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A COMPLETE LINE OF HIGH 
PERFORMANCE CER-MET DIODES. 
• Surface mount 
• High volume manufacturing 
• Hermetically sealed 
• Full face chip bond 
• Double terminal heatsinks 

plus reverse voltage rating to 1000 volts. 

CER-MET units are readily available in volume 
for both military and commercial applications 
Quantities are already in stock for immediate 
shipment. 

Our PIN diodes are now available with ceramic 
package/metal electrode technology, designed to 
meet MIL-STD 19500. High performance specifica¬ 
tions include long lifetime, low series resistance, 

For more information, or to request samples, 
call or fax, Loral Microwave-FSI, 16 Maple Road, 
Chelmsford, MA 01824. Tel: (508)256-4113. 
Fax: (508)937-3748. 

Part No. Suggested 
Case 
Style 

Reverse Voltage 
Rating (Vr)-min 

Total Capacitance (pF) - max 
F=1MHz Vr=50v 

Series Resistance (RS)-ohms 
F=100MHz 

Carrier 
Lifetime (Tl) 
psec(typ) 

Thermal 
Resistance 

(0j) 

lr< 10pA M1 M2 lf= 100mA (max) lf=200mA (typ) lf=10mA C/W 

SM0502 
SM0504 
SM0508 
SM0509 
SM0511 
SM0512 
SM0812 
SM1001 

M1 or M2 
M1 or M2 
Ml or M2 
M1 or M2 
M1 or M2 

M2 
M2 
M2 

500 
500 
500 
500 
500 
500 
800 
1000 

0.45 
0.55 
0.85 
1.00 
1.30 
N/A 
N/A 
N/A 

0.50 
0.60 
0.95 
1.25 
1.45 
1.50 
1.30 
1.30 

0.70 
0.60 
0.40 
0.35 
0.30 
0.25 
0.40 
0.35 

0.55 
0.45 
0.25 
0.20 
0.15 
0.12 
0.25 
0.20 

1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 

35 
20 
15 
12 
9 
7 
7 
7 



REDEFINING PERFORMANCE & VALUE 
THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS 

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, 
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for 
the AN940, the AN900 series of spectrum analyzers can match 
your RF and microwave testing requirements. 

In addition to being full-featured, portable spectrum analyzers, 
each AN900 series model provides unique measurement 
features never before available on any spectrum analyzer. 
A wide 30 MHz resolution bandwidth filter provides 

unequalled measurement capability on wideband or spread 
spectrum signals. When used in combination with the built-in 
FM/AM receiver and modulation measurement scales, direct 
measurement of wideband signal modulation components, 
including frequency agile signals, is possible. 
A 25 MHz digitizing rate enables zero span measurements on 

pulsed RF and digital signals at sweep rates as fast as 200ns/div. 
Pretrigger and posttrigger delay allow precise time interval or 
gated measurements. 

An automatic trace limits test function performs unattended 
monitoring and detection of erroneous signal conditions. 
Captured signals can be automatically stored in memory with 
time and date stamp for later recall and analysis or sent directly 
to a plotter via the standard RS-232 or IEEE-488 interfaces. 
A logical front panel control layout that avoids the use of 

menus or shift keys simplifies operation and enhances user 
productivity. For field use, a rugged portable design is comple¬ 
mented by the ability to operate from DC power sources or 
from an optional rechargeable battery pack. 

Other optional built-in features, including a 2.9 GHz tracking 
generator, quasi-peak detector, and 0.02 ppm time base, 
expand each model 's possible uses. 

RENT DIRECTLY FROM IFR 
Call 1-800-835-2352, Ext. 207 for details 

Contact IFR for more information 
or to arrange for a demonstration of 
the AN920, AN930 or AN940. 

IFR SYSTEMS, INC. 

10200 West York Street/ Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / 1-800-835-2352 / FAX 316/522-1 360 
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SPLITTERS 
combiners 
the world’s largest selection 
2KHz to 10GHz from $295
With over 300 standard models, from 2-way to 48-way, 0°, 90° and 180° 
50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we’ll also supply “special” needs, such as wider band¬ 
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year gua'antee and unprecedented 
“skinny” sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits... dedicated to exceed our customers’ expectations. 

£□ Mini-Circuits’ 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS’ 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. 
Fl34RevD 
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Leader of tm 
FLATPACK 

Flatpacks 

Con¬ 

fig 

Freq 
MHz 

IL 
dB 

Iso 
(IB 

Switch 
Speed 
nSEC 

Part No. 

SPST 

SPST 

SP2T 

SP2T 

SP2T 

SP3T 

SP4T 

SP6T 

1 Sect Atten 

1 Sect Atten 

3 Sect Atten 

5 Sect Atten 

Pulse Modulator 

Threshold Det 

10-1000 

400-2000 

10-1000 

5-2000 

5-1000 

10-1000 

DC-2000 

10-1000 

5-1000 

800-1200 

30-300 

10400 

10-1000 

10-3000 

1.25 

0.9 

0.7 

1.0 

0.5 

1.2 

1.5 

0.75 

0.9 

0.9 

1.0 

1.7 

2 

70 

I67 

55 

57 

70 

40 

50 

50 

10 

50 

.25, .5, 1.0 

1,2, 4, 8,16 

80 

35 

185 

40 

24 

72 

100 

30 

1000 

30 

80 

200 

100 

300 

Detects -25 to -10 dBm 

8312 

CS0551 

CS0860 

CS02800 

CS0962 

8008 

CS048024 

8013 

DA0944-10 

DA0879 

8009 

8010 

8015 

8014 

Daico broadens it’s product line with a proven series of 
Flatpacks and almost every part in our catalog can be 
manufactured in one of these packages! Please call us...we 
have creative ways to meet all of your price, quality and 
performance requirements. 
Daico...always in control. 
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DAICO INDUSTRIES, INC. 
2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220 
Telephone 310/631-1 143 • FAX 310/631-8078 

WE ACCEPT VISA AND MASTERCARD 

SWITCHES ATTENUATORS PHASE SHIFTERS MMICS BIT DETECTORS COUPLERS MODULATORS AMPLIFIERS 
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cover story 
32 An Analog Phase/ 

Frequency Comparator and 
BPSK Carrier Demodulator 
The Grand Prize Winner of this year's RF Design 
Awards Contest achieves both BPSK carrier 
recovery and frequency acquisition without sweep¬ 
ing a VCO and without a separate AFC circuit. 

—Richard W.D. Booth 

featured technology 
38 Broadband Impedance 

Matching - Fast and Simple 
A method for designing broadband matching net¬ 
works uses fast computers and an algorithm which 
exhaustively tries all topologies and element val¬ 
ues. — Thomas R. Cuthbert, Jr. , Ph.D. 

52 Designing Accurate Small Inductors for 
Microwave L-C Filters 
The inductance of small coils is more accurately predicted using a design equation 
pulled from the literature. A program which implements this rediscovered formula is 
presented. — Albert Klappenberger 

tutorial 
62 Wideband Current-Feedback Op Amps for RF Applications 

As the operating frequencies of current-feedback op-amps climb higher, these devices 
find more use in RF circuitry. This tutorial demonstrates some of the characteristics of 
current-feedback op amps as they relate to RF circuits. — Michael Steffes 

71 Orlando Show Features Timely Presentations, 
New RF Products 
RF Expo East is to be held November 15-17 at Disney’s Contemporary Resort in 
Orlando Florida. Abstracts for a dozen technical sessions are presented, as are 
descriptions of some of the products to make their debut at East.’ 

78 Multi-Frequency Antenna Technique Uses 
Closely-Coupled Resonators 
This article introduces a method of designing multi-frequency antennas without reac¬ 
tive decoupling networks or tuned stubs, which are commonly used to achieve multiple 
resonances at a single feedpoint. — Gary A. Breed 

86 Designing Punch-Through Varactor Diode 
Frequency Multipliers 
Punch-through varactor diodes prove to be well-suited for multiplier circuits. This arti¬ 
cle explains how punch-through varactors work, and how they can be used in doubler 
and tripler circuits. — Paul H. Williams 

90 CAE Modeling of a Broadband Magnetic Field Sensor 
Models are developed for a magnetic field sensing coil and its signal conditioning cir¬ 
cuitry. Used in a linear circuit simulator, these models assist in the design of a broad¬ 
band magnetic field sensor. — Greg B. Gajda, Art Thansandote, and Dave W. Lecuyer 

97 Spurious Audio Modulation of VCOs Through 
RF Coupling 
Mysterious sidebands seen in the output of a synthesizer are caused by oscillations in 
GaAs circuits and reflection of a VCO’s output back into itself. 

— William F. Egan and Roger A. Lucas 
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HIGH POWER 
QUADRATURE 
HYBRIDS 

RF editorial 
Can You 
Explain RF 
to Non¬ 
Engineers? 

FREQ. RANGE 100-1000 MHz 
POWER 250 WATTS CW 

TYPICAL SPECIFICATIONS 

MODEL QH3198 100-300 MHZ 
MODEL QH3199 300-1000 MHZ 

LOSS . 0.5db. max. 
AMP.BAL. ± 0.3db max. 
ISOLATION . 20db typ. 
PHASE. 90 + 2deg. 
VSWR . 1.3:1 max. 
CONNECTORS . N 

WERLATONE offers a full 
line of quadrature hybrids 
covering the 2-1000MHz fre¬ 
quency range at power lev¬ 
els to 1000 watts. 

BROADBAND HIGH POWER 
• DIRECTIONAL COUPLERS 
• POWER COMBINERS 
•HYBRID JUNCTIONS 

WERLATONE INC. 
DECADES AHEAD 

P.O. Box 47 
Brewster, NY 10509 
Tel. (914) 279 6187 
FAX. (914) 279 7404 

By Gary A. Breed 
Editor 

I recently had to explain RF to several 
non-technical colleagues. The lesson 
started out all right; it wasn’t hard to list 
a lot of common places where RF is 
used — broadcasting, radar, cordless 
and cellular phones, cable TV, etc. How¬ 
ever, I didn't have much success with 
my explanations of the electromagnetic 
spectrum, radiated waves, or circuit 
operation. I’m still working on the right 
way to represent RF to a lay audience, 
because too few of them grasp basic 
concepts. 
You might ask why they need know. 

After all, most RF applications are 
intended to be invisible to the user. 
Television is just moving pictures; 
broadcast, cable or VCR sources for 
those pictures are supposed to be inter¬ 
changeable. Cellular phones are just 
one of many ways to get your voice from 
here to there. The telephone user 
doesn’t care whether his or her conver¬ 
sation is transmitted by copper wire, 
fiber optic cable, microwave, satellite, 
900 MHz radio — or two soup cans and 
a string. 
That invisibility is exactly what I am 

worried about! If folks don’t know how 
unique and challenging RF technology 
can be, we’ll be like Rodney Dangerfield 
and “won’t get no respect.” Right now, a 
lot of engineers and investors who don’t 
understand RF are getting into the RF 
business. They come from the computer 
industry, from traditional wireline tele¬ 
phone, transportation, medicine or other 
backgrounds. All they want is a wireless 
replacement for previously hard-wired 
interconnections. 

If the RF industry delivers an invisible 
replacement, I want the customer to 
know that it wasn’t as easy as it looks. 
Innovative modulation techniques, diver¬ 
sity antennas, digital signal processing, 
and years of propagation research could 

be behind that $20 two-chip wireless 
design solution. 
And, if the wireless version of their 

product comes up against real-world 
limitations on data rate, transmission 
distance or interference, I want the cus¬ 
tomer to understand that the laws of 
nature can’t be repealed. The Directors 
running a high-risk startup company 
need to know when they are asking too 
much of RF technology (or of the gov¬ 
ernment regulations that control its 
use)! 

Your Ideas Are Needed 
Help me out here! Every one of us has 

an analogy or a comparison to more 
familiar technology that seems to get 
through to people. In my case, compar¬ 
isons to sound and light seem to help 
when explaining how radio waves travel 
through the ether. After all, sound and 
light can be heard and seen, unlike RF. 
But I really lose an audience when trying 
to explain how RF signals travel through 
components in a circuit and how they 
are modulated and detected. 
Send in your best layman’s explana¬ 

tion of an RF concept. I’ll collect them 
for a month or so and publish the best 
ones in the February issue. Mail or fax 
them to me by December 15 (use the 
address at the top of page 10). Just to 
thank you for helping out, we’ll put all 
the names in a hat and draw one out for 
a prize. That person will get a complete 
set of RF Design Handbooks, including 
the new Low-Noise Design Handbook 
coming out this month. These collec¬ 
tions of past articles are excellent refer¬ 
ences on key design areas. 

In the meantime, you can do your part 
to increase awareness of RF by patient¬ 
ly answering questions from the man¬ 
agement, marketing, and other non¬ 
engineers that work with you. 

8 
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ULTRA BROADBAND 
RF POWER AMPLIFIER SYSTEMS 

ALL SOLID-STATE MOS FET RF AMPLIFIER SYSTEMS 

SPECIAL 
MODEL RF OUTPUT FREQUENCY RANGE GAIN USA PRICE 

MODEL 7100LCWITH IEEE 488 

EMI-EMC-RFI 

• AC Operation 
• Fully Protected 
• Drive Mismatched Loads 
• No VSWR Shutdown 
• ALC Flat Gain Response 
• Remote Functions 
• Lowest Prices 

700LC 1.5WCW .003-1000 MHz 33dB $ 1,795 
704FC 4W CW .5-1000 MHz 33dB $ 2,095 
21OLC 10WCW .008-225 MHz 40dB $ 2,495 
71 OFC 10WCW 1-1000 MHz 40dB $ 6,695 
‘727LC 10WCW .006-1000 MHz 44dB $ 7,950 
713FC 15WCW 20-1000 MHz 42dB $ 5,680 
225LC 25WCW .01-225 MHz 40dB $ 3,295 
*737LC 25WCW .01-1000 MHz 45dB $ 9,995 
712FC 25WCW 200-1000 MHz 45dB $ 6,950 
714FC 30WCW 20-1000 MHz 45dB $ 9,350 
250LC 50WCW .01-225 MHz 47dB $ 5,550 
715FC 50WCW 200-1000 MHz 47dB $14,990 
707FC 50WCW 400-1000 MHz 50dB $10,990 
716FC 50WCW 20-1000MHZ 47dB $17,950 
*747LC 50WCW .01-1000 MHz 47dB $18,550 
116FC 100WCW .01-225 MHz 50dB $ 9,500 
709FC 100WCW 500-1000 MHz 50dB $16,990 
717FC 100WCW 200-1000 MHz 50dB $19,500 
718FC 100WCW 20-1000 MHz 50dB $29,800 
7100LC 100WCW 80-1000 MHz 50dB $19,500 
*757LC 100WCW .01-1000 MHz 50dB $29,950 
122FC 250WCW .01-225 MHz 55dB $19,950 
723FC 300WCW 500-1000 MHz 55dB $29,995 
LA500V 500WCW 10-100 MHz 56dB $12,900 

LA500UF 500WCW 100-500 MHz 57dB $46,000 
LA500G 500WCW 500-1000 MHz 57dB $55,000 
LA1000V 1000WCW 10-100 MHz 60dB $22,500 

LA1000UF 1000WCW 100-500 MHz 60dB $75,000 
LA1000G 1000WCW 500-1000 MHz 60dB $99,000 
LS-1000 1000WCW .01-1000 MHz 60dB $230,000 

RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS 

116C 100WCW .01-220 MHz 50dB $ 9,995 
122C 200WCW .01-220 MHz 53dB $12,950 
134C 500WCW .01-220 MHz 57dB $20,500 
137C 1000WCW .01-220 MHz 60dB $28,950 
140C 2000WCW .01-220 MHz 64dB $46,500 

Warranty: Full 18 months all parts. Vacuum tubes 90 days. 
* = Indicates Dual-Band System (coaxial band switching) 

• IEEE Interface Capability 

ENGINEERING 

1-8003443341 
(206)485-9000 ^(206)486-9657 
21820 87th S.E. Woodinville, WA 98072 OSA 

The World's Most Complete 
Line ol RF Power Amplifiers 

IQUNTRY 
FRANCE 

IERMANY 

SWEDEN 

REPRESENTATIVE 
KMP ELECTRONICS 

EMCO ELEKTRONIK 

MAT & TEST TEK. 

TELEPHONE NO. 
146450945 

898562071 

87926100 

FACSIMILE NO. 
146452403 

898597785 

87923190 

More Than 200 Standard Models 

to Choose From 
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HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 

2 METER VHF AMPLIFIERS 

35 Watt Model 335A. $ 79.95 Kit 
75 Wan Model 875A . $119.95 Kit 
Auwtabte in kit or wurölested 

HF AMPLIFIERS per MOTOROLA BULLETINS 

Complete Part» Liat for HF Amplifier» Deacrfced 
in the MOTOROLA R.F. Device Data 

AN758 3OOW $154.15 EB63 140W $ 89.65 
AN762 140W $ 95.15 EB27A 3OOW $136.80 
AN779L 20W $ 83.79 EB104 6OOW $37L65 
AN779H 20W $ 93.20 AR305 300W $345.82 
AR313 300W $366.00 

NEW!! 1K WATT 2-50 MHz Amplifier 
MOTOROLA AR347 $1.100.95 

POWER SPLITTERS and COMBINERS 
2—30MHz 

600 Wan PEP 2—Port . $ 69.95 
1000 Wan PEP 2—Port . $ 79.95 
1200 Wan PEP 4—Port . $ 89.95 

For detailed information and prices, call or write for our free catalog. 

The oscillators 

with the quartz 

crystals from 

KVG measure 

absolutely 

everything, 

even before 

you'll see 

or hear it. 

Oscillators with 

quartz crystals 

deliver the 

quality you need, 

quartz-precise. 

Communication 

and measurement 

technique. 

Worldwide. 

KVG. 

KVG 

North America Inc. 

Werner Mueller 
2240 Woolbright Rd. 

Boynton Beach 

Fl. 33426-6325 
Tel. (407) 734-9007 

Fax (407) 734-9008 

100 WATT 420-450 MHz PUSH-PULL LINEAR 

AMPLIFIER - SSB-FM-ATV 

KEB67—PK (Kit) . $159.95 
KEB67—PCB (PC Board) . $ 18.00 
KEB67—I (Manual) . $ 5.00 

We also stock Hard-to-Find parts 

CHIP CAPS—Kemet/ATC 
METALCLAD MICA CAPS—Unelco/Semco 
RF POWER TRANSISTORS 
MINI-CIRCUIT MIXERS 
SBL—1 (1—500Mz) . $ 6.50 
SBL-1X (10—1000Mz) . $ 7.95 

ARCO TRIMMER CAPACITORS 

VK200—20/4B RF Chote . $ 1.20 
56—590—65—3B Ferrite Bead . $ 20 
Broadband HF Transformers 

Add $4.00 for shipping and handling. 

FAX (513) 429-3811 
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Crystals 
for GPS, Pager, 
Telecommunication 
■ Crystals ■ Frequency range l MHz to 360 
MHz ■ Low aging ■ Tight temperature stability 
■ High shock and vibration resistance ■ Special 
glass enclosures ■ SMT solutions ■ Reliable and 
produced under ISO 900 1 certified QS-System. 

Crystal 
Components 
for Telecommuni¬ 
cation Networks 
■ Oscillators ■ Frequency range 
3 kHz to 622,080 MHz ■ Low aging 
■ Tight temperature stability 
■ SMT solutions ■ Reliable and produced 
under ISO 900 1 certified QS-System. 

RFdesign 
Established 1978 

President — Argus Business 
Jerrold France 

Editorial and Advertising Offices 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 801 11 
(303) 220-0600 Fax: (303) 267-0234 

Vice President and Group Publisher 
David Premo 

Editor and Associate Publisher 
Gary A. Breed 

Technical Editor 
Andrew M. Kellett 

Assistant Editor 
Janet L. Allbee 

Frtqiaicy PXO VCXO TCXO VCTCXO DTCXO 0<X0 
(MHz) 
1.544 T-l(DSl) T-l(DSl) Tl{DSl) Tl(DSl) Tl(DSl) -

12.352 T-l(DSl) T-l(DSl) Tl(DSl) T-l(DSl) T-l(DSl) -
16.3S4 SDH SDH SDH SDH SDH SDH 

SONET SONET SONET SONET SONET SONET 
ISDN ISDN ISDN ISDN ISDN ISDN 

38.880 SDH/STM 1 SDH/STM 1 SDH/STM 1 SDH/STM-1 -
44.436 ATM ATM ATM ATM 

T-3(DS3) T-3(DS3) T-3 (DS 3) T 3 (DS 3) -
5LM0 SONET/STS I SONET/STS I SONET/STS I SONET/STS I SONET/STS I -

155.520 ATM ATM ATM ATM 
STM-I/STS-3C STM-1/STS-3C STMI/ST5-3c STM-l/STS-3c -

_ S0NET/(0C-3c) S0Nn/(0C 3c) SONH/(OC 3c) SONET/IOÍ 3c) -
622.080 - SDH-STM4 -

SONET/STS-12 -

■ Filter ■ Frequency range l MHz to 200 MHz 
■ Discrete and monolithic types 
■ Reliable and produced under ISO 9001 
certified QS-System. 

■ For superior quartz crystals, 
oscillator and filter products from the 
ISO 9001 certified source, talk to us. 

KVG North America Inc. 
Together for quality. 

INFO/CARD 8 

Consulting Editor 
Andy Przedpelski, The Shedd Group 

Editorial Review Board 
Madjid A. Belkerdid, University of Central Florida 
Alex Burwasser, RF Products 
Dave Krautheimer, MITEO, Inc. 
Ed Oxner, InterFET Corporation 
Jeff Schoenwald, Rockwell International 
Raymond Sicotte, American Microwave Corp. 
Robert J. Zavrel, Jr., Metricom 

Corporate Editorial Director 
Robin Sherman 

Account Exectives 
Jessica Caid 
Gordon Henderson 
Mike Henry 
Tisha Hill 
Jeff Peck 
Dan Rowland 
Cindy Solomonson 

Classified Advertising Manager 
Carmen Hughes 

Vice President — Production and Promotion 
Cherryl Greenman 

Production Manager 
Jenny Tague 

Reprints Manager 
Vivian Peterson 

Vice President — Marketing Research Director 
Tina D'Aversa-Williams 

Vice President, Circulation 
Doug Florenzie 

Creative Director 
Brian Buxton 

List Rental Manager 
Etta Davis 

Argus Business Corporate Offices 
6151 Powers Ferry Rd., N.W. 
Atlanta, GA 30339-2941 
Tel: (404) 955-2500 

A Wbpa 
/ 1 ▼ INTEMUnOMU* 

n 
ARGUS 
A Division of 
Argus Inc. 

President — Argus Inc. 
Scott Smith 

Vice President. Finance — Argus Inc. 
Wayne Otterbourg, C.P.A. 

Senior Vice President — Argus Inc. 
Arthur E. Sweum 

President — Argus Trade Shows 
Dennis Corcoran 

Subscription inquiries: (708) 647-0756 



Miaps Hying To Put Our Entire Line 
Of Base Station Components Into One Ad 

Writ Such A Good 

No one gives you more design choices 
than M/A-COM yvhen it comes to building the 
wireless infrastructure that today's market-
place demands- We're talking about hundreds 
of different, proven products, already hard at 
work in base stations around the world. 

- * However, these days you're 
looking for more than a supplier. 

From discretes to integrated 
subsystems: transistors, power 

modules and multi-channel linear 
power amplifiers. 

You want a strategic 
partner who is already 
working on solutions for 

the microcell- and picocell¬ 
based systems of tomorrow'. 
That's exactly what you'll 
find at M/A-COM. We're 

■ manufacturer of RF, microwave 
■ and m il li meter w ave semi-
M conductors, componentsand 
■ subsystems. 
I - M/A-COM products 
" range from discretes to ICs; from 
j connectors to cable assemblies; 
J from isolators and circulators to 
’ filters and attenuators. And, as you 
can see above, much, much more. 

Of course, this is proof that a 
.ingle ad just can't handle everything 

Components tor 
traditional base 
stations, plus micro¬ 
cells and picocells. 

investing millions of dollars annually to develop 
the next generation of sophisticated base 
station components. 

we could tell you about our base station components. 
Which is why we also make lots of big, thick, sturdy 
catalogs. To get yours, or simply to learn more about 
us, call M/A-COM today at 1-800-366-2266, or contact 
the distributor nearest you. For information in Europe, 
call +44 (0344) 869 595. In Asia, +81 (03) 3226-1671. 

Our unique combination of talent, drive 
and experience has helped make M/A-COM the 
world's largest independent designer and ^¡A 
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ly letters 
Letters should be addressed to: 

Editor, RF Design, 6300 S. Syracuse 
Way, Ste. 650, Englewood, CO 
80111. Letters may be edited for 
length or clarity. 

Terms not so Obfuscatory 
Editor: 
Without doubt we need more clear and 

simple language, but I don't see that 
clear enumeration of ideas and principles 
would help. It is clearer expression or 
enunciation we need, rather than clearer 
lists. 

I think I know what "national informa¬ 
tion infrastructure" and "portable" and 
"personal communications" mean. These 
terms are formed from words precisely 
defined in any dictionary, and the last 
two are internationally agreed upon in 
organizations like CCIR. "Wireless" is 
another matter, meaning different things 
in different places, but it is not an obfus¬ 
catory word, is it! "Information superhigh¬ 
way" is a clear and simple simile, and 
when people say they don't understand 
what it means, they probably really mean 
they don't quite see how it will be built. I 
think it is a brilliant expression, and it has 
certainly captured the imagination of 
many people. 

I once had a boss who said, "People 
who cannot express themselves clearly in 
writing cannot be thinking very clearly 
either." But not many people are intention¬ 
ally vague, and I don't think they are trying 
to cover up anything. They just fall into 
bad habits. Even the erudite commenta¬ 
tors these days are using the word "char¬ 
acterize" when they mean "describe". 

Bob Eldridge 
Pemberton, B.C. 

Unequally Terminated Filters 
Editor: 
The September issue arrived today, 

and it did not take me long to zero in on 
Dr. Ellis' filter article starting on pg. 78. 
Analysis of the schematic in Figure 2 

reveals that it is indeed the filter he says 
it is, a 6th order Cauer Elliptic with 1 dB 
ripple and 50 dB stopband returns. I 
have tried analyzing the schematic of 
Figure 3, reputed to have the same char¬ 
acteristics as that of Figure 2, but now 
terminated in 2 ohms. I tried my own 
analysis program, and I tried George 
Szentirmai's S/FILSYN, and I get identi¬ 
cally the same results from both tries, but 
unfortunately I find that it is no longer a 
Cauer Elliptic filter. 

Notice in Figures 2 and 3 that there are 
shunt branches consisting of series reso¬ 

nant circuits. Notice that in both figures, 
an identical capacitor of 1.14298 F 
appears in the branches similarly located. 
The resonance frequency in both cases 
is shown as 1.273134, but it is physically 
impossible for a 1.14298 F capacitor to 
resonate at that same frequency with two 
different inductors. 
[The capacitor value in question turns 

out to be a misprint. The correct value 
should be 0.484. -Ed] 

William B. Lurie 
Boynton Beach, FL 

Editor: 
The article "A Design Method For 

Unequal y Terminated Elliptic Filters" by 
Michael G. Ellis showed a closed form 
method of changing an evenly terminat¬ 
ed prototype elliptic filter into an uneven¬ 
ly terminated filter with the same charac¬ 
teristics. It was stated that optimization 
routines should be avoided because 
they almost always converge into a sub-
optimal solution. I disagree with this 
conclusion. 

I ran an analysis of the evenly terminat¬ 
ed prototype, using the circuit simulator 
NOVA-586. The filter behaved as stated, 
the ripple was 1.00 dB to 0.159 Hz and 
the stopband attenuation was 50 dB from 
0.199 Hz and above. 

I changed the termination to 2 ohms, 
set the optimization goals to the above 
performance, and ran the optimization. 
The optimization took about 60 seconds. 

The results were: 0.86 dB ripple to 0.159 
Hz, stopband attenuation was 50.0 dB 
from 0.199 Hz and above. The final opti¬ 
mized circuit file and tabular results are 
included. In this case the unevenly termi¬ 
nated (optimized) filter exceeds the per¬ 
formance of the prototype. 
Optimizers have the advantage that 

they can work with simulated "real" com¬ 
ponents which have finite Q, lead induc¬ 
tance, and package capacitance. Optimiz¬ 
ers can compensate for small response 
changes caused by real components, giv¬ 
ing a final result that is closer that can be 
obtained from design formulas alone. 

Robert Stanton 
Hatboro, PA 

My copy of the article "A Design 
Method for Unequally Terminated Elliptic 
Filters", as submitted to RF Design, 
shows the correct value of 0.484 farads, 
instead of the 1.14298 farads, for the 
capacitor in question in Figure 3. 

Mr. Stanton got essentially the same 
results with his optimizer. His circuit is 
slightly better in the passband, and slight¬ 
ly worse in the stopband. Since iterative 
techniques cannot be guaranteed to con¬ 
verge to a global minimum, it is always 
safer to use a closed form method, 
assuming one exists. Optimization can 
still be applied as a final step. 

Michael Ellis 
Research Electrical Engineer 

Comp. Type Value Node Node Node Node Optm. 
1 Generator 1.00000 Ohms 0 1 
2 Aductor 1.18370 H 1 2 x 
3 Capacitor 1.20622 F 2 3 x 
4 Inductor 0.31353 H 3 0 x 
5 Inductor 1.28926 H 2 4 x 
6 Capacitor 1.09709 F 4 5 x 
7 Inductor 0.56283 H 5 0 x 
8 Inductor 1.55146 H 4 6 x 
9 Capacitor 1.16464 F 6 0 x 
10 Resistor 2.00000 6 0 

Frequency S11 S21 S12 S22 
dB (deg) dB (deg) dB (deg) dB (deg) 

0.0100 Hz -9.8 -24.0 -0.5 -13.2 -0.5 -13.2 -9.8 177.6 
0.0300 Hz -11.6 277.3 -0.3 -41.0 -0.3 -41.0 -11.6 180.8 
0.0500 Hz -11.7 194.8 -0.3 -71.2 -0.3 -71.2 -11.7 202.8 
0.0700 Hz -8.7 128.0 -0.6 -102.3 -0.6 -102.3 -8.7 207.3 
0.0900 Hz -7.5 82.1 -0.8 -133.5 -0.8 -133.5 -7.5 190.9 
0.1100 Hz -11.2 41.1 -0.3 -170.5 -0.3 -170.5 -11.2 158.0 
0.1300 Hz -14.2 141.6 -0.2 135.7 -0.2 135.7 -14.2 -50.3 
0.1500 Hz -9.0 73.0 -0.6 67.9 -0.6 67.9 -9.0 242.8 
0.1700 Hz -0.2 126.6 -13.0 -70.3 -13.0 -70.3 -0.2 272.9 
0.1900 Hz -0.0 89.9 -36.2 -103.7 -36.2 -103.7 -0.0 242.8 
0.2100 Hz -0.0 74.4 -52.0 62.5 -52.0 62.5 -0.0 230.5 
0.2300 Hz -0.0 64.6 -51.6 53.8 -51.6 53.8 -0.0 223.1 
0.2500 Hz -0.0 57.5 -62.4 47.7 -52.4 47.7 -0.0 2Í7.8 
0.2700 Hz -0.0 52.0 -61.7 -137.1 -61.7 -137.1 -0.0 213.9 
0.2g00 Hz -0.0 47.6 -54.4 -140.8 -54.4 -140.8 -0.0 210.8 
0.3100 Hz -0.0 43.9 -51.8 -143.9 -51.8 -143.9 -0.0 208.3 
0.3300 Hz -0.0 40.8 -50.7 -146.5 -50.7 -146.5 -0.0 206.2 
0.3500 Hz -0.0 38.2 -50.1 -148.7 -50.1 -148.7 -0.0 204.4 
0.3700 Hz -0.0 35.9 -50.0 -150.7 -50.0 -150.7 -0.0 202.8 
0.3900 Hz -0.0 33.8 -50.0 -152.3 -50.0 -152.3 -0.0 201.5 

Table 1. Netlist and simulation results for Stanton's filter. 

12 November 1994 



With A Focus On • 
MMIC Integration! 

Couplers, Dividers, Hybrids and Mixers 
with Minimum Height and Package Parasitics 

CALL MERRIMAC for CaseFree 
Chip Compatible Components M McrrimOC 

41 Fairfield Place, West Caldwell NJ 07006 
Tel: (201) 575-1300 / Fax: (201) 575-0531 

Please see us at RF Expo East '94, Booth# 41 1 INFO/CARD 10 



Giga-tronig 

8540 

Universal 

Power 
Meter 

Incredibly Fast and Accurate 

CW and Peak Power Measurements 

At A Truly Incredible Price. 

UNIVERSAL POWER 
MEASUREMENT 
Incredible is credible when describing 

the 8540 Series of Universal Power 

Meters. 

From Giga-tronics, the new power 

an exclusive Burst Mode capturing 

more than 2,000 readings in the same 

tick of a clock. 

And because the 8540 Series uses 

diode sensors, you can measure all the 

way from -70 to +20 dBm with the 

FAST, EASY PEAK POWER 
MEASUREMENT 

Now, an easy-to-use CW power meter 

can also measure pulsed RF signals with 

the simple addition of a peak power 

sensor. 
in power meters. same sensor, and without range 
For the very first time, you can make changing delays. 

CW and peak power 

fi 14.273 
B 692.77 

dBh 
nW 

The two-line display also lets you set the desired resolution 

and select either Lin or Log readout for each line. 

measurements quickly and accurately 

with a single meter—a Universal Power 

Meter. 

And all for about the same price 

you’d pay for the competitor’s CW 

only power meter. 

POWER MEASUREMENTS 
INSTANTLY 

Imagine seeing display updates 

instantly: measurement speeds over 

the GPIB exceeding 200 

readings per second and 

c 1993 Giga-tronics Incorporated 

If you’re worried about 

having to write new code for 

your computer controlled 

testing, don’t be: The 8540 Series 

uses the same GPIB command set as 

HP’s 436A, 437B and 438A. 

Think about what all this will do 

for your ATE productivity as well 

as for your company’s bottom line. 

There are no time-consuming, 

unreliable duty cycle corrections, and 

you’ll get the same accuracy and speed 

you’d get with a much-more-

expensive dedicated peak power 

meter. 

View the pulsed signal’s amplitude 

profile on a scope and see the exact 

power measurement point on the 

pulse. Measure the overshoot. 

Measure the droop. 

Eigj tronica 

CALIBRATOR 

B/RP« 

ZERO 
CAL FREO 

MENU dB/mW 

REL 

RECALI 

dBn 
dB 

eries features intelligent design and sophisticated so 

a simplified front panel and extensive built-in capabilities that prevent many common 

operational mistakes that typically lead to inaccurate measurements. 



You’ll be confident of your peak 

power readings, and still have all the 

benefits of an incredibly fast CW 

power meter. 

ONE OR TRUE TWO CHANNEL 
OPERATION 

If a single-channel meter is what you 

need, the Model 8541 is the meter for 

you. But if you need two-channel capa¬ 

bility, the Model 8542 lets you see read¬ 

ings from both channels simultaneously 

SIMPLE, INTELLIGENT 
OPERATION 
The 8540 Series has only half as 

many controls as other power meters, 

Surface Mount technology 

assures greater sensor 

accuracy and reliability 

Just look 

at the incred¬ 

ible improvement 

in speed you’ll get with 

Giga-tronics’ diode sensors. 

kataltaata Otada laaaan 

Gig» tro* ict Diode Sentón H 

G>»» lronici Diode Sentón I 

Thermel Sentón fe 

access to extensive built-in capabilities. 

For example, you use the same key 

to zero and calibrate the power 

sensors. The meter automatically 

determines the function you want by 

detecting whether a sensor is 

connected to the calibrator. 

Imagine all this power and perfor¬ 

mance. But why just imagine? Get the 

truly incredible Giga-tronics 8540 Series 

Universal Power Meter, and start 

measuring CW and peak 

power in a fraction 

of the time. 

IHPUT PO WIR (dBm) 

20 
_ 

The Giga-tronics 8540 Series delivers 

incredible performance by taking full 

advantage of the speed and dynamic 

range of diode sensors. 

What’s more, Giga-tronics has solved 

the challenge that previously limited 

but don’t let that fool you. Intelligent design 

and sophisticated software give you easy 

diode sensors to the “square law" 

region—below -20 dBm—by utilizing 

a built-in power sweep calibration 

system. So you get speed and a 

42 Power Meter 
FREQ CORR 

OFFSET 

CAL FACTOR 

AVG 

FREQ CORR 

A two-line bock lit LCD display 

provides you more data in less time. 
ñ I: 14 

Illllllll llllllll 

CAL FACTOR 

AVG 

REMOTE 
SRO 
TALK 
LISTEN 

75 dBr. 
010 

full 90 dB dynamic range 

POWER 
ON j I 
OFF nl I 

The peak sensor adds a 

marker on a monitor output 

for setting an exact measure¬ 

ment point on pulse signals. 

Call us toll-free at 

I 800 726 GIGA. 

Outside the U.S. 

call your local 

Giga-tronics 

representative. 

We’ll send you more information or 

arrange for an incredible hands-on 

demonstration. 

without sacrificing 

accuracy. 

Giga tronica 

Giga-tronics Incorporated 

4650 Norris Canyon Road 

San Ramon, California 94583 

Telephone: 800 726 4442 or 

510 328 4650 

Telefax: 510 328 4700 

Please see us at RF Expo East '94, Booth# 702 
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Personals 

Will The RF Engineers 
Who Called Looking 
For A Low-Cost, 
Hermetically Sealed, 
Wide-Band VCO 
Please Try Again? 

It may not have been 
intentional, but someone 
tried to keep us apart. 

The phone number in our 
ad (below) is correct, but 
anyone who responded to 
our last advertisement was 
incorrectly informed the 
number was not in service. 
Please call again. 

Signed.... 
Missing you in Florida 

RF calendar 

WIDE-BAND VCO 
Low cost and hermetically sealed 

The 0612S series of surface mount, 
voltage controlled oscillators covers 
the 600 to 1200 MHz frequency 
range in an inexpensive, ruggedized 
package. Product features include: 

• Wide-Band frequency coverage 
to over 1300 MHz. 

• Linearized tuning improves PLL 
stability. 

• Low phase noise. 
• No dropouts or moding over tem¬ 

perature, 2:1 VSWR. any phase. 
• Consistent output power over 

temperature (+15 dBm ± 2 dB). 
• Applications include modems, 

synthesizers, GPS. DBS. VS AT. 

Price is $69.00, single piece quantity. 
Contact Eliot Fenton, Integrated 
Component Systems Inc., 5440 N.W. 
55th Blvd, Ste 11-105, Coconut 
Creek. FL 33073. 1-800-396-5185. 

November 

1 4-1 7 RF Expo East 
Orlando, FL 

Information: RF Expo East, Registration Coordinator, 
6151 Powers Ferry Rd. NW, Atlanta, GA 30339. Tel: (800) 
828-0420. Fax: (404) 618-0441. 

15-17 International Society for Hybrid Microelectronics 
Symposium 
Boston, MA 

Information: ISHM - The Microelectronics Society, 1850 
Centennial Park Drive, Suite 105, Reston, VA 22091. 
Tel: (703) 758-1060. Fax: (703) 758-1066. 

December 

6-8 Electronic Contracting Exposition and Conference 
Las Vegas, NV 

Information: Contract Manufacturers Association, 3310 W. 
Big Beaver Rd., Suite 403, Troy, Ml 48084. Tel: (313) 
643-6807. Fax: (313) 643-0856. 

11-14 1994 IEEE International Electron Devices Meeting 
San Francisco, CA 

Information; Melissa Widerkehr, IEDM, 1545 18th Street NW, 
Suite 610, Washington, DC 20036. Tel: (202) 986-1137. 

January 

5-6 Plastics in Portable Electronics 
Las Vegas, NV 

Information: Ms. Deborah Cawley, SPE, 14 Fairfield Drive, 
Brookfield, CT 06804. Tel: (203) 775-0471 . Fax: (203) 
775-8490. 

16-18 Second Annual Mobile Communications ‘95 Conference 
Dallas, TX 

Information: Frost & Sullivan Conference Division, 26524 
Golden Valley Rd. Suite 401, Santa Clarita, CA 91350. Tel: 
(800) 256-1076. 

23-26 ComNet ‘95 
Washington DC 

Information: IDG World Expo. Tel: (800) 225-4695 or (508) 
879-6700. 

29-1 RF Expo West 
San Diego, CA 

Information: RF Expo West, Registration Coordinator, 
6151 Powers Ferry Rd. NW, Atlanta, GA 30339. 
Tel: (800) 828-0420. Fax: (404) 618-0441. 

29-1 EMC/ESD International 
San Diego, CA 

Information: RF Expo West, Registration Coordinator, 
6151 Powers Ferry Rd. NW, Atlanta, GA 30339. 
Tel: (800) 828-0420. Fax: (404) 618-0441. 
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Traditional high-frequency design. 

Retest Redesign Relayout Reprototype 

I- -- -
Document Manufacture 

Sophisticated high-frequency design. 

Design/Simulate/Optimize 
using HP EEsof Prototype Manufacture 

Simple, isn’t it? 
Designing RF and microwave 
circuits? Now you can increase 
the sophistication of these high-
frequency designs. And make the 

process easier at the 

You’ll reduce design 
cost, and decrease 
your time to market. 
Our integrated design 
solution offers To find out more about 

Microsoft® 
Windows,,., 
COMPATIBLE 

same time. How? It’s 
simple, really. 
HP EEsof’s Windows-
compatible software 
lets you develop, 
simulate, and optimize 
circuit performance 
on your PC. You’ll 

spend less time testing, redesign¬ 
ing, and retesting your prototype. 

schematic capture and links to 
layout, powerful linear and 
nonlinear frequency domain 
circuit simulators, and unparal¬ 
leled model accuracy. 
With HP EEsof, easily analyze 
S-parameters, intermodulation 
distortion, mixer conversion 
efficiency—and much more— 
all on your PC. 

HP EEsofs complete line of PC-
and workstation-based high-
frequency simulation software, 
call 1-800-343-3763. We’ll make 
your life a whole lot easier. 

There is a better way. 

KKl HEWLETT® 
PACKARD 

INFO/CARD 13 
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With the fierce competition in today's 
wireless markets, you need efficient tests. 
Every lost minute costs you market share and 
profit. That's why it's so important that you 
investigate the test solutions from Noise Com. 

Real Time Testing for 
CDMA, GSM, and DCS1800. 

dle the wide dynamic range for forward and 
reverse link testing of CDMA, plus up to 12 
paths for GSM and DCS1800 TDMA systems. 

For amplifier 
evaluation, our 
Amplifier Test 
Station measures 

Our Dual-Channel Multi-path Emulator 
applies fading to your 
wireless products. 
With its built-in peak 
power meter (AGO 
and synthesizer 
option, it's power¬ 
ful enough to han¬ 

IM distortion, noise, and gain up to 40 GHz 
with exceptional accuracy using the NPR 
technique. 

We're Better at BER. 
BER testing can consume huge amounts 

of time, so Noise Com designed an instrument 
to let you do it faster. Our UFX-BER Series 
Precision Carrier to Noise Generators set 



Noise Com Test Equipment. 
A name you can trust 

at pnces that won't sink your budget. 

C/N, C/N^ C/I, 
and Eb/No ratios 
accurately, and 
can slash the 
time it takes to evaluate BER performance by 
orders of magnitude! It handles data rates 
from 1 b/s to beyond 1 Gb/s as well. 

These versatile instruments are powerful 
test tools and they're just three members of 
Noise Com's family of instruments dedicated 
to wireless product and system testing. We 
offer an E/S and cell site monitor, G.826 BER 
testers, jitter generators, additive white gauss-
ian noise generators and components. They'll 
all have a positive impact on your bottom line. 

To receive a FREE copy of our application 
notes and details about any of 
our products for wireless testing 
contact Bent Hessen Schmidt at 
Noise Com, E.49 Midland 
Ave., Paramus NJ 07652. 
Tel: (201) 261-8797. 
Or fax us at (201)261-8339. 

WÏC Wireless International Corp. 
A DIVISION OF NOISE COM 

INFO/CARD 14 



RF courses_ 
Active Circuit Design for Wireless Systems: Principles and 
Applications 

November 28 - December 2, 1994, Los Angeles, CA 
Information: UCLA Extension, Engineering Short Courses, 
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024. Tel: 
(310) 825-1047. Fax: (310) 206-2815. 

