeks delivery. Time & Frequen¬ 
cy Ltd., Mitchel Field, N.Y. Please cir¬ 
cle INFO/CARD #143. 

MIL-STD 45662 Calibration 
Service is Available 

U.S. MIL-STD 45662 calibration ser¬ 
vices are available from Hewlett-Packard 
Company to assist customers in passing 
the government-compliance audit. Ser¬ 
vices offered are: MIL-STD calibration 
agreement, MIL-STD full-service agree¬ 
ment, per-incident MIL-STD calibration, 
and per-incident repair plus MIL-STD 
calibration. These services are available 

Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 
The "Generation Gap" is filled with the “new” EXPEDITOR, the 
microprocessor baseo 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 

BROAD BAND 
NOISE SOURCES 
FOR SPACE, MILITARY AND 
COMMERCIAL APPLICATIONS... 

DC-50 GHZ
MIL-STD 883, MIL STD-1547 

CHIPS AND DIODES 
•Glass • Ceramic • Beam-Lead 
•Hermetically Sealed »MIL-STD-202 
•Audio «VHF »UHF *RF »MW »MM 

TYPICAL STANDARD MODELS 
NC 100 Series 
NC 200 Series 
NC 300 Series 
NC 400 Series 

up to 3 MHz 
up to 500 MHz 
up to 11 GHz 
up to 50 GHz 

DROP IN MODULES 
FOR BITE 

Self energized in TO-8 
Ideal for self testing of receivers 
50 ohms, 30 dB ENR min, 

35 dB ENR typ. 

TYPICAL STANDARD MODELS 
NC 501 
NC 502 
NC 503 
NC 504 
NC 505 
NC 506 

up to 500 MHz 
up to 1 GHz 
up to 2 GHz 
up to 3 GHz 
up to 4 GHz 
up to 5 GHz 

NOlSEton 
NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
111 Moore St., Hackensack, N.J. 07601 
(201 ) 488-41 44 TWX 91 0-380-81 98 
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rf products Continued 

from seven regional H-P customer service 
centers in the United States. The service 
facilities are available for customer in¬ 
spection. Hewlett-Packard Company, 
Palo Alto, Calif. INFO/CARD #141. 

Signal Generator Features 
Spectral Purity 
Comstron Corporation has announced 

a new Signal Generator Model 742 A. It 
features spectral purity close to the car¬ 
rier, quality of modulation, and low resid¬ 
ual FM. Specifications include 100 kHz-
2400 MHz range, 1 x l0 7/day or 5 x 

10-9/day (optional) stability, 20 ms switch¬ 
ing time, SSB phase noise at 500 MHz of 
-120 dBc/Hz at 20 kHz offset, plus AM-
FM and Pulse (optional) modulation. 
Comstron Corporation, Freeport, N.Y. 
INFO/CARD #142. 

140 MHz IF Noise Test Set 
Scientific-Atlanta, Inc. has introduced 

the Model 4648 IF noise test set for noise 
stress testing of 140 MHz digital radios 
and satellite modems. The noise test set 
is designed for insertion into the IF sec¬ 
tion of a communications systems to add 
calibrated levels of white noise in a band 
from 100 to 180 MHz. The Model 4648 
greatly simplifies bit-error-rate threshold 
tests, satellite modem tests, AGC curve 
measurements and FM threshold meas¬ 
urements. Scientific-Atlanta, Inc., Atlan¬ 
ta, Ga. INFO/CARD #140. 

Surface Mount Package 
for GaAs MMICs 

Tektronix has introduced a GaAs MMIC 
package for external sale. Part number 
812-0012-00 is an eight port, hermetic, 
surface mount package with a VSWR of 
less than 1.2:1 from DC to 12 GHz, less 
than 2:1 from DC to 18 GHz; and has a 
mounting footprint of .410 by .410 inches. 
Designed to accept MMICs up to 1.37 mm 
(.054") square and two bypass capacitors, 
the package has eight signal lines and 
twelve grounds arranged in a ground-
signal-ground format. An evaluation kit 

consisting of three packages, two RT/ 
duroid evaluation boards, connectors and 
mounting hardware is available for $300. 
Tektronix, Inc., Beaverton, Ore. Please 
circle INFO/CARD #138. 

