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What RLC’s 
Coaxial Switches 
Can Do For You 
PERFORM! 
From DC to 40 GHz 
with low insertion loss, 
high isolation and 
low VSWR. 
QPL approved to 
MIL-S-3928. 
RLC's complete line of switches have 
the high quality and superior 
performance you need. Select a 
standard switch from our catalog or 
have us build a custom one to your 
exact specifications. Prototype 
delivery takes less than four weeks, 
standard delivery from stock. 

Types: SPST toSPIOT, 
Transfer, Terminated, 
High Power 

Frequency Range DC to 40 GHz 

Operating Power 
Failsafe: 

Latching: 

12VDC, 28 VDC, 
115VAC 
12VDC, 28 VDC, 
115VAC 

Switching Time: 15 msec max. 

Life: 1,000,000 cycles min. 

Environmental 
Conditions: MIL-S-3928, , 

MIL-E-5400 

Operating Mode: Failsafe, Latching, 
Manual, Manual 
Override 

Options: Indicators, TTL, 
Voltages 

Connectors 
RF: 

Power: 

SMA, N,TNC, 
BNC, SC, HN 
Feedthrough solder 
lugs (standard) 
Multi-pin connectors 
(optional) 

Call or write today for complete 
specifications. 

RLC ELECTRONICS, INC. 
83 Radio Circle, Mt. Kisco, NY 10549 
(914) 241-1 334 • TWX: 71 0-571 -21 03 

Belgium 011 (32)02-511-22-77 • France 011 (33) 1-534-75-35 • Germany 011 (49) 906-4091 • India Bangalore^ 01 1 (91) 602X20 • Haly_0VI (39) 2-7380641/2 • 
9 Israel 011 (97) 203259598 • Japan 011 (81) 270-5921 • Taiwan 011 (02) 751-3733/44 • United Kingdom 011 (44) 1-979-0123 
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teeves" offman 

"Can't Miss" 
Dependability 

•• 

• 9 
I. 
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ML-O-55310 
md other 
igh reliability 
equirements 
long-term commitment 

> quality has earned Reeves-
offman a high degree of 
ustomer confidence. Those who 
epend on us demand high performance 
nd cannot afford component failure. For 

those needs, Reeves-Hoffman is right 
on target. □ Reeves-Hoffman 

has provided high-quality 

military and industrial applica-

tions for nearly half 
a century. This 

experience is enhanced 
by an unmatched degree of 

order control; we are the only 
oscillator manufacturer with in-house facilities 
for the production of quartz crystals, hermetic 
seal packages, and hybrid substrates. □ In 
addition to MIL-QPL oscillators, we can also 
provide you with custom designed oscillators to 
fit your special requirements. □ Whether you 

need MIL-O-55310 QPL 
oscillators, or the reliability 

that a QPL supplier 
can provide, set your sights 

on Reeves-Hoffman. 

■ REEVES-HOFFMAN DIVISION DYNAMICS CORPORATION OF AMERICA 

Reeves-Hoffman, 400 W. North Street, Carlisle, PA 17013 USA • Phone 717-243-5929 
TLX 265873 RHDV UR • FAX 717-243-0079 
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Put the freeze on attenuation problems 
with Weinschel’s fixed attenuators. 

When you need attenuators 
that deliver a lifetime of accu¬ 
rate, consistent performance, 
you can rely on Weinschel. 

Attenuation 
values to 90 dB. 
Weinschel’s line of precision 

fixed coaxial attenuators 
includes a comprehensive 
selection of standard and special 
attenuation values—up to 
60 dB standard, 90 dB special. 

Wide frequency 
and power ranges. 
You get the broadband 

frequency coverage you need— 
DC to 40 GHz—and a wide range 
of power handling capabilities. 

Built high-rel tough. 
Available in many connector 

configurations, Weinschel atten¬ 
uators have a proven record of 
excellent connector repeatability 
and durability. 
They withstand wide varia¬ 

tions in ambient temperature 
and peak power levels. And 
their patented resistive elements 
provide exceptional long-term 
stability. 

Naturally, we do specials. 
Custom components have 

been a big part of Weinschel’s 
business for thirty-five years. 
We can meet your special 
component requirements too. 

“featured in booth #1423, MTT-S 87" 
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And here’s the proof. 
Now you can get the best 

quality and competitive prices 
from the same manufacturer. 
Call us for quotes on your next 
attenuator buy. Our new com¬ 
petitive attitude will help solve 
your problems. 
Send for our latest catalog. 

WEINSCHEL 
El ENGINEERING 
One Weinschel Lane 
Gaithersburg, MD 20877 
(301) 948-3434 • 800 638-2048 
Telex: ITT440702 
Telefax: (301) 948-3625 
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27 Low Cost Signal Generator Features 2.1 GHz Range 
and Pulse Modulation 
John Fluke Mfg. Co. introduces the 6062A synthesized RF generator, mark¬ 
ing a significant jump in the capabilities of their signal generator line. 

Page 31 — Analog Fiber Optic Links 

Page 44 — Measuring Dielectric Constant 

Page 48 — RF Radiation Monitoring 
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2g Special Report — The RF/Optical Interface 
With this report, we begin a three-part series on the importance of combined 
technologies. Fiber optic communications and other lightwave applications 
have a strong relationship with RF technology. — Gary A. Breed 

31 Featured Technology — Transmission of Analog 
FDM Signals on Fiber Optic Links 
The future of fiber optics is a certain success story. This article presents the 
operating principles of fiber optic systems as they apply to analog modulation 
schemes. — Jack Koscinski 

44 Measurement of Dielectric Constant at RF and 
Microwave Frequencies 
In this article, the author reviews the various methods of dielectric constant 
measurement, noting the equipment requirements, strengths and weaknesses 
of each. Two methods are highlighted as the most practical and accurate. 

— John Ayer 

4Q RFI/EMC Corner — 
Environmental Monitoring for Human Safety 
Part II: Radiation Monitors 
The second of two parts, this article describes the design, construction and 
operation of a recently-developed monitoring instrument to determine ANSI 
C95.1-1982 compliance. — John Coppola and David Krautheimer 
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HIGH POWER 
COUPLERS 

rf editorial 

Waves of the Future 

2000 WATTS 
.01-250 MHz 

• MODEL C1460 
• COUPLING 50 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.15:1 

100 WATTS 
.05-1000 MHz 

• MODEL C1634 
• COUPLING 40 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.2:1 

BROADBAND RF 
COMPONENTS 

• Hybrid Junctions 
• Power Combiners 
• Power to 20 KW 
• Frequency .01-2000 MHz 

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

By Gary A. Breed 
Editor The fastest growing use of the electro¬ magnetic spectrum isn’t at kHz, MHz 
or GHz frequencies. . . it’s at hundreds of 
THz (Terahertz): light waves. Light is 
rapidly becoming an integral part of com¬ 
munications, instrumentation, industrial, 
medical and military systems. The tech¬ 
nology of light even has a new name: 
photonics. Directly and indirectly, the 
development of light technology will have 
a major impact on the RF industry; a 
positive impact. 

For a start, RF techniques are integrat¬ 
ed with optical techniques in fiber optic 
communications, where signal processing 
and modulation techniques operate below 
a couple GHz. Laser-based instruments 
have signal processing circuits operating 
into the MHz range, similar to radar video 
processing. Even “star wars” laser wea¬ 
pons are pumped with high power RF. 
There is more information on these direct 
connections between light and RF in our 
Special Report on page 28. 

The Fiber Optic Revolution 
Of all the applications of light technolo¬ 

gy, fiber optic communications systems 
will have the greatest impact on our pro¬ 

fessional and personal lives. First, there 
is the technical challenge to utilize all the 
available bandwidth of an optical system. 
A glass fiber as small as a human hair can 
pass many GHz of information, if we can 
find a way to impress that information on 
a light beam. Gigabit per second digital 
circuits are already here, with both optical 
and electronic modulation techniques 
soon to follow. Exotic ideas, such as RF/ 
optical mixers using RF and a laser as 
signal and local oscillator, are being 
explored. 
These technical challenges will easily 

keep the interest of RF, digital and optical 
engineers. However, there may be a more 
subtle area of impact as a result of growth 
in photonics: reduced demand for RF 
spectrum. 

I agree with the scientists and engi¬ 
neers who predict the end of our reliance 
on communications satellites. The restric¬ 
ted bandwidth of wireline and microwave 
transmission was the major impetus for 
communications satellites in the first 
place. With even more bandwidth possi¬ 
ble using fiber optic systems, why launch 
expensive and risky satellites when we 
can bury an inexpensive cable in good ol’ 
terra firma? We can dismantle a few 
microwave systems, too. Of course, we’ll 
keep a few systems intact to serve remote 
locations, and as a backup. 
Just as wires replaced hand-carried 

messages, radio links replaced wires, and 
satellites replaced multi-hop microwave 
systems, optical transmission will take its 
place as the next step in the progression. 
RF engineering will continue to play a ma¬ 
jor role in the development of the new 
communications infrastructure, and we 
will get back some valuable spectrum 
space to use for the next generation of RF 
applications. 

WERLATONE INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 
TWX 510-600-0747 decades ahead 
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Direct dial. 
In manufacturing, time is money. Which 
is why we designed straightforward 
controls into the new Wavetek 2500 
synthesized signal generator. To make 
it the easiest to operate. So training is 
simple and fast. 
A spin knob enables easy, tune-for-

effect control of carrier frequency. 
It adjusts modulation and output levels, 
too. Off-line time is minuscule, since 
the 2500 has a simple, key-activated 
AutoCal™ feature to keep the 2500 up 
and running within specs. 

For a free brochure and demonstra¬ 
tion of the only signal generator tuned 
to your manufacturing needs, call your 
nearest Wavetek sales office: 
Northeast 91 4 357-5544 
Southeast 81 3 797-1 792 
Central 31 7 787-391 5 
West 61 9 565-9234 

Wavetek 2500 Signal Generator. 
Frequency Range: .4 to 1,100 MHz 
Output Level: +13 to -137 dBm 
Price: $5,695 

The new Wavetek 2500. It out¬ 
classes everything in its class. 
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viewpoint_ 

More About The New 
RF Engineers 

t^fdesign 
a Cardiff publication Established 1978 
Main Office: 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 • (303) 220-0600 

Publisher 
Keith Aldrich 

By Keith Aldrich 
Publisher In January, just a few weeks before RF Technology Expo 87 was held in Ana¬ 
heim, I visited a number of major RF engi¬ 
neering groups in Southern California to 
determine the extent of their knowledge 
of and involvement with the Expo. They 
worked at Hughes, Rockwell, TRW, Gen¬ 
eral Dynamics, in clusters of half a dozen 
up to forty or fifty. The majority do know 
about the Expo and many have been to 
at least one. And as I talked with them I 
was able to confirm the truth of something 
which had started to emerge in reader re¬ 
search and in other ways over the past 
two or three years. .. 
There is definitely a new breed and 

body of RF engineers, forty and under, 
baby boomers who differ in several signifi¬ 
cant respects from older RF engineers. To 
begin with they are not just younger, they 
are actually separated by an age gap. 
There were ten to fifteen years when few 
new graduate EEs were going into RF 
work, so today the RF engineering popu¬ 
lation tends to be either younger or older, 
with not much in between. 

Secondly, the older RF generation is 
less likely than the younger to be attracted 
to computer-aided design techniques. Its 
members are justifiably proud of instincts 
and insights developed over long years of 
experience which make CAD less impera¬ 
tive to them than it is to the relative new¬ 
comers. When they do use computers it 
is more likely to be with a program devel¬ 
oped for a very specific design routine, 
rather than one of the general purpose 
programs. 
The new RF engineers outnumber the 

older ones. That is because the field is 
growing and, of course, the more recent 
recruits tend to be younger. It is possible 
that a higher percentage of the new RF 
engineers have EE degrees, and espe¬ 
cially graduate degrees. On the other 
hand, the proportion of the new RF 
engineers who are ham radio operators 
is probably smaller than the percentage 
of older RF people who are hams. Among 
the older group, many became RF engin¬ 
eers as a result of being youthful hams, 
and received their training in such on-the-
job situations as the armed services. The 
younger crowd tends to see itself as elec¬ 
tronics circuit designers first, and radio 
specialists second. 

I don’t see the viewpoint of either of the 
groups as being necessarily superior to 
the other — and certainly we will not allow 
the magazine to become identified with 
one viewpoint as opposed to the other. I 
do see that in the tug of war, the slight ten¬ 
sion that exists between the polarities, we 
have the potential for truly creative solu¬ 
tions to engineering problems. One more 
reason to predict. . we are on the verge 
of a golden age of RF technology. 
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HIGH ISOLATION 
SWITCHES 

dB Isolation 
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1OOC I664 
SR IT 

100C1670 

Typical Performance Key Specifications 

ORDINARY RF SWITCH ISOLATION 

FREQUENCY IN MHz 

DAICO INDUSTRIES offers high isolation switches 

with over lOOdB of isolation in a variety of switching 

speeds and frequencies. These devices have extremely 

high isolation without increased insertion loss. 

If your system requires cost effective switches, 

2DSO561 
SPST 

CDS0561 

PARAMETER TYPICAL 

Control Configuration 1 LINE TTL 

Switching Transients 155 

Transition Time 4 

Switching Speed 17 

Insertion Loss 

Isolation 

VSWR 1.15/1 

Termination VSWR 1.5/1 

100C1670 10OC1664 

TYPICAL TYPICAL UNITS CONDITION 

dB 
Insertion 
Loss 

RF Power. 

Operate Max 

Operating Frequency 

Operating Temperature 

1700 ■ 1900 

-55- +125 

1 LINE TTL 4 LINE TTL — 

10 600 mV 

2 — ns 

33 400 ns 

1.5 

0.7 

dB 

dB 

— 1.0 dB 

100 — dB 

— 105 dB 

— 85 dB 

1.2/1 1.1/1 — 

1.2/1 1.1/1 ■ — 

+12 +24 dBm 

— +30 dBm 

10-100 20-600 MHz 

-55- +85 -55- +85 °C 

OUR 20TH YEAR 

Logic_ 

Peak Value 

90%/10% or 10AW90A6 RF 

SOr/rTrLtolOWWoRF 

20 350MHz 

350 - 600MHz 

20 200MHz 

200 600MHz 

0.1 dB Compression 

No Damage 

step- or voltage-controlled attenuators, or step phase 

shifters with: 

□ High Isolation 

□ Fast Switching Speeds 

□ Phase or Attenuation Compensation 

□ Low Switching Transients 

Call Daico for applications assistance, custom 

device information, and a prompt response. 

DAICO INDUSTRIES, INC. 
2139 East Del Amo Blvd.. Compton. CA 90220 
Telephone 213/631-1143 • TWX 910-346-6741 
FAX 213/631-8078 

INFO/CARD 6 ©1986 Daico Industries. Inc. mp86460 



MICROWAVE MODULES & DEVICES, INC 

Y 

MMD’s unique integration of device and circuit 
technology has resulted in a major break¬ 
through of current technological barriers lead¬ 
ing to a new high order of performance in the 
areas of VHF, UHF and microwaves. 

The twelve groups shown herein are typical of 
the wide range of products currently being de¬ 
signed and produced by MMD. However, nei¬ 
ther products, categories nor frequency ranges 
are restricted to those listed. 

COMMUNICATIONS 

FREQ.: 420 -450 MHz 
PWR: 10W& 160W pulsed. 

FREQ.: 250 -350 MHz. 
PWR: 13W. 

FREQ.: 
420 - 450 MHz 
PWR: 1200W 
pulsed. 

FREQ.: “L” band. 
PWR: 1000W 

pulsed. 

RADAR 

FREQ.: 1.2- 1.4 GHz 
PWR: 300W pulsed. 

FREQ.: 
420 - 450 MHz. 
PWR: 700W. 

MICROWAVE MODULES & DEVICES. Inc. 



• SOFT BOARD AMPLIFIERS 

ECM *EW 

FREQ.: 1 - 150 MHz. PWR: 150W. 

BROADCAST 

RECEIVER 
AMPLIFIER 
MODULES 
WITH HIGH 
DYNAMIC 
RANGE. 

TWO MODELS 

FREQ.: FREQ.: 
2-32MHZ 20-80MHZ 

OWER A 

AVIONICS 

FREQ.: 960-1215 MHz. 
PWR: 1000W pulsed. 

TELEVISION 

FREQ.: 
88- 108 MHz. 
PWR: 
700W. 

FREQ.: 
170-230 MHz 
PWR: 
100- 200W. 

WIDEBAND HYBRID 
AMPLIFIERS 

FREQ.: 20-2000 MHz. PWR: Up to 10W. 

MICROWAVE MODULES & DEVICES. Inc. 

500 Ellis St. Mountain View, CA 94043 (415) 961-1473 TELEX 508746 
i INFO/CARD 9 



rf letters 
Letters should be addressed to: Editor, 
RF Design, 6300 S. Syracuse Way, 
Suite 650, Englewood, CO 80111. 

Hybrid Splitter/Mixer IMD 
Comments 
Editor: 
With regards to Daniel Marz article “Hy¬ 

brid Splitter Improves Mixer IMD Perform¬ 
ance” (Jan. 87) I wonder how much of the 

improvement in IMD is due to the 3 dB 
padding effect of the hybrid. Virtually the 
same performance can be achieved by 
terminating the mixer wiith a 3 dB resistive 
attenuator. This would properly terminate 
the filter as well. The resultant circuit 
would be less costly and easier to imple¬ 
ment. 

Better performance can be obtained by 
using an LC diplexer at the output of the 
mixer to terminate the LO, but this would 

TUSONIX 
If you’re looking for an economical source 

for Custom Filter Assemblies 

Tusonix’ expertise can reduce your costs 
with improved PPM quality and yield 
When it comes to custom packaging EMI/RFI Feed-Thru 

Filters and/or Filter Capacitors, Tusonix’ in-house 
assembly capability provides you with a reliable, low cost 
source. Our expertise in the manufacture and array 
assembly of quality EMI/RFI Filters and Filter Capacitors 
results in substantially improved efficiency. Every 
assembly is 100% tested in Tusonix' quality assurance 
laboratories prior to shipment. 
So let Tusonix produce your custom 

assemblies... it’s 

P.O. Box 37144, Tucson, AZ 85740-7144 
Phone:602-744-0400 Telex:(RCA)299-640 

Fax:602-744-6155 

wnat we do best 
Please call us at 
602-744-0400. 
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add to the circuit complexity and therefore 
its cost. 

Stephan E. Sykes 
Harris/RF Communications 
Rochester, NY 

Editor: 
The author of the article “Hybrid Split¬ 

ter Improves Mixer IMD Performance,” 
January 1987, p. 62, implies that all energy 
reflected from the filter is absorbed by the 
isolating resistor in the power divider, thus 
accounting for the mixer IM improvement. 
This is not true; the reflected energy is 
equally divided between the isolating re¬ 
sistor and the mixer. A 3 dB pad would 
have the same effect. 

David E. Norton 
i Adams-Russell, Anzac Division 

Burlington, MA 

The Author’s Response 
Editor: 

Both the 3 dB pad and the splitter will 
give similar results, although at high fre¬ 
quencies, where a splitter can be easily 
constructed using microstrip techniques, 

, the splitter will need only two resistors 
against the three required by the 3 dB 

j Pad. 

I Daniel Marz 
General Instrument, Jerrold Div. 
Hatboro, PA 

Errata 
■ Editor: 

I especially enjoyed my old colleague 
Dick Bain's article “The Engineer's Tool¬ 
kit,” but unfortunately it suffered from hav¬ 
ing received less than your usual grade 
of editing. I suggest a contest: a prize for 
finding the most errors on page 134! 

William B. Lurie 
I Boca Raton, FL 

Figure 1, page 134 of the February 1987 
RF Design should have rho (q) in place 
of p. — Editor 

Editor: Feb. issue, page 41 — center — 
part of paragraph one appears below 
Figure 5. Was something of importance 
left out? Where is Fig. 10? I hope this is 
not standard procedure. 

C.B. Shuttle 
Belmont, CA 

No, it’s not standard procedure! Dis¬ 
regard the repeated text just below Fig. 
5. On page 43, the references to Figures 
10 and 9 in the center paragraphs should 
be changed to Figures 8 and 7 — Editor 



1987 lEEE/MTT-S International 
Microwave Symposium/ 

Exhibition 
Send now for your advance program and registration forms. 

LAS VEGAS, NEVADA JUNE 9-11 
This years’ show promises ... 

■ AN OUTSTANDING TECHNICAL PROGRAM — with three categories for presentation of papers: 
full length, short and open forum. 

Featuring sessions on: 
Biological Effects and Medical Applications • Computer-Aided Design • Solid-State Devices 
and Circuits • Microwave Systems • Ferrite Devices • GaAs Monolithic Circuits • High Power 
Devices and Systems • Integrated Optics, Fiber Optics, and Optical Techniques • Low-Noise 
Techniques • Microwave and Millimeter-Wave Integrated Circuits • Field and Network 
Theory • Passive Components • Submillimeter Wave Techniques and Devices • Measurement 
Theory and Techniques • Manufacturing Methods 

■ SPECIAL WORKSHOPS AND PANEL SESSIONS — provide unique opportunities for dialogue with 
recognized specialists from all over the world on these subjects: 

Solving Field Theory Problems on PCs • Amplification in High Power Systems • Non-lnvasive 
Microwave Biological Sensing • Optical Microwave Interactions • Non-Linear Microwave CAD 
& Modeling • Dielectric Resonator Oscillators • Quasi-Planar mm-Wave Techniques • Financial 
Planning for Engineers • GaAs MMICs • HEMT Applications • Microwave Engineering 
Education Problems 

■ THE WORLD’S LARGEST MICROWAVE EXHIBITION OF THE YEAR - More than 200 microwave 
component, device, instrumentation, material and subsystem suppliers will display their latest 
products and be prepared to discuss your needs at production or engineering levels. 