Equipment Sensitivity & Protection with Lab 
November 30-December 2, 1994, Santa Clara, CA 

Electromagnetic Fields - An Overview 
December 5, 1994, Santa Clara, CA 

Power Quality: Problems, Analysis & Solutions 
December 6-8, 1994, Santa Clara, CA 

Information: PowerCET Corporation, 2700 Augustine Drive, 
Suite 178, Santa Clara, 95054. Tel: (408) 988-1346. Fax: 
(408) 988—4869. 

HALT and HASS Product Reliability Testing 
Decembers, 1994, Denver, CO 
December 15, 1994, Seattle, WA 

Information; Betty Meyers or Virginia Hobbs, Hobbs Engineer¬ 
ing Corporation. Tel: (303) 465-5988. 

European Compliance Seminar - Safety & EMC 
November 29, 1994, St. Louis, MO 

European Compliance Seminar - Medical 
November 30, 1994, St. Louis, MO 

Information: European Compliance Seminars, ICC D/FW 
Headquarters. Tel: (817) 491-3696. 

European Compliance Seminar - Safety & EMC 
November 29, 1994, St. Louis, MO 

European Compliance Seminar - Medical 
November 30, 1994, St. Louis, MO 

Information: European Compliance Seminars, ICC D/FW 
Headquarters. Tel: (817) 491-3696. 

Active Circuit Design for Wireless Systems 
November 28-December 2, 1994, Los Angeles, CA. 

RF Circuit Fundamentals Part I 
November 30-December 2, 1994, Los Altos, CA 

RF Circuit Fundamentals Part II 
December 5-7, 1994, Los Altos, CA 

Wireless System Design 
January 16-20, 1995, Los Altos, CA 

RF/MW Circuit Design I 
March 6-10, 1995, Switzerland 

RF/MW Circuit Design II 
March 13-17, 1995, Switzerland 

Information: Besser Associates, 4600 El Camino Real, Suite 
210, Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415) 
949-4400. 

Outdoor Insulator Technology 
January 9-12, 1995, Tempe, AZ 

Information: Arizona State University, Center for Professional 
Development, Box 877506, Tempe, AZ 85287-7506. Tel: (602) 
965-1740. Fax: (602) 965-8653. 

[TSUIADEDl 
Measures Frequencies 
On Pulsed/CW Signals 

To 170 GHz. 

1 Hertz 
Resolution. 

Measures Peak Power YIG Preselector For 
On Pulsed/CW Highest Selectivity, 

Signals To 26.5 GHz. Power And Frequency. 
Internal Pulse Generator 
For Quick, Easy Power 
And Frequency Profiling. 

EIP Reliability: 
40,000-Hour MTBFs, 

3-Year Warranty. 
Industry Leading 
200-Watt Burn-out 

Protection. 

Introducing Tte World's Rrst PowerCounter 



EMI/EMC Metrology Challenges for Industry: A Workshop 
on Measurements, Standards, Calibrations, 
and Accreditation 

January 25-26, 1995, Boulder, CO 
Information: Ann Bradford, NIST, 813.07, 325 Broadway, Boul¬ 
der, CO 80303. Tel: (303) 497-3321. Fax: (303) 497-6665. 

Information: Z Domain Technologies, Inc., 325 Pine Isle Court, 
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 587-4812. 
Fax: (404) 518-8368. 

Microwave System Engineering 
December 5-9, 1994, San Diego, CA 

Digital Transmission Systems 
December 5-9, 1994, Washington, DC 

New HF Communication Technology: 
Advanced Techniques 

December 5-9, 1994, Washington, DC 
Satellite Electrical Power Systems: Energy Conversion. 
Storage, and Electronic Power Processing 

December 12-15, 1994, Washington, DC 
Modern Digital Modulation Techniques 

December 12-16, 1994, Washington, DC 
Information: The George Washington University, Continuing 
Engineering Education, Academic Center, Room T-308, 801 
22nd Street, N.W., Washington, DC 20052. Tel: (202) 
994-6106 or (800) 424-9773. Fax: (202) 872-0645. 

HIRF Design & Testing Seminar 
December 6-9, 1994, Mariposa, CA 

Medical Seminar 
February 4-7, 1995, Fremont, CA 

Information: CKC Laboratories Inc., 5473A Clouds Rest, Mari¬ 
posa, CA 95338. Tel: (800) 500-4EMC. Fax: (209) 742-6133. 

EMC Diagnostics Workshop Emission Measurements 
December 6-7, 1994, Surrey, England 

Information: Miss Nikki Hamann, Conference Group, Technical 
Services Division, ERA Technology Ltd., Cleeve Road, 
Leatherhead, Surrey, KT22 7SA England. Tel: 44 
(0)372-374151 ext. 2595. Fax: 44 (0)372-377927. 

DSP Without Tears 
December 7-9, 1994, Atlanta, GA 
January 25-27, 1995, Long Beach, CA 
February 8-10, 1995, Denver, CO 

RF/MW Circuit Design: Linear/Non-Linear, Theory and 
Applications 

March 13-17, 1995, Switzerland 
Active and Passive RF Components: Measurements, 
Models, and Data Extraction 

March 9-14, 1995, Switzerland 
Wireless Digital Communications 

March 20-24, 1995, Switzerland 
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46) 
122-175-70. Fax: (46) 122-143-47. 

YOUTNOT 
Lighten your frequency and power measure¬ 
ment load with the new EIP 598A counter. 

In more ways than one. 
The unique built-in peak power meter 

and pulse generator work their magic first. 
Letting you perform complete frequency 
and power profiles automatically. And 
making pulse power measurements more 
frequency selective than ever. 

The EIP 598A resolves peak power 
to 0.1 db on pulses as short as 100 ns up to 
26.5 GHz. Isn't that the kind of performance 
you need today? 

PowerCounter 
If that's not 
enough, now you 
can forget about 

lugging two or three test 
units around. And end¬ 
lessly switching cables 
back and forth. This one 
instrument does it all. 
Does it faster. And does 
it at a lower cost. 

Better yet, you get all that with EIP's 
renowned quality. Burn-out protection to 200 

watts. And an exclusive 3-year warranty. Best 
in the business. 

For details on the PowerCounter, the most 
exciting new tool in years, call or write today: 
EIP Microwave, Inc., 1589 Centre Pointe Drive, 
Milpitas, CA 95035, 1-800-232-EIP1. Then quick, 
check your pulse! 

Excellence in Microwave Measurement 
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If You’re Designing 
Next Generation 
Wireless Products, 
This Call Is Forran. 
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While you’re hard at work on your next 
generation wireless products, so are we. 
We’re Analog Devices, a Fortune 500 compa¬ 
ny delivering millions of signal processing 
ICs to leading communications OEMs 
around the world. Here’s what we’ve been 
doing for them and why you should be talk¬ 
ing to us, too. 

GSM Handsets. Our digital cellular 
solutions deliver cost, power, and time to 
market advantages second to none. For 
example, we’ve integrated the entire base¬ 
band portion of a GSM handset, including 
hardware and software, into a 3-chip set. 
Our analog, digital and mixed signal compo¬ 
nents actually think like a handset, so they 
know when to turn off unused circuits, 

The AD607 is a complete linear IF strip that 
provides 500 MHz handwidth and draws just 
25 mW from supplies down to 2.7V. 

And for the heart of their all-digital designs, 
they’re specifying the ADSP-21060, the 
highest performance DSP in the industry. 

conserving battery life. 

AD-PLP01 

Our AD20msp410 integrates DSP, 
coding, converters, microprocessor 
and protocol software into a 3-chip 
GSM solution. 

Other Communications Solutions. 
Leading TDMA, DECT and PMR manufac¬ 
turers rely on our mixed signal devices. Base¬ 
station manufacturers are reducing part 
count and cost with our wideband 12-bit 
ADCs, the first monolithic converters capa¬ 
ble of digitizing a complete cellular band. 

When Inmarsat needed a 3V DSP for 
their global pagers, they called us. 
When ATM LAN suppliers need 
clock recovery/data retiming devices 
for data rates up to 155 Mbps, they 
talk to us. For advanced communi¬ 
cations ICs, such as 3 volt RF/IF 
components or integrated ADSL 
chip sets, OEMs are 
talking and designing 
with Analog 
Devices. 

If your wireless 
team is talking about 

advanced signal processing 
ICs today, reducing part 
costs tomorrow, and working 
with a state-of-the-art silicon 
partner, they’re talking about 
us. To get our wireless 
team talking to yours, 
call 1-800-ANALOGD. 
(262-5643)t. Or E-mail 
comms.div@analog.com. 

ANALOG DIGITAL 

MIXED SIGNAL 

GSM 
DECT 
TDMA 
PMR 

LANs/WANs 

ATM 
SONET 
ADSL 

Emerging communications 
products require Analog 
Devices’ core signal 
processing technologies. 

□ ANALOG DEVICES 
Analog. Digital. Solutions. 

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
Distribution, offices and application support available worldwide. 

t Outside U.S., please call 617-461-3392. 
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RI news 
NTL and Philips Display MPEG-2 TV at 
International Broadcasting Convention 
NTL and Philips Consumer Electron¬ 

ics both displayed their digital broad¬ 
cast systems at the International 
Broadcasting Convention. NTL’s VCS 
4000’s 19-inch rack-mounting encoder 
compresses video signal to the 
MPEG-2 main profile/main level stan¬ 
dard, suitable for transmitting 625 line 
PAL or 525 line NTSC signals. Star TV 
of Hong Kong plans to use NTL’s VCS 
4000 as the basis of a 32-channel digi¬ 
tal satellite TV service scheduled to 
launch in mid-1995. 

Philips’ end-to-end system includes 
a prototype set-top decoder, satellite 
and modulation systems, video and 

audio encoders, and a packet switch¬ 
ing multiplexer. The Philips broadcast¬ 
ing video system received digital sig¬ 
nal from a Telecom France research 
center in Riennes, France, via the 
Telecom 1C satellite and a dish in the 
convention parking lot. The Philips 
system will be used in trials by the end 
of 1994, and commercial applications 
are expected in 1995. Both systems 
comply with an emerging set of stan¬ 
dards promulgated by Digital Video 
Broadcasting, which operates under 
the European Broadcast Union. DVB 
standards for satellite and cable digital 
transmissions are under review. 

HDTV Closer to Reality? 
High-definition television (HDTV) has 

successfully undergone three months of 
field testing, and results indicate that 
HDTV broadcasts could be more power¬ 
ful than the current NTSC broadcasts. In 
field testing, HDTV broadcasts consis¬ 
tently outperformed the existant NTSC. 
Within ten miles of broadcast origin, 
96% of HDTV test sites received the 
broadcast as opposed to 67% of NTSC 
sites receiving acceptable picture. In 
areas more than 50 miles from the 
transmission site, 20% of HDTV sites 
received picture, where none of the 
NTSC sites received acceptable picture. 
Even though HDTV outperforms 

NTSC broadcasts, implementation of a 
HDTV standard could be delayed by as 
much as a year. Broadcasters are con¬ 
cerned about inter-channel interference 
from HDTV transmissions, and address¬ 
ing those concerns may delay the stan¬ 
dard creation process. The HDTV sys¬ 
tem will undergo more laboratory testing 
beginning in January 1995. 

IEEE IFCS Call for Papers 
Authors are invited to submit papers for 

the 1995 IEEE International Frequency 
Control Symposium. The Symposium will 
be held May 31-June 2, 1995 at the 
Faimount Hotel, San Francisco, Califor¬ 
nia. Papers dealing with recent progress 

NIST and ANSI Sign Agreement to Build 
Electronic Standards Network 

NIST and ANSI have laid the foun¬ 
dation for an electronic standards net¬ 
work that will facilitate technology 
commercialization and promote eco¬ 
nomic growth. The National Standards 
Systems Network will eventually link 
the databases of hundreds of US orga¬ 
nizations involved in the development, 
production, distribution and use of 
technical standards. Examples of 
these standards include criteria for 
safety in consumer products, compati¬ 
bility between computer software 
packages and quality systems require¬ 
ments for products and services 
exported (such as the ISO 9000 series 
of standards). NSSN will provide cata¬ 
loging, indexing, searching, and rout¬ 
ing capabilities to end users, allowing 
access to the entire range of regional, 

national, and international standards. 
Both NIST and ANSI expect that the 
creation of the NSSN will support US 
economic growth and enhance com¬ 
petitiveness by facilitating technology 
transfer and promoting rapid develop¬ 
ment and deployment of standards. It 
is expected to reduce standards devel¬ 
opment time and costs, minimize 
duplication among government and 
private sector standards, increase the 
dissemination of standards information 
to small businesses (for example, 
through the centers of NIST’s Manu¬ 
facturing Extension Partnership) 
improve user access to an involve¬ 
ment in national and international stan¬ 
dards activities, and provide accurate 
and current standards information for 
training and education. 

in research, development and applica¬ 
tions in piezoelectric devices, oscillators, 
synthesizers, frequency standards, noise 
phenomena, frequency and time coordi¬ 
nation, sensors, and measurements are 
invited. One copy of a summary in suffi¬ 
cient detail for evaluation of the proposed 
paper (at least 500 words) should be sent 
to Dr. Lute Maleki - MS 298-100; Time & 
Frequency Systems Research Group; Jet 
Propulsion Laboratory; 4800 Oak Grove 
Dr.; Pasadena, CA 91109; tel: (818) 
354-3688; fax: (818) 393-6773; E-mail: 
lmaleki@fridge.jpl. nasa.gov 
Each summary MUST include the 

author’s name, address, telephone and 
fax numbers, and E-mail address, if 
available. 

278 Attend Piezoelectric 
Conference 
278 people attended the 16th Piezo¬ 

electric Devices Conference and Exhibi¬ 
tion at the Westin Crown Center in 
Kansas City, Missouri. The event, held 
between September 27 and 29, com¬ 
prised three technical tracks, an exhibi¬ 
tion, and a meeting of the P-11 engi¬ 
neering group of the EIA. At the Confer¬ 
ence, Shih Chuang of Statek Corpora¬ 
tion was presented with the David P. 
Larsen Award, and Charles Adams of 
the Hewlett-Packard Company received 
the Piezoelectric Devices Man of the 
Year Award. 

IEE Call for Papers 
The IEE has announced a call for 

papers for the 1995 International Confer¬ 
ence on 100 Years of Radio to be held 
September 5-7, 1995 in London. The 
conference will cover all radio systems 
and techniques relating to marine radio 
(from spark to satcom), pre-broadcasting 
developments, broadcasting (excluding 
television), HF communications, data 
radio communications, military communi¬ 
cations, satellite communications, mobile 
and cellular radio, antennas and propa¬ 
gation, amateur radio, LF and VLF com¬ 
munications, receiver and transmitter 
development, developments in compo¬ 
nents (including miniaturization), and the 
social origins and impact of radio. Those 
wishing to contribute should submit a 
synopsis on up to 1 side of A4 paper, to 
be received on or before January 23, 
1995. For further information contact 
HYR95 Secretariat; Conference Ser¬ 
vices; Institution of Electrical Engineers; 
Savoy Place; London WC2R 0BL UK; 
tel: 071 344 5477; fax: 071 497 3633; E-
mail: conference@iee.org.uk. 
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Contracts 

Motorola Wins Vietnam Cellular 
Phone Contract - Motorola’s Cellular 
Subscriber Group announced that it has 
been awarded a contract by Vietnam 
Mobile Services to supply GSM portable 
cellular phones to Vietnam. Initial ship¬ 
ments began in October. 

Superconductivity SSD System to 
Improve Power Quality - Superconduc¬ 
tivity, Inc. has teamed up with the Caroli¬ 
na Power and Light Company, Raleigh, 
SC to use superconducting technology 
to help industry improve power quality. 
Superconductivity’s SSD magnetic stor¬ 
age system has been installed at ITW 
Angleboard, a packing materials manu¬ 
facturing plant in Hartsville, SC. The 
SSD protects sensitive automated and 
electronically controlled equipment by 
sensing momentary incoming power dis¬ 
ruption and instantly providing supple¬ 
mentary power. 

Cubic Gets Automatic Toll Collection 
Contract - Coviares, S.A., a consortium 
of Argentina’s largest construction com¬ 
panies, has awarded Cubic Automatic 
Revenue Collection Group a $6.7 million 
contract to design, manufacture, and 
install an automatic toll collection sys¬ 
tem on the La Plata-Buenos Aires Toll¬ 
way that serves metropolitan Buenos 
Aires. Cubic will also provide 50 emer¬ 
gency call boxes along the route for 
motorists’ convenience in the event of a 
breakdown. 

Scientific-Atlanta to Provide Europe’s 
Largest VSAT Network-Scientific-
Atlanta, Inc. announced it is providing 
Europe’s largest interactive data VSAT 
(very small aperture terminal) satellite 
network to Safeway Group, one of 
Europe’s largest retailing companies. 
Installation of the network has begun 
and will be completed next year. 

Andrew Supplies Antennas to Koku-
sai Denshin Denwa Co. - Andrew Cor¬ 
poration is supplying 4.6 meter anten¬ 
nas and electronic equipment to KDD, 
the Japanese international telecommu¬ 
nications carrier. These antennas will be 
part of KDD’s F-1 IBS/VSAT Customer 
Premised Earth Station (CPES) for a 
point-to-point INTELSAT open network 
circuit. The service will be dedicated to 
Japanese companies in foreign compa¬ 
nies as an alternative to local telephone 
services. 

MCI Wins NOAA Satellite Contract -
MCI has been chosen to provide a satel¬ 
lite-based aviation weather network for 
75 countries in the Atlantic and Pacific 
Ocean regions, according to the Nation¬ 
al Oceanic and Aeronautic Administra¬ 
tion (NOAA). The network will be provid¬ 
ed under a seven-year multi-million dol¬ 
lar contract, and is expected to be oper¬ 
ational early next year. 

EJ to Test for Satellite Program - EJ 
Systems received a million dollar con¬ 
tract from Raytheon Company to supply 
QUBEPAK Environmental Test Systems 
to perform precision thermal and electri¬ 
cal testing of RF Multi Chip Modules for 
Motorola’s IRIDIUM Satellite Program. 
The systems will be installed at 
Raytheon’s Microelectronics Center in 
Andover, MA beginning in October. 

Power Feedback 
Technology in a Hybrid Amplifier for 

Since 1974, Q-bit has been the industry leader in high 
reverse isolation RF amplifiers. 

High reverse isolation provides improved repeatability and 
better VSWR when systems include poorly-behaved sources 
and loads. Using Q-bit’s Power Feedback amplifiers allows 
designers to achieve near-ideal system performance, regard¬ 
less of variations in device impedance, by helping to avoid 
VSWR build-up when cascading devices. 

All of these amplifiers utilize patented power feedback 
technology. Specify them in your next design. 

Guaranteed Specifications 
Output Price 

Frequency Gain 1dB Noise Reverse Intercept For 
Model Range Gain Flatness Compression Figure Isolation 3rd/2nd Power Quantity 
Number (MHz) (dB) (dB p-p) (dBm) (dB) (dB) (dBm) (V/mA) 1-9 

Rm Temp Rm Temp Rm Temp Rm Temp Rm Temp Rm Temp 

QBH-103 5-300 11.3 0.4 0.6 22.0 21.0 6.8 7.5 26 26 37/51 36/49 15/91 95 $75 
QBH-105 5-300 12.2 0.4 0.7 8.0 7.0 3.7 4.0 30 30 22/33 21/30 15/18 19 $65 
QBH-110 5-500 15.0 0.6 1.0 9.0 9.0 3.0 3.5 25 25 23/33 22/32 15/29 31 $90 
QBH-126 5-500 15.0 0.6 1.2 16.0 15.0 3.8 4.2 25 24 30/38 28/38 15/50 54 $95 

QBH-133 10-500 10.3 0.6 1.0 16.0 14.5 4.5 4.9 25 24 29/45 28/44 15/57 60 $90 
QBH-135 3-350 14.3 0.6 1.0 1.0 1.0 2.1 2.4 30 30 14/18 13/17 15/11 11 $65 
QBH-146 20-1100 13.0 0.8 1.4 6.0 5.0 2.9 3.1 22 22 19/27 18/24 15/17 18 $90 

QB-258 10-250 47.0 1.0 15.0 2.4 65 30/40 15/70 $324 
QB-442 10-400 41.5 1.0 32.0 3.5 75 40/50 24/550 $665 
QB-744 2-200 24.0 1.0 30.0 7.0 48 46/60 20/440 $330 
QB-815 10-1000 34.0 1.0 14.0 3.5 60 25/35 15/70 $425 

NOTES: 1) Package: QHB-XXX => Hybrid (TO-8 Package i QB-XXX => Modular Units with Connectors 
2) Temperature Range: QBH-XXX »> -55°C to +85°C QB-XXX => 25°C (See Data Sheet for Temp. Specs. ) 

Q-bit standard product TO-8 designs, like the amplifiers above, are also 
available in a flatpack with leads formed for surface-mounting as an option. 

Cail us for a catalog available on a PC compatible data disk. 

Q-bit Corporation 

TELEPHONE (407) 727-1838 

2144 FRANKLIN DRIVE NE, PALM BAY, FL 32905 
TWX (510) 959-6257 • FAX (407) 727-3729 
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news continued 

Business Briefs 
Motorola Demonstrates Two-Way Paging - Motorola has conducted the indus¬ 
try’s first true demonstration of two-way paging technology. The demo is based on 
the company’s two-way paging protocol ReFLEX. The ReFLEX protocol was 
developed to facilitate products and services for the FCC's Narrowband Personal 
Communications Services spectrum. Spectrum licenses, which were auctioned in 
July, were designed to encourage the delivery of advanced messaging services, 
including one- and two-way messaging, acknowledgment paging, and advanced 
voice paging. 

Spartan Satellite Uses Vector’s PCM System -
Aydin Vector announces that the Spartan Satellite 
to be launched on the Space Shuttle Discovery 
will have its micro miniature Pulse Code Modula¬ 
tion (PCM) system on board as part of the Com¬ 
mand and Data harxiling subsystem. Aydin Vector 
is known for the design, manufacture, and system 
integration of flight test certification instrumenta¬ 
tion for both commercial and military applications. 

Lindgren Acquires Ray Proof Ltd. UK - Lindgren RF Enclosures, Inc. 
announced that they have concluded an agreement under which Lindgren 
acquired the Ray Proof Ltd. UK shielding business. The acquisition increases 
Lindgren’s electromagnetic shielding product and service offerings, and provides 
Lindgren with European manufacturing capability. 

Fil-Mag Bought by Technitrol - Fil-Mag was acquired by Technitrol Inc., a 
Philadelphia-based manufacturer of electrical contacts, electronic components, 
metal laminates, scales, measuring devices, and document handlers. Fil-Mag is 
now a member of Technitrol's component group companies. 

Intellitag Exceeds 99.9% Accuracy Requirements for Turnpike Authority -
Intellitag Products announced that it has successfully completed the testing phase 
of its IT2000™ wireless system for the Kansas Turnpike Authority, surpassing the 
99.9% accuracy required by the KTA. The IT2000 system was examined in lab test¬ 
ing and on highway test lanes for electronic toll collection of Kansas tollroads as the 
new K-TAG system. The testing phase began in June and recently concluded. 

New Address for Tele Quarz - The Tele Quarz USA Branch Office has moved to 
3545-H Centre Circle Drive, Ft. Mill, SC 29715; phone (803) 547-0770; fax: (803) 
547-0775. A list of all US representatives is available there. 

Wakefield Engineering Acquires AhamTor - Wakefield Engineering, Wakefield, 
MA, has announced the purchase of AhamTor, Temecula, CA. AhamTor has 
approximately 100 employees and will continue to operate under its current name 
out of its 50,000 square foot facilities in Temecula. 

Anadigics Recognized by Blue Chip Enterprise Initiative - Anadigics has been 
named as a state designee in the 1994 Blue Chip Enterprise Initiative (BCEI). The 
BCEI, sponsored by Connecticut Mutual, the US Chamber of Commerce and 
Nation's Business, honors small businesses that have overcome challenges and 
emerged stronger. 

KVG Under New Ownership - Dr. Stefan Reineck, Managing Director of Kristall-
Verabeitung Neckarbischofsheim GmbH has assumed ownership of KVG. Under a 
management buyout, Dr. Reineck acquired all the company’s shares from the heirs 
of the company’s founder, Kurt Klingsporn. KVG develops and manufactures quartz 
crystals, oscillators, and filters for telecommunication and navigation applications. 

New Address for Sprague-Goodman - Sprague-Goodman has relocated as of 
October 1994. The new 15,000 square foot facility is located at 1700 Shames 
Drive, Westbury, NY 11590; phone: (516) 334-8700; fax: (516) 334-8771. 
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Contracts continued 

RIT Receives Grant to Study EM 
Emissions-The Rochester Institute of 
Technology received a $20,000 NSF 
Instrumentation and Laboratory Improve¬ 
ment grant to teach ways to measure 
and suppress electromagnetic interfer¬ 
ence (EMI). The money will be used to 
purchase an EMI measurement set for 
use by students and faculty in RIT’s elec¬ 
trical engineering technology program. 

Scientific-Atlanta to Provide VSAT 
Network - Scientific-Atlanta is providing 
one of Europe’s largest interactive data 
VSAT satellite networks to Groupe Azur, 
France’s largest insurance company. 
The Groupe Azur network represents 
one of the first installations of Scientific-
Atlanta’s SkyRelay, the VSAT industry’s 
first system designed specifically for 
companies moving to distributed com¬ 
puting environments that require high-
capacity communications support. 

START Licenses Drexel’s Frequency 
Converter Technology - START Tech¬ 
nology Partnership announced the suc¬ 
cessful completion of a license agree¬ 
ment awarding Phoenix Microwave 
Corp, the rights to develop new wireless 
communications components and sys¬ 
tems based on an innovative frequency 
converter circuit design from Drexel Uni¬ 
versity. This invention helps reduce chip 
size power consumption and costs, 
while improving other performance para¬ 
meters for wireless electronic devices. 

Stanford Telecom and TIW Team up 
for Wireless VSAT - The ASIC Custom 
Products Division of Stanford Telecom¬ 
munications, Inc. has announced its 
agreement with TIW Systems to develop 
and produce a wireless VSAT communi¬ 
cations subsystem. The subsystem, for 
use in rural wireless telephone systems 
in developing nations, will include a 
Stanford Telecom modulator/demodula-
tor along with TIW’s voice compression 
and telephone interface circuitry. 

Wireless “Cellular Digital Packet 
Data” Network Available - Bell Atlantic 
Mobile customers in Philadelphia and 
northern New Jersey can now “test 
drive” a new mobile digital data service 
that can revolutionize the way they work 
and live. The first “Cellular Digital Pack¬ 
et Data” systems in those markets have 
been turned on and made available for 
customer use. Commercial service is 
planned for later this year. 
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New Wireless Power 
Transistor 
This common emitter class AB 
bipolar transistor is designed to 
operate from 850 - 960 MHz at 
150 watts PEP. Power gain is 
rated at 10 dB min. @ 26 volts Vcc 
with IMD3 of -32 dBc typ. This 
transistor is designed for wireless 
base station amplifiers. 
P/N PH0810-150 

Richardson Electronics 800-548-5580 
CIRCLE READER SERVICE NO.124 

New High fT, Low Volt¬ 
age, Medium Power, 
Silicon Transistors 
Designed for battery operated sys¬ 
tems with 3-5 volt collector bias. 
Ideal for use as low phase noise 
oscillators through 6 GHz and as 
low noise moderate power drivers 
or class C amplifiers through 3 
GHz. Available in chip form or 
ceramic package. 
P/N MA4T3243 

Richardson Electronics 800-348-5580 
CIRCLE READER SERVICE NO.21 

Tomorrow's RF & Microwave 
Design Solutions Are On 

Richardson's Shelves Today. 

New GaAs MMIC Digital 
Attenuator 
3 bit, 4 dB step in a low cost, 
SOIC 14 lead, surface mount, 
plastic package. This digital atten¬ 
uator covers DC - 2 GHz and has 
superior attenuation accuracy 
(0.30 dB ± 3% of attenuation set¬ 
ting). IP3 > 50 dBm at 0.5-2 GHz. 
Low loss measures 1.5 dB typ. 
P/N AT-230 

It just makes sense. 
After all, M/A-COM 
manufactures the 
broadest range of RF 
and microwave com¬ 
ponents in the indus¬ 
try. And Richardson is 
the industry's leading RF 

cost dividers, combiners, 
splitters and more. 
Ask us about 
Richardson's 
advantages: 
•RF Design Support 

•Same Day Shipments 
•Custom Stocking 

Richardson Electronics 800-348-5580 
CIRCLE READER SERVICE NO.125 

and microwave distributor. So 
you know you can find exactly 
what you need. Exactly when 
you need it. 
We've got M/A-COM's 

latest generation of: 

•MMICs 
•Mixers 
•Diodes 
•Power Transistors 

Programs 
•Special Testing, 
Selecting, Matching 

Of course, our commitment 
to solutions doesn't stop 
there. Our team of dedicated 

applications engineers has 
over 200 years of combined 
RF and DC experience. 
These seasoned profession-

New Low Noise Amplifier 
Provides High Third 
Order Intercept 
The AM-216 amplifier (821-851 
MHz) has a third order intercept 
of +36 dBm typ., which makes it 
ideal for cellular base station 
receiver applications. The AM-
217 covers the European GSM 
(880-930 MHz) band. Noise fig¬ 
ures are 1.1 dB and 1.2 dB typ. re¬ 
spectively. P/N AM-216/ AM-217 

Richardson Electronics 800-348-5580 

CIRCLE READER SERVICE NO.126 

and Modules 
Or you can select from 

a growing family of low 
voltage bipolar transistors. 
Plus a full range of control 
components. Need pas¬ 
sives? Then choose from low 

als stand ready to give you 
the technical support you 
need to solve your design 

challenge. 
So call Richardson 

today. And get a jump on 
tomorrow. 

CALL 1-800-RF POWER 
(1-800-737-6937) 

Al Richardson 
ZljIZrWFl Electronics, Ltd. 

Canada (800) 348-5580 • Corporate Headquarters (708) 208-2200 • Fax (708) 208-2550 
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RFindustry insight_ 

RF at Home on Cable 
by Andy Kellett 
Technical Editor 

Despite a lot of talk about a “wireless 
world”, cabled connections are still an 
important part of many communications 
systems. Transmission by cable has 
several properties which makes it indis-
pensible as a transmission medium. 
Because cables (ideally) don’t radiate, 
signals can be sent without regard to 
spectrum use and without broadcasting 
information to everyone within "radio¬ 
shot" of the transmitter. This report looks 
at what services use cable transmission 
(including fiber optic cable) and how 
these cabled links are accomplished. 

Cable Television 
One of the first applications to spring to 

mind when cable transmission is men¬ 
tioned is cable television. According to 

Gary Kim, Senior Vice President for 
Probe Research, a market research firm 
concentrating on the telecommunications 
market, about 58 million homes subscribe 
to cable television services, which is 
about 62 percent of the homes that cable 
lines pass. Cable television lines already 
pass 93 to 98 percent of the homes in the 
U.S., and much of the conversion of main 
trunk lires to fiber optic cable is complete, 
so the surge in cable infrastructure build¬ 
ing is tailing off. 
However, the number of proposed 

cable services is booming. Virtually every 
kind of service imaginable is being con¬ 
sidered says Kim, from interactive video 
games on demand to POTS (plain old 
telephone service), and these new ser¬ 
vices w II require wideband cable connec¬ 

tions to the home. 
New trunk lines have bandwidths 

around 1 GHz, while most cable drops, 
(the line from the pole to the subscriber's 
house), are designed for the older 350 
MHz bandwidth technology, says John 
Valentine, Director of Marketing for 
Belden Cable. Before new services 
requiring wider bandwidths can be 
brought into subscribers homes, nearly 
all the drops installed before the early 
nineties must be replaced, says Valen¬ 
tine. While the new drops will be copper 
coax, they will use cable designed to 
reduce SRL (structural return loss). 
While cable television is perhaps the 

best example of RF transmission by 
cable, there are a number of other appli¬ 
cations that transmit RF via cable. 

Leave nothing 
to chance. 

220 SPECTRUM ANALYZER 

90% of the \ 10% of 
FUNCTIONALITY \ the COST 

For quick response 
to your special needs... 

PRECISION CRYSTAL PRODUCTION • PROTOTYPING 

TECHNICAL ASSISTANCE AND ENGINEERING 

IN-HOUSE MANUFACTURING AND TESTING 

NOW FOR $395, USING YOUR 
OSCILLOSCOPE DISPLAY: 

DYNAMIC RANGE >90DB 
VARIABLE BANDWIDTH 
EREQ 20 Khz TO 200 Mhz 

TRACKING GENERATOR 
MARKER GENERATOR 
AC AND DC OPERAT ION 

see our entire product line at RE EXPO EAST 

TO ORDER CALL: 

DC TO LIGHT 
(406) 586-5399 fax (406) 586-6556 

P.O. BOX 7140 BOZEMAN, MT 59771 

De» 
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Cable TV Equipment 
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From: 1994 Electronic Market Data Book, EIA Market¬ 
ing Services Dept., Electronic Industries Association. 

Table 1. Cable television equip¬ 
ment sales, (1984-1992). 

Extensions, Links and Networks 
RF signals are also sent for apprecia¬ 

ble distances over cable in cellular base 
station extensions and studio links. Base 
station extensions, like those manufac¬ 
tured by the Ortel Corporation, can effec¬ 
tively extend the coverage of a cell site 
by linking a smaller transmitter/receiver 
pair to the base station. Oriel's devices 
use a fiber optic link to reach from the 
remote site to the base station. An entire 
cellular band can be linked to the base 
station this way. Similar links can be 
used to connect television and radio stu¬ 
dios to transmitters. 

Multiplying the number of computer 
networks in existence by the length of 
the cable used in each of those net¬ 
works would probably reveal that digital 
data communication uses a lot of cable, 
and as data rates go higher, they 
appear more and more “RF-like.” For 
example, many of the packet network 
protocols are nearly identical to those 
used in radio packet networks. 
Medical imaging systems provide 

another example. According to Dr. Arturo 
Gamboa, Director of Engineering for 
medical image processors Cemax, a 
state-of-the-art x-ray image is 4000 pixels 
by 5000 pixels with 21̂  gradations of 
grey. These images use JPEG compres¬ 
sion techniques (like those used in satel¬ 
lite communications), and transmit at 
data rates of up to 150 Mbps (megabits 
per second). 
Data communications engineers have 

managed to increase data rates while 
still transmitting that data over twisted 
pair. However, faster data rates and 
increased EMI requirements may drive 
more data communications into cable -
both fiber optic and copper. Copper 
cable does show a disadvantage in this 
application, however, because of its size, 
says Peter Hanen Manager of Marketing 
for Amphenol, "there is only so much 
room in plenums and under floors." 

Fiber Optics 
Fiber optic cable has several advan¬ 

tages over its copper relatives. It has 

RF Design 

lower loss over distance, typically about 
0.4 dB/km, and it is smaller, more flexi¬ 
ble, and more easily laid. Of course light 
is the transmission medium for fiber optic 
transmission, but that light is normally 
modulated at RF frequencies. 
Ortel engineers characterize laser 

diodes in terms of RF performance -
noise, linearity, flatness, etc. - in order to 
design the RF circuits that drive those 

diodes, says Dr. Hal Zarem, Business 
Manager for Wireless Communications at 
Ortel. And the end products are specified 
in RF terms, says Zarem, "so you don't 
have to know about the fiber optics." 

Clearly, RF signals will be launched 
into more than antennas. Copper coax 
and fiber optic cables both play a role 
which complements the expanding use 
of "wireless" technology. RF 
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COMPLETE HIGH-FREQUENCY 
MIXED SIGNAL WITH 60K DIGITAL GATES • CUSTOM • HYDRIDS 

Get High-Frequency Designs Quick with QuickChip Design Automation 
Maxim's QuickChip design automation approach consists of several “core” array families of 
high-speed bipolar transistors, capacitors, and resistors, optimally configured for interconnec¬ 
tion. QuickChip arrays are easy to use, and since there are only a few masks to design, 
QuickChip is less expensive and less time consuming than the full custom approach. Once final 
designs are completed and approved, finished wafers can typically be delivered within 4 weeks. 

This QuickChip 7 array on the GST-1 process has one digital (ECL) macro-tile and four analog macro¬ 
tiles for a total of: 592 NPNs, 56 PNPs, 64 Schottky diodes, 64 ESD diodes, 1,408 resistors, 48 MOS 
capacitors, and 40 pads. 

QuickChip Project Flow 

Using your QuickChip design, 
Maxim will manufacture die. Upto 
four custom masks required. 

Maxim packages ICs. Over 95% of 1st 
pass ICs meet the original objective 
spec. Production testing available. 

Final prototypes can be 
evaluated in your system. 

World-Class Design Tools and Process Capabilities 
Maxim's design tools shorten design time and help meet target specifications on the first pass. 

QuickTools is a powerful software package that provides design engineers with complete IC, schematic, simu¬ 
lation, and layout capabilities. It includes: 

• ADS, an integrated schematic capture, circuit simulation, results processing, and display environment. 

• QuERC, a bias analysis electrical rules checker 

• QuicKic, a fast, error-free netlist-driven layout editor that checks process design rules, connectivity,and inter¬ 
connect parasitics as the layout is being accomolished. 

All processes are available for full custom work. C-Pi/SHPi and GST-1 have QuickChip arrays in various configu¬ 
rations to meet your requirements. 

nauf NPNBVceo NPN It PNPBVceo PNP It ME™ E inM SCHOTTKY 
NAME (V) (GHz) (V) (GHz) JFET (GATES) ISOLATION LAYERS RES|StORS DIODE 

SHPi 8 9 9 0.1 YES 3K OXIDE 2 YES YES 

C-PI 9.5 9 10.5 5.5 YES 3K OXIDE 2 YES YES 

GST-1 5.5 13 — 0.1 NO 20K TRENCH 3 YES YES 

GST-2 4.5 27 — 0.1 NO 60K TRENCH 3 YES YES 

• C-Pi is a recessed-oxide-isolated high-speed complementary bipolar process optimized for analog signal 
acquisition, amplification, and sourcing. Withou: the vertical PNP option, C-Pi is designated as SHPi. 

• GST-1 is a high-speed self-aligned double-polysilicon bipolar process ideally suited for highly integrated, 
mixed analog, and digital ICs. GST-2 offers the highest speed and device density, with 27GHz fis and up to 
60K gates/IC. 



DESIGN SOLUTIONS UP TO 27GHz 
STATE-OF-THE-ART DESIGN TOOLS AND PROCESS TECHNOLOGIES 

Maxim’s Full Custom Approach 
In addition to the QuickChip approach, Maxim also offers a high-frequency full custom capabil¬ 
ity. This method is ideal for high-volume products where optimized unit cost reduction and ulti¬ 
mate high frequency performance are key factors. Full custom offers complete flexibility in 
choosing individual devices and location. Your custom IC can be fully designed by either 
Maxim's experienced design staff or by your own skilled analog designers using Maxim’s 
design tools. 

This 8-bit 500 Msamples/sec A/D converter is a full custom design. It has full flash topology and 
greater than 500MHz small signal bandwidth. 

Hybrid and Module Development 
Our high-frequency hybrid design and manufacturing group can develop your com¬ 
plete system. Using HCAD-III, an internally developed hybrid software design and lay¬ 
out system, multi-chip modules (MCMs) can be developed that will work right the first 
time. Process capabilities include: thick film, thin film, multilayer ceramic, MCM, chip 
and wire, mixed technologies, electro-optic, and electrical test and trim up to 60GHz. 
Examples of previously designed hybrids include 350MHz video display drivers and 
ATE pin drivers for 100MHz test systems. Our high-frequency packaging and assembly 
expertise is second to none! Let Maxim help you with high-frequency problems. 

This multichip module uses two full custom Maxim ICs and two custom CMOS ICs. It represents a complete 200MHz analog 
oscilloscope on a board. 

Our Free High-Frequency ASIC Development Handbook takes you 
through all the steps to integrate your 

circuitry on high-performance ASICs and Modules. 
To get started, call Maxim Toll Free at 1-800-809-0840 

to discuss your specific application. 

Another of Our Many Success Stories: Tektronix Uses Maxim’s 
Custom ASIC Processes for its TDS Series Oscilloscopes 

Case History #5: The Tektronix TDS 544A Four-
Channel 500MHz Color Digitizing Oscilloscope 
received EDN's Test and Measurement Product of the 
Year Award. This product contains 13 custom ICs and 
four custom hybrids manufactured using Maxim's 
SHPi and GST- 1 processes. Maxim-fabricated circuits 
include four 250 MS/sec A/D converters for signal 
acquisition, circuits that provide normal and specialized trigger functions, a 500MHz buffer with 
precision delay adjustment, wide band input amplifiers with variable gain and position control, 
and hybrid precision attenuators with Maxim die. Maxim-fabricated circuits make possible this 
instrument and many others in the Tektronix Test and Measurement family of products. 
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REcover story_ 

An Analog Phase/Frequency 
Comparator and BPSK Carrier 
Demodulator 
By Richard W.D. Booth 
Itron, Inc. 

Here is the Grand Prize winning 
entry in the 1994 RF Design 
Awards Contest! Of the many out¬ 
standing circuit design and soft¬ 
ware entries submitted for judg¬ 
ing, this was selected as the win¬ 
ner. The author has been awarded 
a software package of HP-EEsof”s 
Touchstone and Libra for Win¬ 
dows, generously provided by HP-
EEsof in recognition and support 
of RF engineering creativity. 

This note describes a phase locked 
BPSK carrier recovery circuit which con¬ 
tains an intrinsic AFC function that 
allows the loop to acquire frequency off¬ 
sets well outside the loop bandwidth. 
This circuit was originally developed to 
provide a BPSK carrier recovery circuit 
that uses only RF type multipliers. The 
circuit described here uses inexpensive 
NE602A multipliers. 

The recovery of the carrier for the 
demodulation of BPSK is usually 

done with either a Costas loop or a dou¬ 
bling loop. The Costas loop is popular 
because the base band data is available 
at the output of one of the mixers. How¬ 
ever, the Costas loop requires a base¬ 
band multiplier, and the loop must be 
aided during the frequency acquisition 
phase by adding circuitry to either imple¬ 
ment a sweep of the VCO or an AFC for 
systems where the frequency accuracy 
of the carrier is poor. The loop described 
in this note was designed with the inten¬ 
tion of removing the baseband multiplier 
from the Costas loop, and the result is a 
design that is implemented with three 
RF-type multipliers or mixers. During the 
development of the mathematical model 
for the loop, it was discovered that the 
control voltage at the VCO input con¬ 
tained an AFC term that forces the loop 
to lock for frequency offsets outside the 
loop bandwidth. This feature has obvi¬ 
ous utility in the BPSK carrier recovery 
loop, since the additional sweep or AFC 
need not be added for systems requiring 

Figure 1. BPSK demodulator block diagram. 

frequency acquisition. The circuit may 
have application in synthesizers, where 
it may be used as an analog phase and 
frequency comparator. 

Circuit Description 
A block diagram of the loop is illustrat¬ 

ed in Figure 1. The incoming signal is 
split and coupled to two of the three mix¬ 
ers. Mixer 1 is driven at the LO port with 
the in phase (I) version of the VCO. The 
output of this mixer is the base band 
recovered data signal. This baseband 
data signal is sent to a bit synchronizer 
and/or integrate and dump in order to 
recover the data. The baseband signal 
is also filtered by the low pass filter at 
the output of mixer 1, and the output of 
the filter is then upconverted in mixer 2. 
The LO input to mixer 2 is the quadra¬ 
ture (Q) version of the VCO output. The 
output of mixer 2 is then connected to 
the RF port of mixer 3. The LO port of 
mixer 3 is driven with the original input 
signal. The baseband output of mixer 3 
contains the phase and frequency error 
information. This is filtered using a stan¬ 
dard loop filter, and the output of the 
loop filter drives the VCO input. 

