
ffdesign 

A Special Issue 
Celebrating Our 
Tenth Anniversary 



ReSISTORS ^Attenuators Terminations Service 

X Richardson 
vis Electronics, Ltd. 

OFF-THE-SHELF FROM 
RICHARDSON ELECTRONICS 

When you are designing with 
high power transistors, you 
need a RAT! 
The fact is, if the output stage of your amplifier 
has more than one transistor, you need at least two 
RATS (Resistors, Attenuators, and Terminations). 
And with power ranges of today’s technology well 
into the multikilowatt levels, the selection of high 
power passive products is more critical than ever. 
Acrian introduced high power RATS to the world 
more than 10 years ago, and we still manufacture 
the best resistors, attenuators and teminations on 
the market. 

Richardson has more than twenty standard 
package styles for microstrip 
applications, both flanged and 
unflanged. 

(INGRIAN 
■ ■ ■ ■^^^Tpowe^oujtions 

ACRIAN RATS feature: 
• More watts/square inch dissipated 
• Lowest VSWR (1.25:1) 
• Standard resistor values at 50 and 100 Ohms 
• High-temperature brazing 
• Lowest thermal resistance 
• Hi-Rel screening available 
For the most reliable high power passive products 
call for Acrian RATS today at: 

zk Richardson 
VK Electronics, Ltd. 

40W267 Keslinger Rd., LaFox, IL 60147 
(312) 232-6400 Toll Free (800) 323-1770 
East (800) 645-2322 West (800) 348-5580 
Northeast (617) 871-5162 Southeast (800) 348-5580 
Canada (800) 387-2280 

INFO/CARD 1 



' A-7550 Spectrum Analyzer with Built-in 
Tracking Generator for under $8500* 
The IFR A-7550 Spectrum Analyzer with its optional 
built-in Tracking Generator may be all the test 
equipment you need to test the frequency response 
of any frequency selective device between 10 kHz 
and 1000 MHz. For higher frequency devices, the 
A-8000 Spectrum Analyzer with its optional built-in 
Tracking Generator can characterize frequency 
responses up to 2600 MHz. 

With either analyzer you get a rugged, portable 
instrument that is equally at home in the field, on 
the manufacturing floor, or in the laboratory. 

Other standard features of both the A-7550 and 
A-8000 include a synthesized RF system, +30 dBm to 
-120 dBm amplitude measurement range, 1 kHz per 
division frequency span, and 300 Hz resolution 
bandwidth. These features give the A-7550 and the 

A-8000 superior amplitude and frequency measure¬ 
ment capability previously unavailable on spectrum 
analyzers in this price range. 

In addition to the Tracking Generator, other 
available options—such as an Internal Rechargeable 
Battery Pack, AM/FM/SSB Receiver, RS-232 or 
IEEE-488 Interfaces, and Quasi-Peak Detector—allow 
the A-7550 and A-8000 to be custom configured 
to solve many other RF testing needs. 

For more information or a demonstration, 
contact your local IFR distributor or 

representative, or contact IFR 
directly at 316/522-4981. 

• U.S.A. Trade Net Price 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623 AiuS*-

INFO/CARD 2 



DAICO 7-BIT 
ATTENUATORS 

FOUR-OF-A-KIND 

Part No. DA0285 DA0295 DA0617 DA0375 Units 

Frequency 

LSB/ Range 

Switching 
Speed 

Transition 
Time 

Control 
DC Power 

30-500 

0.5/63.5 

5 

3 

CMOS 
30 

30-500 

0.5/63.5 

5 

3 

TTL 
50 

45-250 

0.5/63.5 

0.025 

0.007 

TTL 
400 

45-75 

0.1/12.7 

0.020 

0.005 

TTL 
400 

MHz 

dB 

50% TTL to 90 % RF 
g sec 

10%/90% RF Msec 

mA at +5VDC 

DAICO 7-bit attenuators provide a full range of 
solutions to your RF needs. With O.l and 0.5dB 
LSB's and attenuation ranges up to 63.5dB in a 
38-pin hermetically-sealed MIC: these packages are 
a perfect deal for your RF attenuator applications. 

You can choose a lightning fast DA061 7 or 

DA0375 with 25 nanosecond switching-speed, or a 
low current DA0285 or DA0295. 

All Daico MIC attenuators are available with 
MIL Screening and in connectorized packages. 

Call our Application Engineering Department 
for further information. 

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

1988 Daico Industries. Inc. mp88477 R 
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Page 28 — 10th Anniversary of PF Design 

Cover Story 
28 RF Design 1978-1988: A 10th Anniversary Celebration 

This month marks 10 years since the first issue of RF Design was published. Events 
of the past 10 years in RF technology are recounted by the magazine staff and two 
engineers who have worked closely with RF during this time: John Minck of Hewlett 
Packard, and Doug DeMaw of Oak Hills Research, formerly with the ARRL. 

Features 
oo A Voltage-Controlled Phase Shifter 

The first of two contest prize winners presented this month, this article describes a prac¬ 
tical method of electronically varying phase shift, often necessary in instrumentation, 
radar and communications systems. — Thomas R. Mathews 

Designing With the Double Lange Coupler 
In this article, the author reviews the operation and application of the Lange interdigitated 
coupler. This design was an honorable mention winner in this year’s contest. 

— Derek Fitzgerald 

The RF Expo East 88 Technical Program 
Technical papers and special courses slated for this Philadelphia event are presented. 
Engineers attending the Expo will find plenty of new information for RF design 
problem-solving. 

Designer’s Notebook — An Emitter Follower Oscillator 
° 1 Investigations into emitter follower circuits that exhibited unwanted oscillations led the 

author to investigate the phenomenon. His observations are presented here. 
— Harvey Morgan 

RFI/EMC Corner — Reflections on EMC Measurements 
Another look back at RF history, this note is one engineer’s look at EMC test methods 
and instruments, comparing different approaches and making suggestions for further 
development. — Tom Minnis 

7q Dissipative Filters 
* Filters which do not reflect stopband energy back to the source are highly desirable 

in some applications. This article describes a configuration developed by the author 
which has acceptable loss and rolloff characteristics. — Matt Fivash 

oj Noise Measurement Using the Y Factor 
The fundamentals of noise figure measurement are discussed, and a simple measure¬ 
ment technique is presented which uses a spectrum analyzer and an inexpensive diode 
noise source. — Paul Drexler 

Departments 
6 Editorial 
13 Letters 
14 Calendar 
16 Courses 
21 News 
92 New Products 
98 New Software 
99 New Literature 
102 Advertisers Index 

Page 61 — Emitter Follower Oscillator 
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HIGH POWER 
2 Way Combiner 

rf editorial 

RF Design — 
Ten Years is Just the Beginning 

1000 WATTS 
Model D2051 
Freq. Range 1-200 MHz 
Loss 0.5 dB 
Isolation 20 dB 

By Gary A. Breed 
Editor 

100 WATTS 
Model D1824 
Freq. Range 20-500 MHz 
Loss 0.5 dB 
Isolation 20 dB 

BROADBAND RF 
COMPONENTS 

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

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

Where were you 10 years ago? 

Jimmy Carter was president, and the 
U.S. was struggling through a post¬ 

Vietnam war recession. We still hadn’t re¬ 
covered the confidence lost a few years 
earlier during Watergate and Richard Nix¬ 
on’s resignation. The country was in a 
transition between the political activism 
of the ’60s and the complacency of the 
’80s. 

Electronics technology was in a transi¬ 
tion, too — or so some folks thought. The 
hottest word in our vocabulary was micro¬ 
processor, and the big electronics maga¬ 
zines had abandoned RF engineering to 
focus on the “digital revolution.” To fill the 
void, RF Design was created. For 10 
years, this magazine has survived the ups 
and downs of business (both our business 
and yours) to become a successful, estab¬ 
lished engineering journal. The success 
we have achieved is entirely a reflection 
of the success of the RF industry. 

If there is any one thing that exemplifies 
the RF industry in the last 10 years, it is 
the demand for greater performance. No 
segment of technology can single¬ 
handedly meet that demand. The vision 
of an entirely digital world has faded, and 
analog techniques have taken their place 
in the spotlight alongside their digital 
counterparts. (They even share space on 
the same monolithic ICs.) 

This issue celebrates our 10th anniver¬ 
sary with a look back at the developments 
of the past decade. But we are also cele¬ 
brating by doing what has brought us this 
far — providing useful information for 
engineers. This month, the exchange of 
ideas among engineers covers topics that 
are at the heart of RF: a voltage-controlled 
phase shifter and a review of Lange 
microstrip line couplers (both contest 
prize winners), a description of an un¬ 
usual oscillator circuit that grew out of an 
unrelated application, and a look at filters 
that dissipate stopband power instead of 
reflecting it back to the load. There also 
is a complete listing of the technical pro¬ 
gram at the upcoming RF Expo East. 

Ten years is both a long time and not 
very long at all. It depends on your per¬ 
spective. It is pleasant to look back and 
see how far we have come since that first 
issue of RF Design was produced. But, 
it is far more exciting to view those ten 
years as just a small segment in the life 
of an idea that has only begun to address 
the needs of RF engineers. 

Here’s to the past 10 years, they’re just 
the beginning! 

WERLATONE INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 
TWX 510-600-0747 

decades ahead 
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Just What The Doctor Ordered 

- ÇÍ3.V 

For Curing 4 GHz TVRO 
or 12 GHz DBS LNB 
Design Headaches 

If you’re a TVRO or DBS system design 
engineer, you know how critical low noise 
block downconverter performance is to 
overall system performance. You need the 
lowest noise figure and the highest gain 
possible .. .at an affordable price. Avantek 
has the prescription that makes it easy to 
build lower cost, high performance 4 GHz 
and 12 GHz LNBs with Avantek low noise 
GaAs FETs, silicon MMIC amplifiers and 
bipolar transistors. 

The combination of Avantek’s ATF-series 
GaAs FETs and MODAMP™ silicon MMIC 
amplifiers deliver the low noise figure and 
high gain that cure system performance 
problems... at a cost that improves your 
bottom line. 

Available in Volume... 
Around the World 

Avantek high performance microwave 
semiconductors are available from local 
Avantek distributors in the quantities 

needed to support your program. For the 
location of your nearest Avantek distribu¬ 
torcall (408) 970-2834. 

Selected Avantek Low Noise 
GaAs FETs & Silicon MMICs 

Part Number Frequency Noise Figure Gain 

(GHz) ' (dB) (dB) 

ATF-10135 4.0 0.5 13.0 

ATF-13135 12.0 1.2 9.5 

AT-41485 1.0 1.4 20.0 

MSA-0885 1.0 3.3 22.5 

Free Limited Edition 
LNB Design Kits 
We’d like you to design your next 4 GHz 
or 12 GHz LNB with Avantek semiconduc¬ 
tors. Our free LNB Design Kits make it easy. 
Each kit contains the GaAs and silicon 
devices in this ad. Only a limited number of 
design kits are available. The first 500 quali¬ 
fied respondents will receive both 4 GHz 
and 12 GHz design kits. The completed 
coupon below must be accompanied by 
business card or company letterhead. 

INFO/CARD 5 

Please send me the 
Avantek Limited Edition 

LNB Design Kits. 

Name 

Company. 

Address. 

State. 

Phone ( 

Application . 

.Zip Code. 

0AVANTEK 
3175 Bowers Avenue 
Santa Clara, CA 95054 
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LOWER 
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ffdesign 
a Cardiff publication Established 1978 
Main Office: 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 • (303) 220-0600 

from STel 
Publisher 
Robert A. Searle 

THE LEADER 
in Numerically Controlled 

Oscillators 

Associate Publisher 
Kathryn Walsh 
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Gary A. Breed 
Technical Editor 
Mark Gomez 
Assistant Editor 
Katie McCormick 

PRICE REDUCED 47°/o! 
The STEL-1 172B generates digital sine 
and cosine signals of very precise fre¬ 
quency. It is an improved version of the 
ST-1 172A. Featuring: 
J 50 MHz clock frequency! 
□ 32-bit frequency resolution! 
□ 10-bit on-chip phase look-up table! 
□ 8-bit amplitude resolution! 
□ Spur levels below -55 dBc! 
□ Both sine and cosine outputs. 

PRICE REDUCED 50%! 
The STEL-1 173 generates digital sine 
or cosine signals with higher precision 
in every respect than ever before! 
Featuring: 
□ 50 MHz clock frequency! 
□ 48-bit frequency resolution! 

That’s 0.18 pHz at 50 MHz! 
□ 13-bit on-chip phase look-up table! 
□ 12-bit amplitude resolution! 
□ Spur levels as low as -70 dBc! 
□ Selectable sine or cosine output. 

PRICE REDUCED 36%! 
The STEL-1 174 is a low-cost version of 
the STEL-1 173, with all the same fea¬ 
tures except the frequency resolution, 
which is 16-bits. 
U Lowest price NCO available! 
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Do Birds Fly? 

Price reductions quoted are for 
quantities of 100 to 499. 

Mil Spec parts also available. 

STANFORD 
TELECOMMUNICATIONS 
Write or call Patti Laakso: 
2421 Mission College Blvd. 
Santa Clara, CA 95054-1298 
Tel: (408)980-5684 
Telex: 910-339-9531 
Fax: (408)980-1066 
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They do at Henry Radio. 
Because when we receive your 
order for any Bird product it flies 
out of our warehouse in just 24 
hours. 
And don’t expect us to say we’re 
out of stock on the products you 
need, because Henry Radio is 
one of the nation’s largest 
distributors of Bird equipment. 

Our large inventory includes a 
vast selection of the most popular 
Bird equipment, including 
wattmeters, elements, loads and 
accessories. So if you’re looking 
for a hard-to-find Bird product, 
call Henry Radio. 

HENRY RADIO 
Over a half-century of reliability in communications. 

2050 S. Bundy Drive, Los Angeles, CA 90025 
TOLL FREE: 1-800-877-7979; FAX: 1-213-826-7790 
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<10 Hz 
mod 

200 kHz 
rates 

Note 

““ONTON 

-47 to +19 dBm 
dynamic range 

INPUT 50ß 
,OO»H.-2OOOM™ 

Note 

100 kHz-2GHz 

Note 
25 kHz-2.5GHz 

carrier frequencies 

Note A: AM only 

Note 8 Limited level accuracy • 

Note C: • T0% droop for 5 Hz square wave 

BOONTON RE-DIMENSIONS 
MODULATION MEASUREMENTS! 

Boonton’s 8200 Modulation Analyzer out-performs 
the competition with the widest measurement range 
by far. Automatic or manual acquisition and display 
of carrier frequencies and levels. Measures modula¬ 
tion frequencies from <10 Hz to 200 kHz. True peak 
measurements to 99% a.m. and 500 kHz f.m. with 
accuracies of 1% of reading. Phase modulation to 500 
radians. True rms detection of residuals. Automatic 
audio distortion measurements from 0.01% to 100% 
THD or 0 to 80 dB SINAD at baseband frequencies 

between 20 Hz to 20 kHz. Plus a full complement of 
low-pass and high-pass filters and de-emphasis 
networks. 

Check with your local representative or contact 
Boonton directly for the full dimensions of the 8200. 

Boonton Electronics Corp. 
791 Route 10, Randolph, NJ 07869 
Telephone (201 ) 584-1077 

Signal Generators ■ Modulation Analyzers ■ RF Power Meters ■ RF Millivoltmeters ■ Capacitance Meters and Bridges ■ Audio Test Instruments 
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EPSCO delivers 
the HPA with more 
power-per-cubic-inch 
Our HPAs deliver more power, available in 
more frequency ranges, with more features, 
in less space than any others. 

For critical ECM jamming and all types of military 
communications, EPSCO 's HPAs deliver more power and 
superior performance. 

Choose among 12 models, with bands covering 
the freguency range of 2 to 1,000 MHz. Then, choose from 
output power levels up to 1000 watts in standard models 
and up to 2.5kW in custom designs. 

Our HPAs are smaller and lighter, too. 
If you're in a pinch for inches, EPSCO's HPAs are 

designed for you. Because we've used some very innova¬ 
tive power-combining and thermal/mechanical designs to 
make them small and light. In fact, they're smaller, lighter, 
and deliver more watts per cubic inch than any other HPA 
available today 

They contain integrated filtering and monitor 
circuits, RF control circuitry for power management, power 
supply and a thermal system with cooling and temperature 
detection. 

EPSCO HPAs also employ automatic protection 
circuitry with fault indicators, self-cooling, RF power control, 
fast pulse response times, and feature internal leveling for 
flat response over the full freguency band. 

Naturally, we are a qualified MIL-Q-9858A house, 
and our assemblers are certified to Naval Weapons 
specification WS6536E. 

Our HPAs are already hard at work world-wide 
in communication and EW systems, and they're designed 
with computer controlled interface capability as may be 
required by your system. 

D-ust EPSCO to keep one step ahead. 
Look to EPSCO to supply your present and future 

needs for HPAs and RF modules. 
Our products are designed by industry's most 

innovative engineering teams. They're creating the 
technology that keeps EPSCO on the cutting edge of the 
cutting edge in RF/microwave amplifiers. 

For complete information on our more-power-
per-cubic-inch-HPAs. contact EPSCO today. 

EPSCO, Incorporated 
RF Division 
31355 Agoura Road 
Westlake Village, CA 91361 
818-889-5200 

Manufacturers of a broad range of high power RF/microwave components 
and subsystems from 1 MHz through 40 GHz. 
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american 
technical 
ceramics 

COUP. 
News From ATC 

Published by ATC October 1988 

48 Hour Shipment 
for 250 Capacitors 
or Less. 

You want it WHEN? 

New From ATC 
Tuning Sticks 

Select the capacity value your 
circuit needs with ease. 

RILARLE 
ATC is the industry leader for quality, rugged, 
reliable I Hl/Microwave Capacitors. Our new 
QI IK-PICK™ System launches our commitment to 
be the leader in service and customer satisfaction. 
At American Technical Ceramics, we know the 
importance of your deadline. 

Now during bench test or design, value selection 
can be achieved without soldering capacitors in. 

A Tuning Stick consists of an ATC 100 Series 
Superchip® permanently attached to a 

non-conductive holder. 

At ATC, 
Deadlines Are No Joke. 

The Slick material is selected so that its effect 
on the capacitance value and Q is minimal. 

Tuning Stick Kits are available off the shelf. 

□ Call me. I have immediate requirements. 
□ I want more information. Please send me ATC's 3-Rlng 

Binder Product Catalog. 
□ Put me on your mailing list. 

NAME/flTLE_ 

COMPANY_ 

ADDRESS_ 

CITA/STATE _ ZIP_ 

PHONE_ 

Mail to: 
American Technical Ceramics. Advertising Dept. 
One Norden La.. Huntington Station. NY 11746-2102 

Request ATC TS1001. 
48 Hour QI IK-PICK™ 

Shipment. 

Tuning Stick Kits contain 20 values: 
CAPACITY 
VALUE (pf) TOLERANCE 

0.1 
0.5 B 

1.0 
1.2 
1.5 
1.8 
2.2 
2.7 
3.3 
3.9 

C 

CAPACITY 
VALUE (pf) TOLERANCE 

4.7 
5.6 C 

6.8 
8.2 
10 
47 
68 
100 

J 

470 
1000 K 

c 1988. American Technical Ceramics, Corp. 
TOLERANCE CODE: B = 

K = ±10% 
0.1 pf;C = ±0.25pf; J = ±5%; 

INFO/CARD 105 american technical ceramics corp. INFO/CARD 106 
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rfTetters 
Letters should be addressed to: Editor, RF 
Design, 6300 S. Syracuse Way, Suite 650, 
Englewood, CO 80111. 

A Note on Terminology 
Editor: 

Please exhort your correspondents to 
join the majority of the world’s engineer¬ 
ing community in using metric dimen¬ 
sions for variables. I thought Britain was 
steeped in the traditions of the Industrial 
Revolution — we occasionally use thou¬ 
sandths of one inch — but at least we col¬ 
loquially refer to these as “thou” (well, at 
least when designing steam engines for 
mine pumps) and not “mils.” To me, it’s 
like the Eagle landed using thrust meas¬ 
ured in “slugs.” 

Roger Marmion 
DMW Associates (Electronics) Ltd. 
Braunston, Daventry, Northants, England 

(RF Design is completely in favor of stan¬ 
dardization of measurements in metric 
terms. However, many products have 
been conceived, designed and built in the 
English system, and it is only logical to 
maintain the original terminology— Editor) 

Microstrip Advice 
Editor: 

Regarding the problems experienced 
by Bob Hyde of the University of Texas in 
his letter entitled Microstrip Comments 
(August 1988, RF Design), he is right in 
concluding that a microstrip circuit hav¬ 
ing ground plane on both sides is neither 
truly microstrip nor truly planar. The Line 
Calc program which is part of Touchstone 
by EEsof does treat this type of line, sim¬ 
ply calling it coplanar waveguide with 
ground plane. It also treats true coplanar 
waveguide in the same program. 

To address his specific problem, I 
believe that if he makes the upper ground 
plane truly ground, his problem will go 
away. Regardless of the gap width of the 
line, there will be edge coupling as in a 
coplanar line and the upper ground must 
truly be the same ground as the lower 
ground. Grounding at the board edges will 
not do it. Physically tying the upper and 
lower ground planes together with rivets, 
Z-wires or plated through holes in as 
many places as practical is absolutely 
necessary. A practical number would be 
the number required to suppress the un¬ 
wanted board resonances in the particular 
design. Theory tells us that the grounds 
must be a minimum of one half wave¬ 
length apart at the frequency of highest 
board resonance. 

Bill Beauregard 
Olektron Corporation 
Webster, MA 

RF Design 

French Correction 
Editor: 
Thank you for publishing my paper en¬ 

titled “Lumped Element Phase Shifting 
and Matching Networks” in the July 1988 
issue of RF Design. As some typographi¬ 
cal errors have occurred, would you 
please print the following corrections: 

• Figure 3 —- the capacitor C2 on the 
right hand side should read C3. 

• Figure 9 — the formula CG = .2979 
pF should be replaced by CG = 2.979 pF. 

I apologize for any inconvenience that 
this may have caused. 

Andre Boulouard 
CNET 
Lannion-B, France 

Article Postscript 
Editor: 
Mark Gomez’ article “EMC Organiza¬ 

tions and Societies” (August 1988, RF 
Design) is good except for a few spots. 
These are mentioned below. 
The SAE AE4 does not represent all of 

SAE’s EMC elements. AE4 is primarily 
concerned with aerospace. Land and 
water vehicles and devices are covered 
by two technical committees, Electromag¬ 
netic Radiation (EMR) and Electromag¬ 
netic Interference Standards and Test 
Methods (EMI). The EMR Technical Com¬ 
mittee is concerned with electromagnetic 
emissions from the vehicle or device that 
may interfere with roadside or adjacent 
vehicle receptors, and is the U.S. National 
Committee participating in CISPR. The 
EMI Technical Committee is concerned 
with the electromagnetic susceptibility of 
vehicle electronics to roadside or adjacent 
vehicle emitters and intra-vehicle system 
compatibility, and is the U.S. National 
Committee for ISO. 
ANSI-accredited standards committee 

C63 (ASC C63) has much more activity 
than implied in the article. In addition to 
its Ad Hoc committee on consumer elec¬ 
tronics EMI (PL 97-259), it coordinates all 
other ANSI EMC-related standards and 
develops such documents as ANSI C63.2, 
C63.4, C63.5, C63.6, C63.7, C63.8, C63.12 
and others. 
An organization unmentioned in the ar¬ 

ticle is the Radio Technical Commission 
for Aeronautics (RTCA). This body deals 
with EMC, and other topics, in commer¬ 
cial and private aircraft. 

Edwin L. Bronaugh 
Vice-Chairman, ASC C63 
Amsterdam, NV 

(For more information about RTCA con¬ 
tact: James Lohr, RTCA, 1428 K St., N.W., 
Suite 500, Washington, D.C. 20005.) 

The New Leader in 
DIRECT DIGITAL 
SYNTHESIZERS 

INTRODUCING THE QUALCOMM 

Q2334 Dual Direct Digital 

Synthesizer (DDS) which generates 
high-precision sine waveforms at 
frequencies up to 15 MHz with 0.007 
Hz. resolution. The Q2334 is the 
most functionally complete DDS 
device available with dual double-
buffered frequency control registers, 
on-chip sine wave lookup, synchro¬ 
nous inputs for built-in phase/fre-
quency modulation modes, and 
microprocessor interface for 
frequency and mode control. 
Amplitude and phase truncation SNR 
of 72 dB and 76 dB, respectively. 

And, if that isn’t enough, there are 
two complete synthesizers on the 
single low power CMOS Q2334 
device to save board space and cost. 

We’ve even designed an Evaluation 
Kit to help you get started with your 
DDS design. 

Contact us for more information. 

Qualcomm 
N CORPORATEO 

“...the elegant solution." 

10555 Sorrento Valley Road 

San Diego, CA 92121 

Phone: (619)587-1121 ext. 540 

• Mobile Satellite Networks 

• Modems »Error Correction 

• Military Communications 
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ASIC/SAW PROGRAMMABLE 
PHASE CODED 

MATCHED FILTERS 

Hazeltine has combined ASIC and Surface Acoustic 
Wave (SAW) technology to provide programmable phase 
coded matched filters that are now key processors in 
many tactical radar and spread-spectrum communications 
systems. These filters provide the processing gain 
necessary for jam-resistant operation and the electronic 
programmability essential for a secure system. Small 
size, low cost and operation in a military environment 
are inherent features of Hazeltine's programmable 
matched filters. Standard and custom designs are 
available. 

Programmable SAW Matched Filter 
Model; PSWMF- 128-80- 12.8 MSK 

Correlated Output for 128-Chip MSK 
Input Signal (Note 20-dB sidelobe 
level.) Scale: 2 //s/cm 

MODEL SPECIFICATIONS 

NUMBER OF TAPS 

CENTER FREQUENCY 

TAP SPACING/CHIP RATE 

INSERTION LOSS 

MODULATION 

PROGRAMMING RATE 

MISMATCH LOSS 

MAXIMUM INPUT LEVEL 

POWER DISSIPATION 

TEMPERATURE RANGE 

SIZE 

128 

80 MHz 

78.125 ns/ 12.8 Mb/s 

15 dB 

MSK 

To 15 MHz 

Less than 0.5 dB 

+20 dBm 

2 watts 

-55° C to +125°C 

1.75 X 0.75 X 0.125 in 

CONTACT HAZELTINE TO DISCUSS YOUR REQUIREMENTS 
FOR SAW CHIRP AND PHASE CODED MATCHED FILTERS. 

Hazeltine 

HAZELTINE CORPORATION 
GREENLAWN, NEW YORK 11740 

(516) 262-8035 
A Subsidiary of Emerson Electric Co. 

rfcalendar_ 
1988 RF & Microwave Symposia 
Hewlett-Packard Company 
October 17,18, 1988, Ottawa, Canada 
Information: Contact local H-P sales offices listed in the white 
pages of the telephone book. 

October 23-26, 1988 
MILCOM 88 
San Diego Marriott, San Diego, CA 
Information: Timothy L. Dolan, MILCOM ’88, TRW Space 
Defense Sector, P.O. Box 2568, Redondo Beach, CA 90278. Tel: 
(213) 812-4722 

October 25-27, 1988 
RF Expo East 88 
Philadelphia Civic Center, Philadelphia, PA 
Information: Linda Fortunato, Cardiff Publishing, 6300 S. 
Syracuse Way, Suite 650, Englewood, CO 80110. Tel: (303) 
220-0600; (800) 525-9154 

October 26-28, 1988 
Undersea Defense Technology 
The Novatel, London, England 
Information: PG. Pinches, Microwave Exhibitions and Publishers 
Ltd., 90 Calverley Road, Tunbridge Wells, Kent TN1 1BR, 
England. Tel: (0892) 44027 

October 27, 1988 
3rd Annual EMC Event 
Minneapolis Hilton Inn, Minneapolis, MN 
Information: Diane Swenson, Tel: (612) 462-7001 

November 8-12, 1988 
Electronica ’88 
Munich Trade Fair Centre, Munich, W. Germany 
Information: Gerald Kaliman, Kaliman Associates, 5 Maple Ct., 
Ridgewood, NJ 07450-4431. Tel: (201) 652-7070 

January 25-26, 1989 
14th Annual San Diego Electronics Show 
Del Mar Fairgrounds, Del Mar, CA 
Information: Epic Enterprises, Show Management, 3838 Camino 
Del Rio North, Suite 164, San Diego, CA 92108. Tel: (619) 
284-9268 

January 30-31, 1989 
Electronic Warfare 
The Catamaran Hotel, San Diego, CA 
Information: Susan Call, Frost & Sullivan, Inc., 106 Fulton St., 
New York, NY 10038-2786. Tel: (212) 233-1080 

February 5-10, 1989 
1989 Aerospace Applications Conference 
Breckenridge, CO 
Information: Leo Mallette, Hughes Aircraft, MS: Bldg R-10, A9026, 
P.O. Box 92919, Los Angeles, CA 90009. Tel: (213) 334-2909 

February 14-16, 1989 
RF Technology Expo 89 
Santa Clara Convention Center, Santa Clara, CA 
Information: Linda Fortunato, Cardiff Publishing Company, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 80111. Tel: (303) 
220-0600; (800) 525-9154 
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TURNKEY RF Shielded 
Anechoic Chambers 

From Concept To Reality Rantec’s Anechoic/EMI Systems Group provides TOTAL 
SERVICES to design, construct, install and certify both small and large RF Shielded Anechoic Chambers. 

These chambers include RF shielded steel enclosures, penetrations, HVAC, electrical, fire detection and suppression (water & Halon) and a 
completely engineered RF anechoic interior. 

ENGINEERING - Rantec’s Engineering Staff consists of 
Architectural, Electrical, Mechanical and RF Engineers. These 
combined talents provide complete engineering design of state-
of-the-art products and facilities. 
MANUFACTURING - Rantec has two modern absorber 
manufacturing plants, one in California and one in Oklahoma. 
Advanced computer controlled NC manufacturing equipment 
allows the production of uniformly impregnated anechoic 
pyramid and wedge shaped material, as well as various geometric 
configurations for special applications. Waveguide vents, pipe 
penetrations, shielded doors and ’telescoping’ fire sprinkler 
assemblies are several other products manufactured by Rantec. 

• Chamber backscatter properties for radar cross-section measure¬ 
ments from 500 MHz to 35 GHz. 

• Chamber monostatic reflecting properties to determine chamber 
suitability for systems measurements, 500 MHz to 94 GHz. 

• Axial ratio and cross-polarization properties from 1OOMHzto94GHz. 
• FCC type site attenuation measurements using both discrete fre¬ 

quency dipole testing and swept frequency broadband antenna 
testing for determining suitability of measurement site to perform to 
FCC, VDE, and CISPR requirements. 

In summary, Rantec is the complete state-of-the-art source forturn-key 
RF Shielded Enclosures and Anechoic Chambers. 