■ A FULL SOCIAL PROGRAM — Spouses' tours, an exhibitor reception and the MTT-S awards 
banquet complement the program and exhibition activities. 

Complete the coupon below and return it to Microwave Journal to receive the 
Advance Program, advance registration form and hotel reservation forms. 

MICROWAVE JOURNAL • 685 Canton Street • Norwood, Massachusetts 02062 r 
Please send me additional information on attending MTT-S ’87. 

Name _ Title _ 

Organization _ 

Address -

City, State, Zip Code -

Country _ Phone -

MTT-S Member? □ Yes □ No 

Have you attended MTT-S before? □ Yes □ No How Many Times?_ 



courses 
The George Washington University 

Introduction to Digital and Analog Modulators and 
Transmitters 

April 20-21, 1987, Washington, DC 

Wind Shear Radar 
April 20-22, 1987, Washington, DC 

Digital and Analog Modulation, Modulators and 
Transmitters 

April 22-24, 1987, Washington, DC 

Introduction to Receivers 
May 4-5, 1987, Washington, DC 

Modern Receiver Design 
May 6-8, 1987, Washington, DC 

Global Positioning System: Principles and Practice 
May 18-20, 1987, Washington, DC 

Fiber Optics Technology for Communications 
May 19-21, 1987, Washington, DC 

Electromagnetic Pulse and its Effect on Systems 
June 15-17, 1987, Washington, DC 

Information: Shirley Forlenzo, Continuing Education Program, 
George Washington University, Washington, DC 20052; Tel: (800) 
424-9773; (202) 994-8530 

Digital EMC 
April 21-24, 1987, San Diego, California 

Grounding and Shielding 
May 5-8, 1987, Atlanta, Georgia 
June 9-12, 1987, San Jose, California 
July 21-24, 1987, Myrtle Beach, South Carolina 

ESD Control 
May 18-19, 1987, San Jose, California 

Intro to EMI/RFI/EMC 
May 20-22, 1987, San Diego, California 

TEMPEST Design 
June 16-19, 1987, Mountain View, California 

TEMPEST Facilities 
July 28-31, 1987, Mountain View, California 

Information: Interference Control Technologies, Inc., State Route 
625, P.O. Box D, Gainesville, VA 22056; Tel: (703) 347-0300 

UCLA Extension 

Modern Microwave Measurements and Applications 
April 21-24, 1987, Westwood, California 

Modern Telecommunications Networking: 
Local/Metropolitan Area and Satellite Communication 
Networks 
May 11-14, 1987, Westwood, California 

The Techniques and Technology of the Application of 
Kalman Filters and Nonlinear Filters 
May 18-22, 1987, Westwood, California 

Microwave Circuit Design I 
June 1-5, 1987, Westwood, California 

Navstar Global Positioning System (GPS) 
June 15-19, 1987, El Segundo, California 

Pave Pillar Avionic Systems and Related Technologies 
June 23-24, 1987, El Segundo, California 

Information: UCLA Extension, P.O. Box 24901, Los Angeles, CA 
90024; Tel: (213) 825-1901 

Integrated Computer Systems 

Digital Signal Processing 
May 5-8, 1987, Palo Alto, California 
June 9-12, 1987, Ottawa, Canada 
June 23-26, 1987, San Diego, California 
July 21-24, 1987, Los Angeles, California 

Fiber Optic Communication 
April 28-May 1, 1987, Toronto, Canada 
May 5-8, 1987, Washington, DC 
May 19-22, 1987, San Diego, California 
June 23-26, 1987, Boston, Massachusetts 

Information: Integrated Computer Systems, 5800 Hannum Ave., 
P.O. Box 3614, Culver City, CA 90321-3614; Tel: (800) 421-8166; 
(213) 417-8888 

Norand Corporation 

RF Susceptibility and ESD Testing 
May 19-20, 1987, and November 3-4, 1987, 
Cedar Rapids, Iowa 

Information: Bev Reynoldson, 550 2nd St. S.E., Cedar Rapids, 
IA 52401; Tel: (319) 369-3782 

Interference Control Technologies, Inc. 

Practical EMI Fixes 
April 14-16, 1987, Atlanta, Georgia 
June 2-5, 1987, Ottawa, Canada 
July 14-17, 1987, Denver, Colorado 

Design and Measurement 
April 20-24, 1987, San Jose, California 

Besser Associates, Inc. 

Computer Aided Engineering in RF Design 
April 27-28, 1987, Baltimore, Maryland 
April 30-May 1, 1987, Valley Forge, Pennsylvania 

Microwave Circuit Design 
June 1-5, 1987, Los Angeles, California 

Principles of RF Circuits 
July 6-9, 1987, Santa Clara, California 

Information: Les Besser, Besser Associates, Inc., 3975 East Bay¬ 
shore Road, Palo Alto, CA 94303 
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NOW! In one manual— 
all you need to know about 
EMC design and products— 

involved in testing and measuring electromag¬ 
netic interference—you need this manual. For 
the first time, in one place, you’ll find all the data, 
all the formulas, and all the products you need 
to meet your interference control problems! 

Included are charts, tables, graphs, dimensional 
drawings, and technical data ranging from a dis¬ 
cussion of theoretical design requirements to 
how to select a specific shielding material. 

For your free copy, use the Reader Service Card 
or write us directly at Dept. RFD-9. 

/] 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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Programmable 
Attenuators 

Model 5OP-O77 
Frequency Range DC- 1000 MHz 
Attenuation Range 0-63 dB in I dB steps 
Attenuation Steps I 2. 4. 8. 16 & 32 dB 

Model 50P-324 
Solid State Programmable Attenuator 
Frequency Range ¡0-200 MHz 
Attenuation Range 0-63 5 dB in 5 dB steps 
Attenuation Steps 5. I. 2. 4 8. 16 & 32 dB 
Phase Shift ± 3 degrees at any 
Connectors 
Plug in Printed Circuit 

Model 5OAP-OO2 
Frequency Range ¡U 500 MHz 
Attenuation Range 
0-30 dB continuously variable 

Model SOP- 172 
Frequency Range .'0-300 MHz 
Attenuation Range 0-63 dB in 1 dB steps 
Attenuation Steps I 2. 4 8. 16 & 32 dB 

JFW Industries, Inc. 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 
(317) 887-1340 

rf calendar_ 
April 21-23, 1987 
Electrical Overstress Exposition 
San Jose Convention Center, San Jose, California 
Information: Jim Russell, EOE, 2504 N. Tamiami Trail, Nokomis, 
FL 33555; Tel: (813) 966-9521 

April 27-29, 1987 
IEEE Instrumentation and Measurement Technology 
Conference 
Sheraton-Boston Hotel, Boston, Massachusetts 
Information: Robert Myers, Myers/Smith, Inc., 1700 Westwood 
Blvd., Los Angeles, CA 90024; Tel: (213) 475-4571 

April 28, 1987 
1987 Long Island Microwave Theory and Techniques 
Society Symposium 
Crest Hollow Country Club, Woodbury, New York 
Information: Bob Koelzer, Narda Microwave, 413 Moreland Road, 
Hauppauge, NY; Tel: (516) 231-1700 

May 11-13, 1987 
37th Electronics Components Conference 
Boston Park Plaza Hotel and Towers, Boston, Massachusetts 
Information: Tom Pilcher, Electronic Industries Association, 2001 
Eye St. N.W., Washington, DC 20006; Tel: (317) 261-1306 

May 18-22, 1987 
National Aerospace and Electronics Conference 
(NAECON) Set 
Dayton Convention Center, Dayton, Ohio 
Information: Cathy Joyce, SAE Headquarters, Dept. 935, 400 
Commonwealth Drive, Warrendale PA 15096; Tel: (412) 776-4841 

May 19-21, 1987 
EMC Expo 1987 
Town and Country Hotel, San Diego, California 
Information: Sandra Hamilton, EMC Expo 87, P.O. Box D, 
Gainesville, VA 22065; Tel: (703) 347-0030 

May 27-29, 1987 
41st Annual Frequency Control Symposium 
Dunfey City Line Hotel, Philadelphia, Pennsylvania 
Information: Dr. R.L. Filler, U.S. Army Electronics Technology and 
Devices Laboratory, SLCET-EQ, Fort Monmouth, N.J. 07703-5000; 
Tel: (201) 544-2467 

June 1-5, 1987 
EFOC/LAN-87, Fifth European Fibre Optic Communications 
and Local Area Networks Exposition 
European World Trade and Convention Center, Basel, 
Switzerland 
Information: Renne Farrington, Information Gatekeepers, Inc., 
214 Harvard Avenue, Boston, MA 02134; Tel: (617) 232-3111 

June 9-11, 1987 
IEEE MTT-S International Microwave Symposium 
Bally’s Grand Hotel, Las Vegas, Nevada 
Information: Steve March, Maury Microwave Corporation, 8610 
Helms Ave., Cucamonga, CA 91730; Tel: (714) 987-4715 

June 9-11, 1987 
NEPCON East ’87 
Bayside Exposition Center, Boston, Massachusetts 
Information: Show Manager, Nepcon East, Cahners Exposition 
Group, 1350 East Touhy Ave., P.O. Box 5060, Des Plaines, IL 
60017-5060; Tel: (312) 299-9311 
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Production 
Test, Quality 
Control, and 
Field Service 
Engineers... 

Our Portable 
Spectrum 
Analyzer 
brings you 
more Box 
for the Buck! 

MS610B/J1 
Spectrum Analyzer 

Anritsu's Portable Spectrum 
Analyzer, Model MS610B/J1 , 
combines advanced measure¬ 
ment techniques with field 
tested durability at a price you 
can afford. 

The MS61 0 provides a 10 kHz to 
2 GHz range, AC-DC operation 
and 80 dB of dynamic range. 
A quasi-peak detector (in 
combination with the MH680B 
tracking generator) is available 
as an option; with it, the MS61 0 
becomes a powerful EMI mea¬ 
surement tool. The instrument is 
available with input impedances 
of 50 Ohms (Model B) or 75 
Ohms (Model J1 ) for use in 
video and CATV applications. 

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

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

Production Test Engineers like 
the ease-of-use and GP-IB pro¬ 
grammability of the MS61 0B/J1 ; 
Quality Control Engineers like 
the wide dynamic range and 
measurement dependability; 
Field Service Engineers like the 
portability and EMI measure¬ 
ment capability. Everyone loves 
the low $7,500 price tag! 

For more information call Anritsu 
today at: 

Anritsu America, Inc. 
15 Thornton Road 
Oakland, NJ 07436 
201-337-1111 (in NJ) 
or 800-255-7234 
Telex: 642-141 ANRITSU OKLD 

/inritsu 
WE'RE ON THE MOVE. WORLDWIDE. 
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EEsof’s new Touchstone 1.5 gives you 
a new magnitude of CAE utility. 

Since Touchstone was already the microwave industry's 
standard of computer-aided engineering, there seemed 
little room for really dramatic improvement. But this new 
release makes Touchstone significantly more powerful. 

Start with elements. Touchstone 1.5 adds twenty 
elements, to total over 120. That means even quicker, 
better design results. And MMIC foundry element libraries 
are now a Touchstone option. 

More optimizers 

We've added six optimizers, including minimax, 
least pth, and quasi-Newton. We've also added a minimax 
option to our gradient and random optimizers. And the 
random optimizer now lets you maximize—as well as 
minimize—error function! The additional optimizers give 
you choices that help your designs converge more rapidly 
to the results you want. In fact, no other program comes 
close. 

Larger Circuits 

Same with analysis. Touchstone 1.5 boosts circuit 
file size by a factor of four, increases the length of lines to 
225 characters. This quantum improvement lets you 
analyze much larger circuits—and makes Touchstone 1.5 
your only logical choice for complex projects like 

sophisticated MMIC designs. 

Advanced graphics 

Touchstone 1.5 brings you many new features such 
as polar displays, Smith charts that display admittance 
and impedance, and an interactive graphics cursor (with 
the mouse, for instance, you can read numerical Smith 
chart coordinates directly from the graphics screen). 
What's more we've improved the graphics speed. 

We've also developed advanced windowing. Pop¬ 
up windows offer help. Others display numerical output 
in color. The screen now splits between graphics and text 
to let you organize your data better. Actually, we've 
improved the windowing environment so much that 
you'll probably only want a single monitor. 

What next? 

These are just the major new features. There's more. 
And in all, they plainly make Touchstone 1.5 the industry's 
CAE tool of unapproached value. 

What's next? We're hard at work. And Touchstone 
owners will get new releases—as they get 1.5—as part of 
their regular extended support contracts. To join them, call 
or write EEsof now. 

TUNE >>ready for cowhand >> 
NYAHP.CKT SC2 errline-8 27 29 0 

C : \EESOFXN WMP . OtT 
TLSC 1 8 7^75 E=2M F*FC 
TL1N 1 2 Z^ZH E=23 F*FC 
S2PA 2 3 8 NEC7888H 
TL1N 3 4 Z*ZH E=16 F*FC 
TLSC 4 0 ZI48 51 188 E=78 rFC 
DEFZP 1 4 SNGAHP 
CLIN 11 12 13 14 ZE^llW Z0=17.3 E =98 F=12 

Touchstone® 1 5 now available on IBM PC XT™. AT™, and compatibles. COMPAQ DESKPRO 386™ (MS DOS™), 
HP 300 Secies (UNIX™). DEC VAX™ senes (VMS™), and Apollo™ (Aegis™ ) 

© 1987 EEsoC Inc Touch«one s a regisiwed traoemark o» EEsol Inc 



I The microwave/RF industry's 
optimal CAE tool 
—has just been optimized! 

You see above how Touchstone's graphics output gives you control of the 
interactive cursor. And you get an idea of the many advanced kinds of plots that 
1.5 lets you generate — with hard copies of everything you see on the screen. 

Also note the windowing, another feature of Touchstone 1.5. This one 
displays the output status, and you invoke it at the touch of a single function key. 

Opposite page (Left): Polar display with optimization activated: (Right): 
Admittance chart with tune mode activated. 

INFO/CARD 13 

3I I94 La Baya Drive, Westlake Village, CA 91362 (8I8) 991-7530 



PLUG TOUCHSTONE 
WTO THE TMQUINT FOUNDRY 

The above display shows a Touchstone’ S-parameter plot of a typical 
THQuint MMIC FET measured over the 0.5 to 26 GHz frequency range. 

TriQuint takes data like this every day, on every production wafer, 
using a state-of-the-art on-wafer probing system. And we fit this data to 
an equivalent circuit model that represents the data with remarkable 
accuracy—about 5%—over both frequency and typical bias values. 

Together with EEsof, Inc., the creators of 
Touchstone, TriQuint has developed the THQuint 
Element Library, an add-on option to Touchstone ( 
that allows you to call up TriQuint MMIC Elements 
from a familiar Touchstone menu. In effect, 
you are plugging directly into the TriQuint MMIC 
foundry process data base, so your Touchstone 
simulations are closer than ever to the physical 
reality' of the completed MMIC. 

The TriQuint Library provides accurate models 

different types of 1.0 and 0.5 urn FETs. 
So now you have the perfect combination of MMIC 

design tools, models, and GaAs foundry fabrication. 
TriQuint is ready to help you bring your next 
Touchstone design to life through our full range of 
foundry services, from design consulting to custom IC 

for just about every MMIC element you could require, including 
diodes, inductors, capacitors, and resistors, as well as several 

packaging. We help you get there more quickly, more 
accurately, and with minimum engineering investment. 

For further information on the EEsof/THQuint Library 
Option for Touchstone, phone EEsof at (818) 991-7530. 

For further information on TriQuint’s GaAs IC 
products and services, contact TriQuint at 

(503)629-4227. 
Call 

1-800-
245-2036. 

Ask for the 
THQuint operator. 

Ibuchstone is a registered trademark of EEsof Incorporated INFO/CARD 14 

TriQuint 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 

PO. Box 4935, M/S 94-TQS 
Beaverton, OR 97076 

TQST! 



news 
Hypres, Inc. Uses Superconducting Josephson 
Junction Circuits in First Commercial Application 

In 1983, when IBM abandoned its ef¬ 
forts to develop ultra-high-speed computer 
ICs using superconducting Josephson 
Junction (JJ) technology, several of the 
IBM researchers founded Hypres, Inc. 
Armed with license agreements for IBM-
developed technology, plus new ideas of 
their own, the company set out to develop 
the technology in a more step-by-step 

researchers who joined him. They were 
prepared to develop the Josephson Junc¬ 
tion into small-scale products, learning 
about the difficulties in cooling, fabrica¬ 
tion and performance along the way. The 
PSP-1000, with its 70 GHz bandwidth and 
50 uV sensitivity represents only the intro¬ 

duction of JJ technology to the world out¬ 
side the laboratory. 

Hypres intends to continue work on the 
instrumentation applications of the JJ, 
while developing the digital logic capa¬ 
bilities. Long-range plans include the 
same type of supercomputer applications 
that started JJ development in the 1960s. 
Conventional fabrication techniques, com¬ 
bined with the materials and low-tempera¬ 
ture developments already established by 

manner. With the introduction of Hypres’ 
PSP-1000 Picosecond Signal Processor, 
the first product using JJ technology is on 
the market. 
The instrument is an oscilloscope with 

rise-time capability of 5 ps. Its 50 ohm, DC 
coupled inputs accept signals in ±10 mV 
to ±1 V ranges. Waveform storage, display 
options, measurement parameters and 
waveform computations include just about 
every possible need in a high perform¬ 
ance measurement situation. 

Introducing a small 
accomplishment in 

UHF frequency sources! 

Hypres’ PSP-1000, a 70 GHz oscilloscope. 

Applications include measurement of 
GaAs digital and RF circuits with sub¬ 
nanosecond rise and fall times, as well as 
other microwave or millimeter wave mea¬ 
surements. Future development of the in¬ 
strument is directed toward DC-100 GHz 
applications requiring high resolution in 
the time domain. 
More important than the instrument it¬ 

self is the introduction of the technology 
in a “real” product. The rather disappoin¬ 
ting history of the Josephson Junction 
principle includes both U.S. (IBM) and 
Japanese efforts to develop the technolo¬ 
gy into supercomputers. The possibility of 
an immediate 10-fold or greater increase 
in speed was the driving force behind 
these efforts. When the difficulties of im-

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

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

temperature range and offer test¬ 
ing and screening to a variety of 
MIL Standards. 
Our SAW-stabilized UHF 

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

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

IRFIM 
piementation became known, the large-
scale development came to a halt. 

Hypres, Inc. is the result of confidence 
in the JJ principles held by its president, 
Dr. Sadeg M. Faris, and the other ex-IBM 

RF Monolithics, Inc. • 4441 Sigma Road • Dallas, Texas 73244 U.S.A. 
Phone: (214) 233-2903 • Fax: (214) 387-8148 • Telex: 463-0088 

RF Design 
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trf news Continued 

Hypres could result in commercially avail¬ 
able products with 0.01 ps switching 
speeds. The current 1 ps times have been 
achieved with only 3 micron lithography. 
Beyond all of the publicity and media 

attention that the company has received 
over the past few weeks, is the fact that 
Hypres has introduced the first working 
Josephson Junction products to the elec¬ 
tronics marketplace. 

Raytheon/Texas Instruments Joint 
Venture Wins MIMIC Program 
Award 
Raytheon Company and Texas Instru¬ 

ments Inc. head a team that has been 
selected by the Department of Defense to 
develop gallium arsenide microcircuits 
under the tri-service Microwave/Millimeter 
Wave Monolithic Integrated Circuit (MIMIC) 
program. Raytheon and Texas Instruments 
have formed a joint venture to develop the 
technology that will enable the production 
of large quantities of affordable, reliable, 
high performance MIMIC components. 

G a As wafer processing capability keys 
MIMIC program. 

The contract from the Naval Air Sys¬ 
tems Command provides funding of ap¬ 
proximately $1 million to the Raytheon/TI 
joint venture under the concept definition 
phase, or phase zero. MIMIC program 
funds will be awarded in four phases, ex¬ 
tending from 1987 to 1992. Funding in ex¬ 
cess of $135 million is expected for the 
program. 
The partnership proposes to develop 

and produce affordable gallium arsenide 

devices for use ir radar, communications, 
smart weapons, and electronic warfare 
systems. Additional support comes from 
a team consisting of additional systems 
applications contractors General Dynam¬ 
ics (Fort Worth), Aerojet, Magnavox, and 
Norden Systems CAD/CAT/CAM contrac¬ 
tors Compact Software and Consilium; 
and technology contractors Airtron, a divi¬ 
sion of Litton Industries, and Teledyne. 
MIMIC program objectives complement 

the Very High Speed Integrated Circuit 
(VHSIC) program objectives set forth by 
the Department of Defense. Both pro¬ 
grams are designed to make available af¬ 
fordable, high performance devices while 
promoting new system solutions previous¬ 
ly precluded by reliability and cost 
considerations. 

Harris Microwave Semiconductor 
Announces MIMIC Team 
Affiliations 
The Microwave division of Harris Semi¬ 

conductor is participating in Phase 0 of 
the Department of Defense MIMIC pro¬ 
gram through learnings with prime con¬ 
tractors Hughes Aircraft, Harris Corp. 
Government Systems Sector, and Hittite 
Co., Woburn, Mass. Harris Microwave 
also expects to serve as a gallium arsen¬ 
ide monolithic microwave integrated cir¬ 
cuit foundry for other Phase 0 and Phase 
1 teams. 