10 dB Directional Coupler 
Covers 10-400 MHz 

Mini-Circuits’ new TODC-10-1 direc¬ 
tional coupler features 10 to 400 MHz 
bandwidth, low mainline insertion loss 
(only 1.2 dB including theoretical loss at 
coupled port), and 30 dB typical directivity. 
Coupling is 10 dB± 1.0 dB, with ±0.5 dB 
flatness. The TODC-10-1 is packaged in 
a hermetically-sealed 0.6 in. diameter, 
0.25 in. high case and is suited for such 
applications as signal sampling, signal in-

Trim-Tronics’ air dielectric tubular trimmers offer High 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 

TFRIK/1 -TF^OrsJItZS INEZ 
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 

_/WBE* 
BROADBAND EQUIPMENT 

FOR INSTRUMENTATION 

AND COMMUNICATIONS 

1971-1986 
15 th 

Anniversary 
Year 

Directional Couplers 

Model 
Freq 

MHz 

Coupler 
Type 

1 n Line 
Power 

Minimum Directivity 
(dB) In Line 

Lo» 5 
(dB) 

Flatneti 
of -20 dB 
port ( dB) 

VSWR 
i-àòô 
MHz 

5-3ÖÖ 
MHz 

A73-20 

1-500 single 

5W cw 
( 10V. cw 
5-300 
MHz) 

20 30 .4 max 
.2 

typical 

5-300 MHz 
‘.25 

1-500 MHz 

5-500 
1.5:1 
1-500 

A73-20GA 30 40 

A73-20GB 40 45 

A73-20P 

1-100 

»ingle 

50W cw 

( 75 ohm 
limited 

to 
10W cw) 

35 dB min 

40 dB min typical 

.15 

t.l 

1.04:1 

A73D-20P dual .3 

A73-20PX single 
45 dB min 

.15 

A73D-20PX JuO .3 

A73-20PA 

10-200 

»ingle 35 dB min 

40 dB min typical 

.15 

A73D-20PA dual .3 

A73-20PAX »ingle 
45 dB min 

.15 

A73D-20PAX dual .3 

WIDE BAND ENGINEERING COMPANY, INC. 
P O BOX 21652. PHOENIX. ARIZONA S5O36 USA • TELEPHONE <6O2> 25. 1520 
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jection, signal generator/oscillator level¬ 
ing, and measurement of incident and 
reflected power. The TODC-10-1 is priced 
at $15.95 (5-49 qty). Mini-Circuits Labs, 
Brooklyn, N.Y. INFO/CARD #137. 

16-Channel Multiplexer has 
300 MHz Bandwidth 

Siliconix has introduced its new ultra-
wideband DG536 16-channel multiplexer 
for a broad range of audio, video, and 
telecommunications applications. While 
most multiplexers operate up to about 5 
MHz, the DG536 has a 300 MHz band¬ 
width. Wideband DMOS switches fabri¬ 
cated on this monolithic device are con¬ 
nected in a “T” configuration, and each 
signal line is fully isolated from adjacent 
signal lines. These features combined 
with the low on-resistance (55 ohms 
typical) and low drain capacitance (12 pF 
maximum) contribute to the device’s 
superior performance: -92 dB crosstalk 
and 70 dB off-isolation at 5 MHz. All con¬ 
trol inputs are latched internally and are 
fully CMOS-compatible from micropro¬ 
cessor control. Price of the DG536 is 
$19.20 (100s). Silconix, Inc., Santa Clara, 
Calif. INFO/CARD #136. 

5-950 MHz Amplifier Has 
11 dB Gain, 4 dB NF 
A wideband general purpose 

preamplifier covering the frequency range 
from 5 MHz to 950 MHz has been an¬ 
nounced by Wi-Comm Electronics Inc. 

