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Everything you've read about Touchstone™-
the new standard of microwave 
computer-aided engineering-applies to 
Touchstone/RF, the version specially tailored 
for RF engineers. With four exceptions: 
Both programs also run on the Hewlett-
Packard series 200, models 9816 and 9836. 
Touchstone/RF costs less than half 
of Touchstone's price. 
Touchstone is really over-engineered for 
work in the RF range. Touchstone's physical 
models of microwave elements are a 
major expense. They're vital to account 
for loss, dispersion, and discontinuities 

I in microwave transmission media. 
I But you don't need them. Without them, 
1 errors even in most of your extremely 
k complex RF circuit designs 
B are insignificant. 

So why pay for what you won't use? 
M Touchstone/RF has all you need, 

like lumped elements, ideal 
transmission lines, transformers, 
and device models; now even g-, h-, y-, 
and z-parameters. (Later, if you design 
microwave products, you can 

K exchange Touchstone/RF for 
Touchstone, and get full credit.) 

Like Touchstone, 
new Touchstone/RF makes your 
productivity soar. And the price 
makes approval a cinch! 

For full information, call or write. 
Zy ) (We've already outgrown our 
VZ original offices. Note our new 

address below.) 

EE/of 
31194 La Baya Drive, Suite 205, Westlake Village, CA 91362 (818) 991-7530 
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One of the purest signals 
your radios will ever receive. 

The Fluke 6071A Signal Generator 
Leading mobile radio manufacturers 

worldwide have selected the Fluke 
6071A as their preferred synthesized 
signal generator. 
Why? 
As a critical element in RF tests sys¬ 

tems, the 6071A meets their demands 
for receiver testing to 1040 MHz. 

How? 
Its -140 dBm to +13 dBm output 

is strong enough to reach the upper 
limits required for distortion tests, and 
pure and quiet enough to easily make 
multi-order intermodulation, adjacent 

channel rejection, and other off-chan¬ 
nel measurements. Spurious levels are 
on the order of - 90 dBc to -100 dBc, 
while the typical broadband noise floor 
is -150 dBc/Hz. Plus the 6071A offers 
built-in AM, FM, 0M, and IEEE-488 
compatibility! 

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

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

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

|FLUKE| 

IN THE US AND NON-EUROPEAN COUNTRIES John Fluke M1g Co. Inc. PO Box C9090 M/S 250C. E we» I. WA 98206. Sales (206) 356-5400 Other (206) 347-6100 
EUROPEAN HEADQUARTERS Fluke (Holland) BV, P0 Box 2269, 5600 CG Eindhoven The Netherlands. (040) 458045. TLX 51846 

© Copyright 1985 John Fluke Mtg Co.. Inc All rights reserved Ad No 6112-6070 
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prit 16, 1912— 
Ignoring warnings 

to turn back, Ameri¬ 
can newspaper reporter 

Harriet Quimby becomes 
the first woman pilot to conquer the 
English Channel-guiding her 
primitive Bleriot monoplane for 22 
miles with a hand-held compass 
through blinding fog and 70mile per 
hour winds—going the distance 
from the Dover cliffs to Hardelot on 
the coast of France. 

ACRIAN COES 
THE DISTANCE 
IN MICROWAVE 
TELECOMMU¬ 
NICATIONS 
TECHNOLOGY 

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

At Acrian, tomorrow is 
already here. We're going 
the distance with quantity 

deliveries across the indus¬ 
try's broadest product line¬ 
up—from discrete devices 
to higher level assemblies. 

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

Now we're going even 
farther. Acrian is creating 
ever-newer microwave prod¬ 
ucts thanks to innovative 
design geometries, pack¬ 
aging and matching 
techniques. So systems 
designers can rely on power 
devices and assemblies deliv¬ 
ering power through 500W 
(pulsed) and exceeding 50W 

(CW) from 500MHz through 
4.2GHz. 

Ask us today for com¬ 
plete specifications on the 
parts which have made 
Acrian your broad-line 
microwave communications 
supplier. We'll be glad to 
send you data on these or 
any of the more than 500 
Acrian devices and higher 
level assemblies which go 
the distance in communi¬ 
cations. Call (408) 294-4200. 
OrTWX (910)358-2172. 

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

jlteSâH 
POWER WITH A PURPOSE 
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Cover 
This month’s cover features Microwave Modules and Devices’ new 500-watt 
wideband power amplifier, the AC-0003-500W. This modular HF Class AB linear 
amplifier features wideband, high power 90 degree quadrature combiners on 
the input and output impedance and 1.5:1 input and output VSWR. It is a “drop-
in” 50-ohm building block suitable for multi-kilowatt transmitters. 

Figure 1. Amplifier Power Ratings 
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Features 
Special Report: Broadband, High Power RF Amplifiers 
This month’s Special Report covers the increasing use of HF communications. 
Because of the vulnerability of satellites, military and civilian communications 
experts are taking another look at the advantages of HF. New developments, 
such as better amplifier design, have improved HF communication capabili¬ 
ty. — James N. MacDonald. 

A 14 Watt, 900-950 MHz, Low Cost Amplifier Design 
This article describes the design, construction and performance of a two stage 
amplifier using two inexpensive Motorola parts. The MRF839, a 3 watt device, 
drives the MRF843, a 15 watt, 870 MHz transistor. — David R. Miller 

BASIC Program Computes Values for 14 Matching 
44 Networks 

For our readers who prefer computers to calculators for programming, this 
article provides a BASIC program that performs the same calculations as those 
described in the November/December 1983 issue for the TI-59 by Alex Bur-
wasser. — Alan J. LaPenn 

48 

898 1 796 2.694 3.592 4 490 5.388 
f, Frequency (GHz) Output Spectrum 

Figure 9 

Determining Receiver Performance with a Computer 
Spreadsheet 
Computer spreadsheets, such as VisiCalc and SuperCalc, can be useful for 
design work involving tedious, repetitious calculations. The author shows how 
a spreadsheet can be used for calculating receiver performance. An example 
of a completed analysis is included. — Gregory R. Quinn 
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Actual Size 

So 
Much 
Frequency range 17-250 MHz 

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

About That 
$600 Toilet Seat ... 

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

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

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

Sokol 
Crystal Products, Inc. 
Where the Impossible Becomes the Ordinary 
121 Water St . Box 249. Mineral Point. Wl 53565 
Phone 608-987-3363. Telex 467581 

Every once in a while a story breaks 
in the press about some common 

item purchased by the military at exorbi¬ 
tant cost. The best stories are about items 
that could be purchased at a fraction of 
the cost at the local hardware store. Col¬ 
umnists scream and congressmen inves¬ 
tigate until some new scandal forces the 
old one out o' the newspapers. The story 
fades, leaving readers with a memory of 
military purchasing officers approving bills 
from conniving businessmen and prob¬ 
ably receiving a kickback. Unfortunately, 
the truth is far less exciting. 
Many RF Design readers produce and 

sell components and equipment to the 
military. To them it is no surprise that a 
coffee pot for a military aircraft can cost 
$400 or a toilet seat can cost $600. They 
know about the incredibly expensive and 
time-consuming process of meeting mil¬ 
itary contract requirements. 

Let us look at how the process works. 
Suppose an engineer develóos a 

superior op amp and sets up a company 
to manufacture it. After testing the op amp 
a contractor decides to include it in a com¬ 
puter it is building for a Navy aircraft. The 
engineer thinks his future is secure with 
a government contract. Then he learns 
about the Specification Control Drawing 
(SCD) and the volumes of related paper¬ 
work the Navy requires on every phase 
of the manufacture and testing of that op 

I amp. 

The SCD describes in painstaking de¬ 
tail every step of the manufacturing pro¬ 
cess, every test that must be performed 
and even the materials that must be used 
to make that op amp. It does not matter 
that this component is already being 
manufactured and has been on the mar¬ 
ket for some time, or that it was chosen 
in the first place because it was so good. 
The engineer now must hire people to 
study the paperwork and respond to the 
requests for documentation, in addition to 
those building the op amps. 

Next come the government inspectors 
to look at his operation and discuss the 
steps he needs to take to conform to 
military specifications. Whenever they 
come, he must postpone his other ac¬ 
tivities and spend the time with them. This 
calls for more staff to carry on the regular 
business while he negotiates with the 
inspectors. 
The process of establishing procedures 

to meet military specifications and docu¬ 
menting his progress with paper might 
take a year or longer. During this time he 
receives no money and is probably bor¬ 
rowing to keep his business going. Even¬ 
tually, he will have to pay that interest. 

Finally, he is approved. Now he can 
begin to make op amps for the Navy con¬ 
tractor, but every unit must be tested ac¬ 
cording to specifications and test records 
kept. If the Navy aircraft falls out of the 
sky 10 years from now, the government 
can demand to see the test record for the 
particular op amp in the computer in that 
plane. 

If the order is a small one, as it often 
is, the engineer must charge many times 
the normal cost of that op amp. He has 
incurred enormous expense to manufac¬ 
ture the military units, and it is a fact of 
life that businessmen who do not recover 
their costs do not stay in business. 
Most RF Design readers are not 

shocked by high prices for common items 
sold to the military. They have seen the 
military procurement process in action. 
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edicated to Quality. 

Programmable Attenuators 

OUT 

GND. 

BIAS 

50P-136 
Single Supply Programmable 

TTL Control Logic 
20-400 MHz 

0-127 dB in 1 dB steps 
$ 450 00 (1-9 qty.) 

50AP-002 
Analog Programmable 

10-500 MHz 
0-30 DB Continuously Variable 

$ 90.00 (1-9 qty.) 

50P-076 
Wideband Programmable 

DC-1000 MHz 
0-127 dB in 1 dB steps 

$ 360 00 (1-9 qty.) 

50AP-008 
PCB Mount 

Analog Programmable 
50-500 MHz 

0-40 DB Continously Variable 
$ 135.00 (1-9 qty.) 

JFW Industries, Inc. 
5134 Commerce Square Dr. 

Indianapolis, IN 46237 
317-887-1340 
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ff publisher’s note 

AND NOW: 
RF TECHNOLOGY EXPO 86 

Keith Aldrich 
Publisher 

Whatever else happened in Anaheim 
in January during RF TECHNOL¬ 

OGY EXPO 85, one thing was estab¬ 
lished beyond any shadow of doubt. An 
annual technical conference of the first 
importance came into being, one which 
will be a part of the engineering land¬ 
scape for many years to come. 
So it is with great pleasure indeed that 

we announce RF TECHNOLOGY EXPO 
86. It will be held at the Anaheim Hilton 
and Towers in California from January 30 
to February 1,1986. It will pursue and ex¬ 
pand the kinds of sessions that were most 
useful to attendees and, of course, elimi¬ 
nate the few bugs that marred the first RF 
TECHNOLOGY EXPO (overcrowding at 
the “Fundamentals” course, for instance, 
due to success beyond our modest ex¬ 
pectation). 
The success of the first EXPO, we 

realize, was due to you RF Design 
readers who attended the event and to 
those of you who presented papers there. 
How do we know that? Because if you 
didn’t read RF Design you would have 
had a hard time hearing about the EXPO: 
the electronic press outside our own 
magazine largely ignored it. 

I want to thank you personally for the 
faith that brought so many of you out and 
assure the rest of you, who waited to see 
if it was going to “go,” that RF TECH¬ 
NOLOGY EXPO will more than repay the 

time and money you might invest by at¬ 
tending it. It’s a success, created by the 
RF community itself, and no one will ig¬ 
nore it again. 

I can even predict, now, with some 
basis in experience, what you will find 
when you come to EXPO 86. You will be 
joined there by at least 2,000 and perhaps 
as many as 4,000 RF engineer/com-
patriots (two to three times as many as 
in 1985). You will be able to survey the 
product offerings of about 100 leading 
manufacturers, occupying more than 150 
booth spaces (about twice the numbers 
recorded in 1985). You will be able to pick 
and choose among more than 80 tech¬ 
nical papers offered by senior RF engi¬ 
neers in maker and user companies 
around the world. The day-long ‘Fun¬ 
damentals of RF Design” course will be 
offered again, under the direction of Les 
Besser, President of Microwave Educa¬ 
tional Programs. 
And, if you want it badly enougn, the 

program will include a distinguished, 
eminently helpful paper from you. In this 
issue you’ll find a “Call for Papers” from 
Editor Jim MacDonald, who is serving as 
Program Chairman for RF TECHNOL¬ 
OGY EXPO 86. Please respond to this call 
now, even though the EXPO is a good 
nine months off. This year we want to 
have the sessions in place and publicize 
them in advance, so there’ll be no last-
minute changes or confusions. We want 
to maximize the usefulness and conve¬ 
nience of RF TECHNOLOGY EXPO 86 to 
the community it was boms to serve. . . 
and which in fact came together around 
EXPO 85. Let’s put it this way, compadre: 
we're in this thing together. Let's work 
together to make it go. . and grow. 
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LEGEND: AT CUT 
SC CUT 

TIME (MIN) 
Ta = -55°C 

These proven CTS Ovenized Oscil¬ 
lators provide fast warm-up, low 
power, excellent stability and low 
phase noise. When you need pre¬ 
mium quality, state-of-the-art preci¬ 
sion oscillators for industrial and 
military applications, you can depend 
upon CTS. With the largest staff of 
engineers in the industry, we've been 
building premium crystal products for 
40 years. Because we manufacture our 
own precision crystals, you are assured of 
consistent oscillator performance 

and quality. With extensive design 
and manufacturing capabilities, CTS 
Knights Division crystal products 
have become the choice when reli¬ 
ability cannot be compromised. 
WRITE TODAY for complete specifi¬ 
cations on these CTS 
Ovenized Oscillators. 
Contact: CTS Corpora¬ 
tion, Knights Division. 
400 Reimann Ave., Sand¬ 
wich, IL 60548. Phone: 
(815) 786-8411. 
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General Specifications 
JKSC-127 Ovenized Oscillator (Stress Compensated) 

Ferney 100 MH; and 10230 MHz_ 

© -55°C ±5 x 10’’ in 7 minutes 
Warm-Up © -32°C ±5 x 10, in 5minutes 
_ © +25°C ±5 x 10 in 3 minutes 

Input 
Power 

Oven ® turn on 1.2 A maximum © +28 V 
Oven © 25°C 125 mA typical © +28 V 
Oven @ -55°C 240 mA typical @ +28 V 
Oscillator_ 20 mA maximum © +15 V 

Frequency 
Stability Vs. ±5 x 10 from -55°C to +71°C 
Temperature_ 

(1 Hz BW ® Hz offset 
Phase Nnicr ® 100 Hz oflselPhase Noise 0 , KHz ot(set

_ @ 100 KHz oltsel 

-120 dbc 
-140 dbc 
-150 dbc 
-150 dbc 

CTS. MEANS RELIABILITY 
CTS CORPORATION • ELKHART, INDIANA 

Voltage Controlled 
Crystal Oscillators 
Standard and hybrid designs. 
Phone: I8I 5| 786-841 1 
INFO/CARD7 

Temperature Compensated 
Crystal Oscillators 
High stability and reliability. 
Phone: 1815) 786-8411 
INFO/CARD8 

Custom PC board and 
military styles. 
Phone: (612) 533-3533 
INFO/CARD9 

Memory Systems 
Ruggedized non-volatile 
data storage. 
Phone: 161 2| 941-9100 
INFO/CARD10 



You probably know Telonic 
Berkeley for our tubular low pass 
and bandpass filters. We've been a 
leading manufacturer of them for 
well over two decades. What you 
may not know is that Telonic 
Berkeley also manufactures an 
advanced and comprehensive line of 
other RE microwave, and test 
instruments and devices: • Direct-
Reading Frequency Dial Tunable filters 

• VSWR Detectors & Rho-Tectors 
• Terminations & Mismatches • Coaxial 
Switches «RF Detectors • Fixed Value 
Coaxial Attenuators • MK9 & MK10 
Quartz Crystal Microbalances 

• QCM Cascade Airborne Particle 
Analyzers • Portable Diesel Exhaust 
Opacity Meters. 

Looking for RE microwave and 
test instrumentation expertise? Look 
no further. Tap the extensive and 

•Subminiature Helical Cavity 
Bandpass Filters • Harmonic 
Suppression Filters • Multiplexers 
• Computer Controllable Tunable 

thought 
innovative capabilities of Telonic 
Berkeley. Call or write today for 
information on our complete 
product line. 

we only made 
Bandpass Filters • Programmable 
Step Attenuators «Subminiature & 
Miniature Rotary Step Attenuators 
• Bench-Type Rotary Step Attenuators 

tubular 

TELONIC BERKELEY INC. 
2825 Laguna Canyon Road 
PO. Box 277 

Laguna Beach, CA 92652 

filters 
TLX 18-2720 Domestic 

TLX 47-20277 Foreign 
Our Toll Free Telephone (800) 854-2436 
(Except CA) 
In California (714) 494-9401 

ï TGLONIC/BGRKGLGy 
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We must communicate with you at once. 
On land, at sea, in the air, the right semiconductor for your frequency. 
Motorola RF devices are everywhere. 
They have to be. More communications 
technology means more progress in the 
information age and more profits for those 
immersed in its development. 

There's a multitude of standard and 
state-of-the-art Motorola RF devices ready 
for your new designs, capable of new 
performance benchmarks, available for 
your order. Now. 
New roads in land-mobile. 

From MAACPAC™* to 900 
MHz modules, you have total 
flexibility of choice and perfor¬ 

mance with Motorola. The new MRF 848/ 
898, 55/60 W, 12.5 V and 24 V MAACPAC 
discretes provide unprecedented broad¬ 
band performance and complement an 
already broad line for commercial/military 
applications. The 900 MHz MHW800-
series modules increase reliability, minimize 
design time and provide improved per¬ 
formance in a lineup two years ahead and 
moving away from everyone else’s. 

In low-power, the U.S.-made, GaAs 
MRF 966 provides 1 dB gain at a gigahertz, 
the MRF 557 PowerMacro 1.5 W output 
in popular plastic packaging and the 
MRF 571 7-8 GHz fy performance from 
the MRF 571. 
Super carrier for marine (SSB) radio. 

The largest, single transistor 
for RF frequencies is here now 
in the MRF 153/154 series— fully 
600 W of power— and inTMOS™ 

You can choose from an assortment of 
over 50 devices for these frequency bands 
including power outputs from 1 W to 
600 W, 12.5 V to 50 V. 
Above it all in avionics/military. 

I Choose from the unques-
tioned broadest line 

T  of 28 V bipolar and 
FET types. 
And design in the new MRF 392, 125 W, 

push-pull broadband unit with built-in 
impedance matching for simplicity and 
cost-saving. It offers even-numbered har¬ 
monic suppression for the 30 to 500 MHz 
range. 

In between, around and among these 
top new performers are more than 500 RF 
semiconductors that provide the com¬ 
plete application solution. 

Available, mass-produced and eco¬ 
nomical, they’re designed for your advanced 
engineering concepts. 

One-on-one design-in help. 
Get an engineer-to-engineer update on 

all the latest RF semiconductor products 
and technologies. 

l-800-521-6274~ 
Call toll-free any weekday, 9 a.m.-5 p.m. 

your time. Or, we'll have a local field 
application engineer drop by. 

For Motorola RF 
technical literature 
send the cou¬ 
pon to Motorola 
Semiconductor 
Products, Inc., 
PO. Box 20912, 
Phoenix, AZ 85036. 

Were 
pnyour 
design-in 
team. 

MOTOROLA 

‘Input and output matching inside RF package 

¡ To: Motorola Semiconductor Products, Inc., PO. Box 20912, Phoenix, AZ 85036 
• Please send me more information on Motorola RF products. 224 R F D040085 

0 
FET technology, too. That means top effi¬ 
ciency to leap frog space and budget-limited 
designs for marine/SSB equipment. 



rfTetters 
Editor: 

I recently had the opportunity to start a series of open seminars 
for RF design Engineers. I am looking for some self-explanatory 
articles I could use as documentation in my lessons. 

Reading Steve Smith’s letter in your November/December 
issue I had the idea to ask you for copies of articles such as the 
one Steve Smith mentions in his letter, (14 basic impedance-
matching networks) and other documents about basics in RF 
design. Would you be so kind as to send me some? 

I would also like to tell you how much your publication is ap¬ 
preciated here in Belgium, where the need for such a tool is 
tremendous. Your work is known to be (at least) one of the best 
in the field. 

Jacques Casier 
Broadcast Equipment 
rue Emile Wauters, 52 
1020 Bruxelles 

So many readers have asked for information from previously 
printed articles that we are giving serious consideration to the 
idea of gathering articles from past issues and printing them as 
volumes. Each volume would contain articles about a specific 
subject. We invite suggestions from readers about what subjects 
would be most useful. — editor 

Editor: 
I would like to point out the following typographical errors in 

my article, “Theory of Operation of the DRO,” published in the 
January issue. On page 27 the angle associated with a (alpha) 
is © (theta). The angle associated with ß (beta) is <t> (phi). The 

same associated angles should be corrected in figure 4d. 
Equation (7) variable was published as Q,. It should be QL 

(the loaded Q calculated in equation 6). 
Readers with further questions may contact the author. 

Jim Wal wort i 
10406 Lake Grove Dr. 
Odessa, FL 33556 
813-920-4008 

Dear Mr. Aldrich: 
As I mentioned to you last Friday, the show was a real suc¬ 

cess from ou' viewpoint and it certainly is our intent to participate 
in and support it next year. 

I believe a real need exists for us and the RF Industry for ex¬ 
actly the kind of function which you put together at Disneyland. 
Based on this year’s success, my guess is that next year’s expo 
will be signricantly larger in booth space, presentations and 
participants. 
As you know, many of us participated this year on an “ex¬ 

perimental” basis; Avantek did commit to support the show to 
help make it a success and are glad we did. Our thanks to you 
and your staff, and our best wishes for the continuance and suc¬ 
cess of your RF Technology Expos. 

John R Moore 
Director Business Development 
Microwave Products Group. 

We appreciate Mr. Moore's support and good wishes and 
predictions, and thank him and the many other companies which 
participated in the first RF TECHNOLOGY EXPO. — publisher. 

F1400/F1600 SERIES RFI POWER LINE FILTERS 
High Performance/Low Leakage Units 
for Switching Power Supply Emissions 

• High peak current design for high insertion loss. 
• F1600 Series features efficient T-section dual-coil, 
low-leakage design. 

« 
Space-saving compact design and high performance 
characteristics make Curtis F1 400/F1600 Series RFI filters the 
ideal choice for efficient control of switching 
power supply emissions. 3, 6, and 10-amp 
models provide top attenuation performance 
for both common-mode (line-to-ground) 
and differential-mode (line-to-line) noise. 
Choice of PC-pin, quick connects, wire 
leads or IEC connectors. Fusing and ON/ 
OFF switch options, too. 

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

CURTIS “We Build Confidence!’’ 
USTRIES, INC. 

Tower Avenue. Milwaukee. Wl 53223. Phone 414/354-1500. Twx 910-262-3035 

4315 
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FREQUENCY SYNTHESIZE 

= QUALITY & RELIABILITY 
3 that stand the test of time 

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

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

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

PTS 500 shown with 0.1 Hz resolution, 
frequency standard, 3 x 10’9/day: $7,750 
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Largest Independent Lab In The West 

Faster Turnaround 
EMI/EMC Testing 
Two Weeks or Less! 

200 V/m Testing to 18 GHz 
Receiving Capability to 40 GHz 
With seven large shielded enclosures, 25 years 
of EMI/EMC experience, and a highly trained 
staff, Genisco has the “right stuff” to solve all of 
your susceptibility and emissions testing prob¬ 
lems. Talk to us about much-shorter lead times 
before you schedule your next test. We can even 
set up a two-or-three shift operation for you to 
meet urgent scheduling requirements! 