Rogers Corp. Adds Woven Glass 
Substrates to Product Line 
Rogers Corporation, maker or RT/ 

duroid® microwave materials, has an¬ 
nounced that it will manufacture woven 
glass-reinforced PTFE materials for micro¬ 
wave circuit applications, responding to 
a growing number of customer requests. 

Rogers’ first production material, to be 
announced soon, combines excellent sur¬ 
face quality, high bond strength, dielec¬ 
tric constant to erance of ±0.02, and low 
moisture absorption (0.02%). Certification 
to MIL-P-13949 is expected in late April or 
early May, though the material can be 
used for commercial as well as military 
applications. Commercial availability of 
Rogers’ first woven glass product is ex¬ 
pected to be announced before or at 
MTT-S. 

Amador Corp. Certified for 
Japanese Interference Testing 
Th Amador Corporation of Taylors Falls, 

Minn., announced an important new addi¬ 
tion to its electromagnetic compatibility 
(EMC) testing services. The company has 
been registered as a Measurement Facili¬ 
ty to do Japanese Voluntary Control Coun¬ 

cil for Interference (VCCI) testing. Amador 
is the first non-Japanese EMC testing 
laboratory to receive a Certificate of Ac¬ 
ceptance for testing compliance with 
these newly implemented Japanese stan¬ 
dards. Amador notes that U.S. electronic 
equipment manufacturers are finding that 
compliance with the VCCI standards 
enables them to compete more effectively 
with the Japanese electronics industry. 
Amador adds this Japanese testing 

capability to its present relationship with 
West Germany’s Institute of Electrical 
Engineers (VDE), and accreditation by the 
U.S. National Bureau of Standards Nation¬ 
al Voluntary Laboratory Accreditation Pro¬ 
gram (NVLAP). 

JFW Industries Opens 
Hybrid Facility 
JFW has entered the world of micro¬ 

electronics with a new design and fabrica¬ 
tion facility equipped with an “EEsof” 
CAD system with rubylith cutting capabili¬ 
ty for fast accurate designs. For fabrica¬ 
tion it has a thick film screening, firing and 
trimming capability, as well as die attach 
and wire bonding capability. It will soon 
be adding hermetic package sealing 
capability. 

This capability will allow JFW to develop 
miniature devices, such as RF switches, 
attenuators and other RF assemblies in 
the frequency range covered by existing 
products. It will also allow JFW to increase 
the frequency range it covers to 18 GHz 
and to increase the power handling capa¬ 
bility of certain products. The products 
developed will also be more capable of 
adhering to military environmental speci¬ 
fications. 

Micro-Coax Adds Cable 
Assembly Facility 
Micro-Coax™ Components, Inc. has 

opened an automated custom cable as¬ 
sembly and fabrication facility that enables 
the company to reduce set-up time dur¬ 
ing the cable assembly process. The re¬ 
sult is efficient, cost-effective production 
and quicker deliveries. The new facility in¬ 
cludes a programmable automatic bender, 
as well as complementary equipment 
dedicated solely to production of custom 
assemblies. Most connector installations 
are induction soldered, further reducing 
total assembly time and enhancing re¬ 
peatability. 

Pirelli to Provide Fiber Optic 
Television Supertrunk 

Pirelli Optronic Systems Corp, has been 
awarded a contract to provide a fiber optic 
supertrunk for CNN in Atlanta. The instal-
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Want to 
save 

$10,000? 
for those who fan 

— as reported by Research Institute of America 

Instrument Specialties can help you comply with FCC 
emission standards and prevent future fines. Our beryl¬ 
lium copper shielding strips, available from stock or 
custom-designed to your needs, do the job. And they cost 
a lot less than $10,000! 

For more information, consultation, and de¬ 
sign services, as well as our “Guide to Inter¬ 
ference Control”, phone and ask for EMC 
Customer Service. Or, write us at Dept. 
RF-31. 

/I INSTRUMENT SPECIALTIES COMPANY, INC. 
PO. Box A • Delaware Water Gap, PA. 18327 

® Phone: 717-424-8510 • TWX: 510-671-4526 
Specialists in interference control since 1944 
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Continued 

lation will link CNN Center Headquarters 
(formerly the OMNI) with their current 
studios at 1050 Techwood Drive. Pirelli’s 
optical transmission System 1301 will in¬ 
itially carry 50 channels of video and 
stereo audio between the two sites. Tech¬ 
wood will transmit 38 channels to CNN 
headquarters, and on a separate path 
CNN will transmit 12 channels to Tech¬ 
wood. The single mode fiber optic system 
is expandable to 80 channels providing 

RS250B quality service. Southern Bell is 
providing the fiber cable, installation and 
the supertrunk maintenance service for 
CNN. 

Anixter Bros. Acquires Delphi 
Electronics, Inc. 

Anixter Bros., Inc. announced that it 
has acquired Delphi Electronics, Inc., an 
electronic wire aid cable specialist of 
Folcroft, Pa. 

Simply outstanding. 
Outstanding features 
► Frequency range: 10 kHz to 1 GHz 
► Step frequency sweep over 

entire frequency range 
► 100 non-volatile memories 

for front panel setups 
► Fully portable— operates on 

AC or 12VDC to facilitate 
bench and field use 

► IEEE 488 and HPIL programmable 
► Automatic integral SINAD meter 
> +13 dBm RF output level 
> Direct synthesis to 1 GHz 
> Compact, lightweight 

BBBt 
asar 
seat 
00Sr 

Outstanding deal 
Call today to find out what 
an outstanding low cost 
deal the PSG1000 is. 
Call us at: 
(317) 545-4196 
Outside Indiana, call toll free: 
(800) 344-2412 

Texscan 

24 

3169 North Shadeland Avenue 
Indianapolis, Indiana 46226 

Our time has come. 
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Delphi will continue to operate under its 
own name and will become part of Anix-
ter’s network of distribution centers. Del¬ 
phi is equipped with value-added services 
including dying, striping, and twisting 
equipment, as well as connectorized as¬ 
sembly and patch panel interconnect wir¬ 
ing services. 

Watkins-Johnson Wins S8.8M 
Watkins-Johnson Company announced 

that during the fourth quarter of 1986 it 
received and booked an order valued at 
approximately $8.8 million from the 
Hughes Aircraft Company Missile Sys¬ 
tems Group in Tucson, Ariz. 
The contract calls for the production of 

radio-frequency processors for use in the 
AIM-120 Advanced Medium-Range Air-to-
Air Missile (AMRAAM). Deliveries are ex¬ 
pected through late 1988. 

ARRL to Oppose FCC’s 
220 MHz Reallocation Proposal 
The American Radio Relay League 

(ARRL) has announced its opposition to 
the Federal Communications Commis¬ 
sion’s proposal to reallocate the 220-222 
MHz band, now part of an amateur band, 
to commercial land mobile services. The 
Notice of Proposed Rulemaking was re¬ 
leased February 12, FCC General Docket 
No. 87-14. 
The 220-225 amateur band has been 

threatened with commercial reallocation 
for 15 years, severely discouraging com¬ 
mercial development of amateur equip¬ 
ment, thereby hampering ham operators’ 
ability to utilize the band. Despite these 
difficulties, 220 MHz operation has been 
growing rapidly in the past few years. 

Repeater operations, including digital 
“packet” radio relay systems, are well 
established in the 222-225 MHz segment. 
220-222 MHz amateur operations include 
moonbounce, meteor scatter and long¬ 
distance troposphere communications, in 
addition to non-repeater communications. 
Foremost in the ARRL criticism is the 

FCC’s recent authorization of the band for 
Novice Class operators which will certain¬ 
ly create rapid and sizeable growth in 
band usage. ARRL president Larry Price, 
W4RA, observes that “after 12 years, the 
FCC has finally granted the League’s 
long-standing request that the band be 
opened to Novice operators. It makes no 
sense at all for the commission, on the 
heels of that action, to say that the band 
it ‘lightly loaded.’ I’m confident that an ob¬ 
jective comparison of our needs with 
those of commercial land mobile will show 
that the public interest lies with maintain¬ 
ing the amateur allocation.” 
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Priced as low as $ 1.60 each, 
Avantek’s silicon MMIC 
amplifiers and frequency 
converters provide 
outstanding gain-bandwidth 
per dollar. 

Design engineers can simplify circuit 
designs, improve performance and lower 
overall system costs, as MODAMP'“ MSA-
series amplifiers and MSF-series fre¬ 
quency converters provide improved gain 
and bandwidth over hybrid components 
... for less. These Monolithic Microwave 
Integrated Circuit (MMIC) components are 
designed for use in applications that lis¬ 
ten, watch or talk ... from satellites, 
G.P.S. navigation receivers and fiber optic 
systems ... to police radar detectors, 
medical equipment and ... even toys. 

quency spectrum from DC to 8 GHz, with 
gains as high as 33 dB, noise figures as 
low as 2.5 dB and power outputs as high 
as 20 dBm (@ 100 MHz). The MSA- and 
MSF-series of products are available in a 
range of packages, from low-cost plastic 
to high-rel metal/ceramic. 

Selected MSA & MSF Components 
(Performance® 1.0 GHz) 

Max. 1000 

Useable Gam Noise ? mb Piece 

Frequency (dB. Figure (dBm. Package Pnce 

Model (GHz) typ.) (db.typ.) lyp.) Type $$$ 

MSAO185 

MSA-0204 

MSA0370 

MSAO420 

MSA-0635 

MSA 0835 

MSF8870 

1.60 

1.90 

16.10 

18.45 

4.85 

7.80 

29.75 

A) 85 nul plastic B) 145 mil plastic O 70 mil stnpline 
D)200milBeO Ei 100 mil ceramic 

A Growing Family of MMICs to 
Meet System Designer’s Needs 
Since 1982, Avantek’s silicon MMIC prod¬ 
uct family has grown to include more than 
50 different models covering the fre-

Avantek is a recognized leader in ad¬ 
vanced, high-performance microwave 
semiconductors and MMICs for space and 
military applications. And, we deliver in 
quantity ... last year Avantek shipped 
more than 1,000,000 MMICs and built over 

components 
for more than 3,000 customers. So, when 
you need high performance low-cost 
MMICs — whether your system listens, 
watches or talks — you know Avantek can 
deliver ... in uolume. Contact your 
nearest Avantek Distributor for additional 
information. 

East 

Applied Specialities, Inc., Baltimore, MD (301) 792-2211 

Applied Specialities of Florida, largo. FL (813) 531-2099 

Component Distributors, Inc. , Atlanta, GA (404 ) 44 1 -3320 

Component Distributors, Inc.. FL (305) 724-9910 

Sickles Distribution Sales, Lexington, MA (617) 862-5100 

TMA/RF, Teterboro, NJ (201) 393-9330 

Central 

Penstock Midwest, Palatine, IL (312) 934-3700 

Thorson Distributing Co., Dallas, TX (214) 233-5744 

West 

Penstock, Inc., Los Altos, CA (415) 948-6552 

Sertek, Inc., Tempe, AZ (602) 968-5132 

Sertek, Inc., Westlake Village, CA (818) 707-2872 

©AVANTEK 
3175 Bowers Ave, Santaclara, CA 95054-3292 
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CRYSTAL CLEAR 
K&L Quartztek specializes in the design and manufacture of 

crystal filters and crystal discriminators. We also have complete 
in-house capability for the production of our own precision quartz 
crystals — 

• Your crystal filter is designed by an engineering team ex¬ 
perienced in precisely controlling the most critical compon¬ 
ent — the crystal itself 

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

• Our total in-house capability reduces response and delivery 
times to a minimum 

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

• Crystal controlled clock oscillators 

• Temperature compensated crystal oscillators (TCXO’s) 

• Voltage controlled crystal oscillators (VCXO’s) 

• Dual band rate generators 

• Programmable dividers 

• Multiple output microprocessor drivers 

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

K&L 
QUARTZTEK 
A DIVISION OF K&L MICROWAVE INC 

INFO/CARD 19 

Phone: (913) 829-1777 

TELEX: 437045 

INFO/CARD 53 

408 Coles Circle, Salisbury, Maryland 21801 

Phone: 301-749-2424 TWX: 710-864-9683 FAX: 301-749-5725 
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Low Cost Signal Generator Features 
2.1 GHz Range and Pulse Modulation 

With the introduction of the Model 
6062A Synthesized Frequency Generator, 
John Fluke Mfg. Co., Inc. adds greater 
frequency range and high performance 
pulse modulation to their product line. The 
$10,750 price tag will be attractive to many 
potential users with applications in com¬ 
munications, avionics and navigation from 
100 kHz through 2. 1 GHz. 

Like its companions in the 6060 line, 
the 6062A has under 100 ms switch¬ 

ing speed; AM, FM and PM modulation; 
low harmonic and spurious levels; plus 
IEEE-488 bus programming. However, 
behind the nearly identical front panel is 
an instrument with significant improve¬ 
ments over the 6060B and 6061A. Most 
obvious is the increased frequency range 
to 2.1 GHz (vs. 1050 MHz for the others). 
The unit also adds pulse modulation, 

not included in earlier products. The 
modulator uses GaAs switch technology 
to achieve rise and fall times of 15 ns and 
on/off ratios of 80 dB. Many of the L-band 
applications for which the instrument is 
intended require pulse modulation. The 
pulse modulation input accepts TTL com¬ 
patible waveforms via a 50 ohm port with 
integral pull-up. 
Another feature not found in the rest of 

the Fluke line is phase modulation capa¬ 
bility. Maximum deviation ranges from 10 
to 20 radians, depending on output fre¬ 
quency, with a -3 dB bandwidth of 20 Hz 
to 30 kHz. Distortion (THD) is less than 
1 percent, measured at 1 kHz modulation 
frequency and deviation greater than 0.01 
radian. 
Although the 6062A can be considered 

a frequency-doubled version of the 6061A, 
many performance specifications are bet¬ 
ter than the 1050 MHz units. Fluke engi¬ 
neers have improved the basic synthesizer 
circuitry to achieve equal or better 
spurious, harmonic and residual FM per¬ 
formance. Even in the 1050-2100 MHz 
range where doubling is performed, sub¬ 

6062A Specifications 
Frequency Range: 0.1 to 2100 MHz 
Switching Speed: <100 ms to ±100 Hz 
Amplitude Range: -127 to +16 dBm (to 1050 MHz) 

-127 to +13 dBm (above 1050 MHz) 
Amplitude Resolution: 0.1 dB 
Absolute Accuracy: ±1.5 dB 
Harmonics (<+13 dBm): -30 dBc (>500 kHz) 

-25 dBc (100-500 kHz) 
Non-Harmonic Spurious: -60 dBc (<1050 MHz) 

-54 dBc (>1050 MHz) 
Residual FM (Hz RMS 

in 0.3 to 3 kHz BW): 8 (typ., <1050 MHz) 
16 (typ., >1050 MHz) 

(in 0.5 to 15 kHz BW): 12 (typ., <1050 MHz) 
24 (typ., >1050 MHz) 

Residual AM 
(0.05 to 15 kHz BW): <0.1% RMS (-60 dBc) 

Pulse Modulation 
On/Off Ratio: 80 dB 
Rise and Fall Time: 15 ns 
Aberrations: <10% 
Internal Modulation: 400 Hz & 1000 Hz, 50% duty cycle 
External Input: 50 ohms, TTL compatible 

harmonics are -45 dBc. Major 6062A 
specifications are listed in the accompa¬ 
nying table. 
The Model 6062A represents Fluke’s ef¬ 

forts to improve their position as a synthe¬ 
sized signal generator supplier. It also re¬ 

flects an industry-wide effort to respond to 
the RF engineers’ needs for maximum 
performance at lowest cost. 
John Fluke Mfg. Co., Inc., Everett, 

Wash. For more information, circle 
INFO/CARD #220. 
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rf special report 

The RF/Optical Interface 
Part One in a Series: The Integration of RF 
and Other Technologies. 
By Gary A. Breed 
Editor 

With this Special Report, we begin a 
three-part series highlighting the coopera¬ 
tion that is taking place between RF, op¬ 
tical, digital and aerospace technologies. 
Much of the growth in the business of RF 
is happening as a direct result of such 
interrelationships. 

Optical technology was chosen for ex¬ 
amination because of its rapid develop¬ 
ment and its reliance on RF techniques. 
The most publicly visible aspect is fiber 
optic communications, but there are other 
significant areas as well. Laser instrumen¬ 
tation, “star wars" laser weapons, and 
millimeter-wave microwaves all require a 
joint application of optical and RF tech¬ 
niques. 

Fiber optics is easily the largest single 
application of the technology of light. 

The capability of fiber optics is enormous, 
with wide bandwidths, small size, no in¬ 
terference (inward or outward), and mech¬ 

anical simplicity. Glass fibers are an ex¬ 
cellent means of transmitting information 
— the same information that has been 
transmitted via wireline, coaxial cable, 
microwave links and satellites. 
The current development challenge is 

to utilize all the available bandwidth of an 
optical link. Previous electronic com¬ 
munications have dealt with the “stack¬ 
ing” of maybe 100 voice channels on a 
"twisted pair” of wires (300 kHz band¬ 
width), proceeding to 24 video channels 
on a satellite transponder (500 MHz). 
Fiber optics has to deal with the goal of 
putting information into several GHz of 
available bandwidth. 

Transmitters and Receivers 
Just like traditional RF systems, fiber 

optics incorporates transmitters and 
receivers. With GHz-range bandwidths, 
these circuits are truly RF circuits before 

the laser diode and after the detector 
photodiode. 

Fiber optic transmitters are very similar 
to RF transmitters, with the exception that 
the laser diodes require more closely 
managed drive parameters than most 
“antennas.” AGC is a necessity for optical 
drivers to keep the light sources operating 
within design specifications. In addition, 
the laser diodes are temperature sensi¬ 
tive, requiring compensation techniques 
or even temperature control by thermionic 
means. 

At the present level of development, 
laser diodes of InGaAsP composition can 
achieve greater than 1 GHz modulation 
rates with sufficient power for long-haul 
links. The limitation on transmitter perfor¬ 
mance is the light source at this time, but 
RF driver design must keep pace with 
future developments. 

Optical receivers are just as critical as 

A Transimpedance Amplifier for 
High Speed Fiber Optic Data Links 

by J. I. Smith 
Anadigics Inc. High rate digital fiber optic links are finding increasing 

use in serial bus and short distance data transport, 
including time multiplexed links between large computer main¬ 
frames and upgraded interoffice trunking in telephone 
systems. Bus applications require high rates over short 
distances using high signal levels, while the trunking applica¬ 
tions have lower rates but greater sensitivity requirements. 

System Uses 
System calculations for FET preamps of either integrating 

or transimpedance type can be made based on calculated 
frequency response and a noise model, but more satisfac¬ 
tory results can be achieved if actual measurements are made 
available for an existing device. 
Performance measurements have just been completed on 

the Anadigics ATA 30010 transimpedance amplifier (see 
photo), a device designed with high data rate multiplexed 
serial interconnect systems in mind. The measurements show 
two broad areas of potential use: As a photodetector amplifier 
in high level receivers at NRZ data rates up to 3 Gbits/ 
second; and as a post amplifier (possibly as a pre-
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radio receivers in terms of noise floor, 
linearity, stability and impedance mat¬ 
ching. The PIN photodiodes used as de¬ 
tectors provide a current output, unlike the 
voltage levels common to most RF de¬ 
signs. The optical receiver needs a “trans¬ 
impedance” amplifier to amplify the cur¬ 
rent from the detector and present a 
voltage output to the signal processing 
circuitry. The transfer function of a tran¬ 
simpedance amplifier is a ratio of output 
voltage to input current, with dimensions 
in ohms. 

Manufacturing an integrated circuit 
transimpedance amplifier requires linear 
RF expertise, so it is no surprise that 
recognized RF component makers are in¬ 
volved in optical driver and receiver com¬ 
ponents. For example, Signetics designed 
the NE5212 transimpedance amplifier us¬ 
ing proven silicon RF techniques. The 
device provides 150 MHz bandwidth with 
ECL-compatible outputs. The NE5212 has 
a trans-resistance (Rt) of 14.5 kohms from 
input to its differential outputs, with a 
noise performance of 3 pA/Hz. 
The greater bandwidths required for 

GHz-speed transmission are being ad¬ 
dressed by GaAs devices. One company 
with a committment to fiber optic 
technology is Anadigics, Inc., specializing 

in GaAs integrated circuits. Two of their 
previously released products with applica¬ 
tions in fiber optic systems are a 350 MHz 
bandwidth operational amplifier and a 2.5 
GHz amplifier. The 2.5 GHz device will 
soon have AGC capability added. A new 
device, the ATA 30010 transimpedance 
amplifier, has just been introduced and is 
described in the sidebar accompanying 
this report. 

Microwave Semicoductor Corp, has re¬ 
cently added GaAs capability to their long 
experience in RF components. Among 
the recent GaAs products introduced by 
MSC is a fiber optics receiver/transmitter 
chip set. They join many other companies 
who are including fiber optics in their high 
speed analog and digital product plan¬ 
ning. 