CONSTRUCTION AND INSTALLATION - Our highly trained 
field construction and installation crews are backed up by the 
best program management teams in the business. All schedul¬ 
ing and cost management is performed by skilled program 
managers utilizing the latest computer techniques. 

TESTING SERVICE - Rantec provides a complete service for 
certification of both shielded enclosures and anechoic cham¬ 
bers. Measurement capabilities include: 
• Shielding effectiveness testing from 30 Hz to 94 GHz at 

100dB isolation levels to DOD, NSA and IEEE standards. 
• Anechoic chamber reflection properties for antenna pattern 

measurements from 30 MHz to 94 GHz. 

Call or write today ... 

INFO/CARD 13 

Anechoic/EMI Systems 
7659 Alabama Avenue, Canoga Park California 91304 

(818)704-6944 • Fax:(818)704-5717 

OTHER OFFICES: 
New York (516) 692-5200 / Washington D.C. (703) 920-7600 

Florida (407) 831-2800 / Tokyo 01 1-81-3-813-8061 



courses 

UCLA Extension 
Superconducting Detectors 
November 1-3, 1988, Los Angeles, CA 

Kalman Filtering II 
November 28-December 2, Los Angeles, CA 

Microwave Circuit Design I 
November 28-December 2, 1988, Los Angeles, CA 

Information: UCLA Extension, P.O. Box 24901, Los Angeles, CA. 
Tel: (213) 825-1047 

The George Washington University 
New HF Communications Technology: 
Advanced Techniques 
October 17-21, 1988, San Diego, CA 
December 12-16, 1988, Washington, DC 

Radiowave Propagation for Communications System 
Engineering 
November 7-11, 1988, Orlando, FL 

Optical Fiber Communications 
December 12-16, 1988, Orlando, FL 

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

R and B Enterprises 
Grounding, Bonding & Shielding 
October 31-November 1, 1988, Washington, DC 
November 21-22, 1988, Orlando, FL 

TEMPEST: Documentation and Reports 
October 26-28, 1988, Philadelphia, PA 

Worst Case Circuit Analysis 
October 31-November 2, 1988, Philadelphia, PA 

TEMPEST: A Detailed Design Course 
November 14-18, 1988, Philadelphia, PA 

Real Life Solutions to EMI Problems 
November 29-December 1, 1988, Philadelphia, PA 

MIL-STD 461C/462 Test Workshop 
December 8-9, 1988, Philadelphia, PA 

Information: Grant R. Brown, R & B Enterprises, West Consho¬ 
hocken, PA 19428. Tel: (215) 825-1960 

EEsof, Inc. 
Introduction to Microwave Computer Aided Engineering 
November 7-8, 1988, Westlake Village, CA 

Introduction to Microwave Computer Aided Layout 
and Design 
November 9, 1988, Westlake Village, CA 

Advanced CAE 
November 14-15, 1988, Westlake Village, CA 

Advanced Microwave Computer Aided Layout and Design 
November 16, 1988, Westlake Village, CA 

Nonlinear Circuit Design 
November 21-22, 1988, Westlake Village, CA 

Information: Sandra Scoredos, EEsof, Inc., 5795 Lindero Canyon 
Road, Westlake Village, CA 91362. Tel: (818) 991-7530 

Interference Control Technologies, Inc 
Grounding and Shielding 
October 24-28, 1988, Atlanta, GA 
October 31-November 4, 1988, Las Vegas, NV 
December 5-9, 1988, Los Angeles, CA 

Practical EMI Fixes 
October 31-November 4, 1988, Atlanta, GA 
December 5-9, 1988, Las Vegas, NV 

EMC Design and Measurement 
November 7-11, 1988, Dallas, FL 
December 12-16, 1988, Washington, DC 

Intro to EMI/RFI/EMC 
November 15-17, 1988, San Diego, CA 

TEMPEST Design and Measurement 
November 15-18, 1988, Palo Alto, CA 

Information: Penny Caran, Registrar, Interference Control Tech¬ 
nologies, Inc., State Route 625, P.O. Box D, Gainsville, VA 22056. 
Tel: (703) 347-0030 

Integrated Computer Systems 
Digital Signal Processing: Techniques and Applications 
October 18-21, 1988, Los Angeles, CA 
November 1-4, 1988, Washington, DC 
November 15-18, 1988, San Francisco, CA 
November 29-December 2, 1988, San Diego, CA 
December 13-16, 1988, Washington, DC 

Image Processing and Machine Vision 
November 1-4, 1988, Los Angeles, CA 
November 29-December 2, 1988, San Diego, CA 
December 6-9, 1988, Washington, DC 

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

Georgia Institute of Technology 
Principles and Applications of Millimeter-Wave Radar 
November 14-18, 1988, Atlanta, GA 

Phased-Array Antennas: Theory, Design and Technology 
November 15-18, 1988, Atlanta, GA 

Information: Education Extension, Georgia Tech, Atlanta, GA 
30332-0385. Tel: (404) 894-2547 

Compliance Engineering 
EMI 
October 18, 1988, Boston, MA 
December 6, 1988, Orlando, FL 

Safety 
October 19, 1988, Boston, MA 
December 7, 1988, Orlando, FL 

ESD 
October 20, 1988, Boston, MA 
December 8, 1988, Orlando, FL 

Telecom 
October 21, 1988, Boston, MA 
December 9, 1988, Orlando, FL 

Information: Compliance Engineering, 271 Great Road, Acton, 
MA 01720. Tel: (508) 264-4208 
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Our Stars Have Earned Our Stripes. 
Acrian is America’s foremost man¬ 
ufacturer of application specific 
semiconductor power transistors. 
That’s why it’s no accident that 
Acrian is also the largest supplier 
of VHF and UHF FETs to the 
U.S. Military. 

The Army’s SINCGARS 
radio utilizes 

Acrian FETs for 
long-range/short- range 
vehicular communications 

Photo courtesy of ITT AerospaceOptical Division. 

And because Acrian FETs offer 
greater gain/bandwidth capabili¬ 
ties, thev lend themselves to more 
applications, as well as signifi¬ 
cantly reducing design cycle time. 
Take for instance the Acrian 
UMIL40FT, a 40 Watt broadband 
UHF FET, capable of providing 
12dB of gain across a 100 to 500 
MHz band. 

They know that when gain and 
stability are the major concern for 
broadband performance, Acrian 
FETs have proven themselves 
under even the most extreme con¬ 
ditions to offer greater gain and sta¬ 
bility than the equivalent bipolar. 

g io 
c 
’S 

5 Vds = 28 Volts 

l^q = 0.8 AMPs 

Pout = Watts Frequency (MHz) 

100 200 300 400 500 

The UMIL40FT produces a 
remarkably small, well defined 

stability circle, enabling the wide¬ 
band amplifier designer to easily 
identify and avoid areas of poten¬ 
tial instability. 
At Acrian we have an ongoing 
commitment to technical leader¬ 
ship, quality control and in-depth 
service and support. 
Which means we can offer our 
customers a larger number of 
power solutions. 
We find they appreciate that. 
For information on Acrian 
products call (408) 294-4200. 

490 Race Street 
San Jose, California, U.S.A. 95126 
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FLUKE AND PHILIPS THE GLOBAL 

FLUKE 

Two 
Gigahertz. 

Fluke 6062A Signal Generator. 

$10750. 
Sure, for out-of-band testing, the HP 
8642B is an excellent 2GHz signal 
generator. But for many other appli¬ 
cations, the Fluke 6062A may fit 
your needs just as well. At nearly 
1/3 the price. 

Choosing the right 2GHz programma¬ 
ble RF signal generator doesn’t have to 
be a painful decision. You have two good 
choices ... at two very different prices. 

For off-channel testing, where spectral 
purity is critical, the $31 ,500 HP 8642B 
is a good choice, despite the bite it takes 
from your budget. 

But for many applications, Fluke has 
a painless alternative: The 6062A 2GHz 
Signal Generator. At nearly one-third 
the price, it may be the best signal gener¬ 
ator for your application, not to mention 
your budget. 

Where pulse modulation performance 
is important, the 6062A simply leaves 
the HP 8642 B behind. With a rise/fall 
time of 15ns and on/off ratio of 80dB at 
all frequencies, the 6062A has what it 
takes to meet your most demanding 
system requirements. 

And when you need both repeatability 
and confidence in your measurements, 
the 6062A holds steady with level 

INFO/CARD 15 



ALLIANCE I N TEST MEASUREMENT 

PHILIPS PHILIPS 

Two 
Gigahurts. 

Hewlett-Packard 8642B Signal Generator. 

$31,500. 
accuracy and linearity performance that 
is simply outstanding. 

Of course, the 6062A is reliable and 
easy to use. And we stand behind it with 
the best service and support in the test 
and measurement business. 

The 6062A is just one of a family of 
Fluke RF signal generators, designed and 
built to give you the maximum value for 
the investment. 

Challenge the 6062A’s performance 
in your application. Call us toll-free at 
1-800-44-FLUKE and arrange for a dem¬ 
onstration. Then you decide. At a savings 
of $20,750, you’ll feel no pain. 

Fluke 6062A 
100kHz to 2,100MHz 

+16dBm maximum output level 
+/- 1dB level accuracy 
- BOdBc spurious <1GHz 

AM, FM 0M and pulse modulation 

John Fluke Mig Co , Inc P 0 Box C9090, M/S 250C. Ekeren, WA 
98206 US I2061 356-5400. Canada (416)890-7600 Europe 

(The Netherlands 1040-4580455 Other countries: (206) 347-6100 
c 1988 John Fluke Mfg Co Inc All rights reserved HPand Hewlett-
Packard are trademarks of Hewlett-Packard Co All prices are manu¬ 
facturers U.S. list Specifications and prices subject to change without 
notice. Ad no 0281-F6062 
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How to keep high-speed 
from becoming half-fast 

By maximizing throughput and minimizing 
propagation delay, NEC’s new GaAs digital 
logic ICs give you the extra speed your fiber 

High-speed designs require high¬ 
speed parts, and NECs' ICs can 
deliver up to 5 Gb/s. 

optic, instrumentation and 
communications designs 
demand. 

They’re twice as fast as 
first generation GaAs logic 
devices, and up to five 
times faster than equiva¬ 
lent ECL circuits. Their low 

Check these other advantages: 
□ Compatible with ECL power supply and 

logic levels 
□ Wide-bandwidth: 

from nearly DC 
to well over 3 GHz 

□ MIL-STD-883 ther-

power dissipation makes them more reliable. 
And they're available at very competitive prices. 

NEC’s Growing Family of HIGHSPEED GaAs ICs 

PART NO. PRODUCT DESCRIPTION PROPAGATION 
DELAY (Ty p.) 

OPERATING 
SPEED (Typ.) 

UPG700B Master Slave D-Type Flip Flop 400 ps 3.2GHz 

UPG701B Master Slave T-Type Flip Flop 400 ps 4.5 GHz 

UPG702B 3-lnput NOR/OR 400 ps 3.0GHz 

UPG7O3B Four Stage Ripple Counter 500 ps 2.5GHz 

UPG7O4B-15 4:1 Multiplexer 800 ps 1.5GHz 

UPG704B-20 4:1 Multiplexer 800 ps 2.0GHz 

UPG704B-25 4:1 Multiplexer 800 ps 2.5 GHz 

UPG7O5B-15 1:4 DeMultiplexer 800 ps 1.5 GHz 

UPG705B-20 1:4 DeMultiplexer 800 ps 2.0 GHz 

UPG705B-25 1:4 DeMultiplexer 800 ps 2.5GHz 

UPG706B-I High Speed Flip Flop 400 ps 4.0 Gbps 

UPG7O6B-2 High Speed Flip Flop 400 ps 4.0 Gbps 

UPG7O7B laser Diode Driver 400 ps 3.0 GHz 

■ ■ • i Available in 16- and 20-pin 
mal and mechanical packages as well as in chipf orm. 

reliability 
□ Operates over extended temperature range 
□ Suitable for space applications 
□ Evaluation Kits and Prototyping Boards available 
□ Most parts shipped immediately from local stock 
We have the parts, a fully equipped engineering 
facility, and the experienced applications support 
it takes to give your designs that competitive edge. 

NEC technology and quality—and CEL service. 
It’s a powerful team. Put it to work for you. 
FREE DATA 
FOR DESIGNERS 
For app notes, data sheets, 

NEC 

specification brochure, 
and information on our . 
new IC Evaluation Kits 
and Prototyping Boards, 
call, write, or circle the 
number below. 

California Eastern Laboratories 

CEL, 3260 Jay Street, Santa Clara, CA 95054; (408) 988-3500 □ Los Angeles. CA (213) 645-0985 n Bellevue, WA (206) 455-1101 □ Scottsdale, AZ (602) 945-1381 or 941-3927 
Richardson, TX (214) 437-5487 □ Burr Ridge. IL (312) 655-0089 n Cockeysville, Ml) (301) 667-1310 1 1 Peabody, MA (617) 535-2885 n Hackensack, NJ (201) 487-1155 or 487-1160 

Palm Bay, Fl. (305) 727-8045 □ Norcross, GA (404) 446-7300 n Nepean. Ontario. Canada (613) 726-0626 n Europe, NEC Electronics GmbH 0211/650.301 
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rf news_ 

New Name, New Agenda for NBS 

Audio 
Compandors... 

As a result of the Omnibus Trade and 
Competitiveness Act, signed into law on 
August 23, the National Bureau of Stan¬ 
dards (NBS) officially became the Nation¬ 
al Institute of Standards and Technology 
(NIST). The new institute retains all of the 
traditional functions and services of NBS 
and takes on several new assignments 
designed to boost American industry in 
the world marketplace. The new respon¬ 
sibilities build on the technical expertise 
of NBS, the only federal laboratory with 
a mission specifically to support U.S. in¬ 
dustry. NIST will work with several new 
constituencies, including state and local 

economic development organizations. 
Four major new programs are called for 
by the legislation: 1) the development of 
regional centers for transfer of manufac¬ 
turing technology, 2) the creation of a 
focal point within the federal government 
to work with and support state and local 
industrial extension services, 3) the crea¬ 
tion of an advanced technology program 
to support and encourage the rapid com¬ 
mercialization of promising new inven¬ 
tions and technologies and 4) the crea¬ 
tion of a national clearinghouse of infor¬ 
mation on state and local technology 
development initiatives. 

When audio 
dynamic range 
s/n ratio, or 

modulation index 
are critical. 

EMC Products and Services Report 
Predicts Growth in U.S. Demand 

U.S. end-user demand for electromag¬ 
netic compatibility (EMC) products and 
services is expected to grow from the 1987 
level of $1.1 billion to $2 billion in 1992, 
according to a market research report by 
Frost and Sullivan, Inc. of New York. This 
represents a substantial, real, compound 
annual growth rate of 11.7 percent. The 
overall EMC marketplace is being influ¬ 
enced by the higher standards of protec¬ 
tion being specified by the military and 
government security sectors of the mar¬ 
ket. Demand for electromagnetic interfer¬ 
ence (EMI) shielding is being driven by 
the need to protect ever more sensitive 
military equipment used in closer proximi¬ 
ty and by the concern for security from a 
more sophisticated surveillance of eaves¬ 
droppers in telecommunications and 
computing. In addition, the 1983 FCC 
specifications are not only being more 
stringently enforced, but are expected to 
be applied to a broader spectrum of 
equipment. 
The complete report (#A1938) is 

available at a cost of $2,150 from: Frost 
and Sullivan, Inc., 106 Fulton Street, New 
York, NY 10038. Tel.: (212) 233-1080. 

Foreign Technology Newsletter 
Foreign research and development ad¬ 

vances are the subject of the new Foreign 
Technology Abstract Newsletter, a joint 
effort of the National Science Foundation, 
the U.S. Department of State and the Na¬ 
tional Technical Information Service of the 
U.S. Department of Commerce. The news¬ 
letter provides coverage of foreign R&D 
in such fields as advanced microelectron¬ 
ics, structural ceramics and superconduc¬ 
tivity. Contributing sources include 
Science and Technology Counselors at 

U.S. Embassies, the Office of Naval 
Research, the Foreign Broadcast Informa¬ 
tion Service and American scientists and 
scholars abroad. Coverage includes 
reviews of major research programs, 
reports on activities of specific organiza¬ 
tions and laboratories, conference sum¬ 
maries, and descriptions of specific new 
technologies, processes and discoveries. 
One to two hundred new foreign technical 
reports are also summarized in each 
issue. Annual subscription rate is $125. To 
order: Request PB88-903900/KKA, NTIS, 
Springfield, VA 22161. Tel. (703) 487-4630. 

Gould Sold to Nippon Mining 
Company 
Gould, Inc. and Nippon Mining Com¬ 

pany, Ltd. of Tokyo announced the execu¬ 
tion of an agreement for the acquisition 
of Gould by Nippon Mining in a transac¬ 
tion valued at approximately $1.1 billion. 
Gould and Nippon Mining have worked 
together for close to seven years. In 1981, 
the two companies entered into a joint 
venture, Gould Nikko Foil Company, Inc., 
to produce copper foil in Japan. Plans to 
build a manufacturing plant in Hong Kong 
were recently announced, with completion 
scheduled for 1990. The acquisition of 
Gould will enable Nippon Mining, one of 
Japan's 50 largest industrial companies, 
to enhance its position in several key 
markets, including electro-deposited cop¬ 
per foil, fuses, fiber optic components and 
optoelectronics. Nippon Mining has indi¬ 
cated its intention to proceed with Gould’s 
ongoing plans to divest itself of its remain¬ 
ing defense systems businesses. 

U.S. and West German Companies 
Team Up For Patriot System Work 
Raytheon Company has entered into 

teaming agreements with American and 

NE570/571 
General Purpose Compandor 
• 110dB dynamic range 
• Compress/Expand/Automatic level 
control 

• Temperature compensated 
• Built-in op amps 
• Only 3.2mA typical supply current 

NE572 
High Performance Compandor 
• 110dB dynamic range 
• Independent attack and recovery 
time 

• Low output noise: 6uV typical 
• Temperature compensated 
• Very low distortion 
(0.05% typical at 1kHz) 

NE575 
Low Voltage Compandor 
• Operates to 1.8V 
• Fully specified at 5V 
• Two built-in op amps in each 
channel 

• 6001 > drive capability 
• 0.13% typical THD 
• Only 4mA supply current at 5V 

RF 
Systems _ 
Solutions d® 

I Signetics 
Apencan 

Call 800/227-1817, ext. 900 
for the number of your local 

Signetics sales office 

RF Design 
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High Quantity 

Custom Design 

Volume Production Capability 

MIL Specification Qualification 

Frequency Range: 5 MHz to 18 GHz 

15 Years of Design Experience 

Prompt Delivery 

Filters 
Bandpass Lumped 

Bandpass Tunable 

Bandpass Tubular 

Bandpass Waveguide 

Low Price 
YOUR KIND OF WORK DEMANDS OUR KIND OF QUALITY 

Texscan 
TEXCAN INSTRUMENTS • 3169 NORTH SHADELAND AVENUE • 

INDIANAPOLIS, INDIANA 46226 *(317) 545-4196 
INFO/CARD19 TOLL FREE (800)344-2412 



rf news Continued 
West German companies to cooperatively 
extend the capabilities of the Patriot 
missile system. Raytheon, the system’s 
prime contractor, has joined Martin 
Marietta, AEG, Messerschmitt-Boelkow-
Blohm (MBB) and Siemens to perform 
research and development efforts aimed 
at improving the Patriot system’s Anti-
Tactical Missile (ATM) capability as well 
as the system’s performance against ad¬ 
vanced Air-Breathing Threats (ABT). Initial 
activities include studies and engineering 
development models to investigate ad¬ 
vanced missile and radar concepts. Fund¬ 
ing for these bilateral cooperative efforts 
comes from both the Federal Republic of 
Germany and the United States in a multi¬ 
phased program. 

M/A-COM Receives MIMIC 
Subcontract 
The Advanced Semiconductor Division 

(ASD) of M/A-COM, Inc. has received a let¬ 
ter subcontract in excess of $5 million for 
development work, GaAs monolithic IC 
wafer fabrication and other activities in 
support of the Hughes/GE team on the 
Department of Defense-sponsored Micro-
wave/Millimeter Wave Monolithic Integra¬ 
ted Circuits (MIMIC) program. The award 
was made by the Radar Systems Group 
of Hughes Aircraft Company of El Segun¬ 
do, Calif. The MIMIC program is aimed at 
enhancing the availability and affordability 
of analog monolithic IC chips for a wide 
variety of microwave defense and space 
systems. In addition to development and 
support activities, M/A-COM ASD will 
fabricate GaAs MIMICs for line certifica¬ 
tion and system brassboard insertions for 
airborne phased array radar, the Advanc¬ 
ed Tactical Surveillance Radar (ATSR) and 
Global Positioning System (GPS). 

High Accuracy Satellite Time 
Transfer 

Scientists at the National Institute of 
Standards and Technology (NIST) report 
that they can now utilize several commer¬ 
cial communication satellites to dissemi¬ 
nate a time signal whose eventual cover¬ 
age will be worldwide. It will be an ex¬ 
tremely accurate signal — to within one 
nanosecond (one billionth of a second). 
The experimental service was initiated 
recently using domestic U.S. satellites and 
will be extended to an Intelsat satellite; 
users require both a receiver and a trans¬ 
mitter. 

Information Handling Services 
Acquires D.A.T.A. Business 
Publishing 

Information Handling Services (IHS) of 
Englewood, Colo., has purchased D.A.T.A. 
Business Publishing (DBP) from Mitchell 

International, Inc., a division of Interna¬ 
tional Thomson Organization, Ltd. As part 
of its vendor catalog product line, IHS cur¬ 
rently produces and distributes several 
electronic components-parts databases, 
distributed on microfilm and microfiche as 
well as through an online service. DBP is 
the developer of several significant data¬ 
bases describing the comparative elec¬ 
trical and physical characteristics of in¬ 
tegrated circuits, discrete semiconductors 
and other special electronic devices. IHS 
foresees converting the DBP databases 
so that they can be distributed on CD-
ROM or other electronic format. These 
databases may also be integrated into 
current IHS information services. 

EEsof Selected as Phase 1 
MIMIC Team Member 

EEsof, Inc. of Westlake Village, Calif., 
has been named a member of the 
Hughes/GE team to participate in Phase 
1 of the MIMIC program on a $50 million 
contract, under which EEsof holds a sub¬ 
contract for $2 million. EEsof’s primary 
responsibility will be the development of 
a MIMIC design workstation, a fully-
integrated turnkey system of computer-
aided engineering tools for the simulation 
and design of GaAs MIMICs. The worksta¬ 
tion will be a full-solution, user-friendly 
CAD system with a design library contain¬ 
ing verified electrical models and physical 
designs for multiple GaAs MIMIC found¬ 
ries. EEsof’s role will be to expand MIMIC 
GaAs technology in the area of software 
development and to provide micro-
wave/RF engineers with accurate and 
flexible software engineering tools. EEsof 
has been encouraged by the MIMIC Pro¬ 
gram Office and Hughes/GE to commer¬ 
cialize the software technology developed 
for the program, and this technology will 
be made available as upgrades to existing 
EEsof products or as new products. 

ARX Subsidiary Awarded 
Raytheon Subcontract 

Aeroflex Laboratories, Inc., a subsidiary 
of ARX, Inc., has received a $2.5 million 
subcontract from Raytheon Company’s 
Equipment Division. The subcontract calls 
for two AN/FSS-17 Interference Analysis 
Systems to be installed as part of the 
upgrade of two PAVE PAWS radar sites, 
a program sponsored by the U.S. Air 
Force Electronic Systems Division, 
Hanscom AFB. 

Ericsson to Install Trial Digital 
Mobile Telephone System 

Ericsson and the Swedish Telecommu¬ 
nications Administration have agreed to 
install a trial system to test the new pan¬ 
European plan for digital mobile tele-

Low Power IF 
Integrated 

/ow power I 

NE602/612 VHF Mixer/Osc 
• HF/VHF/UHF mixing with 2.5mA 
current 

• 18dB conversion gain at 45MHz 
• 4.6dB noise figure at 45MHz 
• Built-in oscillator to 200MHz 
* Mil-Spec available 

NE604A/61 4 FM IF Strip 
• 0.27uV sensitivity from 
matched load at 455kHz 

• 0.4uV sensitivity with 10.7MHz 
(narrow-band) 

• Two-stage 90dB limiting amps with 
low phase shift 

• 90dB log signal strength indicator 
• Quadrature detector for narrow or 
wide-band IF 

• 3.0mA supply current 
• Mil-Spec available 

NE605 FM IF System 
• NE602/604 functions combined 
• 5.5mA supply current 
• Excellent compact performance 
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IF YOU'RE A DEMANDING, 
PICKY, IMPATIENT PERFECTIONIST, WE MAKE 

FILTERS AND DELAY LINES FOR YOU. 
The tougher you are as a customer, the happier you’ll be with us. Start 

with our products. Because we design, manufacture and stock one of the 
most extensive lines in the industry, chances are you’ll find exactly what you 
need in either or both catalogs. And if you don’t, we’ll design circuitry or 
customize a package to your exact specifications. So, stock or custom, 
there’s no need to look any further than Allen Avionics. 
Then there’s reliability. Every single component we deliver has been 

individually tested and is guaranteed to be within the electrical and physical 
parameters specified. Regarding price and delivery ... we’re competitive 
on every item and lower on many. More important, whether it’s a product in 
stock, a custom order or a prototype, you’ll have it when you need it, and 
that’s a promise. 

If your standards are a little too high for other suppliers, send for our 
Delay Line and/or Filter catalog, or better yet, give us a call. We handle 
touah oroblems for touah customers. With ease, info/card 21 

ALLENAVIONICS, INC. 
224 East Second Street, Mineola, NY 11501 

516-248-8080 • FAX: 516-747-5481 
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phony within the Stockholm area. The trial 
system will be installed and operating by 
the beginning of 1989 to test important 
functions of the new digital transmission 
technique from vehicles in Stockholm traf¬ 
fic. The trial will determine if the system 
can be designed in accordance with the 
joint European recommendations and 
function technically in actual operating 
conditions. Sixteen European nations, in¬ 
cluding Sweden, have agreed that a new 
digital mobile telephone system will be in¬ 
stalled and operating on a pan-European 
basis by 1991. 

Raytheon Awards Soladyne 
Standard Missile II Subcontract 
The Soladyne Division of Rogers Cor¬ 

poration has received a one-year $1 mil¬ 
lion subcontract from the Missile Systems 
Division of Raytheon Company, Bristol, 
Tenn. Soladyne, based in San Diego, will 
supply Raytheon with complex microwave 
frequency stripline circuit boards for the 
Standard Missile II program. 

Tracer Aerospace Receives $15.6 
Million Air Force Contract 

Tracor Aerospace, Inc., a subsidiary of 
Tracor, Inc. of Austin, Texas, has received 
a $15.6 million contract for full-scale 
development of an AN/ALE-47 advanced 
countermeasures dispenser system for 
use on board U.S. Air Force and U.S. Navy 
tactical aircraft. The four-year develop¬ 
ment contract was awarded by the De¬ 
partment of the Air Force, Headquarters, 
Aeronautical Systems Division, Wright 
Patterson Air Force Base, Ohio, and in¬ 
cludes five production options with prob¬ 
able requirements totaling $77 million. 

Teledyne Microwave to Supply 
French Satellite Program 
Teledyne Microwave of Mountain View, 

Calif., has been selected as the coaxial 
switch supplier to Alcatel Espace, co¬ 
prime for France’s Telecom-2 satellite. The 
Telecom-2 geosynchronous satellites will 
provide communication paths for com¬ 
mercial, military and television signals 
within France and between the French na¬ 
tion and its territories. Teledyne has sup¬ 
plied Hi-Rel switches to the Apollo-Soyuz 
and Space Shuttle missions, as well as 
to various maritime and classified military 
space programs. 

Cornix Technologies Purchases 
U.K. Amstar Electronics Unit 

Cornix Technologies Plc, a newly-
founded U.K. defense electronics com¬ 
pany, has purchased the U.K. subsidiary 
of Amstar Corporation of the United 
States. The subsidiary, Amstar Electronics 
Products Ltd., is a manufacturer of com¬ 

munications intercept, location and analy¬ 
sis receivers as well as communications 
distribution and switching systems. The 
acquired company, which will be known 
as Cornix Systems Ltd., is headquartered 
in Coventry, England. 

PMI Acquires SSMT 
Precision Monolithics, Inc. (PMI) of San¬ 

ta Clara, Calif., has announced the ac¬ 
quisition of SSM Audio Products (SSM), 
formerly known as Solid State Micro Tech¬ 
nology for Music, Inc. (SSMT), also of 
Santa Clara. The acquisition should afford 
greater financial and manufacturing 
resources to SSM while easing PMI’s en¬ 
try into the high-end consumer/audio IC 
market. The markets served by the SSM 
product line include applications such as 
synthesizers, organs, mixing consoles, 
studio equipment and broadcast systems. 
Current SSM products use semicustom 
linear bipolar arrays for low-noise, low-
distortion amplifiers and specialized audio 
circuits. PMI, a Bourns company, is a 
manufacturer of precision analog and 
converter integrated circuits in both 
CMOS and bipolar technologies. The ac¬ 
quisition of SSM marks PMI’s entry into 
the consumer marketplace. 

AMP and Matrix Science Finalize 
Merger 
AMP Inc. of Harrisburg, Pa., has an¬ 

nounced the merger of Matrix Science 
Corporation following approval by Matrix 
shareholders of a deal valued at $110 
million. The merger with Matrix Science 
enables AMP to offer a broad range of in¬ 
terconnects available from a single 
source. Matrix provides AMP with a strong 
U.S. customer base, while AMP enhances 
the international opportunities. 

AEL Awarded $4.3 Million Navy 
Contract 

AEL Defense Corporation of Lansdale, 
Pa., has been awarded a $4.3 million pro¬ 
duction contract by the Naval Avionics 
Center in Indianapolis for aircraft amplifier 
systems. AEL will produce eight High 
Power Microwave Amplifier Systems 
(HPMAS) and test equipment for the 
Multi-Service Electronic Warfare Support 
Group (MEWSG). HPMAS is a training 
device that provides high continuous 
wave (CW) power over a broad range of 
microwave frequencies. In all, AEL has 
been awarded contracts on the HPMAS 
program totaling $21.5 million. AEL 
designed and developed the prototype 
system and has delivered eight produc¬ 
tion systems to date. The new award will 
increase AEL’s HPMAS production to 46 
systems. 

High Frequency 
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NE5204/5205 
Wide-band Amp 
• -3 dB bandwidths to 600 MHz 
• 20 dB fixed gain block 
• Input/Output impedances matched 
to 50 or 75Q 

• Noise figure: 6 dB (50Q); 4.8 dB (75Q) 
• No external components 
* Mil-Spec available 

NE5539 
RF Op Amp 
• 350 MHz unity gain bandwidth 
• 600 V/ps slew rate 
• 48 MHz full power bandwidth 
• Open loop gain: 52 dB 
* Mil-Spec available 

NE5212 
Transimpedance Amplifier 
• 14 ki 2 differential transresistance 
• -3 dB bandwidth to 100 MHz 
• Low noise: 2.5 pA/vHz 
• Single 5 V supply 
• Mil-Spec available 
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Solve Your 
Control 

For more than 40 years, Instrument Specialties has been 
recognized as the leader in providing products to control 
electronic interference. Our precision manufacturing 
techniques, applied to the fabrication of electronic gas¬ 
kets from beryllium copper, bring out all of the inherent 
advantages of this unique alloy. 