• MIL-STD 461 A/B, medical and commercial 
specs 

• Radiated susceptibility testing: 10kHz-18GHz 

• Enclosure treated with RF anechoic material 
• Emissions testing: 20 Hz to 40 GHz 
• Modern semi-automatic swept EMI receivers 
• Automated analysis; x-y plots to 40 GHz 
• Mobile EMI vans for remote-site testing 
• EMC consulting and custom EMI filter designs 

Current Capabilities Include: 

Frequency 
Field 

Intensity Modulation Antennas 

10 kHz - 30 MHz 200 V/m CW. AM. FM or 0M IFI EFG-3. AR AT3000. 
parallel plate 

30 MHz - 150 MHz 200 V/m CW. AM. FM. 0M 
or pulse mod 

IFI EFG-3 

150 MHz - 375 MHz 200 V/m CW. AM. FM. 0M 
or pulse mod 

IFI EFG-3. AR AT1000 

375 MHz - 1 GHz 200 V/m CW. AM, FM, 
or pulse mod. 

AR AT1000. Stoddart 
92270-1 Hom 

1 GHz - 18 GHz 200 V/m CW, AM or 
pulse mod. 

Standard gain horns 
and ridged-guide horns 

18 GHz - 40 GHz 200 V/m CW. AM or 
pulse mod. 

(Available by 
August 1985) 

Call Bill Parker at (213) 537-4750 

GENISCO 
TECHNOLOGY CORPORATION 
EMC Engineering Services Division 
18435 Susana Rd., Rancho Dominguez, CA 9022 1 
(2 13) 537-4750. TWX: 91 0-346-6773 
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April 15-19 
Spread Spectrum Communications Systems 
A Five-day Short Course 

George Washington University, Washington, DC 

Information: Shirley Forlenzo, George Washington Universi¬ 
ty, Washington, DC; Tel: (202) 676-8530 or toll-free (800) 
424-9773. 

April 23-24 
Electrotest ’85 

Orange County Convention Center 
Orlando, FL 

Information: Cahners Exposition Group, Cahners Plaza, 
1350 E. Touhy Ave., Des Plaines, IL 60018; Tel: (312) 
299-9311. 

April 23-25 
Electro/85 

New York Coliseum 
New York, New York 

Information: Tim Parrott, Electro/85, 8110 Airport Blvd., Los 
Angeles, CA; Tel: (213) 772-2965. 

April 26-28 
Dayton Hamvention 

Hara Arena and Exhibition Center 
Dayton, OH: 

Information: Tel: (513) 443-7720 

April 28-30 
Intelligent Vision Systems 

Holiday Inn 
Monterey, CA 

Information: Richard D. Murray, Institute for Graphic Com¬ 
munication, Inc., 375 Commonwealth Ave., Boston, MA 
02115; Tel: (617) 267-9425. 

May 14-16 
Test & Measurement World Expo 

San Jose Convention Center 
San Jose, CA 

Information: Meg Bowen, Conference Director, 215 Brighton 
Ave., Boston, MA; Tel: (617) 254-1445. 

May 20-22 
Electronic Components Conference 

Capital Hilton Hotel 
Washington, DC 

Information: Tom Pilcher, Electronic Components Con¬ 
ference, Washington, DC; Tel: (317) 261-1592. 

June 4-6 
MTT-S 

St. Louis, MO 

Information: Fred Rosenbaum, Central Microwave, 12180 
Prichard Farm Rd., Maryland Heights, MO; 
Tel: (314) 291-5270. 
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M©w8 EMC testing services 
from Instrument Specialties— 
the company that knows shielding 

inside and out! 

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

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

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

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

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

INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 
Specialists in beryllium copper since 1938 
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Digital Ionosonde System 
Helps Long-Range HF Radio 

A digital ionosonde system produced by 
Australia’s KEL Aerospace Pty. Ltd. is at¬ 
tracting increasing attention from HF radio 
and communications research groups 
throughout North America. 
The IPS/DBD system is used for stan¬ 

dard worldwide ionospheric monitoring 
and provides both interchange of informa¬ 
tion and central collation for evaluation 
and distribution. The system determines 
the most suitable high frequency wave¬ 
length for long-range HF radio com¬ 
munications at a given time and also easi¬ 
ly identifies short-term variations in the 
earth’s ionosphere. 
Managing Director Terry Kelly said 

more than 60 KEL Aerospace ionosondes 
have been installed by governmental and 
educational institutions worldwide, even 
in remote tropical locations and the An¬ 
tarctic. All are serviced by KEL specialists, 
Kelly said, and training also is offered. 
The compact IPS/DBD system weighs 

less than 220 pounds and is transportable 
for field use. It “sounds” the ionosphere 
at regular intervals using high powered 
vertical radio frequency pulses. Echo 
pulses are used to plot ionograms, show¬ 
ing the relationship between virtual height 
and frequency. 
The basic IPS/DBD package consists 

of a radar system, field-sited digital con¬ 
trol system with 20 megabyte digital tape 
storage and a video scaling system. Ac¬ 
cessories for field sites include an anten¬ 
na, high resolution printer and telecom¬ 
munications modem. 

Additional information is available from 
The Office of the Australian Trade Com¬ 
missioner, 636 Fifth Avenue, New York, 
NY 10011. 

Ian Crossley is Senior 
Scientist at Alpha Industries 

Dr. Ian Crossley has been promoted to 
Senior Scientist at Alpha Industries’ Ad¬ 
vanced Technology Division. Robert E. 
Goldwasser, corporate vice president, 
said Dr. Crossley is responsible for the 
development and production of GaAs 
microwave devices and monolithic micro¬ 
wave intergrated circuits. 

Dr. Crossley spent five years at the 
Plessey Research Centre at Caswell in 
England before joining Alpha in 1977. He 
holds a Ph.D. from Brighton Polytechnic 
for research in GaAs/GaAIAs technology. 

Alpha Industries, Inc. is a major manu¬ 
facturer of microwave semiconductor de¬ 

vices, components, and subsystems for 
the defense electronics, commercial tele¬ 
communications, and other commercial 
markets. Alpha’s Advanced Technology 
Division develops and produces GaAs 
FET-based MMICs, diode-based milli¬ 
meter wave monolithic circuits, and GaAs 
semiconductor diodes. 

Bruno O. Weinschel 
Weinschel Recognized for 
Significant Contributions 
Dr. Bruno O. Weinschel, President and 
Founder of Weinschel Engineering, re¬ 
cently received an award from the Auto¬ 
mated Radio Frequency and Technology 
Group (ARFTG). The award, presented 
only on rare occasions, recognizes in¬ 
dividuals who have consistently “en¬ 
hanced the RF measurement discipline 
through the development of hardware, 
software and/or measurement tech¬ 
niques.” Dr. Weinschel received the award 
in recognition of a long career of signifi¬ 
cant contributions to the RF and Micro¬ 
wave Industry. 

Dr. Weinschel produced the first com¬ 
mercial coaxial attenuator in 1948 and in 
1952 founded Weinschel Engineering, a 
company which has received over 40 
patents and is well-known as an in¬ 
novative designer of precision products. 
ARFTG is an independent organization 

affiliated with the Institute of Electrical and 
Electronic Engineers (IEEE) and the 
Microwave Theory and Techniques Socie¬ 
ty (MTTS). The only other recipients of the 
award have been: Stephen Adam of Hew¬ 
lett Packard, Robert Beatty of the National 
Bureau of Standards and Algie Lance of 
TRW. 

Kyocera Gives $3 Million 
For Ceramics Professorships 
Kyocera Corporation has awarded a $3 

million grant to three U.S. universities for 
endowed professorships in ceramics, the 
largest corporate grant for ceramics pro¬ 
fessorships in the U.S. 

Massachusetts Institute of Technology, 
Cambridge, Massachusetts, Case West¬ 
ern Reserve, Cleveland, Ohio and the 
University of Washington, Seattle, Wash¬ 
ington, will receive $1 million each to 
establish Kyocera chairs in ceramics. The 
professorships are permanently endowed, 
meaning the professor’s salary will be 
paid from the interest earned from the 
fund rather than the fund itself. 
The three universities are leaders in 

research in ceramics, which is receiving 
increased attention as a high-technology 
material. Ceramic materials that are 
super-hard, super-strong and super¬ 
resistant to heat are being developed for 
use in industries as diverse as electronics, 
aerospace, energy and medicine. 

Allied Corporation Acquires 
King Radio 

Allied Corporation has completed ac¬ 
quisition of King Radio Corporation of 
Olathe, Kansas. The Bendix Corporation 
agreed to acquire King Radio for $40.50 
a share or approximately $110 million. 
King Radio operations include principal¬ 
ly the design, manufacture and marketing 
of aircraft communications, navigation 
and flight control systems. 
As part of the transaction, King Radio 

has entered into an agreement to sell to 
Narco Avionics, Inc. of Fort Washington, 
Pennsylvania, King’s airborne weather 
radar systems. The sale will follow final 
approval of the Federal Trade Commis¬ 
sion. 

King Radio Corporation will operate as 
a wholly owned subsidiary within the 
Aerospace Sector of Allied Corporation. 

Teledyne Microwave Will 
Develop Switch Matrix WRA 
Teledyne Microwave was recently 

awarded a multi-million dollar contract by 
Litton Amecom for the design and devel¬ 
opment of switch matrix WRAs (weapons 
replaceable assemblies). The program, 
the EA-6B ADVCAP (Advanced Capabili-
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Plastic 
MMIC gain blocks. 
Avantek 4-Pac 
amplifiers. $1.80 each*. 
Avantek’s series of MODAMP™ 
silicon monolithic microwave in¬ 
tegrated circuit amplifiers are 
ready to drop into your 50-ohm 
circuit, with no design problems 
— virtually no concern for what 
comes before or after. These 
MMICs are unconditionally sta¬ 
ble and provide cascadable gain 
blocks at any frequency up to 2 
GHz. 

4-Pacs are small (140 mil) plastic 
packages suitable for PC board or 
stripline applications in products 
ranging from instrumentation to 
toys, from fiber optic systems to 

piece quantities. Don’t forget — 
because of their very wide operat¬ 
ing range, the same amplifier can 
work from DC through video all 
the way up to 2 GHz. And you 
can stack them like building 
blocks to add whatever gain you 
need. Avantek innovation — 
designed to make your design job 
easier. 

Gain vs. Frequency 
20 

18 

16 
m 
■° 14 

I 12
10 

8 

0.1 0.5 1 2 
Frequency, GHz 

Avantek MODAMP MMICs 
the most universal low-cost 

are 
RI’ 

amplifiers available. Try some 
today. Contact your nearest 
Avantek distributor or call us for 
complete details. 

Avantek Distributors 
EAST 
Applied Specialities 
Baltimore, MA 
(301) 792-2211 

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

Technical Marketing Asso. 
Hackensack, NJ 
(201) 342-4008 

CENTRAL 
Component Dist. 
Ft. Lauderdale, FL 
(305) 971-4950 

Peak Distributors 
Arlington Heights, IL 
(312) 255-0707 

Thorson Dist. 
Dallas, TX 
(214) 233-5744 

WEST 
Pen Stock, Inc. 
Los Akos, CA 
(415) 948-6552 

Sertek, Inc. 
Ix» Angeles, CA 
(213) 477-905! 

Spirit Electronics 
Scottsdale, AZ 
(602) 998-1533 

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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rfnews Continued 

ty), will replace the current AN/ALQ-99 
countermeasures suite. These matrices 
will be integrated into Litton’s electronic 
warfare system to be provided to Grum¬ 
man for Navy Prowler aircraft. 
The Litton contract represents a major 

step into larger component assemblies to 
be designed and built by the subsystems 
group at Teledyne Microwave. Using MIC 
thin film technology, the unit will be in¬ 

tegrated with products currently manufac¬ 
tured by the company, including diode 
switches, BAW delay devices and FET 
amplifiers. This highly complex assembly 
will meet demanding requirements for 
reliability, maintainability and perform¬ 
ance. 

Flight test systems are scheduled for 
delivery in 1987, with full production turn¬ 
on planned for 1989. 

POWERDIVIDER 

Typical Specifications: 
5-way Power Divider * 
isolation. 
insertion loss. 
Frequency Range . 
VSWR (input). 
zin/zout. 
Power Level . 
Amplitude Balance 

20 dB Typ. 
1.0 dB Typ. above theoretical 
700 to 1250 MHZ 
1.3 Typ; 1.5 max. 
50 ohm nom. 
+ 30 dBm Typ. 
±0.25 dB Typ. 

*See Catalog M80-3 for other N-way power 
dividers, Ie; 2, 3, 4, etc. 

Hl-Rellabillty Capabilities 
• Tested in accordance with mil-STD-202 
Hermetically sealed to 1 part x 10-7atm cc/sec 
Temperature: -65 to +125°C operating 
Vibration: 50g Sine 
MTBF: 300,000 hrs. min. 
Wired in accordance with mil-s-45743 

• Q.C. System per MIL-Q-9858 
• inspection system per MlL-l-45208 
Send for complete specifications or contact factory 
for your specific needs. 

_M Merrimac_ 
INDUSTRIES. INCORPORATED 

P.O. BOX 986, 41 FAIRFIELD PLACE, WEST CALDWELL, NJ. 07007. 
201-575-1300 • TWX 710-4314 • TELEX 6853128 
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New Company Second-
Sources Mixers For Less 
Synergy Microwave, a three-year-old 

Paterson, N.J., manufacturer of mixers, 
dividers and other signal-processing com¬ 
ponents has begun to gain a reputation 
for its ability to turn out duplicates of other 
makers’ devices at a lower cost, and often 
with a faster delivery, than the original 
maker’s. 
According to Meta Rohde, SM’s presi¬ 

dent, this capability applies even when 
speaking of Mini-Circuits, the Brooklyn 
manufacturer which has been known for 
the lowest-cost RF components in the 
market. She maintains that the capabili¬ 
ty is due to very high quality-control stan¬ 
dards in production, which minimizes 
costly rejects. 

Ironically, Rohde insists, 60% of SM’s 
output has nothing to do with such sec¬ 
ond-sourcing but comprises original, 
custom designs to customer specs. She 
prides herself on a 4-week turnaround 
time from design to delivery. 

For more information contact Synergy 
Microwave Sales Manager Howard Levine 
at (201) 881-8800. 

Meta Rohde 

Tektronix to Acquire 
CAE Systems, Inc. 

Tektronix, Inc. and CAE Systems, Inc. 
have agreed in principle to a corporate ac¬ 
quisition in which CAE Systems will be¬ 
come a wholly owned subsidiary of Tek¬ 
tronix. Under the terms of the proposed 
transaction, Tektronix will issue common 
stock valued at $75 million to CAE’s share¬ 
holders. The proposal is subject to a 
number of conditions, including the nego¬ 
tiation of a definitive agreement and for¬ 
mal approval by both companies. O 
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QPL mixers for ground, air and shipboard programs. 
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). 

TYPICAL SPECIFICATIONS 

MIL-M-28837 
W-J 
Model 

RF 
Frequency 

L0 
Power 
Nominal 
dBm 

Conversion 
Loss 

(Noise Figure) 

Typ. 
dB 

IF 
Frequency 

fR Level at 
1 dB Compression 

Point 

Typ. 
dBm 

Isolation 

Typ. 
dB 

L-R L-l 

Input 
Intercept 

Point 

Typ. 
dBm 

Package 
Type 

Outline 
Drawing 

Hermetic 
Seal 

/1-01S 
/1-01N 

/1-02S 
/1-02N 

/2-02S 
/2-02N 

/7-01S 
/7-01N 

/7-03S 
/7-03N 

/1-04S 
/1-04N 

/1-05S 
/1-05N 

/1-06S 
/1-06N 

/1-10S 
/1-10N 

M6D-100 
M6D-101 

M6E-100 
M6E-101 

M4A-100 
M4A-101 

M6T-100 
M6T-101 

M6V-100 
M6V-101 

M9D-100 
M9D-101 

M9AC-100 
M9AC-101 

M9BC-100 
M9BC-101 

M9C-100 
M9C-101 

005-200 
0.05-200 

5-500 
5-500 

10-1500 
10-1500 

10-500 
10-500 

4-500 
4-500 

2-400 
2-400 

0.05-200 
0.05-200 

0.5-500 
0.5-500 

0.4-500 
0.4-500 

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 

7.0 
7.0 

6.5 
6.5 

6.5 
6.5 

7.5 
7.5 

70 
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 

o 
0 

o 
o 

o 
o 
0 
0 

15 
15 

10 
10 

• 
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 

£ 

K
PC 

Flatpack 
Flatpack 

T0-5 
T0-5 

T0-5 
T0-5 

PC 
PC 

PC 
PC 

PC 
PC 

PC 
PC 

298572 
298572 

298572 
298572 

298509 
298509 

298642 
298642 

298643 
298643 

298500 
298500 

298640 
298640 

298640 
298640 

298640 
298640 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

WATKINS-JOHNSON 

Watkins-Johnson— U.S.A.: • California. San Jose <408) 262-1411: El Segundo (213) 610-1980 • Florida. Fort Walton Beach (904) 863-4191 . Georgia. Atlanta (404) 458-9907 • Illinois. Palatine (312) 991-0291 
• Maryland. Gaithersburg (301) 948-7550 • Massachusetts. Lexington (617) 861-1580 • Texas. Dallas (214) 234-5396 • United Kingdom: Dedworth Rd.. Oakley Green. Windsor. Berkshire SL4 4LH • Tel: (07535) 
69241 • Cable: WJUKW-WINDSOR • Telex: 847578 • Germany. Federal Republic of: Keferloher Strasse 90. 8000 Muenchen 40 • Tel: (089) 3597038 • Cable: WUOBM MUENCHEN • Telex: 509401 : Deutschherrenstrasse 
46. 5300 Bonn 2 • Tel: (228) 33 20 91 • Telex: (886) 9522 • Cable: WJBN BONN • Italy: Piazza G Marconi 25. 00144 Roma-EUR • Tel: 592 45 54 or 591 25 15 • Cable: WJ ROM I • Telex 612278 
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CALL FOR PAPERS 

SOLID STATE SWITCH 
Specifications 
Configuration: SP2T 

Frequency: DC 50 MHz 

Speed: 2 psec. Max. 

Control: 2 Line TTL 
Impedance: 50 Ohms 

Terminations: 50 Ohmslnt. 

RF Power: +25 dBm Max. 

DC Supply: +15V at 10 mA 

- 15V at 20 mA 

Intercept 

Points: 2nd +55 dBm 

3rd +35 dBm 

Connectors: SMA 

Size:2"x3"x1" 

Part Number: 100C1562 

OTHER CONFIGURATIONS 
AVAILABLE 

Industry Leader in 
Microwave Integrated 
Circuit & Connectorized 
Switches, Step 
Attenuators, Voltage 
Control Attenuators 

RF TECHNOLOGY EXPO 86 

January 30-February 1 
Hilton Hotel and Towers 

Anaheim, Calif. 

Proposals are now being accepted for papers 
to be presented at the second annual RF TECH¬ 
NOLOGY EXPO, the conference and exhibit for 
RF engineers sponsored by RF Design magazine. 
More than 60 papers are needed for the 3-day 
event. Presenters will receive free conference 
registrar on and a copy of the Proceedings. 

Papers dealing with practical, design-oriented 
information are preferred. They can be instruc¬ 
tional, aimed at new RF engineers and those 
working in unfamiliar fields, or more advanced 
analysis for senior engineers. Descriptions of 
new commercial products are acceptable if the 
presentation features a new design concept or 
a significant development of general interest. All 
papers should be about 30 to 40 minutes in 
length. 

Suggested topics include, but are not limited 
to, RF circuit design, design techniques, com¬ 
ponents, computer aided design, EMC/EMI, 
digital interfacing, component mounting, anten¬ 
nas and testing. 

Hurry to submit your proposal for a paper in 
outline form to James MacDonald, Editor of RF 
Design. The proposal should be stated in one 
page and should specify what audio-visual aids 
and working materials would be needed for 
presentation. 

Your proposal must be received by July 26, 
1985. Selection of speakers and papers will be 
announced by August 30. 

James MacDonald 
R.F. Design 

6530 S. Yosemite St. 
Englewood, CO 80111 

DAICO INDUSTRIES, INC. 

2351 East Del Amo Blvd . Compton, Calif 90220 
Telephone: (213) 631-1143 • TWX 910-346-6741 
© 1982 Daico Industries. Inc. mp82414k 
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rf special report 

Broadband, 
High Power RF Amplifiers 
By James N. MacDonald 

A satellite is a beautiful thing, speeding silently through the cold blackness of 
space, relaying signals from one part of 
the earth to another. Shiny and delicate, 
it draws the smallest current possible from 
its batteries to amplify and retransmit 
signals between microwave transmitters 
and receivers — and therein lies its 
weakness. 
From atmospheric tests conducted in 

the 1950s, physicists learned that a 
nuclear explosion releases an elec¬ 
tromagnetic pulse of astonishing magni¬ 
tude that can travel great distances. This 
has had military planners concerned for 
some time. They fear that a nuclear ex¬ 
plosion in the upper atmosphere could 
silence many of the communications sat¬ 
ellites upon which they now depend, their 
delicate circuitry fried by a current far 
beyond design limits. 

In recent years military strategists have 
been looking more and more toward long 
range HF communications as a backup, 
if not a primary system. At the same time, 
physicists have been learning more and 
more about the properties of the iono¬ 
sphere, which, by reflecting and refracting 
radio waves, makes over-the-horizon 
propagation possible. Engineers now can 
predict appropriate frequencies for long 
range communications with much greater 
accuracy. 

For long range communications, elec¬ 
tronic warfare and other applications the 
military is looking for high power transmit¬ 
ters. Along with high power goes a re¬ 
quirement for wide bandwidth, since mil¬ 
itary communications cannot be confined 
to a narrow spectrum. Modern frequency-
hopping and spread spectrum transmis¬ 
sion techniques for secure communica¬ 
tions require transmitters and receivers 
capable of operating over a wide band¬ 
width with little loss of gain. Although the 
primary application of wideband high 
power amplifiers today is military, they 
also are finding civilian uses, such as EMI 
susceptibility testing and magnetic res¬ 
onance applications. 

This special report examines some of 
the specifications of high power, broad¬ 
band amplifiers currently on the market. 

Broad bandwidth and high power are 
conflicting parameters in an amplifier. 
Generally, gain decreases as frequency 
increases. The amplifier designer faces 
a limit in the gain-bandwidth product and 
the power capabilities of the device. Fur¬ 
thermore, high-gain, untuned amplifiers 
tend to oscillate. To be useful for the pur¬ 
poses just stated, broadband amplifiers 
must be stable over the entire bandwidth 
and under conditions of severe load mis¬ 
match. 

Since output power usually varies with 
frequency, amplifiers can be described in 
terms of maximum power at a given fre¬ 
quency, nominal power over the amplifier 
bandwidth or minimum power available at 
any frequency within the bandwidth. 
Figure 1, produced by Amplifier Research 
Corporation, shows the differences that 
can exist in power claims for a given 
amplifier. 

In addition to rated power, flatness 
specification can be an important amp¬ 
lifier characteristic for the designer. 
Amplifiers rated with nominal power and 
flatness specification should always 
deliver power greater than the rated power 
minus the flatness specification. Amp¬ 
lifiers rated with maximum power usually 
will deliver less power over most of the 
bandwidth. 

Linearity is the ability of the amplifier 
to deliver output power in exact propor-

Figure 1. Amplifier Power Ratings 
Maximum Flatness 

(average) 
specification power 

specification 
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tion to input power. When the output is 
driven to a point near saturation, gain 
compresses and linearity is lost. Lineari¬ 
ty is usually specified as the output level 
where gain compresses by a given 
amount. 