Other Applications 
High power lasers, whether for wea¬ 

pons or research, often use RF excitation 
to pump them to a lasing energy state. As 
an example of the frequency and power 
of these RF drivers, Microwave Modules 
and Devices has been supplying 1 kW 
power amplifier modules operating 
around 400 MHz. These modules are 
combined in groups of 25, with the 25 kW 
groups further combined. SDI-related 

Laser weapons research at Los Alamos 
and other facilities will be using RF pulses 
of as much as 1 megawatt to drive their 
anti-missile lasers. 
Many of the fiber optic techniques can 

be used in lower-power laser communica¬ 
tions. The optical modulation schemes 
are somewhat more complex than fiber 
optics, but the driver and receiver systems 
are quite similar. The military is either us¬ 
ing or planning laser systems for anti¬ 
jamming and anti-monitoring communica¬ 
tions between naval vessels, aircraft, and 
from satellite-to-satellite. 

Instrumentation using lasers for dis¬ 
tance and speed measurement uses 
analog signal processing as well as the 
expected digital data manipulation. Dop¬ 
pler measurements or differential phase 
measurements may require MHz range 
analog amplifiers and detectors. 
To sum things up, there is plenty of 

room for RF techniques in the realm of op¬ 
tics and other light-related technologies. 
As our human capabilities increase, the 
need for cooperation between the various 
scientific and engineering desciplines will 
only become greater. Next month, we will 
examine another area of inter-disciplin¬ 
ary cooperation: The RF/Digital Connnec-
tion. Hi 

amplifier) in lower signal level applications at rates below 1 
Gbit/second. 
The ATA 30010 was designed with large internal negative 

feedback to minimize hysteresis effects in GaAs and to cancel 
out DC drift. The gain stages have a total forward gain of 100, 
with a feedback resistance of 2.5 kohms applied around these 
stages. A source follower buffer provides a 50 ohm output 
impedance. 
The large forward gain with feedback allows for burst mode 

applications in DC coupled optical transceiver systems at up 
to 3 Gbit/second NRZ data rates. The sensitivity of the device 
is high enough to provide margin at these higher bit rates. 
Figures 1 and 2 show the analog bandwidth and sensitivity 
of the ATA 30010. The sensitivity curve was determined from 
measured output noise data and the assumption of a 
photodetector with 0.8 mA/mW responsivity and 0.7 pF capa¬ 
citance. This curve, along with transmitter power and fiber 
loss, can be used to estimate the margin available in a given 
system at a given bit rate. 

Future members of Anadigics’ optical receiver family in¬ 
clude transimpedance amplifiers with higher trans-resistance 
and sensitivity for lower bandwidth applications, and higher 
bandwidth devices for 5 Gbit/second and higher data rates. 
Additional devices will include “hysteresis-free” decision cir¬ 
cuits and demultiplexers. Transmitter ICs will include laser 
drivers and multiplexers with similar capabilities, providing 
complete fiber optic system chip sets. Anadigics Inc., 
Warren, N.J. For more information, circle INFO/CARD #171. 

Figure 1. ATA 30010 analog bandwidth. 

Figure 2. Sensitivity curve. 
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The Ultimate in 
RF Power. 

Solid State Reliability 
with Incredible 

Versatility. 

1000 Watts/AlOOO 
300 kHz to 35 MHz 
1000 watts linear Class A 
Ruggedly built 
Operates from 230 VAC, 3 phase 

500 Watts/A-500 
300 kHz to 35 MHz 
Up to 1000 watts pulse and CW 
No bandswitching 
Works into any load impedance 

100 Watts/2100L 
10 kHz to 12 MHz coverage 
100 watts linear Class A power 
Up to 250 watts saturated 

3 Watts/603L 
0.8 to 1000 MHz 
3 watts of linear power 
Flat 37 dB gain 
Up to 5 watts 
saturated 

25 Watts/525LA 
Flat 1 to 500 MHz 
25 watts linear output 
Up to 40 watts pulse and CW 
No bandswitching 

. * 
« 

200 Watts/32OOL 
250 kHz to 150 MHz 
200 watts linear 
power to 120 MHz 
175 watts to 150 MHz 
Operates from 
115/23OV receptacle 

400 Watts/1040L 
10 kHz to 500 kHz 
Up to 700 watts 
output 
Useful power up 
to 1 MHz 
Built-in true 
average power 
meter 

100 Watts/5100L 
Flat 1.5 to 400 MHz 
100 watts linear 
power 
200 watts to 200 
MHz 
No bandswitching 

40 Watts/440LA 
• 150 kHz to 300 MHz 
40 watts Class A linear 
State-of-the-Art 
Up to 75 watts CW and pulse 

N 

• For our latest full-line catalog, please contact us at ENI, 
100 Highpower Road, Rochester, NY 14623. Call 716/427-8300 or Telex 67 1 1542 ENI UW. 

Mundells Court, Welwyn Garden City, Hertfordshire A_7 1 EN, England. Call (07073) 71558 or Telex 24849 ENI UK G. 
I" A subsidiary of Emerson Electric Co. 
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rf featured technology_ 

Transmission of Analog FDM Signals 
on Fiber Optic Links 

By Jack Koscinski 
General Optronics 

Fiber optic systems have been finding 
more and more applications where they 
provide the most cost effective solution. 
The majority of these applications pertain 
to digital communications. However, there 
are a large number of analog system ap¬ 
plications for which fiber optic links are 
also being selected. The most common 
requirement for analog transmission on 
a fiber link is transportation of video 

signals. In many point-to-point applica¬ 
tions, where repeaters are not required, 
fiber optic analog (FO) transmission sys¬ 
tems can prove to be a very cost effec¬ 
tive approach. 

This article focuses on FO analog 
transmission applications for carrying 

multiple video signals over a fiber link. 
Cable television supertrunks and campus 

networks would be typical examples where 
these multichannel analog transmission 
systems are being utilized. 
The key performance parameters used 

to characterize FO analog system per¬ 
formance are: 1) carrier/noise, 2) band¬ 
width, and 3) distortion. These parameters 
will be reviewed in light of how they are 
affected by the respective FO system 
components. 

Figure 2. RF analog optical transmitter. 
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Your One-Stop Source for... 

LOW 
PROFILE 
CRYSTAL 

OSCILIATORS 

OVEN CONTROLLED 
Figure 3. RF analog optical receiver. 

Frequency: 250 kHz to 17 MHz 

Output: TTL, CMOS or sine 

Aging: 1-3 X10 9/day 

I Temperature: ±1 X10 8 over 0/ + 50C 
±5x 10’over -55/ +75°C 

Size: 2W* 2W* 1" 

TCXO 
Frequency: 

Output: 

Aging: 

Temperature: 

Size: 

400 Hz to 60 MHz_ 

TTL. CMOS or ECL 

1 X10 6/year_ 

±1 X10 'over 0/ + 50°C 
± 1 X 10 6 over 55/ + 85C 

IV^xlWx 0.3” with 
electrical tuning 
Wx 2”x0.4" with 
mechanical tuning 

vcxo 
Frequency: 

Output: 

Deviation: 

Size: 

32 kHz to 70 MHz 

TTL_ 

±30 ppm to ±200 ppm. 
Permits locking onto a stable 
source tor 10-20 years with-
outadiustment._ 

0.2" high DIP package 

Call The 
Application 
Engineering 

Hot Line Today! 

(203) 
853-
4433 

VECTRON 

The Crystal Oscillator Company 

VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850 
203/853-4433. TWX: 710/468-3796 

Although there are several types of 
lasers and fiber available, this discussion 
will deal exclusively with 1300 nm single 
mode lasers and single mode fibers. 
These selections are becoming de facto 
standards for optimum multichannel FO 
analog systems since they provide low 
loss links, whicn are immune from multi¬ 
mode noise phenomena (modal noise). 

Fiber Optic Links 
FO links are gaining in popularity be¬ 

cause they offe' several major advantages 
over alternative approaches: 

Performance. Optical fiber is a low loss 
conductor which minimizes or eliminates 
the need for reamplification of signals in 
short and medium haul (<30 km) 
transmission systems. Single mode, long 
wavelength 1300 nm fiber losses are typi¬ 
cally under 1 dB/km. Optical fiber also of¬ 
fers increased bandwidth operation. How¬ 
ever, multichannel analog transmission 
(FDM) systems may be limited by either 
noise or distorion, which may restrict the 
full utilization of bandwidth. 

Electrical Immunity. Optical fiber is a 
non-metallic conductor. Therefore, it will 
not pick up or emit electromagnetic (EMI) 
or radio frequency (RFI) interference. 
Crosstalk is thus eliminated, there are no 
electrical grounding problems, and if a 
fiber cable is broken, there are no sparks 
and no chance of electrical shock. 
Small Size/A/eight. A single conductor 

fiber optic cable weighs about 9 lbs. per 
1,000 feet. A comparable coaxial cable 
weighs 80 lbs. per 1,000 feet. Thus, 
weight-conscious designs can save pre¬ 
cious pounds without a sacrifice in signal 
capacity. 

Security. Electronics “bugging” depends 
on electromagnetic monitoring. Fiber op¬ 
tic systems are immune to this technique. 
They must be physically tapped to extract 
information wnich decreases signal levels 
which are readily detected. 

Fiber Optic FDM Analog System 
A block diagram for an FDM (frequency 

division multiplexed) analog transmission 

fiber optic link is illustrated in Figure 1. 
The major system components are: 1) the 
optical transmitter, 2) fiber optic cable, and 
3) the optical receiver. 
An optical transmitter accepts the in¬ 

dividual RF FDM analog inputs and pro¬ 
vides the signal conditioning necessary 
to drive the semiconductor laser diode. 
Figure 2 shows the major optical transmit¬ 
ter functional components. 

First, an RF combiner sums the multi¬ 
ple analog inputs which are to be trans¬ 
mitted. The RF levels for each carrier 
should be equalized prior to the optical 
transmitter. Otherwise, optimum noise 
and distortion performance for each car¬ 
rier will not be achieved. However, a slope 
compensation stage may be provided 
after the combiner stage to adjust for nor¬ 
mal cable slope effects. 
Broadband amplifiers, AGO controlled, 

provide the necessary signal level to drive 
the laser-diode. The RF drive level to the 
laser must be precisely controlled to real¬ 
ize the optimum system noise and distor¬ 
tion performance. 
A DC bias is applied to the laser to pro¬ 

vide a linear operating point. This DC bias 
current will determine the average optical 
output power out of the laser diode, which 
is typically 0.5 mW for single mode 1300 
nm lasers. Laser power is sensitive to 
changes in temperature and laser aging. 
To preserve a constant average optical 
output power, two control circuits are com¬ 
monly provided in the laser transmitter: 
a laser temperature controller and an 
automatic optical power controller. 
A photodiode monitors the rear facet of 

the laser as a sample of the transmitted 
optical power and uses this information 
to control the laser DC bias current. Thus, 
if a laser average optical power changes 
due to time or temperature, the laser bias 
is automatically adjusted to maintain con¬ 
stant average optical power. 

Laser life is adversely affected by oper¬ 
ating at higher temperatures. Temperature 
control is accomplished by using a ther¬ 
mistor to monitor the laser temperature. 
A control circuit then drives a TEC (ther-

32 
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TEK MICROCIRCUITS 

Microlithography 
perfected. 

Now, it’s all yours. 
Whatever your needs—from submicron 
to wafer scale integration, with mask sizes 
from 3" to 7"—our experienced staff is 
ready to work with you using our E-beam 
and optical tooling capability. 

If you’re looking for a full spectrum 
of mask design and tooling capabilities, 
we can help. Working as a design 
partner, our mask design team will con¬ 
sult with you for the best layout approach, 
assuring the success of your finished 
photomasks. 

Talk to us about photomasks for 
CMOS, bipolar, Ga As, and CCD ICs, 
thin and thick film hybrid circuits, wave 
guides, graticules, surface acoustic 
devices, multi-layer ceramics, etched 
metal components, meshes, and dis¬ 
play devices. We’re experienced in 
them all. 
Whatever your photomask needs, our 

engineering staff will interface directly 
with your foundry service to ensure 
smooth integration into your production 
process. 
Our dedication to your success is dem¬ 

onstrated by our greater than 99% qual¬ 
ity performance and ability to consistently 
meet your critical delivery schedules. 
Find the right solution the first time. 
Call us. 

Tektronix Integrated Circuits Operation 
PO. Box 500. M/S 59-420 
Beaverton, OR 97077 
Phone: (800) 262-4374 (outside Oregon) 

(503) 627-2515 for technical 
assistance 

Tektronix 
COMMITTED TO EXCELLENCE 

Copyright 1986, Tektronix. Inc All rights reserved ICO-003B 
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Unprecedented Performers! 

The A-8000 Spectrum Analyzer. 

\ 

Now 2.6 GHz frequency coverage! 

Fully synthesized. Tracking generator.* Quasi-peak detector.* 
Truly portable. And again, an exceptional value! 

The new A-8000, quite simply put, is our response to 
industry's demand for a higher frequency, yet still econom¬ 
ical, Spectrum Analyzer. 

Now, with two models and seven options to select 
from, you can custom configure the unit that meets your 
specific testing requirements. 

The commonality of the A-8000 and A-7550 offer you 
many benefits. Two powerful microprocessors, menu 
driven display modes and single function keyboard entry 
aid the user in the operation of all analyzer functions. To 
further increase the operational simplicity of the A-8000 
and A-7550, the microprocessor systems automatically 
select and optimize the analyzer's bandwidth, sweep rate 
and center frequency display resolution, with manual 
override if desired. 

Increased flexibility...added features...and 
exceptional value continue to make IFR the logical 
choice when considering your next Spectrum Analyzer. 

Contact your IFR distributor or representative 
for a demonstration. 

A-8000 and A-7550 Features — All Standard: 
• Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz 
to 1 GHz ■ VRS™ (Vertical Raster Scan) CRT display ■ Single 
function keyboard entry • Menu driven display modes 
• Automatic amplitude calibration ■ Selectable linear I log display 
modes • Digital storage of all displayed parameters ■ 70 dB 
dynamic range ■ 300 Hz resolution bandwidth ■ Selectable 
scan widths, 1 -2-5 sequence + 0 and full scan ■ Accurate center 
frequency readout • Direct center frequency entry 
■ Automatically scaled electronic graticule * Variable top scale 
reference (+30 to -95 in 1 dB steps) ■ IF gain in 1 dB steps 
■ Line, bar, average, compare and peak hold display modes 
■ 300 Hz and 30 kHz video filters ■ 106 to 266 VAC operation 
without switching ■ 12 to 30 VDC operation 

•Optional Features Include: • Internal rechargeable 5 APH 
battery for truly portable operation • Internal tracking generator 
with 1 dB step attenuator ■ FM I AM / SSB receiver ■ IEEE-488 

interface bus ■ RS-232 interface bus • 75Q adapter 
■ Internal quasi-peak detector 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita. Kansas 67215-8935 U.SA 
316 / 522-4981 / TWX 910-741-6952 
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SMALL CONNECTORS 
CAN BE A BIG DEAL 
AEP Subminiature Coaxial Connectors 

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

Connectors that work. 

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

The right connector for the job. 

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

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

Connectors when you need them. 

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

We 7/ probably save you some money, too. 

Applied 
Engineering Products 
1475 Whalley Avenue 
New Haven,' CT 06525 
(203)387-5282 
Fax: 203/387-7832 
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PRECISION 
CRYSTAL 

OSCILLATORS 
Frequency Range: 

8-200 MHZ 
Frequency Stability: 

LESS THAN 1 P.P.M. 
From —30°C to 85° C 
Aging: < 2 p p M for 6 months 

< 1 p p M for life 

Trim Range: t6 p.p.M minimum 

< 1 minute from cold Fast Warm Up: 

Current Drain (Oven) < 50 mA @ 25° C 

Oscillator Current: < 30 mA @12 VDC 

Output Level/Shape: Per Customer requirement 

HIGH PERFORMANCE 
LOW POWER 
LOW DRIFT 
LOW COST 

mal electric cooler) to which the laser 
heatsink is mounted to maintain the laser 
at a constant temperature, typically 20°C. 

Single mode, 1300 nm fiber cable is 
preferred for multichannel analog sys¬ 
tems. This fiber has a core diameter of 
only 9 urn with an overall cladding/buffer 
diameter of 950 urn (typical). These fibers 
may be assembled into various cable as¬ 
semblies, which provide multiple fibers, 
strain relief and jacket options. 

Fiber cable is available in lengths up 
to several kilometers per reel. For dis¬ 
tances greater than several kilometers, 
the fibers are typically fusion spliced to 
minimize path insertion losses. Single 
mode fusion splicas have typical optical 
losses of only a few tenths of a dB. Single 
mode connectors have typical losses of 
0.5 dB. The optical transmitter and re¬ 
ceiver are normally connectorized for con¬ 
venience in servicing equipment. 
The primary function of an analog opti¬ 

cal receiver is to reconvert the light power 
into an RF signal with a minimum contri¬ 
bution of noise and distortion. An analog 
optical receiver block diagram is shown 
in Figure 3. The optical detector common¬ 
ly employed for 1330 nm analog applica¬ 
tions is either a InGaAs PIN diode or a Ge 

avalanche photodiode. The major distinc¬ 
tion between them is that the avalanche 
diode has gain available (approximately 
10), whereas the PIN diode does not. 
The photodiode current drives a trans¬ 

impedance preamp which provides high 
input sensitivity and transforms the diode 
current into a voltage at its output. These 
preamps are available as DIP packaged 
devices with fiber pigtails attached. 
A post amplifier with AGC follows the 

preamp to provide sufficient gain to ob¬ 
tain unity system gain for the entire FO 
link. AGC is utilized to maintain a constant 
output level independent of optical input 
power, which may change due to fiber re¬ 
splicing, fiber loss versus temperature, etc. 

Key System Performance 
Parameters 
Now that a general description of an 

analog fiber optic system has been pro¬ 
vided, this section will discuss how sever¬ 
al key system parameters are affected by 
the respective fiber optic system compo¬ 
nents. The key parameters, which will be 
considered, are carrier/noise, bandwidth 
and distortion. 

Carrier/noise obtained at the end of the 
FO system will ultimately determine the 

CUSTOM DESIGN CAPABILITY 
Crystek's innovative engineering group has 
in-house capability of circuit develop-
ment/artwork using computer aided 
design. (CAD/CAM) 
This great flexibility allows Crystek to create 
custom made oscillators to any special cus¬ 
tomer requirement or specification. 
Semi-automated manufacturing methods 
(surface mount technology) and 100% test¬ 
ing guarantees consistent and uncomprom¬ 
ised quality of our product. 
Fast turn-around for prototype samples and 
production quantities at economical prices. 

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

CRYSTEK 
CORPORATION 

DIVISION OF WHITEHALL CORPORATION 

2351/2371 Crystal Drive/Ft. Myers, FL 
33907 

P.O. Box 06135 
Ft. Myers, FL 33906-6135 

(813) 936-2109 / TWX 510-951-7448 
FAXIMILE: 813-939-4226 
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baseband (video) signal to noise perform¬ 
ance. Carrier/noise is preferred over sys¬ 
tem signal/noise is a FO link parameter 
since the output of an optical receiver is 
an RF carrier. Also, analog video may be 
transmitted via VSB-AM, FM, or other 
modulation techniques. For a given car¬ 
rier/noise ratio, the resultant video 
signal/noise ratio will be a function of the 
modulation approach. Wideband FM pro¬ 
vides higher signal-to-noise ratios at the 
sacrifice of greater channel bandwidths. 
The optical transmitter will have an im¬ 

pact on carrier/noise in two ways: 1) set¬ 
ting of a particular modulation depth and 
2) inherent laser source noise. 

For an analog system, a time varying 
signal S(t) is used to directly modulate the 
optical source about to bias current point 
IB as shown in the laser LI curve (Figure 
4). With no signal input the optical power 
is Pt. When the signal S(t) is applied, the 
optical output power P(t) is: 

P(t) = Pt [1 + m S(t)l (1) 

Here, m is the modulation depth defined 
by: Al 

m = 7^ (2) 

where, IB’ = IB - IT 
IT = Laser Threshold current 

The parameter Al is the RF variation in 
current about the bias point. To prevent 
distortions in the output signal, the modu¬ 
lation must be confined to the linear re¬ 
gion of the curve. Furthermore, if Al is 

greater than IB’, the lower portion of the 
signal gets cutoff and severe distortion will 
result. Typical m values for analog appli¬ 
cations are .25 to .50. 
A higher modulation index (m) will pro¬ 

vide a higher RF carrier/noise ratio since 
the received RF carrier is proportional to 
(m). Thus, a direct tradeoff exists between 
system distortion and noise performance 
as contributed by the optical transmitter. 

Inherent laser source noise defines the 
maximum achievable carrier to noise ob¬ 
tainable from a laser transmitter. Minute 
fluctuations in optical emission are exhi¬ 
bited when biased above threshold. This 
noise phenomena is referred to as relative 
intensity noise (RIN). The intensity noise 
is neither thermal nor strictly shotnoise in 
nature. It is the response of the laser to 
modulation by intrinsic shotnoise, which 
results from the granular nature of light 
and electricity. Typical values of laser car¬ 
rier/noise due to RIN are -120 to -140 
dB/Hz. 

Fiber/Receiver C/N Contribution 
The optical loss budget analysis is the 

conventional approach used for determin¬ 
ing the maximum optical path loss. A loss 
budget compares the optical power trans¬ 
mitted with the minimum optical power at 
the receiver to provide the required car¬ 
rier to noise ratio out of the receiver. The 
difference between these two quantities 
is the optical loss budget allowable for the 
total path loss. A typical loss budget 

DIE-CAST 
RF CONNECTORS 
CUT YOUR 
C0ST50%! 