The unit features a 4 dB noise figure, gain 
of 11 dB, and a 1 dB gain compression 
level of typically 11 dBm. Other para¬ 
meters are: third order intercept point of 
26 dBm, input and output VSWR of 1.8:1 
and standard power of 15 VDC, 40 mA. 
The preamplifier is housed in a diecast 
aluminum case with BNC female connec¬ 
tors. Wi-Comm Electronics, Inc., 
Massena, N.Y. INFO/CARD #139. 

BROAD BAND 
NOISE 

SOURCES 
FOR SPACE, MILITARY AND 
COMMERCIAL APPLICATIONS... 

DC-50 GH Z 

MIL STD 883, MIL STD 1547 

BROAD BAND 
PRECISION, 
CALIBRATED 
COAXIAL 

SMA, N, TNC Output Connectors 

TYPICAL STANDARD MODELS 
NC 3100 Series up to 18 GHz 

15.5 dB ENR, 
noise figure 
meter compatible. 

NC 3200 Series up to 18 GHz 
30-35 dB ENR, 
high noise 
output. 

noe^m 
“NOISE IS OUR ONLY BUSINESS’’ 

NOISE COM, INC. 
111 Moore St. 
Hackensack, NJ 07601 
(201) 488-4144 
TWX 910-380-8198 
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NEW 
FROM DELEVAN 
DIVISION 

Surface Mountable Molded Inductors 
Unshielded designs from .10 to 1,000 
microhenries, ±10%. Shielded components 
up to 560 microhenries, ±10%. Symmetrical 
configuration simplifies mounting. 

INFO/CARD 44 

FROM RESISTIVE 
PRODUCTS 
DIVISION 

1% Metal Film Resistors '/« watt. 100 ppm. 
10 Q to 1.0 MEG Q exceeds MIL R-10509 
Type RN55D. Standard E. I. A packaging. 

INFO/CARD 45 

FROM OUR 
DELCAP DIVISION 

270 Quaker Rd.. East Aurora, NY 14052-0449 

716-652-3600 TELEX 91-293 

Multilayer Ceramic Chip Capacitors, 
Surface Mountable Meets or exceeds 
applicable portions of RS-198 and 
MIL-C-55681 class l-COG(NPO) from 
10pFd thru .01pFd Class II X 7R from 
47pFdthru 0.22pFd. 

_ INFO/CARD 46 

Manufactured by American craftsmen in 
our Western New York, state-of-the-art 
facilities... your assurance of reliable 

performance. 

AMERICAN 
PRECISION 
INDUSTRIES INC 

rf software 
Super-Compact Update Released 
Compact Software announces the re¬ 

lease of its new Version 1.81 of Super¬ 
Compact. The new version offers improve¬ 
ments in user interface and accuracy over 
the earlier 1.7 release, and includes new 
elements such as stripline discontinuities, 
thru-holes and wraparounds. Version 1.9, 
to be released at the end of 1986, will of¬ 
fer new functions beyond those already 
contained in 1.81. Compact Software, 
Inc., Paterson, N.J. INFO/CARD #176. 

Public Domain Software Catalog 
Multipath, Inc. announces availability of 

the latest edition of its catalog which now 
lists 1,200 public domain programs for 
computers running the MS-DOS, PC-
DOS, CP/M-80 or CP/M-86 operating 
system. All programs listed in the catalog 
are available on 31A”, 51/4” and 8” floppy 
disks. A table in the catalog shows 200 
DOS and CP/M disk formats supported by 
the company. Public domain programs re¬ 
quire no royalty or license fees. 
Multipath, Inc., Montville, N.J. Please 
circle INFO/CARD #175. 