Following are some descriptions of re¬ 
cently developed RF power amplifiers and 
specifications provided by the manufac¬ 
turers. RF Design has made no attempt 
to verify the manufacturers’ descriptions 
of their products. The information is fur¬ 
nished here to illustrate what character¬ 
istics amplifier manufacturers are seek¬ 
ing to improve. 
A new Amplifier Research RF power 

amplifier, model 80W100M1, produces 80 
watts minimum output throughout a 200 
to 900 MHz bandwidth, with 70 watts 
minimum to 1000 MHz. The bandwidth is 
available instantly without bandswitching 
or tuning, and it performs with uncondi¬ 
tional stability into an open cable, dead 
short or any VSWR, without damage, 
oscillation or shutdown. 
The minimum CW linear output of this 

model (less than 1 dB gain compression 
into 50 ohms) is 50 watts from 200 MHz 
to 1000 MHz. Maximum power output is 
150 watts. Harmonic distortion is no less 
than 20 dB below fundamental at 50 watts 
output, and intermodulation distortion, 
specified by the third-order intercept, is 
59 dB typical. 
Another new Amplifier Research amp¬ 

lifier produces saturated CW output rated 
at 1600 watts nominal, 1400 watts pulse 
over an operating bandwidth of 10 kHz to 
220 MHz. The model 1500L produces 600 
watts minimum linear output (less than 1 
dB compression) over this bandwidth. 

Designed for laboratory applications re¬ 
quiring instantly available bandwidth and 
high gain, the Model 1500L is fully com¬ 
patible for use with swept-frequency RF 
signal sources. It is also equipped for 
pulsed output at duty cycles of up to 25%. 
In this mode, the 1500L output is rated at 
4000 watts minimum from 10 kHz to 150 
MHz and 2000 watts minimum from 150 
kHz to 250 MHz. 
The full bandwidth, available instantly, 

requires no bandswitching or tuning. 
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Flatness is ±1.5 dB typical. Gain at max¬ 
imum setting is 63 dB minimum. All har¬ 
monic products occur more than 15 dB 
below fundamental power at 1400 watt 
output. The 1500L is unconditionally 
stable. It will not shut down or sustain 
damage while driving any load impe¬ 
dance, inductive or capacitive, including 
infinite VSWR. 
M/A-Com Microwave Power Devices, 

Inc., has a series of solid-state, Class A 
power amplifiers employing a unique 
combination of microstripline, low loss 
hybrid combiners and the latest available 
silicon bipolar and GaAs FET devices. 
The LWA series has more than 60 stan¬ 
dard models in octave, decade and spe¬ 
cific bands from 1 MHz to 8.4 GHz with 
linear power outputs from 0.5 watts to 120 
watts and saturated power levels up to 180 
watts. The power input level for power out¬ 
put at 1 dB compression is typically 1 mW 
for most models. Noteworthy performance 
features include low noise figure and wide 
dynamic range. 

Series LWA Class A amplifiers are par¬ 
ticularly recommended for those applica¬ 
tions requiring exceptional linearity and 
dynamic range. Their low noise figure and 
high power output capability allow low 
distortion amplification of one or more 
amplitude, frequency and/or pulse-modu¬ 
lated carriers. 
Abnormal operating conditions that 

could ordinarily result in a failure include 
poor load VSWR caused by an inadver-
tant open or short circuit at the RF out¬ 
put port, excessive operating temperature 
due to fan failure or inadequate heat sink¬ 
ing, RF input overdrive and accidental ap¬ 
plication of reverse DC voltage. MPD 
Series LWA amplifiers feature DC reverse 
voltage protection, automatic thermal pro¬ 
tection (on models with power outputs 
above 10 watts), RF input overdrive pro¬ 
tection up to 10 dB over the nominal in¬ 
put level required for 1 dB compression 
at the RF output connector and infinite 
load VSWR protection. (All models can 
operate at saturated output levels in¬ 
definitely into a 3:1 load VSWR without 
damage.) 

Load VSWR protection is accomplished 
by a unique electronic turndown circuit. 
The electronic power output turndown 
system senses the reflected power and 
automatically adjusts the amplifier’s for¬ 
ward power as a function of load VSWR 
to the maximum safe level. Response 
time is less than 100 microseconds. 

All active circuits are modularized. In 
the event of failure of a transisitor, that par¬ 
ticular module can be field-replaced with¬ 

out the need for special RF test equip¬ 
ment. The modules are tuned at the fac¬ 
tory for low interface VSWR and common 
gain and phase transmission character¬ 
istics. Modular design allows the packag¬ 
ing and fabrication of various power out¬ 
put amplifiers as a function of the number 
of modules in parallel. 

Series EWAL/PWAL solid state, air 
cooled, kilowatt power amplifiers from 
M/A-Com MPD represent a significant ad¬ 
vance in state-of-the-art design of linear, 
wideband power amplifiers. They operate 
in the Class AB mode, which allows amp¬ 
lification of AM signals as well as CW, FM, 
pulse and phase modulated signals. Avail¬ 
able for frequencies from 1.5 MHz to over 
1450 MHz, w th electronic (EWAL) or cir¬ 
culator (PWAL) load VSWR protection, 
these amplifiers are used in applications 
requiring a wide dynamic range, such as 
communication booster amplifiers and 
ECM/EW jammers. 

In most applications, the ability to 
amplify signals without alternation of 
basic signal characteristics is of para¬ 
mount importance. Series EWAL and 
PWAL both provide this high degree of 
linearity. Class A operating low level 
stages are coupled with Class AB linear 
intermediate and high power output 
stages to provide the best possible com¬ 
bination of operating efficiency and 
linearity. The Class A low level modules, 
which are inherently linear (and ineffi¬ 
cient), draw full power supply current at 
all times, whether a signal is present or 
not. This results in significant amounts of 
wasted energy. While a relatively small 
amount of current is required for the low 
level stages, this inefficiency becomes in¬ 
tolerable in the higher output power 
stages due to thermal considerations, 
size, weight and overall DC power re¬ 
quirements. Therefore, Class AB stages, 
which offer good linearity and much 
higher efficiency, are used in the higher 
output stages. 
Anzac Division of Adams-Russell Com¬ 

pany has a series of cascadable thin film 
amplifiers in TO-8 housings. The AM-171 
is a 5-500 MHz device with a 23 dB 
typical midband noise figure, 1.2:1 typical 
midband output VSWR and a nominal 15 
dB gain. The amplifier offers a +12 dB 
typical third order intercept. 
The AM-175 provides a 3 dB typical 

midband noise figure, +8.5 dBm typical 1 
dB compression and 15 dB gain, nominal. 
It affords a typical +22 dBm third order 
intercept. 
The AM-180 is a 10-2000 MHz amolifier 

that provides a 5 dB typical midband 

noise figure, +14 dBm typical 1 dB com¬ 
pression and 1.4:1 typical VSWR. It offers 
a +30 dBm third order intercept point. 
Featured on the cover is Microwave 

Modules and Devices’ new AC-0003-
500W, a modular wideband HF Class AB 
linear power amplifier that provides 500 
watts of output power at an intermodula¬ 
tion distortion level of better than -35 dB 
(IMD3). The module incorporates wide¬ 
band 90° quadrature combiners resulting 
in predictable 50 ohm system interfaces 
and superior performance into imperfect 
loads. The unit also contains internal 
voltage regulation and reverse voltage 
protection. 
A single AC-0003-500W can be used as 

the final stage in a 500 watt system or 
modules can be combined to construct 
multi-kilowatt transmitters. 

Intech, Inc., has developed a 1000 watt, 
solid state, linear, MOSFET power ampli¬ 
fier suitable for RFI/EMI testing, HF 
transmitters, linear accelerators, NMR 
scanning, plasma equipment and medical 
diathermy. With a frequency range of 1.6 
to 30 MHz, the COM 1000B has 60 dB 
linear gain and third order IM products 
typically 25 dB below rated PER Gain 
flatness is 0.7 dB over the bandwidth. The 
unit is composed of four interchangeable 
300 watt modules. It oan operate into a 
5:1 VSWR at reduced output and can sur¬ 
vive intermittent shorted and open load. 
These are a few of the RF power ampli¬ 

fiers on the market today. Looking at these 
specifications, the RF designer can see 
the direction amplifier manufacturers are 
taking. Along with wide bandwidths and 
high power go the standard requirements 
of linearity and stability, more difficult to 
achieve together with the first two para¬ 
meters. Modern uses require that the full 
bandwidth be available instantly and that 
the amplifier not shut down under severe 
load mismatch. Modular design with isola¬ 
tion so the amplifier will operate under 
partial failure and can be field-repaired is 
another consideration, especially impor¬ 
tant to the military. 

Satellite communication is here to 
stay, of course, and satellite manufac¬ 
turers are no doubt hardening their prod¬ 
ucts against electromagnetic pulse. 
Nevertheless, military and commercial 
users are directing their attention once 
more to HF communications and other RF 
applications. 

Future special reports will describe the 
miniaturization of amplifiers and other RF 
devices and the new materials and pack¬ 
aging techniques developed to meet the 
modern uses of RF technology. Q 
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30 to 
900 MHz 

BASE STATIONS 

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

BLW96 
BLV25 
BLV80 28 
BLV33F 
BLV36 
BLU53 
BLV97 
BLV57 

200 
175 
80 
85 
120 
100 
30 
38 

30 
108 
175 
225 
225 
400 
860 
860 

13 5 
105 
6.5 
105 
10 0 
6.5 
6.5 
6 5 

50 
28 
28 
28 
28 
28 
24 
25 

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

66 to 
870 MHz 

AMPLIFIER MODULES FOR LAND MOBILE 

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

BGY32 
BGY33 
BGY35 
BGY36 
BGY43 
BGY40A 
BGY41A 
BGY40B 
BGY41B 
BGY40A 
BGY41C 
BGY45A 
BGY45B 
BGY46A 
BGY47A 
BGY47B 
BGY47C 
BGY22 

68-88 
80-108 
132-156 
148-174 
148-174 
400-440 
400-440 
440-470 
440-47Ò 
470-512 
470-512 
68-88 
144-175 
400-440 
400-440 
430-470 
460-512 
380-512 

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

20 
20 
20 
20 
13 
7.5 
13 
75 
13 
75 

13 
30 
30 
1.5 
22 
2.2 
22 
2.9 

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

SOT- 132 
SOT- 132 
SOT- 132 
SOT- 132 
SOT-132B 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-132C 
SOT-301-A-03 
SOT-301-A-03 
SOT-26NC 
SOT-26ÑC 
SOT-26NC 
SOT-26NC 
SOT-75A 
SOT-75A BGY23 380-480 2.5 WATTS 7 
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LOOK AGAIN. 

You’re missing plenty if 
“rubber duckies” are all you see 
when you look at Centurion. 

Our Tuf-Duck ' flexible antennas (“rubber duckies”) have enjoyed such success over the last 
few years that we’re beginning to wonder if people might not forget about the other things we do. 

In addition to manufacturing a very popular line of replacement antennas and batteries for portable radios, we've worked 
hard to establish ourselves as a supplier of components and services to OEM's. In many cases Centurion has been called on 
to provide expertise in several areas, from design and development through final production. 

If your firm is involved in the design or manufacture of portable radio equipment or similar products, chances are good that 
we can be a positive asset to your efforts. We hope you'll look our way for dependable components and services delivered 
on a timely basis at very competitive rates. 
including: 

Design, development and manufacturing of radio accessories 

Tuning correlations for special antenna applications 

Cellular radio accessories Miniaturized antennas (UHF & VHF) 

Design, development and manufacturing of battery packs 

Injection molding and vacuum forming Sonic Welding 

Tool & die manufacturing and design (plastics) 

Secondary assembly operations 

Technical and manufacturing consultation 
Name _ _ 

Job Responsibilities_ 

P.O. Box 82846 • Lincoln. NE 68501 • Toll Free 800/228-4563 
Centurion International reserves the right to verify eligibility. Please allow 4-6 weeks for delivery 

«ENTUREN 

Maybe new glasses 
would help? 

Radio design and manufacturing engineers are invited to 
clip this coupon and send it to us along with their business card. In return. 

Centurion will send you a tree pair of great looking sunglasses! 
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CONFIDENCE 
From design through compliance testing. 

HP’s Spectrum Analyzer/EMI Receiver deli 
unprecedented versatility and 

CISPR receiver 

ivers 

Your complete EMI 
measurement solution. 

HP’s new Spectrum Analyzer/EMI 
Receiver delivers fast, accurate 
EMI compliance measurements 
and complete EMI diagnostic 
capabilities— all for the price 
of an EMI receiver alone. 

Featuring the new HP 85685A 
RF Preselector— with improved 
sensitivity and overload pro¬ 
tection— this versatile spectrum 
analyzer-based EMI receiver is 
designed to CISPR* Publication 
16 recommendations and meets 
the measurement requirements 
for military and commercial 
standards, including FCC and 
VDE. Which makes it the ideal 
instrument to conduct your final 
open-site EMI compliance tests 
with complete confidence. 

accuracy. 
The ideal EMI diagnostic tool. 

Using the HP8566B or 8568B Spec¬ 
trum Analyzer and simple probes, you 

can quickly locate problem emis¬ 
sions and evaluate potential 
solutions. These powerful analy¬ 
zers sweep quickly over a broad 
100Hz to 1.5 GHz or 22 GHz 
frequency range, instantly dis¬ 
playing measurement results on 
the easy-to-read CRT, or as hard 
copy plots. Built-in capabilities 
include: multiple-trace digital 
storage for instant A vs. B com¬ 
parison, frequency and ampli¬ 
tude markers, maximum hold 
for capturing elusive inter¬ 
mittents, and direct plotter 
control— to name just a few. 
Perform open-site tests 
with confidence. 
When it’s time for final com¬ 

And unlike EMI receivers that are 
dedicated solely to compliance testing, 
the HP Spectrum Analyzer/EMI 

Receiver is also an indispensible EMI 
diagnostic aid throughout your prod¬ 
uct’s design and evaluation stages. 

pliance testing, the same HP spectrum 
analyzer used during the design and 
evaluation stages can be combined with 



the HP85685A RF Preselector and the 
HP85650A Quasi-Peak Adapter. 
The result is an EMI receiver system 
with the sensitivity, overload 
protection and ±2 dB amplitude 
accuracy you’ll need for both 
indoor and outdoor compliance 
testing. 

System features include 
multiple detection modes with 
peak detection for the fastest 
possible measurement time, 
quasi-peak detection for com¬ 
pliance with CISPR Publication 
16 recommendations, and 
average detection for discrim¬ 
ination between narrowband 
and broadband signals. 
Automate your EMI 
measurements for 
increased productivity. 
With the HP85864B EMI 

commercial and military emission 
measurements. Choose from a library 
of FCC, VDE and MIL-STD emission 

Consider the HP advantage. 
Now is the time to discover the 

distinct advantages of HP’s Spectrum 
Analyzer/EMI Receiver, a total 
solution for EMI measurements. 
After all, why invest in both an 
EMI receiver for compliance 
testing and an additional spec¬ 
trum analyzer for design/evalu-
ation, when you can accomplish 
both tasks confidently with a 
single, versatile system that 
costs far less? 

For more information, call the 
Instrument department of your 
local HP sales office listed in the 
White Pages. Or write Hewlett-
Packard, 1820 Embarcadero 
Road, Palo Alto, CA 94303. 

Measurement Software, featuring an 
easily understood menu structure, you’ll 
be able to quickly automate your 

tests, or design your own. Test results 
can be annotated and notes generated 
as part of the test documentation. 

*CISPR (Comité International Special Des Perturba¬ 
tions Radioélectriques) Publication 16 is the "CISPR 
specification for radio interference measuring 
apparatus and measurement methods’’ 

HEWLETT 
PACKARD 5301500 
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A 14 Watt, 900-950 MHz 
Low Cost Amplifier Design 
By David Miller 
RF Land Mobile, Motorola Inc. 

Two high performance 800 MHz parts 
(MRF839, MRF843) are used to produce 
a 14 watt, 900-950 MHz amplifier. The 
MRF839 is an inexpensive, 3 watt device 
that serves as an excellent driver for the 
MRF843. Its double emitter bonding, fine 
line (2 micron) die geometry and isolated 
collector construction make it superior to 
other similar devices. The MRF843 is a 
new 800 MHz 15 watt transistor. Like the 
MRF839, it is inexpensive, yet possesses 
excellent performance. Strong points of 
the MRF843 include good gain, high effi¬ 
ciency and internal input matching for 
broadband capabilities. This article de¬ 

scribes the design, construction and per¬ 
formance of a two stage amplifier con¬ 
structed with these devices. 

To be considered viable an amplifier 
must be capable of meeting certain 

design criteria, regardless of the applica¬ 
tion. First, the amplifier must possess 
good RF performance; i.e. good gain, 
high efficiency and stability. Next, it must 
be rugged under a variety of adverse op¬ 
erating conditions. Third, it should be 
easily constructed, tuned and repro¬ 
duced. Finally, in today’s world of “smaller 

is better” it must be compact. This amp¬ 
lifier has been designed and developed 
based upon the above described design 
criteria (see Table 1). 

Table 1 
Design Criteria 

Power Out 14 Watts (Typ.) 
Gain 14.5 dB (Typ.) 
Efficiency >45% 50% (Typ.) 
Ruggedness 20:1 VSWR Vcc = 15.5 Vds 

Pin = 750 mW 
Stability 3:1 Vcc = 6-15.5 Vdc 

VSWR Freq. = 900-950 MHz 
Pin = 300-750 mW 

C5, C20 1.0 pF, ATC, Chip cap, 50 Mil 
C6, C15 2.2 pF ATC, Chip Cap, 50 Mil 
C(2 4.7 pF ATC, Chip cap, 50 Mil 
Cio 7.5 pF ATC, Chip cap, 50 Mil 
C)3 10.0 pF ATC, Chip cap, 50 Mil 
C7, C„ C, 61 C18 12.0 pF ATC, Chip cap, 50 Mil 
C., C14 , Cu 15.0 pF ATC, Chip cap, 50 Mil 
C)7 18.0 pF ATC, Chip cap, 50 Mil 
C,i 39.0 pF ATC, Chip cap, 50 Mil 
Cis 39 pF ATC, Chip cap, 50 Mil 

Ci, C4, 68 pF Miniunderwood mica 
Cj 2 x 470 pF ATC, Chip cap, 250 Mil 
C3 10mF Tantalum Electroytic 
L, 4 Turns on 10 ohm '/¡W Resistor 
Ls, L6 10 Turns on 10 ohm '/sW Resistor 
L2, Ls, Lí 4 Turns 0.20” I.D. 24 AWG 
B,, B2 Bead, Ferroxcube 56-590-65/313 
Zi-Z6 Refer to circuit photomask" 
PCB %2” G-10 Er = 4.1 
•Photomask copies available from Motorola Inc. 
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Circuit Design 
Although two stages of amplification 

comprise a single amplifier, each stage is 
designed to stand alone. Such a design 
scheme allows the designer to independ¬ 
ently tune and test each stage. This pro¬ 
vides the necessary feedback to ascer¬ 
tain how well each stage is functioning. 
This ability is particularly important when 
one considers the number of variables in¬ 
troduced by the matching and biasing of 
the circuit. 
The independent amplifier approach is 

accomplished by splitting the inter-stage 
matching network midway and establish¬ 
ing a 50 ohm intermediate impedance 
level. At the 50 ohm location the two 
stages are combined via a series coupl¬ 
ing capacitor. Independent testing of the 
stages is accomplished simply by break¬ 
ing the circuit in two at this point. 
A more direct matching scheme might 

produce a simpler inter-stage match. The 
added flexibility of the independent amp¬ 
lifier approach is, however, of great advan¬ 
tage to the initial tuning and testing of the 
circuit. The circuit is shown schematical¬ 
ly in Figure 1. 

Considering the two stages as indepen¬ 
dent amplifiers allows one to identify the 
desirable attributes of each stage. The 
driver stage has primarily three respon¬ 
sibilities: to contribute to the overall gain, 
to present a minimal input VSWR and to 
level the frequency response of the sec¬ 
ond stage. The output stage has two ma¬ 
jor responsibilities. It must be matched to 
provide good gain across the operating 
band while maintaining a high collector 
efficiency. 
The First Stage. The currents and 

voltages of the driver stage are relatively 
low, and parasitic losses, i.e. PR losses, 
are generally considered negligible. Per¬ 
formance in the low power driver stage 
thus becomes for the most part a func¬ 
tion of correct impedance matching (im¬ 
pedance matching will be covered in a 
later section of this article). 
The input VSWR of the amplifier is 

determined by how well the input impe¬ 
dance of the first stage device is matched. 
Enough internal transistor feedback exists 
in all RF power transistors that changes 
to the transistor’s output operating con¬ 
ditions will have an effect on the input im¬ 
pedance of the device. Therefore, atten¬ 
tion must be given to both the input and 
output impedance matching of the tran¬ 
sistor when attempting to minimize the in¬ 
put VSWR. 

To level the frequency response of the 
amplifier the first stage is used to com¬ 
pensate for the gain slope of the second 

Figure 2 

stage. This is accomplished as shown in 
Figure 2. In the figure, curve A shows the 
typical frequency response of the output 
stage. Curve B shows an intentionally 
mismatched (skewed) response for the 
driver stage. The net idealized gain slope 
of the amplifier is shown as curve C and 
is simply the composite sum of the two 
stages (curves A & B). The intentional 
skewing of the driver stage is realized by 
designing the output match to be op¬ 
timum at 950 MHz instead of at the mid¬ 
band frequency. The device thus sees its 
maximum mismatch at the high gain 900 
MHz band edge. The degree of required 
band edge mismatching can be deter¬ 
mined empirically and depends entirely 
on the gain slope of the output stage. The 
greater the roll off, the greater the mis¬ 
match that will be required to level the 
amplifier. 
The Second Stage. The second stage, 

although it does not necessarily provide 
the majority of the gain, does exhibit the 
highest current and power levels associ¬ 
ated with the amplifier. For this reason the 
design must not only provide good impe¬ 
dance matching to achieve optimum 
power transfer, it must also insure low loss 
conduction paths to minimize parasitic 
losses. Minimizing the transmission line 
lengths is the most effective way to reduce 
losses associated with both the resistance 
of the conductor and the dielectric sub¬ 
strate. 
The output stage of the amplifier is the 

major determiner of overall efficiency. 
Equation (1) shows the total collector effi¬ 

ciency of the amplifier to be dependent 
upon the collector currents drawn by both 
stages, as well as Vcc and Pout . 

Eff total = P0Uf/Vcc (le first + lc second)(1) 

The second stage draws over 80% of 
the total supply current. For example, with 
both stages operating independently at 
about 60% efficiency the collector cur¬ 
rents are 373 mA and 2.0 amp, respective¬ 
ly. Thus, with Vcc = 13.8 Vdc and 
Pout = 14 watts the net efficiency is about 
50%. 