The circuit works as follows.: assume 
a small phase offset between the VCO 
and the incoming carrier phase. Assume 
also that data is present on the carrier. 
Now the output of the first mixer, mixer 
1, should just be the baseband data. 
Since there is an assumed small offset 
in phase between the incoming carrier 
and the VCO, the amplitude of this data 
voltage is reduced somewhat relative to 
the voltage present, assuming perfect 
phase lock. This data output is now 
upconverted in mixer 2, which is used 
as a bi-phase modulator. The output of 
mixer 2 or the bi-phase modulator is 
close to being a copy of the original 
input signal except the carrier is in quad¬ 
rature with the original input signal. 
When this signal is multiplied with the 
original input signal in mixer 3, several 
things happen. The modulation is 
stripped off. This occurs because the 
BPSK wave form is NRZ and multiplying 
the data by itself results in +1. The sec¬ 
ond result is the creation of a term that 
is proportional to sin(20). This is the 
desired error term and results from mul¬ 
tiplying the original signal times the out¬ 
put of mixer 2, which contains the data 
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Figure 2. BPSK demodulator/phase frequency comparator schematic. 

modulated onto a carrier that is in quad¬ 
rature with the original input signal. The 
error signal is filtered in a standard loop 
filter and is used to drive the control port 
on the VCO. 
For frequency errors, the procedure is 

a little more complicated. Assuming both 
a phase and frequency error between 
the incoming signal and the VCO, then 
the output of mixer 1 contains the differ¬ 
ence signal between the incoming signal 
and the VCO. When this signal is passed 
through the low pass filter at the output 
of mixer 1, the sinusoidal component 
undergoes a phase shift that is propor¬ 
tional to the frequency. Assuming that 
the low pass filter is wide enough that 
sufficient distortion of the data signal 
does not occur, then this phase-shifted 
signal is then modulated back up into the 
up converting mixer, mixer 2. The output 
of mixer 2 drives mixer 3 and the modu¬ 
lation is removed again at this point. The 
base band signal, however, contains a 
term that is proportional to the phase-off¬ 
set induced by the phase shift of the 
sinusoid through the low pass filter. This 
is similar to a discriminator. This term dri¬ 
ves the VCO towards frequency lock. A 

mathematical description of the loop is 
contained in Appendix A. 

Hardware Implementation 
A hardware implementation of this cir¬ 

cuit is described in Figure 2. This 
schematic illustrates the use of three 
NE602A mixers in the loop. The VCO 
uses two transistors and a dual D flip¬ 
flop, a 74F74, in order to generate the 
quadrature VCO signals. The baseband 
filters and amplifiers are built around a 
low-ccst CMOS quad operational amplifi¬ 
er. The filtering in the low pass filter at 
the output of mixer 1 determines the loop 
pull-in range. At frequencies much 
beyond this low pass filter cut off, the 
loop fails to acquire since the signal is 
rolling off in amplitude and eventually 
disappears into the noise. Several sec¬ 
tions of the quad op amp were needed in 
order to perform the DC level shift 
between the output of the first NE602A, 
mixer 1, and the input to the second 
NE602A. This path must be DC coupled. 
The low pass filter function that pro¬ 

vides the phase shift of the base band 
sinusoid is provided by the combination 
of the 1.5 K resistors intrinsic to the out¬ 

put stages of the NE602A at mixer 1 and 
the external components R3, R4, C4 and 
C5. Additional filtering could be added at 
the summing stage that drives the base¬ 
band input to mixer 2. This could be pro¬ 
vided by adding capacitors to R8 and 
R7. The values chosen give a low pass 
cut off of about 140 KHz, which restricts 
the AFC range to about ± 200 KHz. 
The parameters for this loop are as 

follows: 

Center Frequency: 
Loop Bandwidth: 
Loop Pull-in Range: 
Max. Data Rate: 

Final Notes 
The phase-locking behavior and the 

frequency-locking behavior are clearly 
very closely interrelated, just as they are 
with a phase and frequency comparator. 
This means that they cannot be individu¬ 
ally specified. Usually the phase locking 
behavior is specified and then the fre¬ 
quency acquisition behavior is an arti¬ 
fact of the phase locking performance. 
Smaller loop bandwidths do indeed 
result in longer frequency acquisition 

10.7 MHz 
500 Hz 

± 100 KHz 
20 KBPS (apx) 
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times for a given offset. 
The loop exhibits false locking when 

attempting to acquire data bearing sig¬ 
nals and the frequency offsets exceed 
the data rate. This is a peculiarity of all 
BPSK type loops and is a result of the 
distortion of the wave form by the base¬ 

band filters used in this loop and in the 
Costas Loop. Other style loops exhibit 
similar tendencies. This quirk is usually 
handled by using acquisition sequences 
that are preceded by sending a pure 
carrier for a sufficient length of time to 
allow the carrier loop to lock. RF 

About the Winner 
Richard Booth is a System Architect at Itron, Inc., a manufacturer of wireless 

communications networks, mainly for public utility companies' monitoring and 
metering needs. Rick has worked at Itron for 4 years, with previous experience at 
TRW. He received a BSEE from MIT in 1969 and a Ph.D. from USC in 1974. 

The winning design was 
derived from earlier work in mod¬ 
ulators and demodulators for digi¬ 
tal communications. Additional 
experience in frequency synthesis 
is clearly evident in the design. 
Rick enjoys outdoor activities, 

and is an active backpacker and 
rock climber. It was intended that 
a formal presentation of the 
Grand Prize would be made at 
RF Expo East later this month in 
Orlando, but Rick will be in Nepal, 
combining a mountain trek and 
honeymoon. 
He can be reached at Itron, 

Inc., 20520 Prospect Road, 
Saratoga, CA. 

A Contest Summary 
Judging this year’s contest were the 

1993 winners, Terry Hock and Ray 
Page, along with RF Design Consulting 
Editor Andy Przedpelski and Editor Gary 
Breed. It was a clear consensus that the 
entries were the most consistent high 
quality of any past contest. RF Design 
will publish most of the contest entries 
over the next year. Readers can look for 
one or two of them in December, and in 
each issue during 1995. 
Once again, the RF Design Awards 

contest has proven that RF engineering 
is a creative profession. Congratulations 
to everyone who entered! 

Specal Thanks to HP-EEsof, Our 
Prize Donor! 
Hewlett-Packard Company has devel¬ 

oped a strong affinity for the RF Design 
Awards contest, a result of their interest 
in encouraging creativity and innovation 
among RF engineers. This year, their 
HP-EEsof division has provided a pack¬ 
age of their Windows-based design and 
analysis software, including the well-
known Libra and Touchstone programs. 
HP has repeatedly expressed their inter¬ 
est in supporting the contest with major 
prize donations. Our thanks to them for 
the generous donation of the 1994 
Grand Prize! 

Appendix A-Mathematical Model 

Input Signal: 
s(t) = d(t)*cos(wt+0) where d(t) = NRZ data sequence 

In-phase VCO signal: 
Ri(t) = cos(wot+0o)) 

Quadrature VCO signal: 
RQ(t) = sin((wot+0o)) 

Mixer 1 Output: 
V1(t) = R|(t)*s(t) = d(t)‘cos(Awt+A0) 
where Aw = Wq-w and A0 = 0o-0 and it is assumed the double 
frequency terms have been removed by the low pass filter. 

Low Pass Filter Output: 
VLP(t) = d(t) IH(Aw))l *cos (Awt + A0 + 0 (Aw)) 
where <|)(Aw) = phase shift introduced by low pass filter and 
IH(Aw)l = amplitude response of low pass filter. It has been 
assumed that the low pass filter does not significantly distort 
the data wave form d(t). 

Mixer 2 Output: 
V2(t) = VLP(t)*RQ(t) 

Mixer 3 Output: 
e(t) = d(t)*cos(wt+0)*VLP(t)‘RQ(t) 

or: 
e(t) = 

d(t)*cos(wt+0)‘d(t)IH(Aw)l‘cos (Awt+A0+<|>(Aw))*sin(wot+0o) 

or: 
e(t) = IH(Aw))l*[sin (2Awt + 2A0 + <J>(Aw)) + sin (-<|>(Aw))] 

For zero frequency offset e(t) simplifies to e(t) = sin(2A0) 
This is the same form as the phase error for a Costas loop. 

For non-zero frequency offsets that are larger than the loop 
bandwidth, the error term e(t) is approximately e(t) = IH(Aw) 
lsin(-<|)(Aw)). This is because the first term contains the sinu¬ 
soidal varying component and this tends to average to zero, 
leaving the AFC term by itself. 
Note that the negative sign is correct since the low pass fil¬ 

ter will shift the phase in the negative direction as a function 
of frequency. This means the phase correction and frequency 
correction both work in the same direction, which is indeed 
fortunate. For example the phase shift as a function of fre¬ 
quency for a simple one pole low pass is as represented by 
<|>(Aw)=-tan -1 (Aw -s-wc) where wc is the cut off frequency for 
the low pass filter. 
Note that more complicated low pass filters will provide a 

larger correction voltage as a function of frequency offset. 
However, more than two poles can give rise to phase shifts of 
more than 180 degrees for sufficiently large frequency off¬ 
sets. This can lead to the disconcerting problem of frequency 
pushing where the loop is driven away from the signal! 
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matching networks 

Broadband Impedance Matching -
Fast and Simple 
by Thomas R. Cuthbert, Jr., Ph.D. 
Consultant 

The method presented here is an effi¬ 
cient and practical way to automate the 
selection of both a matching network 
topology and its component values that 
are likely to provide a nearly optimal 
match between a complex load and 
source. This new technique avoids the 
labor of graphical design, the complexity 
of real frequency methods, and the many 
inferior solutions found by optimizers. 
The computer program GRABIM, that 
implements this new GRid Approach to 
Broadband Impedance Matching for LC 
networks, is described. The new method 
also requires a bounded, constrained 
network optimizer in the last design step; 
an already published program fulfills this 
role. 

Broadband impedance matching net¬ 
works are often designed by adjust¬ 

ing element values in a chosen network 
topology using an optimizer program that 
finds only the nearest solution. The best 
solution is often missed because the 
wrong network is used and/or the starting 
set of element values is not near enough 
to the optimal solution. However, selec¬ 
tion of approximate element values is dif¬ 
ficult, especially in the practical case 
where the load and/or source imped¬ 
ances are available only in tabular data 
sets, instead of subnetwork models. 
More sophisticated methods require 
extensive mathematical, theoretical, and 
computational knowledge, and also 
embody optimization, as reviewed in ref¬ 
erence [1]. 
Today’s fast PCs and ultra-efficient 

analysis of lossless networks allow 
exhaustive trials for all usable combina¬ 
tions of network branch values (three to 
eleven values for each branch) at the rate 
of about 75,000 trials per minute on a 
486DX2-66 PC. This article describes a 
new non-adaptive grid search method, 
outlines the key features required for the 
companion optimizer, and gives an 
example using the new search procedure 
in the DOS program GRABIM. 
Adding more network elements not 

only produces little improvement, it also 
exponentially-increases the time required 

Figure 1. A network for broadband matching sets of terminating 
impedances. 
to exhaustively search for the optimum 
solution. Designers can now find a suit¬ 
able network topology by automatically 
trying combinations of bandpass, low-
pass, highpass, pi, or any other LC lad¬ 
der network topology having two to eight 
elements. The associated grid searches 
also fine approximate element values for 
a nearly-optimum solution. Finally, a mini¬ 
max optimizer that maintains positive ele¬ 
ment values will drive out any remaining 
unnecessary elements, coming close to 
the best network with the best element 
values. 
The two-port matching problem as 

described in reference [1] is briefly restat¬ 
ed here. Figure 1 shows a lossless net¬ 
work inserted between a source and load 
to improve or control the power transfer 
over a frequency band. When both Zs 
and ZL are resistances, the network in 
Figure 1 usually is called a filter or an 
impedance transformer. Complex imped¬ 
ance terminations require the more diffi¬ 
cult broadband matching network. For 
example, radian frequency samples 
between 0.3 and 1.0 and corresponding 
goals of S21 =0 dB are contained in the 
computer file shown in Table 1. The ZL = 
RL+jXL and Zs = Rs+jXs impedances are 
the rectangular complex number sets 
shown in Tables 2 and 3, respectively, 
and correspond to the radian frequencies 
in Table 1. Impedance matching data is 
usually normalized to 1 radian/second 
and one ohm as in Tables 1-3, and this is 
also reqjired by GRABIM. Normalization 
is also convenient, since at 1 radian/sec¬ 

ond, henrys are equal to ohms and 
farads are equal to mhos. When un-nor-
malizing, actual L ‘s and C ‘s are inverse¬ 
ly proportional to radian frequency. Actual 
L ‘s are directly proportional to terminal 
impedance level, while actual C ‘s are 
inversely proportional to terminal imped¬ 
ance level [2], 

The Grid Approach 
The labor of graphical matching 

design, the complexity of the real-fre¬ 
quency methods, and the skill level 
required for both approaches demand a 
fast and simple way to design matching 
networks, especially for the double match 
case (both ZL and Zs complex). The 
speed of the 486DX2-66 PC used to 
develop the grid approach has already 
been exceeded at least 50 per cent (the 
DX4). So, computing speed, bare-bones 
network analysis, and efficient bypass of 
useless trials are the basis of a better 
matching technique. 
The strategy has two related steps: (1 ) 

use an exhaustive grid search of element 
values in multidimensional logarithmic 
space to find a promising matching net¬ 
work topology and near-optimal element 
values, and (2) continue with a con¬ 
strained network optimizer to exceed 
matching goals and drive out unneeded 
network elements. The source and load 
impedance sets may comprise a single 
fixed resistance or as many as 40 com¬ 
plex impedances and their corresponding 
frequencies. Both the load and source 
impedance information are stored in 

38 November 1994 



We've got 
your number. 

58V 
1.2W 

1.0W 

I ’ 
1 «2 »3 

M 4 « 5 Mwg 

hb 7 Tuv g wxvg 

<* «► 

PWR FCN *“* ENO 

* S& 8-k 

?O ¿03 SUI RM 

* 5(0 ¿0) «Q 

■o 

END 

2*"c 3oif 

Back in the old days, 
when the first cellular 
phones hit the road, life was 
simple: 12 volts, period. 

Not anymore. With over a 
dozen major manufacturers offering 
a wide variety of models, it's a chal¬ 
lenge to supply them with a range 
of RF power amplifiers to do the job. 

But we've met that challenge; 
our RFIC power amplifiers will 
work in many of the latest, newest, 
smallest analog and digital cell 
phones. And with battery voltages 
bom 3.3 to 5.8 volts and output 
power levels as high as 1.2 watts. 

In short, we've got 
your number. 

_ And that's not all: based 
on our MSAG®-Lite technology, our 
line of RFIC power amplifiers can 
help you reduce total system size 
enough to actually add more features 
in the same space. Cell phone talk 
time can be extended by as much as 
30% compared to using Si discretes 
or modules. Plus, you can lighten up 
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the entire system. 
And all of this at a very 

affordable number. 
Want to hear more? 

Here's one more number you'll need: 
703-563-3949. 
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"CAS 2/90 EX#3. RAD/SEC & GOAL SET" 
8 
.3 0 
.4 0 
.5 0 
.6 0 
.7 0 
.8 0 
.9 0 
1. 0 

Table 1. Radians/second and S21 
dB goals. 
ASCII files. The load resistance, if used, 
is one ohm, and the source resistance, if 
used, can be set to any value. A typical 
trial run of GRABIM requires about one 
minute for 75,000 combinations on an 
IBM PC clone 486DX2-66 computer. This 
article describes how the grid search 
works and provides an example with the 
results from both steps. 
Two to eight L ‘s and C ‘s can be tried 

in any simple ladder network topology, 
and 12 typical topologies are available 
from a menu. There may be as few as 
three and as many as 11 trial values for 
each L and C about a base point, which 
starts at L=C=1 . The grid search may be 
restarted about a new base point, which 
is the best ‘better-than‘ or ‘equal- to‘ 
goal last achieved over all trial combina¬ 
tions. Progress and intermediate results 
appear on the screen during searches. 

"CAS 2'90 EX#3. .3-1 ., 8 PNTS LINEAR ZL" 
8 
0.59016 0.71680 
0.71910 0.74944 
0.80000 0.77500 
0.85207 0.80503 
0.88683 0.84174 
0.91103 0.88470 
0.92837 0.93288 
.94118 0.98529 

"CAS 2/90 EX#3. .3-1 ., 8 PNTS LINEAR ZL" 
8 
0.71313 -0.45230 
0.56081 -0.49629 
0.41945 -0.49347 
0.29915 -0.45789 
0.20274 -0.40204 
0.12909 -0.33530 
0.07539 -0.26403 
0.03846 -0.19231 

Table 2. RLand XL load imped¬ 
ance data. 

Table 3. Rs and Xs load imped¬ 
ance data. 

Matching Network Topologies 
The 12 preprogrammed ladder network 

topologies are shown in Figure 2. The 
branches are numbered from 1 to 8 

under each network, starting from the 
load toward the source. GRABIM allows 
the user to select from two to eight 
branches from any topology, including 
those provided by the user. Inductors are 
labeled ■ype 2 and capacitors are labeled 
type 3 (this naming convention is a left¬ 
over from programming network prob¬ 
lems into a handheld calculator, where 
memory is especially precious). Minus 
signs indicate that the L or C is connect¬ 
ed like the preceding branch. For exam¬ 
ple, the topology at the top of Figure 2(a) 
(BPP: BandPass Parallel to load) starts 
with a capacitor in parallel (the load is 
considered series) so that the branch 1 
topology is 3. The BPS topology has a 
series connection to the load, so its 
branch 1 code is -3. Initial topology 
choices should use only four to six 
branches instead of all eight, since 
excess branches tend to remain in 
approximately-optimal solutions. Branch¬ 
es can always be added to attempt 
improvement of a marginally satisfactory 
topology. 

Exhaustive Grid Search 
Walsh [3] has remarked that for a 

given number of function evaluations, a 
full search over a courser grid is more 
efficient than a random search. Consider 

the matching system in Figure 1 with fre¬ 
quency samples, corresponding S21 dB 
goals, and corresponding Zs and ZL data 
sets as in Tables 1-3. For some candi¬ 
date LC matching network topology, such 
as the LPS lowpass network in Figure 
2(b), exhaustive combinations of trial val¬ 
ues for the L’s and C’s are tried, each 
combination being analyzed for the maxi¬ 
mum (worst) S21 dB found over all fre¬ 
quencies. If that worst S21 versus œ is 
less (better) than the worst previously 
found, then that combination of LC val¬ 
ues and the S21 dB are reported and 
saved until that case can be surpassed. 
A diagram of the FOR-NEXT loops 

used in GRABIM for the exhaustive grid 
search is shown in Figure 3. Use of only 
the first five branches of the chosen 
topology is illustrated. As listed below, a 
set of 3 to 11 trial values is chosen, e.g., 
1.0, 0.4, and 2.5. From the start, branch¬ 
es 5, 4, 3, 2, and 1 are set to L or C 
equals 1.0. Then the S21 dB is computed 
for each sample w and the branch values 
and greatest dB are saved. Then branch 
1 is set to 0.4, the co loop is run, and the 
greatest dB, if less than the prior saved 
dB, causes that topology to be reported 
and saved. Otherwise it is ignored. 

After branch loop 1 has completed its 
three trial values, the second trial value 

Figure 2. Bandpass, lowpass and 
highpass topologies programmed 
in GRABIM. Topology codes 
appear above and branch num¬ 
bers below each ladder network. 
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Figure 2b. Topologies continued. Figure 2c. Topologies continued. 
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GORE-SHIELD™ form-in-place gaskets 
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effective solution to quick, on-the-spot 
requirements for low cost EMI/RFI shielding. 
They are excellent for retrofits, prototypes, 
high volume production, and even field repair 
of damaged gaskets. 

GORE-SHIELD strip gaskets offer proven 
EMI performance plus environmental sealing 
in a single, user friendly package.The EMI 
strip gasket is easily formed in place which 
allows maximum design flexibility. This greatly 
simplifies flange designs by eliminating the 
requirement for grooves. They are available in 
a variety of widths and thicknesses, with or 
without conductive pressure sensitive adhesive, 
and are conveniently packaged on easy-to-use 
dispenser rolls. GORE-SHIELD strip material 
is made of chemically inert, expanded PTFE 
so it is soft and conformable. This 
conformability and exceptional inertness also 
provides a strong environmental seal to combat 
corrosion, and other chemical attack. Best of 
all, GORE-SHIELD strip gaskets are available 
for same day shipment. Call Richardson 
Electronics, Ltd. , the country's leading RF and 
microwave specialty distributor. Take advantage 
of Richardson's extensive inventory of 
GORE-SHIELD strip gaskets and other RF 
and microwave components. To order from 
any of Richardson's 16 North American 
sales locations, call: 

1-800-RF POWER 
(1-800-737-6937) 

Canada 1-800-348-5580 
1994 Richardson Electronics, Ltd. 
40W267 Keslinger Road, LaFox, IL 60147 USA 
Tel: (708)208-2200, Fax: ( 708) 208-2553 
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Figure 3. FOR-NEXT loops that try 
all combinations of values in all 
branches. 5-branch case is shown. 

(0.4) is set in branch loop 2, and branch 
loop 1 is run again using the three trial 
values. Eventually, branch loop 5 will 
have run through all trial values and the 
exhaustive test is over. During some 
search modes, the series branch reac¬ 
tances (ohms) or parallel branch suscep¬ 
tances (mhos) may exceed 25. That will 
be considered a zero of transmission 
(approaching « dB) in the passband, so 
the w loop will terminate prematurely as 
illustrated in Figure 3, since that combi¬ 
nation only wastes time. 
The sets of trial values are shown in 

Table 4 and the NT=5 set is plotted in the 
log-log plane in Figure 4 for two branch¬ 
es. Three branches form a sampled 
cube, etc. Each trial value set starts with 
1.0, which usually produces a reasonable 
match. That is also the very significant 
equal-element filter [4] which has both 
nominal element values and nominal per¬ 
formance. Therefore, the very first combi¬ 
nation is likely to produce a result that will 
not be easily improved, so the number of 
reported cases is minimized. The choice 
of (nearly) geometrically-related pairs or 
trial values (e.g., 0.4 & 2.5) is based on 
the inverted branch reactance values of 
wL and 1/<dC. The distribution of pairs in 
a particular trial set is heuristic and 
reflects the predominance of lower 
NT Trial#1 2 3 4 5 6 7 8 9 1? 11 
G 0.01 100 0.1 10 
P 1 0.01 100 
3N 1 0.8 1.25 
3F 1 0.4 2.5 
T 1 0.95 1.05 
5 1 0.6 1.7 0.3 3 
7 1 0.7 1.4 0.4 2.5 0.25 4 
9 1 0.8 1.2 0.6 1.7 0.4 2.5 0.25 4 
11 1 0.8 1.2 0.6 1.7 0.4 2.5 0.3 3 02 5 

loaded Q values in broadband matching 
networks. The initial base point sets all 
branch values to 1.0. However, the Table 
4 trial values are actually factors that mul¬ 
tiply each branch value. Therefore, any 
subsequent searches starting from a 
newly d scovered base point retain the 
same pattern in log space, e.g. Figure 4, 
no matter where the base point is locat¬ 
ed. 
The Grow set in Table 4 allows the 

user to try a fully connected (but not 
shorted or open-circuited) topology with 
combinations of added LC branch ele¬ 
ments having small tuning effects. Grow¬ 
ing trials will show that these ‘neighbor¬ 
hood ‘ or local tests will not predict global 
solutions, (this has been confirmed by 
researchers [5]). Similarly, the Prune set 
in Table 4 is designed for a full set of 
unit-valued branches with combinations 
of removed branches to improve the 
match. Improvements will be noted using 
both Grow and Prune, but neither case 
indicates the best global solution. This 
phenomenon proves the superiority of 
exhaustive grid search as opposed to 
any adaptive search method, even adap¬ 
tive pattern searches such as the popular 
Nelder-Mead simplex method [3], Trial 
sets 3N (Near) and 3F (Far) are provided 
for search over a large number of 
branches where computer run time would 
be excessive for 5 or more trial values. 
The Tune set in Table 4 is for final con¬ 
verging local searches. 

Computer Run Time 
A 4863X2-66 PC running a QuickBA¬ 

SIC® v4.5 executable program FOR-
NEXT Icop multiplies, divides, adds, or 
subtracts in 9.5 ps. GRABIM estimates 
run time in minutes as: 

T = 1.45 (9.5x1 0-®)(NS)(NTnb ) 
(24 + 7.7(NB))/60 (1) 

where KS is the number of frequency 
samples NT is the number of trials, and 
NB is the number of branches. The par¬ 
enthetical term represents the number 
of mathematical operations required to 

calculate S21 as discussed later. The 
1.45 factor is the overhead due to pro¬ 
gram execution. The exponential term is 
the number of combinations shown in 
the FOR-NEXT loops in Figure 3. 
From interpolation theory and opti¬ 

mization experience, the number of fre¬ 
quency samples should never be less 
than the number of branches, NB, which 
is equivalent to the number of optimiza¬ 
tion variables. Table 5 shows the num¬ 
ber of combinations per frequency and 
Table 6 shows the estimated time for 
NS=8. Trial sets 3F and 3N (Table 4) are 
clearly appropriate when more than six 
branches are explored. The run time in 
equation 1 is conservative, since topolo¬ 
gy codes may be all positive, and there 
may be bypassed trials due to zeros of 
transmission. 

Efficient Network Analysis 
GRABIM was developed on the basis 

of the fewest possible calculations per 
trial. Of the many ways to calculate S21 
for a ladder network in the double match 
arrangement shown in Figure 1, there are 
at least two that are very efficient. The 
recursive update method [2] assumes a 
current in ZL (see Figure 2) and computes 
voltages and currents for the lossless 
branches from load to source. Another 
method independent of ZL has been 
described by Orchard [6] and was chosen 
for this application. The ABCD (chain) 
matrix of the lossless network is con¬ 
structed by adding one branch at a time, 
starting with branch 1 (next to the load). 
Both methods require only five operations 
(multiplications and additions) per loss¬ 
less branch; however, there is some over¬ 
head in either method to increment the 
branch number and determine the series 
or parallel connection. Therefore, 7.7, not 
5, is used in timing equation (1). 
A significant time saver is the pre-cal-

culation of all immittances used within the 
FOR-NEXT loops in Figure 3. Therefore, 
a// combinations of cdL, coC, their negative 
reciprocals, and certain terms involving 
ZS and ZL are calculated and stored for 
all sample frequencies. Values needed 

NB NT=3 5 7 9 11 
2 9 25 49 81 121 
3 27 125 343 729 1,331 
4 81 625 2,401 6,561 14,641 
5 243 3,125 16,807 59,049 161,051 
6 729 15,625 117,649 531,441 1,771,561 
7 2,187 78,125 823,543 4,782,969 19,487,171 
8 6,561 390,625 5,674,801 43,046,721 214,358,881 

Tabe 4. Tral values (factors) for search about base 
points in log space. 

Table 5. The number of combinations for NT trial val¬ 
ues in NB branches. 
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NB NT=3 5 7 9 11 
2 0 0 0 0.01 0.01 
3 0 0.01 0.03 0.06 0.12 
4 0.01 0.06 0.24 0.66 1.47 
5 0.03 0.36 1.93 6.78 18.5 
6 0.09 2.01 15.2 68.5 228 
7 0.31 11.2 118 684 2,788 
8 1.03 61.4 906 6,768 33,701 

Table 6. Minutes requ red for combinations in Table 
5 with eight frequencies. 

S21 dB and numbers of trial values: 21.11(5)3 2.11 (T)3 1.84 
Using topology codes: 2 2 -2 3 3 3 

' For branch numbers: 6 5 4 3 2 1 
Branch values after 
grid searches: 2.48 0.63 2.90 2.85 1.62 0.02 
Using topology codes: 2 2 -2 3 -3 
For branch numbers: 5 4 3 2 1 
Branch values after 
grid searches: 0.85 0.72 110 2.37 2.26 

Table 7. Notes recorded while running GRABIM for 
the example. 

for any new base point, not just unity, are 
also calculated outside the FOR-NEXT 
loops. Calculation of the insertion loss 
using real ABCD variables is [7]: 

2JRcRlg _ _ VOL_ 

21 AZl + jB + jC(ZsZL) + DZs

Use of pre-calculated source and load 
terms in the real and imaginary parts of 
(2) reduces the work to only 24 opera¬ 
tions, as indicated in timing equation (1). 

Constrained Optimization 
Program GRABIM helps identify 

promising matching network topologies 
and their approximately optimal L and C 
values. Extreme values (e.g., 0.1 or 10) 

obtained for some branches may indicate 
that those branches are unnecessary. In 
any case, a vital second step in the 
matching procedure is to force unneces¬ 
sary branches out of the solution by using 
a gradient optimizer while imposing an 
optimal match. One such optimizer, 
TWEAKNET, has been described and 
made available [8], although provisions 
for sets of ZL and Zs were not included. 
The -esults of GRABIM should be 

transferred to an optimizer that further 
minimizes S21 dB to satisfy goal values 
specified at a set of frequencies as illus¬ 
trated ir Figure 5. The residual arrows, r¡, 
shown in Figure 5 are the errors at the ith 
frequency: 

ri = ̂ -G¡ (3) 

where L¡ is S21 dB at ra¡ and G¡ is the 
corresponding goal (target). The opti¬ 
mizer must be able to vary the values of 
the branch L‘s and C‘s while keeping 
them positive and minimizing: 

NS 2

F = £s¡[max(ri,0)] (4) 
i=i 

where the s, are weights (nominally 
1.0) on the ith residual (error). The mini¬ 
mum value of F is zero when all r¡ are 
either zero or negative. Figure 5 repre¬ 
sents a non-optimal choice of branch LC 
values, showing that residuals rv r2, and 
r3 would be active in equation 4. As writ¬ 
ten, equation 4 is appropriate for L, < G¡ 
for all I. To force L¡ = G¡ for all i (as 
opposed to forcing L¡ > G¡), equation 4 is 

QUALITY CRAFTED 
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Figure 4. The combinations of 
five values for two branches. 

changed to a simple sum of weighted, 
squared residuals. In either case, the 
weights, s¡ in equation 4, may have to be 
drastically increased in order to force 
some residuals to zero, assuming that is 
even possible. Simple weighted least¬ 
squares minimization is seldom good 
enough. 
A method that minimizes equation 4 or 

its L¡ = G¡ form without having some 
weights tend to infinity employs a multi¬ 
plier penalty function in the augmented 
Lagrangian method [3] [8], A description 
of this method is beyond the scope of this 
article, but the weighted squares form of 
(4) is still used during a sequence of 
unconstrained optimizations. Between 
optimizations, the weights (s¡) and also 
‘slacks' for the goals are adjusted accord¬ 
ing to a well-grounded theory. Fortunate¬ 
ly, the squared-error form of (4) makes 
available the Gauss-Newton uncon¬ 
strained minimization technique [8] as 
opposed to other more general but less 
powerful methods (e.g., Fletcher-Powell 
‘s quasi-Newton method). The Gauss-
Newton method converges quadratically 
while most other minimization methods 
converge linearly, i.e. slowly. 

response compared to goals 
yields residual errors. 

is not readily applicable. 
GRABIM's main menu is shown in Fig¬ 

ure 6. The ASCII frequency sample and 
goal data file in Table 1 is mandatory and 
is read by choosing command #1. The 
optional load and/or source data sets are 
read using command #3. The grid search 
menu appears when command #4 is 
selected and progresses as shown in 
Figure 7 for this example. Looking at line 
7, the question of major importance is 
what topology should be tried? Obvious¬ 
ly, the more that is known about a prob¬ 
lem, the more likely an appropriate topol¬ 
ogy might be found through an intelligent 
guess. 

In this example, study of Tables 2 and 
3 indicates that the matching network 

e.g., 5 trials, which is estimated to run 
2.01 minutes. That is accepted (but can 
be aborted at any time by pressing any 
key). The initial S21 dB for all L ‘s and C 
‘s set to unity is 21.11 dB, and after 1.91 
minutes all possible combinations have 
been tried. The best found on this search 
is 3.03 dB with the normalized LC values 
shown. 

Table 7 displays a shorthand notation 
of what has been tried and what was 
achieved. The first line in Table 7 shows 
that the first grid search starting at all 
unity branches obtained S21=21.11 dB, 
and, after repeating 5 trial values three 
times, 2.1 1 dB was obtained. Then 3 tun¬ 
ing sequences reduced S21 dB to 1.84 
dB; the decision to change/stop the grid 
searches was made when improvement 
was uninspiring. Lines 2 and 3 of Table 7 
show the topology codes and branch 

An Example Using GRABIM 
This problem was introduced by 

Yarman as example 3 in both [9] and 
[10]. The eight data samples in Tables 1-
3 describe this problem, which was con¬ 
structed from a load consisting of a 
series L and parallel LR and a source 
consisting of a series resistance 
bypassed by a series LC branch. The 
latter branch is resonant at 1.29 radi-
ans/second, which accounts for the 
decreasing source resistance versus fre¬ 
quency in Table 3. Yarman states that 
this example is quite unusual in that the 
terminating networks have zeros of 
transmission at de, infinity, and at a real 
frequency. Knowledge of the termination 
circuit models is merely convenient for 
subsequent frequency sweeps and 
establishes that analytic matching theory 

adjacent to the load 
should be capacitive 
and that adjacent to 
the source should be 
inductive. Also, it is 
seen that the resis¬ 
tances are changing 
substantially with fre¬ 
quency for both the 
load and the source. 
These circumstances 
and Norton transfor¬ 
mations [2] suggest 
that perhaps the 
PiCPiL topology in 
Figure 2(c) would be 
a good first try. Fur¬ 
thermore, if the con¬ 
nection to source 
and/or load should 
be series rather than 
parallel, then the 
exact Pi-to-T conver¬ 
sion (Figure 6, com¬ 
mand #5) would ren¬ 
der the decision 
moot. So, Figure 7 
shows that PiCPiL is 
selected with the Pi 
of C ‘s next to the 
load. Then 7 trial 
factors are selected. 

RESPONSE TYPE SET TO S21 dB, 
WANT TO SEE THE SET OF GOALS _/N)? N 
SEARCH FOR BEST Equality OR Less-Than CONSTRAINT (E/J? 
A LOAD DATA SET EXISTS 
A SOURCE DATA SET EXISTS 
RETURN TO READ ZL or ZS DATA SET(S) (Y/_)? 
ENTER YOUR OWN TOPOLOGY OF +/-2's OR 3’s (Y/J? 
IS BRANCH NEXT TO LOAD IN PARALLEL OR SERIES (P/S)? P 
BP, LP, HP, LPHP, HPL or PILC TOPOLOGY (B/UH/LH/HL.P)? P 
Pi NEXT TO LOAD IS ALL L's or ALL C's )L/C)? C 
CHANGE BASEPOINT FROM UNITY Except for GROW (Y/J? 
Prune, Grow, Tune, OR # TRIAL VALUES (P,G,T,or 3N,3F,5,7,9,1 1) = ? 7 
ESTIMATED 486/66DX2 RUN Minutes (Except GR0W)= 15.17 
IS RUN TIME OK (Y/J? 
ABANDON SEARCH CMD (Y/J? 
Prune, Grow, Tune, OR # TRIAL VALUES (P.G.T.or 3N,3F,5,7,9,1 1 ) = ? 5 
ESTIMATED 486/66DX2 RUN Minutes (Except GROW)= 2.01 
IS RUN TIME OK (Y/J? Y 
. CAN ABORT SEARCH BY PRESSING ANY KEY. 
GRID 1.00 0.60 1.70 0.30 3.00 
0.00 0.00 2.00 2.00 
<- TOWARD SOURCE 
BR#8 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

BR#7 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

BR#6 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

BR#5 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

RF Design 

-2.00 3.00 3.00 3.00 <— TOPOL CODES 
TOWARD LOAD- > RESID 
BR#4 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

’ ’ ' Screen output omitted * ’ * 

BR#3 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

BR#2 
1.00 
1.00 
1.70 
3.00 
3.00 
3.00 

BR#I S21dB MINs 
1.00 
1.70 
1.00 
1.00 
0.60 
0.30 

21.11 
20.72 
15.73 
12.38 
11.67 
11.17 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

1.00 
1.00 
1.00 
1.70 
1.70 

0.60 
0.60 
0.60 
0.60 
0.60 

3.00 
3.00 
3.00 
1.70 
3.00 

1.70 
3.00 
3.00 
3.00 
3.00 

3.00 
3.00 
3.00 
3.00 
1.70 

0.30 
0.60 
0.30 
0.30 
0.30 

4.97 
398 
3.55 
3.10 
3.03 

TOOK 1.91 MINUTES & 125000 TRIALS. 
CONTINUE WITH A SUB-SEARCH ABOUT THIS POINT (_/N)? 

0.17 
0.18 
0.18 
1.03 
1.07 

Figure 7. GRABIM search screen for broadband 
match example. 
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YARMAN CAS 2-90 EXAMPLE 3 

RADIANS PER SECOND 

Figure 9. S21 dB best 4-branch 
matching network from Figure 8a 
and Table 7. 

Figure 8. a) Best case found: 0.97 
sdBs1.24 (see Figure 9), b) 5-
branch BP 1.21 ̂ dBs1 .63, c) 5-
branch HP 0.88 s dB<1.75. 

numbers tried first (from the screen out¬ 
put in Figure 7). The element values 
found by the grid search are shown in the 
4th line of Table 7. Clearly, the first 
branch is unnecessary (less than 0.04), 
so it was removed, leaving a 5-element 
network. Lines 5 and 6 record the new 
network, and the last line of Table 7 
shows the element values obtained by 
starting a bounded and constrained opti¬ 
mization from the grid results, thus caus¬ 
ing the branch 3 parallel inductor to van¬ 
ish and leaving the matching network of 
Figure 8(a). 
The S21 dB versus frequency respons¬ 

es are shown for the grid and con¬ 
strained (less-than) optimizations in Fig¬ 
ure 9. The grid optimization found a 
worst-case (over frequency) of 1.84 dB 
using five branches. Constrained least 
squares produced a worst case of 1.24 
dB over the frequency band, using only 
four branches. Yarman ‘s solution [10] 
obtained nearly the same S21 response 
but with a network consisting of 3 induc¬ 
tors, 2 capacitors, and 1 ideal trans¬ 
former. It should be added that GRABIM 
found two other topologies, Figures 8(b) 
and (c), that produced worst cases of 
1.63 and 1.75 dB over the band, respec¬ 
tively. 

Of the many test cases run using GRA¬ 
BIM and constrained optimization, it was 
found that some solutions could have 
been obtained directly by constrained 
optimization starting with unit elements in 
the nearly-optimal topology. This was 
almost never the case with least squares 
optimization, but starting least squares 
from the GRABIM solution occasionally 
gave a nearly optimal solution. 

Other Broadband 
Matching Methods 
A recent article by Dedieu et. al. [12] 

describes a broadband impedance 
matching method which uses a strategy 
similar to GRABIM’s at its highest level. 
The method is called the RSE method 
(Recursive Stochastic Equalization). It 
progresses in the same three basic steps 
as GRABIM: (1) an LC matching network 
topology is assumed, (2) the space of 
possible component values is searched 
for the best match over the sampled fre¬ 
quencies, and (3) the approximate com¬ 
ponent values are then refined for the 
best solution. 
There are fundamental differences in 

RSE and GRABIM. In step (2), GRABIM 
exhaustively searches the component 
space for a global minimax solution, 
using sparse computations. RSE uses a 
stochastic Gauss-Newton least-squares 
search which requires first derivatives of 
the transfer loss with respect to each LC 
component at just one of the frequencies, 
estimates a matrix of second derivatives, 
and may converge to a local minimum. In 
step-3, GRABIM uses a deterministic 
Gauss-Newton optimizer adapted to 
refine the minimax solution. RSE uses a 
random search in a limited region about 
the step-2 solution to find a minimax solu¬ 
tion, hopefully the global solution. 

Conclusions 
At the very least, GRABIM provides a 

fast way to evaluate suitable matching 
network topologies. It also provides a 
good starting point for LC values used in 
an optimizer, especially one that is 
bounded (maintains positive element val¬ 
ues). Th s approach works even better if 
the optimizer has less-than or equal-to 
goal constraint capabilities. Including 
GRABIM as a feature in an optimizer pro¬ 
gram would be a very convenient 
arrangement because the grid-to-opti-
mization transfer would be automatic 
and seamless. This has been accom¬ 
plished in program CONETOPM (Con¬ 
strained Network Optimizer for Matching). 
There are two possibilities for applica¬ 

tions requiring matching networks com¬ 
posed of transmission lines. One is to 
perform an exhaustive grid search in 
parameter space for open- and short-cir¬ 
cuited stubs separated by cascade trans¬ 
mission lines; such a program has been 
prepared. A second way to accommo¬ 
date distributed elements is to replace 
selected lumped sections by their almost-
equivalent distributed network counter¬ 
parts [11], 
GRABIM is offered through Argus, Inc., 

Direct Marketing Dept. See page 124 for 
ordering information. RF 
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RF inductors_ 

Designing Accurate Small Inductors 
for Microwave L-C Filters 
By Albert Klappenberger 
ALK Engineering 

The design of small air-wound induc¬ 
tors for application in lumped component 
filters has traditionally been done using 
the well known formula shown below 
(equation 1). This equation can be found 
in many texts and has been widely 
accepted as the “final” answer to the 
problem of coil winding: 

(Or to end) Form dia. (in.)? 0.062 
Winding length (in.)? 0.0664 
Wire gauge (AWG)? 28 
No of turns ? 4 

0.0200 pH. 

r2 
L(pH) = n2 -- — 

' ’ 9r + 10len 

where 
n = number of turns 
r = radius to wire center (in.) 
len = length of coil (in.) 

(1) 
Figure 1. A typical small inductor. 

The texts attribute about 1 percent 
accuracy to this formula. Experience 

has shown that the error is significantly 
worse than this when designing the 
small coils needed for high frequency fil¬ 
ter applications. One extra turn often 
must to be added to obtain the correct 
inductance on such coils. One attempt to 
compensate was exaggerating the 
length of the designed coil so that the 
coil could be wound with a tighter wind¬ 
ing pitch when the winding was actually 
made, thus increasing the inductance. It 
was obvious that a better way had to be 
found. A number of years ago, a book 
entitled Inductance Calculations Working 
Formulas and Tables by Frederick W. 
Grover came to the author’s attention. 
From this book, an equation attributed to 
Nagaoka is given below: 

table was for short coils with a shape 
ratio less than 1.0, and the other was for 
long coils with a shape ratio greater than 
1.0. The two correction factor tables 
were broken into segments, and multi¬ 
plied by 100 to increase accuracy and 
curve fit. 
A program incorporating this design 

equation and these correction factors 
has been written. The coefficients were 
written directly to disk by the curve fit 
program and merged into the program to 
eliminate the possibility of a typographi¬ 
cal error. The curve fits appear in the 
BASIC program “LX” as the defined 
functions FNKS() and FNKL() respec¬ 
tively. Because the inductance provided 
by a coil of round wire separated by an 
air gap is different from that wound of a 
cylindrical current sheet, an additional 
correction is required. This correction Ld, 
is related to winding pitch: 

Ld= .0101671 rn(G + H) (4) 

L(pH) = 0.00508 n2 r 
len 

n2K (2) 
G = 1.25-loge

2 len 
Wd n 

(5) 

The inductance of this coil by the 
standard formula (the diameter of #28 
AWG wire is 0.0136 in.) is: 

42(0.03782) 0.022861 
—;- :- 7- c —- /iin 
9 (0.0378) + 10 (0.0664) 1.0042 

For a disagreement of roughly 13% 
For a large coil, as would normally be 

used at lower frequencies, the two meth¬ 
ods agree to better than 0.4%, as illus¬ 
trated below: 

(Or to end) Form dia. (in.)? 2 
Winding length (in.)? 2 
Wire gauge (AWG)? 28 
No of turns? 100 

347.4765 pH. 

The standard formula yields: 

1002 1.00682 10136.46 o
- =- = 348. 8uH 
9 1.0068 + 10 2 29.061 

This equation is based on an equation 
for the inductance of a cylindrical current 
sheet of finite length. A current sheet is 
a winding where the current flows 
around the axis of a cylinder in a layer of 
infinitesimal radial thickness in the sur¬ 
face of the cylinder. The equation 
applies a correction factor K to compen¬ 
sate for the ends. 
This K factor was presented in Mr. 

Grover’s book in the form of two lengthy 
tables, arranged as a function of shape 
ratio (len/2r, or length/diameter). The first 

Wd is the wire diameter in inches. 
The additional correction term H above 

was also given in the form of a table 
which was segmented and curve fit. This 
fit can be found as FNH() in the LX pro¬ 
gram. The Ld factor must be subtracted 
from the result of the Nagaoka formula 
given earlier. 