When you need an SMB con¬ 
nector, but don’t need the MIL-
spec, you can save up to 50% 1 
without sacrificing performance? 
Johnson’s JCM-B miniature coaxial 
connectors give you a low-cost, com¬ 
mercial grade alternative for com¬ 
munications, computer, office 
equipment and test and 
measurement applications up 
to 4 GHz. 
JCM-B connectors can be 

interchanged and intermated 
with their MIL-spec SMB coun¬ 
terparts, and give you virtually 

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

For SMA applications up 
to 8 GHz, you get the same perfor¬ 
mance and cost savings from Johnson’s 
machined JCM-A connectors. Both 
JCM-A and JCM-B connectors are 
available in gold or nickel-plated ver¬ 
sions with beryllium copper and half-
hard brass contacts. 

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

JOHNSON “ 
COMPONENTS PRODUCTS 

E.E Johnson Company, Waseca, Minn. 56093 
Telephone 1-507-835-6307 Telex 290470 TWX 910-565-2161 

Figure 5. Carrier/noise versus received optical power. 
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Second Orders 
fa -fa 

Transmission 
Spectrum 

Second Orders 
f, + fa 

250 MHz 500 MHz 1000 MHz 

Figure 6. Spectrum plan to avoid second orders. 

analysis is shown below. 

Power launched (Tx) -3.0 dBm 
Fiber loss 20.0 dB 
Splice loss 2.0 dB 
Connector loss 1.0 dB 

Received Optical Power (Rx) -26 dBm 
Receiver sensitivity (Rx) -30 dBm 

(min. power allowable to 
provide required C/N _ 

System Margin 4 dB 

One might ask how the carrier-to-noise 

performance of the system will change as 
a function of optical input power. The 
answer depends on whether the system 
noise performance is receiver limited, 
quantum noise limited, or laser source 
noise limited. 
The carrier/noise present at the output 

of an optical rece ver employing a PIN 
diode is: 

C_ (1/2N2) (m X Ro X Pt)2_ (3) 

N (RIN Ro2 PI2 B) + 20(^0 Pt + ld)B + (4Kb TB/Req)Ft 

(source + quantum + receiver) 

Ro = diode responsivity 
m = modulation depth 
Pt = average optical power received 
q = electron charge 
K = Boltzmann’s constant 
Id = diode dark current 
B = bandwidth of receiver 
T = temperature (K) 

Req = equivalent resistance of 
photodiode load and amplifier 

Ft = Noise factor of preamplifier 
RIN = Source relative intensity noise 
N = number of FDM channels 
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QUARTZ CRYSTALS - . 

BLANKS ■ Processed blanks without base plating 
■ Blanks custom base plated with silver, aluminum, gold or chrome gold 

for clock oscillators and miniature filter applications. 
SEALED 
CRYSTALS ■ HC-45 or UM-1 miniature packages from 8MHz to 200MHz 

■ Precision crystals cold-weld or resistance-weld for TCXO and FILTER 
design applications. 

SURFACE 
MOUNT 
CRYSTALS ■ LCC or any other custom size for surface mounting app ications. 

■ Consult factory for Microprocessor Type Standard Crys als 
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311 NORTH LINDENWOOD DRIVE / OLATHE, KANSAS 66062 
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WBE 
IMPEDANCE CONVERTERS 

The series a specially 
designed, individually tuned broadband trans¬ 
former for converting 50 ohms to 75 ohms or 75 
ohms to 50 ohms with virtually no loss (.15 dB 
typical ). 

This device replaces the conventional 
MLP (minimum loss pad) where extra padding is 
unnecessary. Model A65 is frequently attached 
directly to a 50 ohm test instrument for use in 
a system requiring a 75 ohm impedance. The unit 
is also valuable when attached to both ports of 
a device under test of opposite impedance than 
the measuring system. When the A65 series is 
used on each end of a two port device or on both 
generator and detector, a gain of approximately 
11 dB is added to the circuit when substituted 
for two resistive MLPs. 

Units are available covering 1-500 MHz 
and 1-900 MHz. Many different connector con¬ 
figurations are available to tailor the con¬ 
verter directly to your requirements. 

Prices start at U.S. $50.00 
Model A65, 1-500 MHz unit, with 50 
female and 75 ohm BNC female or type 
connectors. 

Quantity pricing and O.E.M. 
tions available. 

for the 
ohm BNC 
F female 

applica-

WIDE BAND ENGINEERING COMPANY. INC 

P.O. Box 21652, Phoenix, AZ R5036 U.S.A 
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Figure 7. Beat stacking (for 5-channel system). 

When the optical power incident on the 
photodiode is low, the receiver circuit 
noise term dominates the system noise, 
so that: 

C (1/2N2) (m X Ro X pt)2 

N ~ (4Kb TB/Req)Ft (4)

Here, carrier/noise is directly propor¬ 
tional to the square of the average re¬ 
ceived optical power. Thus, for each 1 dB 
change in optical power received, the car¬ 
rier/noise ratio will change by 2 dB. 

For larger optical signals incident on the 
photodiode, the quantum noise associat¬ 
ed with the signal detection process 
dominates (assuming Id negligible), so 
that: 

C (1/2N2) (m2 X Ro Pt) 
N - (2qB) (5)

Since the carrier/noise ratio in this case 
is independent of circuit noise, it repre¬ 
sents the fundamental or quantum limit 
for analog receiver sensitivity. In this opti¬ 
cal power range the carrier/noise ratio will 

change 1 dB for each 1 dB change in re¬ 
ceived optical power. 

For very high optical power levels the 
carrier/noise ratio may be limited by the 
laser source. 

C (1/2N2) (m2) 

N " (RIN X B) (6)

Thus, the carrier/noise ratio is constant at 
the maximum obtainable from the laser 
transmitter. 

Figure 5 illustrates an example of car¬ 
rier/noise obtainable at the receiver out¬ 
put as a function of optical input power 
when these noise sources are present. 

Bandwidth Limitations 
Laser transmitters have available 

modulation bandwidths of at least several 
GHz. Typically the transmitter circuitry will 
limit the upper bandwidth rather than the 
semiconductor laser diode. However, 
linearity constraints will tend to limit full 
utilization of the available bandwidth in 
analog FDM systems. 

Single mode 1300 nm fiber has band¬ 
widths above 10 GHz/km available. The 
electrical 3 dB bandwidth for a single 
mode fiber is: 

RF & Microwave Filters 
Design & Production Capability for 5 MHz — 26 GHz 

Free catalog RFM/86 illustrates Microwave Filter Company’s 
capabilities in designing filters for HF, VHF, UHF, microwave 
equipment and engineering projects. High and low power func¬ 
tional types include: 

• Lowpass 
• Highpass 
• Bandpass 
• Bandreject 

• Diplexer 
• Preselector 
• Specialty Filter 

Networks 

Designs are executed in UC, distributed element and 
waveguide transmission line. A line of microwave absorbers is 
also completely described. 
We welcome your special filtering problems — call or write to¬ 

day! 

Ask For Our Free 
RFM/86 Information Packet 

Toll Free: 1-800-448-1666 • Collect : 315-437-3953 • Microwave Filter Company, Inc. • 6743 Kinne St., E. Syracuse, N.Y. 13057 
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f(3 dB) = (.35)/(M X AÀ X L) (7) 
M = material dispersion 

(ps/nm X km) 
AÀ = optical spectral width (nm) 
L = fiber length (km) 

For 1300 nm single mode fiber: 

M = 3.5 (ps/nm x km) 

Thus, for a 10 km path with a single mode 
laser (AÀ = 1 nm): 

f(3 dB) = 10 GHz 

High sensitivity receivers require that 
bandwidths be limited. As seen from the 
expression for carrier/noise ratio (3), all 
the noise terms are directly proportional 
to bandwidth. For this reason the optical 
receiver will intentionally limit the band¬ 
width to only that required for the particu¬ 
lar transmission requirement. 

High sensitivity receivers also require 
high input resistances as can be seen by 
the carrier/noise expression (3). Higher 
bandwidths are difficult to maintain at 
higher resistance levels due to real and 
parasitic capacitances present in the opti¬ 
cal receiver circuitry. Very wide band (>1 
GHz) receivers typically utilize 50 ohm 
photodiode, preamp and postamp stages, 

which will provide lower receiver sensitivi¬ 
ties due to the 50 ohm thermal noise 
source at the preamp unit. 

Distortion 
The limiting distortions in an analog 

FDM system are 2nd and 3rd order inter¬ 
mods. Second order intermods are de¬ 
fined as (f1 ± f2) products. Third order in¬ 
termods are defined as (f1 ± f2 ± f3) 
products. 
The laser diode will normally be the 

distortion limiting component in a fiber 
optic link. Typical values of distortion for 
a single mode laser operating at a 50 per¬ 
cent modulation depth are: 

2nd order: 30-45 dB 
3rd order: 45-60 dB 

The spread in values indicates that not all 
lasers have good linearity. Some lasers 
may even have abrupt discontinuities 
(kinks) in their LI curves, which disqualify 
them completely for use in analog 
systems. 

Circuit linearization techniques for 
lasers have not proven successful to date. 
A scheme that measures the nonlinearity 
and corrects it in real time, such as feed¬ 
back or feedforward, would be helpful 

here. However, at this time, careful specifi¬ 
cation criteria and selection of lasers for 
linear analog performance is an absolute 
requirement to obtain high performance 
analog FO links. 
The linearity of fiber optic receivers are 

generally quite good, since they operate 
at relatively low signal levels. PIN-photo-
diodes have good linearity over several 
orders of magnitude. Well-designed pre¬ 
amps and post amplifier electronics will 
not contribute significantly to system 
distortions. 

With very high optical powers at the re¬ 
ceiver input, it may be necessary to utilize 
an optical and/or electrical AGC. Fixed op¬ 
tical attenuators may also be used at the 
receiver input when the high levels are a 
permanent condition. 
With prior knowledge of the distortion 

performance available in a FO link, a 
system designer can minimize some of 
the possible limitations. For example, 
since second orders are the strongest 
distortions, a frequency transmission 
spectrum can be selected, which elimi¬ 
nates second orders from falling in de¬ 
sired channels. Limiting the transmission 
bandwidth to the highest octave region 
will cause all the second orders to fall 
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For a power resistor that 
stays non-X up to vhf, 
there’s only one choice. 
The Carborundum® Type SP. Only the 
Carborundum ceramic power resistor 
behaves like a pure resistance rather than 
an inductor and/or capacitor. It operates 
from low audio frequencies up into the vhf 
range. Each unit is a solid body of resistive 
material. No windings, no film. Ideal for 
frequency-sensitive rf applications like 
feedback loops. 
And it gives you extremely high power 

density, with great surge-handling capabil¬ 
ity because it’s solid. 

Our Type 234SP, for example, is about the 
size of a 2-watt carbon comp, but dissi¬ 
pates a full 10 watts in 40°C ambient air. 
Moreover, it can consistently absorb 
surges of over 10X rated power for several 
seconds and come back for more with very 
little △ R. Forced-air-cooled, water-cooled 
or immersed in oil, it will handle even 
greater power overloads. 

Other Carborundum Type SP resistors— 
including high-power, water-cooled 
configurations—are rated from 2.5 to 1000 
watts. For further details, call or write us 
today. 
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above or below the desired transmission 
spectrum (Figure 6). 

Without the second order limitation, 
third order products will be the limiting 
distortion mechanism. As the number 
of channels increase above 3, and are 
equally spaced, it is important to realize 
that there will be intermod or beat stack¬ 
ing. That is, several individual beats will 
exist at or near the same frequency. This 
is commonly referred to as composite tri¬ 
ple beats (CTB). The result of beat stack¬ 
ing tends to be additive on a power basis 
(assuming the individual carriers are not 
phase locked). Figure 7 illustrates this 
situation for 5 RF carriers. The cumulative 
effect of stacking can be estimated using 
the expression below. 

CTB = -d3 + 10 log (N) 
where -d3 = distortion level of a 

single 3rd order intermod 
(three tone) 

N = number of stacked beats 
(equal levels) 

The largest number of beats will fall in 
the center channel for a symmetrically 
spaced spectrum. For the 5-channel spec¬ 
trum shown in Figure 7, there will be 4 (3 
tone) third order beats stacked in the 

center of the channel spectrum. Thus, the 
worst case 3rd order distortion would be 
6 dB worse than that contributed by a 
single 3rd order distortion. Two-tone, 3rd 
order distortions will also be present with 
multiple carriers. However, they will have 
individual distortions, which are 6 dB 
below a 3-tone 3rd order product and thus 
tend to be a negligible contribution as the 
number of channels increase. These ex¬ 
trapolations are useful since many lineari¬ 
ty tests are performed using a limited 
number of carriers. 

Systems Applications 
Analog FDM fiber optic transmission 

systems have been used successfully to 
carry up to 16 channels of video on a fiber 
link with performance approaching 
RS-250B (short haul). The most common 
modulation technique employed is wide¬ 
band FM (>7 MHz deviation). Wideband 
FM modulation provides a signal/noise 
ratio improvement of over 20 dB com¬ 
pared to standard AM transmission. FM 
signals also have a high tolerance to inter¬ 
mod distortion. AM channels require 
channel distortion levels greater than -57 
dB below the RF carrier; FM will operate 
with distortion levels of -40 dB. 

VSB-AM fiber optic transmission sys¬ 
tems have successfully carried four to 
eight channels of video up to 12 km. Per¬ 
formance levels are comparable to CATV 
standards. The cost per channel for an 
AM system is significantly lower than for 
video FM. 

Summary 
Successful system design for FO 

analog transmission systems requires an 
understanding of the key system perform¬ 
ance parameters and how they are affect¬ 
ed by the various link elements. The in¬ 
tent of this article has been to identify 
these key performance parameters and 
provide some background on the perform¬ 
ance impact of the respective optical link 
components. H 
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This low-cost radiated EMP test system, 
Model EM 102, simulates electric-field 
conditions generated by full-threat high-
altitude burst as defined by Mil-Std-461 C. 
Its parallel-plate radiating structure pro¬ 
vides high-voltage pulse for testing EMP 
effects on electronic subsystems, such 
as the disk drive shown. 

In addition, its pulse generator, the 

Model EM 103, is well suited for other 
procedures, including direct and indirect 
EMP injection up to 100 kV, when used 
in combination with other Elgal modules. 

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

The best news? Harris FETs are competitively priced — and 
we intend to keep it that way. 

When you shop for GaAs FETs, shop Harris first — for value, 
quality, and service. Because you can’t afford to wait. 
Contact Harris Microwave Semiconductor, 1530 McCarthy 

Blvd., Milpitas, CA 95035. In U.S. phone 1-800-4-HARRIS, 
Ext. 1505, or (408) 433-2222. (TWX: 910-338-2247) 
In Canada: 1-800-344-2444, Ext. 1505. 

IN GALLIUM ARSENIDE, 
THE NAME IS 

HARRIS 
Harris Semiconductor: Analog - CMOS Digital 

Gallium Arsenide - Semicustom - Custom 

2) HARRIS 

INFO/CARD 32 



rf design feature 

Measurement of Dielectric Constant 
at RF and Microwave Frequencies 

By John Ayer 
National Research Council 

The accurate measurement and char¬ 
acterization of complex permittivity (di¬ 
electric constant or relative permittivity) 
and loss tangent of materials at RF and 
microwave frequencies is important in the 
design of efficient industrial heating (lossy 
dielectric) systems and electromagnetic 
hyperthermia systems for cancer therapy. 
Knowlege of dielectric properties can 
also be used to determine quality factors 
of the material, such as moisture content. 

Experimental techniques for measur¬ 
ing complex permittivity of various 

materials in solid, liquid and gaseous 
forms at limited RF and microwave fre¬ 
quency bands have been originally dem¬ 
onstrated by various researchers includ¬ 
ing Von Hippel — 1954 (33), Grant, et al — 
1978 (34), and Chelkowski — 1980 (35) 
(standing wave method). This study is 
based on selected papers dating from 
1953 to 1985 in an attempt to determine 
a test system to meet the target specifica¬ 
tions for measuring the relative permittivi¬ 
ty and loss tangent of solids and liquids 
at different temperatures at a frequency 
range from approximately 1 MHz to 3 
GHz. 

This article attempts to determine a 
most suitable technique for the measure¬ 
ment of dielectric constant and loss 
tangent within the following specifica¬ 
tions: dielectric constant ~200.0 solid or 
liquid, loss tangent (tan 9) ~.01, fre¬ 
quency range approximately 1 MHz to 3 
GHz or greater, temperature range of 0°C 
to 100°C and overall measurement ac¬ 
curacy ±2.0 percent. 
The accurate measurement of dielec¬ 

tric constant of solids and liquids from low 
to high values at RF to microwave fre¬ 
quencies requires an integrally connected 

computer data processor with the test 
system together with a well designed test 
or sample holder cell. If the test temp¬ 
eratures are controlled and recorded at 
the same time, the computer is absolute¬ 
ly essential due to the large number of 
data points and processing requirements. 
At present, no universal method exists to 
accurately measure the dielectric con¬ 
stant of solid, liquid or gaseous materials 
from DC to microwave frequencies (5). 
The essential factors that affect the 

measurement range and accuracy of any 
method are the nature of the sample 
material, its dimensions, the cell or 
sample holder design characteristics, the 
frequency of interest (3), the test temp¬ 
erature, the configuration of the measur¬ 
ing system and its systematic errors. 

Comparison of Methods 
1. Frequency or length tuned cavity (1): 
Although the TE01 resonator is a sim¬ 

ple design which affords a measurement 
precision of Ae’le' <7 x 10“ for the real 
part e’ of the permittivity, there are certain 
conditions. The size of the cavity and the 
sample size is about 49.8 mm dia/50 mm 
thick, the resolution requirement for the 
frequency counter is of the order of 
Af/f <10~7 or better. The undertainty in 
calculated values of t’ are all based on 
these measurements. 
Some of these uncertainties can be 

avoided by a modified technique shown 
in an earlier paper (26), using the ratio of 
frequency shifts due to two samples of 
same diameter but different thickness. 
The maximum error claimed by this tech¬ 
nique is ±15 percent for a dielectric con¬ 
stant of the order of 2 to 3. Due to this re¬ 
quired precision, size and shape of the 
sample dielectric, this method will not be 
suitable to the target specifications. 

2. Waveguide transmission method (2): 
In the 1-2 and 4-6 GHz bands the in¬ 

strumentation is set up to measure am¬ 
plitude and phase of the TE 10 mode 
transmission coefficient for a dielectric 
sample of known length. Comparison 
readings are taken with and without the 
sample. The measurement errors Atle 
and Ai'Te" depend on test system com¬ 
ponent accuracy and resolution e.g. net¬ 
work analyzer/phase gain indicator. Val¬ 
ues as given are A¿ < 0.15 and At” < 0.17 
for all samples tested (2). A¿le < .9 per¬ 
cent at 1.4 GHz and < .7 percent at 5 GHz 
for all samples tested, A¿Te” decreases 
from 37 percent to 6 percent for volumetric 
moisture difference in the material under 
test from a moisture content of approx¬ 
imately six parts to 330 parts per thous¬ 
and at 1.4 GHz. 

3. Guided microwaves in a waveguide 
(24): 
The relative dielectric permittivity is ob¬ 

tained by measuring the reflection co¬ 
efficient in amplitude and phase of a cylin¬ 
drical sample of the material under test 
contained in a quartz tube which pierces 
the transversal section of the waveguide 
centrally and perpendicularly. This 
method could also permit the estimation 
of temperature gradient in the material. 
The ranges claimed for measurement are 
e and e” = 1 to 120. This method can be 
used for solids or liquids. However, it is 
not suitable for frequencies in the MHz 
band. 

4. Experimental/theoretical curve fitting 
of reflection coefficients (13): 
Although relatively simple in equip¬ 

ment, it has limitations, i.e. , the thickness 
of the dielectric has to be optimized ex¬ 
perimentally for minimum error. At micro-

44 April 1987 



Figure 1. (a) E-H probe assembly, (b) High frequency measurement set- up. Ref. 27. 

wave frequencies this method relies on 
the determination of the lowest amplitude 
of the reflection coefficient with frequency 
for various thicknesses of the dielectric 
under test. It is not suitable in the MHz 
frequency. 

5. Lumped capacitance element/reflec-
tion coefficient (28, 29, 32): 

This is based on the principle that a 
small capacitor terminating a coaxial line 
is filled with the element under test whose 
permittivity is calculated from the input 
reflection coefficients of the sample and 
holder measured in frequency or time do¬ 
main. Due to the fringing field effect, the 
lumped equivalent circuit with only capa¬ 
citance is not a truly equivalent circuit. 
This is indicated by higher values of t 
than the actual values due to the value 
of the ratio Cf/Cp inherent in the fringe 
and parallel plate capacitances. However, 
the e” values are not affected by the fringe 
field. The fringe effect is evident if the 
method is analyzed using the series 
capacitor method. 

This method has the advantage that 
the measurements can be performed at 
any temperature, with certain limitations. 
The capacitance of the sample holder is 
limited between 0.1 to 20 pF, with large 
uncertainties outside this range. In order 
to select the optimum value of capa¬ 
citance of the sample holder the conduc¬ 
tivity of the material under test must be 
known accurately. Further, the frequency 
range of this test method is limited from 
1 MHz to 1 GHz. 