To insure good collector efficiency 
(whether it be the driver stage or the out¬ 
put stage) it is not only important to have 
proper impedance matching and to mini¬ 
mize the transmission line losses; losses 
due to low Q chip capacitors must also 
be considered. Due to the physical con¬ 
struction of chip capacitors there is a 
parasitic series resistance and induc¬ 
tance. The inductance reduces the reac¬ 
tance of the capacitor, increasing the ef¬ 
fective capacitance. The series resistance 
may be determined from the equation 
Rs = Xs/Qs and manifests itself as a 
power loss. 
Impedance Matching. Low pass filter 

design techniques are employed through¬ 
out the circuit to achieve impedance 
matching. Chip capacitors and microsthp 
transmission lines are used to generate 
the matching sections. Selecting a suit¬ 
able length transmission line creates the 
inductive reactance needed to generate 
the matching sections and eliminates the 
need for discrete inductors. This not only 
helps simplify the circuit design but also 
adds to the reproducibility of the circuit. 
The first step in synthesizing a match¬ 

ing network is to determine the number 
and configuration of the matching sec¬ 
tions necessary to achieve the desired 
response. Strictly speaking, the band¬ 
width of a ladder network is only limited 
by the number of sections used. It follows 
that the overall bandwidth of the amplifier, 
without feedback, is theoretically limited 
by the Qs of the transistor devices. How¬ 
ever, because of the lossy nature of the 
elements used to formulate each match¬ 
ing section, i.e. transmission lines and 
chip capacitors, the insertion losses limit 
the maximum number of usable sections. 
The design consideration at this juncture 
becomes one of optimizing the bandwidth 
of the amplifier while minimizing the 
losses of circuit. A graphical Smith chart 
design method is used to accomplish this 
optimization. 
As an example of this method, the im¬ 

pedance matching design for the input of 
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Figure 5 

the MRF839 is shown in Figure 3. The 
midband (925 MHz) input impedance of 
the device is first plotted on the Smith 
chart, establishing a starting point (the 
manufacturer’s impedance data for the 
MRF839 and MRF843 are reproduced in 
Table 2). The Qs of the device is com¬ 
puted to be 2.26. To maintain a maximum 
bandwidth, no portion of the matching 
network should exceed this Qs. Shunt 
capacitance is next used to rotate the im¬ 
pedance along a constant admittance cir¬ 
cle to achieve a maximum impedance of 
13 ohms. The value of this shunt capaci¬ 
tance (Ci) is computed in Figure 4a to be 
28.39 pF. Care should be taken when 
selecting the actual capacitors to account 
for the parasitic inductance of the 
capacitors.1

a.) bc, = 1.65 Xc, = 1 = .6061 W = 2n f0 = 5.8119 X 109 rad/sec 

Fo =925 MHz 
Zo = 10 Ohms 

Xc, = X • Z = 6.061 Ohm 

xc,= _L 
WC1 C1 = 1 = 28.39 pF 

wxc, 

b.) bC2 = 0.215 = _L = 4.65 W = 2n f0 = 5.8119 X 10® rad/sec 

Fo = 925 MHz 
Zo = 10 ohms 

Xc = X • Z = 45.5 Ohm 
U2 

Table 2 
Device Impedance Data 

X, 1 

WC2
C2 = _L = 3.69 pF 

WXC2

MFR 839 
Freq. Zln Z0| 
806 MHz 3.1 + ¡4.0 9.6-j6.5 
870 MHz 2.8 + j4.6 8.5-j5.6 
960 MHz 1.9 + ¡5.4 8.1-j4.8 
Pout = 3 Watts 
Vcc = 12.5 Vdc 
*Zol = Conjugate of Optimum Lead 

Impedance. 

c) Zin Zo ZL + j Zo tan O 
Zo + jZL tan 0 

Zo =\/(Z,n R)1-

0 = Tan-’ 

(X)2 
R(Z,„-R1) 

(Z,nZ0-Z0R) 

xz,n
MRF 843 

Series Equivalent 
Input and Output Impedance 

Freq. 
MHz 
800 
870 
960 

Zin 
Ohms 
1.23 + ¡6.14 
2.09 + ¡5.91 
2.58 + ¡5.46 

Zoi 
Ohms 
1.98 + ¡2.62 
2.24 + ¡3.49 
2.51 +¡3.92 

For Zln = 13 Ohm ZL = 23.0 + j 25.5 

Zo = 33.8 Ohm Characteristic Impedance 
0 = 45.6° Electrical length 

NOTE: Circuit tuning and input power adjusted 
to maintain output power of 15W and 65% 
efficiency. 

Figure 4 
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Behlman AC Power Sources 

In an effort to hold the physical length 
of the transmission line to a minimum, a 
second shunt capacitance is next com¬ 
puted. This second shunt capacitance is 
located on the high impedance end of the 
transmission line. The actual value of this 
capacitance may vary within limits, since 
it is within the capacity of the transmis¬ 
sion line to match a range of impedances. 
The larger the shunt capacitance the 
shorter the required transmission line. 
The maximum value of this capacitance 
is limited by the region of physically 
realizable transmission lines (1). 

To maintain the bandwidth and perform¬ 
ance of this circuit, the capacitance 
should rotate from a value of impedance 
with Qs less than the device Qs, to the 
load impedance.2 For the example shown 
in Figure 3 the shunt capacitance (C2) 
rotates from an impedance of 23.0 + j25.5 
ohms along a constant admittance circle 
to 50 ohms. To accomplish this rotation 
a capacitance value of 3.69 pF is com¬ 
puted in Figure 4b (3.69 pF may seem like 
an odd capacitance until one computes 
the low frequency capacitance value to be 
3 pF). 
The transmission line used to match 

from 13 ohms to 23.0 + j25.5 ohms is next 
determined. The characteristic impe¬ 
dance and electrical length of the 
transmission line can readily be calcu¬ 
lated. (1) As is shown in Figure 4c, to 
match between the two impedances a 
transmission line of characteristic im¬ 
pedance Zo = 33.8 ohms and electrical 
length 0 = 45.6° is used. 
This Smith chart method is used to 

establish a midband impedance match 
that will maintain good performance at the 
band edges. Curves A and B in Figure 5 
show the band edge mismatch to be less 
than 1.6:1 VSWR. The example shown 
only requires a single section of matching. 
If, however, a lower Q matching filter had 
been required, additional transmission 
line/shunt capacitor sections may have 
been needed. 
The initial design of the amplifier de¬ 

scribed in this article was generated at a 
midband frequency of 925 MHz using the 
Smith chart design techniques described. 
This design was later computer analyzed 
and optimized. The final design presented 
in this article is the Smith chart design 
with only minor computer aided optimiza¬ 
tions. 

Circuit Construction 
Care must be taken to properly prepare 

the printed circuit board before any com¬ 
ponents are mounted or soldered in place. 
Whenever transmission lines are mean-

IVE MAKE 
YOUR WORK 
AND YOUR 
TEST SYSTEMS 
A LOT SIMPLER. 

Matchless Features 
Behlman AC Power Sources 
greatly enhance your testing 
capabilities and effectiveness for 
complex computer controlled, or 
simple manual tests. 

Behlman KB Series AC 
Power Sources provide truly 
independent, simultaneous 
output measurements while your 
tests are in progress. This will 
make your life easier because 
you won’t need expensive 
external voltmeters, ammeters, 
frequency counters or power 
meters. 

KB Series outputs are measured 
independently of programmed 
values. With these capabilities 
and self diagnostics, Behlman 
provides accurate, program¬ 
mable power plus precision 
instrumentation — all in one 
intelligent package. 

BEHLMAN 
Engineering 

Electronic Energy Conversion Sources & Systems 

Measurements 
• RMS Voltage 
• RMS Current 
• True Power (Watts) 
• Power Factor 
• Frequency 

Programmability 
• Voltage Output 
• Current Limit 
• Frequency Output 
• Phase Angle 
• Local or Remote Control 
• IEEE-488 (Talker/Listener) 

Interface 
• CIIL, Atlas Languages 

Applications 
• MIL-STD 704 Testing 
• MATE & CSS Programs 
• EMI/RFI Testing 
• Aerospace Testing 

Range of Models 
• 45 Hz to 10,000 Hz 
• 100 VA to 54 KVA Power 

Ratings 
• 1, 2, & 3 Phase Outputs 

1142 Mark Avenue 
Carpinteria, CA 93013 
(805) 684-8311 
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f, FREQUENCY (MHz) 
TYPICAL PERFORMANCE 

Figure 6 

dered there exists a real danger that 
coupling between the lines and other 
components will lead to a potentially 
unstable circuit that will be difficult to tune. 
For this reason a good ground plane must 
be maintained to insure proper perform¬ 
ance. The ground plane integrity is en¬ 
hanced by two separate but related 
mechanisms. First, all the edges of the 
board are wrapped and soldered with 
copper foil. This edge wrapping elimi¬ 
nates the electrical separation between 
the topside ground surfaces and the bot¬ 
tom ground plane. The result is a unified 
ground plane throughout the circuit. 
Second, after wrapping eyelets are in¬ 

stalled at strategic points on the board to 
provide short ground paths for the shunt 
capacitors. This too serves to electrically 
connect the top and bottom ground sur¬ 
faces3 (see component placement dia¬ 
gram for eyelet placement). A final step 
to board preparation is to use copper foil 
to wrap the ground edges of the transistor 
mounting holes. This must be done to 
minimize the parasitic common lead in¬ 
ductance of the device and optimize the 
performance of the transistor. 

After the printed circuit board has been 
prepared circuit components are soldered 
in place. The component placement dia¬ 
gram shows the proper placement of alT 
components. Slight lateral movement of 
the shunt capacitors, especially the shunt 
capacitors associated with the collector of 
the MRF843, is generally necessary to 
tune the circuit. 
The final step to circuit construction is 

to provide a good heat sink for the tran¬ 
sistor. The heat sink must be capable of 
maintaining a worst case junction temp¬ 
erature (Tjunc ) of less than 200°C (refer to 
the manufacturer’s data sheets for 
specific thermal specifications on the in¬ 
dividual transistors). 

Circuit Performance 
The circuit performance is shown in 

Figures 6-9. A comparison of this perform¬ 
ance data to the design criteria given in 
Table 1 shows the amplifier to meet or ex¬ 
ceed the desired specifications. 

Figure 6 shows the efficiency across 
the band to be quite flat at about 50%. 
Also shown in Figure 6 is the input VSWR 
which is better than 1.3:1 across the band. 

Footnotes 
1 For a detailed explanation of effective 
capacitance see "Designing Transistor 
Test Fixtures For the 800 MHz Frequen¬ 
cy Spectrum” by Dan Moline, R.F Design, 
March/April issue, 1984. 
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P,„, INPUT POWER (WATTS) 
OUTPUT POWER VERSUS INPUT POWER 

Figure 7 

f, Frequency (GHz) 
Output Spectrum 

Figure 9 

2 The design example presented herein 
is for maximum bandwidth (Qlran. 
sistor = Qmaximum)- « should be noted 
however, that maximum bandwidth de¬ 
sign is not always desirable and may be 
limited by other system requirements. 
3 If available, edge plating and plated 
through holes are a preferred alternative 
to edge wrapping and eyelets. 

.898 1.796 2.694 3.592 4.490 5.388 
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Coilcraft is 
big in small 
inductors 
Call Coilcraft for all your surface mount 
inductors- fixed, tuneable, transformers, or toroids. 

Most are in stock, ready for immediate ship¬ 
ment. And all are priced incredibly low, even in 
small quantities. 

To help you get started, we’ve prepared 
Experimenter’s Kits with dozens of our most 
popular values. 

For complete specifications, or to order your 
kits, call 312/639-6400. 

Experimenter’s Kits 
Fixed Inductor Kit CI00-3I25 
4 nH-1,000 uH, 64 values ( 6 of each ) 
Tuneable Inductor Kit CI01-S50 
100 nH- 10 uH, II values (5 of each ) 
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Clean 
sweep 
lol GHz. 
50 watts minimum is a lot of rf 
power throughout a bandwidth of 
1 to 1000 MHz. But that’s what our 
new Model 50W1000 delivers for 
all your broadband test needs. 
As your hunger for power plus 

bandwidth grows, this year and 
next, our all-solid-state “W” series 

of 100-kHz-to-1000-MHz linear 
amplifiers should become more and 
more important in your plans. Today 
you may need only 1 watt ( the little 
portable on the top of the pile), or 5, 
or 10—all with that fantastic band¬ 
width instantly available without 
tuning or bandswitching—the kind 

of bandwidth that lets you sweep 
clean through with no pausing for 
adjustment. 
And next year? 
But chances are good that next 
year you’ll be moving up into higher-
power work in the same bandwidth. 
Then you’ll be glad you have a 50W, 
the only rf power amplifier in its 
power-to-bandwidth class. At that 
point, your smaller “W” series 
amplifiers can be freed for lower-
power work around your lab. 
What you can’t see in the 

performance curves shown below 
is the unconditional stability of 
all Amplifier Research amplifiers 
—immunity to even the worst¬ 
case load mismatch or shorted 
or open cable with no fear of 
damage or system shutdown. 
The “W” series is part of a 

complete line of amplifiers 
offering rf power up to 10,000 
watts cw, for such diverse 
applications as plasma/fusion 
research, NMR, RFI susceptibility 
testing, and a host of other test 
situations that demand the very 
finest in broadband rf power. 
Send for our free booklet, 

“Your guide to broadband 
power amplifiers.” 
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TECHNOLOGY 
BREAK THROUGH 
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PHA 4000-1 and PHA 4000-2 
DESCRIPTION 

One miniature amplifier chain now combines the capability of producing high power out¬ 
put and broadband performance over the 30 MHz to 400 MHz band and full temperature 
range of -55°C to +100°C. 

The PHA4000-1 preamplifier and PHA4000-2 power amplifier can be applied to a multi¬ 
tude of radio applications as individual broadband gain blocks to custom fit your requirements, 
or they can be combined to achieve higher power. 

In a standard 10 W airborne transceiver radio application, the PHA4000-1 and PHA4000-2 
provide the needed design margin. The modules are series connected to amplify a +13 dBm 
signal to 24 watts CW/FM over the 30 to 88 MHz, 116 to 174 MHz and 225 to 400 MHz bands, 
and to 64 W PEP from 116 to 174 MHz, and 225 to 400 MHz. 

The modules are constructed in hybrid format with the circuitry distributed among metal-
ized ceramic carriers and interconnected with microstrip and coaxial transmission lines. Each 
module is constructed in a compact housing measuring 1" x 2>/8" x W ■ DC and RF connec¬ 
tions are made through hermetic feed-thru pins along the 21/8" dimension. The PHA4000-1 
utilizes a nickel plated aluminum package (30 grams) and the PHA4000-2 is housed in a nickel 
plated copper package (75 grams). 

Each module is internally compensated for gain variation of the transistors over frequency 
through the use of amplitude equalization networks. In a typical radio transmitter system, gain 
of the pre-amplifier is adjusted through the automatic leveling control (ALC) input which can 
be programmed for flat gain across all bands. The ALC pin can also be used as a modulation 
input for AM transmission. Under this type of operation, an external envelope detector is used 
to sense the output envelope of the power amplifier, and supply a feedback signal to the ALC 
loop to linearize modulation. The units are capable of being modulated from DC to over 1 
MHz which makes them useful for voice, data, or even video transmission. 

The PHA4000-1 and PHA4000-2 are designed and tested to withstand a tactical military 
radio environment and will provide the specified performance from -55°C to +100°C. . 

Production testing is accomplished using a 3-bay computer controlled test console with 
full range high and low temperature test capability. 

TABLE 1 
AMPLIFIER SPECIFICATION 

PARAMETER 
ELECTRICAL 
(TYPICAL) 

PHA4000-1 
(PREAMPLIFIER) 

PHA4000-2 
(POWER AMPLIFIER) 

Pin 
Po 
VCc 
valc 
Vbias 
Gain Control Range 
VSWR (in) 
VSWR (load) 
Gain Variation with Freq. 
Even Harmonics 
Odd Harmonics 
Spurious Output 
Pdc (Vcc x Ic’Po) 

20 mW (+13 dBm) 
13 W (+41.1 dBm) 
+18 to +27 Vdc 
-4 to +10 Vdc 
N/A 
60 dB min. 
3:1 max. 
2.5:1 All phase 
±3 dB 
-25 dBc typ. 
-15 dBc typ. 
-80 dB min. 
N/A 

13 W (+41.1 dBm) 
64 W (+48.1 dBm) 
+18 to +27 Vdc 
N/A 
5.1 V at 150 mA typ. 
N/A 
compatible with PHA4000-1 
2.5:1 All phase 
1.5 dB 
-25 dBc min. 
-15 dBc typ. 
-80 dBc min. 
39 W for POUT = 24 W 

NOTE 1: Adequate heat sinking required. 

MECHANICAL 

Size 
Weight 
Housing 

1” x 2%” x %” 
30 grams 
Ni plated Al 

1” x 27e” x %” 
75 grams 
Ni plated Cu 



TYPICAL AMPLIFIER 
PERFORMANCE CHARACTERISTICS 
(25“C HOUSING UNLESS OTHERWISE SPECIFIED) 

(See Note 1) 
Valc vs TEMPERATURE & FREQUENCY 

TYPICAL INPUT VSWR vs FREQUENCY TYPICAL 2^&3« HARMONIC vs FREQUENCY 

Pout vs Pin 4 FREQUENCY 

(See Note 1) 
Pdc vs FREQUENCY & Pin 

(See Note 1) 

GAIN vs TEMPERATURE & FREQUENCY 



PHA 4000-1 

Aluminum 
Nickgp'Plate 
Mil C 26074B 

Overall Finish 
63 jj inch 

OUTLINE 

PHA 4000-2 

Copper 
Nickel Plate 
MIL C 26074B 

Bottom Finish 
50p inch 

PHI’S 
COMPUTER CONTROLLED TEST CONSOLE 

15 Frequencies 
Gain 
POUT 

Temp Cycle 
200 Cycle 

50 1 
MAX 35 
LÍ_ 7 6 5 4 

0 0— 
3 2 1 

Pre Amplifier (PHA 4000-1) 

PIN(S) Function PIN(S) Function 

1,4,7 Ground 5 Vdc Input 
2 RF Input 6 RF Output 
3 VALC Input 

VSWR 
2nd/3rd Harmonics 
Saturated Pout 
2.5:1 All Phase VSWR 

Mil 883-Method 1010 
Condition C 

15 Frequencies 
Gain 
POUT 
VSWR 
2nd/3rd Harmonic 
Saturated Pqut 
2.5:1 All Phase VSWR 

Power Amplifier (PHA 4000-2) 

PlN(S)_ Function PlN(S)_ Function 

1,4,7 Ground 
2 RF Input 

3 VB|AS (5-1 Volts) 

5 Vdc Input 
6 RF Output 

FUNCTIONAL DIAGRAM 
PHA 4000-1 

PHA 4000-2 

A Vbus 

POWER TRANSISTORS & HYBRID AMPLIFIERS-MICROWAVE • MOBILE COMMUNICATIONS 
RADIO RELAY • TELEMETRY • NAVIGATIONAL AIDS • INSTRUMENTATION • CATV • 
RF POWER MOSFETS 

M/A-COM PHI, INC., 1742 CRENSHAW BOULEVARD, TORRANCE, CA 90501 
TELEPHONE: (213) 320-6160 TWX 901-349-6651 
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CLOSE THE CIRCLE 

The ̂ TYNERGY ̂ SOURCE-LINE 
THE 
NEW SOURCE 
FOR THOSE 
SINGLE¬ 
SOURCED 
MIXERS. 

MINI-CIRCUITS Alternative Source-Line 
CROSS REFERENCE 

Model Price Mini¬ 
Circuits Description 

S-1 $ 3.80 (100 pcs) 
$ 4.25 (10-49 pcs) SBL-1 1-500 MHz, Metal Case 

•S-2 $ 3.70 (100 pcs) 
$ 4.15 (10-49 pcs) 

* 1-500 MHz, Metal Case 

S-3 $10.95 (1-49 pcs) SRA-1 .5-500 MHz, MIL-STD 

S-4 $ 5.35 (10-49 pcs) SBL-1 X 10-1000 MHz, Metal Case 

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

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

Call today for literature 
quotes, delivery! 

Reduced Performance Version of S-1 
Cross reference based on published specifications. 

483 McLean Blvd, and 18th Avenue, Paterson, New Jeriey 07504 * (201) 881 8800 • Telex- 130073 
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BASIC Program Computes Values 
For 14 Matching Networks 

By Alan J. LaPenn 

The ever increasing number of personal 
computers and their relatively low cost 
and portability makes them excellent tools 
for scientific calculations and model eval¬ 
uations. The program that follows was in¬ 
tentionally kept simple and should run on 
any computer running the BASIC pro¬ 
gramming language. No special graphic 
routines have been used and all display 
formatting is implemented as standard 
BASIC print statements. There are no 
multiple statement lines and input prompt¬ 
ing is provided by the use of print state¬ 
ments, since some BASIC interpreters do 
not support prompt strings imbedded in 
an input statement. All output is directed 
to the standard output device (video dis¬ 
play). No facility has been provided to 
redirect output to a line printer or mass 
storage device such as a disk drive or 
cassette, since such techniques tend to 
be machine dependent and cause a loss 
of program portability. 

The program has been run on the fol¬ 
lowing computers without modification: 
Commodore Vic-20, Commodore 64, 
Texas Instruments TI99/4A, TRS80, Atari 
400 and 800. 

The program consists of 122 lines of 
code, including remark statements for 

documentation purposes. The 14 network 
values are calculated in eight separate 
subroutines. Seven of the subroutines cal¬ 
culate networks one, three, five seven, 
nine, 11, and 13. The eighth subroutine 
calculates the inverse values of the above 
mentioned networks, providing the re¬ 
maining seven networks two, four, six, 
eight, 10, 12 and 14. 
Program output is provided by a print 

subroutine located at line number 1200 
and ending at line number 1470. User in¬ 
put is provided at the beginning of the pro¬ 
gram. After the network design is com¬ 
pleted the user has the option of exiting 
the program or designing a new network. 

44 

subroutines to calculate network values 
and provide output. The use of subrou¬ 
tines reduces the number of lines of code 
significantly and allows the user to make 
personal modifications easily. Subrou¬ 
tines for mass storage, output to a line 

•printer and graphics can be added to the 
print subroutine without having to change 
the rest of the program. 
Use of the software is extremely sim¬ 

ple, as the program prompts the user for 
all the input data required, performs the 
required calculations and displays the 
output data values. To run the program 
simply type “run” from the keyboard and 
press the enter or return key. The user will 
then be prompted to enter the following 
information: 

Enter source resistance in ohms: 
Enter load resistance in ohms: 
Be sure to observe the restrictions con¬ 

cerning the size of the source resistance 
(RS) compared to the load resistance 
(RL). RS may be smaller than RL or equal 
to RL for some of the networks, but never 
larger than RL. If the user enters a value 
for RS that is greater than RL, the pro¬ 
gram will issue the following error 
message and the user will be prompted 
to enter RS and RL again: 
RS must be less than or equal to RL. 
At this point Qmin will be calculated by 

the program. Next, the user will be 
prompted for the desired frequency of 
operation. 

Enter frequency in hertz for results in 
henries and farads or 0 for results in reac¬ 
tance values. 
The user is then prompted for the net¬ 

work number to be designed. 
Enter desired network (1-14): 
Note that for some networks RS only 

can be less than RL and for other net¬ 
works RS can be less than or equal to RL. 
If the user attempts to design a network 
that fails the above conditions the pro¬ 
gram will issue one of the following error 
messages. 
RS must be less than or equal to RL 

for network XX 
RS must be less than RL for network 

XX 
where XX is the network number the user 
wished to design. The user then will be 
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prompted to enter a new network number. 
The program next displays the com¬ 

puted value of Qmin. If the network to be 
designed is not network 13 or 14, the user 
is given the option of specifying another 
value of Q. The following prompt will 
appear: 

Enter desired value of Q (Q^Qmin): 
Note that the range of Q must be 

greater than or equal to the computed 
value of Qmin, but not less than Qmin. If 
the user enters a value of Q that is less 
than Qmin the program will issue the fol¬ 
lowing error message and the user will be 
prompted for another value of Q. 
Q must be greater than or equal to XX 

where XX is the current value of Qmin. 
At this point the program will compute 

the required network elements and dis¬ 
play them in the following format: 
Source resistance = XX ohms 
Load resistance = XX ohms 
Qmin = XX 
If Qmin is not equal to the value of Q 

the following will also be printed: 
Q = XX 
The network number that was designed 

will be displayed next. 
Network number XX 
If zero was entered for the frequency, 

the following will be printed: 
For two element networks: 
X1 = XX ohms 
X2 = XX ohms 
For three element networks: 
X1 = XX ohms 
X2 = XX ohms 
X3 = XX ohms 

(Note positive values are for inductive 
reactance and negative values are for 
capacitive reactance.) 

Examples 
Design a matching network to 

transform a 50 ohm antenna output to 
200 ohms to match an amplifier input 
at 75 MHz, with a required Q of 10. 
(Note: user input is underlined and <cr> 
is the enter or return key on the computer.) 