Results 
To illustrate the difference between the 

two methods, the inductance of a typical 
small inductor as calculated by the LX 
program is shown below: 

Effects of Frequency on 
Inductance 

Inductors at microwave frequencies are 
necessarily physically small. The effect of 
these miniature dimensions on the time-
honored formula for inductance is per¬ 
haps the biggest effect high frequency 
has on inductors for microwave L-C filters. 
The formulas given here go a long way 
toward improving the situation, particularly 
the G factor. This is not to say that fre¬ 
quency does not actually have an effect 
on the true inductance of any specific coil. 
The true effect seems to be a reduction in 
the effective diameter of the winding as 
frequency increases. Mr. Grover states 
that the limit of this reduction is to the sur¬ 
face of the wire on the inside of the wind¬ 
ing, that is, to the form diameter. Need¬ 
less to say, the thickness of the wire com¬ 
pared to the form or winding mandrel 
diameter with coils of this size could be 
significant. The actual diameter reduction 
with frequency is almost impossible to cal-
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RF Design requests papers for 
the RF Expo East conference and exhibition. 

August 21-23, 1995, 
Baltimore Convention Center, 

Baltimore, Maryland. 

Held at one of the most frequently requested 
show sites, RF Expo East 1995 is sure to bring 
a large and varied audience to Baltimore. 
Papers are invited in the following subject 
areas: 

• Filter Design 
• Amplifier Design 
• Oscillator Design 
• RF Components 
• Synthesizers 
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culate because of the mathematical com¬ 
plexity of the modeling involved. 

PCAIRL - A Practical Program 
The LX program given here is only 

useful for finding the inductance of a 
specified coil, or for verifying the validity 
of the method. Using this procedure to 
determine the number of turns required 
to make a coil of a specific inductance, 
the equation has to be solved for the 
number of turns (n) in terms of length 
and form diameter. This cannot be done 
because of the curve fits involved, so 
some sort of reverse function iteration is 
required. Even when using the simple 
equation given earlier, which can be eas¬ 
ily solved for n, the number of turns must 
be guessed in advance to determine the 
length of the coil for the formula. It is 
therefore necessary to iterate to arrive at 
the desired winding pitch, especially if a 
close-wound coil is necessary. In addi¬ 
tion, most coils for miniature L-C filters 
must have an integral number of turns, 
so that the leads both come out of the 
bottom of the coil for soldering down to 

chip capacitors below. This requires a 
third iteration. 
Such a program (PCAIRL) has been 

developed and is available. PCAIRL will 
design any inductor with reasonable 
accuracy for values from 10 nH up. The 
traditional, approximate formula given 
earlier is used to seed a reverse function 
iteration consisting of the “LX” program 
as the function. Both the form diameter 
and winding pitch can be set to an auto¬ 
matic mode to begin a coil design. Once 
the exact number of turns is determined, 
the program will round the number to the 
nearest integer and either stretch or 
compress the length of the coil to return 
to the desired inductance. Functions 
have also been included to calculate the 
approximate unloaded Q and self-reso¬ 
nant frequency of the final coil. A screen-
formatted display and menu allows the 
winding pitch, form diameter and wire 
gauge to be changed to optimize the Q 
and final shape factor. 
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RF products 
Directly-Heated OCXO 
Model OX-0017 ovenized crys¬ 

tal oscillator from Raltron Elec¬ 
tronics achieves high stability, 
small size, low power use and 
quick warmup. Unlike other 
OCXOs, the OX-0017 uses direct 
heating and direct thermal sens¬ 
ing of the central crystal, which 
eliminates the need for an internal 
“oven”. Thus, it is uniquely small 
(less than 16 cm3) and consumes 
less power (2.7 W) than OCXOs 
of earlier designs. The crystal 
itself is stress-compensated (SC-
cut) to withstand continual high 
temperature. The oscillator is 
available at any desired frequen¬ 
cy from 8 MHz to 20 MHz. Stan¬ 
dard frequencies are those 900 
MHz derivatives commonly used 
for telecomm uses, including 

8.192 MHz, 10.000 MHz, 15.840 
MHz, 16.364 MHz, et. al. Stan¬ 
dard stability is ±0.01 ppm from 
-20 to +70 °C. The test stability 
is ten times better, +0.001 ppm. 
Aging stability is ±3 x 10”10 parts 
per day or better. Mocel OX-0017 
consumes a mere 5 W to achieve 
thermal equilibrium in less than 
four minutes. Its output is 
designed to drive HCMOS loads, 
and fanout capability is 3 TTL 
gates. Dimensions of the metal 
can enclosure are 35.8 x 27.5 
mm footprint and 16.0 mm high. 
Model OX-0017 OCXO is priced 
from $200 to $250 (depending on 
requirements) in 1000 piece 
quantities. 
Raltron Electronics Corp. 
INFO/CARD #215 

Lightweight 
Radio Test Set 
A new radio test set has been 
launched by Marconi Instru¬ 
ments for field service and main¬ 
tenance of radio communica¬ 
tions equipment, with the extra 
performance needed for produc¬ 
tion environments. Key features 
of the 2945 TestMate are the 
ability to monitor live radio sig¬ 
nals using the fastest digital 
spectrum analyzer in its class; 
an extremely easy-to-use opera¬ 
tor interface developed from the 
successful 2955 radio test set; a 

Antenna 250 MHz 
Beamformer 
Anaren Microwave is offering 

a multilayer 8x8 antenna beam¬ 
former that sells for S15 in typi¬ 
cal production quantities. Oper¬ 
ating at 1.75 to 1.95 GHz, (other 
bands are available), the beam¬ 
former provides eight spatial 
beams in a 120° azimuthal sec¬ 

RF Amplifier IC 
The TK 16202 is a 250 MHz 

monolithic RF amplifier that fea¬ 
tures a 250 MHz bandwidth and 
a 15 dB insertion gain from DC 

HF Antenna Tuner 
The Act-Fast HF antenna tuner 

from AEL Industries matches 15 
foot or longer whip, wire, loop 
and tower antennas in less than 
50 psec. Operating in the fre¬ 
quency range of 2 to 30 MHz, the 
tuner uses four patented “P sec¬ 
tions” which are magnetically 
controlled, varactor-tuned planar 
circuits and 18 patented high 
speed/high power FET switching 
modules. The tuner provides 
“instant” reactive impedance 
matching and can be used in HF 
frequency hopping applications 
when controlled by AEL’s Act-
Fast frequency hopping con¬ 
troller. The tuner does not use 
mechanical parts such as vacu¬ 
um relays or mechanically tuned 

bright LCD display with fast 
update capability to ensure that 
live signals can be monitored; 
and exceptionally fast test 
speed. Also featured are 
extremely tolerant inputs to pre¬ 
vent accidental overload and 
costly repairs - all RF inputs are 
protected, including 150 W RF 
measurement protection on the 
main input. 
Marconi Instruments 
INFO/CARD #214 

tor for improved cellular base 
station gain and selectivity. 
Insertion loss is less that 1.1 dB, 
VSWR is less than 1.2:1, ampli¬ 
tude balance is typically 0.15 dB 
rms, and phase balance is typi¬ 
cally 2° rms. The package mea¬ 
sures only 7.5 inches long, 1.1 
inches wide and 0.15 inches 
thick. The beamformer contains 
sixteen 90° hybrid couplers and 
over 20 fee* of stripline stacked 
on three layers. This new case¬ 
less, multilayer technology can 
be connectorized or surface 
mounted. Anaren’s 6x8 beam¬ 
former is reliable in extreme 
environmental conditions, includ¬ 
ing space. 
Anaren Microwave, Inc. 
INFO/CARD #213 

to 100 MHz (-3 dB point at 270 
MHz). The input and output 
impedances are matched to 50 
Q. The device features extreme¬ 
ly high isolation (40 dB) and high 
1 dB compression point (+11 
dBm). The TK16202 operates 
from a single-ended supply and 
requires no external compo¬ 
nents, other than input and out¬ 
put decoupling capacitors. The 
TK16202 is available in the 
SOT-89-5 package, with a pin 
configuration optimized to make 
groundplane connections and 
insertion into straight planar 
transmission line structures. The 
device sells for $0.65 in 1000 
piece quantities. 
Toko America, Inc. 
INFO/CARD #212 

capacitors, and it can handle 500 
W CW and 2000 W peak. Input 
VSWR is typically less than 
1.5:1, 2.5:1 max. The tuner mea¬ 
sures 16x16x16 inches and 
weighs less than 75 pounds. DC 
power consumption is less than 
150 W. 
AEL Industries, Inc. 
INFO/CARD #211 
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Sprague-Goodman 

Me 

Product Spotlight: Transmitter and 
Receiver Modules 
Telemetry Transmitters 

Digital, video, and telemetry transmitters 
from Emhiser Research utilize a patented, 
wideband, DC-coupled, phase-lock loop. Bit 
rates in excess of 20 Mbps or video band¬ 
widths in excess of 10 MHz are accommo¬ 
dated. For digital transmitters, this develop¬ 
ment permits wider use of NRZ PCM - while 
in video links, the baseline hop is eliminated. 
Units are available in single frequency or 
channelized - from 100 MHz to 2.4 GHz -
and in various powers. 
Emhiser Research, Inc. 
INFO/CARD #210 

2.4 GHz SS Transceiver 
GRE America has introduced two new 

additions to the GINA family of products. 
The GINA 7000N and 8100N operate in the 
2.4 GHz frequency range, incorporating the 
latest spread spectrum technology, at data 
rates up to 256k baud. Both units feature 
500 mW transit power, four PN code 
sequences and optional voice communica¬ 
tion capability. The model 7000N has 37 
selectable channels, while the 8000N can 
use 19. 
GRE America, Inc. 
INFO/CARD #209 

Glass and Quartz 
Pistoncaps' 

SEMICONDUCTORS 
bands. The substrate height can be made to 
the customer’s system requirements. 
Miteq 
INFO/CARD #206 

• Designed to meet MIL-C-14409D 
• QPL models 
• Extremely stable over temperature, 

frequency, voltage, etc. 
• Cap ranges: 0.5-3.0 pF to 1.0-120 pF 
• Zero backlash multiturn adjust 

mechanism 
• Operating temp: -55° to +125°C 

(models to + 200°C) 
• Q to 1500 at 20 MHz 
• Wide variety of configurations for PC 

and panel mounting 
• Voltage ratings from 500 to 5000 V 
Phone, fax or write today for 
Engineering Bulletin SG-205A. 

WLAN Transceiver Chip 
Daico Industries has introduced the model 

P35-4710-1 single chip GaAs MMIC trans¬ 
ceiver for wireless LAN applications at 2.4 
GHz. The transceiver includes a VCO, 
upconverter, pre- and post-amplifier, T/R 
switch, LNA, downconverter and buffer ampli¬ 
fiers. No external matching, coupling or 
decoupling components are required. DC cur¬ 
rent consumption is 38 mA in receive mode, 
180 mA in transmit mode, and 0.5 mA in 
standby mode. The transceiver is packaged 
in a 7 mm square package. 
Daico Industries, Inc. 
INFO/CARD #208 

Burst Processors 
Stanford Telecomm’s ASIC & Custom Prod¬ 

ucts Division now offers the STEL-2000A+45, 
at 45 MHz maximum clock frequency; and the 
STEL-2000A+20, at 20 MHz. Both models 
provide IF to TX/RX data on a single chip. 
The STEL-2000A+45 processes data at rates 
up to 2.048 Mbps with processing gain of up 
to 18 dB. The STEL-2000A+20, which is avail¬ 
able at significantly lower prices, has a maxi¬ 
mum data rate of 900 kbps. 
Stanford Telecom 
ASIC & Custom Products Div. 
INFO/CARD #205 
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1700 Shames Drive, Westbury, NY 11590 
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500 Msps 8-bit ADC 
The MAX100/MAX101 analog-to-digital 

converters include a high-performance track-
and-hold plus quantizer with a input band¬ 
width of 1.2 GHz and aperture jitter of less 
than 2 ps. This results in 7.1 effective bits at 
the devices' highest Nyquist frequency. Prob¬ 
ability of erroneous codes is one in every 
1015 clock cycles. The MAX100’s maximum 
sampling rate is 250 Msps, while the 
MAX101’s is 500 Msps. Prices start at $265 
for quantities of 100 or more. 
Maxim Integrated Products 
INFO/CARD #207 

1 GHz Op Amp 
Burr-Brown’s OPA648 ia a high speed cur¬ 

rent feedback operational amplifier offering a 1 
GHz unity-gain bandwidth. The OPA648 
achieves this high bandwidth while consuming 
only 13 mA of quiescent current. The device 
has a 12-bit settling time of 20 ns to 0.01%, dif¬ 
ferential gain and phase errors of 0.02%/0.02°, 
and a 9 dB noise figure. The OPA648 operates 
from ±5 V and is offered in 8-pin plastic DIP, 
SOIC and hermetic ceramic packages. Pricing 
is from $5.95 in 100 piece quantities. 
Burr-Brown Corp. 
INFO/CARD #204 

Surfcoil 
SMT Inductors 

Substrate Amplifiers 
The new AFSB series of substrate ampli¬ 

fiers are hermetically sealed amplifiers with a 
50 ohm line substrate interface for the RF in, 
RF out, and DC power connections. The 
series is available in either the 0.1 to 20 GHz 
range, or optimized in octave or multi-octave 

2.7 V Transistors 
Hewlett-Packard Co has introduced a 

series of silicon bipolar transistors that are 
optimized for 3 V operation. They are capable 
of providing exceptional noise figure and gain 
performance under low bias. They can be 
used between 1 and 5 V, with as little as 0.5 
mA of current. These transistors have fmax of 
30 GHz. The AT-30533 and AT-31033 tran¬ 
sistors are supplied in the SOT-23 surface 
mount package. The AT-3051 1 and AT-3101 1 
are offered in the SOT-143 package, pricing 
starts at $0.43 in quantities of 10k or more. 
Hewlett-Packard Co. 
INFO/CARD #203 

• Inductance from 10 nH to 1 mH 
• 8 model series in 3 sizes: 
2.5 x 2.0 X 1.6 mm (0.098" x 0.079“ x 0.063") 
3.2 x 2.5 x 2.2 mm (0.126" x 0.098“ x 0.087") 
4.5 x 3.2 x 3.2 mm (0.177" x 0.126" x 0.126“) 

• Shielded, unshielded, ferrite core and 
nonmagnetic models 

• Operating temp: -20° to +85°C 
• Carrier and reel standard 
• Fully encapsulated 
Phone, fax or write today for 
Engineering Bulletin SG-800B. 

SPROGUE 
Gooomon 

RF Design 
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^ products continued 
DISCRETE 

COMPONENTS 
posited cr rolled copper foil. 
Rogers Corp. 
INFO/CARD #198 

Crystals 
The XT49S is a low profile (0.152 inch) 

quartz crystal with a frequency range of 3.5 to 
36 MHz. The XT49M has identical operating 
characteristics, but is configured for surface 
mounting. Model XT49U is available in both 
through-hole and surface mount configura¬ 
tions and has an optional third lead. Its fre¬ 
quency range is from 1.00 to 125 MHz. 
Dale Electronics, inc. 
INFO/CARD #202 

Low-Cost SMT 
SAW Resonators 

Hermetic, surface-mount SAW resonators 
are now being offered by RF Monolithics 
(RFM). The new RFM package is 0.235 x 
0.155 x 0.085 inches. The RFM resonators 
use the industry standard one-port configura¬ 
tion, and offer nominal 1.5 dB insertion loss 
(2.0 dB maximum). In quantities of 10,000, the 
surface mount devices cost $1.34 each, 
including tape and reel packaging. 
RF Monolithics, Inc. 
INFO/CARD #201 

Surface Mount Crystals 
The FOX FG’s low-profile package (1 .5 mm) 

incorporates a ceramic pad with flat metal 
leads extending from the base for precise part 
placement and easy solder inspection. The 
crystals cover 10.00 to 250 MHz, with funda¬ 
mental frequencies available to 50.00 MHz. 
Stand specifications include frequency toler¬ 
ance of ±10 ppm at 25 °C and frequency sta¬ 
bility of ±4 ppm from -10 to +60 °C. 
Fox Electronics 
INFO/CARD #200 

Low-Cost Crystals 
M-tron Industries has introduced a line of 

low-cost crystals designed for more “forgiv¬ 
ing” applications, where cost is the critical 
factor. The MPG series is currently available 
in frequencies from 3.579545 to 20.0000 
MHz. Standard frequency tolerance is ±50 
ppm and stability is ±100 ppm. Standard load 
capacitance is 18 pF, (series resonant is also 
available). 
M-tron Industries, Inc. 
INFO/CARD #199 

Prep Tools for LMR Cable 
Cable prep tools for LMR-400, 500, and 

600 cables are now available. In a simple 
two-step process, these tools strip the cable 
end for clamp-style connector attachment, 

allowing for high quality assemblies to be fab¬ 
ricated in the field. 
Times Microwave 
INFO/CARD #197 

SIGNAL PROCESSING 
COMPONENTS 

Linear Phase 
Bandpass Filters 
Two bandpass filters from Eastern Multi¬ 

plexer feature ±5° phase linearity over their 
passbands. Model 10FBCX-700-40SFF has a 
passband from 680 to 720 MHz, while model 
10FBCX-700-125SFF has a passband from 
637 to 763 MHz. both filters have passband 
VSWR of 1.25:1 and maximum insertion loss 
of 2.0 dB. Selectivity is 80 dB over 135 MHz 
for the -40SFF, and 50 dB over 280 MHz for 
the -125SFF. 
Eastern Multiplexers, Inc. 
INFO/CARD #196 

6 dB Couplers 
Polyflon now offers 6 dB couplers. Model 

PFC-2WL-800-1000-SMA has been designed 
for cellular telephone applications, and is 
based on Wilkinson uneven division design. 
This mocel has 6.2 ±0.1 coupling flatness 
over the -ull band of 800 to 1000 MHz, and 
input VSWR of 1.15:1, output VSWR of 1.2:1, 
and isolation of 30 dB. Size is 2.0 x 3.0 x 0.5 
inches. Unit pricing is $175 for 100 pieces. 
Polyflon Co. 
INFO/CARD #195 

TOOL, MATERIALS 
& MANUFACTURING 

High Tolerance PCB Material 
Rogers’ RT/duroid® 5880 high perfor¬ 

mance microwave material has a dielectric 
constant with tolerance of ±0.01 . The materi¬ 
al’s nominal dielectric constant is 2.20. 5880 
is available on 0.020, 0.031 and 0.062 inch¬ 
thick laminates, clad with either electrode-

Dielectric Resonator 
Bandpass Filter 
The model CDF-321-15-3 is a ceramic 

dielectric resonator filter designed to achieve 
low loss and temperature stability with a 
bandpass response at 321 MHz. It features a 
three-section response with a 3 dB BW of 15 
MHz and a maximum 20 dB BW of 40 MHz. 
The insertion loss at 321 MHz is less than 1.5 
dB and the passband VSWR is 1.5:1 maxi¬ 
mum. Prices start at $225 in unit quantities. 
RLC Electronics, Inc. 
INFO/CARD #194 

Divider/Combiner 
Micro Mart introduces a line of power 

dividers/combiners directed toward the stan¬ 
dard telecommunication bands. The products 
are low cost with repeatable performance 
from unit to unit. Typical specs, for example, 
for model P405 (4-way) covering 3.6 to 4.25 
GHz with type N connectors, include 20 dB 
return loss and isolation, 0.6 dB insertion loss 
and amplitude balance of ±0.2 dB. 
Micro Mart, Inc. 
INFO/CARD #193 

Lowpass Filter 
Model 713L-2075/R1000-XP/XP is a low-

pass filter that offers less than 1.0 dB inser¬ 
tion loss from DC to 1600 MHz. The VSWR 
for this unit is 1.5:1 from DC to 1600 MHz, 
with an attenuation of 80 dB from 2900 MHz 
to 10 GHz. The package size is 1.5 x 0.38 x 
0.38 inches. 
K&L Microwave, Inc. 
INFO/CARD #192 

DECT Filter 
The Sawtek 110.592 MHz DECT filter (part 

# 854502) is well suited for both the subscriber 
and base station IF filtering requirements. The 
substrate material is temperature-stable quartz 
to ensure excellent adjacent channel rejection 
at ±1.728 MHz, ±3.456 MHz, and ±5.184 MHz. 
The DECT filter is hermetically sealed in an 
industry-standard package. 
Sawtek, Inc. 
INFO/CARD #191 

Power Dividers 
The PDNL-80 series of in-line 4-way power 

dividers/combiners, covers 2 to 1000 MHz, in 
various bands. Each uses a high performance 
lumped element design to achieve multi¬ 
octave bandwidths. Typical isolation across 
this widest band is 25 dB and better. Insertion 
loss is minimized, with the 2 to 100 MHz band 
typical insertion loss specified at 0.8 dB. 
Merrimac 
INFO/CARD #190 

Crystal Filter 
Model 8117C from Piezo Technology fea¬ 

tures a 3 dB bandwidth of ±25 kHz minimum 
and a stopband attenuation of 65 dB at ±200 
kHz maximum. Additional features include 70 
dB ultimate attenuation, 40 dB spurious 
attenuation and 50 ohms input and output 
impedance. The unit is packaged in a 2.37 x 
1.0 x 0.75 inch enclosure that will survive the 
military environment. 
Piezo Technology, Inc. 
INFO/CARD #189 

SUBSYSTEMS 

GPS Antenna 
Antenna Research Associates has intro¬ 

duced another microstrip patch antenna for 
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New System 32 Software 

verify 
your 
designsWWW 

find 
better 
solutions. 

- Typical design flow 

Initial synthesis in 
=M/FILTER= 

Tune or optimize in 
=SuperStar= simulator 

-nununurr 
Layout to plotter, printer, 
HPGL and DXF files 

3EAL-TIME CIRCUIT SIMULATION 
,Y Accurate models 
'< Huge library 
A Easy nodal entry 
'< Schematic entry 
A Tune by tapping 
'< Super-fast optimization 
A Unrestricted noise 
\ Statistical analysis 
A 3-D plotting 

CIRCUIT SYNTHESIS 
=FILTER= (L-C filters) 
A Coupled-resonator, zig-zag, symmetric, 

Blinchikoff , conventional, other structures 
A All popular transfer shapes 
A Group-delay equalizers 

=M/FILTER= (microwave filters) 
,Y End, edge, hairpin, combline, elliptic, 

interdigital, stepped-Z, lowpass, 
bandstop, highpass 

A Microstrip, rod, stripline, coax, generic 
A Layout generation 

=OSCILLATOR= 
A L-C, SAW, crystal, T-line 
A VCOs 
A Noise estimation 

Please see us at RF Expo East '94, Booth# 703 

INFO/CARD 39 

SOME PRICCS INTERNATIONALLY 

DIRECT SALÍS & US€R SUPPORT 

RY FAX. PHONE OR LETTER 

=MATCH= 
?< Multiple algorithms 
A General synthesis & order 

Active or passive 
A Arbitrary terminations 

=A/FILTER= (active filters) 
A Multiple structures 
A All popular transfer shapes 
A Non-ideal op-amps 

System 32 available for. 

WINDOWS WINDOWSNT 

Windows versions are 32-bit 
Complete packages from $695 
Money-back guarantee 
Free technical support 
No annual fees 

enGiewnRt 
Eagleware Corporation - 1750 Mountain Glen Stone Mtn, GA 30087 ; USA 

TEL 1404) 939-0156 * FAX 1404) 939-0157 



^ products continued 

the GPS marketplace. Model PAS - 1575 is a 
circularly polarized antenna designed for 
1575.4 MHz with less than 1.%;1 VSWR. One 
output is provided with either SMA or pigtail 
connection. Typical gain is 5 dBic and typical 
half power bandwidth is > 80°. The antenna is 
3.5 inches in diameter and 0.25 inches thick 
and weighs less than 3 oz. A flat, hermetical¬ 
ly-sealed radome is provided for protection. 
Antenna Research Associates Inc. 
INFO/CARD #188 

of up to 0.5 MHz. High-speed TTL drivers step 
through the unit’s 16 phase states, or an 
optional TTL or voltage-controlled clock can be 
included. Rugged microstrip construction con¬ 
struction assures stable operation from -55 to 
+85 °C with RF input power of up to 1 W. 
Vectronics Microwave Corp. 
INFO/CARD #187 

INMARSAT Antenna 
Sensor Systems’ Aero-L INMARSAT SAT-

COM antenna (P/N S65-8282-101) conforms 
with the proposed ARINC 741 specifications 
for an L-band low gain SATCOM antenna. 
The antenna is designed to back up ARINC 
741 Aero-H communications or initiate low 
data rate Aero-C communications. The 
antenna provides 93% sky coverage. 
Sensor Systems, Inc. 
INFO/CARD #186 

surements. The HP 8923A DECT test set is 
optimized for high-volume DECT manufactur¬ 
ing and can make the accurate, repeatable 
measurements that are needed to verify cor¬ 
rect operation of DECT transceivers. Those 
measurements include bit-error ratio (sensi¬ 
tivity), carrier power, center frequency accu¬ 
racy, frequency deviation, power vs. time 
template, and audio measurements. 
Hewlett-Packard Co. 
INFO/CARD #185 

TEST EQUIPMENT 
Broadband 
Frequency Translator 
Octave-band 4-bit translators from Vectron-

ics Microwave provide high carrier and side¬ 
band suppression with up or down translation 

DECT Test 
An integrated one-box tester delivers fast 

test times for key DECT manufacturing mea-

R *Proven-Reliablity 

60 

“Coaxial relay reliability 
has always been a problem. 
About five years ago, we 
switched toTohTsu Coaxial 
Relays in our high-power 
amplifiers. Since that time 
we have not experienced a 
single relay failure.” 
“TohTsu offers traditional 

Japanese quality and workman¬ 
ship. The contact designs are 
exceptional, making a relay that 
has proven itself both electrically and 
mechanically reliable.” 

PC Spectrum Analyzer 
The SA2600 turns your PC into a powerful, 

full-featured spectrum analyzer/receiver. 
Consuming less than 12 W at 12V, it covers 
the 100 kHz to 2.4 GHz range. The instru¬ 
ment features fully synthesized tuning using a 
crystal reference and under 2 Hz frequency 
resolution provided by a direct digital synthe¬ 
sizer. Signals from -130 dBm to +20 dBm 
can be measured, and power accuracy is 
±1.4 dB. The software supports overlays, 
trace math, marker functions, autologging 
and hard copy to a printer. Base price for the 
SA2600 is $4995.00. 
DKD Instruments 
INFO/CARD #184 

PC Signal Source 
Model DDS4 PC from Novatech Instru¬ 

ments is a 34 MHz synthesized signal source 
on a PC card for use in PC XT and PC AT or 
later ISA-bus computers. The direct digital 
synthesizer provides 10 ppm/year stability 
and excellent spectral purity for only $595. It 
can generate Sine and TTL clock signals 
simultaneously from 5 Hz to 34 MHz in 0.02 
Hz steps. Phase noise is less than -90 dBc 
at 1 kHz offset. Output amplitude is 1 Vrms 
into an open circuit and can be attenuated in 
10 dB steps to 70 dB. 
Novatech Instruments, Inc. 
INFO/CARD #183 

CX-600N 

“Henry Radio will now distribute a 
full line of TohTsu Coaxial Relays. 
Most common configurations and con¬ 
nectors are available AT VERY 
REASONABLE PRICES. Please call 
or write today for complete informa¬ 
tion, prices and specifications.” 

— Ted S. Henry 

INFO/CARD 40 

Y RADIO 
2050 South Bundy Drive 
Los Angeles, CA 90025 
Phone (800) 877-7979 

or (310)820-1234 
FAX 310-826-7790 

Radar Simulator 
TSC introduces the 2000 series of low cost 

radar environment simulators (RES). Config¬ 
urations range from single channel target and 
clutter generators to complete multi-channel 
interactive environment simulators. Each 
2000 series simulator includes an IBM com¬ 
patible PC with one or more RES engine PC 
boards, two or more radar interface PCBs , 
software and manuals. A “clutter” engine 
PCB, scenario generation software, and an 
expansion chassis to make more slots avail¬ 
able are also available. 
Technology Service Corp. 
INFO/CARD #182 
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Step Attenuators 
Kay Elemetrics’ line of manual step attenu¬ 

ators feature a three-watt power rating and 
an extended frequency range of up to 2 GHz. 
An example of the series, model 839, has an 
attenuation range of 0 to 101 dB (50 Q) with 
a minimum step of 1 dB. Its frequency range 
is DC to 2000 MHz, and maximum VSWR is 
1.4:1 ( found in the 1000 to 2000 MHz range). 
Kay Elemetrics Corp. 
INFO/CARD #181 

Propagation Study 
Equipment 
Berkeley Varitronics Systems announces 

the newest version of its CHAMP, now kitted 
with three SPYDER battery-powered 
rechargeable stick-up transmitters. The kit 
allows users to place the frequency agile 
SPYDER transmitters throughout a building 
or desired area. The data can be collected by 

6 GHz, and intermodulation is < -1 60 dBc. 
Radiall Inc. 
INFO/CARD #178 

75 Q BNC Connectors 
Amphenol RF/Microwave Operations offers 

a line of 75 Q connectors, including straight 
plugs, in-line and mounted jacks, as well as 
bulkhead receptacles and adapters. Constant 
75 Í2 performance with low VSWR is provid¬ 
ed through 4 GHz. Features include crimp¬ 
crimp cable termination for quick and reliable 
connector assembly and quick connect/dis-
connect of the BNC two-stud bayonet lock. 
Amphenol RF/Microwave Operations 
INFO/CARD #177 

SIGNAL SOURCES 

simply walking-about using the CHAMP 
receiver. The CHAMP’S removable PCMCIA 
memory card stores data, while its internal 
GPS receiver record latitude and longitude. 
The complete kit sells for under $10,000. 
Berkeley Varitronics Systems, Inc. 
INFO/CARD #180 

Signal Generator 
Signal generator SMY from Rohde & 

Schwarz can test AM, FM and <pM receivers 
and is useful for component measurements. 
The SMY comes in two models covering the 
frequency range from 9 kHz to 1040 MHz or 
from 9 kHz to 2080 MHz. Its output power 
range is -140 to +13 dBm. The SMY signal 
generators have high level-accuracy, low RF 
leakage and high carrier frequency accuracy. 
The signal from the integrated AF synthesizer 
(1 Hz to 500 kHz) can be used externally. 
Rohde & Schwarz GmbH 
INFO/CARD #179 

Low Profile OCXO 
Piezo Crystal announces the availability of 

model 2890080. This oscillator utilizes Piezo’s 
SC cut crystals. The frequency range is from 
30 to 110 MHz. Typical phase noise at 100 
MHz and 10 Hz offset is -95 dBc/Hz and -125 
dBc/Hz at 100 Hz offset. The aging rate at time 
of shipment is 3x10~9/day. Frequency stability 
is ±5x1 O'® over -40 to +70 °C. Model 2890080 
measures 2.00 x 2.00 x 0.75 inches and is 
priced at $400 to $500 in 500-piece quantities. 
Piezo Crystal Co. 
INFO/CARD #176 

TCXOs 
Jan Crystals is now offering a line of tem¬ 

perature controlled crystal oscillators 
(TCXOs). The oscillators operate from 10 to 
20 MHz and provide ±2.5 ppm frequency sta¬ 
bility from -30 to +75 °C. 
Jan Crystals 
INFO/CARD #175 
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□ Tiny Package 
Low Profile/Single Dip 
.8" Lx.5"Wx.2"H 

□ Big Performance 

AMPLIFIERS 

CABLES & 
CONNECTORS 

Low Intermod Connectors 
Intermodulation generated at non-linear pas¬ 

sive components, particularly at connection 
points, can severely detract from the perfor¬ 
mance of communications systems used in 
digital cellular applications. Radiall’s N Series 
connectors use a new contact mating concept, 
selected non-magnetic materials, and a hex 
coupling nut to reduce this problem. Nominal 
impedance is 50 Q, frequency range is DC to 

HF Amplifier 
Ameritron’s ALS-600 includes an AC power 

supply, 600 W PEP/500 W CW output power, 
continuous 1.5 to 22 MHz coverage, instant 
bandswitching, no warm up and is fully SWR 
protected. The amplifier measures 6 x 9.5 x 
12 inches and weighs only 12 pounds. The 
ALS-600 sells for $1299. 
Ameritron 
INFO/CARD #174 

1.5 -1.6 GHz LNA 
Model VMA 1.6C-126, designed for 

Inmarsat front-end applications, offers a 0.5 
dB noise figure (36 K) across 1.5-1 .6 GHz. 
The LNA has 24 dB gain, ripple of ±0.1 dB 
and a +16 dBm 3OIP. Size is 1 x 1 x 0.22 
inches, and connectors are SMA-F. DC 
power consumption is 75 mA at +15V. 
Veritech Microwave, Inc. 
INFO/CARD #173 

Output: ECL compatible 
Deviation: >100 ppm 
Temperature: +20ppm 

-40°C to +85°C 
Size: 4 pin Single DIP 
Frequency: 155.52 MHz(OC-3) 

or 622.08 MHz (OC-12) 
Wider deviations, other frequencies 
and temperatures available. Surface 
mount packages also available. 

To order a Free catalog, or for complete 
engineering assistance, call: 
(203) 853-4433 

Fax: (203) 849-1423 

VECTRON 

The Crystal Oscillator Company 

VECTRON LABORATORIES, INC. 
P.O. Box 5160. Norwalk, CT 06856-5160. 
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UH tutorial 
Wideband Current-Feedback Op 
Amps for RF Applications 
By Michael Steffes 
Comlinear Corporation 

With operating frequencies pushing 1 
GHz, current-feedback operational 
amplifiers are becoming an attractive 
alternative to more classical fixed-gain 
RF amplifiers. However, typical opera¬ 
tional amplifier specifications do not 
include many of the specifications famil¬ 
iar to RF engineers. To help the design¬ 
er exploit the many advantages these 
amplifiers can offer, this article will 
define the RF specifications of most 
interest to designers, detail what deter¬ 
mines each of these particular perfor¬ 
mance characteristics for current-feed¬ 
back op amps, and discuss perfor¬ 
mance optimization techniques where 
possible. 

To apply op amps to RF applications, 
questions in three areas must be 

addressed: 
• General op amp operating considera¬ 
tions 
• Small signal AC performance in an RF 
context 
• Typical limits to RF amplifier dynamic 
range applied to op amps 
The CLC404 will be used as an exam¬ 

ple in this discussion as a typical, high¬ 
speed current-feedback op amp. This 
particular part is a ±5 V monolithic 
amplifier intended for use over a linear 
voltage gain range of ±1 to ±10 VA/. At 
its midrange gain of +6, the CLC404 
offers a DC to 175 MHz frequency range 
while delivering 12 dBm power into a 50 
£2 load. The best amplifier for a particu¬ 
lar application will depend upon the 
desired gain, power output, frequency 
range, and dynamic range require¬ 
ments. The higher speed monolithic 
parts are typically constrained to lower 
supply voltages, and therefore lower 
output powers, than hybrid current-feed-
back amplifiers. The speed and output 
power of monolithic devices should 
increase as improved processes 
become available. 

Operating Advantages of Current-
Feedback Op Amps 
The current-feedback op amp, first 

commercialized by Comlinear Corpora¬ 
tion, is a very wideband, DC-coupled op 

amp that has the distinct advantage of 
being relatively gain-bandwidth indepen¬ 
dent. As with all op amps using a 
closed-loop negative-feedback struc¬ 
ture, the frequency response for current¬ 
feedback op amps is set by the loop 
gain characteristics. The current-feed¬ 
back amplifier’s key development is the 
de-coupling of the signal-gain and the 
loop-gain within its transfer function [1]. 
This de-coupling allows the desired sig¬ 
nal gain to be changed without radically 
impacting the frequency response. If 
compared to voltage-feedback ampli¬ 
fiers, which are constrained to a gain¬ 
bandwidth product operation, the cur¬ 
rent-feedback topology offers truly 
impressive equivalent-gain-bandwidth 
products (e.g. the CLC401 at a gain of 
20 VAZ yields a flat response with a -3 
dB bandwidth of 150 MHz. To match 
this, a voltage feedback op amp would 
require a 20*(150) MHz = 3 GHz gain¬ 
bandwidth product). 
One of the most significant changes in 

moving from a classical, fixed-gain RF 
amplifier to an op amp is the exceptional 
flexibility offered by the op amps. The 
designer is now charged with setting up 
the proper operating conditions for the 
op amp, defining the gain, and determin¬ 
ing the I/O impedances with external 
components. Op amps allow the design¬ 
er the option of running either a non¬ 
inverting or an inverting gain path. For 
RF applications, the 180° phase shift 
provided by the inverting mode is often 
incidental. There are, however, advan¬ 
tages and disadvantages to each mode, 
depending on the desired performance, 
and both will be considered at each 
stage of this discussion. 
Most of the information developed 

here on applying op amps to RF appli¬ 
cations applies to any type of op amp. 
The unique advantages of the current¬ 
feedback topology are its higher fre¬ 
quency capabilities and its intrinsically 
low distortion at low operating currents. 
If not specifically stated as being unique 
to the current-feedback topology, the 
items considered here apply equally to a 
voltage-feedback op amp. 
As a starting point for using op amps 

P( is assumed to 
come from a 5OÍ1 
source. 

G» Power gain from input to 
50Q load (dB) 

G=10 log (Po/P) 

Figure 1a. Typical RF amplifier 
connection. 

Figure 1b. Ideal non-inverting op 
amp. 

Figure 1c. Ideal inverting op amp. 
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DC-2000MHz 

In plastic and ceramic packages, for low-cost solu¬ 
tions to dozens of application requirements, select Mini¬ 
Circuits' flatpack or surface-mount wideband monolithic 
amplifiers. For example, cascade three MAR-2 monolithic 
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz 
amplifier for less than $4.50. Design values and circuit 
board layout available on request. 

It's just as easy to create an amplifier that meets 
other specific needs, whether it be low noise, high gain, 
or medium power. Select from Mini-Circuits’ wide 
assortment of models (see Chart), sketch a simple inter¬ 
connect layout, and the design is done. Each model 
is characterized with S parameter data included in our 
740-page RF/IF Designers’ Handbook. 

All Mini-Circuits' amplifiers feature tight unit-to-unit 
repeatability, high reliability, a one-year guarantee, tape 

99« 
PLASTIC 
SURFACE-MOUNT 

add suffix SM 
to model no. 
(ex MAR-ISM) 

Unit price $ (25 qty) 

MAR-1 
1 04 
MAV-1 
1.15 

MAR-2 
1.40 
MAV-2 
1.45 

♦VAM-3 
1.45 

MAR-3 
1.50 
+MAV-3 
1.55 

MAR-4 
1 60 
MAV-4 
1 65 

VAM-6 
1.29 
MAR-6 
1.34 

++VAM-7 
1.75 

MAR-7 
1.80 

MAR-8 
1.75 

MAV-11 
2.15 

CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8 
SURFACE-MOUNT 4.95 4.95 4.95 4.95 4 95 4 95 4.95 
PLASTIC MAV-1 * MAV-2 + MAV-3 + MAV-4 MAV-11 
FLAT-PACK 1.10 1 40 1.50 1.60 2.10 

MAR-1 MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8 
0.99 1.35 1.45 1 55 1.29 1.75 1.70 

and reel packaging, off-
the-shelf availability, with 
prices starting at 99 cents. 

Mini-Circuits’ monolithic 
amplifiers. ..for innovative 
do-it-yourself problem 
solvers. 

MAR- MAV- MAV ’ MAR VAM RAM 
oM SM 

Models above shown actual size 

Freq MHz,DC to 

Gain, dB at 100MHz 

Output Pwr. +dBm 

NF, dB 

1000 

18.5 

1.5 

55 

2000 

12.5 

4.5 

6.5 

2000 

12.5 

100 

6.0 

1000 

8.3 

12.5 

6.5 

2000 

20 

2.0 

3.0 

2000 

13.5 

5.5 

5.0 

1000 

32.5 

12.5 

3.3 

1000 

12.7 

17.5 

3.6 

Notes: + Frequency range DC-1500MHz 

designer s amplifier kits 
DAK-2: 5 of each MAR-model (35 pcs), only $59 95 
DAK-2SM: 5 of each MAR-SM model (35 pcs) only $61 95 
DAK-3: 3 of each MAR. MAR-SM. MAV-1 1. MAV-1 1SM 
(48 pcs) $74 95. 

designer’s chip capacitor kit 
KCAP-1: 50 of 17 values. 10pf to 0 M (850 pc). $9995 

++ Gain 1/2 dB less than shown 

chip coupling capacitors at .120 each 
(50 min.) 
Size (mils) 
80x50 
80x50 
120x60 

Value 
10, 22, 47. 68. 100. 220, 470 680 pf 
1000. 2200, 4700. 6800. 10,000 pf 
.022. .047. .068. ,1 Mf 

Typical Circuit Arrangement 
Rbias 
i—w-* vcc 

COLOR DOT îFC (optional) 
'block 
II— -OUT 

£□ Mini-Circuits 
P.O Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

F154REV. A 
CUSTOM PHODUCT N E E D S ...Let Our Experience Work For You. 
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Figure 2a. Non-inverting op amp 
configured for RF application. 

in RF applications, it is useful to summa¬ 
rize some of the standard operating 
assumptions for typical RF amplifiers. 
Although there are certainly exceptions 
to the typical conditions shown here, RF 
amplifiers generally have: 
1. AC-coupled input and output. A DC 

voltage generally has little meaning in 
RF applications. 

2. Input and output impedances nomi¬ 
nally set to 50 £2 AC over the frequency 
range of operation. This is seldom a 
physical 50 £2 resistor, but rather a com¬ 
bination of active element I/O imped¬ 
ances along with passive matching net¬ 
works. 

3. Fixed signal gain operations over a 
certain band of frequencies. Any particu¬ 
lar RF amp is purchased to provide a 
particular gain and is not user 
adjustable. A two-decade range of oper¬ 
ating frequencies seems typical. 