MMIC Foundry Design Package 
EEsof, Inc. and TriQuint Semiconductor, 

Inc. have teamed together to incorporate 
TriQuint’s GaAs (gallium arsenide) custom 
MMIC foundry models into Touchstone®, 
EEsof’s program for the design, analysis, 
and optimization of linear microwave cir¬ 
cuits. The companies have developed a 

1 GaAs MMIC element library that allows 
j Touchstone users to simulate microwave 

integrated circuits using components that 
precisely model the actual components 
available from TriQuint’s custom MMIC 

I foundry facility. TriQuint will license the 
library to EEsof, who in turn will incor¬ 
porate the models into Touchstone and 
license the enhanced program to its cus¬ 
tomers. EEsof, Inc., Westlake Village, 
Calif. INFO/CARD #174. 

Graphical Programming for 
Engineering Applications 

National Instruments Corporation an¬ 
nounces a new programming technology 
which it calls “graphical diagramming’’ 
and a new product for that technology that 
runs on the Macintosh computer. Lab-

VIEW™ (Laboratory Virtual Instrument 
Engineering Workbench) provides an en¬ 
vironment for developing scientific appli¬ 
cations that integrate instrument control, 
data acquisition, data analysis, data en¬ 
try, data management and report genera¬ 
tion. The user views the application as a 
model virtual instrument and then creates 
a front panel for interacting with it. Next, 
he or she designs a block diagram that 
shows the flow of data from inputs through 
internal processing functions to output 
display terminals. First deliveries are 
scheduled for August. Price is $1,995. Na¬ 
tional Instruments Corporation, Austin, 
Texas. INFO/CARD #173. 

Digital-Radio Teaching Tool 
l-Q Tutor, Hewlett-Packard’s interactive 

training program for learning the prin¬ 
ciples of digital communications, now 
runs on the HP Vectra personal computer. 
This also opens up the training course to 
owners of the IBM PC/AT computers. HP 
11736B models a modern digital-commu-
nications-system signal chain, from 
analog input through baseband, modula¬ 
tion, transmission, demodulation and 
back to analog. The program presents 
graphic displays of the interactions of S/N 
ratio, bit-error rates, system bandwidths 
and filter characteristics. HP 11736B for 
HP Vectra PC is priced at $95. Hewlett-
Packard Company, Palo Alto, Calif. 
INFO/CARD #172. 

DSP Development System 
Analog Devices has introduced a devel¬ 

opment system for its new ADSP-2100 
digital signal processor (DSP) micropro¬ 
cessor. Software tools include; a System 
Builder, Assembler, Linker, Simulator and 
PROM Splitter. An ADSP-2100 Emulator 
provides the necessary hardware to 
debug user-developed programs in their 
target system. The emulator functions ex¬ 
actly as the ADSP-2100 and runs at the 
full 8 MHz speed. The software tools run 
on an IBM-PC/DOS or a multi-user Digital 
Equipment VAX/VMS. Analog Devices 
Inc., Norwood, Mass. INFO/CARD #171. 

Software Catalog for Scientific 
Computers and Array Processors 

Floating Point Systems, Inc. announces 
the availability of a 74-page publication 
entitled “Third-Party Software for Scien¬ 
tific Computers and Array Processors.” 
Each program in the catalog is identified 
by product name, industry focus, applica¬ 
tion, computers supported, environment, 
services, marketing, product abstract and 
developer contact name and address. 
Floating Point Systems, Portland, Ore. 
INFO/CARD #170. 
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Brochure Describes Power Meter 
and Sensors 
A brochure describing the Model 6960 Automatic RF Power 

Meter has been released by Marconi Instruments, describing its 
features and detailing calibration, memory, cables, duty-cycles, 
analog outputs, GPIB, self test and service. The Model 6960 
offers a dynamic range (depending upon sensor) of +20 dBm 
(100 mW) to -70 dBm (0.1 nW) extendable to +37 dBm (5 W) and 
a combined frequency range of 30 kHz to 26.5 GHz. Control is 
via the simple keyboard or GPIB. 
The brochure also details the full line of RF Power Sensors. 

Marconi Instruments, Allendale, N.J. INFO/CARD #169. 