Enter source resistance in ohms: 
? 50 <cr> 
Enter load resistance in ohms: 
? 200 <cr> 
Enter frequency in hertz for results in 
henries and farads or 0 for results in reac¬ 
tance values: 
? 75000000 <cr> 
Enter desired network (1-14): 
? 12 <cr> 
Qmin =1.732050808 
Enter desired value of Q (Q > Qmin): 
? 10 <cr> 

Source resistance = 50 ohms 
Load resistance = 200 ohms 

Highpass Values Are 
Negative Of Corresponding 
Lowpass Values 

Network #6 
Highpass 
Rs<Rl

Highpass Values Are Negative Of 
Corresponding Lowpass Values 

Network #7 
Lowpass 
Rs<Rl 

RF Design 

Network «5 
Lowpass 
Rs< Rl

X1 = Rs Q 

- Rs (1 * Q2) 

X3 = R 

Standard Tee Networks. 

XI = Rs X Q 

- Rs (1 + Q2) 
X2 = - - . --

hl 

Rs 0 * Q2) 
- 1 

Rl 

Network #8 
Highpass 
RS<RU

Highpass Values Are 
Negative Of Corresponding 
Lowpass Values 

Network »9 
Lowpass 
RSC RL

X1 = \/rsrl-rs2-qhs

X2 = Q Rs

- «S Rl X3 = — ;—L— 
X1 + X2 

Network #10 
Highpass 
RS<RL

Highpass Values Are 
Negative Of Corresponding 
Lowpass Values 

Series Enhanced -Q L Networks. 
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Network #11 
Lowpass 
Rs<Rl Rs

Qmin = 1.732050808 
Q = 10 

Network number 12 
Frequency = 75000000 

hertz 
C1 = 2.4503506E-11 Farads 
L2 = 4.2441318E-8 Henries 
C3 = 8.7725667E-11 Farads 
Enter 1 to run program again 0 to end: 
? 0 <cr> 
The following example is the same as 

the previous except that the frequency is 
set equal to zero and output values are 
in units of reactance. 

Enter source resistance in ohms: 
? 50 <cr> 
Enter load resistance in ohms: 

Highpass Values Are 
Negative Of Corresponding 
Lowpass Values 

? 200 <cr> 
Enter frequency in hertz for results in 
henries and farads or 0 for results in reac¬ 
tance values: 

Shunt Enhanced ■ QL Networks 

Network #14 
Highpass 
Rs<Rl f Rs 

Highpass Values Are 
Negative Of Corresponding 
Lowpass Values 

Simple L Networks. 

10 rem Main program 
20 print “Enter source resistance in ohms:" 
30 input rs 
40 print “Enter load resistance in ohms:” 
50 input rl 
52 if rs < rl then 60 
54 print “RS must be less than or equal to RL” 
56 goto 20 
60 qm = sqr (rl/rs-1) 
70 print “Enter frequency in hertz for results in henries and 

farads or 0 for results in reactance values:” 
80 input fo 
90 print “Enter desired network (1-14):” 
100 input net 
105 print 
110 print “Qmin =”; qm 
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? 0 <cr> 
Enter desired network (1-14): 
? 12 <cr> 
Qmin =1.732050808 
Enter desired value of Q (Q > Qmin): 
? 10 <cr> 
Source resistance =50 ohms 
Load resistance =200 ohms 
Qmin =1.732050808 
Q =10 
Network number 12 
X1 = -86.60254038 ohms 
X2 = 20 ohms 
X3 = -24.18979548 ohms 
Positive values for inductive reactance 
and negative values for capacitive 
reactance. 
Enter 1 to run program again, 0 to end: 
? 0 <cr> 

Alan LaPenn can be contacted at 157 
Saunders Hill Rd., New Boston, NH 
03070. 

112 print 
115 q = qm 
120 if net > 12 then 150 
130 print “Enter desired value of Q (Q > Qmin):” 
140 input q 
142 if q > qm then 150 
144 print “Q must be greater than or equal to qm 
146 goto 130 
150 on net gosub 

400,400,500,500,600,600,700,700.800.800.900,900,1000,1000 
160 if fo = 0 then 300 
170 on sgn (x1) + 1 goto 190,200 
180 f1 = (1/(6.28*fo*x1) )*-1 
190 goto 210 
200 f1 = x1/(6.28*fo) 
210 on sgn(x2)+ 1 goto 230,240 
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220 f2 = (1/(6.28*fo*x2) )*-1 
230 goto 250 
240 f2 = x2/(6.28*fo) 
250 if net > 12 then 300 
260 on sgn (x3) + 1 goto 280,290 
270 f3 = (1/(6.28*fo*x2) )*-1 
280 goto 300 
290 f3 = x3/(6.28’fo) 
300 gosub 1200 
305 print 
310 print "Enter 1 to run program again 0 to end:" 
320 input d 
330 if d = 1 then 20 
340 end 
400 rem net1 rs< rl 
410 x1 = rs*(sqr ( (rl/rs)/(qA2 + 1-(rl/rs) ) )* -1 
420 x2 = (q*rl-(rs*rl/x1) ) / (qA2 + 1) 
430 x3 = (rl/q)*-1 
440 if net = 1 then 460 
450 gosub 1100 
460 return 
500 rem net3 rs<rl 
510 x1 = rs/(sqr( (rs*(qA2 + 1) ) / rl-1) ) 
520 x2 = ( (rl*q) / (qA2 + 1) ) * (1-(rs / (q*x1) ) ) 
530 x3 = (rl / q)*-1 
540 if net = 3 then 560 
550 gosub 1100 
560 return 
600 rem net5 rs < rl 
610 x1 = rs*q 
620 x2 = (rs* (1 + qA2) * -1) / (q + sqr( (rs* (1 + qA2) ) / rl-1) ) 
630 x3 = rl’sqr ( (rs* (1 + qA2) ) I rl-1) 
640 if net = 5 then 660 
650 gosub 1100 
660 return 
700 rem net7 rs < rl 
710 x1 = rs*q 
720 x2 = (rs* (1 + qA2) -1) / (q-sqr ( (rs*(1 + qA2) ) / rl-1) ) 
730 x3 = rl'sqr ( (rs* (1 + qA2) ) I rl-1) *1 
740 if net = 7 then 760 
750 gosub 1100 
760 return 
800 rem net9 rs < rl 
810 x1 = sqr (rs'rl - rsA2-q*rs) 
820 x2 = q*rs 
830 x3 = (rs*rl*-1) / (x1 + x2) 
840 if net = 9 then 860 
850 gosub 1100 
860 return 
900 rem net11 rs < rl 
910 x1 = rs’sqr (rl / rs-1) 
920 x2 = rl / q*-1 
930 x3 = x2 / (x1 / (q*rs)-1) 
940 if net = 11 then 960 
950 gosub 1100 
960 return 
1000 rem net13 
1010 x1 = sqr (rs*rl-rsA2) 
1020 x2 = (rs*rl-1) / x1 
1030 if net = 13 then 1050 
1040 gosub 1100 
1050 return 
1100 rem inverse subroutine 
1110 x1 = x1*-1 
1120 x2 = x2-1 
1130 if net = 14 then 1150 
1140 x3 = x3*-1 
1150 return 
1200 rem print routine 
1204 print 
1206 print 
1210 print “Source resistance = ”; rs; “ohms" 

1220 print "Load resistance = ”; rl; “ohms” 
1230 Print “Qmin = ”; qm 
1240 if qm = q then 1270 
1250 print “Q = q 
1270 print “Network number"; net 
1280 if fo <> 0 then 1340 
1300 print “X1 = ”; x1; “ohms" 
1310 print “X2 = ”; x2; “ohms" 
1315 if net > 12 then 1330 
1320 print “X3 = ”; x3; “ohms" 
1324 print 
1326 print "Positive values for inductive reactance and negative 

values for capacitive reactance.” 
1330 return 
1340 print “Frequency = ”; fo; “hertz” 
1345 on sgn (x1) + 1 goto 1360,1370 
1350 print “C1 = ”; f1; “farads" 
1360 goto 1380 
1370 print “L1 = ”; fl; "henries” 
1380 on sgn (x2) + 1 goto 1400,1410 
1390 print “C2 = ”; f2; “farads” 
1400 goto 1420 
1410 print “L2 = ”; f2; “henries” 
1420 if net > 12 then 1470 
1430 on sgn (x3) + 1 goto 1450,1460 
1440 print "C3 = ”; f3; “farads” 
1450 goto 1470 
1460 print “L3 = ”; f3; “henries” 
1470 return E3 

Errata: 
The article, “The Phase/Frequency De¬ 

tector,” in the February 1985 issue con¬ 
tained several important typographical er¬ 
rors. The following equations are correct: 

n = oo 
(1) f*(t) = 2 f(t) ó (t-nT) 

n =0 

n =oo oo 

(4) F(s) = Z J f(t) ó (t-nT)exp(-sT) dt 
n = 0 0 

n = oo 
(5) F*(s) = Z f(riT)exp(-nsT) 

n = 0 

n = oo 
z 

(12) E*(s) = n =-°° <t>r(s - j n Ws) / T 

1 +HG*(S) 

(16)-(20) R1 should be RL 
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Determining 
Receiver Performance 
With a Computer Spreadsheet 

By Gregory R. Quinn 
HRB Singer 

Spreadsheets are software programs 
that transform a computer’s memory into 
a large worksheet made up of columns 
and rows. Each separate location on this 
worksheet is called a cell. Into these cells 
the user can insert values, labels or 
formulas instructing the computer to per¬ 
form calculations. According to the user's 
commands, the program will recalculate 
any results based on new or modified 
data entered. 
The main advantage with such a pro¬ 

gram is the ability to alter data or formulas 
to explore the possibilities of a particular 
set-up. All spreadsheets available have 
commands similar to those in BASIC that 
allow the cells to be programmed in a 
variety of ways to calculate answers from 
data found on the spreadsheet. The user 
can program a cell in much the same way 
that he or she can write out the formulas 
by hand. 

Logical decisions within the cells are 
controlled by IF statements. These com¬ 
mands are supplemented by math func¬ 
tions which will operate on specified 
ranges of numbers, such a SUM, MAX, 
MIN and AVERAGE. In this application, 
the most complicated structures used are 
IF and SUM. 
Two programs are mentioned: VisiCalc 

and SuperCalc. The information pres¬ 
ented for the spreadsheet cells should 
work without alteration in either program. 
In fact, the set-up shown should not need 
any changes to work on the majority of 
spreadsheets available for different 
computers. 

Electronic worksheets or spreadsheets 
are ingenious software tools for per¬ 

sonal computers. These packages allow 
the user to make redundant calculations 
and “what if?” speculations very quickly 
once a model has been formulated. Be¬ 
cause of their flexibility electronic spread¬ 
sheets have applications in fields other 

A1 P = ’’NAME 
A2 P = "IIP2 
A3 P = "IIP3 
A4 P = "COMP PT 
A5 P = "GAIN 
A6 P = "NF 
A7 P = "CIIP2 
A8 P = "CIIP3 
A9 P = "CCMP PT 
A10 P="CNF 
A11 P = "TAKEOVER 

A12 P = ”T GAIN 
A13 P = "BW (MHz) 
A14 P = "DR2 
A15 P = ”DR3 
A16 P = "IN N FLR 
A17 P="OUT NFLR 
B1 P = "INITIAL 
B6 P = 0 
B7 P = 100 
B8 P = 100 
B9 P = 100 

All of the cell contents listed above are in protected cells. 
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C1 TR B13, C2-6 $ 

These cells are for the data describing each part of the system and they are 
formatted for two decimal places. 

C7 $TR =IF(C2=0,NA,+C2-20*LOG10 (1+SQRT (10A(.1 *(C2+C5-B7))))) 
C8 $TR=IF(COUNT(C3)=0,NA,+C3-10*LOG10 (1+(10A(.1 ’(C3+C5-B8))))) 
C9 $TR=IF(COUNT(C4)=0, NA, +C4-WLOG10 (1+(10A(.1 ’(C4+C5-B9))))) 
C10 $TR=IF(COUNT(C6)=0, NA, +C6+10*LOG10 (1+(((10A(B10/10))-1)/((10A 

(C6/10))*(10 A(C5/10)))))) 
C11 $TR =IF(AND(COUNT (C2:C6)>0, COUNT(D2:D6)=0), +C10-B10+C5, NA) 

The variables in all of the above formulas are relative. 

C12 $TR=IF(AND(COUNT(C2:C6) >0,COUNT(D2:D6)=0), SUM (B5:C5), NA) 
C14 $TR =IF(AND(COUNT (C2:C6) >0, COUNT(D2:D6)=0), ,5*(C7 +114-10* 

LOG10 (B13)-C10), NA) 
C15 $TR =IF(AND(COUNT (C2:C6) >0, COUNT(D2:D6)=0),.67*(C8 + 114-10’ 

LOG10 (B13)-C10), NA) 
C16 $TR =IF(AND(COUNT(C2:C6) >0, COUNT(D2:D6)=0),-1 14 +10*LOG10 

(B13), NA) 

In these formulas, all the variables are relative except for B5 and B13, 
which are constant. 

C17 $TR =IF (AND (COUNT (C2:C6) >0, COUNT (D2:D6) =0), C16+C10+C12, NA) 

All the variables in this formula are relative. 

Table 1 
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than business and finance. For example, 
they can be used to calculate receiver 
performance, one of the most tedious 
chores in designing receivers. 
A worksheet set-up for this purpose 

was designed with SuperCalc (version 
1.12) on an Osborne 1. Differences be¬ 
tween SuperCalc and other worksheet 
packages are so minor that the contents 
of this worksheet could be adapted eas¬ 
ily to the others. This article assumes that 
the prospective user has a working know¬ 
ledge of computer worksheets and of 
basic receiver design. 

This worksheet accepts the following 
data about each module of the string: 
1) A short label to identify each module 
2) The second order input intercept point 
of the module 
3) The third order input intercept point of 
the module 
4) The 1 dB compression point of the 
module 
5) The module gain 
6) The module noise figure 
7) The system operating bandwidth. 
Given these inputs, the following 

system characteristics are calculated: 
1) Cascaded second-order input intercept 
point 
2) Cascaded third-order input intercept 
point 
3) Cascaded 1 dB compression point 
4) Cascaded noise figure 
5) The noise takeover factor of the first 
element of the string 
6) Total gain 
7) Second order spurious-free dynamic 
range 
8) Third order spurious-free dynamic 
range 
9) Input noise floor 
10) Output noise floor. 

In the first six rows of the worksheet are 
cells that hold the necessary information 
to make receiver system calculations. A 
specific characteristic may be omitted, 
e.g. the second-order input intercept 
point, but if a characteristic is unused, all 
modules must have a nil (“blank” but not 
zero) value in that cell. Otherwise, an er¬ 
ror in recalculation will occur. Where cer¬ 
tain calculations are either meaningless 
or not possible an "N/A” appears. The 
worksheet also detects the first element 
of the string (last column of the work¬ 
sheet) and stops calculating values at that 
point. 
Worksheets generally calculate from 

left to right and from top to bottom. 
Therefore, the string of the receiver 
modules must be entered in reverse order 
on the worksheet, so the last module will 
appear first as one reads the worksheet 
from left to right. 

A B C D E F G 
1:NAME INITIAL Spltr Pad Mixer Fltr Amp 
2:IIP2 100.00 100.00 8.00 100.00 28.00 
3:IIP3 100.00 100.00 10.00 100.00 15.00 
4:COMP PT 100.00 100.00 .00 100.00 15.00 
5:GAIN -3.00 -9.00 -6.00 -.50 15.00 
6:NF 0 3.00 9.00 6.00 .50 
7:CIIP2 100 95.35 95.89 8.00 8.50 -6.66 
8:CIIP3 100 98.24 99.25 10.00 10.50 -4.55 
9:CCMP PT 100 98.24 99.25 .00 .50 -14.50 
10:CNF 3.00 12.00 18.00 18.50 8.24 
11 takeover N/A N/A N/A N/A 4.74 
12:T GAIN N/A N/A N/A N/A -3.50 
13:BW (MHz) 100.00 
14:DR2 N/A N/A N/A N/A 39.55 
15:DR3 N/A N/A N/A N/A 54.41 
16:IN N FLR N/A N/A N/A N/A -94.00 
17:OUT NFLR N/A N/A N/A N/A -89.26 

Table 2 — Sample Spreadsheet 

It =l1-20log[1+\4¡1gl/¡2] 
Cascaded Second Order Input Intercept Point 

I, = h-IOIogll+i^/y 
Cascaded Third Order Input Intercept Point 

CPt = CP^IOIoglI+g^p^cpJ 
Cascaded Compression Points 

Ft = F^IOIogJI+iVl^g,)] 
Cascaded Noise Figure 

DR2 = .5[IIP2+174-101ogBW-NF] 
Second Order Spurious Free Dynamic Range (Bandwidth in Hz) 

DR3 = .67[IIP3+174-101ogBW-NF] 
Third Order Spurious Free Dynamic Range (Bandwidth in Hz) 

Takeover — NFt—NFsyslem |ess 1st Stage+Gi 
Noise Figure Takeover 

(“g” is the numeric ratio for gain. All other lower case variables are expressed 
in units of milliwatts and all upper case variables are expressed 

in units of dB or dBm.) 

Table 3 
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CALL FOR PAPERS 

RF TECHNOLOGY EXPO 86 

January 30-February 1 
Hilton Hotel and Towers 

Anaheim, Calif. 

Proposals are now being accepted for papers 
to be presented at the second annual RF TECH¬ 
NOLOGY EXPO, the conference and exhibit for 
RF engineers sponsored by RF Design magazine. 
More than 60 papers are needed for the 3-day 
event. Presenters will receive free conference 
registration and a copy of the Proceedings. 

Papers dealing with practical, design-oriented 
information are preferred. They can be instruc¬ 
tional. aimed at new RF engineers and those 
working in unfamiliar fields, or more advanced 
analysis for senior engineers. Descriptions of 
new commercial products are acceptable if the 
presentation features a new design concept or 
a significant development of general interest. All 
papers should be about 30 to 40 minutes in 

length. 

Suggested topics include, but are not limited 
to, RF circuit design, design techniques, com¬ 
ponents, computer aided design, EMC/EMI, 
digital interfacing, component mounting, anten¬ 
nas and testing. 

Hurry to submit your proposal for a paper in 
outline form to James MacDonald. Editor of RF 
Design. The proposal should be ‘stated in one 
page and should specify what audio-visual aids 
and working materials would be needed for 
presentation. 

Your proposal must be received by July 26, 
1985. Selection of speakers and papers will be 
announced by August 30. 

James MacDonald R.F. Design 

6530 5. Yosemite St. Englewood, CO 80111 



Certain conditions must exist to 
initialize the calculations. An ideal noise 
figure, intercept point and compression 
point must appear at the receiver output. 
Column B holds these initializing condi¬ 
tions. A system performance bandwidth 
must be supplied by the user. This value 
is inserted into cell B1 3. Errors will occur 
if the system bandwidth is not supplied. 
Because of the Osborne 1’s screen 

size limitations, abbreviations are used 
here for each row name. These abbrevia¬ 
tions are: IIP2: Second-order input in- | 
tercept point in dBm; IIP3: Third-order in¬ 
put intercept point in dBm; COMPT PT: 
1 dB compression point in dBm; GAIN: | 
Module gain in dB; NF: Noise figure in 1 

dB; CIIP2: Cascaded second-order input 
intercept point in dBm; CIIP3: Cascaded 
third-order input intercept point in dBm; । 
CCMP PT: Cascaded 1 dB compression 
point in dBm; CNF: Cascaded noise fig¬ 
ure in dB; TAKEOVER: A dimensionless 
factor by which the first element of the 
string determines noise figure. (Values of 
7 or more mean that the first element 
greatly determines system noise figure); 
T GAIN: The total gain of the system in 
dB; BW (MHz): The second system oper¬ 
ating bandwidth in MHz; DR2: The sec¬ 
ond-order dynamic range in dB; DR3: The 
third-order dynamic range in dB; IN N 1 

FLR: Input noise floor of the system in 
dBm; OUT N FLR: Output noise floor of 
the system in dBm. 
When devices such as attenuators, 

isolators or other passive elements ap¬ 
pear in the string, their high intercept and 
compression points are approximated 
best by the value 100, unless it has been 
determined that the characteristic is not 
infinitely high and that there is some real 
limit less than 100 dB. Values higher than 
100 in this application seem to cause soft¬ 
ware problems and inaccuracies. 
The cascaded intercept points, noise 

figure and compression points are dis¬ 
played on the worksheet for every mod¬ 
ule. This way modules contributing to 
poor system performance can be identi¬ 
fied quickly. 

Formulas and cell formats are given in 
Table 1. The formulas and formats in col¬ 
umn C, once entered, are replicated to as 
many columns as the user needs. 
Whether variables in the formulas are 
relative or constant is shown in Table 1. 
A boiler plate file of 25 elements was 
made to eliminate replicating each for¬ 
mula in a new spreadsheet whenever a 
receiver is to be analyzed. 
An example of a completed analysis is 

given for the user to check his setup 
(Table 2). A format that has only two 
places past the decimal was used. For 

those desiring greater accuracy, the for¬ 
mat can be changed to suit particular 
applications. 
The advantage of worksheets is that 

they permit data and values to be 
changed simply and quickly. Although 
calculators relieve some of the burden in 
analyzing receivers, worksheets greatly 
speed up the iterative process that is in¬ 
variably required in receiver analysis. 

In SuperCalc the default format is left 
justification for text and right justification 
for numerics. 

Gregory Quinn is an RF engineer at 
HRB Singer, a defense electronic contrac¬ 
tor, in State College, Pennsylvania. Ad¬ 
dress correspondence to Mr. Quinn at 
HRB Singer, Dept. 118, P.O. Box 60, State 
College, PA 16804. □ 

Power line interference... 
if it can happen, Schaffner 
can simulate it. 
Schaffner’s NSG 200 Series of Power Line 
Fault Simulators can prepare your equipment 
for the worst. 
Designed-in protection is your best defense against power 
line interference. That’s the idea behind the NSG 200 
Series. By simulating power line interference that can affect 
your equipment, the NSG 200 allows you to determine, in 
the design stage what problems must be overcome. This 
way, you can design the solution right in. 

The NSG 200 Series can simulate: 
Brown-outs and dropouts 
DC line interruption 
Fast pulses 

» High energy pulses 

Medium energy pulses 
Data line interference 

• Interference bursts 
• Telephone system interference 

The efficient way to go 
Alternate solutions: surge arrestors or uninterruptible power 
systems... both are too costly and too late. Only a Schaffner 
simulator helps you anticipate the dangers and make appro¬ 
priate design changes before going on-line. For more 

information about the 
NSG 200 Series, and all 
three dimensions of 
Schaffner EMC, call or 
write today. 

SCHAFFNER 

• RFI Suppression Filters • EMC Test Equipment • Test and Application Services 
USA: Schaffner EMC, Inc., 825 Lehigh Ave., Union NJ 07083/(201) 851-0644 
Switzerland: Schaffner Elektronik AG, CH-4708 Luterbach, Switzerland/Telefon 065 4231 31 

INFO/CARD30 



rf digital connection 

Digital Signal Processing: 
The Digital Processor 
By Thomas Callaghan 
Watkins-Johnson Company 

A digital processor refers to any form of hardware and/or software that has 
been built and/or programmed to perform 
signal processing algorithms on the data 
output from the sampler/quantizer. This 
definition encompasses a broad range of 
computing power. For the purposes of this 
article, we will concentrate on those pro¬ 
cessor architectures that lend themselves 
to signal processing and on the basic 
structures used in determining the pro¬ 
cessors) configuration. 