4. Single power supply operation. 
Since both input and output are AC-cou¬ 
pled, bipolar power supplies, balanced 
around ground, are not needed. The DC 
bias point is maintained internally with 
minimal user adjustment possible. 
Figure 1a shows a typical RF amplifier 

connection, while Figures 1b and 1c 
show an ideal op amp, utilizing either 
current- or voltage-feedback, connected 
for non-inverting and inverting gains, 
respectively. 
For the RF-amp, both input and output 

are AC-coupled, while a single power 
supply biases the part through Rb. Lc 
chokes off the AC output signal from 
seeing the power supply as a load. 
Internally, the RF-amp signal gain is 
specified with the output driving a 50 £2 
load and is defined as 10*log (power 
gain). 
The two ideal op amp circuits assume 

that the source is coming from a ground-
referenced, zero-impedance voltage 
source while their outputs are intended 
to act as ideal voltage sources to a 
ground-referenced load. The non-invert¬ 
ing configuration ideally presents an infi-

Figure 2b. Inverting op amp con¬ 
figured for RF application. 

nite input impedance, a zero £2 output 
impedance, and a voltage gain, as 
shown in Figure 1b, from the plus input 
to the output-pin. 
The ideal inverting op amp differs from 

the non-inverting in several respects. 
The output voltage is ideally 180° out of 
phase from the input, which accounts for 
the signal inversion. The op amp’s 
inverting input ideally presents a virtual 
ground, while drawing minimal current. 
This leaves Rg as the ideal input imped¬ 
ance, while the voltage gain from the 
input of Rg to the output is simply 
-Rf/Rg. This signal inversion is usually 
of no consequence in an RF application, 
and most of this discussion will deal only 
with the magnitude of the inverting gain 
When using op amps as RF ampli¬ 

fiers, the I/O impedance matching 
requirements must be satisfied, the volt¬ 
age gain must be recast to a power gain 
(in dB), and the system may be config¬ 
ured for single power supply operation. 
Figures 2a and 2b show the op amps of 
Figures 1 b and 1 c set up to provide I/O 
impedance matching with the resulting 
power gain equations, but still using 
bipolar supplies. Bipolar power supplies 
allow operation to be maintained all the 
way down to DC. Single supply opera¬ 
tion is also possible. 
For the non-inverting case, setting 

Zi=50 simply requires a 50 £2 termination 
resistor to ground on the non-inverting 
input, Rt. Getting Zo=50 £2 simply 
requires a series 50 £2 resistor in the 
output, Ro. 
For the inverting mode, the non-invert¬ 

ing input is ground referenced, and the 
amplifier input impedance becomes the 
parallel combination of Rg and Rm . One 
key difference between current and volt¬ 
age-feedback op amps is that the feed¬ 
back resistor determines the frequency 
response for the current-feedback op 
amp. With Rf set to obtain the desired 
frequency response, we cannot simulta¬ 
neously satisfy both a gain and input 
impedance constraint with just Rg, which 

is why Rm is included as an additional 
degree of design freedom. This is possi¬ 
ble with a voltage-feedback op amp by 
setting Rg to the desired input imped¬ 
ance (not using an Rm), then setting Rf 

to obtain the desired gain. With each 
particular current-feedback op amp call¬ 
ing out a particular optimum Rf, Rg can 
then be used to set the gain ana Rm , 
along with Rg, will set the input imped¬ 
ance. Setting Rg to yield the desired 
gain and then setting Rm to satisfy Z¡=50 
£2 will work until the required Rg < 50 £2. 
Having fixed Rf to satisfy the amplifier’s 
stability requirements, going to higher 
and higher inverting gains will eventually 
yield an Rg < 50 £2. Non-inverting opera¬ 
tion should be used if this limitation is 
reached. Rf can, however, be increased 
beyond the recommended value in order 
to allow an Rg=50 at higher gains, but 
only at the expense of decreasing band¬ 
width. 
Note that for both topologies the gain 

to the matched load has been cut in half 
(-6 dB), from the earlier ideal case (Fig¬ 
ures 1b and 1c), through the voltage 
divider action of Rzero = RL. It is a sim¬ 
ple, but critical conversion from any 
description of output voltage swing to 
and from a power (in dBm) defined at 
the load. These conversions for a purely 
sinusoidal signal are: 

Í V|PP 1 

P0=10log , 
0 a 50£2(1mW) 

= 10 log( V|pp ) -10 log(8(50£2)(. 001)) 

= 20 log V|pp + 4dBm 

Conversely, for a given RO (in dBm): 

vLff =io<p°-4)/20
peak - peak voltage swing at load 

V0 = 2*10<P°-4)/20VpF 
peak - peak voltage swing at output pin 

Basically, for any initial description of 
voltage swing given, we need to convert 
that into an RMS voltage - square it and 
divide by the load (RL=50 £2 normally) -
to get the absolute power in watts. This 
is then divided by 0.001 to reference 
that power to 1 mW and 10*log of that 
expression is taken to yield the power in 
dBm. 
Every op amp has a specified maxi¬ 

mum output voltage swing that is gener¬ 
ally shown as a peak excursion from 
ground. This type of specification, for 
balanced bipolar power supplies, is real¬ 
ly inferring how close the output may 
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New 3 Volt NEC Silicon ICs 

FINALLY! 
3 VOLT 
RFICs 

UPC2745 
Ultra Broad Band 

Amplifier 
DC to 2.7 GHz 
12 dB Gain 
-1 dBm Psat 
7.5 mA Icc 

UPC2746 
High Gain Amplifier 
DC to 1500 MHz 

19 dB Gain 
0 dBm Psat 
7.5 mA Icc 

UPC2747 
Broad Band 

Low Noise Amplifier 
100 to 1800 MHz 

12 dB Gain 
3.3 dB NF, 5 mA Icc 

UPC2748 
High Gain 

Low Noise Amplifier 
200 to 1500 MHz 

19 dB Gain 
2.8 dB NF 

6 mA Icc 

FOR HANDHELD 
WIRELESS 
PRODUCTS 

UPB1502 
Frequency Divider 

0.5 to 2.0 GHz 

Divide by 64/65, 128/129 
6 mA Icc 

UPB587 
Frequency Divider 
50 to 1000 MHz 
Divide by 2/4/8 

5.5 mA Icc 

...plus dozens of Bipolar Transistors 
characterized at 2.5 Volts, including: 

NEC’s new low current Silicon ICs not only 
reduce power consumption in your 3 Volt 
designs, they reduce the parts count, improve 

the reliability, and simplify the assembly. 
NEC is committed to 3 Volt Silicon technology; 

f = 1500 MHz 
NE68519 
1.3 dB NF 

10.0 dB Ga 
@ only 3 mA Ic 

f = 2.5 GHz 
NE68030 
1.90 dB NF 
7.2 dB Ga 

@ only 3 mA Ic 

f = 1000 MHz 
NE68039 
1.0 dB NF 

11.6 dB Ga 
@ only 1 mA Ic 

Surface Mount packages shown actual size 

...and a variety of 5 Volt RF ICs including: 

these parts are just an introduction. 
There are more on the way — soon! 
If 5 Volt ICs are the solution, NEC has a wide 

selection of them as well, all available right now. 
And don’t forget NEC’s huge family of discrete 

devices. Many are characterized at 2.5 Volts and they're 
available in a variety of packages, including a new 
ultra-small SMD that's a third the size of a SOT 23! 

For a FREE Product Selection Guide, call your 
nearest CEL Sales Office. Or circle the number below. 

UPC2708 UPC2710 UPC2713 
Wide Band Wide Band Amplifier Wide Band 
Amplifier DC t0 1000 MHz Amplifier 

DC to 2.9 GHz 33 dB Gain DC to 1200 MHz 
15 dB Gain 3.5 dB NF 29 dB Gain 
10 dBm Psat 3.2 dB NF 

UPC2723 UPC2721 UPC2726 
AGC Amplifier Down Converter Differential 
100 to 1100 MHz RF- 0.4 to 3.0 GHz Amplifier 

38 dB AGC IF = 50 to 600 MHz 400 to 1400 MHz 
13 dB Gain 15 dB Conversion Gain 15 dB Gain 

NEC 
typical Performance at 25°C, Frequency Range is 3 dB Bandwidth 

CEL California Eastern Laboratories 
INFO/CARD 43 

Please see us at RF Expo East ’94, Booth# 302 

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645 0985 

San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307 Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Cockeysville, MD (410) 667-1310 

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Palm Bay, FL (407) 727-8045 Clearwater, FL (813) 538-0706 Snellville, GA (404) 978-4443 
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loading on the source. 
For both of these single supply cir¬ 

cuits, we have given up the DC-coupling 
for the signal path. The low frequency 
limits to operation will now be set by the 
AC-coupling capacitors, along with 
impedances in each part of the circuit. 
All of the subsequent discussions 
assume balanced bipolar supplies, but 
apply equally as well to single supply 
operation. 

Figure 4a. Single supply, non¬ 
inverting op amp operation. 

Figure 4b. Single supply, invert¬ 
ing op amp operation. 

come to the supply voltages before non¬ 
linear limiting occurs. For AC-coupled 
RF applications, it is always best to cen¬ 
ter the output-pin’s DC-level between 
the two supply-pins in order to provide 
the maximum output Vpp . 
Most wideband op amps do not 

require a ground reference for proper 
operation and can be operated easily 
from a single supply. Generally, all that 
is required is to set the DC voltage on 
the non-inverting input and the output¬ 
pin centered between the voltages 
appearing on the two supply-pins. For a 
single supply operation, with one sup¬ 
ply-pin held at ground, this translates 
into the non-inverting input and Vo being 
held at Vcc/2. For those amplifiers 
requiring a ground-pin, that pin should 
also be driven with a low source imped¬ 
ance voltage midway between the sup¬ 
ply-pins. 
There are many possible implementa¬ 

tions of single-power-supply op amp 
operation. Figures 4a and 4b show two 
simple ways to operate non-inverting 
and inverting op amps as AC-coupled 
RF amplifiers using a single power sup¬ 
ply. 

In the non-inverting case, the input 
termination is still DC-coupled, while the 
non-inverting input bias is set by the two 
Rbs to yield Vcc/2. Rb should be large 

enough to limit excessive quiescent cur¬ 
rent in the bias leg, but not so large as 
to generate excessive DC errors due to 
the amplifier’s input bias current. If this 
bias path impedance becomes too low, 
it should be included as part of the input 
impedance and the termination resistor 
adjusted accordingly. The gain setting 
resistor, Rg, is also AC-coupled to limit 
the DC gain to 1. Hence, the non-invert¬ 
ing input DC bias voltage also appears 
at the output-pin. The output should be 
AC-coupled in both circuits to limit the 
DC current that would be required if a 
grounded load were driven. 

For the single-supply inverting amplifi¬ 
er of Figure 4b, we still require the mid¬ 
point reference to be brought in on the 
non-inverting input. A de-coupling 
capacitor on that node is also suggested 
to decrease the AC source impedance 
for the non-inverting input noise current. 
The gain for this non-inverting input ref¬ 
erence voltage is again AC-coupled to 
yield a unity DC gain to get Vcc/2 at the 
output-pin. The inverting input imped¬ 
ance goes from Rm at DC to 50 SI at 
higher frequencies if the parallel combi¬ 
nation of Rm and Rg have been set to 
50 Í2. Rm , as well as Rt in Figure 4a, 
could also be AC-coupled to avoid DC 

Small Signal AC Performance 
Characteristics 

All of the typical small signal AC para¬ 
meters specified for RF amplifiers are 
derived from the S parameters for the 
part [2]. These are: 

Scattering 
Parameters 

S-| i Input 
reflection 

S22 Output 
reflection 

S21 Forward 
transmission 

S12 Reverse 
transmission 

RF Amplifier 
Specifications 

Input 
VSWR 

Output 
VSWR 

Amplifier gain 
and bandwidth 

Reverse 
isolation 

Figure 5a. Non-inverting amplifier 
S parameter test circuit. 

Figure 5b. Inverting amplifier S 
parameter test circuit input/ 
output VSWR. 

These frequency-dependent specifica¬ 
tions are measured using a network 
analyzer and an S parameter test set. A 
full two-port calibration should be per¬ 
formed prior to any device measure¬ 
ments. The HP8753A, used for the mea¬ 
surements reported here, incorporates 
full 12-term error correction in its two-
port calibration. This basically normal¬ 
izes all measurement errors due to 
imperfections in the cabling and test 
hardware [3]. 
Figures 5a and 5b show the two con¬ 

figurations for the CLC404 used in 
demonstrating the small signal AC per¬ 
formance parameters listed above. In 
each case, the S parameter test set 
places the device into a 50 Q input and 
output environment. Both configurations 
achieve a linear voltage gain of 6 V/V to 
the output-pin and 3 V/V to the 50 Q 
load. This yields a gain of 20*log(3) = 
9.54 dB measured by the network ana¬ 
lyzer. Recall that one of the advantages 
to using op amps in RF applications is 
the exceptional flexibility in setting the 
gain. A wide range of gains could have 
been selected for the test circuits of Fig¬ 
ures 5a and 5b. A gain of 6 was select¬ 
ed to allow easy comparisons to the 
CLC404’s data sheet specifications, 
which are all defined at this gain. 
For the inverting-gain configuration, 
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Rm and Rg set the input impedance to 50 
Í2. An Rt of 50 Í2 is retained on the non¬ 
inverting input to limit the possibility of 
self-oscillation in the non-inverting input 
transistors. 
The Voltage Standing Wave Ratio 

(VSWR) is a measure of how well the 
input and output impedances are 
matched to the source impedance. (It is 
assumed throughout that the transmis¬ 
sion line characteristic impedance is 
also equal to the source impedance of 
both ports—50 Q in this case). It is 
desirable for the input and output imped¬ 
ances to be as closely matched to the 
source as possible for maximum power 
transfer and minimum reflections. 
Measuring the input VSWR is simply a 

matter of measuring the ratio of the 
reflected power vs. incident power on 
port 1 of Figures 5a and 5b (S^). A per¬ 
fect match will reflect no power. Output 
VSWR is measured similarly at port 2 
(822)-
As described earlier, an op amp’s 

input and output impedances are deter¬ 
mined by external components selected 
by the designer. For this reason, I/O 

VSWR is never shown on an op amp’s 
data sheet. Excellent VSWR can, never¬ 
theless, be achieved using the compo¬ 
nents shown in Figures 2a and 2b. 
An op amp’s gain polarity has minimal 

effect on the output VSWR. At low fre¬ 
quencies, Ro by itself will determine the 
output VSWR. Setting this resistor to 50 
Q will yield excellent output VSWR to 
reasonably high frequencies. As the test 
frequency increases, however, the op 
amp's output impedance will begin to 
increase as the loop gain rolls off [4], 
This inductive characteristic can be par¬ 
tially compensated for by a small shunt 
capacitance across Ro. Figure 6 shows 
this, for either gain polarity, along with 
tested VSWR with and without this 
shunt capacitance. The value of this 
capacitance will depend on the amplifier 
and, to some extent, on the gain setting, 
and was determined empirically for this 
test by using a small adjustable cap (5-
20 pF) directly across Ro. 
The marker at 200 MHz indicates an 

output VSWR of 1.32 when Ct is tuned 
optimally. Tuning Ct also extends the 
frequency response (S2i) slightly and 

will be left in place for the remainder of 
the tests. 
The input impedance match of the 

non-inverting topology (Figure 5a) is 
principally set by Rt. As the frequency 
increases, the input capacitance of the 
op amp will eventually degrade the input 
VSWR. This effect is so negligible over 
the expected operating frequency range 
that no tuning is required. 
The input impedance match of the 

inverting topology (Figure 5b) is, at low 
frequencies, set by the parallel combina¬ 
tion of Rg and Rm . This holds very well 
as long as the amplifier’s inverting input 
acts like a low impedance over frequen¬ 
cy. For current-feedback amplifiers, the 
inverting input is actually a driven, low-
impedance node. Its impedance will, 
however, increase with frequency. A 
voltage-feedback amplifier’s apparent 
inverting input impedance will also 
increase with frequency as its loop gain 
rolls off. In the voltage-feedback case, 
the increase in inverting input imped¬ 
ance will be seen at a lower frequency 
than for a current-feedback amplifier 
and will depend strongly on the amplifier 
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Figure 6. Measuring and tuning CLC404 output Figure 7. CLC404 input VSWR. 
VSWR. 

gain setting. 
Figure 7 shows the tested input 

VSWR for the two gain polarities in Fig¬ 
ures 5a and 5b. In this case, we are 
measuring Sn and allowing the 
HP8753A to convert the measurement 
and display VSWR directly. 
Note carefully the change in scale for 

the input VSWR vs. the output VSWR 
plot. The marker on the non-inverting 
test trace shows an exceptional input 
VSWR of 1.03 at 200 MHz, while the 
inverting amplifier’s VSWR, though high¬ 
er, remains under 1.4 through this 
range. 

Forward Gain and Bandwidth 
Typical RF amplifier specifications 

show a fixed gain, as defined in Figure 
1a, with a specified frequency range for 
0.5 dB gain flatness, along with -3 dB 
cutoff frequencies. For the designer 
using a current-feedback op amp, a 
wide range of possible gains is easily 
obtainable. With the CLC404’s specified 
voltage gain range of ±1 to ±10, and 
including the additional 6 dB loss from 
the output to the load, -6 dB to 14 dB 

Figure 8. Measuring and adjust¬ 
ing the frequency response 21. 

gains may be achieved using the 
CLC404. Higher gains can be achieved 
with this, or any other current-feedback 
amplifier, with some sacrifice in band¬ 
width [1], For example, the CLC401, 
specified over a ±7 to ±50 voltage gain 
range, translates into an 11 dB to 28 dB 
gain range for RF applications. 
The forward gain over frequency 

(commonly called the frequency 
response and measured as S2i) is 
always shown in a current-feedback op 
amp data sheet—often, over a range of 
gains. Small signal -3 dB bandwidth 
and gain-flatness are also typically guar¬ 
anteed at a particular gain for each 
amplifier. Rarely does a voltage-feed¬ 
back op amp show the S2i characteris¬ 
tics, since it so strongly depends upon 
the gain setting. Rather, these amplifiers 
show an open loop gain and phase plot, 
and leave it to the designer to predict 
closed loop gain and phase. Another 
advantage of the excellent loop gain 
control of the current-feedback topology 
is exceptional forward gain phase linear¬ 
ity. This phase is also shown on the fre¬ 
quency response plot. A maximum devi¬ 
ation from linear phase is generally 
guaranteed at a particular gain setting in 
the data sheet specifications. 
One additional advantage to the cur¬ 

rent-feedback topology is that a simple 
frequency response trim is possible by 
inserting a resistor inside the feedback 
loop to the inverting node [1]. This fre¬ 
quency response flatness trim has the 
same effect for either non-inverting or 
inverting topologies. Figure 8 shows this 
adjustment added to the circuit of Figure 
5a, along with the measured S21 with 
and without this trim. As reference 1 
describes, this resistive trim inside the 
feedback loop has the effect of adjusting 
the loop gain, and hence the frequency 
response, without adjusting the signal 
gain, which would still be set by only Rf

and Rg. This particular test achieved a 
flatness of ± 0.1 dB from DC to 110 MHz 
at a gain of 9.54 dB for the non-inverting 
test circuit shown (with identical results 
for an inverting configuration). 
Note that the values for Rf and Rg 

have been reduced from those used in 
the circuit of Figure 5, although their 
ratio, and hence the gain, have 
remained the same. With the adjustment 
pot set to zero Q, this lower Rf value 
ensures that the frequency response will 
be peaked for any particular CLC404 
used in the circuit. Then, by increasing 
the resistance into the inverting input, 
the amplifier can be compensated and 
S21 adjusted to the excellent flatness 
shown above. 
The part-to-part variation in frequency 

response becomes more pronounced as 
the desired operating frequencies and 
signal gains increase. Operation of the 
CLC404 through 50 MHz at 9.54 dB 
gain would, for example, have minimal 
variation relative to operation through 
100 MHz and 14 dB gain. Higher fre¬ 
quency operation can be achieved if the 
degraded flatness and distortion charac¬ 
teristics are acceptable to the applica¬ 
tion. Newer current-feedback op amp 
introductions, such as the 1 GHz 
CLC449, will extend frequency range of 
RF operation for op amps. 

Reverse Isolation 
This small-signal AC characteristic is a 

measure of how much signal injected 
into the output port makes it back into 
the input source. The magnitude of S12 
is the measure of reverse isolation. All 
current-feedback op amps exhibit excel¬ 
lent reverse isolation relative to most RF 
amplifiers. This is because both the out¬ 
put and the inverting-input are low 
impedance nodes. Significant signal 
attenuation can be expected in taking a 
signal voltage applied to the output 
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Figure 9a. Inverting reverse Isolation test circuit. Figure 9b. Reverse gain for the circuits of 8 and 9a. 

matching resistor and tracing it back to 
either an inverting or non-inverting input 
signal. Slightly more attenuation can be 
expected for the non-inverting vs. invert¬ 
ing configurations, since the signal must 
also get from the inverting to non-invert¬ 
ing pin in the non-inverting case. 
The circuit of Figure 8, along with the 

inverting circuit of Figure 9a, were used 
to measure the reverse isolation for both 
gain polarities, as shown in Figure 9b. 
Although reverse isolation is generally 
specified as a positive number, this is 
simply the negative of the log gain in 
going backwards through the amplifier. 
Hence, the plot of Figure 9a shows a ris¬ 
ing “gain” that would be interpreted as a 
decreasing reverse isolation as we go to 
higher frequencies. As Figure 9b shows, 
isolations in excess of 30 dB are easily 
obtainable through frequencies far high¬ 
er than the S2-| operating frequency 
range, with very high isolations 
observed at low frequencies. 

Dynamic Range Limiting 
Characteristics 
The final area of concern in applying 

op amps to RF applications are the lim¬ 
its to dynamic range familiar to RF 
amplifier users. These are generally lim¬ 
ited to -1 dB compression point; two-
tone, 3rd order, intermodulation inter¬ 
cept; and noise figure. 
The -1 dB compression point is a 

measure of the maximum output power 
capability of the amplifier. At low fre¬ 
quencies, this is set by the available 
voltage swing out of the op amp, while 
at higher frequencies it is limited by the 
slew rate for the op amp. 
The two-tone, 3rd order, intermodula¬ 

tion intercept allows the prediction of 
spurious signals caused by amplifier 
non-linearities arising from two input sig¬ 
nals closely spaced in frequency. The 
class AB output stage used in most cur¬ 
rent-feedback op amps offers consider¬ 
ably higher intercepts for a given level of 
quiescent power than for the class A 

outputs used more commonly in RF 
amplifiers. Although it is often assumed 
that the intercept is 10 dBm higher than 
the -1 dB compression point, this is not 
true for op amps. Both are generally 
much more frequency dependent than 
for RF amplifiers, with the intercept typi¬ 
cally much higher than would be expect¬ 
ed from the -1 dB compression point. 
Typical numbers for the CLC404 would 
be an 18 dBm -1 dB compression point 
and a 45 dBm intercept for frequencies 
below 10 MHz. 
The noise figure is a measure of how 

much noise is added by the amplifier 
and will set a limit to the minimum 
detectable input signal. The noise figure 
for any op amp can be calculated from 
the three input referred noise terms for 
the op amp itself and the noise contribu¬ 
tions of the external resistors setting the 
gain and I/O impedances. Using a phys¬ 
ical, noisy, input impedance matching 
resistor typically increases the noise fig¬ 
ure by 6 dB from what it would be with¬ 
out this matching. Op amp noise figure 
is also gain dependent for any particular 
device and will decrease as the operat¬ 
ing gain is increased. Typical noise fig¬ 
ures for the CLC404 range from 12 dB 
to 16 dB if an input impedance match is 
maintained. For a complete develop¬ 
ment of op amp noise figure and further 
discussion of -1 dB compression and 
intercepts, refer to reference 5. 

Conclusions 
High speed current-feedback ampli¬ 

fiers can offer considerable performance 
advantages when used in IF and RF 
applications. The flexible gain and I/O 
impedance capability can be used to the 
designer’s benefit in tailoring the amplifi¬ 
er to the specific requirement. Last 
minute gain changes or non-standard 
I/O impedances can be easily handled 
with simple resistor changes. Exception¬ 
al I/O VSWR and reverse isolation come 
automatically with op amp type devices. 
Current-feedback op amps that offer 

bandwidths in excess of 1 GHz are now 
becoming available. These parts offer 
reasonable IP3’s through about 150 
MHz at much lower quiescent power 
than comparable fixed gain RF ampli¬ 
fiers. And finally, parts from multiple 
suppliers are bringing the prices down to 
below $2.00 in volume for these 
extremely capable op amps. RF 
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RF expo east show guide_ 
Orlando Show Features Timely 
Presentations, New RF Products 

RF Expo East Program 

Featuring papers on essential RF topics 

Tuesday, November 15, 1994 
8:45-10:00 a.m. 

8:45 Welcome 

9:00 RF Design Awards Grand 
Prize Presentation 

9:15 Opening Address 

10:00 Exhibit Hall Grand Opening 

Tuesday, November 15, 1994 
1:30-4:30 p.m. 

High Power RF 
Chairman: Adrian Cogan, 
MicroWave Technology 

1:30 — A Low Cost, High Efficiency 
13.56 MHz Power Amplifier 
Ken Dierberger, Advanced Power Tech¬ 
nology 
Frederick Raab, Green Mountain Radio 
Research 
Lee Max, Consultant 
The design, development, assembly, 

and performance of a low cost, high effi¬ 
ciency 250 W, 13.56 MHz RF power 
amplifier are detailed in this paper. Both 
the theoretical design and physical con¬ 
struction of the input switching network, 
the output matching circuit, and the DC 
feed network of the amplifier will be 

addressed. The paper will also contain a 
technical description of the RF power 
transistors including Mean Time To Fail¬ 
ure data. 

2:30 — Class-S High-Efficiency Ampli¬ 
tude Modulator 
Frederick H. Raab, Daniel J. Rupp, 
Green Mountain Radio Research 
This paper describes a 100-W class-S 

modulator with an envelope bandwidth 
of 57 kHz and an efficiency of about 
ninety percent. 

3:30 — High Efficiency SSB HF/VHF 
Transmitter Based on Envelope Elimina¬ 
tion and Restoration 
Frederick H. Raab, Daniel J. Rupp, 
Green Mountain Radio Research 
An experimental high-efficiency 

HF/VHF multimode transmitter based 
upon the Kahn Envelope-Elimination-
and-Restoration (EER) technique has 
been described. The amplifier can pro¬ 
duce a wide variety of signals including 
SSB, AM, and FM, with approximately 
60% efficiency for all signal amplitudes, 
about three times that of a transmitter 
with a conventional class-B PA. 

performance requirements and limita¬ 
tions of antennas for portable applica¬ 
tions. Various configurations are 
described, along with the tradeoffs asso¬ 
ciated with their implementation. 

RF Design 

Antennas for Wireless 
Applications 

Chairman: Andy Kellett, 
RF Design 

1:30-3:30 — Engineering the Character¬ 
istics of Small Antennas to Suit the 
Application (3-hour tutorial session) 
Dr. Ian Dilworth, University of Essex 
This presentation explores the system 

requirements, physical and electrical 

Manufacturing Technology 
Chairman: Madjid Belkerdid, 
University of Central Florida 

1:30 — Development of a New Line of 
Low Cost Microwave Components 
Using Print and Fire Technologies 
Loren E. Ralph, R.F. Prime 
A new line of low-cost, surface-mount¬ 

able microwave components has been 
developed using a printed technology. 
The components cover 500 MHz to 6+ 
GHz, and include mixers, 0° and 90° 
splitters, 180° splitters, and filters that 
are packaged in IC-like packages. This 
new “Blue Cell” technology is compati¬ 
ble with active devices, allowing higher 
levels of integration to be developed. 

2:30 — Implementation of Design for 
Manufacture in a Semiconductor Fabri¬ 
cation Environment 
Adam Williams, Ricardo Borges, John 
Iwanicki, M/A-COM 
This paper describes the ideas behind 

DFM and its implementation in a semi¬ 
conductor fabrication facility. The 
methodology closely follows Motorola’s 
six steps to six sigma program. Exam¬ 
ples from the challenges faced by a 
cross-functional team created to over¬ 
see the application of DFM concepts to 
a silicon hyperabrupt varactor produc¬ 
tion line are given to demonstrate the 
transition from theory to practice. 
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KEexpo east show guide 
Wednesday, November 16, 1994 

8:30-1 1:30 a.m. 

Power Amplifier Tutorial 

8:30-11:30 — Classes of RF Power 
Amplifiers A Through S, How They 
Operate and When to Use Them 
(3-hour tutorial session) 
Nathan O. Sokal, Design Automation 
The electrical characteristics that 

define classes of power amplifiers are 
presented in this extended tutorial. Lin¬ 
earity, efficiency, complexity and spec¬ 
tral performance of each type are 
described. Also featured are applica¬ 
tions appropriate for each amplifier type. 

Oscillator Design and Analysis 
Chairman: Claude A. Sharpe, 

Texas Instruments 

8:30 — Analysis and Optimization of 
Oscillators for Low Phase Noise and 
Power Consumption 
Dr. Ulrich L Rohde, Compact Software 
Compact Software has solved the 

complex mathematical problem of ana¬ 
lyzing SSB in arbitrary topologies for 
oscillators, but also solved the ability to 
optimize such circuits for phase noise, 
power consumption, and other relevant 
parameters. After explaining the general 
concept, examples before and after opti¬ 
mization will be shown. 

9:30 — Cryogenic Colpitts Oscillators 
for High Sensitivity Detection of NMR 
Neil S. Sullivan, University of Florida 
The author reports on the use of a Col¬ 

pitts oscillator operating in the 50-100 
MHz range at 1-4K as a device for highly 
sensitive detection of nuclear magnetic 
resonance (NMR) absorption. The circuit 
used a GaAs HEMT transistor as the 
active element and was successfully 
operated in high magnetic fields up to 
4T. The oscillator could be operated at 
ultralow power dissipation, permitting 
ultrasensitive low noise detection for 
samples at low temperatures. 

10:30 — Development and Advance¬ 
ments in SC-Cut Crystals 
Jim Griffith, Piezo Crystal Company 
This discussion concerning the techni¬ 

cal aspects of SC-Cut precision crystals 
includes SSB phase noise, short term 
stability (Allan Variance), vibrational 

sensitivity, thermal hystersis, long-term 
aging, and advancements in miniaturiza¬ 
tion of SC-Cut crystal technology. 

Receiving Systems 
Chairman: H. Clark Bell, 

HF Plus 

8:30 — Efficient Satellite Receivers 
Using TCH Codes 
Francisco Cercas, Instituto Superior 
Técnico (IST) 
This paper describes an efficient 

satellite receiver using a new type of 
code specially designed for this pur¬ 
pose. The code properties, using low 
rate coding, give the system all the 
advantages of spread spectrum systems 
with a low degree of complexity and low 
cost, which makes it suitable for use in 
VSAT systems or any other kind of 
mobile communications where a low 
BER must be achieved in the presence 
of very weak signals. 

9:30 — Wide Dynamic Range HF 
Receiver Amplifier Uses SST FETs 
A. I. Cogan, K. Sooknanan, MicroWave 
Technology 
E. Ressler, NAWC 
L.B. Max, Consultant 
The design, development, construc¬ 

tion, operation and performance of a 
high dynamic range compact HF amplifi¬ 
er that uses SST FETs to achieve supe¬ 
rior linear performance levels is 
described. The straightforward design 
presented is an alternative to the use of 
complex feedforward or feedback cir¬ 
cuits which yield larger, less efficient 
and more expensive amplifiers. 

10:30 — CW Rejection in ESM 
Receivers 
Sherman Vincent, Raytheon 
This paper presents an automatic CW 

rejection capability which uses a tunable 
filter, a detector log video amplifier, and 
a microprocessor-based controller. 
Rejection lever greater than 50 dB and 
set-on times of 10 to 35 msec can be 
achieved. 

Wednesday, November 16, 1994 
1:30-4:30 p.m. 

Wireless Applications 
Chairman: Ulrich Rohde, 

Compact Software 

1:30 — Automatic Vehicle Identification 
Claude A. Sharpe, Texas Instruments 
This paper describes an Automatic 

Vehicle Identification (AVI) system 
under production at Texas Instruments 
which is compliant with the Title 21 CAL-
TRAN specifications, and describes the 
circuitry incorporated to deal with multi¬ 
path, lane discrimination, toll tag sleep 
and wakeup modes, and a summary of 
the information obtained from two years 
of field testing. 

2:30 — Wide Area RF Data Systems 
Donald J. Marsh, II Morrow 
This paper reviews alternative tech¬ 

nologies for wide-area RF data trans¬ 
mission with focus on RF systems, 
demonstrates a case history of an OPS 
application, and discusses the future of 
wireless applications, including packet 
data services and personal communica¬ 
tion systems. 

3:30 — Millimetre Wave Systems and 
Propagation 
Dr. Ian Dilworth, University of Essex 
This paper presents preliminary mea¬ 

sured data on millimeter wave aspects 
such as foliage attenuation and building 
scatter. The measurements are made 
using co and cross polarized antenna, 
and results and method will also be 
described. Propagation characteristics 
at millimetre wavelengths (38 GHz) are 
generally not available in the open litera¬ 
ture, yet this information is crucial to 
successful systems implementation. 

Computer-Aided Design 
Chairman: Sherman Vincent, 

Raytheon 

1:30 — The “Thin Wire” Program for 
Moment-Method Antenna Analysis 
R. P. Haviland, MiniLab Instruments 
This paper describes the capability 

and limitations of the “Thin Wire” anten¬ 
na analysis program developed by Rich¬ 
mond at Ohio State for NASA. It shows 
the basic assumptions of the program, 
and its structure. A supplementary pro-
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gram to prepare data input is described, 
and a sample problem, with problem 
parameters, data input, and results out¬ 
put is included. 

2:30 — Equivalent Circuit Modeling of 
Silicon Bipolar Junction Transistors for 
Nonlinear CAD 
Ricardo Borges, M/A-COM 
A new parameter extraction and opti¬ 

mization strategy for accurate BJT mod¬ 
eling is presented that emphasizes the 
bias-dependent base resistance and 
high frequency parameters. Model verifi¬ 
cation is done via comparison of the lin¬ 
earized model to measure scattering 
parameters, power compression, and 
load-pull measurements. The use of 
two-dimensional process and device 
numerical simulations to estimate diffi-
cult-to-measure parameters is also illus¬ 
trated. 

3:30 — Linear Phase Filter Synthesis: 
CAD for Extra Precision Implementation 
Alberto Milano, Shlomo Barash, Itzhak 
Refaeli, ELT A 
Linear phase filter tuning is the most 

consistent difficulty with these filters, 
and for this reason a CAD synthesis 
enables an accurate definition of the 
mechanical dimensions. CAD is able to 
design both comb line and interdigitate 
linear phase filters, but so far only the 
interdigitate filters have been construct¬ 
ed and tested. The tuning has been 
easy and effective, and the experimental 
results are in excellent agreement with 
the theory. 

Circuit Design Topics 
Chairman: Sigmund W. Mosko, 

Martin Marietta 

1:30 — An Analysis and Implementation 
of Square Root Raised Cosine Filters for 
use with PSK Modulated Data Signals 
Bruce H. Williams, Roy E. Greet, 
UNISYS Government Systems Group 
This paper discusses the method of 

using square root raised filters to 
approach a Nyquist minimum bandwidth 
filter in satellite communication systems. 
Pulse shaping filters, such as the square 
root raised cosine, improve bandwidth 
efficiency without degrading a system’s 
power efficiency. A practical implemen¬ 
tation of these filters will also be dis¬ 
cussed. 

2:30 — Low Noise Design of a SP8858 
Digital PLL Synthesizer 
Philip Knights, GEC Plessey Semicon¬ 
ductors 

This paper explains both the detailed 
noise analysis of a digital PLL synthesiz¬ 
er and the design of a suitable loop fil¬ 
ter. The main design focus is on mini¬ 
mizing the phase noise power in the 
spectrum of the output signal given the 
often conflicting requirements of high 
resolution, fast settling time, and low-
level spurious sidebands. Models have 
been developed that provide the sys-
tem/RF engineer with a quick and reli¬ 
able method of assessing and optimiz¬ 
ing the performance of a digital PLL syn¬ 
thesizer. 

3:30 — PLL Model Validation 
Mike Black, Texas Instruments 
This paper describes several unique 

methods of PLL loop bandwidth mea¬ 
surement. Using these measurements, 
a more accurate model can be devel¬ 
oped. This allows for better statistical 
optimization and better time and fre¬ 
quency domain simulation. 

Perry Bates, Technitrol Cyclonetics 
This paper describes the process of 

determining the noise signature of com¬ 
ponents, and presents the techniques 
to apply that information for design. 
Covered are: signal dynamics, source 
noise, active and passive circuit blocks, 
interconnecting blocks and results. 

9:30 — 900 MHz Monolithic Low Noise 
Amplifier and Mixer 
S.-G. Lee, R.D. Schultz, T.D. Brogan, 
Harris Semiconductor 
A 900 MHz LNA/Mixer IC is present¬ 

ed, featuring silicon dielectrically isolat¬ 
ed spiral inductor, gain control resistor, 
LO cross-coupling, and temperature-sta¬ 
ble low noise bias. DC-based production 
RF screening methods are also dis¬ 
cussed. 
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Digital RF Memory 
Chairman: Dr. Y.S.N. Murthy, 
Defence Electronics Research 

Lab 

8:30-11:30 — Application of Digital RF 
Memory Systems 
Dr. Y.S.N. Murthy, Defence Electronics 
Research Lab. 
This presentation outlines the design 

features and software needed for real¬ 
ization of Digital RF Memory systems 
(DRFM) for applications including gener¬ 
ation of arbitrary waveforms and low 
probability intercept radar waveforms, 
local oscillator for frequency agile radar, 
stable local oscillator for MTI and mov¬ 
ing target radar systems, programmable 
RF emission simulators for evaluation of 
ESM receivers, estimation of EMI/EMC, 
and training of radar/EW operators. The 
paper also outlines other universal appli¬ 
cations of DRFM systems. 

Low Noise Techniques 
Chairman: Joseph Hill, 

Hill Engineering 

8:30 — Ultra Low Noise Signature Char¬ 
acterization for Better Systems Design 

Spread Spectrum 
Chairman: Donald J. Marsh, II 

Morrow 

8:30 — A Novel Synchronization 
Scheme for Spread Spectrum Radio 
Communications 
A.Z. Tirkel, G.A. Rankin, Coded Com¬ 
munications Corp. 
L.C. Jenkins, Les Jenkins Assoc. 
C.E Osborne, Monash University 
This paper introduces a novel syn¬ 

chronization scheme using minimum 
hardware and PC based software for 
spread spectrum Radio communica¬ 
tions, which has been successfully 
implemented in a 900 MHz direct 
sequence spread spectrum voice radio, 
operating in an adverse environment. 

9:30 — GPS C/A Code Coarse Acquisi¬ 
tion Receiver Structure: Design, Simula¬ 
tion and Analysis 
J.S. Seybold, G.V. Fountain, The Ana¬ 
lytic Sciences Corporation 
M.A. Belkerdid, University of Central 
Florida 
This paper describes a coarse acqui¬ 

sition receiver structure suitable for use 
in acquiring the Global Positioning Sys¬ 
tem Coarse Acquisition code, its simula¬ 
tion model, and an in-depth analysis of 
the coarse acquisition receiver opera¬ 
tion. The required analysis for determin¬ 
ing the optimal detection threshold set¬ 
ting is included, as well as additional 
analysis showing how the simulation run 
time was reduced by using a reduced 
integration time and a correspondingly 
increased input signal to noise ratio. 

73 



ZEexpo east show guide 
Blind Mate Connectors 
Gilbert announces its new float type blind 
mate connectors. The jacketed microporous 
semi-rigid .141” cable. 
Gilbert Engineering 
J-Squared Marketing, Inc. 
Booth 713, 715 
INFO/CARD #138 

DC -1 GHz Power Amp 
Amplifier Research will introduce the model 
40WD1000 broadband RF power amplifier 
that provides swept capability of DC-1 GHz 
when controlled through remote connector. It 
provides a gain of 47 dB minimum, 2 bands, 
DC-1 MHz and 1 MHz-1000 MHz selectable 
either local or remote. 
Amplifier Research 
Booth 401 and 403 
INFO/CARD #139 

Temperature Compensating 
Capacitors 
Republic Electronics will display its Surface 
Mount Multilayer Capacitors with negative 
temperature compensation (NPO through 
N5600) for the wireless industry. 
Republic Electronics 
Booth 712 
INFO/CARD #140 

Connectors 
Harting Elektronik, Inc. will have on display 
their line of connectors including the DIN 
41612 for VME and Multibus, Compliant Din, 
Flat Ribbon Cable, P1396 Telecombus, 
Industrial power, High density, Metric, SCSI, 
I/O, And Fiber optic connectors with ISO 
9001 Certification. 
Harting Elektronik, Inc. 
Booth 101 
INFO/CARD #141 

Vector Network Analyzer 
Anritsu Wiltron will exhibit the new price/per-
formance solution for manufacturing and R & 
D. The 3721 1A Vector Network Analyzer pro¬ 
vides fully reversing S parameter measure¬ 
ments from 22.5 MHz to 3 GHz. 
Anritsu Wiltron 
Booth 315 
INFO/CARD #142 

Crystal Filter 
Piezo Technology, Inc. will introduce its 70.0 
MHz fundamental crystal filter (Model 7823C) 
which features a 3 dB bandwidth of ± 43 kHz 
minimum and a stopband attenuation of 45 
dB at ± 140 kHz maximum with dimensions 
of 1.95 X 0.59 X 0.40 inch (LxWxH). 
Piezo Technology, Inc. 
Booth 214 
INFO/CARD #144 

Circuit Analysis 
HP-EEsof will display its newest release of 
Libra and Touchstone for Windows. The new 
releases offer enhanced features for nonlin-
ear/linear circuit design on PCs running 
under windows. 
HP-EEsof 
Booth 508, 510, 512 
INFO/CARD #146 

2.7 GHz Communications 
Modules 
The Motorola Logic Integrated Circuits Divi¬ 
sion is introducing a set of integrated synthe¬ 
sizer and specialized satellite receiver 
devices for phase-locked loop communica¬ 
tions applications up to 2.7 GHz operation. 
Motorola 
Logic Integrated Circuits Div. 
Booth 601 
INFO/CARD #143 

Power Transistor 
Ericcson Components introduces its new 21 
watt 1800-2000 MHz RF Power Transistor for 
cellular radio. Part TTB 20071 is part of a 
rugged lineup of products from Ericcson, a 
world leader in telecommunications. 
Ericsson Components 
Booth 107 
INFO/CARD #150 

3 VICs 
For driver applications, CEL offers the 
UPC2762T amplifier. It delivers 3 dB band¬ 
width to 2.9 GHz - with 13 dB gain, a 6.5 dB 
NF, and an 8 dBm P1dB at 900 MHz. For 
gain, the UPC2763T delivers 20 dB at 900 
MHz, with a 5.5 dB NF and a 9.5 dBm P1dB. 
The new UPC2749T LNA delivers 16 dB 
gain, a 4 dB NF, with a low 6 mA ICC. CEL 
will also have a variety of low power down 
converters and a new transistor array. 
California Eastern Laboratories 
Booth 302 
INFO/CARD #145 

Oscillators 
Vectron Laboratories, Inc. has introduced a 
number of new products which include a 
622.08 MHz single DIP VXCO, ±20 ppm -
40/+85°C temperature stability, ± 100 ppm 
deviation, ECL output; the 622.08 MHz 
SONET CDR; Hybrid VCOs, SINE or ECL to 
350 MHz in a DIP package and ECL to 1 
GHz in a flatpack configuration. 
Vectron Laboratories, Inc. 
Booth 606 
INFO/CARD #147 

Circuit Prototype Machines 
T-Tech, Inc. will display hardware and soft¬ 
ware solutions for prototyping circuit boards 

using windows with its QC7000 system. It will 
also exhibit automatic fluid dispensing equip¬ 
ment for a wide variety of demanding applica¬ 
tions. 
T-Tech, Inc. 
Booth 701 
INFO/CARD #148 

1.5 GHz Synthesizer IC 
GEC Plessey Semiconductors, Inc. will exhib¬ 
it the SP8858 -1.5 GHz PLL single chip syn¬ 
thesizer including a dual modulus prescaler, 
programmable A, M, and R dividers, Digital 
phase detector, charge pump, and look 
detect circuits. Low phase noise floor is typi¬ 
cally -150 dBc/Hz, with high input sensitivity. 
Available in 28 pin DIL or leaded chip carrier. 
Full Mil-STD 883 screening. 
GEC Plessey Semiconductors, Inc. 
Booth 211 
INFO/CARD #149 

Trimmer Capacitors 
Sprague-Goodman Electronics, Inc. will 
exhibit the GKM series SURFTRIM® SMD 
(carrier/reel pack) ceramic dielectric trimmer 
capacitors that measure only 3.8 x 3.2 x 1.5 
mm, with capacitance ranges of 3.5-10.0 pF 
and 5.0-20.0 pF. 
Sprague-Goodman Electronics, Inc. 
Booth 102 
INFO/CARD #151 

Noise Measurement 
Techtrol Cyclonetics, Inc. will debut the new 
TCI 5502A Noise Measurement System which 
provides -195 dBc noise measurement capa¬ 
bility for AM and PM with NIST traceability. 
Techtrol Cyclonetics, Inc. 
Booth 114 
INFO/CARD #152 

l&Q Modulators 
Synergy Microwave Corporation has intro¬ 
duced a new line of I & Q modulators specifi¬ 
cally designed for cellular applications, 
including PCN. These devices are offered in 
both surface mount and plug-in and offer 
superior carrier and unwanted sideband 
rejection of 35 dB typical. Also introduced is a 
new line of coaxial resonator based, voltage 
controlled oscillators which offer a typical 
phase noise of 120 dBc/Hz at 10 kHz offset 
from the carrier. A tuning bandwidth of 20 
MHz is achieved with a tuning voltage of 1 -8 
volts DC. 
Synergy Microwave Corp. 
Booth 406 
INFO/CARD #153 

Surface Mount Devices 
RF Monolithics, Inc. will introduce a number 
of new surface mount technology (SMT) 
products at RFEE, including additions to its 
line of SMT SAW resonators, SMT SAW fil-

Find the Products You Need From These Companies at RF Expo East 
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ters for SONET clock-recovery applications, 
and a new line of SMT high-frequency digital 
clocks. 
RF Monolithics, Inc. 
Booth 612 and 614 
INFO/CARD #154 

Spread Spectrum Chipset 
The MRFIC2401, MRFIC2403 and 
MRFIC2404 GaAs RFIC chip set is the 
Motorola Communications Semiconductor 
Products Division’s latest introduction of an 
integrated solution for the wireless data mar¬ 
ket. Designed for the 2.4-2.5 GHz ISM band, 
these devices may be used in spread spec¬ 
trum wireless data systems such as frequen¬ 
cy hopping or direct sequence. 
Motorola - Communications 
Semiconductor Products Div. 
Booth 502 
INFO/CARD #155 