6. Computer controlled broadband 
sampling oscilloscope with an RF pulse 
generator (31): 
The scattering parameters of the broad¬ 

band microwave component are meas¬ 
ured by obtaining the reflected and 
transmitted transcient responses of the 
component to an incident subnanosecond 
risetime pulse. Discrete Fourier trans¬ 
forms are then carried out on the three 
waveforms. The unknown dielectric is 
placed in a microwave TEM-mode cell or 
fixture. This test method has a range of 

0.4 to 10 GHz with 0.4 GHz resolution. 
The forward and backward scattered 

energy S21 (t) and (t) respectively pro¬ 
vide time-domain “signatures” uniquely 
related to the intrinsic properties of the 
sample i.e. e and p. The real and im¬ 
aginary parts of e and p can then be pro¬ 
cessed as a function of frequency. Errors 
due to truncation, sampling ratio digitiza¬ 
tion, low spectral intensity of subnanose¬ 
cond pulses from generators and timing 
shifts in reflected waveforms are some of 
the serious problems associated with this 
method. Hence it cannot be adapted to 
the present specifications. 

7 Vector voltmeter/RF generator (15, 
27): 

It seems to be one of the best and 
simplest techniques for the measurement 
of complex permittivity of solids and 
liquids due to its relatively broad fre¬ 
quency band, good accuracy and short 
measurement time. The method has a 
relatively high sensitivity in the measure¬ 
ment of complex permittivity since the 

RF Design 45 



Figure 2. Network analyzer simplified block diagram. Ref. 6. 

scattering parameter of the sample cell 
which acts as a coaxial line (transmission 
coefficient S21 ) is directly proportional to 
its permittivity. The test system consists 
of a signal generator, a vector voltmeter 
and the sample holder. The sample holder 
and the system block diagram is shown 
in Figures 1a, b. 

Calibration is simple and effected by 
measuring the sample holder or cells’ 
capacitance with and without at least two 
standard liquid (or solid) dielectrics of dif¬ 
ferent permittivities (i.e. hexadecane, or 
water) (15). 

This method, as shown in Figure 1a, 
measures the conductivity and dielectric 
constant of large sample size rapidly and 
accurately (27). In principle it consists of 
a coaxial sample holder fitted with elec¬ 
tric and magnetic field probes which, 
when excited as a section of a transmis¬ 
sion line, produce an induced voltage 
which is directly related to the electrical 
properties of the sample. The cell can 
operate from 1-1000 MHz with a cell length 
of 15 to 30 cm and 2-4 cm in diameter. 
From the values of the characteristic im¬ 
pedance (Zo), the coupled propagation 
constant (y) of the coaxial line formed in 

the sample holder and the length of the 
sample, the relative permittivity e, of the 
sample can be calculated. 
Due to the simplicity of the instrumen¬ 

tation, the large volume sample holder 
and good accuracy of broad band meas¬ 
urement, this method will be selected for 
further experimental study. 

8. Non-resonant attentuation/Phase 
measurement with a computer controlled 
network analyzer (5, 6, 16, 18, 20, 25, 30): 

This method has most of the features 
essential for a reliable test system: good 
accuracy, repeatability (precision) and 
broadband either in waveguide or coax¬ 
ial mode, with computer controlled data 
and graphic generation. However, this 
method is more suitable for the measure¬ 
ment of £r and of materials which have 
relatively high loss tan 3 (<0.1). 
The system can be made semi or fully 

automatic and can measure solids or 
liquids over a frequency range (45 
MHz-26 GHz). In its full configuration 
(Figure 2) it is popular in various research/ 
test laboratories. Using a network anal¬ 
yzer with appropriate attachments and a 
computer as shown in Figure 2, the real 

and imaginary values of e and p are deter¬ 
mined and computed from the normalized 
scattering parameters (S21 and S„) of the 
transmission line section containing the 
sample element under test. The values 
can also be listed and plotted automatically 
The measurement error in the er and 
data is of the same order as the error in 
the measurement in the length of the 
sample dielectric (7). 

Two Selected Test Systems 
The vector voltmeter and RF generator 

method (No. 7) was cited as relatively sim¬ 
ple in instrumentation. This method, 
though limited to a range of 1 MHz to 1 
GHz, can be used to measure the dielec¬ 
tric constant of solids or liquids. Further, 
the relatively large sample holder (Figure 
1) used with this method can be easily 
adapted to temperature control and meas¬ 
urement. However, there are certain short¬ 
comings in this method. The loss tangent 
(tan 3) cannot be measured directly and 
the frequency limit is ~ 1 GHz. This 
method may be suitable in practice mainly 
due to its cost and speed in test times. 
The second method, a computer con¬ 

trolled network analyzer (Figure 2), ap-
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pears to be one of the most viable dielec¬ 
tric constant and loss tangent measuring 
systems. It has features such as accuracy, 
bandwidth (45 MHz to 26 GHz) coax or 
waveguide cell holder adaptable for vary¬ 
ing temperature control of the material 
under test, liquid or solid dielectric 
measurement, computer interface for fast 
frequency scanning, some error reduction 
techniques, printed data and graphics. 
Other advantages associated with pro¬ 
grammable measurements include better 
accuracy, precision, reliability, updating 
and system expansion. A main drawback 
of this test method is that its measurement 
uncertainty of low loss tan a materials 
(<0.01) is relatively high. 

Summary and Acknowledgements 
From this review of methodology in 

dielectric measurements at RF and micro¬ 
wave frequencies, it seems that the 
presently available computer controlled 
RF vector network analyzer system can 
provide most of the characteristics of the 
state-of-the-art dielectric measuring sys¬ 
tem. As this system configuration for 
dielectric measurements appears to be 
popular, it can further provide a base for 
better information exchange and progess. 
Two areas where further work is re¬ 

quired are the development of sample 
cells or holders, both coaxial and wave¬ 
guide for different materials in solid, liquid 
and gaseous forms; and error correcting 
techniques required to overcome system 
uncertainties of measurement. Errors can 
be essentially divided into (23): instrument 
errors, such as noise, frequency unstabili-
ty/conversion, crosstalk, non-linearities, 
drift; and test set and connection errors 
as caused by directional couplers, cables, 
connectors and adapters. 
The author gratefully acknowledges the 

support received from Mr. W. Lavrench, 
head, electromagnetic engineering sec¬ 
tion and other staff members, Division of 
Electrical Engineering, National Research 
Council, Ottawa. H 
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rfi/emc corner 

Environmental Monitoring for Human Safety 
Part II: Radiation Monitors 

By John Coppola and David Krautheimer 
Narda Microwave Corporation 

A series of broadband isotropic radia¬ 
tion monitor systems are available to fulfill 
the need for accurate strength measure¬ 
ment of near and far field equivalent 
power densities from 10 kHz to 40 GHz 
exist today. All of the available instruments 
provide measurements, which are inde¬ 
pendent of polarization and direction of 
any incident wave. Pulse or CW equiva¬ 
lent power densities are integrated to pro¬ 
vide an average equivalent power density 
measurement. 

Electric field probes are available to 
cover the 10 to 200 kHz, 300 kHz to 

1 GHz, and 300 MHz to 40 GHz ranges. 
For near field measurements, where the 
magnetic field must also be measured, H 
field probes cover the 300 kHz to 10 MHz 
and 10 MHz to 300 MHz ranges. Electric 
field probes are also available with a fre¬ 
quency response conforming to the ANSI 
C95.1-1982 standard and reading out 
directly in percentage of the Radio Fre¬ 
quency Protection Guide. 

The ANSI Conformal Probe 
The .3 MHz to 40 GHz electromagnetic 

radiation probe provides a frequency sen¬ 
sitivity characteristic that is the inverse of 
the C95.1-1982 ANSI Standard Radio Fre¬ 
quency Protection Guide, thus providing 
for metering in percent of RFPG. The 
shaping and broadband range is accom¬ 
plished using three modes of detection. 

In the frequency region below 1500 
MHz, where the sensitivity varies by 20 

This photograph demonstrates the size and use of a radiating monitor. 

dB, a dipole with diode detector and both 
distributed and discrete components are 
used (Figure 1). The probe employs three 
mutually orthogonal sensing elements. 
The diodes are maintained in their square 
law operating region, the sum of the out¬ 
puts from the three elements is directly 
proportional to the true RMS power den¬ 
sity or mean square field strength inde¬ 
pendent of polarization, modulation, direc¬ 
tion or propagation, or multiplicity of 
signals characteristic of the incident RF 
energy. 
A resistive transmission line carries the 

modified signals to the metering circuits. 
These metering circuits include a preamp¬ 
lifier to condition the signals prior to trans¬ 
mission over the flexible cable for display 
on the metering instrument. The preampli¬ 
fier contains the controls for calibration. 
The conditioning amplifier lowers the im¬ 
pedance of the signals, preventing cable 
modulation by the flexible cable. The pre¬ 
amplifier is a true differential amplifier 
contributing good common mode rejection 
thereby reducing the susceptibility to 
static charges. To further enhance this 
characteristic, a high resistance film 
covers the probe surface. The resistance 
is sufficiently high so as to appear trans¬ 
parent to the radio frequency signals 
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while providing a discharge path for static 
charges. 
A lumped equivalent circuit of a dipole¬ 

diode sensor is shown in Figure 2, and 
pictorially represented in Figure 3. The 
segments illustrated separately as Ca,, 
Ca2, La,, La2 represent the dipole equiva¬ 
lent capacitance and inductance. The fre¬ 
quency response of a typical unit is illus¬ 
trated in Figure 4. (A ±2 dB margin that 
conforms to the ANSI Standard is also 
drawn on the graph.) 

Calibration factors are provided at multi¬ 
ple points over all frequency intervals 
making more precise measurements pos¬ 
sible when the source frequency is 
known. 
The element which is used in the higher 

frequency region functions in two modes. 
Between 1500 MHz and approximately 18 
GHz, it is a resistive dipole. Above 12 GHz 
it utilizes the phase delay of a traveling 
wave to produce additional output. Each 
probe contains three mutually perpen¬ 
dicular resistive dipole elements. 

In the 1.5 to 18 GHz region, each ele¬ 
ment provides a DC output signal propor¬ 
tional to the square of the electric field 
strength tangential incident to the ele¬ 
ment. The summation of the DC signals 
from the three orthogonal probe elements 
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NOW ONLY $495! 

INTRODUCING EMCOS NEAR-FIELD PROBE SET 

THE SOLUTION SET. 
THE RIGHT TOOL TO SOLVE 
EMISSIONS PROBLEMS 

Locate sources oí E- and H-field 
emissions quickly with EMCO's new 
Model 7405 Probe Set. Versatile 
and easy-to-use, this set is a conve¬ 
nient and inexpensive tool for 
extending the capability oí your 
spectrum analyzer, oscilloscope or 
signal generator. Using the probe 
set, you can detect and identify the 
signal sources that might prevent 
your products from meeting fed¬ 
eral regulatory requirements. 

IDEAL FOR CIRCUIT 
DESIGNERS, EMC AND QC 
ENGINEERS (SUSCEPTIBILITY 

APPLICATIONS TOO) 
Now, anyone can diagnose radi¬ 

ation problems faster and easier, 
detecting and pinpointing the 
source of EMI “hot spots" tor prompt 
correction and compliance. 
With input from a signal gener¬ 

ator, the probe set also can be 
used tor radiation susceptibility 
applications. 

RUGGED CONSTRUCTION, 
TWO-YEAR WARRANTY 

Made of injection molded indus¬ 
trial grade plastic, Model 7405 
probes are durable, light-weight 
and compact. Alone or with the 
extension handle, they can be 
used where larger, more bulky 
probes can't reach. 
The Model 7405 includes three 

H-field and two E-iield probes, a 20 
cm extension handle, documenta¬ 
tion and a convenient, foam-lined 
carrying case. The set is also 
available with an optional pre¬ 
amplifier.* The entire set is covered 
by a two-year warranty from 
EMCO, an industry leader for 
more than 25 years. So now, for 
even the most complex set of emis¬ 
sions problems, there's one simple 
solution set: the Probe Set from 
EMCO, only S495. Call or write for 
your free brochure. 
‘Optional preamplitier $255 

FIRST IN QUALITY. 
FIRST IN PERFORMANCE. 

1-800-253-3761 

The Electro- Mechanics Company 
Call toll tree between 7 30 A M and 4 30 PM (CST) 

In Texas, call 512-835-4684 International Telex 797627 
PO Box 1546. Austin, Texas 78767 
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The Tek 2750 Series of 
Laboratory Spectrum 
Analyzers. Configuration 
flexibility. Optioned to 
your application. From 
the powerful, fully pro¬ 
grammable new 2756— 
at 325 GHz—to the VHF/ 
UHF 2753. Tektronix sets 
a better-value standard in 
aboratory spectrum 
analysis. 
Only Tek makes it so 
cost-effective to optimize 
spectrum analysis to your 
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ment— or repeatability 
and throughput for manu¬ 
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You’ll find a perfect fit 
for your bench, systems 

and budget needs. A 
choice of seven lab ana¬ 
lyzers makes it possible 
for Tek to meet your 
needs precisely— at any 
frequency— with the right 
measure of economy and 
outstanding ease of use. 

A built-in precision coun¬ 
ter, Macro programming 
and signal processing 
intelligence are just a few 
ways to optimize the 
2750 Series for your own 
use. Look at Tek features 
like marker frequency 
accuracy of 10 9 and 
automatic signal tracking. 
And with TekSPANS® 
software— available for 
IBM PC, Tek and HP 
controllers— you can 
automate complex mea¬ 
surements, including 
EMI tests. 
What you can count on 
is more performance for 
the dollar than you’ve 
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superior optionability: Tek 
waveguide mixers, pre¬ 
selectors, MATE com¬ 
patibility, 75-ohm input, 
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packages and software 
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and more. 
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Sales Engineer or call 
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235-7315, Ext. 10. 
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Figure 3. Pictorial presentation of 
probe. 

Figure 4. Frequency response of 
probe with ±2 dB margins. 

Figure 5. Lumped equivalent circuit 
of the probe. 

Figure 6. Antenna probe element 
with distributed thermocouple film 
elements. 

provides a measure of the total energy or 
equivalent power density, independent of 
direction or polarization of the RF signals. 
The detectors for the DC signal genera¬ 
tion are thin-film thermocouples or diodes 
(operated at low signal levels to provide 
true square-law outputs). The DC signal 
is proportional to the power dissipated in 

the square law elements and to the aver¬ 
age energy density in the volume in which 
the elements are contained. 
The broadband characteristics of the 

high frequency probes are obtained by 
distributing resistive thermocouple di¬ 
poles along the length of the element at 
spacings that will permit no resonant 

lengths over the range of frequencies 
within which the probe operates. The 
spacing is less than 1/4 of the highest fre¬ 
quency to be measured. The probe may 
be viewed as a group of series-connected, 
small resistive dipoles or as a very low Q 
resonant circuit. 
A lumped equivalent schematic repre¬ 

sentation of a high frequency probe ele¬ 
ment is shown in Figure 5. The three or¬ 
thogonal probe elements use resistive 
thin-film elements that are folded back or 
paralleled upon themselves with the out¬ 
put terminals at one end (see Figure 6). 
These probe elements are specifically 
composed of thin-films of overlapping an¬ 
timony and bismuth deposited upon a thin 
plastic substrate. The geometry creates 
alternate cold and hot junctions (see 
Figures 6 and 7). The hot junctions are 
formed at the center of the narrow strips 
having relatively high resistance, thereby 
allowing for the dissipation of energy and 
the resultant increase in temperature. The 
wider sections have low resistance and 
thus function as cold junctions. The low 
resistance allows little energy to be dissi¬ 
pated within these sections. In addition, 
the broad area distributes the energy and 
conducts heat rapidly into the substrate 
so that very little temperature rise occurs. 
The resultant DC output voltage is directly 
proportional to the energy dissipated in 
the resistive portion of the thermocouple. 
The spacing between the cold junctions 

is a small fraction of a millimeter. The 
close spacing permits little zero drift due 
to ambient temperature since a very small 
temperature gradient will occur due to 
variation in ambient temperature. Varia¬ 
tion in the ambient temperature will cause 
variation in sensitivity that is less than 0.05 
percent per °C and does not degrade the 
basic accuracy over wide temperature 
ranges. 

Leads used to carry the DC outputs 
from the probe elements to the metering 
instrumentation are of high-resistance 
films. The total effect is to approximate the 
condition of the probe elements being 
suspended in space. 
Because of the extremely light coupling 

into the field, very little perturbation due 
to scattering is caused. As an indication 
of the degree of coupling to the field, a 
term “effective volume” may be applied. 
This can be defined in a manner similar 
to that of effective area. The ratio of the 
power in the terminating impedance to the 
power density of the field, is defined as 
effective volume. Based upon knowledge 
of the efficiency of the thermocouple ele¬ 
ments, the effective volume of the probe 
is approximately 1 cm3. The probe eIe-
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ments are contained within an actual 
volume of 44 cm3. The probe is a relatively 
inefficient device. However, its inefficiency 
is an indication of its ability to measure 
a field without causing perturbations to 
the field. One series of probes are E-field 
instruments. The probe elements couple 
very lightly into the field causing extreme¬ 
ly small perturbation to the field and may 
be used in the near field to make accurate 
measurements of equivalent plane wave 
power density. 
The dipole, when oriented tangential to 

the electric field, will have an induced cur¬ 
rent proportional to the electric field in the 
region where the distributed resistance of 
the dipole is greater than its reactance. 
This current will heat the dissimilar resis¬ 
tive deposited films producing a thermo¬ 
electric output voltage proportional to the 
square of the electric field. As the reac¬ 
tance of the dipole increases above the 
dipole resistance, the induced current is 
proportionately reduced, resulting in 
lowered sensitivity. This occurs above 12 
GHz and below 1.5 GHz. 
Above 12 GHz, as the element sensitivi¬ 

ty decreases, another mode of operation 
becomes manifest. In this mode, the di¬ 
pole is aligned along the Poynting Vector 
with the cold junctions oriented tangen¬ 
tial to the electric field. Each of the three 
mutually orthogonal elements contains 
four resistive dipoles with the cold junc¬ 
tions oriented at right angles. This pro¬ 
vides for the independence of probe or¬ 
ientation relative to the polarization of the 
field. 
The instantaneous charge distribution 

on adjacent cold junction elements pro¬ 
duces a potential difference across the 
thin film resistive thermocouples and a 
resultant dissipation of energy in these 
films. As the frequency increases, the 
phase difference between the potentials 
developed in adjacent elements also in¬ 
creases the open circuit voltage resulting 
in the combined functions of the high fre¬ 
quency element producing a flat response 
from 1500 MHz to greater than 40 GHz. 
This makes the probes and metering cir¬ 
cuitry a necessity in the electronic en¬ 
vironment in which we live. Part I of the 
article was published in March, p. 87. H 

Figure 7. Probe geometry. 

Figure 8. High frequency elements. 

i = K, Ele„A<|> 
K2 El^dœ 
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Figure 9. Traveling wave 
mode equivalent circuit. 
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Figure 10. Combined frequency 
sensitivity and ±2 dB of ANSI. 
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EUREKA! 
Thomson-Mostek introduces 

the gold standard. 



The world’s leading supplier of high-
reliability RF power transistors now brings you 
a new industry standard worth its weight in 
gold. Introducing the high-reliability RF silicon 
gold-metallized MOSFET. 

It's unlike any other MOSFET you’ve ever 
seen. Because each of our TMOS-replaceable 
MOSFETs is layered, not in aluminum, but in pure 
gold. Which means we can produce finer line 
geometries for higher frequency performance 
than ever before. Our directly TMOS-replaceable 
silicon RF MOSFET is the most reliable on the 
market. It features N-channel, enhancement 
mode and poly- silicon gate isolation technology. 
With its superior IMD characteristics, broad 
bandwidth and thermal stability, you get the ultra 
high-reliability you’ve come to associate with the 
name Thomson- Mostek. 

What’s more, with over 800 active RF and 
microwave transistors for both commercial and 
high-rel applications, we’re the industry's leading 
supplier of internally matched RF transistors 
for Mobile, Microwave, DME, TACAN and radar 
equipment. In fact, with Thomson’s vast range of 
products for application frequencies from 2 MHz 
to 4.2 GHz -most customized to your specifi¬ 
cations -we can respond to virtually any appli¬ 
cation requirement. 

High-rel/military specs require gold-
metallization wherever possible. So if you’re look¬ 
ing for ultra high-reliability devices -including 
RF MOSFETs -from a supplier you can trust, look 
to the folks who are worth their weight in gold. 

We're Thomson-Mostek. And we set the 
standard. 

MOSFET RF POWER 

FEATURES: 
GOLD METALLIZED 
FREQUENCY RANGE = 2 MHz TO 200 MHz 
TMOS'" REPLACEABLE 
SUPERIOR IMD CHARACTERISTICS 
BROAD BANDWIDTH 
THERMALLY STABLE 

PRODUCTS: 
TYPE: 
SD1906 
SD1908 
SD1912 
SD1920 

POUT(W): 
45W 
80W 
150W 
150W 

Vdd(V): 
28. 
28. 
28. 
50. 

Pg(dB): 
12. 
10. 
15.(TYP) 
1 7.(TYP) 

Idg(mA): 
25. 
50. 

250. 
250. 

PKG: 
.3804LFL 
5004LFL 
5004LFL 
5004LFL 

Fo(MHz) 
150. 
150. 
30. 
30. 

TMOS is a trademark of Motorola. 