Basically a digital processor should be 
modular in design; i.e., the processor, by 
itself, is capable of such rudimentary 
tasks as addition, subtraction, multiplica¬ 
tion, memory transfers, and I/O transfers. 
Additional support, such as direct inter¬ 
face to A/D and D/A converters and the 
capability of working with blocks of data, 
would also be helpful. Although it is not 
expected to have all of these capabilities, 
the processor should still perform what¬ 
ever capabilities it does have without out¬ 
side support. In this way, when a simple 
task needs to be executed, only one 
module is used. As the task becomes 
more complicated, processor modules 
can be added to handle the extra load. In¬ 
deed, most applications in signal process¬ 
ing lend themselves readily to this 
modularity. Each application can be 
broken down into several smaller al¬ 
gorithms that can be further decomposed 
into simpler tasks. 

Multiple processors can be implement¬ 
ed using two basic approaches, a parallel 
structure or a sequential structure. A 
parallel structure is defined by Tewksbury, 
et al,1 as being the concurrent execution 

Figure 1. Parallel Processor Structure 

of several functional operations using a 
number of distinct functional modules 
under the coordination of a common con¬ 
trol structure. A sequential structure, on 
the other hand, sequentially executes all 
the functional operations of the algorithm 
in a single functional module. One could 
go on to say that a sequential structure 
could have several modules, but one 
module cannot begin processing until the 
one preceding it is finished. 

Parallel Structures 
A parallel structure is shown in Figure 

1. Each processor receives its data from 
a shared input source. Each processor 
then sends its processed data to a shared 
output. Using this type of structure, the 
functional operation speed can be in¬ 
creased by dividing the data processing 
over a greater number of processing 
modules. However, there is a point of 
diminishing returns for additional pro¬ 

cessors due to the increased complexity 
of the control structure. 
Another advantage of a parallel struc¬ 

ture is that each processor module can 
be composed of an efficient functional 
unit with limited capabilities. This does, 
however, deviate from the strict definition 
of modularity and allows fewer common 
tasks, such as multiplication, to be han¬ 
dled by processors especially designed 
for the functional task. Other general pur¬ 
pose processors can then handle some 
of the more common tasks; i.e., overflow 
detection, or be reprogrammed to handle 
different tasks. In this way overall data pro¬ 
cessing speed can be increased for the 
structure by allowing each processor to 
handle the tasks for which it is best suited. 
One of the disadvantages of parallel 

structures is that their control structures 
can be quite complex. Since each module 
is operating at a different throughput, tim¬ 
ing of all the functions becomes another 
critical area. For both of these reasons, 
hardware design and, consequently, pro¬ 
gramming become difficult. 

Sequential Structures 
A sequential processor is shown in 

Figure 2. The first processor in the se¬ 
quence receives the incoming data. The 
first processor performs its assigned tasks 
on the data and passes along this new 
data to the next stage. The process con¬ 
tinues as each processor performs its 
specific tasks until the final data output 
is reached. It is not necessary that each 
processor work on all the incoming data. 
It could just pass some of the data 
through to the next stage. The next stage’s 

Figure 2. Sequential Processor Structure 
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processor, however, would wait until it 
received all of the data from the previous 
stage before it started pro¬ 
cessing. 
The added delay caused by each stage 

waiting for the previous stage to finish pro¬ 
cessing is one of the sequential struc¬ 
ture’s disadvantages. This same delay 
also produces one of the advantages; it 
simplifies controller design. The controller 
does not have to keep track of data that 
is earmarked for a particular stage. At 
each stage, all of the data is passed along 
at once. A simpler controller allows more 
efficient, more straightforward hardware 
designs. Consequently, sequential struc¬ 
tures are easier to program. 

Parallel vs Sequential 
Ultimately, the choice between parallel 

or sequential structuring depends great¬ 
ly on how well a particular signal process¬ 
ing algorithm lends itself to one or the 
other. Indeed, some algorithms may incor¬ 
porate both. Another design consideration 
would involve a trade-off of hardware/soft-
ware cost and complexity to that of speed. 
If speed is not a prime consideration, the 
less expensive, easier hardware designs 
of the sequential processor would be 
preferred. 

Information Extraction 
The final end product of any form of 

signal processing, analog or digital, is the 
extraction of information from the input 
signal. The information can be a break¬ 
down of the signal into its frequency com¬ 

ponents for signal analysis. The informa¬ 
tion could also be the altering of the 
signal’s spectrum, as in filtering. It can be 
the intelligence content of the signal, as 
in detection. Whatever the reason for 
signal processing, the end product is as 
varied as the system designers who try 
to make use of it. 

Why Use DSP 
The number one force driving the push 

into DSP is cost. Using Fast Fourier 
Transform (FFT), signal analysis can now 
be performed at a substantially lower cost 
than that encountered using swept banks 
of analog filters. Once digitized, the power 
of analysis begins. Algorithms are being 
developed that can determine the type of 
modulation being used, phase detection, 
direction finding and digital demodula¬ 
tion. 
The number one force preventing the 

acceptance of DSP is also cost. The cost 
of a couple of op-amps, some resistors 
and capacitors for a simple two pole ac¬ 
tive analog filter is only a few dollars, com¬ 
pared to a few hundred dollars for digital 
multipliers, memories and support pro¬ 
cessing for a digital filter. Of course, if the 
processor can be time-shared among 
many modules, the cost factor depreci¬ 
ates. For one two-pole filter, there is a big 
difference in cost; for a hundred two-pole 
filters, the analog version increases one 
hundred fold, whereas the digital increase 
is negligible. The digital version uses the 
same hardware plus a few other com¬ 

ponents to multiplex the data and 
processor. 
Another consideration in DSP is the 

stability of digital parts. Once coefficients 
are computed for a filter, they will not drift 
over time nor change with temperature. 
This allows sharp cutoffs in filters to be 
realized using digital processing. Further¬ 
more, provided the hardware is set up pro¬ 
perly, a simple change in software will turn 
an FFT unit into a bandpass HR filter. 
Another change will result in a lowpass 
filter. Thus, digital components are very 
versatile. 

Perhaps the greatest advantage of DSP 
is performance. A digital signal monitor 
can achieve a much finer resolution at a 
faster scan rate than an analog version. 
The cutoff frequency of filters can be more 
precisely tuned and show a steeper roll¬ 
off than analog filters. 

Finally, many communications are be¬ 
ing done in a digital format, for example, 
T1 standards of the Bell system. With this 
digital format, analog signal processing 
becomes the expensive option. 
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rfi/emj corner 

Line Impedance 
Stabilization Networks: 
Theory and Use 

By Mark Nave 

The use of Line Impedance Stabiliza¬ 
tion Networks (LISNs) to measure the 

effects of filters on conducted emissions 
(CE) is specified in most major specs, in¬ 
cluding FCC, VDE, CISPR, MIL-STD-461 
and others. While real-life conducted 
emissions measurements and filter per¬ 
formance may vary considerably from test 
conditions, some common reference and 
testing standard is necessary. LISNs 
allow test faciliities to obtain results with 
greater consistency and repeatability. 
This article discusses methods for 
analyzing common-mode and differential¬ 
mode noise and examines the effects of 
the LISN on CE measurements. 
Conducted emissions are an important, 

but often misconceived electromagnetic 
interference (EMI) phenomenon. In addi¬ 
tion to conducted interference, power 
leads can act as unintentional antennas, 
radiating due to CE or receiving noise 
from the electrical ambient. Proper filter¬ 
ing of the leads to and from the equip¬ 
ment is essential to control this phen¬ 
omenon. A filter’s effectiveness is de¬ 
pendent on an impedance mismatch to 
both the power source (power mains) and 
load impedances. Figure 1 shows the 
statistical distribution of mains impedance 
with its approximate 40 dB variation. Also 
depicted is the variation of impedance 
with frequency and the ~ 50 Q centroid 
behavior of the mean. 

Noise Types 
There are three basic noise types 

present on power buses: Differential 
Mode (DM) and Common Mode (CM) 
Types I and II. Differential-mode noise is 
the simplest kind of noise. It occurs be¬ 
tween the leads of the intentional current 
path (phase-neutral or phase-phase). 

Figure 1. Absolute Mains Impedance 
(CM or DM) of Power Networks 

Reproduced with permission of Interference Control 
Technologies, Inc., Gainesville, Va. 

Typical sources of differential-mode noise 
are switching transients and motors. 
Common-mode Type I noise occurs 

when the noise source is between safety 
ground and the phases, including neutral. 
Common-mode Type II noise occurs 
when the noise source is between earth 
ground and all phases, including neutral, 
and safety ground wire. 

Measurement Variation 
Figure 1 illustrates the approximate 40 

dB variation of the mains impedance, 
which can result in up to a 40 dB varia¬ 
tion in the measured value of the CE. This 
effect can be understood by analyzing the 
interaction of the bus and the source 
under the assumption that the noise fre¬ 
quency is in the constant (50 Q) region. 
Let the bus impedance (Zb) vary by a 
ratio, X, 0.1<x<1 0, so that Zb=x50Q. The 
measured voltage, Vm, is the result of 
voltage division across the internal im¬ 
pedance of the source, Z’, and the bus 
impedance, Zb. The expected measured 
voltage (x=1) is: 

54 

The voltage measured under varying bus 
impedance (x^1) is: 

The normalized variation of the measured 
voltage then becomes: 

V’m _ x50+xZ’ 
Vm X50+Z’ 

For a low impedance noise source, as 
Z’ becomes small with respect to 50 Q, 
the normalized variation approaches 
unity. This means that the varying bus im¬ 
pedance has little effect on the measured 
voltage. However, for a high impedance 
source, as Z’ becomes large with respect 

Reproduced with permission of Interference Control 
Technologies, Inc., Gainesville, Va. 
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Some Questions You 
Should Ask Your EMI/RFI 
Test Equipment Supplier 

How long has your company 
been in the EMI/RFI Testing 
Equipment business? 
The Electro-Mechanics Company has 
been designing and manufacturing 
EMI/RFI Test Accessories for over 25 
years. 
We began with Magnetic Field 

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

What exactly is your major 
product line? 
EMCO's primary business is Test 
Antennas for use in Emissions and 
Immunity (Susceptibility) Testing as 
required for MIL Standard, FCC, VDE, 
and CISPR Test Procedures. 

Typical Military Antennas for Radi¬ 
ated Immunity (RS) and Emissions 
(RE) Testing cover the frequency 
ranges from 30 Hz to 18 GHz, and are 
noted in MIL STD 462, Notice 3, Table 
1. EMCO currently manufactúres 
Magnetic Field Loops, the 41" Rod 
Antenna. Parallel Strip Line, both 

Biconical Anten¬ 
nas. the Conical 
Log Spirals and 
the Double 
Ridged Guide An¬ 
tennas shown on 
this table. 

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

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

One last differ¬ 
ence and maybe 
the most impor¬ 
tant, is EMCO's 
continual Product 

For Conducted 
Emissions Testing, 
EMCO manufac¬ 
tures Line Imped¬ 
ance Stabiliza¬ 

tion Networks to satisfy FCC and 
VDE requirements. Our unique design 
allows production of as many as 4 
separate lines (three phase) in one 
unit. 
Other Related 

Equipment in¬ 
clude: Signal Re¬ 
jection Networks. 
Acceptance Net¬ 
works, Magnetic 
Field Intensity 
Meters, Magne¬ 

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

What other Test Equipment and 
Accessories do you offer? 

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

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

tometers and Helmholtz Coil 
Systems. 

Why should my company buy 
your EMI/RFI Test Equipment? 
The Electro-Mechanics Company is 
more than just another manufacturer. 
We realize that in order to grow and 
help improve EMI/RFI Testing we 
must constantly forge ahead ... not 
live in the past. 
As the FCC moves toward better 

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

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

If you have more questions and are looking for Helpful Answers, Call us at (512) 835-4684. 

The Electro-Mechanics Company 
RO. Box 1546/Austin, Texas 78767/Telex 767187 
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FUNCTIONAL SCHEMATIC OF LISN 

(Mam* Side) (Load Side) 

a) Simplified Schematic of an LISN 

b) Simplified Schematic for Calculating z, 

Figure 3a and 3b. 
Functional Schematic of LISN 

Reproduced with permission of Interference Control 
Technologies. Inc., Gainesville, Va. 

to 50 Q, the normalized variation ap¬ 
proaches X- The worst case variation, 
then, is: 

= -12_=1 00, or 40 dB. 
Xi 0.1 

Such a wide variation in measurements 
renders the data virtually useless! For this 
very reason, the LISN for AC mains was 
developed. 

nected between phase to ground and 
neutral to ground. Figure 4 shows a prac¬ 
tical single phase test set-up. Figure 4a 
is drawn to emphasize the effects of a 
LISN on CM Type I noise. At high fre¬ 
quencies the inductor is a virtual open cir¬ 
cuit while the capacitor is a virtual short 
circuit. The high frequency equivalent cir¬ 
cuit is shown in Figure 4b. The im¬ 
pedance of the two LISNs combine in 
parallel to present a 25 Q impedance to 
the noise source. 

With DM noise, the situation is al¬ 
together different. Figure 4c shows the 
single phase set-up redrawn to empha¬ 
size the effects of a LISN on DM noise. 
Under the high frequency assumptions, 
the equivalent circuit shown in Figure 4d 
results. For DM noise, the LISNs combine 
in series to present a 100 Q impedance 
to the noise source. Use of the 50 Q LISN 
has caused an unexpected impedance 
when used in a practical circuit, and the 
situation becomes worse with a three 
phase circuit. 

PRACTICAL SINGLE PHASE TEST SET-UP 

DIFFERENTIATING BETWEEN 
DM AND CM CURRENTS 

-- -r-

a) Configuration to Measure CM Current 

b) Configuration to Measure DM Current 

Figure 5. Differentiation Between 
DM and CM Currents 

Schematic Concept 
A LISN’s purpose is to provide a 

stabilized impedance to conducted emis¬ 
sions without interfering with the normal 
power flow required by the Equipment 
Under Test (EUT). A conceptual schem¬ 
atic of the generator, LISN and load is 
shown in Figure 2. 

At the power line frequency fp, the 
LISN shown in Figure 2 provides a low im¬ 
pedance path from the power source to 
the load impedance Z, and a high im¬ 
pedance path (virtual open circuit) from 
the load to the ground. At the noise fre¬ 
quency, fn(fn»fp), the LISN provides a 
high impedance path from the power 
source to the load, and it provides an im¬ 
pedance approaching 50 ohms at high 
frequencies from the load to ground. The 
high impedance, low frequency impe¬ 
dance is provided by a capacitor to 
ground. The 50Q impedance to ground 
("R” in Figure 3) is actually the input im¬ 
pedance of the spectrum analyzer or EMI 
meter used to measure the noise. All 
LISN output ports must be terminated in 
a 50 Q impedance, either by meter input 
impedance or by a 50Q dummy load. 
Figure 2c shows this, whereby the LISN 
provides a stable impedance to the load 
and eliminates the effects of the varying 
mains impedance at noise frequencies. 

a) Single Phase CM Type I 

b) CM Type I High Frequency Equivalent Circuit 

Figure 4a and 4b. 
Practical Single Phase Test Set-Up 

Power LISN Single Ph«»e (Wye) Load 
Source with CM Type I Noise Source 

c) Single Phase DM Noise 

LISN s Noise Source 

Single Phase Test Set Up 
In order to provide impedance stabiliza¬ 

tion for both DM and CM, the LISN is con¬ 

d) CM Type I High Frequency Equivalent Circuit 

Figure 4c and 4d. 
Practical Single Phase Test Set-Up 

Reproduced with permission of Interference Control 
Technologies, Inc., Gainesville, Va. 
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Reproduced with permission of Interference Control 
Technologies, Inc., Gainesville, Va. 

Measurement Techniques 
The most common method of measur¬ 

ing the value of the conducted emissions 
with a LISN is with an EMI meter or a 
spectrum analyzer. Either of these will 
give the sum of the CM and DM emis¬ 
sions. Although this is usually the method 
called for in specifications, it provides no 
information as to whether the emissions 
are CM or DM! 
The current probe makes it possible to 

differentiate between CM and DM. The 
theory is that the sum of the instan¬ 
taneous currents at a point on a trans¬ 
mission line equals zero. Proper selection 
of the lines to sum (to put inside the cur¬ 
rent probe) will allow use of this principle. 
The application is to cancel out the DM 
currents to determine CM currents, and 
vice versa. Figure 5a shows how to use 
the probe so that the DM currents sum 
to zero and twice the CM current is meas¬ 
ured. Figure 5b shows how the CM cur¬ 
rents cancel and the DM currents are 
measured. 
The LISN may also be used for suscep¬ 

tibility testing. If the impedance of the 
power mains is too low, injecting a signal 
of a given level may prove difficult 
because of the loading effect on the 
signal generator. This condition may be 
alleviated by using the LISN in the same 
configuration as that used for testing, ex¬ 
cept that the signal is injected into the 
LISN “output” port (now used as an 
input). S 

Mark Nave can be reached at 8270 Ver¬ 
non St., Manassas, VA 22110. 
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CONTINUOUSLY 
VARIABLE 
ATTENUATOR 

rf product of The month 

DC TO 4.2GHz 
0-10 dB/ 0-20 dB 
SMA Type or Type N 
Connectors 

Calibration 
Frequency/Accuracy: 

2 GHz: ±0.2 dB @ 
23°C, includes 
resetability 

An RF Preselector 
for EMI Measurement 

Phase Shift With 
Change In Attenuation: 

1° per dB x f(GHz) 
max (nearly linear 
with frequency) 

Direct Reading Scale 
Calibration: 

2.0 GHz 

Low Minimum 
Insertion Loss: 

0.7 dB to 2 GHz 
1.0 dB to 4.2 GHz 

Maximum VSWR 
(input and output): 

1.15 + 0.15 x f(GHz) 

Environmentalized: 
Protected against 
humidity, salt spray, 
sand, dust, shock 
and vibration. 

WEINSCHEL 
ENGINEERING 

One Weinschel Lane 
Gaithersburg, MD 20877 
(301) 948-3434 
Telex: ITT440702 
or WU89-8352 
800-638-2048 

MODEL 
910 

C-54 

The HP 85685A RF Preselector is de¬ 
signed to be used with an HP Spec¬ 

trum Analyzer and Quasi-Peak Adapter 
for EMI testing. The combination pro¬ 
duces an EMI receiver with the character¬ 
istics recommended in CISPR publication 
16. The RF Preselector provides the sen¬ 
sitivity and overload protection needed for 
FCC and VDE radiated emission testing 
at open sites. For commercial and MIL-
STD conducted EMI tests the low fre¬ 
quency input tolerates large impulses and 
Line Impedance Stabilization Network 
(LISN) transients. 
A built-in calibrator ensures ±2 dB 

absolute-amplitude accuracy, as required 
by the FCC and VDE. For measurement 
confidence a linearity check tests for 
system overload and distortion. To pre¬ 
vent overload from high-level ambient 
signals at +107 dB^V/m, a spectrum 
analyzer needs input attenuation. How¬ 
ever, this increases displayed noise, 
which can mask the low-level emissions. 
The RF Preselector eliminates the need 
for adding attenuation. The noise of the 
spectrum analyzer alone exceeds the 
VDE limit, but the spectrum analyzer/test 
receiver noise is more than 10 dB below 
the lowest limit. 
The RF Preselector enhances the 

spectrum analyzer with tracking filters 
and preamplifiers that cover the 20 Hz to 
2 GHz range. The spectrum analyzer/test 
receiver is sensitive to low-level signals 
while providing overload protection from 
out-of-band signals. The result, in the 
presence of broadband interference, is a 
measurement range 30 dB greater than 
that of the spectrum analyzer alone. 
The test receiver is easy to operate. 

The operator simply uses the spectrum 
analyzer controls without concern for 
preselector settings. The preselector 
automatically adjusts input-filter tracking, 
and the spectrum analyzer reports pre¬ 

selector operating conditions on the 
display. For remote operation with a com¬ 
puter the receiver system is fully HP-IB 
programmable. 
Used for signal monitoring, the RF 

Preselector improves signal reception for 
the broadband signal environment of a 
mobile test station. In the 150-170 MHz 
Business Band, the preselector reduces 
interference from radio and TV broadcast 
stations and amateur radios. For the 
800-900 MHz Cellular Band, the spec¬ 
trum analyzer/test receiver makes field 
strength measurements on cellular base¬ 
station transmitters while the preselector 
filter rejects interference from cellular 
mobile transmitters. 
The test receiver can achieve the same 

measurement range as the spectrum an¬ 
alyzer alone with a wide-resolution band¬ 
width, which allows a faster sweep time. 
For example, to measure spurious signals 
over a 1 GHz frequency range at -100 dBc 
relative to the transmitter carrier, a spec¬ 
trum analyzer itself needs 3000 seconds, 
but when configured as a test receiver it 
requires only three seconds. EJ 
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rf products 

Frequency Synthesizer 
The new PTS 160 J/K synthesizer 

features table-look-up (TLU) synthesis and 
steady-phase-switching (SPC) and covers 
0.1-160 MHz. These characteristics are 
needed for certain critical applications but 
they were available in the past at premium 
cost only. New PTS technology has led to 
a performance-to-price break-thru in this 

area. The 1 Hz resolution version (J) has 
manual-remote, oven frequency standard, 
55 dB spurious output. The 0.1 Hz resolu¬ 
tion version (K) has manual-remote, oven 
frequency standard, 75 dB spurious out¬ 
put Program Test Sources, Littleton, 
Mass., INFO/CARD #176. 

21.4 MHz Crystal 
Discriminator Series 

Piezo Filters announces the availablity 
of a new line of 21.4 MHz crystal dis¬ 
criminators. Piezo's discriminators are 
particularly well suited for use in such 
communications systems as FM demodu¬ 
lators. Less than one cubic inch in size, 
with no power supply requirements, the 
Piezo discriminators are ideal in portable 
and airborne applications. Piezo Filters, 
Carlisle, Penn., INFO/CARD #174. 

FET-Based Switcher Power Supply 
Kepco, Inc. introduces the newest 

member of its popular “MRM” power 
supply family, budget priced, “frameless,” 
multi-output power supplies. The new¬ 
comer, Model MRM 250KV, is a 4-output, 
60 watt switcher using an economical 
flyback circuit with a power FET. The 
MRM 250KV has been approved to I EC 
380 and VDE 0806 by TUV Rheinland 
and boasts an on-board EMI filter to meet 
the conducted noise requirements of VDE 
and FCC (Class B). A feature of the de¬ 
sign is a custom hybrid microcircuit com¬ 
posed of surface-mount components on 
a ceramic substrate. Kepco, Inc. 
Flushing, N.Y., INFO/CARD #175. 

Dual 125 MHz Digital Oscilloscope 
The LeCroy 9400 Dual 125 MHz Digital 

Oscilloscope combines the advantages of 
an oscilloscope and a transient recorder 
in an easy-to-use and portable (30 lb/14 
kg) instrument. It includes all the control, 
display and analysis functions required by 
demanding applications. In addition, the 
LeCroy 9400 features complete program¬ 
mability and extensive interfacing options 
for remote control and computer archiv¬ 
ing. This highly sophisticated tool will find 
wide use in such diversified applications 
as electronic engineering, physics re¬ 
search, test and measurement automa¬ 
tion, telecommunications, electromag¬ 
netic pulse and interference measure¬ 
ments, laser-radar and ultrasonic related 
research. LeCroy Research Systems 
Corp., Spring Valley, N.Y., please circle 
INFO/CARD #172. 

Commercial Metal Film Resistor 
The CCF-50, a compact new metal film 

resistor from Dale Electronics, Inc., pro¬ 
vides designers with 1A watt (at 70°C) in 
the same size as conventional ’/8 watt 
resistors. Now available from stock, the 
new commercial grade resistor has .020” 
leads that make it suitable for automatic 
insertion. It has a tolerance of ±1% over 
a resistance range of 10 ohms to 1 meg¬ 
ohm. Resistance temperature coefficient 
is ±100 PPM/°C over the operating 
temperature range of -65°C to +165°C. 
Maximum working voltage is 200 volts 
RMS. The CCF-50 is color-banded and is 

available on tape and reel packaging (EIA 
standard RS-296-D, class 1) with 5,000 
pieces per reel. Dale Electronics, Inc. 
Columbus, Nebr., INFO/CARD #171. 