Lightweight, with excellent thermal and electrical conduc¬ 
tivity, beryllium copper strips offer higher shielding effec¬ 
tiveness than other products made for this purpose. They 
are usable at lower contact forces, do not take a "set", 
can't flake or break into small (conductive) pieces, and are 
not affected by solvents. And, because of their wiping 
action, surface oxidation is automatically cleaned when an 
enclosure is opened or closed. 

All Instrument Specialties shielding strips can be 
attached quickly and easily to the surface desired. Some 
carry a self-adhesive strip for this purpose. Others clip-on 
and are friction-held; many can be supplied with barbs 
that bite and grab, preventing slippage. Still others are 
supplied with holes for riveting. 

This design uses a self-adhesive tape to 
attach instantly. The upper part of the strip slides into the folded 
tab when enclosure doors are closed, preventing accidental 
damage to "fingers? 



The Symmetrical Slotted Series of Instrument Specialties 
shielding strips employs a pierced track for mounting 
with nylon push rivets. The shielding strip compresses 
with bi-directional engagement. 

FREE! Twenty-four page guide¬ 
book describes all you need to 
know to select the proper inter¬ 
ference control products for your 
application(s). Includes techni¬ 
cal information, design formu¬ 
lae, plus product illustrations 
and complete specifications. 
Write Dept. RF-42, and ask for 
"Catalog E3-78I' or circle the 
Reader Service Number. 
(If interested in Precision 
Stampings, also ask for 
Catalog 16.) 

Guide to 
taterfere 
Control 

The Symmetrical Slotted Shielding (S’) series is perfect for slid-
ing drawers and door enclosures, where frequent opening and 
closing occurs. 

INSTRUMENT SPECIALTIES CO., INC. 
DELAWARE WATER GAR PA 18327-0136 
Telephone: 717-424-8510 
TWX: 510-671-4526 • FAX: 717-424-6213 

Specialists in interference control since 1944 
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rf coyer story 

RF Design 1978-1988: 
A 10th Anniversary Celebration 

With this issue, RF Design completes 
10 years of publication, and the RF in¬ 
dustry has seen plenty of change since 
that November/December 1978 inaugural 
issue. Let us look back over those 10 
years with a little history from the perspec¬ 
tive of RF Design, plus the observations 
of two engineers who were there when the 
magazine began. 

It was 1978, and the digital era was grow¬ ing at an exponential rate. RF and other 
analog design techniques had been well 
covered by several major electronics 
publications up until then, but they had 
recently chosen to focus their efforts on 
microprocessors, data communications, 
and the rest of digital electronics. At the 
same time, there were successful micro¬ 
wave magazines, covering the unique 
aspects of the laws of physics that 
dominate electronics at GHz frequencies. 
RF technology was rather suddenly left 
alone in the trade publishing industry. 

It was only natural, then, that Cardiff 
Publishing Company would consider a 
new publication: RF Design. Although 
nearly all of the people who inaugurated 
this magazine are no longer associated 
with it, the idea has survived, and that is 
the best sign of success. 

Developments in RF Technology 
Ten years isn't a terribly long time in 

history, but there are a few areas that have 
seen remarkable progress from the view¬ 
point of RF Design: 

Solid State RF Power. The transition 
from tubes to transistors was well under 
way in 1978, but has skyrocketed since 
then. A couple kilowatts at AM broadcast 
frequencies, a couple hundred watts at 
HF and VHF, and less than 100 watts at 
higher frequencies was the state-of-the-
art. The “big” bipolar devices put out 
around 80 watts, and RF power MOSFETs 
had just been developed. 
Now there is no upper limit to solid state 

RF power. Devices are available to pro¬ 
duce up to 600 watts each. Amplifier 
design and combiner technology have 
been honed to a fine art. Solid state 
devices are now the first choice in virtually 
every RF power amplifier design because 
they are reliable, available and offer the 
necessary performance. 
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The first issue of RF Design reached the 
desks and benches of RF engineers in 
November 1978. 

Computer-Aided Design. CAD was an 
infant 10 years ago, in the RF business. 
Engineers just didn’t have computing 
power readily available to them. Parallel¬ 
ing the growth of the personal computer 
has been software for RF engineers. Of¬ 

ferings range from small, specialized pro¬ 
grams for daily work, to incredible number 
crunching for system performance analy¬ 
sis, S-parameter based circuit design with 
libraries of components, or complete 
method-of-moments electromagnetic 
radiation analysis. The benefit to engi¬ 
neers is unmeasurable. 

Digital Techniques. Although digital 
devices and techniques are the biggest 
chunk of the electronics industry, they 
haven’t taken over every analog function 
as some soothsayers predicted. What has 
happened is a recently developed analog/ 
digital cooperation to achieve high perfor¬ 
mance in RF systems. Digital controls are 
now essential to manage the functions of 
complex systems, but this is just an ex¬ 
ternal application. Digital circuits them¬ 
selves are now fast enough to be con¬ 
sidered RF-like, another area where 
cooperation has begun. 
The biggest impact on RF, however, is 

the direct use of digital circuitry for RF ap¬ 
plications. After achieving an analog con¬ 
version to IF, digital signal processing is 
now the principle analysis method in 
radar, EW and ECM systems. A few sys¬ 
tems convert from analog transmission to 
digital processing right after the antenna. 
Frequency synthesizers are the most 
common application, with both phase 
locked loops and direct digital synthe-

With this amplifier, Gary Appel and Jim Gong introduced many readers to the potential 
of RF power MOSFETs. 
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sizers representing this RF/digital hybrid 
area. A couple more subtle areas are 
square wave (digital) drive to mixers for 
IMD reduction and switch-mode power 
amplifiers using digital drive circuitry. 

Integrated Circuits. This is one more 
area where significant progress has been 
made, affecting the size and cost of RF 
equipment. Log amplifiers, commercial 
and consumer receivers, universal ampli¬ 
fier building blocks, audio functions, and 
A/D or D/A converters are some prime ex¬ 
amples. The result is twofold. First, the 
monolithic devices are cheaper and may 
even be higher performance than discrete 

An example of RF Design’s tutorial con¬ 
tribution is this linear phase filter, from a 
May 1982 article by Robert Sellers. 

designs. The other benefit is reduced 
design time, since interfacing a functional 
“building block” is much easier than 
designing a whole subsystem from 
scratch. 
There are many other areas that de¬ 

serve attention, such as the growth of 
modular products and the rapid rise of 
GaAs technology. The new applications 
of RF that have developed in the past 10 
years could fill an encyclopedia set. The 
few significant enhancements to RF tech¬ 
nology which have been highlighted here 
are truly the “tip of the iceberg.” RF is a 
strong, diverse, and active technology. H 

Some Significant Things That Have Happened To RF In The Last 10 Years 
John Minck 
Hewlett-Packard 

I have always considered myself pres¬ 
ent at the birth of RF Design. To me it 
was an obvious idea. In HP’s business, 
RF instruments were neck and neck with 
microwave instruments. Whether you put 
the dividing line at 1000 MHz or 2000 
MHz, they were somewhere near equal. 
It’s not hard to rationalize that, with the 
enormous amount of activity in those HF, 
RF, VHF, UHF bands, whatever acronyms 
you use. 

This was the first magazine in my 
memory that HP supported with advertis¬ 
ing from almost the first issue. We felt that 
strongly about having it succeed. And 
succeed it did, but not without some years 
of heartburn. I remember especially the 
early sophomoric graphics, and some of 
the articles were pretty lightweight. 
You see, there was an arrogance in the 

early 70s that was more than convinced 
that all circuitry would either be on a 
silicon chip, or be in microwave hybrid 
microcircuitry on sapphire or ceramic. 
Certainly those technologies were rushing 
ahead fast, but a lot of practitioners knew 
that some things were just always going 
to be best (cheaper) on old-fashioned 
printed circuit boards. When you see an 
elegant trick circuit made by wrapping the 
wires just right around a ferrite core, or 
using some particularly-shaped p.c. 
traces, you just have to stop and admire 
the innovation. That’s what such a 
magazine is for. 

I like to think of RF as the backbone 
technology, not just in its own territory, but 
also the underpinning of microwave, 
millimeter-wave and even lightwave. Look 
at the inside of a microwave generator or 
a microwave communications system. 
About 35 percent is bus interface, 
memory and smarts, front panel interface, 
and general digital things. About 35 to 40 
percent is baseband, IF, RF and VHF fre¬ 

quency. These are the voltage-controlled 
oscillators, the phase-lock loops with 
fancy digital divide-by-n components, the 
IF amplifiers, filters, converters, etc. 
Somewhere less than 25 percent is true 

microwave, the up-converters, the power 
amps, the filtering, the attenuators and 
signal control, the switching, etc. The 
same thing happens when you divide the 
lab engineers by function, except that 
there are far more firmware and software 
folks than you would imagine. 
The point is that if you don’t have the 

backbone, you don’t have a system. 
Microwave CAE and component technol¬ 
ogy has gotten a whole lot of press for 
10 years. But those things that have hap¬ 
pened to a variety of RF technologies in 
the past 10 years are also pretty dramatic. 
Yet the glamor and glitz doesn’t show it. 
Here are some of those changes in RF 
technology: 

EMI 
Those EMI voices crying out in the 

wilderness for 20 years have finally got¬ 
ten our attention. They were right all 
along, and now a lot of it is writ in regula¬ 
tions and law. We simply can’t live in a 
modern society with electronic smog all 
over the place. 
The trouble was that 10 years ago, EMI 

was still a black art. You could easily 
measure emissions coming from a prod¬ 
uct. But try to duplicate it tomorrow or 
on the other side of the world, and you’d 
get 10 to 20 dB differences. An HP case 
in point was a product that passed the 
EMI specs in design and qualification, but 
on entering a small European country, the 
testing showed non-compliance, and the 
product was confiscated along with the 
threat for all future ones. 
What got better during that time was 

that the National Bureau of Standards in 

Boulder got going on the TEM-cell 
measurement method which finally pro¬ 
vided better understanding of the vagaries 
of EMI measurements, even when using 
recognized equipment and antennas and 
methods. Following that, the inrush of 
spectrum analyzer technology into the 
area really put the solution-set at a point 
in the design cycle where some dramatic 
improvement could happen, right on the 
design bench. No longer were the Band-
Aids applied to the outer cabinet at the 
end of the design cycle, but instead they 
were applied far upstream where costs of 
fixup were smaller. 
RF designers can take a bow for their 

recognition of the problem and efforts to 
do something about it. RF Design can 
take a bow on their continued harping 
(some would call it nagging) on the issue. 
Instrument suppliers can take a bow on 
equipment and software configurations 
with personality sets that turn bench-top 
spectrum analyzers into EMI sniffers. 

Metrology 
Pity the poor U.S. National Bureau of 

Standards (just re-christened as the Na¬ 
tional Institute of Standards and Technol¬ 
ogy — NIST). Attached to the Department 
of Commerce, probably the least technical 
of all the cabinet organizations, yet man¬ 
dated by the founding “Organic Act” of 
1907 to standardize all parameters of a 
modern high-tech society. The NBS strug¬ 
gles under a woefully meager budget to 
research measurement technology and 
supply measurement services to support 
the measurements revolution of the '80s 
and ’90s. Truly an impossible task. 

In the first place, there are so many 
more RF parameters than just a decade 
before. Phase noise came out of nowhere. 
Noise figure got 10 times more accurate. 
Fiber optics barely existed in 1978, but 

RF Design 
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Broadband sensitive RF millivolt meter. 
Model RF-801 

800-327-9308/305-777-1440 
FAX: 305/777-1447 
TELEX: 362837 (HELPER UD) 

• 20 kHz to 1.6 GHz frequency 
• 300 u/V to 100V range 
• 3 dB accuracy at 1.6 GHz 
• Loading of less than 2 pf 
• $675 complete with probe 
• Immediate delivery 

Helper Instruments Company 
131 Tomahawk Drive 
Indian Harbour Beach, FL 32937 
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Innovation 

now will preside over the wiring of the 
world. Materials science runs rampant 
with new semiconductor materials, sur¬ 
face effects of thin film and deposition 
technologies of all types along with 
“designer” layered composites. All re¬ 
quire an understanding of the physical ef¬ 
fects of materials as well as some kind of 
handle on measurement methods. 
The “easy” measurements of 1907 and 

1970 whereby everything was stabilized or 
“soaked” before taking the readings are 
gone forever. Now, it must be dynamic. 
And I don’t just mean automatic, which is 
also true. Agile signal generators now 

YOUR EMI 
PROBLEMS ARE 
ONE OF A KIND. 

SO ARE 
OUR SOLUTIONS. 

No two electronic products are 
quite the same. Neither are the 
environments in which they work. 

That’s why no two solutions to 
EMI problems are quite the same 
either. Sanders understands that. 
We've been solving interference 
problems for more than 2 decades; 
more than 10,000 last year alone. 

At Sanders you can count on 
total service —from design con¬ 
sulting to manufacturing. Sanders 
Electromagnetic Compatibility 
Engineering Group uses advanced 
computer modeling to ensure your 
product meets all FCC standards 
and MIL specs before hardware 
development. Sanders EMI facilities 

can complete the most complex 
tests, often in four days or less; 
simple tests in less than two days. 
Sanders also is expert at designing 
custom filters to meet your exacting 
size, weight and environmental 
constraints. 

Call or write Sanders Associates, 
Inc., EMC Dept., C.S. 2004, NCA 
1-6268, Nashua, NH 03061-2004; 
(603) 885-4961; TWX: 710 228-
1894; TELEX: 094-3430. You’ll find 
our service is a perfect match for 
your EMI problem: both are one 
of a kind. 

^^Sanders 
A Lockheed Company 
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This radar chirp signal was generated by 
digital means to be highly accurate for 100 
MHz chirp bandwidth. 

hop, hop, hop and chirp, chirp, chirp and 
jitter, jitter, jitter (to quote a recent ad). But 
in doing so, how does one measure the 
effective carrier phase noise if the carrier 
itself is hopping to another frequency in 
8 nanoseconds, like our HP 8770A Ar¬ 
bitrary Waveform Synthesizer? 
The traditional AM-FM/Phase Mod-

pulse generator is still with us and will be 
for a while. But vector modulation, the l/Q 
type with baseband bandwidths of DC to 
250 MHz could give a metrologist fits. So 
far, most of them have chosen to ignore it. 

National productivity and competitive¬ 
ness are terms that plague every session 
of Congress. With the disastrous budget 
deficits, getting a few million more for 
NBS initiatives is terribly difficult. But isn’t 
something wrong with a system that sets 
the entire NBS budget at perhaps $130 
million (maybe $10 million for measure¬ 
ment services), while a B-1 bomber costs 
$500 million per plane and a commercial 
747 which depends on accurate naviga¬ 
tion and time standards or GPS costs 
$150 million each? 

Yes, measurement services are a long 
way from glamor. But they underpin so 
much of our technology. And the consti-
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tuency is so diverse that no one seems 
to care. Does anyone care? 

Reliability 
Something dramatic has been going on 

for about 10 years. In 1980, our HP Presi¬ 
dent John Young set a goal for designers 
to shoot for that many thought much too 
aggressive. He asked for a 10 to 1 im¬ 
provement in MTBF reliability, to be 
achieved in the decade of the 1980s. With 
about 1.5 years to go, HP has come very 
close to achieving that goal. It is a note¬ 
worthy fact, and not limited to HP alone. 

At recent meetings of the Equipment 
Management Forum (EMF), an ad-hoc 
committee of the National Conference of 
Standards Labs (NCSL), the operations 
data coming in from dozens of users 
shows that the repair portion of calibra-
tion/metrology costs are coming down 
dramatically. For example, the latest HP 
437B Power Meter now has a stated 
MTBF of 120,000 hours. The confidence 
is high since an earlier HP 438A Meter 
stated 25,000 hours and actual warranty 
experience bore out an actual number of 
45,000 hours. 
Even complex products show dramatic 

effects. A microwave sweeper with over 
6000 active components has a stated 
MTBF of 8000 hours. Why not? Con¬ 
sumer stereos and TVs regularly come 
out of the box and turn right on and run 
for years and years without a second 
thought of calibration or repair. Certainly 
instrumentation is far more complex and 
accurate in general, but once expecta¬ 
tions are raised, whether with good cars 
or good cameras or good TVs, the other 
products get similar treatment. 

Digitalization of Everything 
Inroads of digital technology on the ob¬ 

vious front-panel functions and the com¬ 
puter control of measurements and meas¬ 
uring instruments are obvious, but the 
replacement of analog functions in the 
VHF domain has been nothing short of 
amazing. 

Certainly we were ready for digital 
phase lock loops and divide-by-n circuitry 
because, after all, that was like familiar 
digital counter circuitry. We even looked 
on benignly as the A-to-D converters 
which started in digital voltmeters got up 
to the point where you could use their 20 
MHz response for fast-Fourier spectrum 
analysis. That’s where the waveform an¬ 
alysis measurement function came from, 
and it makes a whale of a close-in-to-the-
carrier analyzer. 

But next came terms like synthetic 
video. It was the idea of digitizing the IF 
of a radar and sending the video on a 
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from HF 

Microwave 

itors 

The World’s 
Broadest Line. 

For high quality and ready availability, 
phone (516) 746-1385 today. 

SPRAGUE 
Gooomon 

Sprague-Goodman Electronics, Inc./An Affiliate of the Sprague Electric Company 
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395 

TEL: 516-746-1385 • TELEX 14-4533 • TWX: 510-600-2415 • FAX: 516-746-1396 
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SHIELDED COIL FORMS 
Engineering Kits and 
Design Aids for RF 
Application From 

1190 N. Hawk Circle, Anaheim, California 92807 USA • (714) 630-7420 • TWX 910-591-1690 
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Model 3115 Double Ridge Guide 

Model 31 
1-18 GHz 

16 Double Ridge Guide 
18-40 GHz 

Model 3106 
Double Ridge Guide 
200 MHz-2 GHz 

Model TR3 Non-Metallic Tripod 
22.68 kg capacity 

Model 1060 Turntable 
with controller and IEEE-488 bus option 

1-76 meter diameter available 

20-200 MHz 
three other models available 

Model 3146A 
Log Periodic 
300 MHz- 1 GHz 
lour other models 
available 

Model 6502 
Active Loop Antenna 

10kHz-30MHz 
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TEST WITH 
CONFIDENCE. 
ENGINEERED TO PERFORM 
If compliance testing is your pri¬ 

mary responsibility, you need top-
oi-the-line products you can count 
on. Like EMCO antennas, de¬ 
signed tor repeatable FCC/VDE 
testing. Manufactured for the strin¬ 
gent requirements of MIL-STD test¬ 
ing. With high sensitivity for 
TEMPEST testing Most have VSWR 
ratios of less than 2:1. And all ex¬ 
hibit exceptional dynamic range 
and linearity. 

CALIBRATED INDIVIDUALLY 
Every EMCO antenna is individ¬ 

ually calibrated using both C63.4 
and ARP 958 standards, then ship¬ 
ped to you with a signed Certifi¬ 
cate of Compliance—a claim no 
other manufacturer of test anten¬ 
nas can make. 

MANUFACTURED 
WITH CARE 

We choose only the best and 
most durable materials for EMCO 
products. Then we pay close at¬ 
tention to details—machined tol¬ 
erances are often less than one 
one-thousandth of an inch. And 
while we've automated for effi¬ 
ciency, we still take the time to 
hand-assemble and inspect each 
one of our products. 

TWO-YEAR WARRANTY, 
SERVICE WORLD-WIDE 

Because we know how well 
every EMCO product is engi¬ 
neered and built, we can back 
each one with a two-year war¬ 
ranty—twice the industry stan¬ 
dard. And EMCO has more than 
30 representatives worldwide to 
help you—wherever you are. Call 
our 800 number for more informa¬ 
tion and the name of your EMCO 
representative. Ask for your free 
catalog of EMCO products, too! 

FIRST IN QUALITY 
FIRST IN PERFORMANCE. 

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

In Texas, call 512-835-4684 International Telex 797627 
PO Box 1546. Austin. Texas 78767 



MIL-C-39012 v QPL 
SMA, SMB, and SMC CONNECTORS from AEP 
MIL qualification doesn't guarantee that the connec¬ 
tors you need will arrive on time, or work when you 
get them. And the MIL specs change so much, some¬ 
times it's hard to know what you're going to get. 

What you see is what you get. 
Call or write for our QPL brochure. It's the only 
literature currently available which shows the 
important changes mandated by Amendment 2 of MIL-
C-39012, including economical silver-plated SMB and 
SMC connectors. 

Contact your local AEP Distributor and get MIL 
qualified connectors that work, when and where you 
need them. 

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 14A000 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 
manufacturer — NO REJECTIONS. 

Connectors when you need them. 
All of our QPL connectors are available through our 
distributors. If they're out of stock or you need large 
quantities, we can deliver any QPL item in twelve 
weeks maximum, with many items available in six 
weeks. 

Restart 
Electronics 
Copiague, NY 
516-842-1500 

Microwave 
Distributors 
Commack, NY 
516-543-4771 

Denver Beta 
Wintronics 
Arvada, CO 
303-431-7161 

C.H.P.S. 
Fairfield, NJ 
201-882-0997 

Anixter/Colonial I 
Wire & Cable I 
Lowell, MA Í 
617-459-6400 t 

Resco/ Í 
Washington I 
Beltsville, MD I 
301-937-9100 

California í 
Microsystems Í 
Simi Valley, CA ( 
805-522-9977 

Pyttronic Industries 
Montgomeryville, PA 
215-643-2850 

Electronic 
Resources 
Sunnvvale, CA 
408-745-1420 

Southeastern 
Electronics 
Ft. Lauderdale, FL 
305-563-4131 

Spirit Electronics 
Scottsdale, AZ 
602-998-1533 

Export Department 
TELEX 963487 / FAX 203/287-8099 

Applied Engineering Products 
1475 Whalley Avenue 
New Haven, CT 06525 
(203) 387-5282 Fax. 203/387-7832 
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digital bus back to the airplane’s computer 
or wherever. And next, digital oscillo¬ 
scopes which hit 500 MHz, then 1000 
then 20 GHz. HP even dropped the rem¬ 
nants of their analog scope line a couple 
years back. 
And the communications systems went 

to digital PSK modulations formats with 

terms like 64QAM and 49QRS. The 
“spook” systems went to agile and phase-
mod and who-knows-what? The radars 
went to phase-tagged pulses and I & Q 
signal processing to dig more detail out 
of the echoes by use of the essential vec¬ 
tor data in the signal. (Think of it as a vec¬ 
tor network analyzer where you have con-

New Low Cost MMIC Amps: 
DC to 1.8 GHz bandwidths. 
Power to 20 dBm, 
and priced as low as 754 each. 

Talk about a great deal. NEC’s tiny new 
amps are available in wide bandwidths, 
a variety of packages, and they’re de¬ 
signed to help eliminate your biasing 
and grounding problems. 

And at 75< each in quantities of 500 
you get both NEC quality and a better 
price than the so-called “low cost” amps. 

Give us a call today. We ll work with 
you engineer-to-engineer to see 
that you get the right amps at the 
right price. And in most cases, we 
can ship them right off the shelf. 

NEC technology and quality 
—and CEL service. It’s a pow¬ 
erful combination. Put it to 
work for you. 

FREE DATA FOR DESIGNERS 
For app notes and a full line 
Si MMIC specifications bro¬ 

chure, call, write or circle the 
number below. 
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NEC California Eastern Laboratories 
3260 Jay Street, Santa Clara. CA 95054 (408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 
Canada (613) 726-0626 
Europe NEC Electronics GmbH 0211/650301 

© 1987 California Eastern Laboratories 
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trol of the input test signal and have a long 
path in the test loop.) These days you 
have a lifetime job if you’re into signal pro¬ 
cessing. It’s mostly digital, but at RF 
speeds. 
Then on the signal generation side of 

things, it’s the fast DAC. DC to 50 MHz 
baseband digital signal generators can 
lead to a whole series of complex simula¬ 
tion possibilities. You can feed two of them 
into an l/Q signal generator, one for I and 
one for Q and get an exceptionally com¬ 
plex modulated signal. You can take that 
50 MHz agility (8 nanoseconds) and move 
that window anywhere up to 3000 MHz in 
another 200 nanoseconds. And you can 
up-convert that into microwave. The most 
interesting thing to us old analog 
generator folks is that these digital 
simulators are absolutely repeatable. You 
can ask for a 1 percent AM modulation 
from two units at each end of the country 
and they are dead on. With 12- bit DACs, 
you’re talking about repeatability of 1 part 
in 4092. 
And what of the future? Is there any 

reason whatever to assume that these 
trends won’t continue? None! And in¬ 
terestingly, the RF engineer is in the mid¬ 
dle of it. Because most of these things are 
happening in dramatically-expanding 
basebands and ever-rising IFs, signal pro¬ 
cessors that go to 350 MHz, and lightwave 
bandwidths of 2 GHz. That’s all RF-Land 
to many of us. And that is RF Design. 
And away we go for another 10 years. Hl 

Reflections — The Past 
Decade Of Our RF 
Technology 
Doug DeMaw 
Oak Hills Research 

One of the notable changes in the RF 
communications technology is the ad¬ 
vance in receiver dynamic range. Ten 
years ago and before, we found commer¬ 
cial receivers deficient in minimum dis¬ 
cernible signal (MDS) levels, notorious for 
phase noise from synthesizers and sorely 
lacking in IMD performance. IMD dynamic 
range numbers as low as 68 dB were 
common, with the better receivers in the 
low 80 dB range. Past receiver designs 
resulted in countless spurious responses 
through the receiver tuning range. 
Then homemade receivers designed by 

engineers such as Wes Hayward (W7Z0I) 
and myself (W1FB) were demonstrated, 
exhibiting superior dynamic range over 
top-of-the-line commercial products. 
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Dynamic range figures in excess of 100 
dB were proven inexpensive and practical 
when attention was paid to gain distribu¬ 
tion and the correct choice of active 
devices in the critical RF amplifier, mixer 
and post-mixer stages. The use of diplexer 
circuits after the mixer also enhanced IMD 
performance. These published designs 
helped to stimulate receiver manufac¬ 
turers toward better receiver performance. 
Phase noise (which became an obvious 
problem when the dynamic range was im¬ 
proved) has now been minimized and 
spurious responses are seldom a 
problem. 
Another forward step in our technology 

is in power MOSFET design and applica¬ 
tion. Higher efficiency, compared to com¬ 
parable bipolar transistors in RF amplifier 
service, is a keynote of power FETs. 
Typical bipolar power devices yield Class 
C and Class AB efficiencies on the order 
of 50 to 60 percent in broadband service. 
Power FETs can provide an efficiency as 
great as 90 percent, according to my col¬ 
league, Ed Oxner (formerly of Silconix, 
Inc.). I have achieved power-FET efficien¬ 
cies of 70 to 80 percent with amplifiers of 
my design. 

Furthermore, a properly designed FET 
RF amplifier is less prone to damage from 
high VSWR, compared to a bipolar ampli¬ 
fier. Thermal runaway is practically 
unheard of with power FETs. Finally, 
amplifier IMD is markedly lower when us¬ 
ing power FETs. If there is a negative fac¬ 
tor to be considered, it’s the fragility of the 
FET input circuit when excessive gate 
current flows, or when the gate-source 
voltage is excessive. The need for opera¬ 
tion at 24 volts or more presents a deter¬ 
rent to the designer of 12 volt land-mobile 
equipment. 

Digital techniques have displaced 
analog ones with respect to tuning and 
frequency readout in receivers and trans¬ 
mitters, and this technology has allowed 
computer interface, memory channels 
and video display of CW and RTTY sig¬ 
nals. Readout resolution has moved from 
5 to 10 kHz increments to Hz in the past 
decade. Synthesized LOs have ensured 
a form of short and long-term stability that 
we never experienced in the analog days! 

Gigantic strides have been made in the 
RF IC technology, particularly with regard 
to MMICs. Gain blocks for instrumentation 
and other applications are now possible 
at moderate cost and with minimum com¬ 
ponent count because of MMICs. High-
frequency op amps are now available, and 
this has taken us well above the previous 
1 to 3 MHz op amp range. Doubly bal¬ 
anced mixer ICs, such as the Motorola 
MC1496, helped lead the way to improved 

receiver performance. 
VVC (voltage-variable capacitance) 

diodes have reduced the cost and bulk of 
VFOs and VCOs by eliminating the need 
for large mechanical tuning capacitors. 
There has also been a significant im¬ 
provement in high-speed switching diodes 

and varactor power diodes. 
The list of technological advances is 

certainly much longer than this, but I am 
pleased to share with RF Design readers 
my thoughts on those areas that have af¬ 
fected my own design and marketing 
interests. H 

New! 
2.8 GHz Prescalers... 
in Silicon! 

MODEL FREQUENCY ^CC la 
DIVISION 
RATIO 

UPB58I 0.5-2 8GHz 5V 30mA 2 

UPB582 0.5-2.8GHZ 5V 45 mA 4 

IIPB584 O.5-2.5GHZ 5V 18mA 2 

UPB585 O.5-2.5Ghz 5V 26mA 4 

UPB587 0.05-lGHz 2.2 to 3.5V 5.5mA 2.4.8 

By directly synthesizing frequencies up 
to 2.8GHz our new low priced prescalers 
help you simplify your designs, minimize 

the number of components, and 
reduce board space. 

What does your application 
call for? Low cost plastic pack¬ 
ages? Chips or ceramic packages 
that can be MIL or Space 
screened? Low voltage devices for 
battery powered designs? 

RF Design 

Call today. Well work with you engineer-
to-engineer to see that you get the parts 
you need, at a price that’s right. And in 
most cases, we can ship directly from stock. 

NEC technology and quality—and CEL 
service. It’s a powerful combination. Put it 
to work for you. 

EREE DATA FOR <• 
DESIGNERS 

For data sheets and 
a full line Si MMIC 
specifications 
brochure, call, 
write or circle the number below. 

NEC California Eastern laboratories 
5260 Jay Street, Santa Clara, CA 95054 (408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 
Canada (613) 726-0626 

Europe NEC Electronics GmbH 0211/650301 

C 19X8 California Eastern laboratories 
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SYSTtMS 
THE TECHNICAL INNOVATION CONTINUES .. 

AUTOMATED RF 
MEASUREMENT 
SYSTEM 

40 

The ARMS was designed to 
make precise, pulse-to-pulse, I 
and Q measurements extreme¬ 
ly rapidly, an asset whenever 
phase and amplitude are ex¬ 
pected to vary rapidly or 
whenever it is necessary to col¬ 
lect large quantities of phase 
and amplitude measurements. 
Currently ARMS is used to make 
coherent signal and antenna 
pattern measurements, but 
potential uses include analysis 
of complex, intrapulse modula¬ 
tions such as those used by 
spreadspectrum radar and 
communication systems. 