Fact File Features Silicone Resins 
and Coatings 

Revised and updated information on five silicone resins for 
the electrical industry is available in a new fact file published 
by General Electric Silicone Products Division. Included in the 
GE silicone electrical resins line are an improved flexible in¬ 
sulating varnish for wire and cable applications where resistance 
to temperature extremes is important. Other silicone resins 
described include an insulating varnish for glass cloth coating, 
for mica tape binder, for impregnating motor windings, as a vehi¬ 
cle in aluminum leafing coatings, and for high temperature and 
moisture resistant coatings for printed circuit boards. General 
Electric Company, Silicone Products Division, Waterford, N.Y. 
INFO/CARD #168. 

Brochure Features RF Inductors 
A 4-page brochure describing low cost RF chokes and ad¬ 

justable RF coils for 10-450 MHz applications is now available 
from JW. Miller Division of Bell Industries. Low cost encapsulated 
radial lead RF chokes are available with inductance values from 
1.0 to 4700 uH, in addition to epoxy coated shielded RF chokes 
from 0.10 to 120 uH. Adjustable and fixed RF coils, shielded and 
unshielded, with inductance values from .046 to 1000 uH are 
available for equipment operating in the 10-450 MHz range. J.W. 
Miller Division, Bell Industries, Rancho Dominguez, Calif. 
INFO/CARD #167. 

RF and Microwave Signal Sources 
Three new brochures are available, describing Sanders' RF 

and microwave sources. The Digitally Tuned Oscillator brochure 
offers various DTOs with a wide range of options available for 
customizing. The Dielectric Resonator Oscillator brochure 
describes DROs, Switched DROs and Phase Locked DROs 
which utilize MIC hybrid techniques to minimize size. The 
Stabilized Master Oscillator brochure offers oscillators that ex¬ 
ceed the environmental requirements of MIL-E-5400 Class 2 and 
MIL-E-16400. Sanders Microwave Division, Manchester, N.H. 
INFO/CARD #166. 

RF Hybrid Circuits and 
Subassemblies 
Standard and custom RF amplifiers up to 2 GHz, voltage-

controlled attenuators and switches are covered in a new catalog 
just published by Aydin Vector Division. Custom cascaded 
amplifiers are also described in the catalog. Vector features in¬ 
house facilities for designing and manufacturing custom and RF 
hybrid microelectronic circuits to meet the requirements of MIL-
STD-883 and MIL-Q-9858A. Aydin Vector Division, Newtown, 
Pa. INFO/CARD #165. 

HIGH PERFORMANCE 

POWER DIVIDERS 

Janel offers a wide variety of standard power 
dividers. The chart below shows a sampling of 
what’s available. All feature high guaranteed 
performance and yet are competitively priced. 
Many models are available from stock. 

Model_ Output» Frequency_ Isolation VSWR 

PD7724 2 20-512MHz 25dB 1.35 
PD7725 4 20-512 25 1.35 
PD7726 8 20-512 25 1.35 
PD7852 12 2-512 25 1.5 
PD7905 4 2-50 30 1.2 
PD7848 8 800 960 25 1.35 

In addition to Power Dividers. Janel manufactures a wide range of 
standard Amplifiers and other rf components. Custom designs can be 
provided for unusual applications. For detailed information, coll or 
write Janel Laboratories. Inc., 33890 Eastgate Circle. Corvallis. OR 
97333. Telephone (503) 757-1134. 

g) JANEL LABORATORIES 
INFO/CARD 47 

1239,580 
Filters 

s^Ndard 

DESIGNS 

1 Hz to 100 MHz 
1,239,580 standard filter 
types □ Miniature and 
subminiature sizes □ 
Passive and active 
types □ Telemetry 
filters □ Gaussian, 
Butterworth. Cheby¬ 
shev designs □ Call 
or write for free 