System 32 Software 
Eagleware is demonstrating System 32, an 
integrated family of synthesis and simulation 
software for IBM and compatible PCs. Sys¬ 
tem 32 is available form DOS, Windows and 
Windows NT. The family includes the high¬ 
speed simulator =SuperStar= Professional 
with =SCHEMAX= for schematic entry, and 
the synthesis programs =FILTER=, =OSCIL-
LATOR=, =M/FILTER=, =MATCH=, and the 
newest addition, =A/FILTER=. 
Eagleware Corporation 
Booth 703 
INFO/CARD #165 

Combline Cavity Filters 
TRILITHIC offers a full line of custom combline 
cavity filters. The filters are a low ripple, 
CHEBYSHEV design with a frequency range 
of 400 MHz-20 GHz. Two to twelve section 
may be specified with percentage bandwidths 
from 1-50%. Packaging can be as small as 1" 
X 0.50” X 0.50" in., excluding the typical SMA 
type connectors. Typical VSWR for the 50 Q 
filters is specified as 1.5:1 with 1.2:1 available. 
Power handling is up to 300 watts CW. 
TRILITHIC 
Booth 719 
INFO/CARD #170 

Power Amplifiers 
Microwave Power Devices will display sever¬ 
al new power amplifiers for cellular, PCS and 
other uses. Among these amplifiers are a 25 
W feed-forward amplifier, a 20 to 60 W class 
C amplifier, 25 W class AB amplifier, 63 W 
class A amplifier for 1.88 to 2 GHz, and sev¬ 
eral other amplifiers. 
Microwave Power Devices, Inc. 
Booth 609 
INFO/CARD #156 

Crystal Products 
Hy-Q International (USA) manufactures the 
highest quality precision crystals, clock oscil¬ 
lators, TCXOs, VCXOs and TCVCXOs; and 
monolithic crystal filters. They meet your 
exact specifications, all in the most timely 
delivery schedule possible. Our products 
withstand the test of time, in an industry 
where accuracy is so important. 
Hy-Q International (USA) 
Booth 711 
INFO/CARD #158 

Thin Film Products 
American Technical Ceramics thin film prod¬ 
ucts and services bring a new standard of 
responsiveness and quality to thin film tech¬ 
nology, offering custom metalization and pat¬ 
terned substrates for a broad range of hybrid 
circuit requirements. 
American Technical Ceramics 
Booth 616 
INFO/CARD #159 

Class AB Power Transistor 
SGS-Thomson has introduced a new 150 
watt, Class AB linear power transistor for 
800-960 MHz digital cellular base stations. 
The SD4590 is available from stock from 
Richardson Electronics, Ltd., SGS-Thom-
son's largest distributor. Features include 
minimum gain of 8 dB at 900 MHz, maximum 
intermodulation distortion -28 dBc at 150 W 
PEP, power out 150 watts PEP, common 
emitter, gold metallization, high linearity. 
Richardson Electronics, Ltd. 
Booth 407 
INFO/CARD #169 

Sealed Trim Cap 
Voltronics Corporation offers a 40 pF high 
voltage, 40 p.s.i. sealed, PTFE dielectric 
multi-turn trimmer capacitor. The patented 
design has 1000 working volts, Q over 1500 
at 100 MHz, and SRF of 500 MHz at 40 pF. 
Voltronics Corp. 
Booth 710 
INFO/CARD #160 

VCXOs 
Raltron Electronics Corp will exhibit VC-7600 
series high speed VCXOs for use over high 
speed fiber optic networks such as SONET in 
North America and SOH networks in Europe 
and Asia. The frequency range is from 40.0 
to 155.52 MHz. 
Raltron Electronics Corp. 
Booth 205 
INFO/CARD #161 

EM Simulator 
Compact Software, Inc. will display its 
Microwave Explorer Electromagnetic simula¬ 
tor version 3.0. which models both open and 

packaged environments. New antenna analy¬ 
sis capabilities accurately compute radiation 
and surface wave losses. 
Compact Software, Inc. 
Booth 402, 404 
INFO/CARD #163 

Ceramic Components for 
GPS Receivers 
A selection of bandpass filters with band¬ 
widths of 10 to 45 MHz and patch antennas 
with dielectric constants of 9.5 to 20 are avail¬ 
able at GPS frequencies utilizing ceramics for 
ruggedness, circuit miniaturization and size 
reduction. 
Trans-Tech 
Booth 505 
INFO/CARD #162 

Synthesizers and Oscillators 
TRAK offers synthesizers and other oscilla¬ 
tor-related products, specializing in multi¬ 
function assemblies. Components include 
oscillators — XCO, OCXO, TCXO, VCXO, 
VCO, DSO, DTO and phase-locked designs, 
frequency multipliers, comb generators, IF 
amplifiers, isolators and circulators. 
TRAK Microwave 
Booth 620 
INFO/CARD #164 

High Frequency 
Fundamental Crystals 
Reeves-Hoffman will introduce its high fre¬ 
quency fundamental quartz crystals at 155.52 
MHz in either a resistance weld or cold weld 
HC-45 package for oscillators and filters. 
Reeves-Hoffman 
Booth 317 
INFO/CARD #166 

75 Ohm Attenuator 
JFW Industries, Inc. will introduce a DC 3 
GHz, 75 Q fixed attenuator with values of 3-
20 dB available. The unit features type N 
connectors with a VSWR of 1.12:1 max, DC-
1.3 GHz, 1.3:3 max from 1.3 to 3.0 GHz. 
JFW Industries, Inc. 
Booth 818 
INFO/CARD #167 

Planar Devices 
RF Prime introduces its new surface mount 
Blue Cell'“ planar technology for mixers, 
power splitters, couplers, filters, and modula-
tors/demodulators at frequencies up to 5.6 
GHz. 
RF Prime 
Booth 813, 814, 815 
INFO/CARD #168 

Components, Software, Instruments, Manufacturing and Materials 
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Exhibitor Listing Booth # 

American Technical Ceramics Corp 616 
Amphenol RF/Microwave Operations 308 
Amplifier Research 401 
Anadigics, Inc. 216 
Anritsu Wiltron Sales Co. 315 
Applied Microwave and Wireless 624 
Brennan Associates 321 
California Eastern Laboratories 302 
Compac Development Corp. 707 
Compact Software, Inc. 402 
Compex Corporation 104 
Component Distributors 110 
D-Associates Inc. 116 
D.C. to Light 215 
Eagleware 703 
EDSI 224 
EF Johnson 723 
Ericcson Components 107 
Fotofabrication Corp. 209 
GEC Plessey SEmiconductors, Inc. 21 1 
Giga-tronics Inc. 702 
Harris Semiconductor 201 
Hewlett-Packard Company 608 
Hewlett-Packard Co. 508 

HY-Q International (USA) Inc. 711 
Integrated Microwave Corporation 705 
Jan Crystals 310 
JFW Industries Inc. 117 
J Squared Marketing Inc. 713 
M/A-COM 501 
Marconi Instruments 31 1 
MCLI Microwave Communications 
Laboratories 304 
Merrimac Industries, Inc. 41 1 
Micrometals Inc. 202 
Microwave Components Inc. 105 
Microwave Journal 112 
Microwave Power Devices, Inc. 607 
Microwave Product Digest 103 
Morrow Technologies 716 
Motorola Semiconductor Products 502 
National Communications 
Electronics, Inc. 213 
Pacific Coast Technologies 609 
Philips Components 301 
Piezo Technology Inc. 214 
Raltron Electronics 205 
Raytheon Company 204 
Reeves-Hoffman 317 
Republic Electronics Corp. 712 

RF Associates, Inc. 101 
RF Circuits, Inc. 119 
RF Design 509 
RF Monolithics, Inc. 612 
Richardson Electronics, Ltd. 218 
Sawtek, Inc. 222 
SGS-Thomson Microelectronics, Inc. 407 
Sokol Crystal Products, Inc. 61 1 
Solitron/Vector 721 
Sonnet Software, Inc. 706 
Sprague-Goodman Electronics, Inc. 102 
Statek Corporation 106 
Synergy Microwave Corporation 406 
Techtrol Cyclonetics 114 
Tektronix Inc. 602 
TRAK Microwave Corp. 620 
Trans-Tech Inc. 
(A subsidiary of Alpha Industries) 505 
TRILITHIC, Inc. 719 
Trilogic Sunforce 312 
T-Tech, Inc. 701 
Vanguard Electronics Company 208 
Vectron Laboratories, Inc. 606 
Voltronics Corporation 710 
Wireless Design and Development 714 
W.L. Gore & Associates 212 

Richardson Electronics 
Richardson Electronics is a leading inter¬ 

national supplier of electron tubes, power 
semiconductors, and related components. 
The company’s Solid State and Components 
Strategic Business Unit, which markets the 
SGS-Thomson product lines, focuses on 
offering design in support for OEMs, leading 
technical assistance to design engineers 
and providing RF, microwave, and power 
semiconductors and related components 
from stock. 

T-Tech 
Quick Circuit is a milling, drilling, and con¬ 

tour routing system for making prototype sin¬ 
gle or double sided circuit boards. The sys¬ 
tem removes copper by milling instead of 
chemical etching. Quick Circuit can take files 
(HPGL, Gerber and Excellon/NC drill) from 
any CAD package. The system allows for a 
minimum engraving width of .005”. Quick Cir¬ 
cuit features an adjustable feed rate for work¬ 
ing with a variety of materials. 

Reeves-Hoffman 
You may know that Reeves-Hoffman is a 

manufacturer of crystal (1 kHz to 250 MHz), 
oscillators and hermetic seal packages. 
Reeves-hoffman continues to expand its 
capabilities in a rapidly changing market. Do 
you know that we manufacture high frequen¬ 
cy fundamental crystals up to 120 MHz? Are 
you familiar with Reeves-Hoffman’s model 
322 DIP VCXO? Do you know that Reeves-
Hoffman manufactures custom packages as 
well as crystal bases and glass-to-metal seal 
hybrid packages? Stop by the Reeves-Hoff¬ 
man booth to learn more about our products 
and capabilities. See you at the show. 

Merrimac Industries 
Merrimac will be showing the latest in 

power dividers, quadrature hybrids, hybrid 
junctions, phase shifters, attenuators, direc¬ 
tional couplers extending to 65 GHz, and a 
wide variety of mixers and l/Q products which 
now extend up to 18 GHz. Of special note are 
the new Casefree devices which are miniatur¬ 
ized lumped element components designed 
for inclusion with MMIC circuits. Design engi¬ 
neers will be present to discuss how to opti¬ 
mize circuit performance. 

JFW Industries 
JFW Industries is a leader in attenuation 

and RF switching technologies. Celebrating 
15 years of providing the best customer ser¬ 
vice in the industry, JFW continues to intro¬ 
duce innovative RF components and switch¬ 
ing matrices. The JFW catalog features com¬ 
ponents from each product type. This is an 
excellent introduction to the over 7000 differ¬ 
ent products available from JFW. The pro¬ 
grammable attenuator line has over 1000 
models and continues to expand as JFW 
responds to customer requirements. For the 
whole story on RF switches and attenuators 
visit JFW Industries at booth 117. 

Hy-Q International (USA) 
Hy-Q International (USA) manufactures the 

highest quality precision crystals; clock oscil¬ 
lators, TXCOs, VXCOs and TCVCXOs, and 
monolithic crystal filters. They meet your 
exact specifications, all in the most timely 
delivery schedule possible. Our products 
withstand the test of time, in an industry 
where accuracy is so important. 

Piezo Technology 
Piezo Technology, Inc. (PTI) is a leading 

manufacturer of high performance frequency 
control products including standard and cus¬ 
tom quartz crystal oscillators-TCXOs, 
OCXOs, VCXOs and clock oscillators-mono-
lithic and discrete crystal filters, LC filters, 
precision crystal resonators, and RF sub¬ 
assemblies. Among PTI’s specialties are VHF 
crystal filters, UHF and microwave LC filters, 
SC-cut OCXOs and resonators, and high 
shock resonators, filters and oscillators. Rec¬ 
ognized as a technology leader, PTI’s 75,000 
sq. ft. facility meets the needs of the OEM 
community for volume production, quality, 
and delivery. 

Jan Crystals 
Founded in 1965, Jan Crystals is focused 

on advancing frequency control technology, 
primarily through exploring and expanding 
the capabilities of quartz crystals. Beginning 
with your application or design concept, Jan 
Crystals serves you with a full range of tech¬ 
nical services, fro consulting engineering 
through prototyping, analysis, precision man¬ 
ufacturing, and customer support. To bring 
your design concepts for reality and create 
solutions for demanding applications, see the 
Jan Crystal display at booth 310. 

American Technical Ceramics 
ATC manufactures high quality 

RF/microwave capacitors including high Q, 
low ESR porcelain MLCs, high performance 
ceramic MLCs, low cost commercial line 
SLCs and low cost standard size MLCs. 
ATC also offers special assemblies, dielec¬ 
tric substrates, non-magnetic capacitors, 
custom SLCs, and Thin Film Technology., 
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This product line is described in the new 
ATE Surface Mount and Leaded Capacitor 
brochure. 

TRAK Microwave Corp. 
TRAK offers synthesizers and other oscil¬ 

lator-related products, specializing in multi¬ 
function assemblies. Components include 
oscillators, XCO, OCXO, TCXO, VCXO, 
VCO, DSO, DTO, and phase locked 
designs; frequency multipliers, comb gener¬ 
ators, IF amplifiers, isolators, and circula¬ 
tors. RF and IF passive signal processing 
components include mixers, couplers, split¬ 
ters, hybrids, l/Q modulators and demodula¬ 
tors, phase shifters, variable attenuators, 
and matching transformers. Time related 
products include GPS clocks and Frequency 
Standards. 

Compact Software 
Compact Software, Inc provides integrated 

CAE/CAD solutions for RF, microwave and 
lightwave design. Compact’s product offering 
includes schematic capture, linear, nonlinear 
and electro-optical frequency domain simula¬ 
tion, physical layout with back-annotation, 
system simulation, time domain simulation, 
and full-wave EM simulation tools. Compact 
products are for PC/DOS, PC/Windows, Sun 
SPARCstation, DECstation, and HP 
9000/700 systems. The company offers its 
products as both integrated design suites and 
individual point-solution analysis tools. 

Sprague-Goodman 
Electronics 
Sprague-Goodman Electronics, Inc. offers 

the world’s broadest line of trimmer capacitors, 
metallized glass and surface mount inductors, 
and microwave tuning elements. Samples of 
our products are on exhibit at booth 102-see 
our newest model surface mount trimmer (only 
3.8 X 3.2 X 1.5 mm). Sprague-Goodman is the 
NOrth American distributor of Radiocer® high 
power RF ceramic capacitors (for AM broad¬ 
casting and induction heating). Plate and tubu¬ 
lar models are shown. 
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RF antennas 
Multi-Frequency Antenna Technique 
Uses Closely-Coupled Resonators 

By Gary A. Breed 
Editor 

This article describes a recently-
developed method for the design and 
construction of dipole and monopole 
antenna elements that operate on two, 
three, four or more frequencies. This 
method permits such multi-frequency 
antennas to be built without reactive 
decoupling networks or tuned stubs, 
which are commonly used to obtain 
multiple resonances at a single feed¬ 
point. The method also has the advan¬ 
tage of control over the feedpoint resis¬ 
tance and reactance at each frequency. 

It is well known that conductors in 
close proximity exhibit strong mutual 

coupling. A design technique called the 
Coupled-Resonator (C-R) principle has 
been developed [1] which uses this cou¬ 
pling to great advantage. The C-R prin¬ 
ciple defines the conditions for optimum 
coupling, creating a system with multiple 
resonant frequencies, driven at a single 
feedpoint. Such a multiple-resonant 
structure consists of a driven dipole or 
monopole at the lowest frequency of 
operation, with additional resonant con¬ 
ductors surrounding it, placed at the 
appropriate distances. 

Figure 1 demonstrates the C-R princi¬ 
ple in its simplest form, a two-frequency 
system. A half-wavelength driven dipole 
is resonant at some frequency, Fv and 
driven at the center. A typical return loss 
sweep for such a dipole is depicted in 
Figure 1(a). In Figure 1(b), an additional 
conductor, half-wavelength resonant at 
an arbitrarily-chosen higher frequency, 
F2, is placed nearby. Some degree of 
coupling will exist between this conduc¬ 
tor and the driven dipole, and the return 
loss sweep of the dipole feedpoint 
shows a “bump” at the resonant fre¬ 
quency of the second conductor. 
The main premise of the coupled-res¬ 

onator principle is that there is an opti¬ 
mum spacing distance where the cou¬ 
pling results in a matched condition at 
F2, as in Figure 1(c). The return loss 
remains good at F1 and, therefore, the 

M2 at F1

feedpoint 
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(a) 

Figure 1. Coupled-resonator behavior: (a) shows a simple dipole and its 
typical return loss sweep; (b) illustrates the effect of an additional con¬ 
ductor placed in the vicinity of the first dipole, and; (c) shows how a 
two-frequency system appears when the spacing of the second con¬ 
ductor is such that coupling is optimum. 

system is matched at both frequencies. 
The above description also applies to 

systems where the driven element is a 
monopole fed against ground, given the 
equivalence of monopole and dipole 
configurations. In this case, the feed¬ 
point impedance of a monopole will be 
one-half that of an equivalent dipole. 
This two-frequency system can be 

expanded to three, four, five or more fre¬ 
quencies by adding additional res¬ 
onators and placing them radially 
around the fed dipole or monopole, as 
shown in Figures 2 and 3. A practical 
upper limit on the number of frequencies 
this structure will support is reached 
when the complexity of multiple interac¬ 
tions obscures the desired coupling. The 
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actual number of frequencies obtainable 
depends on various factors which deter¬ 
mine the degree of coupling, such as 
harmonic resonances and small fre¬ 
quency separations. Systems up to 
seven frequencies have been success¬ 
fully modeled. 

Design Equations 
The variables involved in the design of 

antennas using the C-R principle are: 
conductor diameter, conductor spacing, 
feedpoint impedance, and the ratio of 
frequencies. These are all defined from 
the point of reference of the additional 
frequency under consideration, Fn. 
Conductor spacing follows this gener¬ 

al relationship: 

Log (d) 
- = .54 
Log (D/4) 

where d is the distance between con¬ 
ductors and D is the diameter of the 
conductors, both expressed in wave¬ 
lengths at Fn. This approximation is nor¬ 
malized for a feedpoint impedance at Fn

Figure 2. Pictorial representation 
of a three-frequency C-R dipole. 

equal to that of the dipole in free space 
(72 ohms) or a monopole over perfect 
ground (36 ohms), and for an Fn/F, ratio 
of 1.3 or greater. 
For broader applicability, the equation 

can be modified to allow for a wider 
range of impedances and lower F^F, 
ratios. Using a straight-line approxima¬ 
tion for impedance and a first-order 1/e'x 
curve-fit for frequency ratio correction, 

80 

Figure 3. Pictorial of a five-fre¬ 
quency C-R monopole element. 

the original equation then becomes: 

d -1 o[OS4Log<D/4 )] x 
1n 109 

x[1 + e4«(Fn^Ki)«ii-3)*o-i] 

where, 

Zq is the desired feedpoint impedance at 
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Figure 4. Simplified equivalent 
circuit at Fn. 

Fn, within the range of 25 to 125 ohms. 
F, is the resonant frequency of the dri¬ 
ven dipole 
Fn is the resonant frequency of the 
addional resonator 
F^F, frequency ratio is greater than 
1.1:1 
d is in the range of 0.01 to 0.00001 
wavelength 
A significant point is that the imped¬ 

ance can be independently controlled at 
each frequency, F2, F, ... Fn, by adjust¬ 
ment of the spacing. Combined with the 
reactance change in an antenna as 
length is altered, a wide range of adjust¬ 
ment can be obtained. 

There are two additional characteris¬ 
tics that can be explained by the simpli¬ 
fied equivalent circuit shown in Figure 4. 
At Fn, the feedpoint impedance is the 
combination of Zv the impedance of the 
driven dipole or monopole, and Zn, the 
coupled-resonator impedance, plus Zx, 
which is the total effect of any other res¬ 
onators in the system (predominantly 
capacitance). Compensation for Zx is 
readily achieved by simply lengthening 
the resonators to add inductance, typi¬ 
cally by 0.25 to 0.5 percent 
Another effect is an apparent anomaly 

that occurs when the ratio of F^F, is 
approximately 3, where a significant 
increase in the spacing is required. This 
is readily explained by noting that the 
driven dipole has a relatively low imped¬ 
ance at 3/2 wavelength (3/4 wavelength 
for a monopole). In this case, Zn must 
be higher than normal to achieve the 
desired parallel combination of Z1 and 
Zn, which corresponds to a greater 
spacing distance. 

Radiation Characteristics 
Antennas designed according to the 

Figure 5. Modeled radiation pat¬ 
tern at the highest frequency of a 
three-frequency C-R dipole. 

C-R principle are accurately modeled 
using method-of-moments analysis, 
including software based on either the 
Numerical Electromagnetics Code 
(NEC) or MININEC3 [2], Figure 5 shows 
the modeled free-space radiation pat¬ 
tern of a three-frequency C-R dipole, 
using the program ELNEC [3]. The mod¬ 
eled directivity (gain) is shown at the 
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26.0 ft. 

highest of the three frequencies, and is 
very close to that of a simple dipole 
(-0.5 dB greater), suggesting that radia¬ 
tion is primarily from the resonant con¬ 
ductor. The slight gain over a dipole at 
this highest frequency also suggests 
that small in-phase current is present in 
the portion of the driven dipole which 
extends beyond the active region. 
Analysis of the currents in the antenna 
model verifies these conclusions. 

Advantages and Limitations 
The principal advantage of this anten¬ 

na design is the absence of reactive 
components, such as tuned circuits or 
capacitively-loaded coaxial stubs, which 
are often used to achieve multi-frequen¬ 
cy operation. These components may 
introduce losses, or require time-con¬ 
suming tuning adjustment. The C-R 
antenna design achieves its perfor¬ 
mance by controlling the physical 
dimensions of conductor length, diame¬ 
ter and spacing. 
Another significant advantage is that 

the feedpoint impedance at each addi¬ 
tional frequency can be controlled by 

feedpoint 

Figure 6. As-built dimensions of a three-frequency C-R antenna for 10.1, 
18.1 and 24.9 MHz, using #12 AWG conductors. 

adjustment of resonator spacing and 
length. When a C-R antenna element is 
placed in an array, the mutual imped¬ 
ances can be significantly different at 
each operating frequency. The C-R prin¬ 
ciple allows each frequency’s resonator 
to be adjusted over a useful range of 
resistive and reactive impedance. 
Two limitations should be noted. First, 

the tradeoff for electrical simplicity is a 
relatively complex mechanical assem¬ 
bly. The structure must support a central 
dipole or monopole and maintain spac¬ 
ing with the additional resonators with 
insulators or other means. However, it 
should be noted that other multi-fre¬ 
quency configurations also have special 

construction requirements. The other 
limitation of the C-R method is a reduc¬ 
tion in VSWR bandwidth at F2, F3 and 
any higher frequencies of operation, 
compared to a simple dipole or mono-
pole. This shortcoming can be mitigated 
by the use of large-diameter conductors, 
or in extreme cases, additional res¬ 
onators with overlapping coverage. 
Again, other common multi-frequency 
antenna designs also exhibit reduced 
bandwidth, although some have losses 
which reduce the system Q and create 
an apparent increase in bandwidth. 

A Practical Antenna 
Various antennas were constructed to 
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Figure 7. Photo of the feedpoint region of the three-frequency C-R 
antenna for 10.1, 18.1 and 24.9 MHz. 

References 
1. Gary A. Breed, “A Method for Con¬ 
structing Multiple-Frequency Dipole or 
Monopole Antenna Elements Using 
Closely-Coupled Resonators,” patent¬ 
pending, July 1994. 
2. J.C. Logan, J.W. Rockaway, “The 
New MININEC (Version 3): A Mini-
Numerical Electromagnetics Code,” 
Naval Ocean Systems Center Technical 
Document No. 938, September 1986. 
3. ELNEC antenna analysis program, 
available from Roy Lewallen, P.O. Box 
6658, Beaverton, OR 97007. 

verify the accuracy of the computer 
models, and to assure that the concept 
was valid. The first versions of these 
antennas were designed for HF amateur 
radio bands, where they could be evalu¬ 
ated “on the air” and compared with 
other antennas of known performance. 
Since the early development of this 
antenna design was a purely personal 
endeavor, this arrangement allowed 
extensive experimentation in conjunc¬ 
tion with enjoyment of the hobby. 

Figure 6 shows the dimensions of a 
three-frequency dipole constructed from 
#12 AWG wire. The driven dipole is res¬ 
onant at 10.1 MHz, with additional res¬ 
onators for 18.1 and 24.9 MHz. Using 
equation (2), and choosing 50 ohms as 
the design impedance for F2 and F3, the 
required spacing was determined to be 
approximately 1.75 inches (4.5 cm) for 
each resonator. After modeling the 
design in ELNEC, the spacing was 
increased to 2.0 inches (5 cm), primarily 
to compensate for installation above real 
ground at a design height of 45 feet 
(13.7 m). Figure 7 is a detail photo of 

Figure 8. Return loss sweep of 
the example three-frequency 
antenna. The scales are 2 
MHz/div. horizontal (18 MHz cen¬ 
ter) and 10 dB/div. vertical. 

the feedpoint region. Figure 8 is a return 
loss sweep from 8 to 28 MHz. The ripple 
in the display is caused by small reflec¬ 
tions in the long test cables. Return loss 
is greater than 20 dB at the three design 
frequencies, exceeding 30 dB at the 
highest two frequencies (those added by 
coupled-resonators). 30 dB corresponds 
toa VSWR of 1.06:1. 
On-air performance of the three-band 

antenna proved to be indistinguishable 
from that of separate dipoles for each 
band. The radiated performance, the 
feedpoint impedance, and the variations 
in impedance with installation height 
above ground also served to confirm the 
validity of the MININEC-based ELNEC 
model. 

Applications 
Design investigations are proceeding 

into several specific applications where 
the ability to cover two or more frequen¬ 
cies in a single antenna would be useful. 
These applications include combined 
cellular/PCS bands, 915/2450/5700 
MHz ISM bands, 150/450 MHz mobile 
radio, international shortwave broad¬ 
casting, amateur radio and others. 

Summary 
This article has introduced the reader 

to the Coupled-Resonator principle, a 
method for the design and construction 
of multiple-frequency antenna elements 
which uses controlled coupling of close¬ 
ly-spaced conductors. Although other 
methods exist for multi-frequency anten¬ 
nas, this method offers a new option for 
antenna construction. Using this 
method, frequencies of operation can be 
arbitrarily chosen, the impedance at 
each frequency can be controlled to a 
significant degree, and operation is 
obtained without the use of reactive iso¬ 
lating circuits or stubs. This design 
method is patent-pending. RF 
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RF multipliers_ 

Designing Punch-Through Varactor 
Diode Frequency Multipliers 
by Paul H. Williams 
MIT Lincoln Laboratory 

Frequency multipliers are very useful 
circuits in both the RF and microwave 
region. For instance, to provide a clean, 
stable local oscillator (LO) signal at 
microwave frequencies, a frequency 
multiplier circuit will multiply the output of 
a 5-100 MHz oscillator. The same proce¬ 
dure can be used in a transmitter where 
the signal is multiplied either before or 
after the power amplifier. These tech¬ 
niques are preferred over a stand-alone 
UHF or microwave oscillator, because 
high frequency oscillators are not as 
quiet nor as stable as a frequency-multi-
plied low-frequency oscillator. 

There are two general types of fre¬ 
quency multipliers: nonlinear-resistive 

and nonlinear-reactive. Nonlinear-resis¬ 
tive multipliers include comb generators 
and step-recovery diode (SRD) multipli¬ 
ers without tuning, while nonlinear-reac¬ 
tive multipliers include abrupt-junction 
varactor diode, punch-through varactor 
diode, and transistor multipliers. Abrupt-
junction varactor diode multipliers were 
heavily investigated back in the 1950’s 
[1], Then in the 1960’s, punch-through 
varactor diode multipliers were devel¬ 
oped [2,3]. They proved easier to use 
than abrupt-junction diodes because 
their operating characteristics are inde¬ 
pendent of their input power level, they 
are self-biasing, and they are not hard to 
stabilize. Transistor multipliers were also 
developed in the 1960’s, and though 
they provide gain, their operation is 
dependent on their input power level. 

Because punch-through varactor diode 
multipliers are easy to successfully build, 
I will show how to design and build 
lumped-element doublers and tripiers. 
With an understanding of the circuit, 
these designs can also be used with dis¬ 
tributed circuits in the microwave region. 
While I will not go into a complete theo¬ 
retical analysis, several sources are 
available for more information [2,3,4], 

How They Work 
The key to how a punch-through var¬ 

actor diode multiplier works is in the 
characteristics of the diode. To make life 
easier, we will be referring to the elas¬ 
tance, S, of the diode, which is the 
inverse of the capacitance. Since the 
punch-through diode is a varactor, we 
are naturally interested in its incremental 
elastance versus charge characteristic 
(Figure 1), which is a step function. A 
punch-through diode’s incremental elas¬ 
tance versus voltage characteristic is 
also a step function. This step character¬ 
istic is the nonlinearity on which these 
multipliers are based. 
The constant elastance, or capaci¬ 

tance, in the reverse-biased direction (q 
> 0 and V > 0 for our sign convention) is 
due to the depletion region rapidly 
expanding (or punching-through) to 
encompass the whole diode. This is the 
reason for the diode’s name. Once 
punch-through happens, adding any 
more charge does not change the 
diode’s elastance. 
The infinite capacitance or zero elas-

s 

Smax 

-q q=0 +q 

Figure 1. Elastance versus charge 
characteristic of punch-through 
diodes. 

tance in the forward direction is due to 
the long minority carrier lifetime, t, of the 
diode. Typically, we want a diode with a 
T at least an order of magnitude larger 
than the fundamental period of the input 
signal. Since the charge carriers never 
have enough time to be swept away, the 
diode appears to have an infinite capaci¬ 
tance in the forward direction. 
Keep in mind that the above character¬ 

istics are for an ideal punch-through 
diode, and a real diode will deviate from 
the above characteristic. For instance, 
we assumed that the transition from the 
forward region to the reverse region 
occurs at zero charge and voltage, when 
in reality, it occurs at a small forward 
voltage. Also, the transition is not as 
sharp as shown and may take a volt or 
so to reach the diode’s minimum capaci¬ 
tance. Finally, the diode’s minimum 
capacitance will decrease slightly as the 
reverse bias is increased. 
Though a punch-through diode has a 

sharp nonlinearity that produces a lot of 
harmonic power, it will not work well as a 

Figure 2. The basic current loops of a punch-through 
varactor diode multiplier. Figure 3. Punch-through varactor diode doubler circuit. 
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Figure 4. Punch through varactor diode tripler circuit. 

multiplier unless it is placed in a properly 
designed circuit. A properly designed fre¬ 
quency multiplier will consist of two or 
three different types of current loops (Fig¬ 
ure 2): the input loop; the output loop; 
and for tripiers and higher order multipli¬ 
ers, one or more idlers. The input loop 
tunes out the average capacitance of the 
diode at the fundamental frequency and 
prevents any currents except the funda¬ 
mental current from flowing. Additionally, 
the input loop will match the source 
impedance to the diode’s nonlinearity. 
Though the nonlinearity appears resistive 
to the source, it is not a resistor because 
it is not linear. Like the input loop, the out¬ 
put loop tunes out the average capaci¬ 
tance of the diode at the output frequency 
and prevents currents besides the output 
current from flowing. Also, the output loop 
will match the load impedance to the 
diode’s nonlinearity. For tripiers and high¬ 
er order multipliers, there are also idlers 
at one or more intermediate harmonics. 
The idlers’ purpose is to tune out the 
average elastance at a particular interme¬ 
diate frequency so as to maximize the 
current flowing at that frequency. Idlers 
are required for odd-order multipliers but 
not even-order multipliers. However, 
even-order multipliers are more efficient 
with idlers than without. 
For a complete analysis of punch-

through varactor diode multiplier opera¬ 
tion, see references [4], [2], and [3]. 
Be aware that no semiconductor man¬ 

ufacturers advertise punch-through 
diodes. However, they are the same as 
SRDs that are available from several 
manufacturers. 

The Doubler 
The doubler is a simple circuit with just 

one shunt punch-through diode. In order 

to divide the circuit into an input and an 
output loop, we put two traps into it. The 
input trap is tuned to the output frequen¬ 
cy and the output trap is tuned to the 
input frequency. The input trap elements 
are chosen so that the input trap tunes 
out the average capacitance of the diode 
at the input frequency. However, the out¬ 
put trap can not tune out the average 
capacitance of the diode at the output 
frequency because the output trap is 
capacitive at the output frequency. Con¬ 
sequently, an output tuning inductor is 
needed. No matching networks are 
needed since the equivalent input and 
output resistances are equal. 
The pertinent design equations for the 

doubler are shown in Appendix A. 
Please note that these equations are 
valid only if the fundamental radian fre¬ 
quency, ®0, is far below the diode’s radi¬ 
an cutoff frequency, ®c, or 

®0«®c (1) 

where 

Here, Rs is the series resistance of the 
diode, and Cmin is the reverse-biased 
capacitance of the diode at the break¬ 
down voltage. 

If (1) holds true, we can calculate from 
(3) the required minimum capacitance 
for a diode in a system with a character¬ 
istic impedance of Zo operating at a fun¬ 
damental input frequency of f0. Since we 
have forced the input and output resis¬ 
tances of the doubler to equal our sys¬ 
tem impedance, we do not need any 
matching networks. 
From (4), we can calculate the mini-
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mum reverse breakdown voltage, Vmax , 
needed to handle the desired input 
power, Pin . For efficient operation, the 
input power should be high enough to 
require a breakdown voltage of at least 5 
V; otherwise, the diode operates more 
like an abrupt-junction varactor diode, 
and the equations are not valid. 
The bias resistor is calculated from (5) 

where t is the minority carrier lifetime of 
the diode [5]. This is only an approximate 
expression, so the actual value of Rbjas 
should be determined experimentally. As 
mentioned before, t must be much 
longer than the period of the fundamen¬ 
tal frequency. 
The input trap components, C2 and L2, 

are calculated from (6), and the output 
trap components, C1 and Lv are calcu¬ 
lated from (7). Additionally, we can cal¬ 
culate the output tuning inductor’s value, 
Lout , from (7). 

In order to fully optimize a design, I 
suggest you use one variable compo¬ 
nent in each trap and a variable resistor 
in the bias network. After building the cir¬ 
cuit, first tune the input traps using a low 
level signal (= -10 dBm). Once they are 
nulled properly, connect an input signal 
(at the designed power level) to the dou¬ 
bler. Adjust the bias resistor and then the 
traps for the best efficiency, while keep¬ 
ing the doubler stable. Fortunately, dou¬ 
blers are fairly easy to properly tune. 
As an example of a doubler, I built a 

2.64 GHz doubler that I designed for an 
input power of 10 dBm in a 50 Í2 system 
(Figure 5). The picture of the doubler also 
includes a separate amplifier circuit pre¬ 
ceding the doubler. I used a M/A-COM 
MA44621A-C diode with a Cmin = 0.25 pF 
and a Vmax = 20 V. Because of the high 
frequency involved, I implemented the 
traps using microstrip transmission lines. 
Though the input trap could have been 
designed with the proper transmission 
line impedances to resonate with the 
average elastance of the diode, I instead 
chose to just use impedances that were 
realizable in microstrip. This required an 
extra matching network at the input. The 
circuit has an input return loss of -13 dB 
and an efficiency of 32% at an input fre¬ 
quency of 2.64 GHz. I suspect much of 

the loss is due to the microstrip lines both 
in the circuit and in the test fixture used to 
test the packaged circuit. 

The Tripier 
The tripler is a more complex circuit 

compared to the doubler (Figure 4). 
Unlike the doubler, there is an idler loop 
in addition to the input and output loops. 
Though I could have used one shunt 
diode as I did in the doubler, I would 
have needed second harmonic traps in 
both the input and output loops. Instead, 
I chose to use a push-pull arrangement 
of two matched diodes that inherently 
minimizes all even-order outputs. The 
two diodes in series together with their 
respective idler inductors form the sec¬ 
ond harmonic idler loop. Both the input 
and output loops consist of the parallel 
combination of the diodes and their 
respective idler inductors. In addition, 
both the input and output loops have 
traps like the doubler; however, unlike 
the doubler, both traps also tune out the 
combined reactance of the diodes and 
their idler inductors. Because the tripler 
tends to be unstable, I have included 
bridge-tee circuits in both the input and 
output circuits to provide known out-of-
band resistive terminations for the 
diodes. Another difference from the dou¬ 
bler is that the input and output imped¬ 
ances of the tripler are different, so I 
added matching circuits in both the input 
and output circuits. Finally, there is a 
bias resistor for each diode. 
The pertinent design equations for the 

doubler are shown in Appendix B. As 
with the doubler, these equations are 
valid only if the fundamental frequency, 
œ0, is far below the diode’s cutoff fre¬ 
quency, <oc, as mentioned in (1). 
Provided that (1) holds true, we can 

calculate the tripiers input and output 
resistances, Rin and Rout , from the 
required characteristic impedance of the 
system, Zq, from (8). Using Rin , we can 
calculate the minimum reverse-biased 
capacitance, Cmi_, of both diodes, along 
with their idler inductances, l_2, in (9). 
From (10), we can calculate the mini¬ 

mum reverse breakdown voltage, Vmax , 
needed to handle the desired input 
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0^=0.03377-1- (3) 
^o'o 

Vmax =1-591 (4) 
V 'O^min 

Rbias= 7rL- (5) 
'-'min 

Ci - — Cmin L, - Loul - — Lt (7) 
3 œ0 G, 3 

Appendix A. Doubler circuit 
design equations 

power, (P in ). As in the doubler, the input 
power should be high enough to require 
a breakdown voltage of greater than 
approximately 5 V; otherwise, the diode 
operates more like an abrupt-junction 
varactor diode, and the equations are 
not valid. 
The bias resistor, Raias’ is calculated 

from the same equation used for the 
doubler and is redisplayed in (10) where 
t is the minority carrier lifetime of the 
diode[5]. This is only an approximate 
expression, so the actual value of Rbias 
should be determined experimentally. As 
mentioned previously, t must be much 
longer than the period of the fundamen¬ 
tal frequency. 
Before designing the bridge-tee cir¬ 

cuits, the loaded Q for each side must be 
determined. Generally, the higher the 
loaded Q, the more stable the multiplier, 
and the lower the loaded Q, the more 
realizable the components. The exact 
loaded Q depends on the quality of the 
inductors and capacitors that you can 
make or buy. Once the loaded Q is 
determined, the bridge-tee component 
values can be calculated from (1 1)-(14). 
Continuing on with the rest of the cir¬ 

cuit, the input trap is calculated from 
(15), the output trap from (16), the input 
matching circuit from (17), and the output 
matching circuit from (1 8)[6]. 

For the tripler, I suggest you use vari¬ 
able components for as many of the 
components as possible. The equations 
will get you close to, but not exactly on, 
the optimum values. After building the 
circuit, tune the traps for maximum atten¬ 
uation and the bridge-tees for minimum 
loss at their respective frequencies using 
a low level signal (= -10 dBm). Once 
they are tuned properly, connect an input 
signal at the designed power level to the 
tripler and adjust the idlers and bias 
resistors for the best efficiency, while 
keeping the tripler stable and the even¬ 
order harmonics at a minimum. Occa¬ 
sionally, you may also need to readjust 
the traps and then return to adjust the 
idlers and bias resistors again. 
As an example of a tripler, I built a 50 

MHz tripler that was designed for an 
input power of 1 watt in a 50 Q system 
(Figure 6). I used two Alpha Industries 
DVB6145-19 diodes with a Cmin = 8.8 
pF, Vb = 75 V, Rjn = 75 Q, and Rout = 27 
Q. The circuit has an input return loss of 
22 dB and an efficiency of 53%. 

Conclusion 
With the push towards higher operat¬ 

ing frequencies and higher performance 
systems comes the need for very stable 
and quiet high-frequency LOs. This usu¬ 
ally requires some sort of frequency mul¬ 
tiplication. I have shown one such fre¬ 
quency multiplying circuit, the punch-
through varactor diode multiplier, that 
offers the advantages of robustness and 
stability. Included are detailed design 
equations and examples of circuits 
already built and operating. 
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RF modeling_ 

CAE Modeling of a Broadband 
Magnetic Field Sensor 
By Greg B. Gajda, Art Thansandote, and Dave W. Lecuyer 
Radiation Protection Bureau, Health Canada 

In this paper, we present the use of a 
linear circuit simulator (SuperStar by 
Eagleware Corp.) to model a broadband 
electronic magnetic field sensor. The 
modeling is carried out in order to assist 
in the design of the sensor for the mea¬ 
surement of transient pulsed magnetic 
fields. The sensor consists of a ferrite-
loaded solenoidal coil followed by a 
toroidal current transformer and a low 
input impedance differential amplifier. 
The impedance characteristics of the 
sensor's individual components were 
measured using a network analyzer (HP 
8751A). From these measurements, a 
lumped-element circuit model was made 
for each component. After modeling the 
individual components, the complete 
sensor circuit was simulated. The 
results from the simulation were com¬ 
pared with the measurements of the 
complete magnetic field sensor. A close 
agreement was found between the sim¬ 
ulated and measured results, indicating 
the usefulness of the modeling proce¬ 
dure. The sensor has a sensitivity of 
about 10 mlV/uT and an operating fre¬ 
quency range from 30 Hz to 2 MHz. 

Broadband magnetic field sensors are 
used to measure continuous wave 

magnetic fields in a broad range of fre¬ 
quencies. They are also essential for 
measuring pulsed or transient magnetic 
fields generated by natural phenomena 
such as lightning, by man-made actions 
such as switching high-power industrial 
devices, and by domestic electrical appli¬ 
ances. The measurement of these fields 
is important in characterization of sources 
of electromagnetic interference with elec¬ 
tronic systems [1], in studies of natural 
phenomena [2], and in the investigation 
of possible harmful interactions of fields 
with living systems [3,4]. A number of 
magnetic field sensors have been devel¬ 
oped with output voltage either propor¬ 
tional to the field [5], or to the time deriva¬ 
tive of the field [2,6]. The latter sensors 
are passive devices that require an inte¬ 
grator to make the output proportional to 
the field. These sensors are commercial¬ 
ly available. However, they cause phase 

distortion and are insensitive at low fre¬ 
quencies. Thus, the information obtained 
may not be sufficient to describe the 
characteristics of the measured field at 
these frequencies. Recently developed 
sensors of the first type [7,8] have been 
designed to remedy this problem and are 
suitable for measurement of magnetic 
fields at frequencies below 50 Hz. In this 
paper, we discuss the use of a linear cir¬ 
cuit simulator to model a broadband 
magnetic field sensor originally described 
in reference [8], The modeling is carried 
out to assist in the redesign for improve¬ 
ment of the sensor. 

Basic Principles 
A schematic diagram of the broadband 

magnetic field sensor is shown in Figure 
1. The sensor utilizes a field sensing coil 
coupled through a toroidal current trans¬ 
former to two identical current followers 
(amplifiers). The sensing coil is a multi¬ 
turn solenoidal coil wound on a ferrite 
rod. Both ends of the coil are joined to 
form the primary winding of the current 
transformer. The secondary of the cur¬ 
rent transformer is also a multi-turn coil, 
but has a center-tap ground. The output 
terminals of both current amplifiers are 
connected to a differential amplifier. In 
addition to the field sensing coil, an addi¬ 
tional coil (not shown) is wound on the 
same ferrite rod to enable test signals to 
be injected into the sensor. When the 
sensor is used for measuring fields, the 
test coil is left open-circuited. 