537 LAKESIDE DRIVE 

Outstanding accuracy; 
Wide dynamic range; 
High measurement 
throughput rate; 
Flexible computer control 
of all measurement 
functions; 
Substantial on-line process¬ 
ing power for real-time and 
near real-time data proc¬ 
essing, analysis and display; 

Modular hardware expand¬ 
ability to meet varying 
measurement needs; 
Complete, computer 
controlled self-test and 
calibration; and 
Modular software design 
(UNIX based) to facilitate 
customized system 
requirements. 

• Radar/Communications/lnstrument Range; 
SUNNYVALE, CALIFORNIA 94086 • PHONE: (408) 730-3240 FAX: (408) 738-695: 



PEOPLE OFTEN BUY CRYSTALS 
FROM US BECAUSE THEY'RE TRYING 
TO MAKE THEIR OSCILLATORS 

WE MAKE OURS 

CONSIDER THAT 
LOOK AT OUR 
NEW CATALOG. 

Our vertical capabilities give you the assurance edge. 

Quartz Crystals • Crystal Oscillators • Free Catalog 

First Name in Frequency Control 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 
P.O. Box 3428, Erie, PA 16508 
(814)838-3571 TWX 510-696-6886 
FAX 814-833-2712 
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rf design feature 

A Voltage-Controlled Phase Shifter 
Contest Winner Provides Design Flexibility for 
Phase-Sensitive Designs 

By Thomas Fl. Mathews 
Wavetek RF Products, Inc. 

Many of today’s complex systems re¬ 
quire the ability to control the phase rela¬ 
tionship of two signals. Typical applica¬ 
tions include delay line descriminators, 
phased antenna networks and oscillators. 
Quite often these systems are realizable 
with fixed delay networks, but for many 
applications there is a need to provide a 
voltage-controlled phase shift. The design 
presented here won the author a runner-
up prize in the Third Annual RF Design 
Awards Contest. 

Traditionally, the problem of adjusting 
the phase of an RF circuit has been 

approached with variable length lines 
often resembling a trombone slide. Engi¬ 
neers have also been known to vary 
phase by cutting many lengths of coax¬ 
ial cable and substituting until the desired 
phase is obtained. This approach is 

tedious to say the least and does not allow 
the phase to be controlled dynamically. A 
new approach to this problem uses varac¬ 

tor diodes to provide continuously variable 
phase control. 
The ideal voltage-controlled phase shift 

Figure 2. Final circuit with input and output baluns. 
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(VCPS) would have several desirable 
characteristics. Obviously, these would 
include a wide range of phase control, 
minimal variation of insertion loss with 
control voltage, and a flat magnitude re¬ 
sponse. The range of phase control is, in 
part, determined by the selection of the 
tuning diodes. Varactor selection is not 
critical. However, for a wide range of 
phase control, the varactor’s capacitance 
should be in the range given by equa¬ 
tion 1. 

C ~ (Rœ) (1)

Substituting R = 200 ohms and a> = 2n 
(500 MHz) into equation 1 indicates that 
C should be in the range of 1.6 pF. In this 
design, the BBY31 will be used. These 
diodes will typically provide 8 pF at 6 volts 
and since two are used in series the 
capacitance will be 4 pF. In addition, 
these diodes have about a 4:1 capaci¬ 
tance ratio over the 2 to 12 volt range. This 
should result in a wide range of phase 
control. 

To insure a flat magnitude transfer 
characteristic, the phase shift network 
shown in Figure 1 was chosen. This net¬ 
work is also known as an all-pass filter or 
delay equalizer. Since this is a balanced 
circuit, baluns were included on the input 
and output of the final design (Figure 2). 
Transmission line baluns were chosen 
because they are easily realizable at UHF 
frequencies. For lower frequency designs, 
a transformer balun could be substituted 
for wider bandwidth and reduced size 
while the transmission line baluns should 
be one half wavelength at the VCPS cen¬ 
ter frequency. For RG174/U the velocity of 
propagation is about 200 x 1O6 m/s. The 
balun length is found with equation 2. 

Figure 3. Voltage-controlled delay. 

(200 X 1Q6) 

(2f) (2) 

At 500 MHz, I is 20 cm. The actual cir¬ 
cuit operated over the desired range of 
450 to 550 MHz when this balun was 
trimmed to 16 cm. The 4 coils shown in 
Figure 2 are all the same value and were 
calculated with equations 3 and 4. 

"° = RC W 

The value for C is assumed to be fixed 
and is the geometric mean of the range 

Figure 4. VCD insertion loss. 
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of capacitance provided by the varactors. 
For two BBY31s in series this is about 4 
pF (The BBY31 provides about a 4-16 pF 
range from 2 to 12 volts.). Since the 
transmission line baluns provide a 4 to 1 
impedance transformation, the value for 
R is four times the input impedance or 
200 ohms. Evaluating equations 1 and 2 
results in the values for a and L shown 
here. 

a0 = 1.250 X 10® rad/sec 

L = 160.0 nH 

The phase shift through a single stage 
can be calculated with equation 5. 

* = "2 arCtanO 
where w = 2nf 

The amount of phase control through 
this stage can be estimated by calculating 
the network phase shift at the extremes 
of the varactor capacitance and taking the 
difference. This difference is found by 

finding a0 at varactor capacitances of 2 
and 8 pF. Since the network impedance 
deviates from 200 ohms at these ex¬ 
tremes, one should use equations 6 and 
7 for this estimate. 

a° " LC 

a01 = 1.768 X 10® for C = 2 pF 

a02 = 883.9 X 10® for C = 8 pF 

Al =-2 arctan I 2 arctan ( I (7) 
\ rr0, / \ o02 / 

For f = 500 MHz 

A* = 0.477 

Since the all-pass networks are con¬ 
stant impedance, the amount of phase 
control can be easily increased by 
cascading several stages. Since this 
design uses two stages, the total estimate 
for phase control at 500 MHz is 54.6 
degrees. The actual circuit provided 70 
degrees of control at 500 MHz over a 2 
to 12 volt tuning range (Figure 3). The per¬ 
formance of this circuit is limited to the 
450 to 550 MHz range. This bandwidth 

restriction is due primarily to the limited 
bandwidth of the transmission line baluns 
and could no doubt be improved with 
lumped baluns. 

Insertion loss is shown in Figure 4. 
As long as low varactor voltages are 
avoided, this loss is less than 3 dB. More 
important than the absolute insertion loss 
is the variation of loss versus tuning 
voltage. Figure 4 shows that, for the 2 to 
12 volt range, this variation is less then 
±1.0 dB. H 
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1-900 MHz RF Test Instruments 
Many Wide Band Engineering Com¬ 

pany, Inc. products are available for 1-500 
MHz, 1-600 MHz, or 1-900 MHz operation. 
Others have narrower band widths. Most 
products are available for O.E.M. applica¬ 
tions. A number of connector options are 
available. We will be pleased to quote cata¬ 
log items or items tailored for your specific 
requirements. 
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• RF Analysers 

• Miniature RF Amplifiers 

• Impedance Bridges 

• RF Comparators 

• Impedance Converters 

• RF Detectors 

• Directional Couplers 

• Minimum Loss Pads 

• RF Sweep Amplifiers 

• RF Switches 

• Hybrid Power Divider/Combiners 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O.Box 21652, Phoenix, AZ 85036 Phone 602 154- 1570 

rf design advertiser since vol. 1 no. 1 
1838 E. University Dr., Phoenix, AZ 85034 
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Leading the race for 
the ultimate microwave spectrum analyzer 

ADVANTEST. at an affordable pnce 

r-,'2 I .¿-m SPECTRUM ANALYZER 

ir $ 

R4136 
23GHz Spectrum Analyzer 

The new ADVANTEST R4136 
Spectrum Analyzer makes difficult 
measurements easy. It covers the 
submicrowave band, incorporating 
a synthesized local oscillator and other 
refinements that could only be created 
from ADVANTEST’s high-frequency 
measurement technology. The YIG 
oscillator achieves excellent skirt 
characteristics. And the 4-to-8 GHz 1st 
local oscillator enables low-order mixing 
and measurements to -115dBm even 
at 23GHz. Send now for the R4136 
catalog: It details all the advantages 
the R4136 can bring to your high-
frequency analysis applications. With 
memory card it is possible to develop 
and store a measurement program and 
perform input/output and comparison 
of data. This greatly simplifies 
operator set up and screen storage. 

The world’s Low Cost 3.5GHz 
Spectrum Analyzer by ADVANTEST 

Test spectrum an iy 23 GHz

• Frequency an external mixer) 
(Up«o325GHz us » dBmor|owe, 

• Average noise level. 

• 30-Hz resolution band»v.dt 

•ÄSS«'* • Built-in frequency counter 

with resolution » 1" (option) 
• 128 Kbyte memory cam 

2IDVANTEST 

NEW 
R4131 Series Spectrum Analyzer 

■ Excellent Skirt Characteristics: -80dBc 
■ Advanced Signal Track 
■ Built-in Quasi-Peak Measurement 
■ Automatic Occupied Band width Measurement 
■Tracking Generators Available to 3.5GHz 
■ Positive/Negative Peak Detect 

Advantest America, Inc. 
300 Knightsbridge Parkway, Lincolnshire, IL 60069, U.S.A. Phone:(312)634-2552 Facsimile:(312)634-2872 

For R4136 Demo, Circle Info/Card 36. For R4131 Demo, Circle Info/Card 38. 



Shape Up! 
Specify DAMON 
Crystal Filters with 

Shape Factors As Steep 
As 1.05:1. 

25 KHz/DIVlSION 

That's what experienced design 
engineers do when system perfor¬ 
mance requirements demand the 
use of crystal filters that won't fail 
to measure up. 

They know that as a leading 
custom developer of crystal filters 
for more than 25 years, we've 
established a pattern of success 
when it comes to satisfying a 
wide range of signal processing 
requirements involving commu¬ 
nications, missile guidance, and 
radar applications. 

And that in the process, 
we've earned a reputation for 
meeting some rather imposing 
specifications in the lOKHz-
150MHz range with a set of 
equally imposing accomplish¬ 
ments that include: Shape factors 
as steep as 1.05:1 with 80dB atten¬ 
uation levels. . .Phase and 

amplitude matching 
within the tightest 

tolerances. .. And passbands 
that remain constant over a wide 
temperature range. 

As a system designer it means 
that you can optimize incoming 
signal processing, thus assuring 
better selectivity at the front end . 

All of which adds up to increased 
design flexibility in terms of both 
performance and packaging, as 
well as improved reliability at the 
overall system level. 

Behind this claim is Damon's 
continuing commitment to the 
latest in manufacturing resources, 
which includes a facility that's 
equipped with the latest in CAD 
and CAE technology, as well as 
provisions for in-house environ¬ 
mental testing (MlL-Std-202), 
crystal fabrication (MIL-C-3098), 
and soldering (WS-6536E). And 
that's only the beginning. 

For more information, call us 
today to discuss your application 
(1-800-348-0028). And send for 
our complete catalog. 

Damon also manufactures a full 
line of V. C. X. O.'s, T. C. X. O.'s and 
S.A.W. Delay Lines. 

RONICS DIVISION 
80 WILSON WAY, WESTWOOD. MASS. 02090, TEL: (617) 329-2460 
FAX (617) 329-0551, TWX 710-348-6722 
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“They must have used 
a very high performance signal generator 
to get quality like this!” 

How could they To make 
afford it?” top quality receivers 

The theatiephone' entertaining guests of a grand hotel in Fàns I.ate 19th century The Bettmann Archive 

you need top-dollar signal generators 

500 MHz, 20 kHz (< -136 dBc/Hz 
typically). Residual FM <2 Hz RMS 
(0.3 to 3 kHz) @ 500 MHz (<1 Hz 

Right? Wong. The new HP 8657A has 
shattered all the old ideas about the 

RMS typically). Spurious as good as 
<-72dBc. 

cost of high 
performance 
signal 
generation. 

For just $7900,* you can make the 
measurements you need to design, 
build and test better two-way radios, 
cellular phones, pagers and any other 
receivers. 

That low price buys you great spec¬ 
tral purity from 100 kHZ to 1040 MHz. 
Phase noise is < —130 dBc/Hz @ 

Another breakthrough keeps our 
signal generator going strong, even in 
high-use situations. We invented an 
electronic attenuator With no moving 
parts, it’s virtually failure-free. Even 
after a billion cycles, operating at tem¬ 
peratures from — 50° to + 95°C, and 
99% humidity. 

So now you can afford to get 
really competitive. For more infor¬ 
mation, call 1-800-752-0900, 
Ext. 744C. 

*U S list pnce MC 15829 'Ci 1988 Hewlett-Packard Company 
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ACCUVERTER also delivers unprece¬ 
dented convenience in systems design by 
offering drop-in, optimum solutions to 
most RF-to-Digital interface requirements. 
More spurious-free bandwidth, plus real 

convenience, equals a truly decisive advan¬ 
tage for your RF-to-Digital systems design. 

0 10 20 30 40 50 60 

Freq (KHz) 

Typical ACCUVERTER performance for 50 MHz two-tone. 
Results shown are for a 2500-point FFT of the digital output. 

Are you looking for the right interface 
between the world of RF signals and the 
world of digital signal processing that 
offers you a truly decisive advantage? 
Look to Steinbrecher. Our ACCUVER¬ 
TER™ interface system converts RF sig¬ 
nals into digital words while preserving 
100 dB of spurious-free dynamic range. 
By utilizing our patented technology, we 
can provide the largest spurious-free dig¬ 
ital signal processing bandwidth of any 
interface system currently available. The 

Call (617) 935-8460 
immediately to 
learn more about 
the Model 16030 
ACCUVERTER 
development system 
and our growing 
family of OEM 
modules and 
options. 

UCCtMUTfR 

Steinbrecher 
Providing a decisive advantage. 
185 New Boston Street Woburn, MA 01801-6279 
(617)935-8460 Telex 948600 Fax (617) 935-8848 
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NOISE IS OUR ONLY BUSINESS” 

Broad Band 
Noise Sources 

For Space, Military and Commercial Applications 

DC-5O 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 Rei Products 

HYBRID FOR SPACE QUALIFIED 
AMPLIFIED MODULES 

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

TYPICAL STAN DARD MODELS 
NC 5100 
Series up to 50 GHz 

15.5 dB ENR, 
noise figure 
meter 
compatible 

NC 5200 
Series up to 50 GHz 

21-25 dB ENR, 
high noise output 

NC 5300 
Series up to 50 GHz 

21-25 dB ENR, 
high noise output 

TYPICAL STAN DARD MODELS 

NC6101 
NC6107 
NC6108 
NC6109 
NC 6110 
NC6111 
NC 6218 

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 
up to 18 GHz 

Other standard models available 
MOST ARE IN STOCK 

DC COUPLED 
AMPLIFIED MODULES 

■ 1 volt output into 50 ohms 
■ DC-100 kHz 
■ Low offset voltage 
■ Compact 
■ DC-4 MHz 

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

<- ' 
For More 
Information 
And Quick 
Response Call: 

GARY SIMONYAN 
at 201-488-4144 

TYPICAL STAN DARD MODELS 
NC 7101 
NC7107 
NC7108 
NC7109 
NC 7110 
NC7111 
NC 7218 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
upto 1.5 GHz 
up to 2 GHz 
up to 18 GHz 

OPTIONAL: Remote variable 
filters, signal input combiner, 
75 ohms output, marker input. 

Other standard models available 
MOST ARE IN STOCK 
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NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
E. 64 Midland Ave. 
Paramus, NJ 07652 
PHONE (201) 261-8797 

FAX (201) 261-8339 

TWX 910-380-8198 



rf design feature_ 

Designing with the 
Double Lange Coupler 
Contest Prize Winner Analyzes Interdigitated Design 

By Derek Fitzgerald 
Raytheon M.S.D 

The interdigitated broadband 3 dB 
Lange coupler overcomes the problem of 
manufacturing repeatability associated 
with minute gap parallel edge coupled 
microstrip line structures. However, the 
coupler is of the quadrature type which 
implies that a signal applied to the input 
port will emerge from the coupled output 
port with a 90 degree phase shift relative 
to the input port. A novel hybrid-coupler 
design adaptation realizes a variety of 
wideband components. These include a 
180 degree Lange type hybrid, an in-
phase hybrid, an arbitrary phase hybrid 
and an adjustable phase hybrid. 

One design adaptation employs the 
simple means of connecting two 

Lange couplers together in the manner 
shown in Figure 1. The resulting 180 
degree Lange type hybrid has desirable 
properties, such as: 

a. broadband frequency coverage 
b. compactness of size 
c. planar geometry 
d. compatibility with existing hybrid 

and monolithic microwave integrated cir¬ 
cuit (MMIC) technology 

e. adaptability to balanced hybrid ap¬ 
plication in push-pull amplifiers 

f. simplification in receiver and mixer 
applications that use quadrature hybrids 
in conjunction with phase shifting net¬ 
works 

g. simple planar realization of bal¬ 
anced mixer, balanced duplexer and 
discriminator circuits 
A simple theoretical explanation of the 

coupler’s operation follows. First, consider 
a perfect 3 dB quadrature coupler shown 
in Figure 2a. An input signal a, transmits 
half its power to port 2 and couples half 
its power to port 3. No signal flows to port 

Figure 1. Physical layout of 180 degree hybrid. 

4. Also shown, is a flowgraph for this 
coupler with the input assumed matched. 
The voltage coupling relationship to port 
2 and port 3 are: 

hybrid. The direct path and coupled out¬ 
puts of the second hybrid end in open cir¬ 
cuits. The input/output voltage coupling 
relationships are given by: 

46 

b2_ 1 
a, 

Now consider the flowgraph in Figure 
2b where port 2 and port 3 end in open 
circuits. The input signal reflects at ports 
2 and 3 and recombines constructively at 
port 4. The voltage coupling coefficient at 
port 4 is: 
A_ =
ai 

1 11 1 
77 (+1) ¡77 + 177 (+i) 77 = j 
Using this analysis, consider the con¬ 

figuration in Figure 2c consisting of two 
cascaded hybrid couplers. As illustrated, 
two of the ports connect to open circuits. 
The coupling arm of the input hybrid con¬ 
nects to the input port of the second 

Thus, b2 and b3 are of equal amplitude 
and are out of phase by 180 degrees. Note 
the result of connecting two 3 dB quadra¬ 
ture hybrids together in general, and not 
restricted to just Lange-type hybrids. The 
concept is applicable to in-phase hybrids, 
arbitrary phase hybrids and adjustable 
phase hybrid coupling structures. 
Simple analysis shows that if short cir¬ 

cuit elements replace the open circuit ter¬ 
minations, in-phase coupling will result. 
Such in-phase Lange type hybrids require 
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two ports terminated with open cir-

metallized via holes or wraparounds. A 
simpler realization uses the same open 
circuit termination structure as the 180 
degree type hybrid, except the input sig¬ 
nal latches at port 4 of the first coupler. 
Thus, the direct arm of the input hybrid 
connects to the input of the second 
hybrid. Note the output signals are in 
phase or out of phase depending on the 
input signal launching port. So, the struc¬ 
ture has magic-tee junction properties. 

Extending the concept, reactive or ad¬ 
justable reactive elements such as diodes 
or ferrites can replace the open circuit 
elements. It is easy to show that the phase 
difference between the two outputs is 
equal to the phase of the reactive ele¬ 
ments. Therefore, arbitrary phase and ad¬ 
justable phase hybrid designs are realiz¬ 
able with this structure. 

Figure 3 diagrams the interdigitated 
topology of the standard Lange coupler 
and the reverse Lange coupler (where the 
coupling and isolation ports are on one 
side). Jumpers, which are normally 
thermo-compression bonded, connect the 
finger structure. Practical in-phase and 
180 degrees phase hybrids use both 
types of couplers as shown in Figure 4. 
The computer simulation results, shown 

Figure 4. In-phase and 180 degree hybrids. 
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in Figure 5, illustrate the performance 
characteristics of the 180 degree Lange 
coupler. While the circuit is not optimized, 
the data clearly demonstrates the poten¬ 
tial capabilities of this component. 

In conclusion, simple theory and com¬ 
puter-aided simulation show an extension 
of the Lange quadrature hybrid capabili¬ 
ties. The evolved component has magic-
tee-like properties and is attractive for im¬ 
plementing a general class of broadband 
hybrid and MMIC applications. These in¬ 
clude push-pull amplifiers, balanced mix¬ 
ers, balanced modulators and other cir¬ 
cuits requiring baluns structures. 
The author gratefully acknowledges the 

constructive editorial comment of his 
engineering colleagues AI Hieber and Zvi 
Galani. HI 

Figure 5. 180 degree Lange coupler characteristics using Supercompact 
simulation. 

About the Author 
Derek Fitzgerald is principal 

engineer at Raytheon Missile Systems 
Division, 50 Apple Hill Drive, Tewks¬ 
bury, MA 01876-0901. He can be 
reached at (508) 858-4242. This design 
received an honorable mention in the 
1988 RF Design Awards Contest. 

NEW CONCEPT 

RF SHIELDING 
SPRINGS 

IN 

MICROWAVE 
CONNECTORS 

SMA, SMB, SMC 
MINIATURE TYPES 

REQUEST FREE SAMPLES & CATALOG 

POWER 
CAPACITORS 
...for high power density applications 

• UNIFORM AXIAL OR RADIAL ORIENTATION 
• WELDED TO DIAMETERS AS SMALL AS 0.010 INCH I.D. 
• WIDE RANGE OF SPRINGS AVAILABLE TO MEET SPECIFIC FORCE 
REQUIREMENTS 

• COIL HEIGHT FROM 0.015 INCHES TO 1.000 INCH 
• WIDE RANGE OF MATERIALS IDEALLY SUITED FOR COMMERCIAL 
AND MILITARY ELECTRONICS. EMI-RFI SHIELDING, SWITCHES, 
PUSH-PULL APPLICATIONS, LOADING. LATCHING, LOCKING AND 
ELECTRICAL CONDUCTIVITY 

• IDEAL LATCHING DEVICES FOR MICROWAVE & FIBEROPTIC 
CONNECTORS 

Plate, barrel and feed-through capacitors for 
a wide range of applications such as solid 
state RF generators, RF suppression and HF 
transmitters. 
Capacitance: 1.5-10,000 pF • Voltage: 2-30 kVp 

Power: 2-150 kVA - Current: 5-50 Arms. 

Manufactured by Draloric GmbH. Call now 
for information including special design 
assistance. 

bal sent 
€NGIN€€RING COMPANY, INC. 

'BRADFORDELECTRONICS 
!">/ /-

109 Alfred Street, Biddeford, ME 04005 . Phone: (207) 284-5695 
620 WEST WARNER AVENUE SANTA ANA, CALIFORNIA 92707-3398 

TEL. (714)557-5192 • (714)545-1006 • TLX: 277707BSEC UR • FAX: (714)241-0185 
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SAW Products-Solving Your Signal 
Processing Problems 
Do your systems require RF, VHF and 

UHF filters with extreme selectivity, 
but space is very limited? 

Must your system operate reliably over 
the full mil. range of - 55°C to + 125°C with 
frequency and delay tolerances of a few 
hundredths of a percent? 

Do your filters need to phase track to a 
couple of degrees in production quantities? 

Crystal Technology is solving these and 
other application specific problems, cost 
effectively with a full line of standard and 
custom Surface Acoustic Wave products, 
including: 
■ Filters for digital transmission 
systems that perform Spectral Shap¬ 
ing for minimizing ISI , and Timing 
Recovery filters for clock regeneration. 
■ Filters for CATV and 
Satellite Receivers. We 
manufacture VSB filters for 
systems M, BG, I, J and D/K 
as well as a complete line 
of Satellite Receiver filters Ht r > 
at 70 and 610 MHz in all 
standard bandwidths. 
■ Resonators and / 
Oscillators to solve your 
VHF and UHF frequency 
generation problems. 
■ Delay lines with fractional bandwidths 

^>3 

greater than 50%. 

■ Hybrid and P.C. Board Filter Modules, including 
switchable filter banks, phase tracked filter sets a specialty 
of ours, channelized filter banks for communications and 
E.W. signal processing applications. 
■ CHIRP Filters and Pulse Compression Sub-Systems 
for radar, and Microscan receivers. 
We are an experienced manufacturer of both commercial 

and mil-spec SAW products with a reputation for technical 
excellence and quality production Our facilities are verti¬ 
cally integrated from crystal growth through components 
to modules. 

Give us the opportunity to solve your signal processing 
problems. Call or write to: Crystal Technology, Inc., A Sie-
mans Company, 1060 East Meadow Circle, Palo Alto, CA 
94303, (415) 856-7911 , Telex: 470103, FAX: (415)858-0944 

ÿ Crystal Technology, Inc. 
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Specialty Connector... 
A Cut Above The Rest. 

After all, Specialty Connector Co., Inc. has been manufacturing RF Connectors for over 
20 years with a rock solid reputation for quality and delivery. These little gems are built 
using SPC to MIL-C-39012 specifications and shipped to you just-in-time. Whether vour 

project requires industry standards or custom designed RF Connectors and cable 
assemblies—make the flawless choice . . . Specialty Connector, a ait above the rest. 

Specialty Connector Co., Inc. • EO. Box 547 • 2100 Earlywood Drive • Franklin, Indiana 46131 

Telephone: 317-738-2800 Fax: 317-738-2858 Telex: 217084 
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LET SCITEI 
SYNTHES 

/ 

When your program needs a competitive 
edge, add Sciteq to your design team. 

Our specialty is advanced frequency 
synthesis for the OEM, and our 
technology defines today’s state of 
the art. When you’re working on 
a system puzzle, check with us for 
the missing piece. 

another^ 
task-specifi 
synthesizer 

SCITEQ Electronics, Inc. 

.VE YOUR 
PUZZLE 

* ar,d 

.*3 s 

a^ 

8401 Aero Drive, San Diego, California 92123 (619) 292-0500 FAX: (61' 

INFO/CARD 47 

elex: 882008 



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 
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Phase Processing Data Pack 
■ Broadband Phase Comparators with near constant Phase Error 
■ Analog Phase Shifters with precisely Matched Impedances 

■ 6, 8 and more bit Digital Phase Shifters and Time Delay Units 

■ Meri-Pac™ or Flatpack designs for low profile and small size 

■ Proven Mil-Screen and Space Qualified units available 

M Merrimac 
41 Fairfield Place, West Caldwell, NJ 07006 

Phone (201) 575-1300 • FAX: (201) 575-0531 
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The RF Expo East 88 Technical Program 

A Wide Variety of Topics Offers Something For Everyone 

RF Expo East 88, October 25-27 at 
Philadelphia's Civic Center, offers RF 
engineering professionals an opportunity 
to exchange ideas, solve problems and 
brush up on basics. Tutorials on radio¬ 
wave propagation, mixer design and an¬ 
tenna theory head the list of more than 
35 technical sessions directed specifically 
at RF engineering concerns. Under the 
direction of Program Chairman Carl Erik¬ 
son, the technical program for RF Expo 
East represents a relevant and diverse 
collection of papers presented by top ex¬ 
perts from across the industry. 

Tuesday — 
8:30 to 11:30 a.m. 

Session A-1 — SAW Devices 
Chair: Emmanuel Sang, 
Tektronix, Inc. 

Real-Time SAW Spectrum Analyzers 
Appropriate for Tactical Use 
Maura Fox, Phonon Corporation 
System application and design informa¬ 

tion is presented for the Sliding Transform 
Analyzer (STA), a Surface Acoustic Wave 
(SAW) spectrum analyzer configured to 
perform a partial Fourier Transform. The 
STA is particularly well suited to use in a 
tactical system due to excellent wideband 
frequency resolution. 

SAW Products: Custom Subsystems 
and Fully Integrated Hybrid Modules 
Ron Hays, T. O’Shea, J. Andersen 
and M. Lewis, SAWTEK 
SAW components play critical roles in 

modern systems due to their reliability, 
size and performance advantages. This 
paper addresses the challenge to SAW 
manufacturers of achieving the highest 
performance in systems that employ SAW 
components. Topics discussed include 
complete SAW signal processing subsys¬ 

tems, the need for miniaturization and in¬ 
tegration, and innovations in packaging 
such as fully integrated hybrid assem¬ 
blies. 

Selectable Delay Line Using an 
Acoustic Charge Transport Device 
Dan Fleisch, Electronic Decisions, Inc. 

Session A-2 — Receiver Design 
Chair: Malcolm Levy, 
Racal-Dana Instruments, ínc. 

Receiver Design — Simplified 
Jerry Iseli, RF Monolithics, Inc. 

This paper discusses the use of SAW 
filter technology to simplify receiver sys¬ 
tems, resulting in lower cost at reduced 
size and power consumption. Specifically, 
a two-channel Guard Receiver developed 
by RF Monolithics using this technology 
is presented. 

GPS Receiver RF Subsystem Design 
Overview 
B.D. Hammell, G.K. Nelson and 
J.G. Klopfenstein, 
Rockwell International 
An overview of the Global Positioning 

System (GPS) is presented, with a de¬ 
scription of the Rockwell GPS receiver RF 
subsystem architecture, including an an¬ 
tenna, antenna electronics and receiver 
signal processing unit. 

Optical/Acoustic Component 
Technologies for Frequency Sorting 
Receivers 
Richard V. Johnson, 
Crystal Technology, Inc. 

In electronic warfare, channelized micro¬ 
wave receivers must function successfully 
in a spectrally dense environment. They 
can do so by dividing the RF spectrum 
into a sufficiently large number of narrow 
channels, each of which is independently 
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processed and detected. Advantages and 
limitations of several alternative analog 
component technologies, including SAW 
filters, acoustooptic Bragg cell spectrum 
analyzers, integrated optic (I/O) versions 
of Bragg cell spectrum analyzers, bulk 
acoustic wave (BAW) filters and an elec¬ 
trooptic spatial light modulator are 
reviewed. 

Session A-3 — Design Techniques 
Chair: Ted Dudziak, 
Wavetek RF Products, Inc. 

Optimum Impedance Matching Using 
Minimum Number of Components 
Donald J. Lanzinger, 
Loral Defense Systems Division 
Impedance matching can significantly 

impact systems parameters. This paper 
investigates impedance matching circuitry 
design with respect to bandwidth (and 
cut-off characteristics), power transfer, 
group delay, types of components (lumped 
and/or distributed) and minimum number 
of components needed. 

Complex Signals: 
Their Processing and Transmission 
Noel Boutin, University of Sherbrooke 
Complex signals are omnipresent in 

modern analog and digital communica¬ 
tion systems. This tutorial paper dis¬ 
cusses what a complex signal is, how to 
filter a complex baseband signal and how 
to shift frequency in a complex signal. 
Quadrature Amplitude Modulation (QAM), 
Single-Sideband (SSB), Vestigial-
Sideband (VSB) and Phase/Frequency 
Modulation (PM/FM) systems will be re¬ 
viewed highlighting the presence of com¬ 
plex signals in each case. 