Lowest prices in America 
on small quantities 

RF Design INFO/CARD 48 69 



PRECISION CRYSTAL 
OSCILLATORS 

SERIES 8000 
STANDARD FREQUENCY 5.0 MHz 
AGING RATE _ MODEL ER8001 1 X 10- 9/day 

MODEL ER8003 1 x 10-'°/day 
MODEL ER8005 5 x 10- 11/day 

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

INPUT VOLTAGE _12 VDC ± 10% STANDARD 
OUTPUT _ SINE-WAVE 1VRMS INTO 50 

ohm LOAD 
SIZE _ MODEL ER8001 and 

MODEL ER8003 
2” x 2” x 4” H 
MODEL ER8005 
2.25” x 2.25” x 4.25” H 

OPTIONS _ MANY OPTIONS ARE AVAIL¬ 
ABLE TO INTERFACE WITH 
YOUR REQUIREMENTS 

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

For information and prices, send your specifications to: 

ere electronic research company 7618 Wedd, Overland Park, Kansas 66204 
TWX:(910) 749-6477 
Telephone: (913)631-6700 

rf literature Continued 

Brochure Describes Crystal 
Oscillators 
A newly revised brochure covers oscillators ranging from 1 Hz 

through 1 GHz with stabilities from ±.01% to 1 x 1O~10 . The 
catalog details clock oscillators (TTL, CMOS, HOMOS and ECL), 
low phase noise oven control crystal oscillators, TCXOs, VCXOs, 
VCOs and frequency standards. Vectron Laboratories, Inc., 
Norwalk, Conn. INFO/CARD #164. 

Transmission Lines for Land Mobile 
Radio Systems 
Andrew Corporation offers a bulletin describing its 

HELIAX® coaxial cables for land mobile radio systems, providing 
details on both foam-dielectric and air-dielectric cable and featur¬ 
ing a selector chart based on frequency and feeder length. In 
addition, Bulletin 1381 provides detailed information and charts 
on cable connectors, accessories, adaptors and electrical and 
mechanical characteristics. Sizes range from 3/8” to 1-5/8”. In¬ 
cluded in this series is the new LDF6-50 at 1-1/4". Andrew Cor¬ 
poration, Orland Park, III. INFO/CARD #163. 

EMI Facility Filters 
A new data sheet has been produced by Puroflow Marine Cor¬ 

poration giving details on the company’s series of EMI Facility 
Filters. These products are designed to protect solid-state 
telecommunications and computer-based systems from the 
harmful effects of conducted electromagnetic interference (EMI) 
in power lines. Puroflow offers a complete line of EMI filters and 
surge suppression devices, for applications ranging from in¬ 
dividual items of electronics to large mainframe computers and 
complete telecommunications suites. Puroflow Marine Corpora¬ 
tion, Newport News, Va. Please circle INFO/CARD #162. 

LC Filters Catalog 
Allen Avionics Catalog 21F presents the firm’s extensive line 

of custom-built and stocked LC filters in frequencies from 20 Hz 
to 1000 MHz. Included are bandpass, band reject, linear phase, 
highpass and lowpass filters, and video filters consisting of NTSC 
lowpass, reject and bandpass types. Also covered are sub¬ 
miniature filters. Allen Avionics also specializes in fast prototypes. 
Allen Avionics, Inc., Mineola, N.Y. INFO/CARD #161. 

Power Amplifiers and 
Communications Systems 

Milcom International, Inc. offers informational brochures on the 
following product lines: FM power amplifiers for fixed station use 
up to 150 watts in frequency ranges from 30-900 MHz; FM mobile 
power amplifiers in the same frequency range; TB100 Series 
transportable base stations for public safety, military, temporary 
airfield, and civil defense applications; AM/FM power generators; 
and laboratory amplifiers from 2-1000 MHz for linear or non-linear 
applications. Milcom International Inc., Los Alamitos, Calif. 
INFO/CARD #160. 

Noise Brochure 
A 12-page brochure provides information on noise products 

such as chips, diodes, sources, modules and instruments, in¬ 
cluding the line of Programmable Noise Instruments, NC7100 
Series. Specific product examples are shown with their block 
diagrams. Featured are white Gaussian, symmetrical, broad¬ 
band, audio, VHF-UHF, microwave and millimeter products. 
Noise Com, Inc., Hackensack, N.J. INFO/CARD #159. 