U.S. and Canadian 
Sales Offices 

Western Area: 

Santa Clara, CA 
408/970-8585 

Irvine. CA 
714/250-0455 

Woodland Hills. CA 
818/887-1010 

Seattle. WA 
206/632-0245 

Longmont, CO 
303/449-9000 

Scottsdale. AZ 
602/998-1580 

Tigard, OR 
503/620-5517 

Central Area: 

Carrollton. TX 
214/466-8844 

Bloomington, MN 
612/831-2322 

Schaumburg. IL 
312/397-6550 

Austin, TX 
512/451-4061 

Eastern Area: 

Burlington, MA 
617/273-3310 

Marlton, NJ 
609/596-9200 

Huntsville, AL 
205/830-9036 

Liverpool. NY 
315/457-2160 

Poughkeepsie, NY 
914/454-8813 

Dublin, OH 
614/761-0676 

Greensboro. NC 
919/292-8396 

Norcross, GA 
404/447-8386 

Canada: 

Montreal, Quebec 
514/288-4148 

Brampton, Ontario 
416/454-5252 

For all other 
countries: 

Thomson 
Semiconducteurs 

43 Avenue de l'Europe 
78140 Velizy — 

Villacoublay, France 
(1)3946 97 19 

Thanks to Thomson-Mostek’s exclusive tri-metal gold 
process, what you see here is no ordinary MOSFET. 

COMPONENTS 

MOSTEK 

RF & MICROWAVE PRODUCT MARKETING 
Thomson Components-Mostek Corporation /16 Commerce Drive / Montgomeryville, PA 18936-1002 

215/362-8500 1TWX 510-661-6548 1 FAX 215-362-1293 

In addition to RF and microwave transistors. Thomson-Mostek manufactures MOS and bipolar devices for both commercial and military applications 
microcomponents, memones and linear circuits as well as Discrete, passive components and ASIC, 
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rf products 
MSC Unveils the D Amp 110 

The D Amp 110 is a broadband MMIC 
GaAs amplifier. The applications for this 
device include broadband signal sources, 
EW, instrumentation and other wideband 
applications. The broad width is achieved 
by combining input and output capaci¬ 
tances of the FETs with inductors to form 
lumped element artificial transmission 
lines. The input transmission line is cou¬ 
pled to the output transmission line by the 
transconductance of the FETs to give the 
overall gain. 
The features of the 110 include a band¬ 

width of greater than a decade, advanced 
via hole process for easy and repeatable 
ground connections, distributed design 
for stability and cascadability, passivated 
gates for reliability and ease of handling. 
It is available as a chip device for direct 
bonding into microstrip or in standard or 
custom packages. 
The frequency range for this device is 

from 500 MHz to 10 GHz. The minimum 
small signal gain is 5.0 dB, while the typi¬ 
cal small signal gain is 6.5 dB. Gain flat¬ 
ness is rated at ±1 dB and the power out¬ 
put is ±1 dBm/20 dBm. The maximum in¬ 
put power is rated at 16 dbm. The input 
VSWR is rated at 2:5:1, whereas the out¬ 
put VSWR is 2:0:1. 
Saturated drain current lDDS is typical¬ 

ly 100 mA when VçS = 3 V and VGS = 0 
V. The maximum pinch off voltage is 3 V 
with lDS = 0.12 mA. 

In chip form the device measures 8 mils 
by 107 mils. In the Matchpac 1 packaging 

the outer dimensions are 0.2” by 0.410”. 
Case style 106 is a hermetically sealed 
metal ceramic package measuring 0.509” 
by 0.83”. Microwave Semiconductor 
Corp., Somerset, NJ. INFO/CARD #172. 

Rockwell International Introduces 
Torsional Mechanical Filters 
A new product line, Collins Torsional 

Filters, has been announced by Rockwell 
International. A key feature of these band¬ 
pass filters is their small size resulting 
from the use of torsional mode resonators 
and a coil-less transducer design. 
The elimination of coils has resulted in 

a high reliability component with insertion 
loss of less than 2 dB and low in-band in¬ 
termodulation distortion reflected by a 
third order intercept point that is greater 
than 55 dB. 
The torsional mechanical filter center 

frequency range is 125 kHz to 525 kHz. 
The bandwidth range is from 0.05 percent 
to 5 percent of the center frequency value. 
The bandwidth can be increased through 
the use of tuning coils. The frequency 
response characteristics range from equal 
ripple passband to round top Gaussian 
shapes. The filters are packaged in 
hermetically sealed metal enclosures. 
The cases are designed for PC board 
assembly. Dimensions of the cases are 
1.6” X 0.73” X 0.34” (up to eight resona¬ 

tors) and 2.1” x 0.76” x 0.37” (up to 12 
resonators). 

Additional features of these filters are 
low spurious response levels and rugged 
construction resulting from each resona¬ 
tor being individually supported. In addi¬ 
tion, the torsional configuration lends itself 

to automated assembly processes result¬ 
ing in consistent performance characteris¬ 
tics. The 100-piece price typically varies 
from $65 to $175 depending on the com¬ 
plexity of the user’s specifications. Rock¬ 
well International, Dallas, TX. Please 
circle INFO/CARD #219. 
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MODEL WATTS FREQUENCY 
A501 .5 500 kHz-500MHz 
A201 1 1-200 MHz 
A102 2 1-100 MHz 
M102C* 2 30 Hz-100 MHz 
M502C* 2 500 kHz-500 MHz 
M305C* 5 500 kHz-300 MHz 
M505C* 5 500 kHz-500MHz 
M110C* 10 500 kHz- 150 MHz 
220-10 10 10 kHz-220 MHz 
M310C* 10 500 kHz-300 MHz 
LM310 10 500 kHz-300 MHz 
M320 20 1-250 MHz 
M125L 25 50 Hz-100 MHz 
300-35* 35 225-400 MHz 
ML50* 50 2-30 MHz 
M150 50 500 kHz-100 MHz 
ML100* 100 2-30 MHz 

MODEL WATTS FREQUENCY 
220-100L 100 10 kHz-220 MHz 
220-100M 100 1-220 MHz 
130-100A* 100 110-160 MHz 
300-100A* 100 225-400 MHz 
ML200 200 2-30 MHz 
130-200A 200 110-160 MHz 
300-200A 200 225-400 MHz 
220-200L 200 10 kHz-220 MHz 
220-200M 200 1-220 MHz 
300-400A 400 225-400 MHz 
ML500 500 2-30 MHz 
220-500L 500 10 kHz-220 MHz 
220-500M 500 1-220 MHz 
ML1000 1000 2-30 MHz 
220- 1KL 1000 10 kHz-220 MHz 
220-1KM 1000 1-220 MHz 
ML2000P/M 2000 2-30 MHz 
'Amplifier module available for OEM applications. 

RF POWER LABS manufac¬ 
tures a complete range of 
broadband power ampli¬ 
fiers to meet all your RFI/ 
EMI susceptibility testing 
requirements, and other 
applications. 
• NMR / MRI 
• RFI / EMI Testing 
• Linear Accelerators 
• Laser Modulation 
• Communications 
For more information contact: 
RF POWER LABS, INC. 
22125 17th Ave. S.E., #110 
Bothell, WA 98021 USA 
Tel: (206) 481-8833. Telex: 32-1042 
Fax: (206) 486-1002 
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rf products Continued 
RF Generator is Portable 
Texscan unveils the PSG 1000 Direct 

Synthesis RF Generator with a 10 kHz to 
1 GHz range and 13 dBm output. The unit 
is portable and operates off either stan¬ 
dard AC or +12 VDC. The resolution is 10 
Hz when the frequency is less than 128 
MHz and 100 Hz with frequencies greater 
than 128 MHz. The features of the PSG 
1000 include AM, FM and PM, IEEE-488, 

digital step sweep and 100 non-volatile 
memories. Texscan Instruments Divi¬ 
sion, Indianapolis, IN. Please circle 
INFO/CARD #218. 

100 kW Tetrode 
The Electron Tube Division of Thom-

son-CSF announces a new member in 
the line of tetrodes and associated cavi¬ 
ties for FM broadcast, the TH 546. With 

AMPLIFONIX ANNOUNCES... 

this tube, it is possible to design 100 kW 
FM transmitters using a single tube in the 
output stage amplifier. The characteristics 
of this tube include efficiency of 80 per¬ 
cent, high gain of 18 dB and 50 kW of 
power handling capability in a compact 
package (32 cm high and 14 cm in dia¬ 
meter). Thomson Electron Tubes and 
Devices Corp., Dover, NJ. Please circle 
INFO/CARD #217. 
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Phase Compensated Step Attenuators 

For Single Frequency, Narrow Band Applications 
■ Frequencies from 10MHz to ■ Attenuation Values From 0.1 dB 
150MHz (LSB) to 32 dB (MSB); One Bit 

■ Environmental Screening to through 8 Bits, 
military requirements available 

Features 
■ Single “ + ” (positive) Supply ■ 1.5:1 Maximum VSWR 

Operation ■ 0.7dB/Bit typical Insertion Loss 
■ TTL Control Inputs — (1dB Max.) 
■ + 10dBm RF Operating Power ■ Many package configurations 
■ 50 Ohm Impedance 

Also Available: 
■ Voltage Controlled Attenuators, Limiters, 

Amplifiers, and Switches (kHz-2GHz) 

|/\MpUfoNI\ 
A TECHNICORP CO. 

2010 Cabot Blvd. West, Langhorne, PA 19047 • 215-757-9600 • TWX 510-667-0501 

INFO/CARD 37 
See us at MMT, Booth #400. 

Frequency Synthesizer Requires 
only External Crystals 
The FS30 is a complete frequency syn¬ 

thesizer with TTL or CMOS square wave 
output in a 1.6” x 2.25” shielded package. 
Components of a wide range frequency 
phase lock frequency synthesizer, such as 
loop filters, VCOs and divider registers, 
are integrated in the FS30. The only exter¬ 

nal part required is a crystal or clock oscil¬ 
lator. The features include a range from 

! 30 Hz to 30 MHz, resolution to 0.13 per¬ 
cent, CMOS inputs with TTL or CMOS 
square wave output and tristate output for 

; automatic test capabilities. The FS30 is 
available from stock at $195 (1-9). Analytic 
Instruments Corp., Dallas, TX. Please 
circle INFO/CARD #216. 
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AT LAST! THE ANSWER TO 
YOUR RF POWER 
PROBLEMS! 
AND IT'S FREE! _===== 

Find Out 
What the innovators in solid-state 
design have to offer! 

Complete information on over 50 
laboratory type AC instruments and 
over 40 DC modules, for your OEM 
or custom application. Circle the 
reader service number below today 
to get your copy. 

• 2 to 5000 Watts 
• 25 Hz to 1000 MHz 
• Superior Quality Construction 
• Fast Delivery 

RF POWER 
lab instruments & modules 

e emi/rfi testing 
• NMR SPECTROSCOPY 
• LINEAR ACCELERATORS 
• MEDICAL RESEARCH 
• COMMUNICATIONS 
• FULLY VSWR PROTECTED 

• We Love Specials 

ENGINEERING INTI., LTD. USA 
21820 87th SE • Woodinville, WA 98072 

206/485-9000 • Telex: 24-7028 
FAX: 206-486-9657 
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BROAD BAND NOISE SOURCES 
FOR SPACE, MILITARY AND 

COMMERCIAL APPLICATIONS... 
DC-50 GHZ

BROAD BAND 
PRECISION, 
CALIBRATED 
WAVEGUIDE 

WR-22,-28,-42 

BROAD BAND 
INSTRUMENTS 
115V or 230V Standard 

Bench Type or Rack Mounted 

MANUALLY CONTROLLED: 
+10 dBM Output 

CUSTOM 
&HI REL 
PRODUCTS 

HYBRID FOR SPACE QUALIFIED 
AMPLIFIED MODULES 

10 Hz to 10 MHz, 7 GHz, 9 GHz, 
14 GHz etc. Small size and weight 

MIL-STD-883, MIL-STD-1547 

TYPICAL STAN DARD MODELS 

NC 5100 Series 

NC 5200 Series 

NC 5300 Series 

up to 50 GHz 
15.5 dB ENR, 
noise figure 
meter 
compatible 

up to 50 GHz 
21-25 dB ENR, 
high noise output 

up to 50 GHz 
21-25 dB ENR, 
high noise output 

TYPICAL STANDARD MODELS 
NC 6101 
NC 6107 
NC 6108 
NC 6109 
NC 6110 
NC 6111 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 
up to 2 GHz 

Other standard models available 
MOST ARE IN STOCK 

PROGRAMMABLE: 
IEEE-488 (GPIB), MATE (CIIL) 
RS232, etc. +10 dBM Output 

DC COUPLED 
AMPLIFIED MODULES 

1 volt output into 50 ohms 
DC-100 kHz 
Low offset voltage 
Compact. 

For More 
Information 
And Quick 
Response Call: 

GARY SIMONYAN 
@ 201-488-4144 

TYPICAL STAN DARD MODELS 
NC 7101 
NC 7107 
NC 7108 
NC 7109 
NC 7110 
NC 7111 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 
up to 2 GHz 

OPTIONAL: Remote variable 
filters, signal input combiner, 
75 ohms output, marker input 
Other standard models available 

MOST ARE IN STOCK 

NOlS^bM
“NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
111 Moore St. 
Hackensack, N.J. 07601 
(201)488-4144 
TWX 91 0-380-81 98 
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rf products Continued 

RA-200 System 
The highly modular RA-200 system is 

a radar/signal simulator capable of emu¬ 
lating an RF environment of radar signals. 
The RA-200 system software generates 
and controls all parameters, including a 
dynamic frequency range of 0.5 to 18 
GHz, PRF/PRI stagger and jitter, and 
antenna and scan patterns for up to 10 
separate RF signals. S.T. Research Corp., 
Newington, VA. INFO/CARD #215. 

Digital Frequency Synthesizer 
This 1 Hz resolution digital frequency 

synthesizer is introduced by A&A Engi¬ 
neering. It provides an output of 1/2 V 
peak to peak into a 75 ohm load with 
almost no phase noise and has a usable 
output from 1 Hz to 6.5 MHz. Since it uses 
digital synthesis techniques there is no 
VCO or PLL. The unit requires a 24 bit 
binary word to set the output frequency. 
The system can be used as a program¬ 
mable frequency generator when con¬ 
nected to a computer. Under software 
control FSK, FM, scanning and other vari¬ 
ations are possible. Changing frequencies 
is as simple as transferring in a different 
24-bit word. The output is phase continu¬ 
ous so sidebands generated by change 
are minimized. A&A Engineering, 
Anaheim, CA. INFO/CARD #214. 

Wideband RMS to DC Voltage 
Converter 

Linear Technology Corporation intro¬ 
duces the LT1088 Wideband RMS to DC 
converter, capable of converting RMS volt¬ 
ages up to 9.5 V at frequencies up to 300 
MHz to their DC equivalents. It is a mono¬ 
lithic thermally-based converter intended 
to replace thermal converters used for 
wideband applications with crest factors 
upto 50:1. Applications for the LT1008 in¬ 
clude wideband RMS voltmeters, RF 
leveling loops, wideband automatic gain 
controls and SCR power monitoring. The 
LT1008 is priced at $28.65. Linear 
Technology Corp., Milpitas, CA. Please 
circle INFO/CARD #213. 

Laboratory Spectrum Analyzer 
The 2756P programmable spectrum 

analyzer offers frequency coverage from 
10 kHz to 325 GHz with -134 dBm sen¬ 
sitivity and 10 kHz to 3 MHz resolution. 
It is optimized for use in baseband through 
millimeterwave measurements. A built-in 
signal converter with 144 dB dynamic 
range enables the user to determine the 
exact frequency of marked signals only 10 
Hz apart or count the exact delta frequen¬ 
cy between two marked signals. Macro 
programming capability enables the user 

to download frequently used measure¬ 
ment programs into non-volatile memory 
of the instrument. The features include a 
90 dB display dynamic range, preselec¬ 
tion and multiband sweep coverage from 
1.7 GHz to 21 GHz, Mate/CIIL language 
option and data plotting without a con¬ 
troller. The 2756P is priced at $42,245. 
Tektronix, Inc., Beaverton, OR. Please 
circle INFO/CARD #212. 

Low Noise Amplifier 
Anzac’s AM153 amplifier provides low 

noise figures along with third order inter¬ 
cept points. Noise figures are typically 
less than 2 dB to 1 GHz and less than 2.8 
dB from 1.0 GHz to 1.8 GHz; third order 
are typically greater than +17 dBm. Other 
specificatons include nominal gain of 12 
dB and low power consumption of less 
than 1/4 W. Anzac Division, Adams 
Russell, Burlington, MA. Please circle 
INFO/CARD #211. 

Low Power FM Receiver IC 
The S422 superheterodyne FM receiver 

IC includes an IF preamplifier and ampli¬ 
fier, discriminator, filter amplifier, data out 
buffer and regulated bias supply. The 
supply voltage range of 1 to 6 V allows 
single battery cell operation. Supply cur¬ 
rent is typically 1.2 mA. The IF amplifier 
section has 100 dB of voltage gain at 455 
kHz. The signal path from the discrimina¬ 
tor output through the filter amp to the 
data out buffer can be DC or AC coupled 
with any desired time constant, enabling 
the receiver designer to optimize the 
tradeoff between frequency and transient 
responses. The S422 in SO-16 package 
is priced at $3.20 at 1,000 unit quantity. 
Siltronics Ltd., Kanata, Ontario, 
Canada. INFO/CARD #210. 

Vector Analyzer and Vector 
Generator 
HP introduces the HP8780A vector gen¬ 

erator and the HP8980A vector modula¬ 
tion analyzer. The 8780A covers 10 to 
3000 MHz and features digital BPSK, 
8QAM and 16 QAM modulation directly 
along with pulse bursts at clock rates to 
150 MHz. The 8980A is a dual channel 

RF Design 

Clean 
cheap 

rf 
power. 

10 watts linear, 
10kHz to 250MHz. 

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

Its great phase response is 
ideal for pulsed and non-sinu-
soidal waveforms. Ultrasound. 
NMR. Plasma physics. Inter¬ 
ference susceptibility testing. 
All-around rf lab work. 

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

You’ve always known our pow¬ 
er ratings are ultra-conservative. 
The 10-watt nameplate on this 
one assures you 10 watts linear 
throughout the bandwidth, and 
even more when saturated. 
The Model 10A250 belongs in 
your lab. 

rirplifibr 
ResenRtH 

160 School House Road 
Souderton, PA 18964-9990 USA 

Phone 215-723-8181 
TWX 510-661-6094 

INFO/CARD 40 
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Trimmer Capacitors 
from HF through 

Microwave. 

Sprague*Goodman 
has ’em all. 

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

SPRAGUE 
Gooumon 

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

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

INFO/CARD 42 

tion is totally modularized and includes a 
visual fault detection system. Other fea¬ 
tures include LCD power meter, fast RF 
gating control and built-in RF power test 
source. The amplifier section, Model 1002 
is available in modular form for OEM ap¬ 
plications. The 2002 is priced at $1,495. 
RF Power Labs, Inc., Bothell, WA. 
INFO/CARD #205. 

VCO is Oven Stabilized 
General Services Engineering introduc¬ 

es an oven stabilized VCO for a -55°C to 
+70°C temperature range. It features built-
in modulation signal processing, digital 
divider network and VCO supply regula¬ 
tion. General Services Engineering, 
Inc., Baltimore, MD. INFO/CARD #204. 

Substrates for SAW Devices 
Piezoquartz substrates with Al, Au or 

chrome metallization are being introduced 
by Balzers Optical Corporation. Balzers 
SAW devices feature 15 micron etched 
lines and spacing with ±5 micron 
tolerance on piezoquartz substrates met¬ 
allized with Al, Au or chrome. Balzers Op¬ 
tical Corp., Marlborough, MA. Please 
circle INFO/CARD #206. 

rf products Continued 

sampling oscilloscope with matched X-Y 
inputs each capable of DC to 350 MHz 
bandwidth. The analyser displays vector, 
constellation and time domain. Hewlett 
Packard, Palo Alto, CA. Please circle 
INFO/CARD #209. 

Textiles for EMI Shielding 
Devex metalized textiles provide an 

alternative to traditional shielding meth¬ 
ods. These textiles are offered in a wide 
selection of fabric bases ranging from 
transparently sheer to opaque. The tex¬ 
tiles have a continuous metallic coating 
of nickel, which covers all the crossing 
points of the fiber. The material can be 
used for cable wrappings, computer win¬ 
dows, waveguide gaskets, structural com¬ 
posites and Faraday cages. Devex, Inc., 
Dallas, TX. INFO/CARD #208. 

Surface Mounted Trimmer 
Capacitors 
Sprague-Goodman Electronics intro¬ 

duces a new line of surface mounted trim¬ 
mer capacitors. Designed for vapor phase 
reflow soldering, the Surftrim line is 
available in unsealed and sealed models. 

The membrane seal provides protection 
against contaminants, such as flux and 
solvents, during production. Sprague-
Goodman Electronics, Inc., Garden City 
Park, NY. INFO/CARD #207. 

RF Amplifier is Modular 
RF Power Labs introduces the first 

member of a series of lab and general 
purpose wideband amplifiers, Model 2002 
with a ±1 dB gain flatness response from 
1.0 to 500 MHz, 35 dB gain and 2 W of 
class A linear power output. The amplifier 
design utilizes MOSFET technology and 
surface mount components. The construc-

Gaussian Noise Generator 
The Calnet CNM-1000 noise generator 

module produces Gaussian random noise 
over the frequency range of 25 Hz to 1 
MHz. The unit has provision for an inter¬ 
stage output level control, which allows 
constant output impedances of 600 Q and 
50 Q to be maintained. The unit can pro¬ 
vide up to 2 V RMS in a 10 Hz to 10 MHz 
noise bandwidth. Calnet Electronics, 
Inc., Kanata, Ontario, Canada. Please 
circle INFO/CARD #203. 