Unequal Splitter Design 
Douglas K. Linkhart, 
Micon Incorporated 
RF power distribution systems and 

phased-array antennas require power 
splitters which provide a specific fraction 
of the input power at each output. A pro¬ 
cedure for designing low-loss splitters, 
based on quarter-wavelength impedance 
transformers, is presented, along with 
supporting theory and a computer pro¬ 
gram for design calculations. 

Tuesday — 
1:30 to 4:30 p.m. 

Session B-1 — Synthesizer Topics 
Chair: Dave Badger, 
Wavetek RF Products, Inc. 

Optically Coupled VHF Voltage 
Controlled Oscillator 
Albert Helfrick, 
Dowty RFL Industries, Inc. 

Voltage controlled oscillators (VCOs) for 
frequency synthesizers must be well isola¬ 
ted to prevent the VCO from being fre¬ 
quency modulated by external fields or 
from the effects of varying loads. This 
paper describes an interesting way of 

eliminating load pulling while also elimi¬ 
nating the last unfiltered connection to a 
shielded oscillator — the output cable. 

Low Spurious Techniques and 
Measurements for DDS Systems 
Robert J. Zavrel, Jr. and 
Earl W. McCune, Jr., 
Digital RF Solutions 

RECEIVER 
ENGINEERS 

If you are engaged in the development 
of receiving equipment for ECM, ECCM or 
Communications applications, you should 
contact the system CAE leaders today! 

Find out why our PC-based receiver 
simulators are in use throughout the 

RF and microwave industries. 

For information on our various simulators 
and our unique support and upgrade policy, 

call, write or FAX today. 

Discover the system advantage! 

WEBB LABORATORIES 
139 E. CAPITOL DRIVE UNIT 4 HARfLAND. Wl 53029 (414)367-6823 FAX (414) 367-6824 

RF Design 
INFO/CARD 50 
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SYNTHESIZER¬ 
SOURCES FOR: 

AUTOMATIC TEST 
COMMUNICATIONS 
NMR-MRI, ECM 
LOW JITTER TIMING 
SURVEILLANCE 
DOPPLER SYSTEMS 

A major design objective in direct digital 
synthesizers (DDS) is the minimization of 
spurious signal responses between the 
DC and the Nyquist frequency. This paper 
reports on research aimed at this goal 
with particular consideration given to 
quantized spurious limitations of the 
waveform map and to DAC linearity limita¬ 
tions. 

A Hybrid FSK Modulator for Use in 
RF Signal Generators 
John Vendely, 
Wavetek RF Products, Inc. 

This paper describes a hybrid carrier 
frequency-shift keying (FSK) modulator 
designed primarily for use in RF signal 
generators used in testing land-mobile 

digital signalling systems. A comparison 
of the traditional methods, a description 
of the modulator and performance test 
results are given. 

Session B-2: Reliability and 
Component Performance 

Failure Analysis of RF Devices 
Andrew Blackwood, Structure Probe 

Determination of the M.T.T.F. for 
Pulsed Power L-Band Microwave 
Transistors Used in Radars and 
Navigation Apparatus 
Georges Bobin, RTC and 
John C. Salvey, 
Amperex Electronic Corporation 

DIRECT 
SYNTHESIS 

RF Expo East 88 
Offers Special Courses 

ANALOG/DIGITAL 
FROM 0.1-500 MHz 
ANY RESOLUTION 
(MHz to p Hz) 
MS SWITCHING 
VERY LOW NOISE 
REMOTE: BCD or GPIB 

PTS = CONFIDENCE 
QUALITY SYNTHESIZERS 
FOR OVER A DECADE 

FREQUENCY SYNTHESIZERS 

LITTLETON, MA (508) 486-3008 
FAX (508) 486-4495 

RF Circuit Design Part I: 
Fundamentals 
Les Besser, 
Besser Associates, Inc. 
Monday, October 24, 
8:00 a.m. to 5:00 p.m. 

This popular course in RF design 
fundamentals begins with an introduc¬ 
tion to high frequencies. Lumped and 
distributed components, parasitic ef¬ 
fects, and use of the Smith chart are 
discussed, as well as theory and var¬ 
ious physical realizations of transmis¬ 
sion lines, with emphasis on practical 
design aspects. Small signal amplifier 
design is also reviewed, with the after¬ 
noon session covering unilateral and 
bilateral design using constant gain 
circles; computer-aided synthesis and 
optimization; stability consideration 
and more. 

Computer-Aided Filter Design 
Randy Rhea, Circuit Busters 
Monday, October 24, 
8:00 a.m. to 5:00 p.m. 

This course covers L-C filter design 
and analysis, with emphasis on prin¬ 
ciples and solving practical problems 
using the personal computer. The 
historical development of filter design 
introduces the course, followed by dis¬ 
cussions of the modern lowpass proto¬ 
type, its transformation to highpass, 
bandpass and bandstop configura¬ 
tions, and the transfer function ampli¬ 
tude and delay characteristics of each. 

Additional topics include elliptical 
transfer function filters, determination 
of required filter order, effects of com¬ 
ponent Q and parasitics, filters as 
matching networks and distributed 
(transmission line) filters. 

RF Circuit Design Part II: 
Advanced Topics 
Les Besser, 
Besser Associates, Inc. 
Tuesday, October 25, 
8:00 a.m. to 5:00 p.m. 
A continuation of RF filter design, 

using structures beyond those intro¬ 
duced in the first course. Modern filter 
design, including computer-aided syn¬ 
thesis, is also covered. Impedance 
transformations are extended to broad¬ 
bands, using both lumped and distrib¬ 
uted elements and complex termina¬ 
tions. The small signal amplifier design 
is also extended to broadbands, and 
impedance matching and feedback 
methods are discussed. Large signal 
amplifiers of Class-B and -C types are 
evaluated through the latest CAD tools. 
Other nonlinear circuits, such as 
oscillators, mixers and frequency multi¬ 
pliers are introduced; their behaviors 
are examined both in the frequency 
and time domain. 

An additional fee of $185 is charged 
for each course, and advance registra¬ 
tion is strictly required. Registration for 
a second course can be obtained for 
$135. 
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Are the limits placed on junction temp¬ 
erature by various government agencies 
reasonable for a new generation of radar 
equipment? Classically, junction tempera¬ 
ture has been related to M.TT.F. of RF and 
microwave transistors. This paper details 
evidence that many factors influence the 
junction temperature, and that all these 
factors have direct consequences in pre¬ 
dicting the M.TT.F. of pulsed L-band 
microwave power transistors. 

RF Components at Low Temperatures 
Otward Mueller, 
General Electric Company 

It is a well-known fact that the proper¬ 
ties of many electronic components im¬ 
prove if they are cooled. This paper pre¬ 
sents a review of these properties and in¬ 
cludes a discussion of electronic, thermal 
and magnetic conductors. An experiment 
with a 2-kilowatt RF linear pulse power 
amplifier is described. 

Session B-3: New RF Components 
Chair: Gene Niemec, 
Merrimac Industries, Inc. 

TV Linear Power Transistors: 
150 Watts, Class AB, Band IV-V 
Serge Juhel, 
SGS-Thomson Microelectronics 

This paper covers recent advances in 
TV Linear Power Transistors and the die 
characterization data required to optimize 
the device parameters for best application 
performance. 

A Silicon RF Amplifier Using a 
Dielectrically Isolated Monolithic 
Microwave Integrated Circuit 
(DIMMIC) Process 
P. Bachert, Michael McCombs, 
Paul Sanders, 
Motorola Semiconductor 
Product Sector 
A three-stage silicon monolithic RF 

power amplifier is described. Perfor¬ 
mance characterization, including a com¬ 
parison to a thin-film hybrid discrete pro¬ 
totype, is discussed. Also described is the 
dielectrically isolated high frequency sili¬ 
con bipolar process used to fabricate the 
amplifier. 

Applications and Measurement of 
Small Value Inductors in SMT and 
Hybrid Circuits 
Richard Dunlap, Micoil 
The small values of inductance and 

physical size of chip inductors present 
many application problems in today’s RF 
circuit design, fabrication and assembly. 
This paper details some of the chip induc¬ 

tor fabrication, measurement and assem¬ 
bly problems and presents discussion and 
analysis of some solutions. Specific topics 
regarding measurement, fixtures, physical 
mounting and reliability will be evaluated. 

Wednesday — 
8:30 to 11:30 a.m. 

Session C-1: 
Radiowave Propagation Tutorial 
Daniel R. Dorsey, Jr., 
DocSoft Enterprises 

This session presents an introduction 
to basic principles and characterizations 
involved in radio wave propagation. Dis¬ 
cussion includes a study of VLF propaga¬ 
tion, especially seawater propagation and 
submarine communications. This is fol¬ 
lowed by a look at HF propagation, with 
an examination of the structure and char¬ 
acteristics of the earth’s atmosphere and 
ionosphere and an introduction to several 
“exotic" modes of propagation. The final 
section of this session covers propagation 
at VHF and above, with a consideration 
of atmospheric effects and satellite 
communications. 

Session C-2: 
Quartz Crystal Applications 
Chair: Colin Lanzl, Alpha Industries 

Fundamentals & Stability of Crystal 
Resonators 
John Vig, 
U.S. Army Electronics Technology & 
Devices Laboratory (LABCOM) 

A Review of Crystal Filters 
William Pond, 
McCoy Electronics Company 
The three major parts of filter design re¬ 

quire the definition of a specification, the 
development of a suitable approximation 
and the realization of a circuit. This paper 
presents a discussion of these three items 
and how they apply to crystal filters, as 
well as what a crystal filter consists of, why 
crystal filters are used and what their 
limitations are. 

Practical Considerations in 
Specification of High Stability 
Crystal Oscillators 
Glenn R. Kurzenknabe, 
Piezo Crystal Company 
Problems for the user and manufac¬ 

turer of high-stability crystal oscillators can 
be minimized by increased understanding 
of parameters affecting design and cost. 
This paper addresses system design con¬ 
siderations and critical performance para-

PRODUCTS 
EXCELLENT PERF/PRICE 
2-YEAR WARRANTY 
25,000 h MTBF 
8-YEAR FLAT RATE 
SERVICE CHARGE 
REALISTIC FIRST COST 

TRACK RECORD 
FIRST IN OEM 
SYNTHESIZERS 
SUPPLYING THE 
INDUSTRY FROM 
BLUE CHIPS TO 
START-UPS 
SINCE 1975 

SERVICE 
FAST, COURTEOUS 
AND DEPENDABLE: 
THE PTSWAY 

FREQUENCY SYNTHESIZERS 

LITTLETON. MA (508) 486-3008 
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meters for oscillators utilizing “SC” cut 
crystals in the 5-10 MHz and 90-110 MHz 
regions. 

Session C-3: 
Computer-Aided Design 
Chair: Jack Koscinski, 
General Optronics Corporation 

CAD Package for RF Applications 
Alec Clerihew, Hazeltine Corporation 

A Surface Acoustic Wave Filter 
Computer-Aided Design Workstation 
Sam M. Richie, Benjamin P. Abbott, 
Cartton D. Bishop and 
Donald C. Malocha, 
University of Central Florida 
This paper presents a description of 

“SAWCAD,” a surface acoustic wave 
computer-aided design workstation sys¬ 
tem implemented on a personal computer 
class hardware system. A description of 
device modes, analysis techniques and 
CAD design structure will be discussed. 

High-Speed Printed Circuit Board 
Analysis and Simulation in a 

Workstation Environment 
Joseph Hall, Sasan Ardalan, 
M.S. Basel, Donna O. Riddle and 
Michael B. Steer, 
North Carolina State University; 
Real Pomerleau, 
Bell Northern Research 

Performance of digital systems on prin¬ 
ted circuit boards (PCBs) is currently 
limited by transmission line effects rather 
than the technology of digital devices. 
This paper presents a review of transmis¬ 
sion line theory, a technique for recursive¬ 
ly solving transmission line networks and 
a review of CAPNET, the CAD tool for 
complex transmission line networks. 

Wednesday — 
1:30 to 4:30 p.m. 

Session D-1: 
Elements of Antenna Theory 
Chair: Gary Breed, RF Design 

Benjamin Rulf, 
Lockheed Electronics Company, Inc. 
The purpose of this tutorial is to explain 

in an elementary way some basic con¬ 
cepts and factors of antenna theory. 
Following a review of the basics of wave 
theory, there are sections on wire anten¬ 
nas, small aperture antennas, antenna ar¬ 
rays and reflector antennas. The session 
is intended for RF engineers who have 
had some exposure to electromagnetics 
and have a working knowledge of trans¬ 
mission lines and of basic engineering 
mathematics. 

Session D-2: Power Amplifiers 
Chair: Samuel J. Klein, 
Microwave Modules and Devices 

Effects of VSWR Upon Class-E 
Power Amplifiers 
Frederick H. Raab, 
Green Mountain Radio Research 
Company 
The class-E power amplifier achieves 

high efficiency at high frequencies by us¬ 
ing the output-filter network to discharge 
the drain-shunt capacitance immediately 
prior to switching on the transistor. This 
paper investigates the effects of VSWR 
upon the power, efficiency and stress 
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characteristics of an ideal class-E RF 
power amplifier through numerical 
evaluation. 

RF Hybrid Linear Power Amplifier 
With Diamond Heat Sink 
Nafiz Karabudak, Aydin Vector Division 

This paper addresses the design of a 
high power output RF linear small signal 
amplifier using diamond heat sink. The 
benefits of using diamond heat sinks will 
be reviewed and future trends and possi¬ 
ble applications discussed. 

Development of a Linear L-Band 
High Power Amplifier for Satellite 
Application 
Gilles Brassard, 
Spar Aerospace Limited 

Providing an economically viable 
mobile communications service via satel¬ 
lite necessitates onboard linear power 
amplifiers with good efficiency. This paper 
describes the requirements for and de¬ 
sign of such an amplifier, capable of pro¬ 
ducing 50 watts of RF power with a multi-
tone signal at an efficiency of 25 percent 
and with intermodulation products better 
than 17 dB below carrier. 

Session D-3: 
Non-Linear Circuit Simulation 
Chair: Michael K. Ferrand, 
Microlab/FXR 

Nonlinear Circuit Simulation for 
Microwave and High-Speed Circuits 
P.K.U. Wang, K.T. Lin, M. Sango and 
C. McGuire, EEsof, Inc. 

Circuit simulation programs such as 
SPICE have been available for nonlinear 
circuit design and simulation since the 
late 1960s and early 1970s. This paper 
presents approaches to making a generic 
nonlinear circuit program, such as SPICE, 
into a program for high-speed frequency 
applications. Techniques for improve¬ 
ments in the areas of equation formula¬ 
tion, numerical integration, device model¬ 
ing and simulation data processing are 
discussed. 

Simulation of Nonlinear RF and 
Microwave Circuits 
C.R. Chang, P.L. Heron, 
Michael B. Steer, G.W. Rhyne, 
Donna O. Riddle and R.S. Gyurcsik, 
North Carolina State University 

Nonlinear analysis methods for RF and 
microwave circuits can be classified as 
time domain, frequency domain or as 
hybrid (time and frequency domain) 
depending on how the linear and non¬ 
linear elements are analyzed. Two promis¬ 
ing techniques, harmonic balance meth¬ 
ods and series methods, are reviewed 
and BJT and MESFET amplifiers are ana¬ 
lyzed using harmonic balance (a hybrid 
method) and generalized power series 
analysis (a frequency domain method). 

Thursday — 
8:30 to 11:30 a.m. 

Session E-1: Mixer Tutorial 
Donald Steinbrecher, 
Steinbrecher Corporation 
Fundamentals of mixer design using 

various configurations are presented in 
this tutorial. Emphasis is placed on the 
effects that design parameters and exter¬ 
nal influences have on mixer perfor¬ 
mance. 
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Session E-2: 
Manufacturing-Related Topics 
Chair: Lisa Boyd, 
McCoy Electronics Company 

Special Requirements of RF Packaging 
Rudy Sachs, ASPE, Inc. 

A discussion of RF package design is 
presented with design solutions for 
meeting electrical performance criteria. 

An Inexpensive Silicon Monolithic IC 
Process for Microwave Low and 
Medium Power Circuits 
Paul Sanders, 
Motorola Semiconductor Products 
Sector 

Transistors fabricated with dielectric 
isolation technology have long been 
recognized for their advantages over con¬ 
ventional junction isolated ICs. However, 
fundamental disadvantages such as low 

“Slot Ten" series of variable RF inductors. 
For prototyping, use our 108 piece Experimenters Kit. It puts 

inductance values from 0.7 to 1143 gH at your fingertips, so you'll 
save hours of hunting around for the right part. 

The savings continue when you go into production because 
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tuning, optional shielding, and one-piece molded construction that 
guarantees low drift. 

To order your "Slot Ten" Experimenters Kit or for complete 
technical details, call us at 312/639-6400. 

“Slot Ten" kit— $60 t). 7tu 1143 uH 
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“Vnicoil" kit— $60.0425 to 1.5 uH 
49 shielded. 49 unshielded values (2 of each ) 

To order call 312 639 6400 

Dept. D, 1102 Silver Lake Rd.. Cary, IL 60013 

density limitations and device tub (collec¬ 
tor region) thickness tolerance still exist. 
This paper describes and evaluates 
patented modifications to the fundamen¬ 
tal isolation process aimed at minimizing 
these factors. 

Simulation of Complex Coupled PCB 
Layouts with Non-Linear Digital 
Device Termination 
Daniel Winkelstein, Real Pomerleau 
and Michael B. Steer, 
Bell Northern Research 
Performance of digital printed circuit 

board technology is currently limited by 
transmission line effects of PCB tracks. 
This paper presents a numerical method 
for determining the transient response of 
arbitrarily complex transmission line 
systems terminated with digital devices. 
Experimental and analytic results are 
compared and guidelines for design and 
simulation presented. 

Session E-3: 
Transmission Line Topics 
Chair: Robert C. Kane, 
Motorola, Inc. 

Through Symmetric Fixture: 
A Two-Port S Parameter Calibration 
Technique 
Jeffery S. Kasten and Michael B. Steer, 
North Carolina State University; and 
Real Pomerleau, 
Bell Northern Research 
A straightforward procedure for the 

calibration of a measurement system with 
symmetric test figuring is described and 
experimentally verified. 

Use of Pads and Baluns for TAHQ 
Alignment 
Nathaniel Ersoz, 
Thomson Consumer Electronics 
The topic of this paper is an analysis 

of a measurement technique used to 
evaluate performance of RF devices with 
a balanced input. The technique, involv¬ 
ing a “balanced pad” as a restrictive 
device, is examined and found to be very 
poor. 

The Design of a High Reliability 
All-Electronic Step Attenuator 
Marcus Da Silva and David Whipple, 
Hewlett-Packard 

This paper describes a step attenuator 
used in the HP 8657A Signal Generator, 
implemented using a resistive ladder net¬ 
work optimized for broadband operation, 
50 ohm characteristic impedance and PIN 
diode switches. 
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design feature 

An Emitter Follower Oscillator 

By Harvey L. Morgan 
TDC, Inc. 

An emitter follower is generally not con¬ 
sidered capable of oscillation since the in¬ 
put and output are in phase and output 
voltage is less than input voltage. 
However, since an emitter follower (EF) 
has power gain, emitter follower oscilla¬ 
tion is possible. The EF oscillator de¬ 
scribed in this article is believed to be 
new. Its mode of operation is strange, to 
say the least, but it works quite well, and 
is presented for consideration by the 
readers. 

A circuit being developed for broad¬ 
band full-wave rectifier use was 

observed to oscillate at a 10 MHz rate at 
the zero-crossings of the output wave¬ 
form. Since the output active elements 
were a pair of transistors with a common 
emitter resistor, that oscillation was an in¬ 
teresting phenomenon deserving further 
investigation. The full-wave rectifier con¬ 
sisted of a phase splitter driving the emit¬ 
ter followers with opposite polarities of the 
signal (Figure 2) so that when one EF was 
following a positive-going voltage, the 
other was following a negative-going 
voltage. With their emitters at the same 
potential at all times, conduction would be 
alternate. At cross-over, their collector cur¬ 
rents and base bias would be almost iden¬ 
tical, but not quite, due to difference in 
beta. Oscillation started slightly before 
cross-over and continued about an equal 
interval after cross-over. Oscillation could 
be suppressed by a capacitor shunting 
the common emitter resistor. 
A normal EF has a steady-state current 

in the bias resistor modulated by the 
signal. When the transistor Q1 with the 
negative-going signal has its emitter 
pulled up by the other transistor (Q2), the 
base current of Q1 will decrease at the 
same time, reducing the bias resistor drop 
which would tend to pull the Q1 base up 
and renew conduction. The coupling 
capacitor-base resistance time constant 
appears to be the controlling factor. 
The two EFs were disconnected from 

the phase splitter and a series capacitor 
and inductance was coupled between 
bases (Figure 3). An oscillation occurred 
in a restricted supply voltage range and 
with small amplitude. It was quickly 

RF Design 

Figure 1. Transistorized Clapp 
oscillator (for reference). 

Figure 2. Broadband full-wave rec¬ 
tifier. 

Figure 3. Initial form of emitter follower oscillator. 

established that the oscillation was not a 
series resonance but rather a parallel 
resonance of the inductor with its distri¬ 
buted capacity and the input capacities 
of the EFs. Oscillation occurred at low 
voltages (on the order of 5 volts). A 
variable capacitor across the inductor 
allowed some frequency tuning, but too 
much capacity stopped oscillation. 
RF grounding of one EF base (Figure 

4) increased the amplitude of oscillation 
to on the order of the supply voltage 
(peak-to-peak) and the output waveform 
was a fair sine wave. The sensitivity to 
capacitive loading of the inductor re¬ 

mained. It was noted that the voltage 
developed across the RF-grounded base 
was a small asymmetrical sawtooth. 
The output waveform was noted to 

swing above Vcc. The EF swinging posi¬ 
tive at the time would have to be drawing 
enough base current to provide emitter 
output current under those conditions. 
The negative swing did not reach ground 
potential. Scope probe capacity was too 
great to observe the waveform on the 
base of the non-RF-grounded EF. Ob¬ 
viously, drive to the resonant circuit was 
provided by base current pulses alternate¬ 
ly from the EFs. 
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SERIES 7101 

1.0Hz to 70.0 MHz 
TC VCXO 
TCXO 

LOW PROFILE 
24 PIN DIP 

To clarify what was happening, the in¬ 
ductor was split and the center-tap 
grounded (Figure 5). This worked from 16 
MHz to about 2 MHz as the inductor value 
was varied. The waveform remained sinu¬ 
soidal and equal to or greater than the 
supply voltage. The supply voltage sensi¬ 
tivity was greatly reduced (5 to at least 15 
V). The extreme sensitivity to capacitive 
loading across the inductor remained. 

However, it was found that a variable 
capacitor could be used to vary the fre¬ 
quency when shunted across the emitter 
resistor (Figure 6). The capacitive im¬ 
pedance reflected onto the resonant cir¬ 
cuit by the transistor bases provided the 
tuning. The ratio of actual emitter capacity 
to effective capacity across the inductor 
was not the same as the beta of the tran¬ 
sistors, as would be the case with resistive 
loading due to an EF. The transistors 
(2N2222) used probably had an average 
operating point beta on the order of 100. 
The ratio of actual to effective capacity in 
one case was about 1:4. The circuit has 
fairly good output of a sinusoidal wave¬ 
form with low output impedance. 0) 

About the Author 
Harvey L. Morgan is senior engineer 

at TDC, Inc., 621 Six Flags Drive, Ar¬ 
lington, TX 76011. Tel: (817) 649-4563. 

Figure 4. Grounded base EF oscil¬ 
lator. 
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rH/emc comer_ 

Reflections on EMC Measurements 
By Tom Minnis 
David Systems 

The many ways by which EMC mea¬ 
surement can be done are dependent 
upon available equipment. The following 
is a discussion of various methods used, 
starting with the very old through the most 
modern equipment and concluding with 
some improvements the author feels can 
and should be implemented to improve ef¬ 
ficiency. It is possible to conceive of all 
sorts of remote controlled antenna posi¬ 
tioners, EUT turntables and antenna 
switches that would speed up the pro¬ 
cess. For the sake of discussion, it is 
assumed that this part of the system is the 
same in all cases in order to focus on the 
data gathering instrumentation and 
methodology. 

Making calibrated field strength mea¬ 
surements on the spectrum emitted 

by electronic equipment is tedious and 
it can be difficult to maintain calibration. 
The fact that the FCC has required the 
measurements be made on an open site 
makes the testing even more interesting 
because most of what is seen on a spec¬ 
trum analyzer are ambient signals. Some¬ 
times the signals are continually present 
like broadcast stations, other times they 
come and go as in the case of two-way 
radio communications such as cellular 
radio telephone, police, fire and air traf¬ 
fic control. Typically, the equipment under 
test (EUT) will have a characteristic spec¬ 
trum “signature” once the product is 
stable. In the development phase, the 
EUT signature may change, sometimes 
dramatically as various modifications are 
tried in an attempt to make the EUT meet 
whatever emission standard is required. 
It is possible to reduce one frequency 
component to a passing level while in¬ 
creasing the level of the other com¬ 
ponents that may have gone unrecorded 
because they were so insignificant before 
the modification. In the development 
phase of a product, the ability to quickly 
see the effects of a change is very impor¬ 
tant in order to maintain continuity of 
thought in addition to saving time. 

Method I 
This old widely used method makes 

use of a wideband communications re¬ 
ceiver with a calibrated signal strength 
meter. The NF105 with numerous plug-in 
front ends to cover the spectrum was very 
popular. This method requires the equip-
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ment operator to manually record each 
frequency of interest, the level, line loss 
and antenna loss. Making the unit con¬ 
versions, adding the numbers up and 
comparing the result to the standard for 
each frequency tells the user if the EUT 
is in or out of spec. 
As the receiver is manually tuned 

across the band, the ambient signals are 
instantly recognized and ignored by sim¬ 
ply listening to them. The EUT signals 
usually have a characteristic modulation 
or sound to them. Sometimes the EUT will 
put out a relatively pure unmodulated car¬ 
rier that has no sound to it. Momentarily 
turning off the EUT and observing what 
happens to the signal can easily resolve 
the ambiguity. After a few runs, the quiet 
ambients and EUTs can be identified thus 
saving the time it takes to cycle the power 
on the EUT. Except for changing plug-ins, 
the tuning process is relatively fast com¬ 
pared to the time it takes to stop and 
record the data. Manually processing the 
data to make the determination as to 
whether the EUT passes or fails the emis¬ 
sion standard consumes lots of time and 
is prone to clerical errors. 

Method II 
Method II takes advantage of somewhat 

newer test equipment with a spectrum 
analyzer hooked to an XY plotter with 
preprinted calibrated chart paper. The 
primary components of a typical system 
include the HP141T spectrum analyzer 
system using the 8552B IF and the 8554L 
RF plug-in along with the HP 7014B XY 
recorder and the HP 8447F wideband 
amplifier. This system eliminates all the 
clerical work in Method I because of the 
use of preprinted chart paper. The plot 
directly shows the operator if the EUT is 
in or out of spec. 

First, a slow scan is directly plotted. If 
a speaker is hooked up to the video, the 
operator can easily tell which parts of the 
spectrum contain the most EUT signals 
by listening and watching the plotter as 
the analyzer slowly sweeps the band. 
When the plot is done, the operator lifts 
the pen and manually tunes in the peaks 
one by one and marks the ambient peaks 
that exceed the limit. When an EUT com¬ 
ponent is tuned in, the peak level can be 
visually integrated and maximized with 
the ability to disregard noise hits because 

the operator is listening to the peak 
detected audio. 

Direct graphical output is helpful in 
viewing the signature and quickly deter¬ 
mining if the EUT passes or fails. While 
eliminating clerical errors associated with 
manually manipulating large amounts of 
numbers, the system is dependent on a 
constant site attenuation since the charts 
are preprinted with that assumption. 
Hopefully, by maintaining a clean unob¬ 
structed repeatable test setup, variations 
in ground conductivity will introduce only 
minor errors. Positioning the chart paper 
on the plotter is a concern as well as the 
linearity. An experienced operator who is 
aware of all the sources of error in the 
system can minimize these errors and 
produce respectable charts very quickly. 
The procedures for discriminating be¬ 

tween the ambients and the EUT are the 
same as in Method I. In the checking phase, 
the spectrum analyzer is manually tuned 
just like a radio except the entire band can 
be seen at once, yet one listens only to 
where the analyzer is tuned. In this way 
the user can safely skip over large chunks 
of spectrum that do not have signals close 
to the limits. The beauty of this system is 
that everything is recorded, even the EUT 
signals far below the limits. As the design 
evolves, the components that were ig¬ 
nored in the past come up and vice ver¬ 
sa. This is by far the fastest method for 
determining the relative strengths and 
weakness of different designs. The tabu¬ 
lar methods may lead to more precise 
numbers, but the precision of the num¬ 
bers may lull the operator into a false 
sense of accuracy that in the end may be 
no more accurate than can be judged by 
interpolating a scale on the chart. 

Method III 
This method takes advantage of com¬ 

puter technology using a computer 
hooked to a spectrum analyzer and 
various other devices via the general pur¬ 
pose interface bus (GPIB). A typical setup 
consists of the HP 8566B or the 8568B 
spectrum analyzer, the HP 85650A Quasi¬ 
peak adapter, a GPIB plotter and printer 
and one of the HP 200 series computers 
running the HP 85864A EMI measure¬ 
ment software or its equivalent. 
When an EUT component is tuned in, 

the operator simply pushes a button on 

October 1988 



une Antenna Kit 
with everything, 
to go please. 

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

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

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

accessories. 

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

SAS-200/510 300- 1800 MHz Log Periodic SAS-200/542 20- 300 MHz Biconical, Folding 
SAS-200/511 1000- 12000 MHz Log Periodic SAS-200/550 .001 - 60 MHz Active Monopole 
SAS-200/512 200- ’800 MHz Log Periodic SAS-200/560 per MIL-STD-461 Loop- Emission 

Si?'?!!!!'™ '???■ h08.^™8'?, .... SAS-200/561 per MIL-STO-461 Loop - Radiating 

SÄS-2ÖÖ/54Ö 20- 300 MHz Biconical' BCP-200/510 20 Hz - 1 MHz LF Current Probe 
SAS-200/541 20- 300 MHz Biconl, Collapsible BCP-200/511 100 KHz-100 MHz HF/VHF Crnt. Probe 

AH Systems 
9710 Cozycroft Ave 
Chatsworth, CA 91 31 1 
Tel: 81 8 998-0223 
Telex: 182 640 WKVG Fax #: 818 998-6892 

A.H.^ 
SYSTEMS 
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the computer console and the computer 
reads the frequency and level to which the 
spectrum analyzer cursor is set. Since all 
the site attenuation data and specification 
limits are already known, the normalized 
plot can be directly displayed and plotted. 
While it is amazingly efficient at collecting 
data, it is surprisingly inefficient and dif¬ 
ficult to use in situations where it is 
necessary to discriminate between am¬ 
bient and EUT signals. 