70 
INFO/CARD 53 

August 1986 



JOIN THE UST 
OF THE 

PENNSYLVANIA 
DUTCH COUNTRY’S 
MOST IMPRESSIVE 

ATTRACTIONS. 
Each year, over 8 million tourists visit Lancaster Country, 
Pennsylvania—the heart of the Pennsylvania Dutch Country. 
What attracts them can convince you to bring your engineer¬ 
ing expertise and experience to ISC Defense Systems, 
located in one of the most pleasant and most beautiful 
regions of the United States. 

Situated just 65 miles west of Philadelphia, Lancaster is a city 
rich in tradition where hard work, ingenuity, and pride are the 
pre-eminent values. Yet Lancaster also has a strong future ori¬ 
entation. We feature outstanding health care facilities, numer¬ 
ous colleges and universities, and affordable housing so you 
can build your family's future with security and confidence. 
We insist on excellence in our public school systems because 
our children deserve nothing less than the best. We offer 
superb recreational and cultural resources including a profes¬ 
sional opera company, symphony orchestra, and theater 
company. Finally, our location makes the major metropolitan 
centers of Philadelphia, Baltimore, Washington, and New 
York conveniently accessible. 

As a member of a fast-growing, high-tech community in 
Lancaster, ISC Defense Systems is committed to playing a 
significant role in both the future of the community and the 
future of high technology. Like Lancaster County, we attract 
excellence and proudly display it for the world to see. Wb offer 
an exceptional environment for professional growth and suc¬ 
cess. Wte provide diversity with extensive inter-project interac¬ 
tion. Our small company atmosphere ensures high levels of 
visibility, recognition, and rewards. And our enhanced activ¬ 
ities in R&D let you make your mark NOW on the future of 
more and more technologies. 

ISC Defense Systems: an exceptional environment for work. 
Pennsylvania Dutch Country: an exceptional environment for life. 
Enjoy them both by joining us in one of the following positions. 

• Group Leader- VHF/UHF/MICROWAVE 
• Staff Level— COMMUNICATIONS/ 

JAMMING SYSTEMS 
• Project Engineers—RADAR DESIGN 
• Sr. RF Engineer—RADAR & 

COMMUNICATIONS 
• Sr. Analog Engineer—DESIGN & 

ANALYSIS 
• Assoc. Engineer—RF SYSTEMS 
All positions require a Bachelor’s Degree and U.S. 
Citizenship. Advanced degree preferable. 

In addition to highly competitive salaries and relocation 
allowances, we offer benefits that include tuition 
assistance, an on-site Master’s Degree program, a 401 (k) 
plan, and an employee fitness center as well as fully-paid 
insurance, vacations, and holidays. 

Please send resume to: William Van Anglen, Manager of 
Professional Resources, Dept. RFD, ISC Defense 
Systems, Inc., 3725 Electronics Way, P.O. Box 3025, 
Lancaster, PA 17604-3025. 

An Equal Opportunity Employer 

DEFENSE SYSTEMS, INC. 



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 
TVRO/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 

Our medium-sized, stable, independent company 
offers multiple benefits for its professional employees. 

Phone or send resume to Jim Kluge, Winegard 
RFD Lab, P.O. Box 940, Evergreen, CO 80439. 

(303) 674-5576 

WINEGARD 

SENIOR PROJECT 
ENGINEER 
RF CIRCUITRY 

Shure seeks a highly qualified Sr Project Engineer to head-up 
an Engineering Group dedicated to the development of VHP 

L„„„. transmitters and receivers. 

Required are 8 years or more RF circuit design experience 
with demonstrated ability to execute and oversee projects from 
inception through production. 