In the presence of a magnetic field, 
voltage is induced on the terminals of the 
sensing coil. The current, produced in 
the primary winding by the induced volt¬ 
age, is coupled to the electronic circuitry 
through the transformer, and then ampli¬ 
fied. The output voltage of the differential 
amplifier is proportional to the magnetic 
field or flux density. The low roll-off fre¬ 
quency demarcating the beginning of the 
operating response is given by: 

flow = R/(2äL) (1) 

where L represents the total inductance 
and R is the total resistance. The total 

Figure 1. Schematic of a broad¬ 
band magnetic field sensor. 

inductance consists of the sensing-coil 
inductance and the current-transformer 
inductance transformed to the terminals 
of the sensing coil. The sensing-coil 
inductance depends on the number of 
turns, the length and the cross-sectional 
area of the sensing coil, the gap 
between successive turns, and the rela¬ 
tive permeability of the ferrite rod. The 
current transformer inductance depends 
on the number of turns of the secondary 
winding, as well as the type of the mate¬ 
rial and the dimensions of the core. The 
current transformer serves two purpos¬ 
es: impedance transformation, which is 
related to the number of turns, and the 
attenuation of the common-mode elec¬ 
tric-field interference. To obtain a low 
fiow , it is important to maintain a high 
total inductance. 
The total resistance consists of the 

wire resistance and the load resistance 
transformed to the sensing coil. To 
obtain a low f|OW , it is necessary to keep 
a small wire resistance and a low load 
resistance. This implies that a thick wire 
should be used to make the sensing 
coil. Also, the amplifier should have a 
very small input impedance in addition 
to the requirements for the appropriate 
transimpedance (Vout/I in ) and a wide¬ 
band characteristic. A high transimped¬ 
ance is required for measurements 
associated with the studies of electro¬ 
magnetic interference, while a low tran¬ 
simpedance is usually preferred in the 
measurements for health risk assess¬ 
ment. For the sensing coil, the high fre¬ 
quency limit for measurement of pulsed 
and transient fields tends to be related 
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Figure 2. Magnetic field sensor equivalent circuit. Figure 3. S parameters of the test and sensing coils. 

to the transit time on the structure [6], 
i.e. the electrical length of the solenoidal 
coil. With this constraint, the high fre¬ 
quency limit may be chosen for the 
design as: 

fhigh < c/(2nrN) (2) 

where c is the speed of light, r is the 
radius of the solenoidal coil and N is the 
number of turns. If the sensing coil is 
electrically small at the highest frequen¬ 
cy of interest, fhigh may be limited by the 
performance degradation of the ferrite 
material and the bandwidth of the ampli¬ 
fiers. The transfer function (sensitivity) 
of the sensing coil is a function of its 
electrical length and load impedance. To 
obtain high sensitivity, a large sensing 
coil and a high-load impedance are 
required. However, the high-load imped¬ 
ance will cause an increase in f|OW . Also, 
the sensing coil cannot be too large, 
otherwise it will disturb the measured 
magnetic field [6] and be more sensitive 
to the unwanted electric field [5]. There¬ 
fore, the desired characteristics need to 
be optimized. High sensitivity is usually 
a requirement for characterizing sources 
of electromagnetic interference, while 
low sensitivity is preferred in human 
exposure assessment of health risks. 

Modeling Procedure 
The major components which form the 

magnetic field sensor were modeled sep¬ 
arately. The two-port network characteris¬ 
tics of each component were measured 
and a lumped-element equivalent circuit 
was derived to represent the change in 
behavior with frequency. The values of 
the elements in the equivalent circuit or 
model were arrived at by using an opti¬ 
mization procedure. The measurements, 
in the form of scattering parameters, 
were made using an HP 8751 A network 
analyzer. The linear circuit simulator used 
in this procedure was SuperStar by 
Eagleware Corporation. The circuit simu¬ 

lator possesses two optimization algo¬ 
rithms; one a pattern search and the 
other a gradient optimizer. Each is manu¬ 
ally or automatically selectable by the 
software. The error function consists of a 
summation of error terms raised to a 
power p (p is either 2 or 6 depending on 
the minimization algorithm) and averaged 
(weighted if desired) over all the frequen¬ 
cies of interest. The error terms in this 
work consisted of the difference between 
the measured and modeled S parameter 
magnitudes and phases. The optimizer 
adjusts the circuit-element values until an 
error function minimum is reached. 

Test and Sensing Coil Modeling 
The test and sensing coils form a 1:1 

ratio transformer. They are wound on a 
ferrite rod approximately 8.3 mm in diam¬ 
eter and 91 mm long with 211/2 turns of 
AWG 24 (test coil) and AWG 9 (sensing 
coil) copper wire. The equivalent circuit of 
this component forms part of the com¬ 
plete equivalent circuit of the sensor 
shown in Figure 2. The important ele¬ 
ments in the equivalent circuit are the self¬ 
inductances of the two coils Ltc and Lsc , 
and the ohmic resistance R^ of the sens¬ 
ing coil. The elements Ctcsc represent the 
parasitic inter-winding capacitances and 
the elements s2 represent the leakage 
flux. Originally, two resistances shunting 
the self-inductances and representing 
core losses were included in the model; 
however, they were found to have a negli¬ 
gible effect on the response and were 
omitted. Because of the extremely small 
ohmic resistances, Rtc and R^, the mod¬ 
eling procedure is not sensitive enough to 
determine their values. They were, there¬ 
fore, computed from tables of DC resis¬ 
tance per unit length. The DC resistances 
were 0.051 Q for the test coil and 0.0002 
ß for the sensing coil. Figure 3 shows the 
measured and modeled S parameters of 
the test and sensing coils over the fre¬ 
quency range 1 kHz to 10 MHz. The 
results of the modeling compare favorably 

to the measured S parameters, as seen in 
the figure. 

Current Transformer Modeling 
The current transformer, shown in Fig¬ 

ure 1, consists of a ferrite toroid (16.1 
mm O.D. X 9.7 mm I.D. x 6.3 mm wide) 
with a half-turn of AWG 9 on the primary 
and 16 turns of AWG 24 on each side of 
the center-tapped secondary. Being an 
unbalanced-to-balanced transformer, 
the two outputs on the secondary are 
180 degrees out of phase with respect 
to each other. 
To model a center-tapped, unbal¬ 

anced-to-balanced transformer, two 
coupled inductor elements (denoted as 
MUI in the Superstar library) must be 
connected as in the model shown in Fig¬ 
ure 2. The two primaries are in parallel 
while the secondaries are in series, with 
the mid-point being the ground connec¬ 
tion or center-tap. This connection will 
ensure that any signal at the primary will 
be coupled out-of-phase at each of the 
secondaries. 
An additional MUI element, Lct3 , is 

connected across the secondaries as 
shown in Figure 2. This element reflects 
the fact that flux generated by exciting 
one side of the secondary links the turns 
making up the other side of the sec¬ 
ondary. Since equal numbers of turns 
are involved, the two secondaries are 
coupled by a 1:1 ratio inverting trans¬ 
former as indicated in the model. 
Several parasitic elements were omit¬ 

ted from the model because of their 
negligible effect on the network parame¬ 
ters. The ohmic resistance of the prima¬ 
ry is omitted since it is absorbed into the 
model for the sensing coil. Also, 
because of the relatively small induc¬ 
tance of the primary (only a half turn), 
the leakage inductance can be omitted. 
Leakage inductance was also omitted 
on the secondary side in order to simpli¬ 
fy the model. Finally, the ohmic resis¬ 
tance of the secondary was estimated 
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Figure 4. Measured and modeled S parameters of the current transformer. 

from the DC resistance per unit length of 
AWG 24 wire. 
For measurements, BNC connectors 

were installed on the primary side and 
on each of the secondaries to ground. 
Since the component is a three-port net¬ 
work, nine scattering parameters are 
necessary to define the network. How¬ 
ever, because of symmetry and reci¬ 
procity, the number of parameters can 
be reduced significantly. With the prima¬ 
ry defined as port 1 and the two secon¬ 
daries as ports 2 and 3, it was found 

that the parameters S22 (or S33), S21 (or 
S3i) and S32 were adequate to account 
for the secondary impedance, primary-
to-secondary coupling and secondary-
to-secondary coupling, respectively. 
(For each of these measurements, the 
unused port is terminated in 50 Q, by 
definition of the scattering parameters.) 
The remaining parameter S^, neces¬ 

sary to define the impedance of the pri¬ 
mary, appeared essentially as a short 
circuit up to 10 MHz. This is due to the 
small turns ratio from primary to sec¬ 

ondary, transforming the 50 Q termina¬ 
tions on the secondaries to extremely 
small resistances across the primary. To 
overcome this, the two secondaries 
were open-circuited and a measurement 
was made of the input reflection coeffi¬ 
cient, rp, of the primary. The measured 
data indicates a parallel R-L-C reso¬ 
nance at the high end of the frequency 
range (Figure 4), which is useful in 
determining the values for the primary 
side elements and, to some extent, the 
transformed secondary impedances. In 
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the circuit simulator, the simultaneous 
fitting of the model to the four measured 
parameters required three networks; 
one each for rp and S32 and one for S22 
and S21 . This is because Superstar only 
allows two-port networks to be simulat¬ 
ed. Since each network had common 
elements, the optimizer adjusted them 
identically until the best fit to the corre¬ 
sponding measured data was found. 

From Figure 4 it can be seen that the fit 
of the model to the measured data is very 
good for S22 , S21 and S32 , but not as 
good for the primary reflection coefficient 
rp when the secondaries are open-circuit¬ 
ed (Figure 4c). This may be due to the 
very small value of primary impedance in 
relation to the secondary. (The primary is 
essentially a short piece of AWG 9 wire 
passing through the center of the toroid.) 
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Figure 5. Simulated and mea¬ 
sured frequency responses (S21 ) 
of the complete magnetic field 
sensor. 

Magnetic Field Sensor Simulation 
The complete magnetic field sensor 

was simulated using the models derived 
for the test and sensing coils and cur¬ 
rent transformer, as well as models for 
the operational amplifiers supplied with 
the circuit simulator. The results, shown 
in Figure 5, are compared to a measure¬ 
ment of the actual sensor over the fre¬ 
quency range 20 Hz to 2.0 MHz. The 
sensor was fabricated using the test and 
sensing coils and the current trans¬ 
former described above, along with a 
small printed circuit board to mount the 
electronic components. The operational 
amplifiers were OP-27 op amps manu¬ 
factured by Burr-Brown Inc. All the com¬ 
ponents were housed in a 10 cm x 6.5 
cm X 3 cm plastic enclosure and were 
powered by two 12 V rechargeable lead-
acid batteries. 
The correspondence between the sim¬ 

ulated and measured responses is close 
in terms of the low-frequency roll-off and 
the mid-band gain. The agreement at 
the high end of the band is not as good, 
with the measured response extending 
beyond the simulated response and 
possessing a small hump. By adding 
parasitic capacitances to the op amps in 
the model, both from the inverting termi¬ 
nal to ground and across the feedback 
path, the raised “hump” can be repro¬ 
duced in the simulation. This would indi¬ 
cate that a more detailed model of the 
op amp may be required at high fre¬ 
quencies, and circuit board parasitics 
should be taken into account. 

Conclusions 
All major components of a broadband 

electronic magnetic field sensor were 
separately measured for their network 
characteristics using a network analyz-
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er, and subsequently modeled using 
lumped element circuits. The simulation 
of the whole sensor circuit was then 
carried out. The simulated response 
was found to be in close agreement 
with the measured results obtained from 
the test of the whole sensor. This indi¬ 
cates that the modeling procedure is 
useful in the design of the sensor for 
desired characteristics. With this proce¬ 

dure, the sensor was improved from the 
previous one [8] so as to be suitable for 
measurement of high-intensity transient 
and pulsed magnetic fields. The 
improved sensor provides a flat fre¬ 
quency response from 30 Hz to 2 MHz 
(3 dB roll-off frequencies), has a sensi¬ 
tivity of about 10 mV/iiT and can be 
used to measure fields up to approxi¬ 
mately 200 uT. RF 

Superior durability 
at great prices! 
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KF synthesizers_ 

Spurious Audio Modulation of VCOs 
Through RF Coupling 

By William F. Egan and Roger A. Lucas 
ESL Incorporated, a TRW Company 

A challenge in designing frequency 
synthesizers is safeguarding spectral 
purity from various corrupting signals, 
some of which can be very hard to track 
down. Awareness of the possible signal 
sources and the processes by which 
they affect the synthesized output is a 
valuable asset to the synthesizer 
designer. This article describes the 
generation of sidebands that were dou¬ 
bly mysterious because both their 
source and the process by which they 
affected the spectral purity were 
obscure. 

We observed an instance in which 
the VCO in a synthesizer had 

sidebands that represented modulation 
at audio frequencies (e.g., 1 kHz) but 
which were induced by an external RF 
signal (e.g., 1 GHz). The result was one 
or more pair of FM sidebands offset 
from the central spectral line of the 
VCO by the audio frequencies. 
The source of the modulation was not 

obvious. The sideband amplitude was 
reduced by increased isolation at the 
RF port. Yet, providing that port with a 
high-pass filter, that would greatly atten¬ 
uate audio frequencies but not RF fre¬ 
quencies, did not reduce the sidebands. 
The conclusion is that the audio inter¬ 
ference was entering the VCO through 
the output port but at an RF frequency. 
There was no apparent source for the 

audio signal. Yet, by comparing the 
strength of the audio signal on the 
VCO’s tuning line to the amplitude of 
the modulation sidebands on its output, 
we could tell that the interference was 
entering the loop between these two 
measurement points, in the VCO. The 
sidebands appeared on several differ¬ 
ent VCOs but only when certain 
devices, an amplifier or a frequency 
prescaler, were being driven. Yet the 
sidebands were not observable at the 
output of these devices when they were 
driven by a signal generator, rather than 
by the VCO. 

Our Explanation 
• The sources of unknown modulating 

signals are oscillations in GaAs circuits. 
When we replaced our original GaAs 
amplifier with a silicon amplifier, the 
sidebands we had been observing dis¬ 
appeared, but we then noticed weaker 
sidebands. Their amplitude and frequen¬ 
cy changed with the temperature of the 
GaAs + 2 prescaler that followed the 
amplifier (which was physically isolated 
from the prescaler). Low frequency 
oscillations in GaAs devices have been 
reported previously [1,2,3]. One paper 
states: “A subtle but deadly problem too 
often overlooked by foundries is the low-
frequency (1 Hz-10 kHz) substrate oscil¬ 
lation phenomenon.” [4] 

• High-pass circuits do not block inter¬ 
ference because the VCO output is 
modulated externally and then reflected 
into the VCO. This is apparent from our 
inability to decouple the VCO from the 
modulation source with a filter that 
strongly attenuates the audio frequency 
but passes the RF frequency. While we 
have not studied the process by which 
the RF signal is modulated, it is easy to 
conceive of small amounts of phase 
modulation being induced by an audio 
voltage at some terminal of an amplifier 
or frequency divider. For example, an 
audio voltage could cause the switching 
threshold in a divider to vary, and thus 
to vary the time at which the divider 
switches state. Some of the modulated 
signal can then be sent back into the 
VCO, even through an amplifier having 
finite reverse isolation. It should be 
apparent that there are potential modu¬ 
lation eources other than the GaAs 
oscillations that we have implicated 
here; logic signals or the phase-detec¬ 
tor output at the loop reference frequen¬ 
cy, for example. 
The sidebands are not observable 

without the VCO because the VCO 
amplifies them. We have experimental 
evidence and a theoretical basis to sup¬ 
port this and we will present both below. 

Figure 1. Spurious sidebands, 
spectral displays of power vs. 
frequency 

They show that the sidebands (Fig. la) 
are amplified by the same process that 
increases noise close to the center of 
an oscillator’s spectrum and, as with the 
noise, the amplification is inversely pro¬ 
portional to the offset of the sideband 
from spectral center. Thus a weak mod¬ 
ulation can be masked (in a given band¬ 
width) by the noise sidebands of a sig¬ 
nal generator whose oscillator is well 
isolated from the external device (Fig. 
1b). However, if that sideband is cou¬ 
pled back into an oscillator it will be 
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amplified and rise with the oscillator’s 
noise sidebands, and may appear 
above them (Fig. 1c). 

Theoretical Basis 
Leeson has shown [5] that the noise 

spectrum of an oscillator with center fre¬ 
quency <oosc and a given loaded Q can 
be described, at a given modulation fre¬ 
quency ®m , by the phase deviation 
5<Pout’ which is given by [6]: 

5<Pout = ̂ in 
roosc 

2Q<ûm
(D 
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where 8<p¡n is the equivalent phase 
deviation due to noise in some small 
bandwidth. The process on which this 
equation is based is one in which <oosc 
deviates in order to produce a phase 
shift in the resonator to compensate for 
the phase shift introduced by the noise. 
This is needed to maintain 360° phase 
around the loop, as required for oscilla¬ 
tion. The phase deviation S<pout that cor¬ 
responds to this frequency deviation 
may be larger than the original §<pin , as 
we can see from the equation above. 
Phase modulation at œm causes side¬ 
bands at (oosc ± (om . If Sep « 1 radian, 
the sidebands will have a level, relative 
to the carrier, given by [20 dBc logSep 
Z3 dB], where Sep is rms phase devia¬ 
tion in radians. If an injected modulation 
sideband arrives at the low-power node 
in the oscillator at a level higher than 
the effective open-loop phase noise 
there, the oscillator loop will amplify it 
by the same factor by which it amplifies 
the noise. As a result, the sidebands 
will remain above the noise. However, if 
the oscillator is better isolated, such 
that the injected sidebands are buried in 
the noise (as in the case of a signal 
generator, for example), the sidebands 
will not appear above the noise. 

Experimental Results 
A VCO was locked in a loop with a 

bandwidth that is narrow enough that 
the loop does not affect the experimen¬ 
tal results. A signal generator was offset 
slightly from the VCO frequency and 
injected through a coupler into the out¬ 
put of the VCO (Fig. 2). This single 
sideband is equivalent to a pair of 
phase modulation sidebands 6 dB 
weaker (plus a pair of AM sidebands of 
the same magnitude) [6]. Fig. 3 indi¬ 
cates the ratio by which the resulting 
sidebands on the VCO exceeded the 
injected signal. 
As in the noise theory, amplification of 

the injected level is inversely propor¬ 

tional to œm The oscillator’s noise densi¬ 
ty appears to meet white thermal noise 
at an offset of about 225 kHz so we 
would expect the amplification factor, 
given by the equation, to be 0 dB close 
to that offset [at 160 kHz when we con¬ 
sider that the phase noise is 3 dB below 
the thermal noise, so the projection of 
the oscillator noise slope (all phase 
noise) has a gain of 3 dB at the appar¬ 
ent intersection with the noise floor. The 
gain is 6 dB at 160 kHz (= 225 kHz/<2). 
The discrete FM sidebands are -6 dB 
relative to the injected single sideband 
so they should have 0 dB apparent gain 
at an actual gain of 6 dB. If there were 
no loss, that would occur at 160 kHz.] 
While the curve shows less than 0 dB at 
that frequency, this includes loss from 
the VCO output to the input to the 
active device. Thus, it is not unlikely 
that the gain from the low-signal point in 
the oscillator does go to unity near 225 
kHz. 
We also ran experiments using a 

phase modulated carrier. The equivalent 
gain (the gain from a single sideband 6 
dB higher than each of the FM side¬ 
bands) from one of these data points is 
also shown. In many cases the gain lim¬ 
ited out because the phase deviation of 
the VCO became equal to that of the 
injected signal—the relative sideband 
level on the output was never greater 
than that on the injected signal. The gain 
relative to the injected sideband is appar¬ 
ently identical to that obtained by inject¬ 
ing an offset signal, as long as the inject¬ 
ed modulated signal is weak enough. 
We believe the first test, wherein a 

single signal is injected, is more similar 
to the case where an amplifier, or other 
device following the VCO, places modu¬ 
lation on the VCO’s signal and reflects 
some of it back to the VCO. Injecting a 
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BIPOLAR AMPLIFIERS FROM .01 to 2 GHz 
»RICE, PERFORMANCE AND DELIVERY GUARANTEED 

ITEQ’s connectorized AM and AU Series Bipolar Amplifiers offer 
• Superior noise figures 
• Quick delivery, from stock to 2 weeks 
• Low prices 
• Various standard options 

- Connector options: SMA, BNC, Type N 
- Integrated limiters 
- Input bias tee for fiber optic photodetectors 

Operating Gain Noise Figure Output 1-9 
Frequency Model Gain Flatness Input/Output Fl Fm Fh Power Piece 
(MHz) Number (dB, Min.) (±dB, Max.) VSWR (dB, Max.) (dBm. Min.) Price* 

.01-500 AU-1310 30 0.5 2.0:1 1.3 1.4 1.5 8 $325 

.01-500 AU-1332 45 0.5 2.0:1 1.3 1.4 1.5 10 $350 
.01-1000 AM-1300 25 0.75 2.0:1 1.4 1.6 1.8 6 $375 
1-100 AU-2A-0110 30 0.5 2.0:1 1.2 1.2 1.3 3 $275 
1-100 AU-3A-O11O 50 0.5 2.0:1 1.2 1.2 1.3 10 $300 
1-500 AU-1A-O15O 14 0.5 2.0:1 2.7 2.8 2.9 10 $200 
1-500 AU-2A-O15O 30 0.5 2.0:1 1.3 1.4 1.5 8 $275 
1-500 AU-3A-0150 45 0.5 2.0:1 1.3 1.4 1.5 10 $300 
1-500 AU-4A-0150 60 0.5 2.0:1 1.3 1.4 1.5 10 $325 
1-1000 AM-2A-000110 25 0.75 2.0:1 1.4 1.8 1.8 8 $300 
1-1000 AM-3A-000110 35 0.75 2.0:1 1.4 1.6 1.8 9 $350 
20-200 AU-1158 30 0.5 2.0:1 2.7 2.7 2.7 17 $275 
50-90 AU-1001 14 0.25 1.3:1 5.0 5.0 5.0 18 $200 
50-90 AU-2A-1158 30 0.25 1.3:1 2.7 2.7 2.7 20 $275 
50-90 AU-3A-1263 43 0.25 1.3:1 1.5 1.5 1.5 20 $325 
50-350 AU-1210 18 0.5 2.0:1 2.6 2.7 2.8 10 $200 
100-1000 AM-1331 35 0.75 2.0:1 1.4 1.6 1.8 15 $400 
100-2000 AMMIC-1348 14 1 2.2:1 5.0 4.3 4.6 14 $395 
100-2000 AMMIC-1318 6 1 2.2:1 4.5 4.0 4.0 12 $350 
500-1000 AMMIC-1141 10 0.5 1.5:1 6.0 6.0 6.0 10 $200 
500-1000 AM-2A-O51O 24 0.5 2.0:1 1.4 1.5 1.6 0 $300 
500-1000 AM-3A-0510 37 0.5 2.0:1 1.4 1.5 1.6 9 $350 
500-1500 AM-3A-O515 30 0.5 2.0:1 1.5 1.8 2.2 4 $375 
500-2000 AM-2A-O52O 19 0.75 2.0:1 1.4 1.9 2.4 -4 $350 
500-2000 AM-3A-O52O 30 0.75 2.0:1 1.4 1.9 2.4 5 $400 
500-2000 AM-4A-0520 40 1 2.0:1 1.4 1.9 2.4 5 $450 
1000-2000 AM-2A-1020 19 0.5 2.0:1 1.8 2.1 2.4 4 $325 
1000-2000 AM-3A-1020 30 0.5 2.0:1 1.8 2.1 2.4 10 $375 
1000-2000 AM-4A-1020 40 0.75 2.0:1 1.8 2.1 2.4 10 $400 j 
Domestic Prices 

A full listing of all bipolar amplifiers and options is available 
in our detailed catalog. For a copy, or additional 
technical information, please call Bill Pope at 

(516) 436-7400 extension 282. 

100 Davids Drive • Hauppauge, NY 11788 • TEL. (518) 436-7400 
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modulated signal whose carrier is at the 
same frequency as the VCO frequency 
adds an independent signal, the inject¬ 
ed carrier, which is not present in the 
case of a reflection. A reflected carrier 
will follow the frequency and phase of 
the VCO and is not independent. 

Relationship to Injection Locking 
Mysterious synthesizer sidebands are 

sometimes explained by the phenome¬ 
non of injection locking [6,7]. When the 
injected signal (possibly some harmonic 
of a logic signal) does not produce lock¬ 
ing, it can cause sidebands [8] that grow 
larger as their offset from the oscillator 
frequency is reduced. These phenome¬ 
na, injection locking, and what has been 
described here may be related. RF 
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ffF product forum_ 
PC Based Instruments Gaining Ground 

This month’s product forum highlights 
PC based instruments. Several manu¬ 
facturers offer their opinions on today’s 
marketplace and trends in the industry. 

National Instruments 
We can attribute the slow acceptance 

of VXI-based RF instrumentation to a 
fundamental difference between VXI 
and GPIB-based instruments. VXI 
defines a small, modular format, a fast 

DKD Instruments offers several PC 
based spectrum analyzers. Our newest 
instrument, the SA2600, has a bandwidth 
of 2.4 GHz. the SA2600 is self contained 
and fits into a PC drive bay. Communica¬ 
tion and control is via the standard paral¬ 
lel interface. This design avoids the pitfall 
of PC based RF instruments, PC bus and 
power supply noise. It is very difficult to 
get enough isolation from computer gen¬ 
erated noise using the standard 
ISA/EISA form factor/interface. 
We believe that the future for PC 

based RF instruments lies with instru¬ 
ments that use external bus standards 
such as SCSI, PCMCIA and parallel 
interface, not the ISA/EISA interface. 
This approach also allows more portabil¬ 
ity of design and cost to different hard¬ 
ware, i.e. MAC, VME, VXI, etc. 

traditional expansion bus on portable 
PCs. Small instruments that are PCM¬ 
CIA compatible will find adoption in field 
service and remote testing applications. 
Keithley MetraByte, through its DacPac 
high performance portable data acquisi¬ 
tion solution for notebook PCs, serves 
these markets today. PCMCIA data 
acquisition and instruments products are 
planned and under development. 

PC Instruments 
One of the trends in PC-based instru¬ 

mentation is the “free ride” that the PC¬ 
based instrument companies are getting 
from the computer and communication 
industries. Driven by the consumer and 
business markets, these industries are 

National Instruments’ VXI plug 
and play integrator. 

32-bit wide data bus, and special timing 
and synchronization capability right on 
the backplane. Although VXI offers 
many advantages over GPIB controlled 
systems, VXI instruments do not have 
front panels. GPIB instruments are 
bulkier than VXI but users can manually 
control them using the front panel inter-
face-programming a GPIB instrument 
into a test system becomes a secondary 
task. In order to use a VXI instrument 
right out of the box, users must write a 
program to control it. However, with the 
formation of the VXI plug and play sys¬ 
tems alliance, using VXI RF instrumen¬ 
tation has become much easier. VXI 
plug and play standards mandate that 
executable soft front panels be delivered 
with the instrument. This means that a 
software program to control the instru¬ 
ment is available to the end user from 
day one. 

DKD Instruments 
The PC instrument market has a lot to 

offer in terms of price and performance. 
PC based scopes, ADC/DAC cards, 
FFT analyzers etc. are all available from 
various manufacturers. But, RF instru¬ 
ments are rare or simply non-existent. 

Keithley MetraByte 
We see the market growing on the 

order of 10% a year. Key applications 
are production/quality test, environmen¬ 
tal monitoring, prototype development/ 
verification, primary R&D, and remote 
data collection. 

PC Instruments’ oscilliscope. 
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Keithley MetraByte’s DacPac. 

Next generation PC based instru¬ 
ments should evolve into higher per¬ 
forming feature competitive instruments. 
In addition to cost, PC based instru¬ 
ments should enjoy a broader packag¬ 
ing advantage as applications move 
away from traditional 19” rack installa¬ 
tions. 
The main business thrust is the adop¬ 

tion rate of notebook PCs. This opens 
up new applications for portable and 
transportable test instrumentation. Par¬ 
alleling this is the PCMCIA credit card 
sized interface which has replaced the 

developing technologies such as the 
PCI bus, the Pentium, Direct Digital 
Synthesis, and low-power, high-frequen¬ 
cy components. 

Unlike their VXI and “rack-and-stack” 
competitors, PC instrument companies 
can concentrate their R&D efforts on 
designing the instrumentation electron¬ 
ics, and not the ancillary technologies. 
The result of this concentration of efforts 
has been a rapid increase in the instru¬ 
mentation performance of PC-based 
products. Examples of these high per¬ 
formance PC-based products include: 5 
1/2 Digit DMMs, scopes with bandwidths 
of 300 MHz and equivalent sampling 
rates of 200 Gigasamples/second, tran¬ 
sient recorders with real-time sampling 
rates of 1 Gigasample/second, and 1.6 
GHz spectrum analyzers. 
The combination of measurement per¬ 

formance and the advantages of the PC 
environment provides significant advan-
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VNA Amplifiers +17.5dBm, 0.5to2.5GHz On^2?(W qty.) 
Very New Amplifiers.. .at a very affordable dc 

price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very T1
small, yet incredibly powerful (+17.5dBm typ. output at 1dB o_ X o Out

compression). The SOIC-8 pin surface mount units operate 3 \X 6 
directly from a +3V to +5V single DC supply with 18dB typ. 2 1 ?
gain and cover the popular 0.50-2.50GHz wireless band. ’ ' '] ' 
These units are very easy to use because all capacitors are ~ 
internal and RF/DC connections are separate, eliminating the 
need for both external coupling capacitors and an RF choke. You can buy these very 
new amplifiers for the low price of just $2.95 ea., qty. 1000. Development qty. 10, only 
$4.95ea.l So, call Mini-Circuits today for immediate off-the-shelf availability and 
guaranteed 1 week shipment. 

Mini-Circuits.. .we’re redefining what VALUE is all about! 

Freq.(GHz) 

Gain (dB) typ. 
Max. Output (dBm) 
@1 dB Comp. typ. 
I P 3rd Order 
(dBm) typ. 

VSWR Output typ. 
VSWR Input typ. 

.5-.8 .8-1.0 

14.0 17.0 

+18.0 +18.5 

+27 +27 

1.5:1 1.7:1 
6.4:1 2.8:1 

1.0-2.0 2.0-2.5 

18.0 16.0 

+17.5 +17.0 

+27 +27 
1.7:1 1.5:1 
2.0:1 1.4:1 

DC Power. : +5.0 V for specified performance. 
Current,(mA): 85typ., 105 max. 
Thermal Resistance. Junction-to-case: 125°C/W 
Price ($) ea. : 2.95 (qty. 1000), 4.95 (qty. 10). 

•All specs at 25°C (case temp. 35°). 
•Available in Tape and Reel. 
•Ml IF at 150°C max. junction temp. : 3x107hrs.typ. 
"Case" is defined as mounting surface of leads. 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. 
INFO/CARD 66 
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Turn your 
shielded room 
into a reverb 
chamber 

at frequencies from 
30 to 1000 MHz. 

Our Cavitenna' cavity-exciter uses 
the wall or ceiling as its ground¬ 
plane, and delivers field strengths 
you usually associate with anten¬ 
nas bigger than your room. 

This 4-foot-wide top-loaded 
monopole, with typical gain over 
5 dB, is especially welcome in the 
“difficult” mid frequencies 
between 30 and 150 MHz, where 
other fractional-wavelength anten¬ 
nas don’t measure up. Accepting 
input power as high as 3500 watts, 
the Cavitenna cranks out well over 
700 volts per meter at 100 MHz, 
and even more at 200 MHz. 

Magnetic mounting clamps 
make installation and relocation in 
the shielded room fast and easy. 
Easy, too, is the price. 
You should talk volts/meter and 

rf power with someone who knows 
your language and most often 
knows your problems. That’s one 
of our applications engineers, 
who’ll pick up the phone when you 
call, toll-free, 1-800-933-8181. 

tages to the test engineer in constructing 
and using an instrumentation system. 

Keithley Instruments 
We see the market for PC-based 

instruments growing significantly. The 
key applications we see developing are 
in the areas of field sercice and field 
measurements. We have found that the 
portability of PC-based instruments and 
their abiolity to get the data right into a 
computer for analysis and further pro¬ 
cessing are the major features driving 
the growth, as opposed to more tradi¬ 
tional test systems inside the facility 
which can't readily go into the field. 

Keithley instruments is participating 
primarily through our MetraByte division, 
which produces a line of PC-based 
instruments. But Keithley Instruments is 
also participating by spending quite a bit 
of time integrating our instruments, and 
developing software tools to connect our 
standard bench-top instruments into PC¬ 
based systems. 

Technology Service Corporation 
Ray Durand, product manager, feels 

that the PC provides a cost effective 
platform for developing specialized test 
equipment such as the RES-2000. TSC 
was able to capitalize on the substantial 
R&D investments made by hardware 
manufacturers and software developers 
in the development of its product. Ray 
expects that continued improvements in 
PC performance will allow PC based 

FILTERS 

High 
Performance 

Filters 

a  j nmPLiFien 
REsenncH 

160 School House Road 
Souderton, PA 18964-9990 USA 
215-723-8181 • Fax 215-723-5688 

For engineering assistance and 

service throughout Europe, call 

EMV GmbH • Munich • 89-612-8054 

EMV Ltd. • London • 908-566-556 

EMV S.A.R.L. • Paris • 1-64-61-63-29 

1670 

Low 
Cost 

Solutions 
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Please see us at RF Expo East '94. Booth# 401 

instrumentation to favorably compete 
with high end and high priced systems. 
The RES-2000 benefits from commer¬ 

cially available hardware and software 
which significantly reduced development 
time and expense. The virtual instru¬ 
ment control panel is provided by 
National Instrument’s LabVIEW for Win¬ 
dows, which uses the PC’s display 
screen and mouse to provide the opera¬ 
tor interface and system control. 
TSC is a radar systems company 

which is involved in the very specialized 
field of radar testing and evaluation. Dri¬ 
ven by a price sensitive market, TSC 
launched an internally funded program 
to develop a low-cost PC-based Radar 
Environment Simulator (RES) and 
recently announced their RES-2000 
product line. RF 

For more information on PC based 
instruments, circle the Info/Card num¬ 
ber next to the company of interest: 

DKD Instruments 241 
Keithley Instruments 242 
Keithley MetraByte 243 
Morrow Technologies Corp. 244 
National Instruments Corp. 245 
Novatech Instruments 246 
PC Instruments 247 
Penstar 248 
Signatec 249 
Technology Service Corp. 250 

KR Electronics designs and manufactures all types of LC 
Filters for the OEM market. Linear phase anti-aliasing, 
phased matched bandpass and group delay equalized 
video filters with sin(x)/x correction are a few of our 
specialties. 

KR Model 2124 lowpass filter balances cost, size, and 
performance. Ideally suited for many video applications. 

□ Passband Ripple <0.15 dB to 5.5 MHz 
□ Group Delay Ripple <20 nsec to 5.0 MHz 
□ Stopband >40 dB by 8 MHz 
□ DIP Package 0.60" x 0.87" x 0.30" 

Choose one of our standard filters or let us design one to 
your specifications. Call or fax for a fast response. 

Quality Filters for Over 20 Years 

KR Electronics, Inc. 
91 Avenel Street, Avenel, NJ 07001 

Phone: (908) 636-1900 • Fax: (908) 636-1982 

INFO/CARD 68 
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Building The 
Best Solutions 

In Rotary 
Attenuators 

OUI Pu i 

U p 

» a 

JFW Industries, Inc. 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 

Tel. 317.887.1340 
Fax 317.881.6790 
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Please see us at RF Expo East '94, Booth# 117 

JFW Industries... Providing full support in design and performance. 

Building The 
Best Solutions 

In Fixed 
Attenuators 

JFW Industries, Inc. 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 

Tel. 317.887.1340 
Fax 317.881.6790 

Please see us at RF Expo East '94, Booth# 117 

JFW Industries... Providing full support in design and performance. 
INFO/CARD 80 



RF Product Showcase 
CRYSTAL OSCILLATORS 
AND THICK FILM HYBRID CUSTOMIZATION 

The PC-100 in a setup mode to test 
any quartz device in 20 individually 
temperature-controlled cavities. 
Accurately measure crystals at 5 x 
10" per day with data retrieval. 

ISO-9000 ? 
Maybe ideal for the Manufac¬ 
turer's facility, but how about a 
quality standard for the end 
product. CC1/USA now has the 
PC- 100 Quartz Crystal Stability 

Test Instrument for your Crystal Devices Quality Standard 
benchmark. 

M I L L I R E h 
TECHNOLOGIES, INC 

• FREQUENCY RANGE 1Hz TO 1GHz. 

• ECU XO. VCXO. ECU PECU MECU ECL m PS. 10K. 100K 
DIFFERENTIAL OUTS FOR SONET. LAN. ATM. DDS. AND OTHER 
DATA RECOVERY APPLICATIONS. 

• HIGHER UMIT (HIGH FREQUENCY CLOCK OSCILLATORS) 
CMOS. HCMOS. TTU SINEWAVE TYPE OUTPUTS. UP TO 230MHz 
(VARY WITH OUTPUT LOGIC) 

• TCXO S. VCXOS. TCVCXO S ALL LOGIC OUTPUTS INCLUDING 
SINEWAVE IN DIP (.8" X .5" X .4”) AND (1" X 1" X .5") PACKAGES. 

• CLIPPED SINEWAVE TCXO. VCXO. TCVCXO FOR CELLULAR 
RADIO COMMUNICATION. 

• CUSTOMIZATION TO YOUR REQUIREMENTS. 

«HYBRIDS 
IB NTTRNAUONAL LTD 

«1 N LMOENWOOO DRIVE / OLATHE. KANSAS 66062 
PHONE (913)764-6400 • F AX (»1 3) 764-6409 

BENEFITS OF THE PC-100 TEST SET 
For The Crystal Manufacturer 
• With the PC- 100. the engineering and sales group can now have 

accurate data on the short term jitter and long term frequency 
drift concerning all of our final crystal products. 

For The Crystal End-User 
• With the PC- 100 we can now reject crystal products that do not 

meet our frequency jitter and long term drift requirements before 
we commiy them to the assembly process. This will lower our 
work in-process costs and will increase our manufacturing turn¬ 
around time. 

CCI/USA has a turnkey package available. 
Please call/fax anytime at 800-481-1046 

Cutting Edge Products by 
CrvstalComplete Interface USA, Inc. 
P.O. Box 07442 Ft. Myers, FL 33919 
(813) 481-1046 FAX 433 4140 

CCI USA 
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TCXO’s IN “NO TIME’’ 

Hy-Q 's' D Series” TCXO 

Frequency: 8 MHz. to 30 MHz. 

Available Outputs: Clipped Sinewave; TTL; HCMOS 

Supply Voltage: 5 vdc 
Stability: ±0.5ppm 0“to50’C 

±2.0ppm -40’C to +85’C 
‘other stability options available 

Various voltage control options available 

Dimensions: Length 0.8' 

Width 0.8" 
Height 0.4’ 

Typical Delivery: Stock to 6 weeks ARO 

Hy-Q International (MSA), Inc. 
1438 Cox Avenue • Erlanger, Kentucky 41018 

Phone: 606-283-5000 • Fax: 606-283-0883 
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New 3 Volt 900 - 19(H) MHz NEC Amplifier ICs 
RF Design Product Showcase 

2.00 X 2.00 X 1.52" 
51 X 51 X 39 mm 

Need a driver for your portable wireless receiver? 

For bandwidth, choose the UPC2762T. At 900 MHz it features (typ): 

• 13 dB Gain • 8 dBm P,dB

• 6.5 dB NF • 3 dB bandwidth to 2.9 GHz 

For gain, choose the UPC2763T. At 900 MHz it features (typ): 

• 20 dB Gain • 9.5 dBm P,dB

•5.5 dB NF 

Both operate at 3 Volts, typically draw only 27 mA, and are available 

in bulk or on tape and reel. For more information, contact CEL at 
408-988-5183. 

CEL California Eastern Laboratories 

RF Design is pleased to announce the 
availability of the Product Showcase sec¬ 
tion. Your ad in this new monthly advertis¬ 
ing section will allow you to: 

❖ Introduce New Products 

❖ Boost Awareness of Existing Lines 

❖ Reach Prime Prospects - more than 

40,000 readers who are design and 

R & D engineers, engineering man¬ 

agers and corporate staff in the mili¬ 

tary, aerospace, communications and 

electronics industries 
❖ Achieve Four Color Impact in this highly 

visible cost-effective section 
❖ Get our Reader Reply Service Free 

INFO/CARD 171 

co 
.ï 
i— 
CD 
CO 
o 
CO 
CM 

Model Number 260-0503 260-0502 260-050 

Frequency 5 MHz 10 MHz 5 MH 
Stability (-30/70oC) 2x10 ’ 2x10’° 2x10 ’ 
Aging (per day) 5x10 10 3x10 10 5x10 ' 
Phase Noise 
1 Hz -85 dBc -95 dBc -110 dB 
100 Hz -140 dBc -145 dBc -150 dB 
10 kHz -150 dBc -160 dBc -160 dB 

Two New Pasture Road, Newburyport. MA. 01950, USA 
Tel (508)465-6064 Fax (508)465-6637 

INFO/CARD 87 

RF POWER AMPLIFIERS 

1 MHz-2GHz 1W-1KW 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 

RF POWER AMPLIFIERS 

651 Via Alondra, #712 
Camarillo, CA 90312 US; 

TEL: (805) 388-8454 
FAX: (805) 389-5393 
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3 Volt RF/1F Down Converters for GPS from NEC 

The UPC2756T L-Band Downconverter features: 

• Onboard oscillator 

• 100 to 2000 MHz RF frequency response 

• 0 to 300 MHz IF frequency response 

• 14 dB conversion gain (Typical) @ 900-1600 MHz. 

The UPC2753GR combines RF input amplifier, Gilbert cell mixer, 

LO input buffer, IF amplifier with AGC, external filter port, and IF 

output limiting amplifier: 

• DC to 400 MHz RF frequency response 

• DC to 20 MHz IF frequency response 
• 19 dB AGC typical 

• 79 dB conversion gain typical 

Both operate at 3 VDC and together draw only 6 to 7 mA. For more 
information, contact CEL at 408-988-5183. 

CEL California Eastern Laboratories 
INFO/CARD 172 



Trilithic ... Today's Icon in RF and Microwave Components 
louble click on our attenuator group to select units with 
equency ranges as high as 18 GHz. Types offered include 
*ogrammable step, rotary step, bench top, pushbutton, 
lechanically switched, or fixed. 

W 50 or 75 OHM impedance 
> Fixed values from 1 to 60 dB 
9 Power ratings from 0.5 to 500 Watts 
W Dynamic ranges to 127 dB 
9 Step sizes as low as 0. 1 dB 

ull down our switch menu for a diverse assortment of 
lectromechanical RF switches and switching/control 
tbsystems. Ideal for RF, video switching and data routing 
aplications. 
9 50 or 75 OHM impedance 
9 Frequency range of DC to 1 GHz 
9 Typical isolation is 70 dB 
9 Voltages of 5, 12, and 24 VDC 
9 Options of TTL control or latching relays 

eturn to the filter group and there will be an unsurpassed 
election of surface mount L/C (first introduced by Trilithic), 
avity, tubular, tunable and high power filters. 
9 Highpass, lowpass, bandpass and bandstop 
9 Power ratings to 2 Kilowatts 
V For high reliability, military and wireless 

Find help in our passive component group with a useful 
mixture of detectors, matching pads, high and low power 
terminations, feedthrough terminations, calibrated 
mismatches and DC blocks for many production and 
lab tests. 

V Terminations to 1000 Watts 
V 50, 75, 93 and 600 OHM matching pads 
• 1.0:1 through 5.0:1 calibrated mismatches 
• 50 and 75 OHM RF detectors 
V Many items available from stock 

Call 1-800-344-2412 
for our new 93 page 
catalog and a free 
copy of TRICAT, a 
DOS-based filter 
catalog on a disk for 
your PC. 

TRICAT version 2.1 
is now available on 
a 3 1/2” diskette! 

TRI-CATv 

communications 
< High volume production capability 
< Connectorized, PC, or surface mount 

9202 E. 33rd Street 
Indianapolis, Indiana 46236 

INFO/CARD70 (317)895-3600 (800)344-2412 FAX (317) 895-3613 
Please see us at RF Expo East '94, Booth# 71 9 



RF marketplace 
Classified display ads are available at $115 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 1-800-443-4969, ask for Jon Tuck. Or fax your ad copy for a 
rate quote to (404) 618-0342. 

RECRUITMENT 
' Nationwide opportunities in the 
CELLULAR/WIRELESS industry. 