If the operator wants to check a signal 
to determine if it is coming from the EUT 
by listening to it, the user first sets the cur¬ 
sor on the signal and centers it on the 
screen. Then the sweep span is changed 
to 0 Hz and the volume is turned up on 
the quasi-peak detector speaker. At this 
point, the display has changed from a fre¬ 
quency domain to a time domain display 
of the peak detected carrier with the 
associated bandwidth of the IF and video 
filters. The operator has lost touch with the 
surrounding spectrum and cannot easily 
judge what amplitude to attribute to am¬ 
bient or EUT if there is even an EUT pres¬ 
ent. After going through all this trouble 
to check a signal, the majority of the time 
the signal will be an ambient. Getting 
back to the frequency domain requires 
the operator to open up the span to a few 
MHz and turn down the volume on the 
speaker, since by this time the audio com¬ 
ing from it is useless. 
With the spectrum now visible again, 

the operator tunes the cursor to the next 
peak not yet knowing if this peak is am¬ 
bient or the EUT. After all this button 
pushing, all that is obtained is a tabular 
list of frequencies and levels that the 

operator thought were significant enough 
to record. Since it is so much work to ac¬ 
tually listen to a small chunk of spectrum, 
there is a temptation to make the judg¬ 
ment based on how the spectrum looks 
rather than on how it looks and sounds. 
Going back and forth between the time 
domain and frequency domain, the opera¬ 
tor runs the risk of both missing EUT 
signals and mistaking ambients for EUTs. 
An inexperienced operator who realizes 
that he can be fooled by simply looking 
at the spectrum will diligently tune each 
one in and listen (this can take many 
hours). One possible method of avoiding 
the time it takes to constantly switch be¬ 
tween the frequency domain and the time 
domain would be simply to stay in the time 
domain with 0 Hz span and tine the center 
frequency. This tuning method is equiva¬ 
lent to Method I with the advantage of 
automated logging. 

Method IV 
An improvement over Method III would 

eliminate the disadvantages of Method III 
and include the advantages of Method II. 
The author believes that this would only 
require a firmware change to the spec¬ 
trum analyzer. The equipment setup 
would be the same as in Method III but 
with an improved spectrum analyzer and 
software. 
The start and stop frequencies are set 

by the antenna in use such as a frequen¬ 
cy span from 30 to 200 MHz. Next, a slow 
scan is saved in memory and displayed 
including the limits. To verify the peaks, 
the operator manually tunes the cursor 
over the stored display, listening while tun¬ 

ing. The analyzer is now in a zero span 
mode. The stored display remains and the 
cursor follows the stored display and in¬ 
dicates the level of the detector without 
permanently overwriting the stored dis¬ 
play. When an EUT signal is tuned in with 
a peak or quasi-peak detector, the level 
can be determined. This level can be 
marked in memory and on the display and 
read into a tabular file on the computer. 
When the verify phase is completed, the 
operator plots the screen which clearly 
shows the EUT signals against the limits 
and the ambient. The tabular listing of 
each component of the EUT spectrum 
signature can be printed while the screen 
is being plotted. During the printing and 
plotting phase, antennas and/or EUTs can 
be changed. Method IV was envisioned 
as a minimal design change solution to 
existing hardware which makes the sys¬ 
tem acceptable in this application but not 
optimal. Since the author is not intimately 
familiar with the inner workings, perhaps 
someone who is could comment on the 
feasibility of this modification. 

Method V 
This method would use a modified HP 

8568B or 8566B spectrum analyzer with 
a new version of the HP 85650A quasi-
peak detector. The GPIB plotter, printer 
and 200 series computer would obviously 
not need to change but the software could 
be improved. 

In this scenario, the operator would start 
out by defining the limits of the scan 
among other things as is the case now. 
Next, a slow scan is started with the video 
stored in the spectrum analyzer memory 

RF POWER AMPLIFIERS 
for 

MILITARY & AIRCRAFT COMMUNICATIONS 
□ 30-80 MHz VHF Tactical FM 
□ 225-400 MHz UHF Satcom FM 

□ 116-152 MHz VHF Aircraft AM 
□ 225-400 MHz UHF Aircraft AM 

66 

RF Power Output levels from 25 to 200 Watts 
RF Input Power from .25 to 20 Watts 
Manpack, Mobile and Fixed Installation Configurations 
Automatic amplifier bypass circuitry for transceiver 
operation 
Broad band circuitry, no tuning or adjustment required 
Amplifiers compatible with any Transmitter or 
Transceiver operating in the listed frequency ranges 
12 and 28 Volt models available 

Mjlcom 
International Inc. 

10891 CAPITAL AVENUE, GARDEN GROVE, CALIFORNIA 92643 • 714-554-1710 
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Toko coils and filters 
attack RF design problems 

Plagued 
by parasitic 
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 
right components 

i to neutralize your 
rf 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 p.H 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¬ 
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 
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. 

For more information on: _ 
Subminiatures, INFO/CARD 60 Custom Modules, INFO/CARD 62 
Chip/SMD, INFO/CARD 61 RF & I-F Filters, INFO/CARD 63 

• NEW! COIL PROTOTYPE/ 

SAMPLE KITS 

Toko sample kits give 
you more choices and 
cost less! 

• Molded Sample Kit 82 
values (123 parts) 

30MHZ-150MHZ 
0.0393-1.173 p.H 
7mm Sample Kit 

54 values (108 parts), 
70kHz-50MHz; 0.1-22.0 mH 

• 10mm Sample Kit 68 values (136 
parts), 79kHz-75MHz; 0.08 p.H-56 mH 

INTRODUCTORY PRICED AT $39 EACH. 
ORDER YOURS TODAY! 

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. 

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

’•¿¡toko 
TOKO AMERICA,INC 
(CORPORATE HEADQUARTERS) 
1250 Feehanville Drive 
Mt. Prospect, Il 60056 
(312) 297-0070, FAX (Gill): (312) 699-7864 

(Western Branch) (408) 996-7575 
(Eastern Branch) (914) 694-5618 
(Southeastern Branch) (205) 830-0952 

Active Filters, INFO/CARD 64 
Sample Kit, INFO/CARD 65 



CRYSTEK 
The pulse off dependable 

communications 

New Product 
INTRODUCING 

o.c.c.o. 
Oven Controlled 

Crystal Oscillators 

QUALITY 
FREQUENCY 
CONTROL 

• A new generation of ovenized crystal 
oscillators is introduced to the 
electronics industry. 

• An O C C O is the answer to tight 
frequency/timing control over a wide 
temperature range (—30° to 85° C) 

• The high reliability of O.C.C.O. ’s 
guarantees optimum performance in 
Two-Way Communicaton, Telemetry 
and Instrumental application. 

• SERVICE 

• DESIGN 

• SUPPORT 

and displayed on the tube with the limits. 
As the sweep slowly moves up the band, 
the detected video is audible, just as in 
Method II. In the verification phase, the 
operator manually tunes in the peaks and 
listens to where the cursor is positioned 
over the stored plot. Typically, the frequen¬ 
cy scale of a complete scan is too big to 
see the detailed spectrum. So, in this 
mode the stored spectrum, while it is 
saved, is displayed in low intensity and a 
detailed spectrum is displayed in normal 
intensity. The detailed spectrum would be 
centered about where the cursor is tuned 
on the stored display and the frequency 
to which the analyzer was tuned would 
always be centered on the real time de¬ 
tailed spectrum. The span, bandwidth, 
video and filtering would all work normally 
but in addition, the audio would be repre¬ 
sentative of what the user would hear if 
the analyzer was not sweeping and was 
tuned to the frequency at the center of the 
display. This would require an additional 
mixer and IF detector chain that would 
track the bandwidth settings of the spec¬ 
trum analyzer. When the EUT signal is 
tuned in and maximized, the operator 
could mark the level and frequency with 
a vertical line that touches the frequency 
scale and whose length is precisely the 
level of the detected signal. The spectrum 
plot and the EUT lines could have dif¬ 
ferent colors and each line would be de¬ 
scribed in detail on the tabular listing. As 
the data is taken for each line, the 
operator could type in comments without 
having to exit the program. This is 
especially important when the signal is 
maximized because during the maximiza¬ 
tion process, EUT setup conditions can 
change and a means of noting these 

changes on the fly is important during the 
development phase of a product. 
The ability to see in the frequency do¬ 

main on either side of where a receiver 
is tuned is not a new concept. The 1950’s 
vintage Hammerlund SP600 was avail¬ 
able with a panoramic adapter. Heath has 
offered at least two pan adapter models 
over the years for their communications 
receivers (both now discontinued). More 
recently, Kenwood offered the SM220 to 
work in conjunction with their newer 
equipment, and ICOM's recently introduc¬ 
ed IC-781 communications transceiver in¬ 
cludes a pan adapter. All these designs 
are receivers first and simple spectrum 
analyzers second. The author is not 
aware of a modern GPIB controlled spec¬ 
trum analyzer that can function as a sim¬ 
ple receiver and still display the spectrum. 

This article illustrates the need for the 
test equipment designer to adequately 
familiarize himself with the application for 
which he is designing the equipment. The 
author (and readers) would appreciate ad¬ 
ditional information on new model capa¬ 
bilities from equipment manufacturers. 

Special thanks goes to Noel Duckett at 
Ford Aerospace for his help with describ¬ 
ing the EMI measurement techniques of 
the past. H 

About the Author 
Tom Minnis graduated from Cal Poly 

San Luis Obispo in 1971 with a BSEL 
and holds amateur extra class license 
WB6HYD. He most recently worked at 
David Systems as a senior design 
engineer. He can be reached at 1132 
Reinclaud Court, Sunnyvale, CA 
94087. Tel: (408) 720-1650. 

Made in U.S.A 
EMC Directory to Debut in January 

FEATURES ARE: 
Frequency Range 

Frequency Stability 

8 - 200 MHZ 
ï t p p M over a temoeraiure range of - 30’0 
io ♦ 85*C 

Aging < 2 p p M first 6 months 
< 1 p p M for life 

Trim Range t 6 p p M minimum 

Fast Warm-Up < 1 minute from cold 

Current Oram (oven) < 50 mA 4 25*C 

Oscillator Current < 30 mA « 12 VOC 

Output Level / Shape Per customer requirement 

Write or Call Us Today! 
TOLL FREE: 1-800-237-3061 

Crystek Corporation 
DIVISON OF WHITEHALL CORPORATION 

2351/71 Crystal Drive - Fort Mye-s, FL33907 
P.O Box 06135 - Fort Myers. FL 33906-6135 

(813) 936-2109 - TWX 510-951-7448 
FAXIMILE: 813/939-4226 

Liberty Labs will be publishing the 
1989 Directory of EMC Test Laborator¬ 
ies and Consultants in January 1989. 
The publication will contain detailed in¬ 
formation on EMI/EMC test labs and 
consultants, telecommunication labs 
and consultants, product safety labs 
and consultants, and calibration ser¬ 
vices for test labs. The specific entries 
will include national and international 
services, services by region, test types 
and capabilities. 
The directory will contain seven 

main sections. The first section will 
feature guest articles and publications 
relating to EMC test labs and con¬ 
sultants. This will be followed by a 
resource summary section with history, 

capabilities and services, facilities, ma¬ 
jor instrumentation, personnel, hours 
of operation, lead times, and contacts. 
This is followed by a capability index 
(FCC Part 15-J, FCC Part 90, MIL-STD 
461, etc.), state index, national and 
foreign index, accredited labs, certified 
EMC personnel and professional engi¬ 
neers, indexes, plus an advertising 
section. 
The cost of the directory is $65. In¬ 

terested consultants and test labs that 
wish to be listed in the directory (for 
free) can contact Liberty Labs, Inc., 
P.O. Box 8268, Cedar Rapids, IA 
52408. Tel: (319) 390-3646; Fax: (319) 
390-3802. To receive ordering informa¬ 
tion. circle INFO/CARD #220. 
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ff design feature_ 

Dissipative Filters 

These Filters Work by Absorption Rather Than Reflection. 

By Matthew Fivash 
Honeywell, Inc. 

Common filter types, such as Butterworth, depend on reflec¬ 
tion for their performance. Networks can be designed to achieve 
filtering action by absorption rather than reflection. These net¬ 
works may be called dissipative filters (DFs) as the stopband 
energy is dissipated rather than reflected. 

All filters whose constituents are lossless components (induc¬ 
tors and capacitors) operate by selective reflection of input 

energy. This type of filter may be modeled with the Feldkeller 
energy equation. 

|T(MI = — 1— 
1 -|rp 

where r is the input reflection coefficient. 
This equation, a statement of the principle of energy conser¬ 

vation, shows that all energy which enters a lossless network 
must appear at the output. Stopband energy, then, is reflected 
back to the source by impedance mismatch. As can be seen, 
the source and load impedances play an important role in filter 
performance. 
When termination impedances are poorly controlled, reflec¬ 

tion filters can produce disappointing results. These limitations 
might be mitigated by series or shunt resistances or resistive at¬ 
tenuators at the filter’s ports. While this will place limits on the 
port impedances, a passband loss penalty is extracted. When 
reflecting stopband energy back to the source is undesirable, 
diplexers can be designed to pass stopband energy to an alter¬ 
nate port. Diplexer design, however, requires three port networks 
and the transition band can be a source of trouble. Both of these 
cases can be addressed using dissipative filtering. 

Dissipative Filter Topology 
Ideal passband and stopband two-port models of a dissipative 

filter (DF) are shown in Figure 1a and b, respectively. A little in¬ 
vestigation suggests the networks in Figure 2 as possible ap¬ 
proximations of the ideal two-port model. The network in Figure 
2b is easily recognized as an amplitude equalization network 
(1). Cuthbert (2) presents a brief analysis of both networks in 
Figure 2. He shows that both networks have an ultimate attenua¬ 
tion slope of 6 dB per octave. The input and output impedances 
of both networks converge to the value of the resistors. 
Another filtering network with dissipative properties is the RC 

ladder filter. This network, analyzed in (3), introduces a constant 
loss dependent on source and load terminations. The DF cir¬ 
cuits shown in Figure 2 do not have this loss restriction. 

(a) no loss passband 

<b) resistive terminations 
in stopband 

Figure 1. Ideal non-reflective filters. 

DF Performance 
Two-port theory is a useful means of analyzing filters. To 

develop insight into DF operation it is instructive to compare the 
response of a three-pole Butterworth filter with that of a three-
pole DF (Figure 2a). Worst case filtering performance of both 
filters will occur when the input and output are simultaneously 
conjugately matched at all frequencies. While this is a contrived 
case, it provides an unexpected view of filtering action. Maximum 
available gain (MAG) is given by 

MAG ’ W <K+
Jk* + 1) K = 2 

gng22 9zi 2 
|y21|2

Figure 3 shows the frequency response for a three-pole But¬ 
terworth and DF filter. Best case (constant real impedances on 
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RF POWER 
AMPLIFIER 

PA10-90 
¡H intech 

10-90 MHz. 

Excellent Linearity .. 

High Speed Gating .... 

1000W Pulsed Power. 

MOS FET 
TECHNOLOGY 

8.75”H X 19"W X 21”xD. 

Microprocessor Controlled.. 

With off the shelf products 
or products built to your specifications 

INTECH Incorporated 
AMPLIFIERS-COMMUNICATIONS-NAVIGATION 
Com/Nav Division 
282 Brokaw Road 
Santa Clara, CA 95050 

TEL 408-727-0500 
TWX 910-338-0254 
FAX 408-748-9489 
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Figure 2. Approximations to ideal model. 

THICK FILM HYBRID CIRCUITS 
MANUFACTURING . ASSEMBLY 

CUSTOM CERAMICS: Various sizes and shapes to a maximum of 4" x 4”. 
Alumina (Ala O3) 96% is our standard material. Consult factory for special 
applications. 

THICK FILM PRINTING: Conductor materials used are Ag. Au, Pd Ag, Pt Ag, Pt 
Au and Pd Au. Line definition .005” min. width, .005" min. line spacing 
Resistance range from 10 ohms to 20 megohms; tolerance to' .5%; TCRto' 50 
PPM/C°. Double-sided and multi-layer printing available. 

CHIP AND DIE ASSEMBLY: Complete facility for die bonding, wire bonding 
(aluminum and gold). 

PACKAGING: Hermetic sealing with Resistance Weld, Cold Weld and Seam 
Sealing. Various sizes and shapes such as TO-5, TO-8, DIP, FLAT PACK and 
LCC, along with customization, are available. 

SURFACE MOUNT ASSEMBLY: Both on P.C.B. and Ceramic substrates 
using chip components such as Capacitors, Resistors. Inductors and 
SO-Packages. 

TESTING: Testing and screening is performed per customer requirements. 

NOTE: Our experienced staff is available to assist you from artwork to complete 
assembly, from prototype to volume production. We are a customer- service-
oriented company and are willing to work with you for fast turnaround. 

HI HYBRIDS 311 N0RTH UNDENW00D DRIVE I OLATHE, KANSAS 66062 
IB INTERNATIONAL LTD PHONE: (913) 764-6400 • TELEX: 910-743-0029 • FAX 913-764-6409 
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both ports) and worst case performance are shown. As can be 
seen, the lossless Butterworth design provides no attenuation 
when the ports are conjugately matched. The performance of 
the DF is not strongly affected by source and load impedances. 
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QUARTZ CRYSTALS 
- —--

Figure 4. Input power vs. frequency. 

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 applications. 

■ Consult factory for Microprocessor Type Standard Crystals 

I* CRYSTALS 

hi-q 
• OwiMJWO» mimos iN>im>Ar«mu no 

311 NORTH LINDENWOOD DRIVE / OLATHE, KANSAS 66062 
PHONE: (913) 764-4544 • TELEX: 910-743-0029 • FAX 913-764-6409 
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How You 
Do The Job Is 
What Matters, 

Not How You Get There. 

Figure 5. Magnitude vs. frequency for a two-pole DF. 

Figure 6. Phase vs. frequency for a two-pole DF. 
Most of the analysis presented here is based on ABCD or chain 

parameters. Impedances and transfer functions of an embedded 
two-port can be cast in terms of these parameters. Reference 
4, for instance, tabulates these relations in terms of ABCD 
parameters. The ABCD matrixes for the two-pole and three-pole 
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Car r/S 

(a) open circuit output. 

Figure 7. Group delay vs. frequency (two-pole DF). Figure 8a. Input impedance vs. frequency (two-pole 
DF — open circuit). 

(Figure 2b and 2a, respectively) DF networks are: 

/ S2RLC+S(R2C+L)+2R 

/ S(R2C+L)+2R 
2b: I 

\ S2LC+2SRC 
\ S(R2C+L)+2R 

S2R2LC+2SRL > 

S(R2C+L)+2R 

S2RLC+S(R2C+L)+2R 
S(R2C+L)+2R / 

/ S2LC+SRC+1 
/ SRC+1 

2a: I 
I S3C2L+2S2C2R+2SC 
\ (SRC+1)2

SL 

S2LC+SRC+1 
SRC+1 

Power dissipated in the filter is easily analyzed in terms of 

Analog Circuit Simulation 
NEW ISSPICE/386 On 386 PC's, $386 

Outperforms Workstations 
Increases Speed by 200 - 600% 
Circuit Size nearly Unlimited 

Supports 80287, 80387, Weitek 1167/3167 
SPICE, a world wide standard for analog circuit simula¬ 
tion runs on all 80?86 PC's in real mode as IS_SPICE, 
for only $95.00: Performs AC, DC and Transient, Noise, 
Distortion, Fourier and Sensitivity Analysis. 

$45.00 X port supplies 20-80 dB of 
- i „ . attenuated signal. Find out 

N Female 
To Watt-

BNC Female 

RFA-4059-A 

To Communications 
Monitors 
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more. Call your RFI distributor 
or 1-800-233-1728; in California 
619-587-0656. 

SPICENET, $295: Schematic entry for ANY SPICE 
simulator. Automatically makes a Complete SPICE 
netlist and places output waveforms on your 
schematic. 

PRE_SPICE, $200: Adds Monte Carlo Analysis, 
Parameter Sweeping, Optimization and Algebraic 
Parameter Evaluation. An easy to use Menu Drive 
Program and Extensive Model Libraries are included. 

lntu_Scope, $250: A graphics post processor that 
works like a digital oscilloscope. Easy to 
use with all the waveform operations you 
will ever need. intusoft 

A division of Centronics 

For Information, 
Please Write or Call 

P.O. Box 6607 
San Pedro, CA 
90734-6607 

(213) 833-0710 
All Programs come 
with a 30 Day Money 
Back Guarantee 
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Figure 8b. Input impedance vs. frequency (two-pole 
DF — short circuit). 

Figure 9. Magnitude vs. frequency (three-pole DF). 

Figure 10. Phase vs. frequency (three-pole DF). 

the difference between input and output power as a percent of 
available input power. Given the DF input impedance and power 
available from the source (Pas), the power entering the DF is 
given by: 

RF Design 

It’s a Sign of the Times 
Wherever there is a waveform there is a filter. Hundreds of 
thousands of filters are found in everything from radar to your 
computer’s phone modem interface. 
TTE currently offers 1,239,580 standard filter types. Not just 

numbers but real filters you can get your hands on in 10 days 
and at the lowest small quantity price in the U.S. 

Miniature and subminiature filters; Chebyshev, Bessell and 
elliptical designs are all available from TTE. 

Call our ENGINEERING HOTLINE at (213) 473-0584. 

FREE 56 Page Catalog 
Just Call (213) 478-8224 

■■ TTE, Incorporated 
—  1 1652 West Olymic Blvd.. Los Angeles. CA 90064 
■■ (213) 478-8224 FAX (213) 312-1055 
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When you 
need TTL Clock 

Oscillators 

or quality Crystals 

call 800-333-9825 

Comclok Inc. 
Cal Crystal Lab., Inc. 
FAX 714-491-9825 
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The new 1 to 2000 MHz Wiltron 6400 RF Analyzer. In a single, compact 
instrument, Wiltron brings you an affordable crystal-derived swept signal source, 
a scalar network analyzer, precision measurement components, and a display. 
Measure transmission, return loss, and absolute power. 

It’s a remarkable breakthrough. For far less than you would expect to pay, 
Wiltron gives you synthesizer-like performance over the entire 1 to 2000 MHz. 

The 6400 has resolution and accuracy 10 times better than anything in its 
price range. It offers complete GPIB programmability and a new standard in ease 

the 6400 would still be a bargain. 
Our engineers gained exceptional stability and accuracy by “locking” the fre¬ 

quency to a crystal marker at the beginning of every sweep. Because frequency is 
always on the mark, you won’t waste time looking for traces that have drifted off the 
screen. You’ll have excellent repeatability of test data taken on very narrow band¬ 
width devices. Even if tests are made days apart. 



et the drift. 
Dynamic range is 71 dB (+ 16 to 

— 55 dBm). Use the Wiltron 6400 for the 
most demanding applications including 
TV tuner, cellular radios, filters, ampli¬ 
fiers, diplexers and DBS. For a permanent 
record, test data are plotted in graphical 
or tabular format on an optional ink¬ 
jet printer. 

The 6400 is a joy to use on the pro¬ 
duction line, in the laboratory, or out in 
the field. 

Autoscaling can be used to automat¬ 
ically select the optimum display for your 
device. The display is fully annotated to 

Specifications 
Signal Source 
Frequency Range: 

Model 6407: 1 to 1000 MHz 
Model 6409: 10 to 2000 MHz 

Frequency Accuracy: ± 100 kHz 
Frequency Resolution: 10 kHz 
Leveled Output Rawer Range: +12 dBm to +0.1 dBm 

Optional attenuator: + 10 dBm to — 70 dBm 
Harmonics: < — 30 dBc 
Nonharmonic spurious: < — 40 dBc 
Network Analyzer 
Dynamic Range: +16 dBm to —55 dBm 
Vertical Display Resolution: 0.003 dB maximum 
Horizontal Display Resolution: 101, 201, or 401 points. 
Normalization: 800 points, automatically interpolated for ranges 
less than full range. 
Markers: up to 8. 
SWR Autotesters 
Directivity: 40 dB 
Impedance: 50 or 75 ohms 
Test Bart Connector: Type N or BNC 
RF Detectors 
Impedance: 50 or 75 ohms 
Test Port Connector: Type N or BNC 

Test Paia on Friday, 10:15 AM: 
Mi Marker Frequency: 104-72 MHz 
Passband Amplitude at Ml Marker: — 482 dB 

lest Data on Wednesday, 3:30 PM: 
Ml Marker Frequency: 10472 MHz 
Passband Amplitude at Ml Marker: -4-86dB 

ensure accurate, confusion-free 
interpretation of test data. 

You get fast production test 
times since frequencies can be 
changed without recalibration. 
Go/no-go limit lines and up to 
eight markers, which can be set 
to test points of interest, make 

readings easier. Costly setup time is eliminated by storing up to nine front panel 
setups in memory. 

In addition to the 6400 s 17.8 cm (7 in.) display, there’s a composite video out¬ 
put which will drive a larger screen. Production people love it. And with a weight of 
only 16 kg (35 lb), the 6400 can be carried to the most inaccessible repeater station. 

Now in a single instrument, you get everything you need to make fast, accu¬ 
rate RF measurements. And you don’t get the drift. 

For more information, contact Wiltron, 490 Jarvis 
Drive, Morgan Hill, CA 95037'2809. Tel: (408) 778'2000. 

WILTRON 
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As can be seen in Figure 4 as the input frequency enters the 
stopband, most of the input power is absorbed by the filter. It 
is therefore important that the resistive elements in the DF design 
be capable of dissipating stopband energy. 
The ABCD parameters are used to plot frequency response, 

input impedance (with open and short loads), and group delay 
characteristics of DF filters. A design parameter, d, defined by 
Cuthbert (2) is varied to show the range of DF performance. 

d = w0RC where a>0

All the DF response plots are designed with constant charac¬ 
teristic impedance (the value of the resistive elements) and con¬ 
stant cutoff frequency. The definition of cutoff frequency is: 

Figure 11. Group delay vs. frequency (three-pole DF). 

Zin + R 

The percent input power absorbed by the DF is then: 

P - P 
Pd°/o = 100 - — — where Pout = 

'as 

Note that the 3 dB point on the magnitude response corres¬ 
ponds to the cutoff frequency only when d = 1. 
The performance of the two-pole DF is symmetric with respect 

to d and 1/d. Thus, a design with d = 10 has the same response 
as a design with d = 0.1. The three-pole DF does not possess 
this symmetry. 

Designing with the Dissipative Filter 
Dissipative filters can improve system or circuit performance 

Microwave 
Frequency 
Counters 

3 GHz -45 dBm: 

8 GHz -35 dBm: 

12.4 GHz 30 dBm: 

20 GHz -25 dBm: 

$2,200 

$2,900 

$3,300 

$3,900 

STANDARD FEATURES: 
• Power meter 
• GPIB 
• <50 ms acquisition time 
• +25 dBm damage level 

XL M i c r o w a V e 
581 1 Racine Street, Oakland, California 94609 
PH: (415) 428-9488 • FAX: (415)428-9469 

Shown: 20.6250 GHz at -29.6 dBm 
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Figure 12. Input impedance. 

in a variety of ways. Dissipative filters can be used as terminating 
sections for lossless filters greatly improving transfer function 
predictability in the face of unknown or changing impedance en¬ 
vironments. DFs can be used on the output of circuits that have 
a low tolerance for reflected energy in the stopband. The DF can 
be thought of as a frequency selective attenuator. 
The minimum attenuation through a DF is given by: 

_ . ZZ— ~ _ 9ll922 921 
Lmin = 8.6858 Sinh -1 \/R dB where R =- iv- is-

I’ 12I 

DF sections can be cascaded and the attenuation through the 
cascade will be at least the sum of the minimum attenuations 
through each DF section. In the case of the two-pole DF with 
d = 1, the attenuation will be exactly the sum of the minimum 

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/orcapacitor. 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. 

STANDARD OIL 
ENGINEERED AAATERIALS 

CARBORUNDUM-- ELECTRONIC 
COMPONENTS 

Standard Oil 
Engineered Materials Company 
Electronic Ceramics Division 
PO. Box 339 
Niagara Falls, New York 14302 
716278-2553 
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1H 

attenuations. 
Highpass, bandstop, and bandpass DF sections can be de¬ 

signed. Standard transformations apply to this network as well 
as to lossless filter networks. Williams (5) suggests a scaling 
method for both cutoff frequency and characteristics impedance. 
DF lowpass prototypes can be transformed to highpass, band¬ 
pass, or bandstop filters by using the standard component 
transforms. 
As an example, suppose a 100 MHz bandpass DF is required 

to terminate a mixer. The characteristic impedance will be 50 
ohms, and choose d = 1. The lowpass prototype is shown in 
Figure 13a and the transformed filter is Figure 13b. The projected 
performance of the filter is shown in Figure 14. 

Summary 
Dissipative filters can serve useful functions in circuit and 

system design. By offering a method to control stopband im¬ 
pedances in low frequency networks, DF circuits can reduce or 
eliminate the effects of uncontrolled terminating impedances. DF 
networks do not offer the attenuation slope of an equivalent 
lossless network, but they can be combined with lossless filters 
to improve performance of the overall system. H 
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<a) Loupass prototype 

(b) Bandpass filter 

Figure 13. Lowpass prototype and final revised filter. 
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Make the Right 
Connection. 
Everything you need for quality 
cable assemblies. You can achieve 
better results in less time for 
all types of cable assemblies with 
M/A-COM Omni Spectra tools. Our 
years of experience in connectors 
and cable assemblies are built 
into every cable assembly tool. 
Call or write today for our new 
Tools and Accessories Catalog. 

■ Complete kits for OSM * (SMA), 
OSSM , TNC, N and solderless 
compression crimp connectors. 

■ Crimping tools, cable benders, 
torque wrenches, gauges, cutters. 

■ Free copy of our SMA Assembly 
Procedures Manual with every 
SMA Kit. 

/Mil 
M/A-COM OMNI SPECTRA, INC. 
Omni 

spectra 21 Continental Blvd., Merrimack, NH 03054 

Omni Spectra tools are 
recommended by MIL-C-39012 
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Delay 
Sec 

100ns 

10ns 

1ns 

100ps 

10ps 

1ps 

Frequency - 100.00000E 07 HZ 
Phase angle - 84.230 Degrees 
Gain slope - 608.06350E02 DB/OCT 

Gain - -25.974 DB 

Group delay - 163.49660E-13 Sec 
Peak Gain - 6.024DB/F =101.50000E»06 

Figure 14. Frequency response of a two-pole DF. 
March 31, 1987. 

4. Gupta, Garg, and Chadha, Computer Aided Design of 
Microwave Circuits, Artech House. 

5. Williams, Electronic Filter Design Handbook, McGraw-Hill 
Book Company. 

6. Spectrum Software, Micro-Cap II Electronic Circuit Analysis 

Program. 
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Matt Fivash is engineer at Honeywell Inc., Signal Analysis 
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ROCKWELL DRFM's for ASPJ 

Rockwell 

The AN/ALQ-165 Airborne Self-Protection Jammer (ASPJ), the first tactical 

ECM system used jointly by the U.S. Navy and Airforce, will protect a wide 

variety of frontline high performance tactical aircraft. A key subsystem, the 

Digital RF Memory (DRFM). permits ASPJ to counter sophisticated radar threats. 