I. This key position is part of Shure's long-term commitment to 
develop and market quality audio and broadcast products. 
We offer excellent benefits and salary commensurate with ex¬ 
perience. Shure’s engineering environment is supportive, stimu-
lating and congenial, stressing research and opportunity for 
professional growth. Call Collect: 

(312) 866-2228 f. CHERYL YOUNG 

Shure Brothers Inc. 
|>—— 222 Hartrey Avenue 

Evanston, IL 60202 

An Equal Opportunity Employer 

. ... ~. 
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SHUS^E 
THU SOUND OF THE PROFESSIONALS®...WORLDWIDE 

A subsidiary of Motorola, Inc., Tegal 
Corporation is a major innovator of 
plasma technology and manufac¬ 
turer of process equipment for tne 
semiconductor industry. Our con¬ 
tinued growth has opened an 
immediate opportunity for a: 

Sr. RF Engineer 
For this senior-level position within 
our corporate headquarters in the 
San Francisco Bay Area, we’re re¬ 
quiring a BSEE and at least 5 years 
RF experience in designing solid 
state HF-RF power amps and 
analog/control circuit hardware. Ideal 
candidate will also have project 
leadership experience. 

Exceptional compensation and 
benefits are part of Tegal's profes¬ 
sional opportunity package. For im¬ 
mediate, confidential consideration, 
send resume to: Professional Staff¬ 
ing, TEGAL CORPORATION, 11 
Digital Dr., P.O. Box 10, Novato, 
CA 94948. An Equal Opportunity 
Employer. 

TEEHL. 
Complete Customer Satisfaction 

AA MOTOROLA IMO. 

HHHIHHHHi New Enterprises Company 

ENGINEERING RECRUITERS 
• RF DESIGN 

• MICROWAVE DESIGN 
• TEST 

• SOFTWARE 
• POWER SUPPLIES 

• VHF, UHF, L BAND 
MONTHLY COMMUNICATIONS WITH 

OVER 500 COMPANIES 
OUR 21ST YEAR OF SPECIALIZED 

NATIONAL RECRUITING 
RUSS KENDALL 

TECHNICAL CONSULTANT 
1370 Ontario St. Ste 1514, Cleveland, OH 44113 
(9-5) 216/523-1115 (eve, Sat.) 216/933-6767 
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MÍA 

Up to 500 Kilowatts! 
Up to 22 GHz! 
All Solid State! 

• 1 Watt to 500 Kilowatts 
• 1 MHz to 22 GHz 
• High reliability 
0 Air/liquid cooled 
• Fully protected 
• IEEE Bus 
• Custom power supplies 

If you're looking for the highest level of 
technology and performance in solid state power 
amplifiers, contact us now We can help, whether 
your application is for today, tomorrow... or beyond. 

From the World Leader in 
[Solid State 1 Power Amplifiers: 

M M/A-COM MICROWAVE POWER DEVICES, INC. 
V 330 OSER AVENUE, HAUPPAUGE, N.Y 11788 (516)231-1400 TWX 510-227-6239 
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t forget piece quantities Plastic 
MMIC gain blocks. 
Avantek 4-Pac 
amplifiers. $1.80 each* 

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 

Avantek MODAMP MMICs are 
the most universal low-cost RF 
amplifiers available. Try some 
today. Contact your nearest 
Avantek distributor or call us for 

From Test to Toys 

complete details. 

Avantek Distributors 
Thorson Dist. 

(214) 233-5744 

Gain vs. Frequency 
20 

(415) 948-6552 18 MSA 0104 
Technical Marketing Asso. 

16 
(201) 342-4008 

14 -MSA 0204 

12 MSA 0304 
0 Spirit Electronics 

10 
MSA 0404 (602) 998-1533 

8 

Frequency, 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 

can stack them like building 
blocks to add whatever gain you 
need. Avantek innovation — 
designed to make your design job 
easier. 

CENTRAL 
Component Dist. 
Et. Lauderdale, EL 
( MB) 971*4950 

Peak Distributors 
Arlington Heights. 
(312) 255-0707 

WEST 
Pen Stock, Inc. 

EAST 
Applied Specialties 
Beltsville, MD 
(301) 595-5393 

Sickles Dist. Sales 
Lexington, MA 
(617) 862-5100 

Sertek, Inc. 
Los Angeles. CA 
(213) 477-9051 

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. 

(Gain flat to DC) 

0.1 

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 *price in 10,000 piece quantities. 

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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