Come to the established leader in quality 
MICROWAVE COMPONENTS 

needs. . . In stock¬ 
ready to ship. 

226-9100 

Waveguide 
Directional Directional Couplers 

1.7-50 GHz 
Attenuators« Adapters« Switches • Horns« Shorts« Loads 

« 
Elbows, Twists & Straight Sections 

At WAVELINE, "Quality'' is designed into every component—from 
special materials, to exacting manufacturing controls, all in 
stock, ready to ship. If your need is for "specials", WAVELINE’S 
37 years of experience designing custom microwave components 
can work for you. Call WAVELINE for a wide variety of reliable 
Microwave Components. . at competitive prices, .in the 
quantities you need . instock ready to ship. 
WAVELINE also designs and manufactures DOUBLE-RIDGE 
Waveguide Components. Contact factory for more Information. 

CALL OR WRITE FOR CATALOG (201)226-9100 

waveline 
WAVELINE INC., P.O.Box718 West Caldwell. NJ 07006 

IN STOCK...READY TO SHIP 
INFO/CARD 35 



YOUR MAGNETIC SHIELDING A 
PROBLEMS END HERE 
Save tooling costs—Ad-Vance already owns tooling for 
most standard shields. Our problem solving magnetic 
shielding specialists will adapt or custom design exactly ] 
what you need. 

• Magnetic shields for 324 types of PM tubes 

• AD-MU sheet stock 
• AD-MU protective coses sssure full fidelity of valuable toped dote A0.MU foj|g cu| wrap eas||y qujck|y

• Helpful engineering & design service 
• Painstaking In-house quality control. 

Now—4 decades of magnetic shielding leadership 
Your magnetic shielding problems end here 
at Ad-Vance. 

products Continued 
VHF/UHF Antenna 

Interad Ltd. announces the introduction 
of Model 5002 VHF/UHF Discone Anten¬ 
na. The 5002 ruggedized antenna covers 
the frequency range of 100 to 400 MHz, 

'Ml 

£ AD-lfcÑCE 

Completely modern mfg facilities ’ ■ 

"fit'll 

Typical fabricated shields 
for components and 

systems 

Gives major designing 
procunng guidelines, 2/3 of 
84-page book contains val¬ 
uable technical/engineer-
mg information about the 
entire magnetic shielding 
field; 1/3 is catalog data 
Yours for the asking. 

AD-VANCE MAGNETICS, INC. 
AD-Vance Shielding: The "Nickel's" Worth 
625 Monroe Street. Rochester, Indiana 46975 

(219)223-3158 TWX 810-290-0294 
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with vertical polarization, 1.8 dBi nominal 
gain, 50 ohm impedance and 1.8:1 max¬ 
imum VSWR. Interad Ltd., Gaithers¬ 
burg, Md., INFO/CARD #168. 

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 

The New, Dynamic 

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

In California call (213) 820-1234 

Dual Linear Bar Graph Displays 
Dale Electronics is now producing a 

versatile family of dual linear bar graph 
displays using flat panel plasma technol¬ 
ogy. The new displays are designed for 
use in a wide range of process control, 
meter, depth, level and analog indicator 
applications. Currently, four models are 
available in the Dale bar graph display 

, family. All offer excellent visibility by com-
I bining a wide viewing angle (120°), good 
I light output (60-70 foot lamberts) and a 

pleasing, neon orange color. Internally, 

the displays use the proven “glow 
transfer” technique which minimizes the 
number of drivers needed to operate the 
two channels. Three of the four new 
displays (models PBG-12201, 12203 and 
16101) require only six active drivers to 
operate both channels. The remaining 
model (PBG-12205) requires eight. De¬ 
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pending on the model chosen, Dale bar 
graph displays can be specified with 101, 
201 or 203 elements per bar. Dale Elec¬ 
tronics, Inc., Columbus, Nebr., please 
circle INFO/CARD #167. 

RF Power Source 
A new solid state RF power source for 

plasma use provides 600 watts of CW out¬ 
put power at 13.56 MHz. The PS 600 is 
capable of local and remote operation and 
has a bidirectional digital power indicator 
to monitor both forward and reflected 
power. Amplifier status indicators and 
remote control lines can be accessed via 
rear panel connections. The PS 600 
power protect system allows maximum 
power to be safely delivered into any load 
VSWR. Cooling power supply options are 
available. American Microwave Tech¬ 
nology, Inc., Fullerton, Calif., please 
circle INFO/CARD #166. 

Pushbutton Switch Series 
ITT Schadow introduces the FML 

switch series. The FML features a com¬ 
plete new family of buttons and bezels 
that give these pushbutton switches a 
sleek, high-tech front panel appearance. 

The FML Series buttons can be used with 
any of ITT Schadow’s LT, F and F power 
switches. The FML Series offers a wide 
variety of behind the panel options, such 
as 2 PDT through 6 PDT, switching from 
10 mA at 5 Vdc through 15 amp, % HP, 
with front panel mounting. ITT Schadow 
Inc., Eden Prairie, Minn., please circle 
INFO/CARD #165. 

Miniature Dielectric 
Resonator Oscillator 

E.S.C. 206-41 is a miniature high stabili¬ 
ty 13 GHz dielectric resonator oscillator 
with 10 mW of output power. Size of the 
unit (excluding connectors) is .8 x 1.2 x 
1.4 inches. Temperature stability is better 
than 1 PPM/°C. This unit features high 

connectors 

BNCFNUHF 
Adaptors 

Commercial Grade 

High Quality 

Fast Delivery 
Low Cost 

Itlorld Business Corporation 

^oll Trie 
1-800-824-0122 
for Quote/Catalog 

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

Order Desk 

(213)328-6871 
In California 
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COING 
STRONG 
ON 

TERMINATIONS 

STRONG ON 
RELIABILITY 

Acrian is the market leader 
because we offer you the 
broadest range of high 

reliability terminations and 
other passive components for 
power amplifier applications. 
We've applied the latest thin-
film technology for increased 
power dissipation (30-300W) 
and reliable high temperature 
operation. At 250° C, Acrian 
terminations have the highest 
temperature derating in the 

industry. Our microwave 
package construction yields 
VSWRs of 1.25:1 up to 4 GHz 
with no resonant loops. 100% 
tested and guaranteed to 

specifications. 

strong on delivery 
Look to Acrian for off-the-

shelf delivery when you need 
it, through the nationwide 

distribution services of 
Richardson Electronics. 

Call toll-free: 800-645-2322. 
Locally 516-536-8868. 

COING THE DISTANCE 

iIKcrian 
490 Race Street 

San Jose, Ca 95126 
408/294-4200 
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ff products Continued 
resolution mechanical tuning, internal 
voltage regulator and RFI shielding. 
Power required is +15 V de at 50 mA and 
weighs less than 2 oz. Electronics 
Surveillance Components, Inc., Palo 
Alto, Calif., INFO/CARD #164. 

10 Watt Attenuators 
New 10 watt attenuators from EMC 

Technology, Inc. provide attenuation val¬ 
ues from 10 to 60 dB in 1 dB steps 
through frequencies up to 6 GHz. The 
new attenuator will prove useful to the 
microwave engineer who requires 
medium average power dissipation and 
precise attenuation characteristics. 
Available with male and female SMA con¬ 
nectors for input and output, the new at-

depend 
on High gain. High power, ■ _ j_e_ 

tenuator is only 2V2” long x V2” diameter 
to be accommodated in small packages. 
The unique body configuration provides 
superior heat transfer qualities which 
enable the attenuator to perform well 
without exhibiting any electrical break¬ 
down. EMC Technology, Inc., Cherry 
Hills, N.J., INFO/CARD #163. 

Package Features 2465 DVS Scope, 
TEK EZ-Test Software 
A new measurement package, the 

MP2903, is designed for users needing 
fast implementation of an automated port¬ 
able oscilloscope measurement system. 
It includes an enhanced version of the in¬ 
dustry standard Tektronix 2465 DVS 
scope, the powerful MC68000-based 
4041 System Controller and a 4105 Color 
Display Terminal. Standard with the new 
measurement package is TEK EZ-TEST 
Software, a test program generator. The 
MP2903 Measurement Package is also 
available in a number of alternate con¬ 
figurations. Upgrades are available with 
a number of attractively priced options, in¬ 
cluding higher performance color 
graphics terminals. Tektronix Corp., Van¬ 
couver, Wash., INFO/CARD #162. 

RF Shielded Enclosure 
The MODPAK packaging system is a 

unique RF shielded enclosure that pro¬ 
vides easy access to both sides of the PC 
board, quick board installation and ex¬ 
cellent RF shielding. Twenty-six standard 

62 

IR's Wide Selection of 
Broadband Power Amplifiers 
include: 

•MODEL M406P 
This combination pulse/cw 
broadband amplifier provides R.F. 
output of 1000 watts cw into a 50 
ohm load over the frequency range 
of 10KHz to 220 MHz; and a pulsed 
output ÿf up to 4000 watts over the 
same frequency range. 
•MODEL 5300 
This self-contained, ultrabroadband 
amplifier provides instantaneous 
band width of 10 KHz to 250 MHz 
minimum. The electronic gain 
control (of 40 dB minimum) has 
front panel adjustment. Other IFI 
features include a remote detector 
input and an automatic leveling 
system for constant output. Other 
models are available with coverage 
of up to 500 MHz. 

•MODEL 1600 
This Class A, solid state amplifier 
incorporates IFI's proprietary 
broadband techniques to provide 
instantaneous bandwidth over a 
frequency range of 500 KHz to 30 
MHz. Rated for 130 watts of 
continuous RF output, this amplifier 
is unconditionally stable, with full 
protection against damage to 
internal circuitry and power supply. 
•No tuning or bandswitching 
•Fully protected 
•Rugged commercial construction 
•System compatible, modular 

"Now you know why we say 
'Depend on IFI’" 
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INSTRUMENTS 
FOR INDUSTRY, INC. 
151 Toledo Street 
Farmingdale, N.Y. 11735 
(516) 694 1414 

MODPAK boxes come complete and 
ready to use with everything you need 
from screws to connectors, even blank 
labels for unit identification. Adams-Rus¬ 
sell, Burlington, Mass., please circle 
INFO/CARD #161. 

Switching Power Supplies 
NCR has announced the immediate 

availability of a four-output, 175-watt unit. 
With a 50 kHz switching frequency and 
built-in brownout protection, the system is 
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ideally suited for use in computer, com¬ 
puter peripheral and other office equip¬ 
ment applications. At outputs one through 
three load regulation is ±.4°/o across the 
no-load to full-load range. At output four 
the load is regulated ±4% over the same 
range. The unit reliability exceeds 78,000 
hours MTBF on a demonstrated basis. 
The 175-watt, four-output unit meets every 
applicable EMI and safety requirement 
set by UL, FCC, CSA, VDE (TUV) and 
IEC. NCR, Lake Mary, Fla., please cir¬ 
cle INFO/CARD #160. 

Binary Coded DIP Switches 
Japan Aviation Electronics Industry, 

Ltd. has introduced the 41J and 42J 
Series of Binary Coded Rotary DIP 
switches. Ideal for programming elec¬ 
tronic equipment, the economical and 
space-saving switches are designed to 
replace traditional DIP switches where 
logic line switching is required. The 
¿1J/42J rotary DIP switches eliminate the 
need to actuate multiple rockers to 
achieve the desired output. With the 41J/ 
42J Series, simply set the desired binary 
number and the appropriate terminals will 
automatically be closed internally — 

greatly reducing the margin of error for 
setting. The 41J/42J Series DIP switches 
are available with binary 10-position and 
hexadecimal 16-position codes. Comple¬ 
ment code is also available. Zemco, San¬ 
ta Ana, Calif. INFO/CARD #125. 

Miniature High Power Filters 
Miniature high power filters are now 

available from Wavetek Indiana's RF & 
Microwave Components Department. The 
latest advanced design techniques incor¬ 
porated in this new series provide high 
power handling capability in small light¬ 
weight packages. Miniature high power 
filters are available in lowpass and band¬ 
pass configurations. The power handling 
capabilities of these filters are up to 100 
watts CW. This high power performance 
is offered for application in the 50 MHz 
to 1000 MHz frequency range. Wavetek 
Indiana, Inc., Beech Grove, Ind., please 
circle INFO/CARD #128. 

Plug-In Housings 
A series of durable, lightweight plug-in 

housings used to protect relays, filter net-

SUBMINIATURE 

COAXIAL 
CONNECTORS 

SMA, SMB, SMC 
Send for FREE Catalog 

Applied Engineering Products 
1475 Whalley Avenue 
P.O Box A-D Amity Station, New Haven. CT 06525 
(203)387-5282 TWX: 710-465-1 173 
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COING 
STRONG 
ON 

ATTENUATORS 

STRONG ON 
Design versatility 
Acrian offers you five distinct 

attenuator package 
configurations for greater 

system design versatility, with 
attenuation from 

0.5 dB through 50 dB-
operating from DC to 4 GHz. 
We’ve used state-of-the-art 

thin-film Ni Cr resistors 
combined with microwave 

package construction 
techniques to achieve the 
highest power dissipation 
levels, from 25W-250W 

through 4 GHz. 

strong on Delivery 
Look to Acrian for off-the-

shelf delivery when you need 
it, through the nationwide 

distribution services of 
Richardson Electronics. 

Call toll-free: 800-645-2322. 
Locally 516-536-8868. 

Going The Distance 

ll^pRIAN 
490 Race Street 

San Jose, CA 95126 
408/294-4200 
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- G & H Technology-

Electromagnetics Laboratory 

For over a decade, G&H Technology has been a leader in the development of EMP 
hardened and/or EMI shielded electromechanical components. The knowledge 
gained from this experience has been employed in the establishment of our 

advanced Electromagnetics Testing Laboratory in Camarillo, California. 

This state-of-the-art facility provides scientific expertise in EMC, EMI, EMP and 
Tempest testing. From this location, G&H offers a wide spectrum of testing services 
including: 

■ Technical Proposal Preparation 
■ Design Control Plans 
■ Engineering and Qualification Testing to 
TEMPEST requirements 

■ Test Plans (461/462 and TEMPEST) 
■ Testing Per Mil-Std 285 and 

Mil-Std 461-462 
■ Failure Analysis 
■ Test Reports 
■ Preparation of Specifications 

G&H Technology's advanced Electromagnetics Laboratory gives you quality and 
reliable service whatever your E3 testing requirements may be. 

G&H Technology. Inc. 
750 West Ventura Boulevard, Camarillo, CA 93010, (805) 484-0543 

Telex 181095 TWX 910-336-1237 
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ff products Continued 
For wideband performance over the en¬ 
tire frequency range, the SD1507 has in¬ 
ternally-mounted input and output match¬ 
ing networks within the package utilizing 
tightly controlled semi-automatic wire 
bonding techniques. The package uses 
metal ceramic hermetic stripline technol¬ 
ogy. Thomson Semiconductors, RF 
Marketing Group, Montgomeryville, 
Penn., INFO/CARD #154. 

RF Transmitting Type Capacitors 
High voltage ceramic capacitors are 

available in military and commercial 
grades and are provided in NPO, X7R and 
X5U dielectrics. Voltages are available in 
5 kV to 50 kV with capacitance ranges 
from 10 pF and 1000 pF and temperature 
range from -55° to +125°C. KD Com¬ 
ponents, Inc., Santa Ana, Calif., please 
circle INFO/CARD #153. 

works, logic circuits, modules and other 
assemblies is the latest group of elec¬ 
tronic accessories manufactured by Key¬ 
stone Electronics Corp. Available in Lex¬ 
an, Nylon, or Polystyrene and in a range 
of sizes and colors, Keystone plug-in 
housings protect vital components from 
dust and dirt while providing excellent 
resistance to chemical and moisture ab¬ 
sorption. Headers for the plug-in housings 
are molded of general purpose black 
phenolic and are supplied in two sizes 
with a variety of pin configurations. All 
socket pins are made of nickel plated 
brass. Keystone Electronics Corp., New 
York, N.Y., INFO/CARD #156. 

We gave it 
to the FCC. 

Quick Release Connector 
LANCE-A-LOCK is a self locking, quick 

release connector. It has a molded con¬ 
struction that increases reliability. LANCE-
A-LOCK mates securely with an audible 
click to readily available latching blocks 
or posts without the use of tools. LANCE-

We gave the FCC 
exactly what it 
asked for. The 
only low cost dedi¬ 
cated device that 
meets FCC Part 15 Reg¬ 
ulations for low power 
UHF transmitters without 

either Pulse or FSK 
modulation. As 
well as full com¬ 

patibility with 9V 
battery operation and 

encoder chip drive levels. 
So if you'd like to give it to 

the FCC, give us a call. We’re 

A-LOCK is available in a wide range of 
colors and molding materials and can be 
identified with a customer’s logo and/or 
part number. It is designed to EIA Stan¬ 
dard RS 449 and RS 232. Lance Wire & 
Cable, Inc., Hamden, Conn., please cir¬ 
cle INFO/CARD #155. 

300 Watt L-Band Transistor 
A single-ended 300 watt RF power tran¬ 

sistor designed primarily for use in short 
and medium pulse radar applications in 
the L-band frequency range from 1200 to 
1400 MHz is now available. Designated 
the SD1507, the RF power transistor em¬ 
ploys a multiple-base cell geometry with 
emitter site ballasting, doped passivation 
and refractory barrier gold metallization. 

sacrificing operating range. 
It’s a SAW Resonator Sta¬ 

bilized Hybrid Transmitter 
from RF Monolithics. 
And with it, you can design 

transmitters for wireless se¬ 
curity products, garage door 
openers and other remote con¬ 
trol devices. Without worrying 
about high costs or exceeding 
spectrum parameters. 
You can also expect 15.100 

and 15.200 output levels using 

RF Design 

the only ones in the business 
who can help you do it. 

Typical spectrum of Hybrid Transmitter 

THE NEW WAVE IN RF 

RFMonolithics, Inc. 4441 Sigma Road, Dallas, Texas 75234 
(214) 233-2903 TWX: 910-860-5474 
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ff products Continued 

Programmable Synthesized 
AM/FM Signal Generator 
This new programmable signal 

generator covers the frequency range 
from 1 to 520 MHz in 100 Hz steps. Out¬ 
put level is calibrated in dBp or dBm and 
selectable from -20 to 126 dBp (-133 to +13 
dBm) with 0.1 dB resolution. Convenient 
front panel keyboard control allows easy 
entry of frequency and attenuation. Single 
digits of the output frequency can also be 
selected and changed without disturbing 
any of the other operating parameters. 
Memory stores up to 100 different test 
conditions including frequency, output 
level and modulation type for later recall. 
Stored data is protected from accidental 

loss by battery back-up. AM (0-90%) and 
FM (0-100 kHz) 0-50 kHz (32.5-65 MHz) 
modulation is available by external signals 
or internal signs at 300 Hz, 400 Hz, 1 kHz 
or 3 kHz. Reverse power protection with 
automatic recover is provided to prevent 
damage to the output circuits from ac¬ 
cidentally keyed transmitters. Leader In¬ 
struments Corp. Hauppage, N.Y., 
please circle INFO/CARD #141. 

200°C Power Op Amp 
APEX introduces the PA12H low cost, 

high temperature power op amp especial¬ 
ly made for short term use in extreme en¬ 
vironmental situations such as down hole 
instrumentation. The amplifiers can power 
mechanical or electronic transducers and 
can drive the long transmission lines 
associated with these applications. The 
PA12H basic version meets the standard 
PA12 specifications and the static and 
dynamic 125°C tests listed in subgroups 
two and five of the military PA12M data 
sheet. The quiescent current and the 
voltage swing are tested at a cast temper¬ 
ature of 200°C. Using dual 45 volt sup¬ 
plies, the maximum quiescent current is 
100mA. Using 15V supplies, the minimum 

output swing is ±11V with output currents 
of 1A. Additional screening or testing at 
200°C is available. Apex 
Microtechnology Corp., Tucson, Ariz., 
please circle INFO/CARD #140. 

Fiber Optic Tester 
The OF151 Fiber Optic Time Domain 

Reflectometer (FOTDR), operating at 1300 
nanometers, locates faults and breaks 
and also measures splice loss in single¬ 
mode fiber links. The OF151 typically 
measures breaks through a maximum of 
33 dB cable loss, and splices to ±0.1 dB 
through 10.5 dB one-way cable loss, 
depending on fiber characteristics. Max¬ 
imum readout range is 60 km; and max-

PIEZO’s^(;RKl'Wonder. 
Piezo reveals the secret of the Little Wonder and Quiet Wonder. 

Piezo’s Doubly Rotated ’ SC Cut Crystal. 
□ Fast warm-up 
□ Excellent short term stability 
□ Low radiation sensitivity 
□ 1 MHz to 350 MHz 
Frequency control performance superior to 
anything you’ve even imagined possible. The 
PIEZO doubly rotated SC cut crystal is the se¬ 
cret of optimum precision timekeeping, com¬ 
munications, radar, navigation and instrumen¬ 
tation applications. 

The PIEZO Standard of Quality guarantees 
you this kind of performance: 

• Aging rates: <5 X 10"/day forSMHz 3rd 
OT 

• Phase noise: Better than 160 dBc at lOKHz 
offset 

• Warm-up: Within 5 X 10 ’ of final fre¬ 
quency in less than 1 */2 minutes 

□ Low vibrational sensitivity 
□ Low phase noise 
□ High drive level capability 
□ Mass production capacity 

• Time domain stability: 1 X 10 or better 
for a one second averaging time 

• Vibrational sensitivity: 5 X 10 l0/g or better 

Uncover the full potential of your application 
with PIEZO’s Doubly Rotated SC Cut Crys¬ 
tals. PIEZO Crystal Company has been an in¬ 
novator in the design and production of piezo¬ 
electric crystals since 1936. Full engineering 
design assistance for your specific require¬ 
ments is as close as your telephone. Call your 
nearby PIEZO representative today, or write 
PIEZO Crystal Company, P.O. Box 619, Car¬ 
lisle, PA 17013. Telephone (717) 249-2151. 

PIEZO 
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imum distance for non-reflective break is 
18 dB of cable loss. This FOTDR meets 
the rigorous specifications of MIL-T28800, 
Type III, Class 3, Style C, except for 
Radiated Emission RE-01 and Non-Oper¬ 
ating Temperature specifications. The in¬ 
strument performs at virtually any altitude 
(to 15,000 feet) or temperature (-15° to 
+55°C), from a 12 V vehicle system or an 
external rechargeable battery pack. The 
OF151 serves the communications in¬ 
dustry, primarily in the installation and 
maintenance of long wavelength single¬ 
mode fiber optic links. Tektronix, Red¬ 
mond, Ore., INFO/CARD #132. 

Reverse DIN Connector 
Stanford Applied Engineering has in¬ 

troduced the TL5800 reverse DIN back¬ 
plane connector series featuring TRI-LOK 
press-fit compliant pins. Available in fully 
shrouded, four wall configuration the I 
product is ideal for mother/daughter board 
connections. Preassembled reversed DIN 
connectors with compliant pins allow 
press-fit installation providing a gas-tight 
pressure joint between pins, plated thru 
holes and printed circuit board. In addi¬ 
tion to the preassembled product, users 

These words 
ore worth 
o thousand 
pictures. 

Thar's how many individual 
phoros it would rake to show 
you rhe entire Sprague-
Goodman trimmer capacitor 
line. If you'd likero 
see them, jusr write 
for our catalog to 

134 Fulton Ave. , Garden City 
Park. NY 11040 Or call 516-
746-13Ô5 Or telex: 14-4533. 
Sprague-Goodman Elecrron-

SPRAGUE 
Gooomon 

ics, Inc. is on affiliere 
of rhe Sprague 
Electric Company. 