Emission Measuring System 
Eaton Corporation introduces the Eaton 

series 3000 emission measuring system 
for FCC, VDE and CISPR measurements. 
Designed for manual or programmable 
operation, the series 3000 assists manu¬ 
facturers in meeting CISPR, FCC and VDE 
requirements for the measurements of 
radio interference voltages and currents. 
Making up the series 3000 system are two 
emission measuring receivers; the 3018 
and 3038. The 3018 covers from 9 kHz to 
30 MHz, while the 3038 operates from 25 
MHz to 1 GHz. Both units feature synthe¬ 
sized frequency accuracy, full preselec¬ 
tion and an internal GPIB bus. Triple 
shielding and modular construction en¬ 
sure shielding effectiveness for emission 
measurements in the presence of RF 
fields. Eaton Corp., Los Angeles, CA. 
INFO/CARD #202. 
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rf software 

EMC Problem Solver 
Interference Control Technologies intro¬ 

duces three software programs for EMC. 
Program 5220 is called Box to Box Radi¬ 
ated EMI Susceptibility and Control. The 
program evaluates designs to eliminate 
radiated susceptibility problems due to 
cable pickup between interconnected 
equipment, predicts interference levels, 
etc. The 5300 is also known as Box Level 
Radiated Emission Control and its fea¬ 
tures include determining for prototype 
designs to meet various regulatory stan¬ 
dards. Program 5500 (Design of Shielded 
Boxes) is to help solve designing, integrat¬ 
ing, installing or retrofitting problems of 
shielded boxes. Interference Control 
Technologies, Inc., Gainsville, VA. 
INFO/CARD #177. 

Active Filter Design 
RLM Research announces a revision 

to the Active Filter Design software pack¬ 
age for the IBM family. This version (2.10) 
adds a filter selection capability, as well 
as several other enhancements to the pro¬ 
gram. The program designs Butterworth, 
elliptic, Chebyshev and Bessel low pass, 
high pass, band pass and band stop ac¬ 
tive filters. It also allows the direct entry 
of pole and zero locations or transfer func¬ 
tions and can convert low pass prototype 
poles and zeros to the desired filter con¬ 
figuration. Also new is a companion pro¬ 
gram that takes a file created by the ac¬ 
tive filter design program and compiles it 
into a Spice-compatible net list. The use 
of this utility allows the user to obtain a 
more detailed analysis of the actual filter 
circuits. The price of the Active Filter 
Design program is $525 and the Spice 
utility program is $125. RLM Research, 
Boulder, CO. INFO/CARD #176. 

Combline Filter Program 
Combline designs microwave combline 

filters by exact synthesis. When the pass¬ 
band and stop band requirements are 
entered, the program designs and sup¬ 
plies the physical filter dimensions for 
constant diameter rods with end capaci¬ 
tive loadings. The program has the capa¬ 
bility to generate circuit files for each real¬ 
ization for programs like Analop, Touch¬ 
stone and Super-Compact. It is priced at 
$950. Analop Engineering, Milpitas, CA. 
INFO/CARD #175. 

RF Notes No. 1 
RF Notes No. 1 Version 3.0 aids in the 

design of resonant circuits, filters, basic 
stripline and microstrip, as well as cross 
product and VSWR analysis. This version 
incorporates improved schematic and 

RF Design 

graphics, in addition to allowing on screen 
“What if” calculations. The program is ful¬ 
ly menu driven and includes tutorial sec¬ 
tions. Version 3.0 sells for $85. Etron RF 
Enterprises, Diamond Bar, CA. Please 
circle INFO/CARD #174. 

Technical Database 
Test Quality Company introduces Tek-

base, a technical database for the HP 
9000 series 200 and 300 computers. It 
allows direct programmatic access to 
Basic, Fortran and Pascal application pro¬ 
grams. The database also supports multi¬ 
user access on HP’s SRM network. The 
import/export capabilities let users enter 
data from outside the database and send 
processed data to other systems. It can 
transfer information to ASCII, Pascal and 
Bdat files through RS-232 and Data-
Comm interfaces or over HPIB. Large 
(3200 element) arrays, complex numbers, 
standard real, integer, string and Boolean 
data types can be handled. The output in¬ 
cludes scatter diagrams, line drawings, 
bar charts, and pie charts. All HP plotters 
and printers are supported. Tekbase is 
priced at $3,500. Test Quality Company, 
Santa Clara, CA. INFO/CARD #173. 

SYSCAD 3.0 Features Full 
Screen Editing 
Webb Laboratories introduces Version 

3.0 of the Syscad RF/Microwave system 
engineering work station. Link analysis, 
architecture characterization and op¬ 
timization, receive and transmit spurious 
analysis and frequency source phase 
noise analysis are performed via a single 
screen editor. SYSCAD 3.0 requires 512K 
RAM and utilizes but does not require 
8087/80287 math coprocessor. It is 
tailored for IBMs and is priced at $995. 
Webb Laboratories, North Lake, Wl 
INFO/CARD #171. 

Touchstone Ported to DEC VAX™ 
Touchstone is now fully implemented 

on Digital Equipment Corporation’s VAX 
series of computers. The program pro¬ 
vides the full capabilities of Touchstone 
1.5 including new optimization techni¬ 
ques, linear circuit analysis capabilities, 
interactive tuning and Monte Carlo yield 
prediction. A user interface system call¬ 
ed General User Interface™ offers ad¬ 
vanced graphics capabilities which in¬ 
clude Smith chart displays. The VAX pro¬ 
cesses CPU-intensive calculations, while 
Touchstone provides the simulation 
modes. The price for the Touchstone on 
the VAX starts at $13,500. EEsof, Inc., 
Westlake Village, CA. Please circle 
INFO/CARD #170. 

Does business 
stress cause 
high blood 
pressure? 

Stress on the job is a real 
problem for most of us. 
Many people think high-
pressure jobs cause high 
blood pressure. 

Scientists and doctors 
aren’t sure if stress causes 
high blood pressure. But. one 
thing is for sure: anybody. 
no matter how they react to 
stress, can have high blood 
pressure. 

If you have high blood 
pressure, you can control 
it -with medication, weight 
control, less salt and 
whatever else your doctor 
tells you to do. every day. 

No matter what you do for 
a living, keep on living. 

High blood pressure. 
Treat it and live. 

National High Blood Pressure Education Program. 
National Heart, Lung, and Blood Institute. 

U S Department of Health and Human Services 



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 
MODEL ER8005 5 x 10- 11/day 

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

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

ohm LOAD 
SIZE _ MODEL ER8001 and 

MODEL ER8003 

OPTIONS 

2” x 2” x 4” H 
MODEL ER8005 
2.25” x 2.25” X 4.25” H 
MANY OPTIONS ARE AVAIL¬ 
ABLE TO INTERFACE WITH 
YOUR REQUIREMENTS 

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

For information and prices, send your specifications to: 

FREQUENCY CONTROL PRODUCTS 

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

rf literature_ 
Ceramic Trimmer Capacitor Catalog 

Catalog 500, detailing a line of ceramic trimmer capacitors is 
released by Tusonix. Featured are Tusonix Vari-Thin series 513, 
100 WVDC ceramic trimmers. Other ceramic trimmers include 
voltage ratings from 100 to 500 WVDC and capacitance ranges 
from 1 pF to 110 pF. Tusonix, Tucson, AZ. INFO/CARD #187. 

1987 Publications Catalog 
This catalog lists books, conference publications and journals 

published by the Institute of Electrical Engineers and Peter 
Peregrinus Ltd. Titles are grouped by subject area and may be 
located by either the author or the title index. IEE/PPL, 
Piscataway, NJ. INFO/CARD #186. 

Coaxial Products Catalog 
Catalog #387 features a full line of coaxial adapters, coaxial 

connectors, coaxial attenuators, coaxial terminators and coax¬ 
ial cable assemblies. Coaxial connectors and adapters include 
BNC, SMA, TNC, N SMB, SMC, MHV, UHF, SHV, SSMA and HN. 
Cable assemblies featured are both flexible and semi-rigid. Also 
featured are twinax connectors, adapters and twinax cable 
assemblies. In addition, a line of coaxial cable and hex crimp 
tools are now available. Pasternack Enterprises, Irving, CA. 
Please circle INFO/CARD #185. 

Microwave Materials Catalog 
Alpha Industries Trans Tech subsidiary introduces a microwave 

materials catalog. The catalog includes electrical characteristics 
and specifications for microwave ferrites, garnets, dielectrics, 
non-microwave ferrites and technical ceramic powders. Alpha 
Industries, Inc., Woburn, MA. INFO/CARD #184. 

Ferrite Core Catalog 
Krystinel Corporation introduces a condensed catalog covering 

ferrite products, such as toroids, E-cores, coil forms, bobbins, 
sleeves, baluns, cup cores, beads, threaded cores, EMI and RFI 
suppressors, and design kits. It contains magnetic and electrical 
characteristics of Krystinel’s complete line of ferrite materials and 
listings of all the stock sizes of the various shapes. Krystinel 
Corp., Paterson, NJ. INFO/CARD #183. 

Passive Microwave Devices Catalog 
An eight-page catalog describes 55 examples of passive micro¬ 

wave devices developed and manufactured by the Wavecom Divi¬ 
sion of the Loral Corporation. Products pictured include high per¬ 
formance filters, diplexers and multiplexers covering sub-octave 
and extended octave bandwidths in the HF through Ku band fre¬ 
quency ranges. Power ranges handled go up to 20 kW CW and 
100 kW peak. The catalog also covers a line of precision RF 
switches and presents examples of integrated assemblies and 
other Wavecom developments such as 64 channel filters and 
coaxial power dividers. Wavecom Division, Loral Corporation, 
Northridge, Calif. INFO/CARD #182. 

TWT Amplifier Catalog 
A short form catalog of high power microwave amplifiers is 

available from Varian Microwave Equipment Division (MED). It 
features a selection guide and descriptive information. The 
catalog includes salient specifications and options for the divi¬ 
sion’s 6900K series low power TWTAs, 6900G series medium 
power TWTAs, 6900H series broadband TWTAs, 6900L series 
MM TWTA and 5900P series pulse TWTAs. The product line pro¬ 
vides a broad range of coverage from 10 to over 200 W, 1 to 40 
GHz and octave bandwidths. Varian Microwave Equipment Divi¬ 
sion, Santa Clara, CA. INFO/CARD #181. 
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rf opportunities 

RF OPPORTUNITIES JR. AND 
SR. LEVEL ENGINEERS 
At BROOKHAVEN, our unique research facilities and 
multidisciplinary programs go far beyond the scope of 
most private organizations. Opportunities exist to join 
a first-class team of electrical and RF engineers 
involved in state-of-the-art research and development 
on RF systems for particle accelerators. 

As part of our RF Systems Group, your work will 
involve the design and analysis of low and high power 
rf systems in the frequency range from 180 KHZ to 
4.5 MHZ. A minimum of a BSEE and relevant 
experience in one or more of the following areas is 
required: beam coupled feedback systems, phase 
lock loops, high power rf cavities, power amplifiers, 
transmitters or induction heaters. 

Brookhaven is located on a campus-like setting in an 
attractive eastern Long Island community where you 
and your family will enjoy outstanding recreational 
facilities and still be within l'/a hours of New York City. 
Our exceptional benefits include 24 days annual 
vacation, comprehensive medical and dental 
coverage, a retirement plan and relocation 
assistance. We invite you to forward your resume 
including salary history to: Ms. Nancy Sobrito, RF1, 
BROOKHAVEN NATIONAL LABORATORY, Associated 
Universities Inc., Personnel Division. Bldg 185, Upton, 
NY 11973. We are an equal opportunity employer. 

PUT A NEW MARKETING REP 
ON YOUR TEAM! 

USE REPRINTS FROM 

RF DESIGN MAGAZINE 

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 on your products & services 
• Explain what your company does 
• Position your company as an industry leader 

bni BROOKHAVEN fl 111 NATIONAL LABORATORY 
till I ASSOCIATED UNIVERSITIES INC 

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

For further Information on how to order your reprints, 

call (303) 220-0600, Telex 450 726 CRDF ENGL. 

Advertiser’s Index 
Amplifier Research . 41, 61 Microwave Modules and Devices . 10-11 
Amplifonix . 58 Noise Com . 60 
Anritsu . 17 Reeves- Hoffman . 3 
Applied Engineering . 35 RF Monolithics . 21 
Avantek . 25 RF Power Labs . 57 
Ballentyne Labs . 69-70 RLC Electronics . 2 
Crystek Corp. 36 Sohio . 40 
Daico . 9 Sprague-Goodman 
EEsof . 18-19 Electronics . 62 
E.F. Johnson . 37 Tektronix . 33, 50, 51 
Electronic Research . 64 Texscan Instruments . 24 
EMCO . 49 Thompson Mostek . 54, 55 
ENI . 30 Time & Frequency . 69-70 
Harris Microwave . 42-43 Toko America . 71 
Hi-Q Crystal . 38 Triquint Semiconductor . 20 
IFR, Inc. 34 Tusonix . 12 
Instrument Specialties . 15, 23 Vectron Labs . 32 
JFW Industries . 16 Voltronics . 67-68 
Kalmus . 59 Watkins-Johnson . 72 
K&L Microwave . 26 Wavetek . 7 
MATRIX . 66 Werlatone, Inc. 6 
Microwave Filters . 39 Weinschel . 4 
Microwave Journal . 13 Wide Band Engineering . 38 
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NEED BROAD-BAND COAXIAL RELAYS? 
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER 

Our versatile 7000 series of 
coaxial relays have band-widths 
from DC up to 800 MHz. They’re 
available from 2 to 24 throw. 
And by using our 9000 series 
cross-straps, switching matrices 
of any size can be configured. 
Why have Matrix broad-band 

relays become the industry 
standard? Because we construct 
them of precision machined 
anodized aluminum alloy, all 
signal shield paths are silver 
plated, and basic switch ele¬ 
ments are hermetically sealed 
in nitrogen filled gas envelopes 
with rhodium plated contacts to 
insure non-stick operation. 

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

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

Non-blocking Matrix configu¬ 
ration may be easily assembled 

MATRIX 
SYSTEMS CORPORATION 

5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 

using our self-terminating relays 
and 5100A series power dividers. 
Built-in Video/RF amplifiers 
allow zero insertion loss designs. 
So if you’re looking for broad¬ 

band relays, it pays to deal with 
Matrix. After all, we’ve been 
designing state-of-the-art reed 
relay and semiconductor switch¬ 
ing systems for over 18 years. 
Our customers include gov¬ 

ernment agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies— and more. 
Phone: 818-992-6776 
TWX: 910-494-4975 
FAX: 818-992-8521 

INFO/CARD 45 



To Get Your 
Voltronics 

1987 
Catalog, 
Circle 

Info/Card #86. 

SEALED Sapphire 
'Dimmer Capacitors 
“P” SERIES 

Features: 
• Unique new design 
• High Q, zero temperature 

coefficient 

• Internal O-ring seal 

• Low self-inductance for 
use to 10 GHz 

• Interchangeability with 
unsealed designs 

• Compliance with all 
MIL-C-14409D specs. 

• .075" and .125” diameters 
with 1.2, 25, 45, and 8 pF 
maximum capacitance 

For more information on “P” Series Trimmer Capacitors, fill out the 
return address section on the front of this card and mail it back to us. 
Or, call 201/887-1517 and well have a Voltronics Sales Engineer 
answer your questions immediately. 

Voltronics 
West Street . PO. Box 476 * East Hanover. NJ 07936 .201/887-1517 . TWX 710-986-8253 CORPORATION 

RFD 4-87 

_ design SUBSCRIPTION 

To receive rfdesign 
Answer all questions, sign, date and mail today. 

I wish to receive ffdesign free of charge □ yes □ no 

Signature Date 

1. Please check the one category which best describes your 
business. 
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20 □ Broadcasting equipment mfr. equipment mfr. 
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LOW POWER TCXO 
Features: 
• Small Size — 1.125 in.3 
(1.5'x1.5'x.5*) 

• Stability — ± 1 ppm 
-40°C to + 85°C 
±5x10'8/V, (5 —15V) 

• Low Current 1 mA max 
(5 to 15 Vdc) 

• Meets MIL-0-55310 
• Low Power — 3.5 mW 
(5.0 Vdc Supply) 

W¡L 
Time & Frequency Ltd. 

Please check: 
□ Immediate Need 
□ Send your catalog 
□ Have a Sales Engineer 

contact me. 

ÏÜÂL 
Time & Frequency Ltd. 

Send for complete specifications: 

Name_ 

Company_ 

Mail Stop_ 

Address_ 

City_ State_ Zip_ 

Phone ( )_ Ext_ 

RFD 4-87 

LOW POWER 
TCXO 

046 SERIES 
50 Hz to 10 MHz 

YOU CAN REACH US AT 
(516) 794-4500 

ROCK STEADY VOLTAGE MEASUREMENTS 
DOWN TO<1 OOpV AT 1 GHz 
The Ballantine 344OA Programmable 

I : — iwi i 1.2 GHz RF Millivoltmeter gives you .. . 

□ ISOLATION FROM RF FIELDS— 
cable and probe double shielded. 

□ USABILITY IN THE FIELD— 
internal rechargeable battery 
option. 

Complete reverse side for more on this 

□ ASSURED STABLE READINGS— 
minimized drift with temperature 
controlled probe and chopper amp. 

□ NBS TRACEABLE TRUE RMS— 
100MV to 30mV up to 1.2GHz 

□ SYSTEM CAPABÎLITIY— 
ranges programmable with 
optional IEEE 488 coupler. 

□ VOLTS AND DB RANGES— 
measures 100^V to 300V and 
-60dB to +60dB from 10kHz 
to 1.2GHz. 

versatile RF communications voltmeter 

For further information 
on the Ballantine 

3440 A Millivoltmeter 
circle INFO/CARD #88. 
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Toko coils and filters 
attack RF design problems 

before ley come 

Plagued 
by parasitic X 
oscillations, spurs, 
harmonics and * 
feedback? The problem 
may not be your design, but the 
coils and filters you selected. Toko 
is the world’s largest manufacturer ■ 
of quality small coils and filters, with 

a selection so large, 
you’re sure to find the I _ right components 

-I w to neutralize your 
rï design problems 

, ▼ SUBMINIATURE 
ADJUSTABLE 
AND FIXED 

Toko has what you need, so 
you won’t need to compromise... 
subminiature adjustable coils 
and transformers, molded coils, 
radial fixed coils and fixed coils 
with axial leads. Toko high-Q coils 
are engineered in sizes from 
5mm to 15mm, and inductance 
ranges from .02 pH to 500 mH. 

CHIP AND 
ADJUSTABLE SMD > 

Need to reduce the . 
size of your products or 
automate production? 
Toko solves these problems with a 
wide range of surface mountable 
coils and LC, ceramic and helical 
filters in fixed and adjustable con¬ 
figurations. Packaged for automatic 
insertion and available for reflow or 
solder dipping. 

» * ' CUSTOM MODULES 
Toko hybrid mod-

MB ules are a great 
way to simplify 
design and 

production tasks. 
With short lead time, 

Toko can develop compact 
custom modules utilizing a variety 
of components, surface mounted 
on a ceramic substrate. One 
module replaces dozens 
of components. 

FILTERS UMI J 

For i-f or tuned rf 
circuitry. Toko filters 
simplify attenuation of 
out-of-band signals, while cleanly 
passing your desired signal. Ultra¬ 
miniature ceramic and LC filters at 
popular i-f frequencies fit tight 
spaces and tight budgets. With 
frequencies up to 1.2 GHz Toko 
helical filters are the right choice for 
communications 
transceivers. 

ACTIVE FILTERS 
If you're advanc- ‘ 
ing the state-of-
the-art in digital 
audio or PCM 
products you’ll 
appreciate Toko 
active filters. Especially 
designed for small size and low distor¬ 
tion, they're also very cost-effective. 

Isn't it time to tame the design monsters 
before they bite back...call or write 
Toko today for a free coil and filter 
catalog or a quote on your needs. 
No matter what Toko coils and filters 
you choose, you can be assured of 
exceptionally high quality control at 
economical prices. 

Quality and workmanship that add 
value and performance to your 
product. 

TOKO AMERICA,I NC 
(CORPORATE HEADQUARTERS) 
1250 Feehanvllle Drive 
Mt. Prospect, IL 60056 
(312) 297-0070, Telex: 724372, FAX (Gill): 
(312) 699-7864 

(Western Branch) 10080 N Wolfe Rd. SW3-361, 
Cupertino. CA 95014 
(408) 996-7575. FAX (Gill): (408) 996-7280 
(Eastern Branch) 6 Corporate Park Drive, 
Suite 307. White Plains. NY 10604 
(914) 694-5618, FAX (Gill): (914) 694-6280 

(Southeastern Branch) Executive Plaza. 
555 Sparkman Drive, Suite 820-C. 
Huntsville. AL 35816 _ 
(205) 830-0952, FAX (Gill): (205) 830-5399 

For more information on: 
Subminiatures, INFO/CARD 46 
Chip/SMD, INFO/CARD 47 

Custom Modules, INFO/CARD 48 
RF & I-F Filters, INFO/CARD 49 
Active Filters, INFO/CARD 50 
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: een Windsor Berkshire SL4 4LH • Tel (0753) 869241 • Cable WJUKW-WINDS0R • Telex 847578 • Italy: Piazza G Marconi 25. 00144 Roma-EUR • Tel 592 45 54 or 591 25 15 • Cable WJ ROM I 

• leiex 612278 • Germany, Federal Republic of Keferloher Strasse 90. 8000 Muenchen 40 • Tel (089) 35 97 038 • Cable WJDBM-MUENCHEN • Telex 509401 
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