Westinghouse and ITT selected Rockwell DEL, a proven source, offering the 

highest second generation DRFM performance at unprecedentedpeWormance/ 

cost ratios. The ASPJ DRFM compliments a long line of Rockwell DEL DRFMs 
which continue to establish industry standards. ' 

For more information on how your ECM system can benefit from a 

DRFM contact Businestoevelooment at ,(714 
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rf design feature_ 

Noise Measurement Using the Y Factor 
A Technique for Characterization of Narrowband Sources. 

By Paul Drexler 
Naval Air Development Center 

Receiving system sensitivity is often 
degraded by the presence of undesired 
broadband energy, or “noise.” Noise is of 
particular significance when signals are 
close to the receiver noise threshold, as 
in GPS (Global Positioning Satellite) 
downlink channels, LPI (Low Probability 
of Intercept) systems, and weak signal 
communication modes such as meteor 
scatter. Noise may be attributed to 
sources that are both external and inter¬ 
nal to the receiving system. The design 
and manufacture of high performance 
receive systems requires careful attention 
in the characterization and reduction of 
undesired noise. This article presents a 
laboratory measurement technique that 
allows simple measurement and charac¬ 
terization of receiver noise performance. 

Receiver sensitivity may be measured 
and evaluated using several labora¬ 

tory techniques. Signal-to-noise-ratio, 
quieting, and noise figure are three popu¬ 
lar methods of characterizing a receiver’s 
ability to detect weak signals. Noise figure 
is often used since it may apply to entire 
receive systems as well as individual com¬ 
ponents and sub-systems. Noise figure 
meters, although adequate for many mea¬ 
surements, are restricted to measuring 
wideband frequency devices and require 
external frequency downconversion when 
evaluating high frequency systems. The 
Y factor method presented here over¬ 
comes these drawbacks, requiring only a 
laboratory spectrum analyzer and calibra¬ 
ted diode noise source. This technique 
has become particularly beneficial in 
characterizing the narrowband devices 
finding increased application in modern 
receiver systems, such as amplifier stages 
using narrowband SAW filters. 

Measurement Theory 
Any network when measured at a tem¬ 

perature other than zero Kelvin will have 

Figure 2. Amplifier noise output with external noise source input. 
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an output component that is unrelated to 
its input signal, and this unrelated output 
signal is in the form of a random noise 
signal. The simplest device that’s often 
considered for such a measurement is a 
pure resistance at some finite temperature 
T. A resistor will have a noise output power 
that is primarily due to thermally agitated 
electrons within the resistor itself. This 
power is termed the available thermal 
noise power, and is expressed by 

Pa = kTB (1) 

where Pa is the available noise power 
measured in watts, k is Boltzmann’s con¬ 
stant, equal to 1.38 x 10’23 watts/K, B is 
the bandwidth in Hz in which the mea¬ 
surement is made, and T is the resistor 
temperature measured in absolute Kelvin. 
It should be noted that the noise power 
is totally independent of the resistor ohmic 
value, but is proportional to the physical 
temperature of the resistor, which is 
responsible for the thermal agitation of 
free electrons. When the units of equation 
1 are evaluated at room temperature, 290 
K, Pa is equal to 4 x 10"21 watts/Hz, or 
-174 dBm/Hz. Thus it is apparent that at 
a given temperature the available noise 
power is proportional to the bandwidth of 
the measurement device. 
The relationship of equation 1 may be 

extended to characterize a typical ampli¬ 
fier, where results offer greater signifi¬ 
cance. Consider an amplifier as the de¬ 
vice under test (Figure 1) having a power 
gain G and adding an additional noise 
component Na to the desired signal out¬ 
put. Note from equation 2 that the total 
noise output power, NT, is equal to the 
sum of the amplified input noise due to 
a source impedance Zs at a finite tem¬ 
perature, as well as the additional noise 
component generated within the DUT. 

Nt = Na + kTsBG (2) 

Several terms contribute to NT, the 
total output noise power of the DUT. Note 
however that the Na term of equation 2 is 
independent of G, Ts and B. Since it is 
the Na term that characterizes the noise 
performance of system, or DUT, having a 
specific absolute temperature, frequency 
bandwidth, and gain, it is this term that 
should be minimized for superior detec¬ 
tion of small signals. 

Since the total noise output, NT, from 
such a device may be difficult to measure 
directly, another measurement technique 
is desirable. One such method is to ap¬ 
ply an input signal to the DUT and then 
measure the resulting output signal. 

Since any input signal will consist of the 
sum of a desired signal plus an undesired 
noise component, there exists a ratio of 
signal power to noise power (SNR) at the 
device input terminals. 

Furthermore, since the device is non¬ 
ideal the SNR observed at its output ter¬ 
minals will be degraded from the input 
SNR. The ratio of the input SNR to the 
output SNR is termed the noise factor (F) 

of a system, and is described by equa¬ 
tion 3. 

S/N, S, No
So/No So N, (3) 

where S, and So are the input and output 
signal powers, and Ni and No represent 
the respective noise powers. When equa¬ 
tion 3 is expressed as a log ratio, the noise 

High-Performance 
RF Amplifiers in Standard 

or Custom Designs 

Janel's high dynamic range RF amplifiers are available in standard 
or custom designs, in the frequency range of one to 2000 MHz 
and power up to 25 watts. GaAs FET, Power Mos FET, and Bipolar 
devices are utilized in quadrature, push-pull, ferrite isolated, or 
feed-forward designs. 

■ Two-tear Warranty ■ Fast, On-Time Delivery 
■ High Performance Guaranteed ■ Mil-Spec Capabilities 

Also available: more than 30 models of standard power dividers. 

Call or write today for a free catalog! 
(503) 757-TI34 - FAX: (503) 757-7415 

Design & Manufacture of Quality RF Equipment since 1969 

JANEL LABORATORIES, INC. 
55890 Eastgate Circle • Corvallis, OR 97555 
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Clean sweep 
tolGHz. 
100 watts minimum is a lot of low-cost, clean 
rf power. But that’s what our new Model 
100W1000M7 delivers for your broadband test 
needs. 
As your hunger for power and bandwidth 

grows, this year and next, our all-solid-state “W” 
series of lOO-kHz-to-1000-MHz linear amplifiers 
should become more and more important in your 
plans. Today you may need only 1 watt (the little 
portable on the top of the pile), or 5, or 10, or 25, 
or 50-all with that fantastic bandwidth instantly 
available without tuning or bandswitching-the 
kind of bandwidth that lets you sweep clean 
through with no pausing for adjustment. 
And next year? 

Chances are good that next year you’ll be moving 
up into higher-power work in much the same 
bandwidth. Then you’ll be glad you have 100 watts 
from 100 to 1000 MHz, using the only rf power 
amplifier in its power-to-bandwidth class. At that 
point, your smaller “W” series amplifiers can be 
freed for lower-power work around your lab. 
What you can’t see in the performance curves 

shown below is the unconditional stability of all 
AR amplifiers-immunity to even the worst-case 
load mismatch or shorted or open cable with no 
fear of damage, foldback, or system shutdown. 
The “W” series is part of a complete line of 

amplifiers offering rf power up to 10,000 watts, in 
cw and pulse modes, for such diverse applica¬ 
tions as RFI susceptibility testing, NMR, plasma/ 
fusion research, and a host of other test situa¬ 
tions that demand the very finest in rf power. 
Send for our free booklet, “Your guide to 

broadband power amplifiers.” 

FREQUENCY (MHz) 

nmniFiBR 
RBSBRRCH 

160 School House Road, Souderton, PA 18964-9990 USA • TEL 215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 
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Your One-Stop Source for... 

VCXOs 
PHASE LOCKING 
APPLICATIONS 

Frequency TTL 
HCM0S 

ECL 
SINE 

32 kHz- 70 MHz 
1 kHz- 50 MHz 
8 MHz-200 MHz 
8 MHz-600MHz 

Deviation ±30 ppm to ± 200 ppm 
Permits locking onto a stable 
source tor 10-20 years 
without adiustment. 

Package 0.2" high DIP. pcb mount, 
or chassis mount with 
rf connector 

LINEAR APPLICATIONS 

Figure 3b. 243 MHz narrowband device under test. 

Frequency: 

Deviation: 

Linearity: 

Stability: 

2 to 600 MHz 

• 0 01%, - 0 03% 
and ±0.1% standard. 
Narrower or wider 
deviation optional. 

±1%, ±3% or 

From *0.00003% to 
±0.01%using standard, 
temperature compensated 
and oven designs._ 

Call The 
Application 
Engineering 

Hot Line Today! 

VECTRON 

The Crystal Oscillator Company 

Figure 4a. NT’ total noise power with noise source “On.” 

VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850 
203/853-4433. TWX: 710/468-3796 
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Figure 4b. NT noise power with noise source “Off.” 

Highly Reliable 
Miniature Clock Oscillators 
We offer microcircuit LCC, 

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

provides a wider range of con¬ 
figurations and performance 
characteristics from which to 

ification or Aerospace High 
Reliability performance. When 
you consider oscillators select 
experience—M^Coy Electron¬ 
ics Company. For catalog or 
additional information write: 
McCoy Electronics Company, 
100 Watts Street, P.O. Box B, 

choose. 
McCoy maintains a complete 

in house thick film hybrid and 

Mt. Holly Springs, PA 17065. 
Or call: (717) 486-341 1 ; TWX 
510-650-3548. 

figure (NF) is obtained; thus, 

NF(dB) = 10 log F (4) 

For an ideal amplifier the ratio of equa¬ 
tion 3 will result in a unity noise factor or 
0 dB noise figure. Care must be exercised 
in distinguishing the difference between 
noise figure and noise factor since the 
two are easily confused and may not be 
directly interchanged. Although this repre¬ 
sents the fundamental definition of noise 
figure, SNR is difficult to measure and so 
an alternative measurement technique is 
desirable. 

Noise factor may also be defined by 
considering the ratio of total available out¬ 
put noise power (NT) to the noise 
generated by the input source impedance 
(kTsBG). Referring to equation 2, 

F “ kTsBG (5)

or expressed as a noise figure, 

NF(dB) = 10 log 7tNr„ (6) 
rV I gDO 

Direct NF measurements, as implied by 
equations 5 and 6 are difficult to perform 
and hence rarely used since the denom¬ 
inator is not easily evaluated. This uncer-

crystal manufacturing oper¬ 
ation, along with all of the 
necessary environmental test 
equipment to furnish MIL spec- ELECTRONICS COMPANY 
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Figure 5. Cascaded noise figure. 
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tainty however, may be all but eliminated 
by considering not only the output noise 
Nt of equation 2, but also including an 
extra noise input due to an added noise 
source, illustrated in Figure 2. 

If the extra noise source of Figure 2 has 
a temperature Tex , then the new total 
noise power NT’ may be given by 

Nt’ = Na + kTsBG + kTexBG 

or, 

nt’ = Na + (Ts + Tex) kBG (7) 

Upon algebraic substitution of equa¬ 
tions 2 and 7 into equation 5, a useful 
result may be obtained: 

NF(dB) = 

10 log 1 ex 

Ts 

Nt’ 
- 10 log “Tp - 1 (8a) 

or, 

NF(dB) = 

ENR(dB) - 10 log 
Nt’ 
Nt

1 (8b) 

The result of equation 8b is the fun¬ 
damental basis for all noise figure 
measurements. Tex is the external noise 
source temperature and Ts is the 
temperature of the DUT. NT’ represents 
the total output noise power including the 
external noise source (Figure 2), while 
Nt is the noise power output without the 
added noise source (Figure 1). The ratio 
Nt7Nt is determined by measuring the 
ratio of available power with the noise 
source “On" to that with the noise source 
turned “Off.” The ratio NT7NT is termed 
the “Y” factor. 
The first term in equation 8a is due to 

the noise source and is very nearly equal 
to the excess noise ratio (ENR) of the ex¬ 
ternal source used. More accurately, ENR 
is defined as: 

f Tex A 
ENR = 10 log I “■ - 1 (9) 

\ I s / 

Notice however, that since the ratio 
Tex/Ts is usually much larger than one, 
the approximation used in the first term 
of equation 8a may be considered accept¬ 
able and the result in equation 8b is ob¬ 
tained. Commercial solid state diode 
noise sources are available with ENR’s 
ranging from 5 to 15 dB, and ENR data 
versus frequency is normally supplied as 
part of the manufacturer’s data. Traditional 
automatic noise figure meters utilize the 
described Y factor relationship by switch¬ 
ing a noise source and obtaining an out-

CERAMIC TRIMMERS 
Ceramic Trimmers by Johanson offer high performance, cost 
effectiveness and a variety of mounting configurations with 
capacitance ranges from 0.25 to 0.7pF through 12 to 10OpF. 
Applications include microwave and RF filters, impedance 
matching, crystal trimming and antenna tuning. High “Q” 
dielectric materials permit operation through “C” band. These 
trimmers are available in tape and reel packaging, and most 
are available through your local distributor. 

Manufacturing Corporation 
Rockaway Valley Road, Boonton, New Jersey 07005 
201-334-2676 TWX 710-987-8367 FAX 201-334-2954 

RF Design INFO/CARD 84 89 



put display calibrated in noise figure. 

Nt Nt’ 

-123.25 dBm -111.45 dBm 

NF Corrected 
(dB) NF (dB) 

3.69 3.64 

Table 1. Measurement results. 

High Quality Attenuators! 
Let Kay make a difference...from DC to 3GHz 

Kay Elemetrics Corp, offers a complete line of In-Line, 
Programmable and Continuously Variable Attenuators. We can 
supply you with the right model to fit your application. Listed 
below are some typical In-Line Attenuator models. 

Model No. Impedance Freq. Range Atten. Range Steps 

837 
839 

1/839 
860 
849 

1/849 
847 
870 

500 DC-1500MHz 0-102.5dB IdB 
500 DC-3000MHz 0-101dB IdB 
500 DC-lOOOMHz 0-21. IdB .IdB 
500 DC- 1500MHz 0-132dB IdB 
750 DC- 1500MHz 0-101dB IdB 
750 DC-500MHZ 0-21. IdB IdB 
750 DC-lOOOMHz 0-102.5dB IdB 
750 DC-lOOOMHz 0-132dB IdB 

For a complete catalog and price list or to 
place an order call Vernon Hixson at (201) 227-2000, 
ext. 104 or write to the address listed below. 

KAY 

Kay Elemetrics Corp 
12 Maple Avenue 

Pine Brook, NJ 07058 USA 
Tel. (201) 227-2000 
TWX: 710-734-4347 
FAX: (201) 227-7760 
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Measurement Example 
A reasonably accurate noise figure 

measurement may be obtained using a 
calibrated noise source and a spectrum 
analyzer. Figure 3 illustrates the test set¬ 
up used to measure a narrowband front¬ 
end at 243 MHz, used in an emergency 
guard channel receiver. The noise source 
used is a Hewlett-Packard HP346B noise 
source having a 15.2 dB ENR at a fre¬ 
quency of 243 MHz. The HP8568B spec¬ 
trum analyzer’s video averaging function 
was used to negate signal amplitude 
variations. Fifty averages were made. 
Since signals are close to the noise floor 
of the analyzer, no RF attenuation was 
used. A broadband amplifier follows the 
DUT in order to raise the signal level 
available to the spectrum analyzer. With¬ 
out voltage applied to the noise source, 
a power measurement is obtained on the 
spectrum analyzer using a 1 Hz band¬ 
width and a convenient frequency span; 
the measurement bandwidth of 1 Hz is 
narrower than the DUT, as required for ac¬ 
curate NF measurement. The procedure 
is then repeated with the noise source 
“On” and the ratio NT7NT is obtained. 
Both Nt’ and NT are first converted from 
dBm using the relationship: 

mW = 10dBm/1° (10) 

Several trials of NT7NT are completed 
in order to assure a reasonable accuracy. 
The spectrum analyzer display and cor¬ 
responding measurement results are 
shown in Figure 4. It should be recog¬ 
nized that the noise generated by the 
amplifier stages following the DUT should 
be considered in the overall measurement 
results. The noise figure contribution of 
the second stage may be computed by 
applying the relationship: 

F2 - 1 Fn - 1 
F.o.a^F^-^-K.,4^ G --(11) 

or, in dB, 

NF,«a, = 10 log (F10tai) (12) 

where Fn is the noise factor of the nth 
stage and Gn is the corresponding gain 
of the added stage (here n = 2 since only 
one additional second stage was used). 
Alternately, the chart in Figure 4 may also 
be used to determine the noise contribu¬ 
tion of a second stage. The corrected 
noise figure in Table 1 reflects the con¬ 
tribution made by the second stage. 

Note that in this example the corrected 
noise figure is nearly equal to that ob-
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tained by simply neglecting the second 
stage contribution. As a rule of thumb, if 
the gain of the first stage is 15 dB or 
greater, the second stage NF contribution 
may usually be considered negligible. 

Conclusion 
The fundamentals of noise figure mea¬ 

surement theory have been reviewed and 
the Y factor noise figure measurement 
technique has been presented. The avail¬ 
ability of a calibrated diode noise source 
and a modern spectrum analyzer enable 
the RF engineer to perform basic noise 
figure characterization when a noise 
figure meter is unavailable. Additionally, 
the Y Factor technique is most useful in 
characterizing the noise figure of narrow¬ 
band devices. Several HP41 calculator 
programs are available from the author to 
aid in NF calculations — please include 
an SASE. 
The author wishes to thank Gordon 

Heal of NADO, whose technical sugges¬ 
tions and inspiration made this article 
possible. H 
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MAKE VIDEO ACTIVE 
FILTER DESIGN EASIER. 

HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

CORNELL-DUBILIER 
MICA RF CAPACITORS 

You can now build video 
active filters with band¬ 
widths to 6 MHz, without 
giving up familiar low-
frequency design techniques, 
by using VTC's VA4708 
quad video op amps. Whether 
you choose Chebyshev, 
Butterworth or elliptic 
filters for high-frequency 
applications, VTC's line of 
high-performance linear 
signal processing (LSP) products has the video op amp for you. So say goodbye 
to precision inductors with their size, crosstalk and expense. 
The VA4708 is ideal for high-frequency gain blocks. It uses fast 

(ff = 1.5 GHz) vertical PNPs to achieve a 90 V/psec slew rate. The VA4708 
features: 

FL JENNINGS 
VACUUM CAPACITORS 
VACUUM RELAYS 

•100 MHz gain bandwidth product, 
•open-loop gain of 80 dB, 
•low offset voltage <6 mV. 

Low-impedance loads are no problem with ±50 mA drive capability and an 
efficient class AB push-pull output stage for minimum power dissipation. Internal 
compensation ensures stable operation for closed-loop gains greater than 3. 

VTC's broad line of video op amps also includes singles and duals in industry-
standard pinouts, precision op amps and unity-gain stable types. All are available 
in DIP and surface-mount packages and can be supplied as chips for hybrids. 
So why not make your video active filter design easier! Call toll-free today for 

our LSP Data Book. 
VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55425-2702 

(In Minnesota call 612/851-5200). 

CALL 1-800-VTC-VLSI 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619)438-4420 

s_ FAX (619)4384759 
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rf products_ 

Synthesizers/Function Generators from 
Fluke/Philips 

A series of Philips synthesizers/function 
generators combines GPIB program¬ 
mability with high resolution. The series, 
available from Fluke, is comprised of the 
Philips PM 5191 SM, PM 5192 SM, PM 
5193 SM and PM 5193 VM. The equip¬ 
ment is designed for use in applications 
where it is necessary to synchronize two 
or more instruments such as generators 
and counters. These function generators 
can be synchronized at 10 MHz or any 
sub-harmonic of this frequency. This 
allows a complete set-up of different in¬ 
struments to be synchronized with a 
single central clock, such as an in-house 
standard. In addition to all standard bus 
functions, the units support bus learn 
mode and can transmit status and setting 
information to the controller at any time, 
making the instruments suitable for flexi¬ 
ble, bus-based automatic test systems. 
The PM 5193 SM is a 50 MHz synthe-

sizer/function generator with a 20 V peak-
to-peak output. Features include crystal-
controlled frequency, eight-digit resolu¬ 
tion, and AM, FM, sweep, burst and 
gating modulation modes. Eight wave¬ 
forms are available: sine wave, square 

wave, negative and positive sawtooth, 
haversine and triangle, as well as positive 
and negative pulse (3 ns transition time). 

Specifications for the PM 5192 SM in¬ 
clude a 0.1 mHz to 20 MHz range and 20 
V peak-to-peak output. The PM 5191 is a 
2 MHz synthesizer/function generator with 
30 V peak-to-peak that provides AM mod¬ 
ulation. The 5192 offers AM/FM gating 
modulation and full sweep facilities. For 
video testing and servicing, the PM 5193 

VM adds video modulation to the modula¬ 
tion facilities available on the 5193 SM 
while replacing the AM external mode. In 
the video mode, the carrier frequency can 
be adjusted precisely up to 50 MHz, with 
maximum resolution of eight digits. 

Price for the PM 5191 SM is $3,695, PM 
5192 SM is $4,295, PM 5193 SM is $4,895 
and PM 5193 VM is $5,895. John Fluke 
Manufacturing Co., Inc., Everett, WA. 
INFO/CARD #219. 

PIN Diode Transmit-Receive Switch from PST 

Model TR 2010-152 is a high power PIN 
diode transmit-receive switch that oper¬ 
ates from 20 to 100 MHz with a built-in 
high speed driver. The switch can handle 
1500 watts CW, can switch in less than 1 
us and is used to switch an antenna be¬ 
tween a sensitive receiver and a high 
power transmitter. 
Maximum antenna VSWR is 2:1 and in¬ 

sertion loss is 0.1 dB (typ) from transmit¬ 
ter to antenna while isolation from trans¬ 
mitter to receiver is 85 dB min. Insertion 
loss increases to 0.2 dB (typ) from anten¬ 
na to receiver and isolation from anten¬ 
na to transmitter is 55 dB min. Maximum 
VSWR from transmitter to antenna is 1.2:1 
and from antenna to receiver it is typical¬ 
ly 1.2:1. Command input is two-line bal¬ 
anced TTL and switching speed is typical¬ 
ly 500 ns, while maximum switching rate 
is 20 kHz. The switch measures 5” x 7” 
X 3.5”. Power Systems Technology, Inc., 
Hauppauge, NY. INFO/CARD #218. 
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SMT Beads 
Ferrite surface mount beads from Fair-

Rite offer impedances of 45 and 90 ohms 
at 100 MHz. Dimensions are .12” x .10” 
X .16” and .12” x .10” x .335”, respective¬ 
ly. Both are available reeled at 3,000 
pieces per 13” carrier. Prices range from 
$63 to $73 per thousand for production 
quantities. Fair-Rite Products Corp., 
Wallkill, NY. INFO/CARD #217. 

Flat Pack for Surface Mounting 
Merrimac introduces an option on all of 

their flat pack devices to allow the user 
to surface mount directly to the printed cir¬ 
cuit card. The conventional flat pack can¬ 
not be surface mounted without either 
recessing the device into a cut our or 
bending the leads. The former is generally 
expensive, and the production bending of 
leads on flat pack devices can result in 
increased unreliability. A special tool from 
Merrimac allows customers to purchase 
standard flat packs with pre-formed leads. 
This option permits the user to mount flat¬ 
packs directly to the printed circuit card 
without the risk of increased unreliabili¬ 
ty. Merrimac Industries, Inc., West Cald¬ 
well, NJ. INFO/CARD #216. 

Chip Inductors 
Dale’s IMC-1812 series of inductors pro¬ 

vides an inductance range from 0.01 to 
1000 uH. Tolerance is 20 percent from 
0.01 uH to 0.39 uH and 10 percent from 
0.47 uH to 1000 uH. Tolerances of 5 and 
3 percent are available upon request. 
Also from Dale is the IMS-2 shielded in¬ 

ductor with a range of 0.1 uH to 560 uH. 
It is designed to meet the requirements 
of MIL-C-15305 and has a standard toler¬ 
ance of 10 percent. A typical IMS-2 (10 uH 
at 10 percent tolerance) is priced at 80 
cents each when purchased in quantities 
of 500. Dale Electronics, Inc., Colum¬ 
bus, NE. INFO/CARD #215. 

Yagi Satcom Antenna 
This unit features a crossed-yagi design 

with frequency range of 240 to 320 MHz. 
Polarization is right or left-hand circular 
with 1.5:1 VSWR. Power is 200 watts CW 
and RF impedance is 50 ohms. The 
FCY-2432B/1 has a gain of 9.5 at 240 MHz 
and gain of 14.5 at 320 MHz. Other 
available gains include 8.5 and 6 dB at 
240 MHz and 13.0 and 10.0 dB at 320 
MHz. Length ranges from 96 inches for 
the FCY-2432B/1 to 60 and 36 inches for 

PROBLEM 

R F. SECTION 

INCOMINC 

CUSTOM FILTERS 

Poor yields due to “glass-to-metal 
seal” fractures, chips, and breaks. 

FROM CRYSTALS AND 
OSCILLATORS 

’ELECTRONICS, INC. 

• Low Pass 
• High Pass 
• Band Pass 
• Band Stop 

• Butterworth 
• Chebyshev 
• Elliptic 

FAST DELIVERY AND 
ENGINEERING SUPPORT 

SOLUTION 
ANZAC 

Surface Mount Components... 

Our completely sealed high quali¬ 
ty filters provide superior RF 
shielding at performance-to-cost 
ratios not available elsewhere. 
Alda filters are guaranteed from 
-54c to +95c, and operate from 
10 MHz to 500 MHz. 

QUARTZ CRYSTALS 
• 800 Hz to 300 MHz 
• Surface mount (Gull Wing 

and ceramic AT cut) 

feature a unique one-piece Kovar 
and ceramic package without 
glass to metal seals. 

OSCILLATORS 

• 1 Hz to 200 MHz 
• TTL, CMOS, ECL 
• Ceramic, VCXO 

Adams £ Russell 
Electronics 
ANZAC DIVISION 

LET US SOLVE YOUR 
FILTER PROBLEMS. 
SEND FOR YOUR 

DATA SHEETS TODAY. 

Alda Electronics Inc. 
Main office (213) 370-7150 
P.O. Box 1997, Redondo Beach, CA 90278 
Field Office (212) 996-9131 
P.O. Box 6313, New York, New York 10128 

• Surface mount 

STANDARD CRYSTAL 
CORPORATION 

(800) 423-4578 
in California (818) 443-2121 

Fax: (818) 443-9049 

9940 E. Baldwin Place 
El Monte, California 91731 

For more information write 
or call: 

80 Cambridge St. 
Burlington, MA 01B03 
(617) 273-3333 
FAX (617) 273-1921 
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ff products Continued 
other gain levels. Austron Corporation, 
Herndon, VA. INFO/CARD #214. 

ECL Gate Array 
Sony introduces a high speed 200-gate 

ECL gate array. Applications for the 
E3G200 include digital oscilloscopes, 
high speed testing, high speed computers 
and lightwave communications. Typical in¬ 
ternal gate delay is 150 ps/gate at IEF of 
400 uA and maximum toggle frequency 

is 2.5 GHz. Available packaging is 24-lead 
and 32-lead flatpacks. Sony Corp, of 
America, Cypress, CA. Please circle 
INFO/CARD #213. 

Pulse Compression Subsystem 
The multimode pulse compression sub¬ 

system processes three switchable linear 
FM waveforms with greater than 14 dB 
processing gain. Dynamic range is 65 dB 
min and mode select is TTL driven. Power 

TUSONIX 
If you’re looking for an economical source 

for Custom Filter Assemblies 

consumption is 11 watts. Phonon Corp., 
Simsbury, CT. INFO/CARD #212. 

Hybrid A/D Converter 
Comlinear Corp, and TRW LSI Pro¬ 

ducts have introduced a hybrid analog-to-
digital converter which provides a resolu¬ 
tion of 12-bits and a +70 dB signal to noise 
ratio at a sampling rate of 10 million 
samples per second. The CLC925 (Com-
linear)/THC1202 (TRW) is packaged in a 
40-pin DIP, has total harmonic distortion 
of -64 dBc and signal to noise ratio of +70 
dBc. DC differential linearity error is 
1/2LSB and the integral linearity error is 
1/2LSB. Features include a “gain adjust” 
pin which allows the voltage gain of the 
circuit to be adjusted ±10 percent over the 
full scale range. Typical power consump¬ 
tion for this device is 5.3 watts and the 
device requires three supplies (+5 V, +15 
V and -5.2 V). Harmonic distortion at 5 
MHz is -68 dBc and -3 dB analog band¬ 
width is 70 MHz (min). Typical applications 
include radar, medical electronics, optical 
electronics and instrumentation. In single 
quantities, the CLC925A1 is priced at 
$1,120. Comlinear Corp., Fort Collins, 
CO; TRW LSI Products Inc., La Jolla, 
CA. INFO/CARD #211. 

TEST EQUIPMENT 

Tusonix’ expertise can reduce your costs 
with improved PPM quality and yield 

When it comes to custom packaging EM l/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 

Current Catalog Units 
in Like-New Condition 

• Oscilloscopes 
• Synthesizers 
• Function & Pulse 

Generators 
• Counters 
• Sweepers 
• Digital Multimeters 
• Logic Analyzers 
• Accessories 

Philips/Fluke 
PM 3295 350 MHz Scope 
1988 List Price $5,300 

Sale Price $3,695 

914-937-6376 

assemblies.. .its 
what we do best. 
Please call us at 
602-744-0400. P.O. Box 37144, Tucson, AZ 85740-7144 

Phone:602-744-0400 Telex:(RCA)299-640 
Fax:602-744-6155 

PUBQTPO^ 
PERFORMANCE GUARANTEED TEST EQUIPMENT 

Instruments 
117 North Ridge Street 

Port Chester, New York 10573 
EXPORT: Telex: 493-2025 
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Digital Sampling Oscilloscope 
Tektronix introduces a line of 20 GHz 

digital sampling oscilloscopes that feature 
multi-channel differential time domain 
reflectometry (TDR) measurement capa¬ 
bility. The 11800 Series oscilloscopes in¬ 
clude the 11802 four-channel mainframe, 
the 11801 eight-channel mainframe, the 
SD-24 dual channel/TDR sampling head, 
the SD-26 dual channel sampling head 
plug-in unit and the SM11 multi-channel 
unit. Also available is the P6150 9 GHz 
passive probe. The 11801 and 11802 com¬ 
bine 17.5 ps or less risetime with 200 KS/s 
sampling rate and eight-bit vertical resolu¬ 
tion at all vertical sensitivities. They can 
acquire record lengths of 512 to 5120 
points. Tektronix, Inc., Beaverton, OR. 
INFO/CARD #210. 