The world's broadest line of trimmer capacitors. 
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CONNOR-WINFIELD OSCILLATORS 

SHORT- ORDER SPECIALISTS 
But we can cook up a 
big batch, too! 
Connor-Winfield is ready to serve. Whether the oscillators you need are in 
stock or custom designed or whether you need 1 or 10,000, our special of 
the day— everyday— is meeting your needs with the right combination of 
quality and low cost. Are you ready to order? Call or write us today for more 
information. 

CONNOR-WINFIELD CORPORATION 
West Chicago. IL 60185 USA 
Phone:1-312-231-5270 
TWX No. 910-230-3231 
Cable: CONWINWCGO 

ECLDIP Models: ECLA, ECLB 
Hiqh Frequency Frequency: 8MHz - -200MHz, ± 01% 

Supply: -5.2Vdc ±5%or 4.5Vdc±5% 
Output: 10K ECLor 100K ECL 
Package: All metal, hermetically sealed 

DIP SINEWAVE Models: DPS1 DPS2 
LowFreqency Frequency: 1KHz—75KHz 100Hz—100KHz 

Tolerance: ± 01%. THDs5% ±.01%.THDs5% 
Supply: 5Vdc±10% 8Vdc—15Vdc 
Package: All metal, hermetically sealed 

TTL CLOCKS Models: S10C S10D S10E 
Tight Tolerance Frequency: 31 KHz—25MHz 

Tolerance: ±001% ± 0025% ± 005% 
Temp. Range: 0°— 50°C 0°— 70°C 25°— 75°C 
Package: All metal, hermetically sealed 14 pin DIP 

TTL CLOCKS Models: S14R8 S15R8 
Stock Frequencies/ Tolerance: ± 005% ±01% 
LowCost Supply: + 5Vdc ± 10%. 60mA max 

Frequencies: 1,2,4,5, 6.8.10.12.16,20.24.40.70MHz 
Package: All metal, hermetically sealed 14 pin DIP 
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can choose to have SAE insert the con¬ 
nectors into a customer-supplied back¬ 
plane. Stanford Applied Engineering, 
Santa Clara, Calif, please circle IN-
FO/CARD #131. 

Fiber Optic Analog Links 
The LeCroy 5400 Series of high per¬ 

formance analog transmitters and re¬ 
ceivers provides for transmission lengths 
of up to 2 km and offers bandwidths as 
high as 250 MHz. Two versions are of¬ 
fered: Model 5413 features transmission 
lengths of up to 2 km with a signal band-

I width of 60 Hz to 50 MHz; Model 5403A 
has a bandwidth of 60 Hz to 250 MHz for 
distances up to 300 m and a bandwidth 
of 60 Hz to 170 MHz for distances up to 
300 M. These links are especially suited 

I to applications involving high voltage 
isolation, radar, telemetry, and situations 
in which EMI, RFI, and MPI isolation are 
required. The 5400 Series links will ac¬ 
commodate a wide range of fiber optic 
cable lengths without user adjustments. 
LeCroy Research Systems Corp., 
Spring Valley, N.Y., INFO/CARD #129. 

□ 

Superchips'” 
and Microcaps™ 

ATC 100 SERIES SUPERCHIPS ". Porcelain capacitors to meet the most stringent RF requirements. Ultra-high O s (low ESR), high RF current and 
voltage ratings, near-perfect capacity stability. High dielectric strength Tough, self-encapsulated construction Permanently laser marked with ca¬ 
pacity value and tolerance. 

Capacitance values: 0.1 pF to 1000 pF to 500 WVDC. Available in Case A (approx. .055 X 055) and Case B (approx .110 X 100) chips, pellets (pre¬ 
tinned chips) and a variety of Case B leaded styles. 

ATC. QPL supplier, MIL-C-55681 4 and 5. BG ( + 90 ±20 PPM C) characteristic, established reliability, plus MIL-C-11272 16, 17, and 18 including 
CY81 through CY89 

ATC 111 SERIES MILLIMETER WAVELENGTH MICROCAPS ' : Microminiature, single-layer capacitors. Operating frequency to 50 GHz Individu¬ 
ally polished surfaces and fine-grained microstructures. 

Capacitance values: 0.1 pF to 1800 pF 100 WVDC. Six different case sizes available, from .018 X .018 to 090 X .090. Thickness is approx 01 Meets 
or exceeds applicable portions of MIL-C-55681. 

ATC capacitors are a phone call away. 
For rapid delivery dial 15161 271-9600 

american technical ceramics ewe. 
one norden lane, huntington station, n.y. 11746 
516-271-9600 • twx 510-226-6993 • te/ex 221201 
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ff literature_ 

New Literature 
Engineer’s Relay Handbook 
This 326 page book contains a complete source of informa¬ 

tion on the operating principles, properties and performance 
characteristics of the various types of relay in addition to applica¬ 
tion requirements, specifications and testing. Magnecraft Elec¬ 
tric Company, Chicago, III., INFO/CARD #119. 

Applications Handbook 
A manufacturer of switching, linear and ferroresonant power 

supplies, as well as IEEE-488 compatible digital programmers, 
announces the publication of a new, thoroughly updated version 
of its full-line catalog. In addition to complete details and 
specifications on all the products in Kepco’s extensive line, the 
catalog devotes 45 pages to application notes, explanations of 
power supply theory and a comprehensive glossary of power 
supply terminology. Kepco, Inc., Flushing, New York, 
INFO/CARD #118. 

Surface Mounted Component Brochure 
Kyocera International, Inc. has published an eight-page 

technical brochure outlining their new surface mounted compo¬ 
nent line including chip capacitors, chip resistors, potentiometers 
and trimmer capacitors. The brochure contains size information, 
temperature coefficients, voltages, capacitance and resistance 
characteristics and packaging options for each product. Kyocera 
International, Inc., San Diego, Calif., INFO/CARD #117. 

HIGH Q 
CERAMIC CHIP CAPACITORS 

Miniature multilayer capacitor chips with High-Q 
characteristics for applications in the microwave frequen¬ 
cy range. Available in two of the most popular standard 
chip sizes, the capacitance range is from 0.1 pf to 1,000 
pf. The Q-factor is greater than 10,000 at a frequency 
of 1 MHZ. Designed and manufactured to meet or ex¬ 
ceed the requirements of MIL-C-55681 -B. 

JOHANSON ÄWV, 
ÔÍ ELECTRO UææJ 
2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505 

(818)848-4465 TWX 910-498-2735 
INFO/CARD 51 

LOW FREQUENCY ABSORBERS_ 

The Territory: 
30 MHz to 1000 MHz. 

custom-
designed 
for use in 
microwave 
& low-frequency 
applications 

■P-EM Series 
w Frequency Absorbers 

Advanced ElectroMagnetics' EM Series of low frequency 
absorbers are specially designed for use in 30 MHz to 
1,000 MHz environments. Using special dielectric materials, 
these absorbers provide high loss at low frequencies for 
the correct dissipation of energy, yet provide minimum 
thickness to minimize shielding volume. Available in »ma 
thicknesses from 12 to 36 inches, the EM Series 
absorbers yield superb performance characteristics H H 
under the most demanding conditions. itt J 1 

For complete details on the EM Series low 
frequency absorber, call or write today. 

Advanced 
Electromagnetics, Inc. 
P.O. Box "IV", 9257 Mission Gorge Rd.. Santee. CA 92071-0618 (619) 449-9492 

CONSULTING, 
DESIGN, 

and FABRICATION 

* EM SENSORS 

Current Probes 

Antennas 

FCC & CISPR LISNs 

* NANOSECOND TRANSIENT SUPPRESSORS 

Coaxial Lines 

Power Lines 

Telephone Circuits 

I/O Semiconductor Circuits 

Fischer Custom Communications, Inc. 
P O. Box 581 Oept. J 

Manhattan Beach, Ca 90266 

(213) 545 4617 
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rf literature Continued 

PRECISION CRYSTAL 
OSCILLATORS 

SERIES 8000 

STANDARD FREQUENCY 5.0 MHz 
AGING RATE _ MODEL ER8001 1 x 10- 9/day 

MODEL ER8003 1 x 10- 1°/day 
MODELER8005 5 x 10- 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 

Wall Chart Antennas 
The Antenna Specialists Co. has a chart that permits quick 

and accurate identification of the exact model required to meet 
virtually any portable replacement antenna need. The chart per¬ 
mits immediate cross-referencing of radio brand, frequency range 
and antenna style desired to pinpoint the exact model which 
should be ordered. Accommodating virtually every brand of por¬ 
table radio, the chart references more than 110 different antennas 
in a range of six different configurations covering all portable 
applications from 30 to 866 MHz. The Antenna Specialists Co., 
Cleveland, Ohio, INFO/CARD #114. 

Power Amplifiers 
A four page brochure explains low cost approaches for the 

production of RF power amplifiers for OEM applications. 
Amplifiers and self-containing RF power sources are available 
in ranges from 10 kHz to 3 GHz with power ratings up to 1 KW. 
American Microwave Technology, Inc., Fullerton, Calif., 
INFO/CARD #113. 

Miniature Coax Terminations 
A one page product bulletin on 3mm/SMA coax terminations 

has been published by EMC Technology, Inc. The bulletin pro¬ 
vides full technical data on the company’s Model 4120 plug and 
jack terminations including photo, engineering drawings, applica-
tions/advantages and specifications. The terminations described 
in the new bulletin represent the first in a series to be offered 
by the company which provide maximum power handling 

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. 

_/WBE* 

BROADBAND EQUIPMENT 

FOR INSTRUMENTATION 

AND COMMUNICATIONS 

Directional Couplers 

For information and prices, send your specifications to: 

ere 

electronic research company 

70 

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

WIDE BAND ENGINEERING COMPANY, INC. 
P. O SOX 21652. PHOENIX. ARIZONA 85036. U. S. A • TELEPHONE 1602» 254 1520 
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capabilities in minimum space along with outstanding electrical 
characteristics. EMC Technology, Inc., Cherry Hill, N.J., 
INFO/CARD #112. 

Multicoupler and Filter Catalog 
The product bulletins in this catalog describe high performance 

antenna multicouplers and tunable RF filters for military and 
civilian government communications systems. RF Products, Inc., 
Camden, N.J., INFO/CARD #111. 

Micro-Ohmmeter Brochure 
Cambridge Technology, Inc. has published a two page 

brochure on its new Model 510 4-Ÿ2 Digit Micro-Ohmmeter. This 
instrument is designed to measure the resistances of switch and 
relay contacts, transformer and motor windings, connectors or 
any other low resistance devices. The Model 510 features three 
measurement modes, five ranges from 19.999 milliohms to 199.99 
ohms, full scale, 1 micro-ohm resolution, and a basic accuracy 
cf 0.02%. Cambridge Technology, Inc., Cambridge, Mass., 
INFO/CARD #110. 

Coaxial Cable Assemblies 
A 24 page catalog features a full line of coaxial cable, coaxial 

adaptors, coaxial connectors, coaxial terminations and coaxial 
assemblies. Pricing on over 1,000 standard catalog items as well 
as technical specifications are included. Pasternack Enter¬ 
prises, Irvine, Calif., INFO/CARD #95. D 

NEED FAST LOG 
RESPONSE? 

THE SOLUTION 

HIGH DYNAMIC RANGE 

RF AMPLIFIERS 

9 
OUT 

Janel offers a wide variety of high dynamic 
range RF Amplifiers. 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. 

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

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

SPECIFICATIONS: 
Frequency Range 
30MHZ— 1.2GHZ 

Input Dynamic Range 
30 to 80 db (Selectable) 

Meets Environmental Requirements of MIL-E-5400 

Model Frequency Gain N.F. 3rd I.P. 
PF811A 1-32 MHz 16.5dB 4.5dB +42dBm 
PF841 2-32 16.5 5.0 +46 
PF804 215-320 27.0 4.0 +32 
PF829 406-512 16.5 4.5 +38 
PF833 800-920 26.5 2.8 +34 
PF845 800-915 18.0 2.0 +35 

WE INVITE INQUIRIES 
CONCERNING YOUR SPECIAL 

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

JANEL LABORATORIES 

REQUIREMENTS. 

LOG TECH, INC. 
3529 Old Conejo Rd. 
Suite 123 
Newbury Park, Ca. 91320 
(805) 499-6462 
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Manufacturer of RF products for TV broadcast, CATV 
and satellite TVRO needs EE's to design new products 
Experience in RF/microwave circuit design required. 

Based in Burlington. Iowa and recognized as an 
industry leader for 30 years, Winegard Company 
develops new products at its engineering and research 
division located in a scenic Colorado mountain 
community within commuting distance of Denver 

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

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

(303) 674-5576 

SECTION MANAGER 
R.F. DESIGN GROUP 

Lead a creative group of R.F. Design Engineers through 
the development of a new line of innovative Broadcast 
Products. This position requires a strong background in 
the design of AM and FM transmitting equipment utilizing 
both solid state amplifiers and power tube cavities along 
with proven skills in project management. B.S.E.E. or 
M.S.E.E. with at least 3-5 years of R.F. design and super¬ 
visory experience are desired. This position is an excellent 
opportunity for a successful project engineer to move into 
engineering management. 

Broadcast Electronics is known for high quality broadcast 
audio, automated programming, and FM transmitting 
equipment. We have an excellent benefit package in¬ 
cluding group insurance and profit sharing. Our facilities 
are consolidated into a single modern 70,000 square foot 
plant. The working environment is informal, friendly, and 
individually oriented with excellent opportunity for 
advancement. 

For additional information call or send resume in complete 
confidence to: Steve Wall, Director of Personnel. 

BROADCAST 
ELECTRONICS INC. E 

WINEGARD 
4100 N. 24th, P.O. Box 3606 

Quincy, IL 62301, (217) 224-9600 
An Equal Opportunity Employer M/F 

RF/MICROWAVE 
ENGINEERS 

Representing companies (in New England and National¬ 
ly) with hundreds of opportunities for RF and Microwave 
Engineers means we are the one contact necessary for 
that right position, whether it be a new challenge or career 
advancement 

ENTRY TO 3 YRS. EXP 22-35K 
MID LEVEL 30-45K 
SENIOR AND MANAGEMENT40-70K 
Professional, confidential, free resume preparation ser¬ 
vice Client companies assume all interviewing, employ¬ 
ment and relocation costs 

Nationwide 
Business Service 
PERSONNEL CONSULTANTS 

ESTABLISHED 1937 
145 STATE STREET, 

SPRINGFIELD, MASSACHUSETTS 01103 

RFsEE 
NATIONWIDE »nd LOCAL 

JOB SHOP 
POSITIONS 

EXCELLENT RATES 
TO $50 HOUR 

PLUS PER DIEM! 
Submit resume tn confidence to 

HEPCO, Inc. 
3 ADP BOULEVARD, Depl R-

ROSELAND, NJ. 07068 (201)992 8660 

Lisa Fontana 
Classified Advertising Manager 

ndesign 
A Cardiff Publication 

6530 South Yosemite Street 
Englewood, Colorado 80111 
(303) 694-1522 

Crowing electronic manufacturer 
offers excellent career opportunities 
and benefits including medical, dental 
and pension plans. 

APPLICATIONS 
SALES ENGINEER 
R.F. Induction Heating 
Equipment 
Excellent opportunity for an EE or ME 
or equivalent with good selling skills to 
grow with the fastest growing manu¬ 
facturer of induction heating systems 
in the U.S. 

R.F. DESIGN 
ENGINEER 
.5 ■ 120 MHZ 
3kW -500kW Output 
induction and Dielectric 
Heating Systems 
An outstanding opportunity awaits a 
creative, problem solving person with 
a BSEE, MSEE or equivalent with 2 - ï 
years applicable experience 
For the above positions, please send 
resume Including salary history to: 
N A creene 

Radio Frequency Co. 

150 Dover Road 
Millis, MA 02054 

An equal opportunity employer 
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At our high technology facili¬ 
ty in Rolling Meadows. IL, 
just northwest of Chicago, 
Northrop Engineers work on 
special projects involving the 
design and development of 
sophisticated ECM systems. If 
you have experience in any of 
the following areas, join the 
finest minds in engineering at 
Northrop Defense Systems 
Division. 

The 

ENGINEERING 
Factor 
Electrical Design / Development 
Engineers 
Positions require BSEE or equivalent, and 
design and development experience in one 
of the following specialized areas: 
POWER SUPPLIES: Develop high/low voltage 
linear/switching power systems and modulators: 
magnetics and feedback theory analysis. 

MICROWAVE: Active/passive microwave in¬ 
tegrated circuit design, familiarity with filter 
detectors, wave guides, high frequency solid 
state amplifiers and S-parameters. 

RECEIVERS: Conceptual design, fabrication, and 
test of state-of-the-art receiver systems for 
ECM/Elint applications. Familiarity with system 
architecture, signal processing, and channelized, 
set-on, and micro-scan techniques is desirable. 

ANALOG: Specialist in videoamplifiers, filters, 
A/D and D/A conversion; background should in¬ 
clude feedback theory analysis and computer-
aided circuit analysis. 

DIGITAL: DesignAlevelop high speed signal pro¬ 
cessing and control systems, microprocessor-
controlled hardware; D/A - A/D conversion; digital 
filters; direct memory access utilizing TTL, DTL, 
ECL, CMOS. 

Antenna Design Engineers _ 
BSEE or Physics or equivalent, MS desirable. Re¬ 
quires knowledge of phased arrays, monopulse. 
D.F. system and millimeter wave techniques. 

Automatic Test Equipment Engineers 
BSEE/BSCS or equivalent, and related ATE soft-
ware/hardware experience involving design of 
automated^emi-automated test equipment 
systems. 
Hardware: Microprocessor/MSI, LSI, analog and 
RF circuits. 
Software: Real-time microprocessor controlled 
software programming in Assembly, Fortran and 
PASCAL 

Positions available for Engineering Section 
Manager, Engineering Unit Manager and Senior 
Project Engineers. 

Project Engineer_ 
BSEE, or equivalent; experience in one of the 
following areas: 
• High efficiency broad band solid state RF 
power amplifiers having precision linearity. 
Strong documentation skills required. 

• Military receiver HW design for precision 
phase track receivers to DOA requirements us¬ 
ing ultra-precision internal phase/amplitude 
alignment. 

TWT Project Design Engineers 
BSEE or Physics or equivalent; advanced degree 
a plus. Will develop TWT design, fabrication and 
testing procedures with product line design 
responsibility. 

For immediate consideration, call our 24-hour toll free number: 1-800-821-7700 Ext. 120. 
Or send resume with salary requirements to: Supervisor, Staffing. 

NORTHROP 
Defense Systems Division 
Electronics Systems Group 

600 Hicks Road, 
Rolling Meadows, IL 60008 
Equal Opportunity Employer M/F/V/H. 
U.S. Citizenship Required. 
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PUT A NEW MARKETING REP ON YOUR TEAM! 
USE REPRINTS FROM RF DESIGN MAGAZINE 

Acrian, Inc. 4, 61, 63 
Advanced Electro¬ 

Magnetics . 69 
Ad-Vance Magnetics, 

Inc. 60 
Alpha Industries . 19 
American Technical 
Ceramics . 68 

Amperex-Hicksville ....24 
Amplifier Research ... .34 
Applied Engineering .. .63 
Austron, Inc. 53 
Avantek . 17 
Behlman Engineering . .31 
CTS Knights . 9 
California Instruments . .35 
Centurion International .25 
Coilcraft . 33 
Connor-Winfield . 67 
Curtis Industries . 12 
Daico Industries . 20 

For a cost-efficient way to reach your customers — and 
potential customers — reprints are the way to go. 

WHY REPRINTS? 

• Advance consumer & industry awareness 
• Focus attention to your products & services 
• Explain what your company does 
• Positions your company as an industry leader 

Order your reprints now. Let a low-cost solution solve a 
high-cost problem. 

For further Information on how to order your reprints, 
cell Lise Fontana at (303) 694-1522. 

Advertiser Index 

EEsof . 2 
Elcom Systems . 68 
Electro-Mechanics . 55 
Electronic Research . . .70 
Fischer Custom 
Communications . 69 

John Fluke Mfg. Co. 3 
G & H Technology . 64 
Genisco . 14 
Henry Radio . 60 
Hewlett-Packard ... 26, 27 
Instruments for Industry 62 
Instrument Specialties .. 15 
JFW Industries . 7 
Janel Laboratories . 71 
Johanson Dielectrics .. .69 
Log Tech . 71 
M/A-Com MPD ... .23, 75 
M/A-COM PHI, Inc. 39, 
. 40, 41, 42 
MTT-S . 57 

Merrimac Industries .... 18 
Motorola Semiconductor 11 
Piezo Crystal . 66 
Programmed Test 
Sources . 13 

RF Monolithics . 65 
Schaffner EMC . 51 
Sokol Crystal . 6 
Sprague Goodman ....67 
Synergy Microwave ... .43 
Telonic Berkeley, Inc. . .10 
Texscan . 76 
Vectron . 35 
Voltronics . 35 
Watkins Johnson . 50 
Waveline . 59 
Weinschel Engineering .58 
Wide Band Engineering 70 
World Business Corp. . .61 
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RF/Microwave Amplifiers. W 
(From the world leader in solid state power) 

Standard, Proven Designs. 
(For optimum economy and performance) 

Quick Turnaround Delivery! 
(Off-the-shelf for many models) 

Now, you can choose from the world's most complete 
product line of Solid State RF/Microwave Ampliiiers 
for a wide spectrum of military and industrial 
applications. Two decades of in-depth, successful 
experience and major technological breakthroughs 
stand behind these high performance, high rel 
ampliiiers... ready for your most demanding 
applications... with prices and deliveries that will 
happily surprise you! 

I lllllliillilllllllill 

HH 

Class A Linear Power Amplifiers 
Series LWA GaAs FET: 2-15 GHz; 1,2,5 or 10 watts output. 
Series LWA Bi-Polar: 1 MHz-2GHz; 1,5, 10,20or25wattsoutput. 

Class A/B Linear Kilowatt Ampliiiers 
Series EWAUPWAL and CEWAL/CPWAL: Air-cooled; 
1.5 MHz- 1.5 GHz; 100 watts to 2.000 watts output. 

Class A Linear Instrumentation Ampliiiers 

EWAUPWAL 

LWA (Bi-Polar) 

Series LAB: Microprocessor control and IEEE 488 GPIB (Model LAB4). 
1 MHz-12GHz; 1 to 100 watts output. 

High Efficiency Switching 
Regulator Power Supplies 
Series HEPS: 24-50VDC; 
up to 350 amps, 16,000 watts. 
Efficiency better than 80% . 
Excellent resolution, low ripple. Ideal for 
high power solid state systems. 

COME TO WHERE THE POWER IS! 
Call today for full specs, 
cost-saving prices and time-saving deliveries. 

LAB4 

HEPS 

Ató 

M/A-COM MICROWAVE POWER DEVICES, INC. 
• * 330 OSER AVENUE, HAUPPAUGE, N.Y 11788 (516)231-1400 TWX 510-227-6239 
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High Quantity 

Custom Design 

Volume Production Capability 

MIL Specification Qualification 

Frequency Range: 5 MHz to 18 GHz 

15 Years of Design Experience 

Prompt Delivery 

Filters 
Bandpass Lumped 

Bandpass Tunable 

“°“ "«*• 
Bandpass Tubular 

Bandpass Waveguide 

Texscan 
MODEL: 

XBM-7O/25-1 
70 MHz 

IF FILTER 

Lowpass Tubular 

Lowpass Lumped 
T 

Low Price 
.... -W •*—’ "*** 

YOUR KIND OF WORK DEMANDS OUR KIND OF QUALITY 

Texscan 
TEXSCAN INSTRUMENTS • 3169 NORTH SHADELAND AVENUE • 

INDIANAPOLIS, INDIANA 46226 • (317) 545-4196 
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