GaAs DDS 
The ADS-2 GaAs direct-digital synthe¬ 

sizer (DDS) covers 180 MHz of bandwidth 
with better than 6 Hz resolution. An inter¬ 
nal SAW oscillator provides the system 
clock that can be locked to an internal or 
external 10 MHz reference. Spurious sig¬ 
nals are less than -45 dBc, while har¬ 
monics are -25 dBc and an option 
reduces the harmonics to the same level 
as the spurs. Phase noise is less than 
-110 dBc/Hz at 100 Hz, -115 dBc/Hz at 
1 kHz, -130 dBc/Hz at 10 kHz and less 
than -140 dBc/Hz at 100 kHz (measured 
at 150 MHz). The device offers a switching 
speed of 20 ns between any two output 
frequencies. Price ranges from $2,000 to 
$3,500 depending on quantity and con¬ 
figuration. Sciteq Electronics, Inc., San 
Diego, CA. INFO/CARD #209. 

Ceramic-Metal Tetrode 
The TH 582 tetrode is a ceramic-metal 

tetrode of coaxial structures designed for 
use in amplifiers delivering up to 22 kW 
of output power at peak-of-sync. The 
amplifiers are for use in UHF TV transmit¬ 
ters. Thomson Electron Tubes and De¬ 
vices Corp., Dover, NJ. INFO/CARD 208. 

Analog Array 
The DataLinear Division of Sipex in¬ 

troduces the SP1104 analog array. The 
features include dielectric isolation; com¬ 
plementary, bipolar vertical NPN and PNP 
transistors; thin-film nichrome resistors; 
low temperature coefficient; and dual¬ 
layer aluminum metallization. The NPN 
transistor characteristics feature a beta of 
200 and FT of approximately 1 GHz while 
the PNP features a beta of 100 and FT of 
600 MHz. Specifications include a band¬ 
width of 30 MHz, gains to 120 dB and off¬ 
set voltages of less than 100 uV. The ar¬ 
ray is available in either 20 volt or 35 volt 

transistor Vceo’s. Non-recurring prices for 
the SP1104 start at under $20,000. Sipex 
Corp., Milpitas, CA. INFO/CARD #207. 

Flash Converter Evaluation Board 
Designed to ease observing and ana¬ 

lyzing the performance of Analog De¬ 
vices’ AD770 flash A/D converter, the 
ADEB770 evaluation board provides the 
support circuitry required when using this 
eight-bit, 200 megasample device. Analog 
signal inputs are applied directly to the 
converter or via an AD9611 high-speed 
buffer amplifier. Digitized outputs are 
available through high-speed 100 K ECL 
latches and drivers. Output data is provid¬ 
ed at 200 MSPS. Jumper selectable deci¬ 
mation provides every second, fourth, 
eighth or 16th digital output sample for 
users that cannot accept data at that rate. 
The ADEB770 evaluation board requires 
+5 V at 600 mA and -5.2 V at 1.8 A. Price 
ranges from $635 to $725 depending on 
grade. Analog Devices, Norwood, MA. 
INFO/CARD #206. 

500 MHz Waveform Digitizer 
The Model 6880B/6010 waveform digi¬ 

tizing system from LeCroy combines 11-bit 
single shot resolution with 1.35 gigasam-
ple/second digitizing rate, 500 MHz band¬ 
width (typical) and 10,000 point memory. 
It offers greater than 14-bit resolution for 
repetitive waveforms. The minimum sys¬ 
tem consists of one 6880B single shot 
digitizing front-end module and one 6010 
controller/IEEE-488 interface module in¬ 
stalled in an IEEE-583 (CAMAC) standard 
instrument mainframe. Either a host com¬ 
puter or video monitor completes the sys¬ 
tem. LeCroy Corp., Chestnut Ridge, NY. 
INFO/CARD #205. 

Airborne Diplexer 
Model 6127 diplexer is used at a micro¬ 

wave antenna to combine two transmitters 
to one antenna output. Lowband is 1426 
to 1463 MHz and highband is 1510 to 1546 
MHz. Passband loss is 3 dB maximum 
and mutual isolation is 50 dB minimum. 
Impedance is 50 ohms and connectors 
are BNC. Power handling is 15 watts 
average and 75 watts peak power per 
channel. Price is $1,575. Microwave Filter 
Company, Inc., East Syracuse, NY. 
INFO/CARD #204. 

Coaxial Adapter 
Model PE9273 is a 50 ohm coaxial 

adapter with type SMA male to SMA male 
radius right angle coaxial adapter. Fre¬ 
quency range is DC to 18 GHz and VSWR 
is 1.15:1. The adapter has a passivated 
stainless steel body with TFE fluorocar¬ 
bon insulation and a gold plated contact. 

PROBLEM 

Final inspection of Surface Mount 
Components is impossible. 

SOLUTION 
ANZAC 

Surface Mount Components... 

have extended leads which allow 
for easy inspection of solder joints. 

Adams E Russell 
Electronics 
ANZAC DIVISION 

For more information write 
or call: 

80 Cambridge St. 
Burlington, MA 01803 
(617) 273-3333 
FAX (617) 273-1921 
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Don’t 
Forget! 
Send for the latest 
edition of the free Con¬ 
sumer Information Cata¬ 
log. □ The Catalog lists 
over 200 selected federal 
publications of consumer 
interest on subjects like 
health, nutrition, federal 
benefits, money manage¬ 
ment. □ The Catalog is 
free and so are many of 
the booklets. □ Just send 
your name and address, 
no strings attached. 
Write today: 
Consumer 
Information Center 
Department DF 
Pueblo, Colorado 81009 

rf products Continued 

Price is $27.16 each in 100 piece quanti¬ 
ty. Pasternack Enterprises, Irvine, CA. 
INFO/CARD #194. 

CMOS Flash A/D 
The ADC-208 is Datel’s eight-bit CMOS 

video flash converter. Specifications in¬ 
clude 20 MHz sampling rate and 10 MHz 
full power bandwidth. The design archi¬ 
tecture delivers bit rates to 30 MHz in the 
burst mode, one shot mode conversion 
times of 35 ns and power modes of 150 
mW. Datei, Inc., Mansfield, MA. Please 
circle INFO/CARD #196. 

Radiated Susceptibility Test 
System 
The EMPS-2000 radiated susceptibility 

test system is designed to meet the 50 
kV/meter fast rise time specification 
(RS05) of MIL-STD-461C/462 Notice 5. 
The unit comes with a one meter anten¬ 
na and a 50-100 kV variable pulser with 
remote control triggering. A two meter 
antenna is available as an option. The 
system is priced at $39,900. R & B Enter¬ 
prises, West Conshohocken, PA. Please 
circle INFO/CARD #192. 

Miniature Crystal Oscillator 
Piezo Crystal Company introduces the 

Model 2880065 SC-cut crystal oscillator. 
The unit features an aging rate of 5 x 
10~1° per day and a noise floor of -160 
dBc/Hz. Final frequency is achieved 
within 1 x 1O~7 after 5 minutes at 25°C. 
The time domain stability is better than 
1 x io* 11 per second and the vibration 
sensitivity is 2 x io~9/g. The oscillator is 
available in standard frequencies of 10 
MHz to 10.23 MHz. Piezo Crystal Com¬ 
pany, Carlisle, PA. INFO/CARD #195. 

High Power Combiner 
The high power VHF switchless com¬ 

biner can combine and/or switch two 

AND MORE! 

Consumer 
Information 
Catalog 

QUALITY CUSTOM FILTER DESIGNS THAT WORK CONSIS¬ 
TENTLY WELL. WE TAKE GREAT PRIDE IN PROVIDING THE 
INDUSTRY WITH QUALITY FILTERS IT CAN RELY ON TIME 
AFTER TIME. 

DADEN ASSOCIATES, INC. .. Serving the industry's filter needs in commercial, mil¬ 
spec, and hi-rel space applications since 1977. 

96 

OAOEM FAX - 714-472-0805 
TWX - #910-596-1324 

23011 Moulton Pkwy, A-12 Laguna Hills, CA 92653 Phone - (714) 770-1522 
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transmitter inputs to one or both of the 
combiner outputs. The switching opera¬ 
tion is done under full power without in¬ 
terruption of programming. Model 55005 
has a frequency range of 174 to 216 MHz 
and combined output power of 100 kW. 
Micro Communications, Inc., Manches¬ 
ter, NH. INFO/CARD #203. 

Voltage Controlled Crystal 
Oscillator 

Piezo Technology offers a hybrid 
voltage-controlled crystal oscillator 
housed in a four-pin package and capable 
of operating at a frequency of 44.736 MHz. 
Model CXH-1004 has a 10K ECL output 
signal with linearity better than ±10 per¬ 
cent. Maximum rise and fall time is 2 ns 
and frequency stability is ±25 ppm from 
-40°C to 70°C. Piezo Technology, Inc., 
Orlando, FL. INFO/CARD #202. 

Dual Directional Coupler Detector 
Sage introduces a dual directional 

coupler-detector which provides a 3 ±0.15 
volt output with 40 watts input over the 
band. Model FCD4147 incorporates 
potentiometers which permit the adjust¬ 
ment of output voltages to calibrate out 

system meter errors. Directivity is greater 
than 20 dB for both forward and reverse 
signal outputs. Insertion loss is less than 
0.2 dB, VSWR is less than 1.2:1 and max¬ 
imum input power is 100 watts CW. Sage 
Laboratories, Inc., Natick, MA. Please 
circle INFO/CARD #201. 

Filter/Multiplexer to 20 Channels 
Custom switch/mulitplexer combina¬ 

tions are available in a variety of bands. 
The I band, six-channel switch/mulitplexer 
has 1 percent bandwidth and 70 dB isola¬ 
tion. VSWR is 1.8:1 and the SP6T switch¬ 
es in 100 ns (max). Teledyne Microwave, 
Mountain View, CA. INFO/CARD #199. 

SAWHG 
QUARTZ? 
ELECTRO ABRASIVES ARE 
YOUR No. 1 ANSWER. 
Sawing and lapping quartz into timing 
devices, and other precision lapping and 
polishing of components require precision 
abrasives: the type produced at our new 
Buffalo powder plant. 

PROBLEM 

R.R SBCTIOM 

Most Surface Mount Components 
are non-hermetic. 

SOLUTION 
ANZAC 

Surface Mount Components... 

are fully hermetic units, without 
the use of epoxy or glass. 

Adams £ Russell 
Electronics 

Our new generation powders 
are your best choice: 
• Electrocarb® Silicon Carbide 
• Brown Fused Aluminum Oxide 

Optical Powders 
• White Precision Alumina 

For these reasons: 
• Sized to rigid FEPA standards 
• Water classified with state-of-the-art 
technology 

• Used daily in production sawing of quartz 
• In stock for immediate shipment 

ANZAC DIVISION 

Request Descriptive Product Literature. 

Contact Al Ramming 
for assistance in grit-size 
selection and the name 
of your nearest Electro 
distributor. 

ELECTRO 
. * ABRASIVES 

For more Information write 
or call: 

80 Cambridge St. 
Burlington, MA 01803 
(617) 273-3333 
FAX (617) 273-1921 

ELECTRO ABRASIVES CORPORATION • 701 Willet Road ■ Buffalo, N.Y. 14218 
Tel: 800-333-0622 Fax: 716-822-2858 
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ff Software 
Analog Design and Analysis 
Program 
Lincad-PC V 2.0 is an analog electronic 

circuit design and analysis program for 
PC/DOS, MS/DOS or compatible com¬ 
puters. The features of this version in¬ 
clude poles, zeros, characteristic equa¬ 
tion, open and short circuit time con¬ 
stants, pulse response graphics, Fourier 
spectra graphics and standard one per¬ 
cent circuit element substitution. It will plot 

up to four variables on any of the frequen¬ 
cy, time or spectra graphics. The program 
costs $159. Sofcad Electronics, Inc., 
Columbus, OH. INFO/CARD #189. 

GPIB Software 
A software package from Philips turns 

a PC into a GPIB controller by reducing 
programming and debugging time. The 
Philips PM 2240/001 TestTeam software 
provides programmers of GPIB instru-

Software 
for PCs 

• Tune components by tapping curser keys. 
• Fast and hang resistant optimizer. 
• Easy to learn and use. 
• Affordably priced. 
• Runs on your IBM PC/XT/AT/PS2 or compatible. 
Coprocessor recommended. 

=SUPERSTAR= 
• REAL-TIME TUNING Components are tuned by tapping cursor keys and 

results update on screen. For a typical amplifier circuit, the screen updates 
in <300 mS on an IBM AT with a coprocessor. 

• OPTIMIZATION The hang resistant routine uses a modified pattern search 
with adaptive step sizes for each variable. The fast execution speed and 
this routine will end your frustration with optimizers. 

• EASY TO LEARN & USE The manual includes 35 examples of filters, 
amplifiers, oscillators, matching networks, couplers, etc. 

• AFFORDABLE =SuperStar= is only $595, and it requires only 512K of 
memory and no special hardware. Quantity discounts available. 

OTHER CIRCUIT BUSTERS PROGRAMS 

=FILTER= : Designs L-C filters. Writes =SuperStar= files. 

=OSCILLATOR= : Designs L-C, T-Line, SAW and crystal oscillators. 

=TLINE= : Transmission line analysis and synthesis. 

PLEASE TELEPHONE FOR MORE INFORMATION. 

CIRCUIT BUSTERS, INC. 

1750 Mountain Glen 
Stone Mountain, GA 30087 USA 
(4041 923-9999 

VISA MasterCard . 

mentation systems with a versatile en¬ 
vironment to develop GPIB application 
programs. It features standard functions, 
libraries and an easy-to-use editor. All 
facilities are available via pull-down 
menus and pop-up windows. In addition 
to providing an environment for writing 
test and measurement programs, the soft¬ 
ware allows program testing with facilities 
for syntax checking, interactive debug¬ 
ging and error handling. The program is 
priced at $925. John Fluke Mfg. Co., 
Inc., Everett, WA. INFO/CARD #188. 

AutoCAD and HP Interface to 
MiCAD 
Two translator programs from EEsof 

allow Autodesk's AutoCAD™ and Hewlett-
Packard's EGS™ to directly interface 
with MiCAD™. ASM 1000 translates 
MiCAD’s mask files to AutoCAD DXF file 
format so that designers can utilize 
MiCAD’s CAD functions while integrating 
circuit layout files directly into AutoCAD. 
The ASM 1200 likewise translates MiCAD 
mask files into the HP EGS archive file 
format. The 1000 operates on PCs and 
compatibles while the 1200 requires the 
HP 9000 series 300 workstations. EEsof, 
Inc., Westlake Village, CA. Please cir¬ 
cle INFO/CARD #187. 

Mathematical Software Packages 
The Minpack1-Lib focuses on solving 

systems of nonlinear equations and non¬ 
linear least squares problems. The latter 
capability allows the user to perform a 
least squares fit of virtually any nonlinear 
curve to data. It can solve algebra, 
calculus and trigonometry problems. The 
package costs $465. 

FITLIB, another package from PC 
Scientific, is a curve and surface fitting 
package that is based on tension splines 
which provide the flexibility for tightness 
or looseness of fit. Source code is includ¬ 
ed to allow the subroutines to be custom¬ 
ized for specific purposes and uses. The 
FITLIB software package sells for $695. 
PC Scientific Software, Inc., St. Paul, 
MN. INFO/CARD #186. 

Network Analysis Software 
Solution #5 allows design data to be 

analyzed with an operator interface and 
calculation feature set similar to those 
found on network analyzers. S-para-
meters can be obtained either from CAE 
files or HP network analyzers. Data can 
be displayed in the frequency or time 
domain in any of 13 formats. The software 
operates on the HP Series 200 and 300, 
and IBM-AT compatible machines. Inno¬ 
vative Measurement Solutions, Atlanta, 
GA. INFO/CARD #167. 
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EMI Filter Catalog 
This EMI filter catalog contains informa¬ 

tion on a broad range of EMI/RFI filters 
and accessories. Included are general 
descriptions, insertion loss values, 
schematics and ordering information on 
general application, switching transient, 
three-phase and connector series filters 
as well as IEC power receptacles. Specifi¬ 
cations listed include voltage rating, line 
frequency, leakage current, test voltage, 
current overload tests, insulation resis¬ 
tance and performance. Mechanical de¬ 
tails include case styles and dimensions, 
panel cutout sizes, terminal types and 
sizes and attachment data. Components 
also described include fuses, switches, 
power connectors, voltage selectors and 
indicators. A glossary of terms is includ¬ 
ed. Stanford Applied Engineering, San¬ 
ta Clara, CA. INFO/CARD #185. 

Simulation Tool Description 
A description of OmniSys, a system 

simulation tool, is provided in this booklet. 
This technical summary from EEsof dis¬ 
cusses such details as characterization of 
nonlinear components, external and inter¬ 
nal component models and component 

model equations. Included are three 
technical examples to illustrate the 
capabilities of the software. EEsof, Inc., 
Westlake Village, CA. INFO/CARD #184. 

Microwave Products and 
Instruments Catalog 

Products covered in this catalog include 
attenuators, couplers, power dividers, 
mechanical switches, control products, 
sources, MICs, radiation and power moni¬ 
tors, and microwave measurement sys¬ 
tems. In addition to alphabetical and 
numerical listings, quick reference guides 
introduce each product group followed by 
technical notes that provide basic func¬ 
tion and application data. Narda Micro¬ 
wave Corp., Hauppauge, NY. Please cir¬ 
cle INFO/CARD #183. 

Technical Description of 
Microwave Cable Assemblies 

This description is centered around 
SUCOFLEX cables. These flexible micro¬ 
wave cable assemblies are designed to 
substitute semi-rigid cables. The informa¬ 
tion presented includes a product digest, 
technical data on the cables, armours for 
SUCOFLEX. interchangeable connectors, 

application specialties, mechanical 
dimensions and ordering information. 
Huber + Suhner AG, Herisau, Switzer¬ 
land. INFO/CARD #182. 

Antenna and Antenna Systems 
Catalog 

This revised catalog presents in-depth 
application information and product speci¬ 
fications on the company’s antenna line. 
The document also includes an antenna 
designer's guide, containing a wide range 
of technical data to assist the systems 
engineer in determining antenna perfor¬ 
mance parameters for specific applica¬ 
tions. Watkins-Johnson Company, San 
Jose, CA. INFO/CARD #181. 

Catalog Describes Cascadable 
Amplifiers and Signal Processing 
Components 
RF and microwave cascadable ampli¬ 

fiers and signal processing components 
from 0.3 to 3000 MHz are highlighted in 
this catalog. Shown are graphs for gain, 
power, single and double stage noise 
figure, and third order two-tone intercept 
point. Parameters listed include small 
signal gain, gain flatness, noise figure, 

Omni 

Spectra 
A /l^ COMPANY 

FULL SPECTRUM 
Over 100,000 Omni 

Spectra 

• Microwave Coaxial Components 
• Microwave Coaxial Connectors 
• QPL: Adapters, Attenuators, Connectors, Terminations 
• OSSP/OSP™ Modular Blind Mate Connectors 
• OSCC Solderless Compression Crimp Connectors 
• Tools and Accessories 

Parts in 
Stock!!! 

OSCC 
SoUrW« rum—<i Cmp Ccmctx SvWm 'SP OSSP 

competitive quote required. Must 
ha similar niialiht 

INFO/CARD 99 

PENSTOCK 
RF/MICROWAVE DISTRIBUTION 

Call Penstock for all of your 
Omni Spectra requirements. 

Show us your best quote from any 
other connector company and 
WE WILL BEAT IT* 
(standard distributor items only) 

NORTHERN CALIFORNIA: 
520 Mercury Drive, Sunnyvale, CA 94086-4018 

(408) 730-0300 
FAX: 408-730-4782 

Arizona Only: (800) 255-6788 
Additional Non-Franchlsed Locations: 

PENSTOCK CANADA 
Phone: 604-662-3475 FAX: 206-451-9418 

PENSTOCK EAST 
Phone: 201-288-7313 FAX: 201-288-1124 

PENSTOCK MIDWEST 
Phone: 312-934-3700 FAX: 312-934-3748 

PENSTOCK NORTHWEST 
Phone: 206-454-2371 FAX: 206-451-9418 

(in Oregon call: 206-454-2371) 
PENSTOCK ROCKY MOUNTAIN 

Phone: 303-792-0777 



rf literature Continued 
power output, intercept point, and VSWR. 
Other information shown includes cas¬ 
cading application information, single and 
cascaded TO-8 amplifiers with SMA con¬ 
nectors and outline drawings. Cougar 
Components, Sunnyvale, CA. Please 
circle INFO/CARD #180. 

Crystal Oscillators and Quartz 
Crystals Catalog 

Bliley Electric Company has released 

its catalog detailing high rel crystal oscil¬ 
lators and quartz crystals. Included 
among the expanded crystal oscillator 
section are a variety of oven oscillators 
(OCXO), digitally compensated crystal 
oscillators (DCXO), as well as voltage con¬ 
trolled (VCXO), temperature compensated 
voltage controlled (TCVCXO) and clock 
oscillators. The quartz crystal section in¬ 
cludes surface mount designs and SC cut 
units among general purpose, MIL-Spec, 

INFO/CARD 100 

Optimize Filter Response 
to Fit Your Design Target! 

COMTRAN now runs on your PC* 
• Designs filters with custom-shaped responses 
• Magnitude, Phase, Zin, Zout, or combination 
* Fits any precision response using available 
capacitor values (by recalculating resistors) 

* Derives equivalent circuit from measured data 
• Cuts opamp count in half (4 poles per opamp) 
• Tolerance, Time Domain, Waveform Digitizing 
• FAST — Less than 1 second per point typical 
‘Requires AT compatible w/ HP 82300B BASIC Language Processor card w/1 MB RAM, & 
HP 9122 floppy drive. This card adds HP Rocky Mountain BASIC, w/ HP-IB interface, to your PC. 
Lets your PC run HP 200/300 BASIC software. COMTRAN previously ran only on HP computers. 

COMTRAN® Integrated Software 

A Division of Jensen Transformers, Inc. 
10735 BURBANK BOULEVARD. N. HOLLYWOOD. CA 91601. FAX (8 18) 763-4574 . PHONE (213)876-0059 

vacuum sealed and ultra high stability 
components. Bliley Electric Company, 
Erie, PA. INFO/CARD #179. 

Application Note Features Using 
JFETs for Speed and Accuracy 

Application note AN-108, “JFET-Input 
Amps are Unrivaled for Speed and Ac¬ 
curacy,” presents high speed application 
circuits such as fast sample-and-hold 
amplifiers, logarithmic amplifiers, peak 
detectors, etc. that are possible with the 
OP-42 and OP-44 fast settling op amps 
from PMI. Accompanying each applica¬ 
tion is a detailed description of how the 
circuit works along with pertinent perfor¬ 
mance characteristics. The note includes 
practical design hints to show users how 
to take full advantage of the particular pro¬ 
ducts. In addition, a section is devoted to 
helping designers minimize circuit noise 
and error. Precision Monolithics, Inc., 
Santa Clara, CA. INFO/CARD #178. 

Short Form Catalog Describes 
Pulse Generators 
Avtech Electrosystems introduces its 

1988-1989 short form catalog of nano¬ 
second waveform generators and acces¬ 
sories. It describes over 150 models of 
pulse generators, impulse generators, 
monocycle generators and accessories 
such as transformers, power splitters, 
delay generators, sample and hold 
amplifiers and scope probes covering the 
PRF range of 0 to 250 MHz, rise times 
from 40 psec to 10 nsec, pulse widths 
from 130 psec to 100 usee and amplitudes 
from 5 to 500 volts. Avtech Electrosys¬ 
tems LTD., Ottawa, Ontario, Canada. 
INFO/CARD #176. 

Filters Brochure 
Lark Engineering’s brochure gives in¬ 

formation on microminiature lowpass, 
bandpass, and high pass filters covering 
from 1 MHz to 6000 MHz. Packages are 
either TO-8 cans or flat packs with axial 
or radial pins. Lark Engineering Com¬ 
pany, San Juan Capistrano, CA. Please 
circle INFO/CARD #175. 

Quartz Crystals and Oscillators 
Catalog 

This catalog provides technical specifi¬ 
cations on quartz crystals and crystal 
clock oscillators. Designed for both sur¬ 
face mounting and thru-hole applications, 
the resonators cover the 10 kHz to 35 
MHz range. Package dimensions are 
shown for hi-temp, leadless surface mount 
version, as well as for thru-hole units with 
leads. Micro Crystal Division/SMH, New 
York, NY. INFO/CARD #174. 
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Engineer 

CRYSTAL FILTER 
ENGINEER 
Murata Erie North America, Inc. needs an expe¬ 
rienced engineer for its central Pennsylvania fa¬ 
cility in State College to design crystal filters 
from customer specifications. 

The professional we seek should have a 
B.S.E.E. or Bachelor’s of Physics degree with 3-
5 years of applicable experience in filter de¬ 
velopment, troubleshooting, and production 
problem-solving. Knowledge of crystal 
parameters and filter Q relationships is essen¬ 
tial. Quotation and cost estimation experience 
is desirable. 

Murata Erie offers a career opportunity with a 
competitive salary and comprehensive bene¬ 
fits. 

Qualified candidates should send a resume 
with salary history to: Don’t 

Forget! 
Send for the latest 
edition of the free Con¬ 
sumer Information Cata¬ 
log. □ The Catalog lists 
over 200 selected federal 
publications of consumer 
interest on subjects like 
health, nutrition, federal 
benefits, money manage¬ 
ment. □ The Catalog is 
free and so are many of 
the booklets. □ Just send 
your name and address, 
no strings attached. 
Write today: 
Consumer 
Information Center 
Department DF 
Pueblo, Colorado 81009 

Human Resources Supervisor 
Murata Erie North America, Inc. 
1900 W. College Avenue 
State College, PA 16801 
An Equal Opportunity Employer ^l^— 

KÛL 
k OSCILLATEK j

OSCILLATOR DESIGN ENGINEERS 
Due to our rapid growth, we are seeking experienced oscillator design 
engineers. Successful candidates must have experience in the design of 
precision crystal oscillators, whether OCXOs, TCXOs or VCXOs. 

We offer a supportive and challenging work environment with unlimited 
potential for career growth. We are located in a beautiful suburb of Kan¬ 
sas City, surrounded by some of the finest public schools in the nation. 

Please send your resume, in confidence to: 

K&L Oscillatek 
620 N. Lindenwood Drive 

Olathe, Kansas 66062 

or call Ron Stephens at 1-913-829-1777 
Consumer 
Information 
Catalog 

U.S. General Services Administration 

RF Design 

K&L OSCILLATEK 
A Division of K&L Microwave, Inc. 

“Oscillatek is an equal opportunity employer” 

KOL 
OSCILLATEK h_ 
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RF/Analogue 
Design 

Engineer 
Design and 

problem-solving for 

satellite projects 

London Tax-paid salary 

In two sentences, we can explain why our technology requires 
you to have the most precise technical skills, and the broadest technical 
knowledge. 

INMARSAT is a world leader in satellite communication. 
We provide instant high-quality communication services for maritime, 
airborne or mobile land-based installations, and with the launch next 
year of our 2nd generation of satellites, we are close to our goal of 
total global satcomms capability 

Wb now need an RF/Analogue Design Engineer to work in 
our close-knit Test and Demonstration team, based in our London 
headquarters where you'll spend a lot of time in our high-tech 
communications test laboratory 

You will design and test systems and equipment to be used in 
technical trials and user demonstrations of new services and earth 
station standards. Implementations will use both analogue and digital 
techniques and will cover the frequency range from baseband to 
microwave. You will also determine appropriate test procedures and 
make recommendations on the purchase of test equipment. 

To fill this key position you must have at least three years' solid 
experience in the design and evaluation of modern communication 
equipment and systems, backed by an electronics/electrical degree or 
equivalent. A broad knowledge of electronic circuits and a thorough 
understanding of their underlying principles are essential. 

Good oral and written communication skills in English are 
required. 

In return, we offer an excellent tax-paid salary and an expatriate 
benefits package, including family travel home every two years, an 
interest-free house loan, education costs for children, and 30 days' 
holiday Relocation costs are paid to and from London; we obtain all 
necessary clearances for you to work in the UK. 

Please write with full career details in English to the Personnel 
Manager, INMARSAT 40 Melton Street. London NW1 2QE, England. 
Telephone +441 387 9089 Fax +441 387 2115. 
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Sealed Air Precision Trimmer Capacitors 
One More Critical Tuning Solution From VoltrOIliCS 

CORPORATION 

To Get Your 
Voltronics 
Catalog, 
Circle 

INFO/CARD #102 

The only internally sealed air 
trimmer! 
• 10 & 14 pF max. C 
• Q over 5000 at 100 MHz 
• Useable over 1.5 GHz 
• Long life — 10,000 turns 
• Extended shaft & non¬ 
magnetic options 

• QPL’d and low cost 

Call 201-887-1517 
We’ll select the best part 

for you or design a new one 

To receive RF Design 
Answer all questions, sign, date and mail today. 
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Beam Lead PIN Diodes 
Discover small but rugged low 
inductance, low capacitance, fast 
switching Beam Lead PINs. 

Discover mechanically innovative, 
flexible beam design. 

Discover Frequency Sources 
Semiconductor applications and 
technical support. 

Discover a variety of product types 
available from stock. 

Discover useful and helpful information 
in our Data Sheet and Application Note 
on Mesa and Planar Beam Lead PINs 
NOW! 

Example of product availability: 

PART NO. GC4901’ GC4902* GC4801** GC4802" 

I Breakdown 
Voltage 
VBR (V) MIN 

100V 100V 100V 100V 

Series Resis. 
RS (Ohms) 
MAX 

3.0 2.0 4.0 3.0 

Capacitance 
Cj (pF) MAX .03 .06 .02 .07 

L Lifetime 
TL (ns) TYP 50 50 150 150 

M Switching 
i Time 
I* TS (ns) TYP 

5 5 15 15 

Mesa Planar 
Others available upon request 

Discover Frequency Sources 
Semiconductor for all your semi¬ 
conductor diode requirements. 

æbbâZ ' / < r . / 

SEMICONDUCTOR IDIVISION 
A SUBSIDIARY OF UCF9ZXL. CORPORATION 

16 Maple Road, Chelmsford, MA 01824 
(617) 256-4113 ■ TWX (710) 343-6506 
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Why do you think 
we call them 

traveling-^w^e tubes? 

Watkins-Johnson TWTs 
and TWTAs perform 
crucial functions in many 
commercial and military 
applications. Our commit¬ 
ment to technology, relia¬ 
bility and customer satisfaction has driven us 
for nearly three decades and assures our con¬ 
tinued prominence as a leading manufacturer 

of traveling-wave tubes. 
For tube requirements 

up to 20 watts cw and 
frequencies up to 40 GHz, 
contact the W-J sales 
office in your area or 

telephone Amplifier Applications Engineering, 
Palo Alto, California, at (415) 493-4141, 
ext. 2391. 

3333 Hillview Avenue, Palo Alto, California 94304-1204 IUU J WATKINS-JOHNSON 
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