Debra Sola-Furnari 
TELE-TECH SEARCH 
4773 Split Rail Place 

W. Melbourne, FL 32904 
.(407) 951-4200 FAX (407) 951-0808 

INFO/CARD 92 

MANAGEMENT 
RECRUITERS' 
OF BOULDER, INC. 
The search and recruiting specialists 

H. WINIFRED BRADFIELD 
RF / MICROWAVE SPECIALIST 

CONTINENTAL BLDG., SUITE 301 
1401 WALNUT STREET, P.O. BOX 4657 

BOULDER, COLORADO 80306 
(303) 447-9900 

FAX(303) 447-9536 
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Let it work 
for you! 
RF 

Marketplace 
Contact: 
Jon Tuck 

404*618‘0217 
_ 

SUCCESS IN YOUR 

RECRUITMENT 
EFFORT STARTS HERE ... 

SINCE 1975 WE HAVE SERVED THE 
RF INDUSTRY BY PROVIDING 
THE MOST TALENTED PROFESSIONALS 
TO OUR NETWORK OF CLIENTS. 
OUR REPUTATION HAS BEEN BUILT 
OVER THE YEARS ON “COMMITMENT. 
ACCOUNTABILITY, AND CREDIBILITY". 
LET OUR SUCCESS AND EXPERIENCE 
WORK FOR YOU. 

JIM YOUNG & ASSOCIATES 
Executive Search 

CALL (817) 599-7623 
FAX (817) 599-4483 

Equipment 
for Sale 

HP4815A Z-METER PROBES: 

Full-Featured Conversion System Design 

1950 Bavaria Dr. «317 
Colorado Springs. CO 80918 

(719) 598-9592 

TxRx Designer 
Only $149.95 

Please call or write for 

information 

HP has granted Sandford 
Associates the right to repair the 
Probe. Former HP Tech/Supv, 
with Z-meter expertise, specs, 
parts, special tooling, restores & 
warrantees probes to HP/QA 
specs. Many HP 481 5A factory 
parts available. Tel/write: 

INFO/CARD 95 

Career 
Opportunities 

R.F. Engineers 

INFO/CARD 94 

REdcsign 

Sandford Associates 
110 Highview Ter., Hackettstown, NJ 07840 

(908) 852-7989 » CIS: 72540, 1345 
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National & International 
Wireless, Microwave, Etc. 

Over 20 years service in the Com¬ 

munications Industry. 

All Levels, Relocation Available 

Fees paid by employers 

Call Elaine Cohen or Steve Young 

1-800-875-2230 Fax: 714-250-8535 

Realize the Potential! 
RF Design Marketplace ♦ Let it work for you! 
Tel: (800) 443-4969 • Fax (404) 618-0342 
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Fortune Communications Group 

18552 MacArthur Blvd. Suite 345 

Irvine, California 9271 5 

INFO/CARD 97 
November 1994 



Career Opportunities 
TECHNICAL / 

COMMUNICATIONS 
• VP of Facilities Management 
and Engineering 

This position is accountable for ensuring 
the readiness and suitability of all commu¬ 
nication site facilities which includes all 
managed, leased and owned facilities. 
This position will ensure that client needs 
with regard to these facilities are anticipat¬ 
ed and /or satisfied. In addition this posi¬ 
tion oversees and directs the construction 
of new tower facilities. 

• VP of Site Acquisition -
Managed Facilities 

This position is accountable for the loca¬ 
tion of suitable facilities for AAT to man¬ 
age. We are seeking an individual with a 
strong background in contract negotiation. 
Knowledge of the telecommunications 
industry a significant plus. This position 
will require travel. 
Interested Candidates please submit 
your resume complete with salary 

history to: 

MJ. Peseau • Corporate Headquarters 
AAT Communications Corporation 

1854 Hylan Boulevard 
Staten Island, New York 10305 

or FAX to: 1-800-622-2669 
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RF Engineer 
NEC America, Inc. is a recognized leader 
in information technology and telecom¬ 
munication. Due to growth in our Mobile 
Radio Division, we are seeking an expe¬ 
rienced RF Engineer at our Dallas, Texas 
location. 

Position is responsible for the design 
and development of NEC voice/data 
subscriber equipment for cellular 
telecommunication systems and related 
equipment. 

Qualifications include BS degree in EE 
with 6+ years experience in 900 MHZ RF 
transmitter and receiver design at both 
system and circuit level. In-depth expe¬ 
rience with analog and digital modula¬ 
tion and demodulation techniques and 
circuit implementation is required. Such 
experience includes system architectur¬ 
al design, component selection, hard¬ 
ware debugging and testing. Knowledge 
of cellular concepts and technologies 
(AMPS, GSM, TDMA, CDMA, RF Propa¬ 
gation, Antennas, delay spread, channel 
equalization, A/D conversion, AGC, and 
synchronization) are desirable. 

For immediate consideration: FAX resume 
to: L. White, NECAM (214) 751-7051. 

An Equal Opportunity Employer 

SENIOR RF DESIGN ENGINEER 
This key position with a major Midwest supplier of telecommuni¬ 
cations system interface products requires a BSEE and 5+ years 
design and project management experience in the development 
of RF products such as combiners, splitters and distribution 
amplifiers using RF CAD design and simulation tools. Requires 
strong technical and market knowledge of Telecommunications 
and CATV network systems. Excellent salary and benefits. Attrac¬ 
tive Upper-Midwest location. Contact in confidence: 

Don Gallagher MSEE, President 
Gallagher & Associates 

1145 Linn Ridge Rd Mt. Vernon, IA 52314 
Phone 31 9-895-8042 Fax 319-895-6455 
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Comms People, Inc. a leading Worldwide 
supplier of Telecommunications Contractors has a 
large number of current assignments for Engineers 
with the following experience. 

GSM Cellular Planners - S. Korea - 6 months - 1 

Year Contracts 

EMX 2500 Switch Optimizers - China - 6 Months 

GSM Cellular Planners - Turkey/Spain - 6 months 

NT Cellular BTS Engineers - Israel - 6 Months ++ 

GSM Engineers - Dallas - 6 Months 

RF/Microwave Engineers - Atlanta - 6 Months 

Microwave Installation Engineers - Domestic 

USA, 3-6 Months 

Call Steve or Debbie at Comms People, Inc. 
(404) 814-5222 or Fax Resume to (404) 814-5223. 

INFO/CARD 101 
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SENIOR ELECTRICAL 
ENGINEER 

Motorola Government and Systems Technology Group 
has an exciting opportunity for an experienced Senior 
Electrical Engineer with RF/Microwave bandpass filter 
design experience. 
With hands-on use of custom/commercial CAD and 
mathematical tools, the selected candidate will design/ 
develop advanced, state-of-the-art VHF/UHF bandpass 
filters based on SAW technology, as well as perform 
design tradeoffs, evaluate diagnostic devices, develop 
design-of-experiments and perform statistical data 
analysis. Surface acoustic wave experience and a 
background in device modeling and simulation are 
preferred. PhD in Electrical Engineering or Physics is 
desired. 
We offer a competitive salary and benefits package. 
For consideration, send your resume to: Motorola 
Government and Systems Technology Group, 8201 
E. McDowell Rd., Dept. IMRF1194, Scottsdale, AZ 
85252. An Affirmative Action Employer. Minorities, 
Women and Disabled Persons are strongly encouraged 
to apply. 

MOTOftOLA 
Government and Systems Technology Group 

Chief Scientist: Responsible for design of analog and RF systems and circuits 
for consumer and commercial digital wireless products. Five to ten years experi¬ 
ence in RF systems analysis and design. Experience with low-cost design tech¬ 
niques for frequency synthesizers, power amplifiers, up/down converters and 
baseband circuits for digital communications systems. Must be able to derive RF 
systems and module requirements to meet overall performance and cost goals. 
Familiarity with time division duplex or CDMA a plus. 

...YOUR CAREER 
Spread Spectrum Design: Responsible for design development and test of RF cir¬ 
cuits and systems for spread-spectrum wireless systems. Designed 1.8/2.4 GHz 
wideband frequency synthesizer and VCO and GaAS linear power amplifiers. Ana¬ 
lyzed and simulated communications system performance. Assisted in producibility 
redesign and system integration. 

Systems Engineers: In-depth experience in one or more of the following areas is essential: RF prop¬ 
agation. modem and RF design, wireless protocols and algorithms, low-power, low-cost handheld 
consumer products. Participation in the development of baseband and RF IC’s strongly desired. BSEE 

Manager, Commercial Products: Project engineering and management for development of 
GaAs MMIC chips and MMIC-based products. Products include phase-locked 2.5 GHz television 
converter for high volume production, monolithic telephone converter and power amplifier, inte¬ 
grated amplifier/switch for data communications; voltage controlled oscillator and converter for 
satellite communications; Frequencies ranged from 800 MHz to Ku-band. 

RF Design Engineer: Design and develop various RF circuits (including but not limited to PA's, 
LNA's, mixers and filters). Perform subsystem and system level testing. BSEE/MSEE 5-7 years RF 
circuit design experience with proven track record of developing RF subsystems from concept 
through manufacturing introduction. 

RFIC Design: MS or PhD in Electrical Engineering with minimum 5 years related experience pre¬ 
ferred. The candidate should have a good knowledge and experience in Linear Bipolar High Fre¬ 
quency IC design and measurement techniques in design IC’s like Amplifiers. Mixers, Oscillators, 
VCO's, Prescalers, Synthesizers. Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or BiC¬ 
MOS technologies. 

MMIC Design Engineer: Develop L/S band GaAs MMIC power amplifiers for commercial wireless com¬ 
munications. Requires: M.S. or BSEE, +2 years experience with GaAs MMIC 
design, simulation, packaging and test. 

Filter Design Engineer: B.S. Minimum 3 years experience in the 
design and development of Broad Band, comb-line strip line, interdigi¬ 
tal, low pass and high pass filters, multiplexers, diode switches, 
(phase shifters), attenuators and microwave sub-systems desirable. 

RF Design Engineers: Several opportunities are available in the Pager and 
Cellular Mobile Telephone design groups for RF Engineers with 150MHz -
940MHz RF design experience. Hands on experience with receivers, 

transmitters and frequency synthesizers required. Familiarity with RF 
modeling tools helpful. BSEE/MSEE and 3+ years related experience 
preferred. 

diMICRO COMMUNICATIONS EXECUTIVE SEARCH 

800 Turnpike St. • North Andover, MA 08145 
We specialize in the placement of communications both nationally and internationally. 
FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627 
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O General Instrument 
RF Solid State 

P.A. Design Engineers 
At the GI Communications Division in San 
Diego, we are participating in the information 
technology revolution that will change the way 
we receive and interact with information and 
entertainment. This has resulted in unique 
opportunities for the following engineering 
professionals: 

ANALOG/RF ENGINEERS 
SAN DIEGO 

Will design analog/RF systems and circuits for 
Satellite Television Receivers in Satellite 
Modem, Video and Audio subsystems. Detail 
design includes Op-amp, transistor circuits, 
A/D, D/A, filters, Phase Locked Loops and 
amplifiers. Requires at least 5 years' Analog/RF 
design experience (DC to 2 GHz.). MSEE, 
video/audio design a plus. 

Send resume including salary history/ require¬ 
ments and referencing CODE BHSR, to: 
Human Resources, General Instrument Corp., 
6262 Lusk Blvd., San Diego, CA 92121. No 
entry-level or practical training positions avail¬ 
able. EOE. Principals only. 

Harris, a $3 billion Fortune 200 Corporation, is seeking 
World Class candidates for an RF Solid State P.A. Design 
Engineer, at their Broadcast Division Headquarters, a 
worldwide supplier of radio and TV broadcast equipment 
and integrated systems, in QUINCY, IL. 

This challenging position calls for a driven, RF engineer, 
with at least five years of experience in the design of lin¬ 
ear, class A/AB, RF amplifier systems and circuits, power 
dividers and combiners, and control/monitor circuits for 
high power VHF/UHF application. Must be experienced in 
solid state design utilizing MOS FET’s, and a champion of 
design for low cost, manufacturability, and high reliability. 
The desired candidate will have the skills to manage small 
project teams, as well as the capability of being a hands-on, 
individual contributor. This position requires a BSEE or 
equivalent experience; MSEE preferred. 

Harris Corporation offers a competitive starting salary, 
with a comprehensive benefits package and opportunities 
for growth and advancement. If qualified please send 
resume (including salary history /requirements) in confi¬ 
dence to: William G. Kellner, Supervisor, Human 
Resources, Harris Corporation, Broadcast Division, Dept. 
PA, P.O. Box 4290, Quincy, IL 62305-4290. 

An Equal Opportunity Employer, M/F/D/V 
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More 
Buyers 

More 
Results 

Call: 
404-618-0217 

F ax ' 
404-618-0342 

Jon 
Tuck 



Career Opportunities 

Let it 

work 

for you. 

404»618‘0217 

SUNBELT OPPORTUNITIES 
Several of our growing commercial major electronic companies located in the 
southeast have asked us to identify candidates in the mid-level experience range. 
1) BSEE - RI*' Receiver design, Sat Comm, Commercial wireless product 

Design/Development 
2) BSEE - RF Test Engineer - 50 MHtz to 1 MHtz. Spectrum analyzers, 

Network analyzers 
3) BSEE - RF Circuit Design Engineer - Frequency Synthesizers 
4) BSEE - Section Manager Analog IC Design 
5) MSEE - MMIC for Military Systems - L Band thru KU Band (2-18 GHtz) -

Knowledge of non-linear modeling. 

^fortune 
PERSONNEL CONSULTANTS OF RALEIGH, INC. 
P.O. Box 98388R • Raleigh, NC 27624-8388 
Phone: 919-848-9929 • Fax: 919-848-1062 

_ Stan Deckelbaum_ y 
INFO/CARD 107 

Products & 
Services 

NOLAN LABORATORIES, INC. 
Consulting, Design, Test and Manufacture 

FOR 

RF, Microwave, Antennas, Electromagnet¬ 

ics, EMI/RFI, Bioelectromagnetic Sensors 

Design and Support for Manufacturability 

James A. Nolan, MSEE PO Box 567 
President Conifer, CO 80433-0567 

(303) 838-0057 

SENIOR WIRELESS ENGINEERS 
MicroUnity Systems Engineering, Inc. is a well-financed startup company in the San 
Francisco Bay area. We are interested in adding experienced engineers to further 
strengthen our wireless team. 

The selected candidates will play a key role in developing the wireless link architecture 
and driving hardware and software engineering for very innovative digital 
communications products, utilizing extremely advanced semiconductor and circuit 
technology. 

Principals only. Please submit your resume, quoting the appropriate department code on 
the cover letter and envelope, to: MicroUnity Systems Engineering, Inc., Wireless 
Project Team, 255 Caspian Drive, Sunnyvale, CA 94089-1015. 

Wireless System Design Engineer 
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• Voltage Controlled Oscillators 
• Phase Locked Oscillators 
• Frequency Synthesizers 
• Radar Receivers 
• Subsystems 
• Integrated Assemblies 

delphi 
A Components, Inc. 

A Division of Aura Systems Inc. 

27721-A La Paz Road 
Laguna Niguel, CA 92677 

Ph: 408.280.7073 Fax: 408.280.1633 
We are seeking engineers with both theoretical and product experience in the design of 
digital communication links. A thorough understanding of transmitter and receiver 
architectures, modulation formats, access methods, packet protocols, propagation 
characteristics and link budgeting is required. Knowledge of handoff protocols in cellular 
systems would be an advantage. Dept. RFD/WS 
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WHAT CAN 

RF Design Engineer 
KINTRONIC@ LABS, INC. 

We are seeking engineers experienced in the design and construction of RF circuits from 
HF to UHF; a background including 2.4 GHz or 5.8 GHz ISM projects would be an 
advantage. Considerable practical experience with surface mount microstrip technology 
is necessary. Dept. RFD/RF 

OFFER YOU? 

RF IC Design Engineer 

HIGH QUALITY, AFFORDABLY PRICED 

IIdesign ^ab/test/surportH 

OF WHAT? 

We are seeking engineers experienced in linear high frequency integrated circuit design, 
who have applied their skills to the development of low-noise amplifiers, mixers or 
oscillators in silicon bipolar or BiCMOS technologies. Dept. RFD/RFIC 

DSP Engineer 
We are seeking engineers with both theoretical and product experience in signal 
processing for digital communications, who can lead modem design and implementation 
efforts across a variety of modulation schemes and physical media, and who are 
extremely familiar with architectural and algorithmic tradeoffs in this area. Strong 
software skills are an advantage. Dept. RFD/DSP 

RF Test Development Engineer 
We are seeking an RF test development engineer with the ability to enhance testability 
through design and improved testing techniques in development and volume situations. 
The candidate's experience should include RF fixturing and hardware as well as the use 
of DSP as a test tool in applications that include transmitters, receivers, up/down 

converters, filters and PLLs. RFD/RFT 

microunity 
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RF Components 
(LF, MF & HF Bands) 

Custom Antennas 
(VHF, UHF & 

Microwave Bands) 

•Inductors 
•RF Switches 
•RF Patch Panels 
•RF Chokes 
•Mica Capacitors* 
(Cornell Dublier) 
•Vacuum 
Capacitors* 
(Jennings) 
•Rigid Transmission 
Line & Accessories 

*ln Stock Ready For 
Immediate Delivery 

•High Gain, 
Vertically Polarized, 
Series Fed Arrays 
•Wide Band, 
Omnidirectional, 
Vertically Polarized 
Biconicals 
•Tunable Discones 
Utilizing A 
Patented Design 
•Covert Designs 
For Indoor Or 
Outdoor 
Applications 

Kintronic Laboratories, Inc. 
P.O Box 845 

Bristol, TN. 37621-0845 
Phone: 615-878-3141 
Fax: 615-878-4224 
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INCORPORATED 

Product Definition, Design, and Production 
RF Systems / Spread Spectrum 
Microprocessor Based Designs 
DSP / Digital Radio 
Harris and Hitachi Authorized Design Center 

1842 Hoffman St. Madison, WI 53704 
(608) 244-0500 FAX (608) 244-0528 
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Coaxial Connector Socket 
Designed to reach between 
tightly packed COAXIAL CON¬ 
NECTORS, this socket is the 
perfect tool for tightening SMA 
type connectors to specific 
torque values. The socket fits a standard 1/4” drive 
wrench. SMA (5/16), SSMA (3/16), SMC (1/4) sizes 
available. Fabricated from High Strength Steel. 

KCR Products 800 -283-6368 
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ALPHk 
COMPONENTS, NC. 

1106 E. Simpson Road 
Mechanicsburg, PA 17055 

FILTERS 

ELECTRONICS 
~frhtrr ft Ih.,i turn >„• “ 

• STD. 5 AND 10 MHZ OCXO 
• TCXO • VCXO • TC-VCXO 
• VCO’s • CLOCK OSCILLATORS 
• CUSTOMIZED CRYSTAL FILTERS 
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ 

• L/C FILTERS 
• STANDARD IF FREQUENCYCRYSTALS 
• SURF ACE MOUNT AND LEADED 
PACKAGE 

Manufacturers of Quartz Crystal and L-C Filters from Audio 
to 500MHZ since 1973. Standard & surface mount for both 
military, commercial, medical and consumer markets. 

Tel: 717 697-8595 • FAX: 717 697-8608 

Call or Fax requirements. 
16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 
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COMTRONIX SYSTEMS, INC. 
CUSTOMIZED 

SOLID STATE*HIGH POWERED»VHF/UHF 

AMPLIFIERS 
DESIGNED AND BUILT TO YOUR SPECIFICATIONS 

UP TO 200 WATTS 
HIGHEST QUALITY/BEST PRICES 

CALL OR SEND FOR INFORMATION TEL 413/785-131 3 FAX 413/739-1352 

RSG-10 
SIGNAL GENERATOR 

The $2495 profit generator 
Quality crafted in the USA 

Finally, a synthesized signal generator that’s 
designed to help vou generate more than just signals. The Ramsey RSG-10, is the signal gen¬ 
erator you can afford, the signal generator that’s designed to do what a signal generator is 
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz. 

For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli¬ 
gent microprocessor controlled/programmable memory, for example, can store up to 20 of 
your most commonly used test set-ups. And unlike other units, just one touch of the memory 
exchange button is all it takes to quickly shift from one test set-up to another. You get more 
work done, easier and faster. 

At $2495, the Ramsey RSG-10 is your profit generator. 

RAMSEY ELECTRONICS 
793 CANNING PARKWAY, VICTOR, NY 14584 
Fox: (716) 924-4555 
TELEX: 466735 RAMSEY Cl 

ORDER DIRECT—CALL 1-800-446-2295 
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Only TECDIA has THREE! 
SINGLE LAYER CHIP CAPACITORS 

ONE TWO THREE 
TypeA I^ÄR] TypeB TypeC 
250V 250V 100V 

FREQUENCY CONTROL PRODUCTS 
CRYSTAL OSCILLATORS 

VCXO’s 
TCXO's 
OCXO's 

CRYSTAL OVENS 
M05 
M18 
M43 

LOW PROFILE 
^TIGHT STABILITIES 

^SINE OR SQUARE WAVE 
PHASE LOCKING INPUTS 

FOR CAPACITORS WITH: 
• Extremely smooth and uniform metalized surfaces 
• Pt metalization to withstand 400"C die attach temperature up to 20 min max 
• TiW adhesion layer to prevent diffusion and provide stability at very high temperatures 

1 ■ — 1 ' g—s ■ 2672 Bayshore Parkway. Suite 702, Mountain View. CA 94043 
ICLU ■ Tel: (415) 967-2828 Fax:(415)967-8428 

INTERNAL SMD CONSTRUCTION 

SOTEMP 
■ RESEARCH, ll\IC. 

P.O. Box 3389 Charlottesville VA 22903 
(804)295-3101 FAX (804) 977-1849 
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Products & 
Services 

ANALOG & RF MODELS 
SPICE models from DC to 10 GHZ 
Full non-linear models including: 

RF pin diodes, class C, opto, & logic. 
We also do measurements and consulting. 

Give us a call at (602) 575-5323 

Just Because Somebody’s 

In Business Doesn’t Put 

Them On The A-List 
INFO/CARD 120 

A-Comm Electronics 
Refurbished Test Equipment 

DC-26ghz HP GR Wavetek Tektronix 
♦ Send for Catalog listing » 

7198 S. Quince Street 
Englewood, Colorado 80112 

303 290 8012 Fax 303 290 8133 

INFO/CARD 121 

RF RESOURCE 
RF/Wireless Circuits or Systems; Voice or Data 
RF, IF, mod/demod; detectors, receiver systems 

Mobile comms., PART 15, narrow or spread-spectrum 
ADVANCED TROUBLESHOOTING A SPECIALTY 

Ask about Bit-Error-Rate reduction 

Call 1-800-890-5427 

INFO/CARD 122 

Switching Power Supply Noise? 
We can make your switcher 

quieter than a linearl 

You can now use a switcher to power your 
most sensitive RF, Analog or 
instrumentation circuits. Our most effective 
filter will attenuate high level noise spikes 
(as high as 40V) and ripple 
(as high as 1.5V pk-pk) to an output ripple 
of typically 30uV to 1 mV pk-pk. 

Features: 
• One, two or three filtered lines 
• +2SV, -28V, +/-28V 4A standard versions 
• Equipment wall or through bulkhead 
mounting 

• Custom, application specific versions 
available 

EMC Consulting Inc. 
P.O. Box 496, Merrickville, Ontario 
K0G 1N0, Canada. 
(613) 269-4247 

"We specialize In difficult filter designs ' 

INFO/CARD 123 

RF Design 
1-800-443-4969 

No part-timers, no pretenders, no padding. 
Mailing lists from Argus deliver targeted, 

audited decision makers to maximize 
your marketing investment. Direct from 

our blue chip lineup of niche 
publications,covering everything from 
golf courses to landscape contractors. 

Don’t just get a list. 
Get the A-List from Argus. 

For our complete catalog call Renae or Diane 
at 404-618-0154 or fax 404-618-0347. 

.ARGUS 
DIRECT 

Business Lists 
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RFdcsign 
The Buyers’ Guide is a convenient guide to suppliers 
of products and services available for design and 
development engineers. Buyers’ Guide listings are 
sold on an annual basis at the rates shown. 

DISCRETE COMPONENTS 

Per Issue Total/Year 
Regular Listing $22.00 $264.00 
Additional Line $19.00 $228.00 
Bold Listing $25.00 $300.00 
Additional Line $21.00 $252.00 
VAd $200.00 $2,400.00 
Drop Out In White $25.00 $300.00 

All orders must be prepaid. You can forward 
your check or charge your ad to: 

For information on closing dates and details on a 
special Introductory Offer, call 1-800-443-4969. 
Ask for your yellow page representative. 

MODULAR COMPONENTS 
CAPACITATORS 
Chip 
Sprague Goodman . 134 Fulton Ave.. Garden City Park. NY 11040-5395 . (516) 746-1385 

Variable 

AMPLIFIERS 
Broadband 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 . (908) 542-113 Fax (908) 542-1118 

Hybrid 
Richardson Electronics. Ltd., 40W267 Keslinger Rd., LaFox, IL 60147 . (800)348-5580 

SPRAGUE 
Goopmfln 

TRIMMER CAPACITORS, 
INDUCTORS AND 

MICROWAVE TUNERS 
1700 Shames Drive. Westbury. NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 

FILTERS 
Crystal 
Reeves-Hoffman. 400 W. North St, Carlisle, PA 17013 . (717) 243-5929 

Saw 
Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury. CT 06070 . (203)651-0211 

SAW Components & Subsystems . Fax (203) 651-8618 

Vacuum 
Richardson Electronics. Ltd.. 40W267 Keslinger Rd.. LaFox, IL 60147 . (800) 348-5580 

Surcom Associates. Inc., 2215 Faraday Ave.. Suite A, Carlsbad, CA 92008 . (619) 438-4420 

MIXERS 
Merrimac Industries. Inc., 

41 Fairfield PL. W. Caldwell. NJ 07006 . (201) 575-1300 Fax (201) 575-0531 

CRYSTALS/RESONATORS 
H.K. Crystals Co., Unit H, 22/F, Shield Ind. Ctr., 

34-36 Chai Wan Kok St.. T.W. H.K. Tel (852) 4120121 Fax (852) 4985908 

Quartz 
Bomar Cyrstal Co.. 201 Blackford Ave., Middlesex, NJ 08846 . (800) 526-3935 

MODULATORS 
FSK 
Merrimac Industries, Inc., 

41 Fairfield PL. W. Caldwell, NJ 07006 

l&Q 
Merrimac Industries, Inc., 

41 Fairfield PL, W. Caldwell, NJ 07006 

(201)575-1300 Fax (201) 575-0531 

(201)575-1300 Fax (201) 575-0531 

r- kss' ■ Quartz Crystal 
American KSS Inc. PRODUCTS 

Head Office Eastern Regional Office Southern Regional Office 
1735 Technology Dr. #790 401 E. Louther SL 5696 Peachtree Parkway 
San lose, CA95110 Carlisle, PA 17013 Norcross. GA 30092 
Tel: (408) 437-9577 Tel: (717) 243-6008 Tel: (404) 263-3768 
Fax:(408)437-1717 Fax:(717)243-4343 Fax:(404)263-3769 

OSCILLATORS 
Crystal 

REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

Oak Control Group. 100 Watts St.. PO Box B. Mt. Holly Springs, PA 17065 . (717) 486-3411 

For your Crystal Oscillator requirements, Clocks, 
TCXO’s, VCXO’s, OCXO’s, Hybrid & Discrete. 

kJ REEVES-HOFFMAN 
= _ -= DIVISION CTTNAMICS CORPORATION OF AMERICA 

For your AT Crystal requirements, including High 
Frequency Fundamental Oscillator Crystals up to 
155.52 MHz and Filter Crystals to 150 MHz HFF. 

400 W. North St, Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

400 W. North St.. Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079_ 
Oak Frequency Control Group, 

100 Watts St, P0 Box B, Mt. Holly Springs, PA 17065 . (717) 486-3411 

Wilmanco, 5350 Kazuko Ct., Moorpark, CA 93021 . (805) 523-2390 

SYSTEM SUBASSEMBLIES 

DIODES 
PIN 
Richardson Electronics, Ltd., 40W267 Keslinger Rd.. LaFox. IL 60147 . (800) 348-5580 

AMPLIFIERS 
Broadband 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724. ...(908) 542-1133 Fax (908) 542-1118 

LNA 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724. ...(908) 542-1133 Fax (908) 542-1118 

Linear Power. RF 

INDUCTORS 
Ferrite Cores 
Spraque Goodman. 134 Fulton Ave., Garden City Park, NY 11040-5395. (516) 746-1385 

Fixed 
Sprague Goodman. 134 Fulton Ave., Garden City Park. NY 11040-5395. (516) 746-1385 

Variable 
Sprague Goodman. 134 Fulton Ave., Garden City Park, NY 11040-5395. (516) 746-1385 

INTEGRATED CIRCUITS/MCM 
Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763. (516) 732-3448 

RESISTORS 
High Power 
Richardson Electronics, Ltd., 40W267 Keslinger Rd. , LaFox, IL 60147 . (800) 348-5580 

PACIFIC AMPLIFIER CORP. (805) 375-5773 

• LO-MED-HI-POWER LINEAR AMPLIFICATION 
• CELLULAR, TELEPHONY MULTI CHANNEL USE 
• -30 dBc STANDARD; -60 dBc FEED FORWARD 

RF Power 
Trontech. Inc., 381 Industrial Way East, Eatontown. NJ 07724. ...(908) 542-1133 Fax (908) 542-1118 

High Dynamic Range 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724. ...(908) 542-1133 Fax (908) 542-1118 

SYNTHESIZERS 
TRANSISTORS 
RF Power Bipolar 
Richardson Electronics. Ltd.. 40W267 Keslinger Rd., LaFox. IL 60147 . (800) 348-5580 

RF Power FET 
Richardson Electronics, Ltd.. 40W267 Keslinger Rd.. LaFox, IL 60147 . (800) 348-5580 

Sciteq Electronics, 4775 View Ridge Ave., San Diego, CA 92123 

RETRANSMISSION COMPONENTS 
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(619) 292-0500 

CABLE ASSEMBLIES 
Kaman Instrumentation. 1500 Garden of the Gods. Colorado Springs, CO 80907 ....(719) 599-1821 
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RF TRANSMISSION COMPONENTS CRYSTAL BLANKS 
Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013 . (717)243-5929 

DIRECTIONAL COUPLERS 
Merrimac Industries, Inc., 

41 Fairfield PL, W. Caldwell, NJ 07006 

TEST EQUIPMENT 
(201)575-1300 Fax(201) 575-0531 

PRA, Inc., 8320 E. Gelding Dr., #103, Scottsdale, AZ 85260 . (602) 991-4180 

FILTER ASSEMBLIES 

wreeves-hoffman 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Filter requirements from 1 KHz to 
150 MHz Fundamentals and up utilizing Overtone 
Crystals. 

_ 400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079_ 

Lowoass 
Coil Speciality Co., 

2730 Carolean Industrial Dr., P0 Box 978, State College PA 16801 . (814) 234-7044 

Quality Reconditioned TEST EQUIPMENT 
- by -

HP, Tektronix, Fluke, Wavetek, Wiltron, etc. 
Oscopes, Analyzers, Signal Generators, Multimeters 
- Sales and Rentals -

We also buy your surplus test equipment! 

1/ M d I Phone: 800-336-7723 » Fax: 707-928-1963 

Racal Instruments, 4 Goodyear St., Irvine, CA 92718. (800) 722-3262 

Test & Measurement Systems . Fax (602) 991-4362 

SERVICES 

MICROWAVE CONNECTORS 
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe, AZ 85282 . (800) 587-5995 

MULTICOUPLERS 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 . (908) 542-1133 Fax (908) 542-1118 

PHASE SHIFTERS 
Merrimac Industries, Inc., 

41 Fairfield PI., W. Caldwell, NJ 07006 . (201) 575-1300 Fax (201) 575-0531 

POWER DIVIDERS/COMBINERS 
Merrimac Industries, Inc., 

41 Fairfield PI., W. Caldwell, N.' 07006 . (201) 575-1300 Fax (201 ) 575-0531 

RF CONNECTORS 
ITT Cannon RF Products, 585 E.Main ST., New Britain, CT 06051 . (800) 532-3750 

Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 . 800-MOLEX78 

Richardson Electronics, Ltd., 40W267 Keslinger Rd.. LaFox, IL 60147 . (800) 348-5580 

CAD/CAE SOFTWARE & SYSTEMS - SOFTWARE 
Waypoint Software, P.O. Box 132, Waseca, MN 56093 . (507) 835-7429 

SYSTEM SIMULATION 
Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 . (800) 631-1113 

Makers of TESLA Com Simulator . Fax (404) 664-5817 Inti (404) 751-9785 

ANTENNA MEASUREMENT SYSTEMS 
Jef Consultants, Inc., 8501 Beck Rd., Bldg. 2227, Belleville. Ml 48111-1254 . (313) 482-5505 

ANTENNA DESIGN & MEASUREMENT 
Antenna Design Specialists, 1171 Melayn Dr., Lebanon, OH 45036 . (513) 932-3385 

CONSULTANTS 
Management Recruiters of Boulder . Fax (303) 447-9536 Tel (303) 447-9900 

Windy Bradfield CSAM, Bob Sund. 

EMC/EMI TESTING 
Liberty BEL EMC SVCS., P.O. Box 5431, MS20, Compton. CA 90224 . (310) 537-4235 

Above MS20 represents RF Design 

INSTRUMENT RENTAL/LEASING 
Naptech, 12312 Hwy 175, Cobb, CA 95423. (800)336-7723 Fax (707) 928-1 963 

EMC Consulting, P.O. Box 496, Merrickville. Ont. K0G1N0 . (613) 269-4247 

OEM PRODUCTS 
Locus, Inc., 1842 Hoffman St., Madison Wl 53704 . (608) 244-0500 

TELEMETRY SYSTEMS & ENGINEERING 
Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 . (713) 344-9000 

EMC PRODUCTS 

MATERIALS AND HARDWARE 
COMPONENTS/HYBRID PACKAGES 
Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013 . (717) 243-5929 

AC LINE FILTERS 
EMC Consulting, P.O. Box 496, Merrickville, Ont. K0G1N0 . (613) 269-4247 

EMI FILTER COMPONENTS 
EMC Consulting. P.O. Box 496, Merrickville, Ont. K0G1N0 . (613) 269-4247 

RFdesign 
Introduces the 
Yellow Page Directory Section 

CALL 
1 -800-443-4969 

FOR 
DETAILS ON 
AN EXCITING 

INTRODUCTORY 
OFFER! 

Classified 
6151 Powers Ferry Road NW 
Atlanta, GA 30339-2941 

RF Design 
(404) 955-2500 
Fax: (404)618-0342 



Radio Links 
RF software 

Eliminate leaseline and wireline 
costs 

► Aggressively priced with quantity 
I discounts available 

Transmitter and receiver links in 
VHF, UHF and 900 MHz are 
designed specifically for high-
performance data transmission 

Utility data system accommodates 
audio inputs (modem tones) or 
TTL-level digital inputs 

RS-232 radio modems available in 
VHF, UHF and spread-spectrum 
(unlicensed) frequencies 

A two-way radio manufacturer for 
more than 30 years 

Aerotron-Repco Sales, Inc. 
1-800-950-5633 

2400 Sand Lake Road 
Orlando, Florida 32809 

Dealer Inquiries Invited 
INFO/CARD 71 

CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

JENNINGS 
VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619)438-4420 
FAX (619)438-4759 

INFO/CARD 72 

Circuit Analysis for Macs 
DragonWave 7.0 from Nedrud Data Sys¬ 

tems is a circuit analysis program which runs 
on Macintosh computers. DragonWave fea¬ 
tures intuitive schematic entry, 1 - 99 external 
ports, full nodal noise calculation, variables 
and equations in substrate or element parame¬ 
ters, sweep of any variable, output equations, 
and optimization. Matrix reduction is used for 
increased speed. Reports contain text, pic¬ 
tures, schematics, tables and plots. The single 
copy price for DragonWave 7.0 is $3790. 
Nedrud Data Systems 
INFO/CARD #220 

3-D EM Calculations 
HP EEsof has announced HP 85180A 

HFSS 3.0, a high-frequency structure simula¬ 
tor that computes S-parameters for passive 
3-D structures. The enhanced simulator per¬ 
forms complete electromagnetic solutions, 
but users only need minimal background in 
electromagnetic field theory or finite-element 
analysis to operate it. The new version of the 
structure-simulator offers a fast frequency 
sweep mode, absorbing boundary conditions, 
and numerous user interface enhancements. 
HFSS Release 3.0 is priced at $41,800, and 
is offered as a free upgrade to supported cus¬ 
tomers. 
HP EEsof 
INFO/CARD #221 

Math Modules for 
Programmers 
Waterloo Maple Software has announced 

the release of MathEdge, a suite of compo¬ 
nent software modules that allows application 
developers to integrate powerful symbolic 
and graphic computation into new products. 
The MathEdge “engine” is derived from 
Waterloo Maple Software’s Maple V® prod¬ 
uct. MathEdge for Microsoft Windows is avail¬ 
able for $1995, and includes a developer’s 
Guide and a copy of Maple V. Versions for 
SUN OS and Solaris will 
Waterloo Maple Software 
INFO/CARD #222 

Q Factor Measurement 
Two programs that calculate Q from data 

taken by vector or scalar network analyzers 
has been released by Vector Fields. QZERO 
utilizes the data from an automatic vector net¬ 
work analyzer to calculate loaded Q, coupling 
coefficient, unloaded Q and their standard 
deviations. SCALARQ performs similar calcu¬ 
lation with data from a scalar network analyz¬ 
er. The theory and examples of use are 
described in the accompanying 180-page 
book. The diskette and book are available for 
$69.00. 
Vector Fields 
INFO/CARD #223 

Noise Modeling in 
FM Systems 
FM is a software product to help the sys¬ 

tem design engineer get the best from wide 
or narrow band analog FM and GMSK sys¬ 
tems. Transmission link and oscillator noise 
are modeled in detail, giving an accurate sim¬ 
ulation of baseband noise distribution. FM 
deviation, emphasis and noise weighting are 
also included within the simulation. FM 
requires an IBM compatible with 640k and 
DOS 3.1 or better. 
Phasor Design 
INFO/CARD #224 

RF Propagation 
The HTZ computer-aided design software 

package from the French company ATDI is 
for planning and managing radio networks in 
the VHF/UHF/SHF bands. This latest version 
of HTZ integrates multilayered geographic 
information including altimétrie data, refer¬ 
ence images, ground occupancy, and build¬ 
ing heights. HTZ runs on 486-based PCs with 
DOS 6.0 or later and a minimum hardware 
configuration of 16 MB RAM, 400 MB hard 
disk, and a multi-sync 1024x768 pixel, 256 
color screen. 
ATDI 
INFO/CARD #225 

Spectrum Sharing Software 
Comsearch has announced their newest 

release of Spectrum Sharing software 
(Release 2.0). The new release enables engi¬ 
neers to create automatic cell layouts based 
on demographics, RF performance parame¬ 
ters, and traffic, including an option for sec-
torization. 
Comsearch 
INFO/CARD #226 

Dynamic System Simulator 
Running under Microsoft Windows, Sys-

temView is a high level conceptual design 
and analysis engine embedded in intuitive, 
friendly and completely visual design environ¬ 
ment. Its applications include DSP systems, 
signal processing, communications, control, 
and general mathematical modeling. Sys-
temView supports mixed mode (ie. analog 
and digital) multi-rate systems, parallel simul¬ 
taneous systems, and internal or external 
data sources and sinks. Optional libraries for 
communications, DSP and logic are avail¬ 
able. SystemView is priced at $2450. 
Elanix, Inc. 
INFO/CARD #227 

Multi-Processor Spice 
Intusoft is developing a multi-threaded, 

multi-processor version of the popular SPICE 
analog circuit simulation program. When 
complete the new simulator, called lsSpice5x, 
will be able to simulate circuits with a linear 
increase in speed per additional CPU. Initial¬ 
ly, Windows NT platforms will be targeted, 
but multiprocessor versions of Windows95 
are also expected to be able to run the new 
software. The software will be available in the 
first half of 1995, as will pricing information. 
Intusoft 
INFO/CARD #228 
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RF literature 
Oscillator Catalog 
A 12-page catalog from Wenzel Associates 

lists their lines of crystal oscillators, which 
include, low cost, low profile and low noise 
models. Also listed are frequency standards, 
including an ultra-low noise standard with 
phase noise of -135 dBc/Hz 10 Hz from a 1 
MHz carrier, and -177 dBc/Hz 20 kHz from a 
5 MHz carrier. Other related products are 
also listed. Also included is general informa¬ 
tion about crystal oscillators, ordering infor¬ 
mation, and a list of sales representatives. 
Wenzel Associates, Inc, 
INFO/CARD #229 

Power Amplifier Catalog 
Matcom announces a catalog of solid state 

power amplifiers. These amplifiers, which are 
manufactured by R&K Laboratories, cover 
various frequency ranges between 5 MHz and 
3 GHz with powers up to 1 kW CW and 2 kW 
pulsed. They are available in modular or rack 
mounted form with optional power supplies. 
Matcom, Inc. 
INFO/CARD #230 

Technical Data Sheets 
Delta Microwave offers a series of techni¬ 

cal data sheets on their latest RF products 
including: bandpass filters, diplexers and mul¬ 
tiplexers. These devices are engineered in 
either coaxial waveguide or lumped-compo¬ 
nent configurations. Data sheets cover spe¬ 
cific components ranging from ultra-low loss 
waveguide diplexers to ultra-high rel space-
qualified filters. Data on filters/amplifiers, gain 
equalizers, iso-filters, and integrated assem¬ 
blies are also available. 
Delta Microwave 
INFO/CARD #231 

Test & Measurement Catalog 
LeCroy Corporation, celebrating their 30th 

year, announces the publication of the 1994 
Test & Measurement Catalog. It features 
product information, selected applications 
information and a “Fundamentals of Digital 
Oscilloscopes” tutorial. Copies are available 
through LeCroy's Customer Care Center at 1-
800-4LeCroy (1-800-453-2769) 
LeCroy Corp. 
INFO/CARD #232 

Network Analyzer 
Accuracy Brochure 

Wiltron, a member of the Anritsu Wiltron 
Measurement Group, announces the release 
of a free technical brochure identifying mea¬ 
surement inaccuracy sources and optimum 
network analyzer configuration for complete 
test systems covering RF, microwave and 
mm-wave applications. 
Wiltron 
INFO/CARD #233 

Semiconductor Catalog 
Loral Microwave - FSI has published a 

short-form catalog titled Semiconductor Prod¬ 
ucts for the Nineties. FSI covers its new PIN 

diodes, tuning varactors, and Schottky 
devices in this new catalog. Complete specifi¬ 
cations, including outline drawings and per¬ 
formance charts are provided for more than 
65 semiconductor catalog products. 
Loral Microwave - FSI 
INFO/CARD #234 

Components Catalog 
Mouser Electronics announces the publica¬ 

tion of their latest industrial electronic compo¬ 
nents catalog. The 276-page catalog contains 
over 45,000 in-stock, factory authorized prod¬ 
uct selections from more than 100 quality 
concious manufacturers. 
Mouser Electronics 
INFO/CARD #235 

Power Transistor Catalog 
A catalog from Ericsson describes RF 

power transistors for 450 MHz to 2000 MHz. 
Rugged bi-polar transistors are rated to 150 
watts. Ion implantation, nitride surface passi¬ 
vation and gold metalization are used to 
insure excelent uniformity and reliability. Spe¬ 
cial emphasis is placed on devices for cellular 
base stations and broadcast TV. 
Ericsson Components Inc. 
INFO/CARD #236 

Single-Supply Op Amps 
Analog Devices has published a six-page 

single-supply operational amplifier selection 
guide, including key specifications and tech¬ 
nical information for over 30 products. Six 
products are given special attention. They 
include Analog Devices’ newest single, dual 
and triple op amps with unmatched video 
specifications, as well as ultralow-power dual 
and quad rail-to-rail ICs. 
Analog Devices 
INFO/CARD #237 

Filter in Cable Data 
K&L microwave is now offering a two-page 

data sheet describing “Filters in a Cable”. 
Specs for lowpass, highpass, and bandpass 
filters are given as well as environmental test¬ 
ing information. 
K&L Microwave, Inc. 
INFO/CARD #238 

Software Catalog 
The 38th edition of the Dynacomp software 

catalog conatains over 220 new products. 
The 228-page catalog contains over 700 
products, including software for electrical 
engineering, data analysis, and graphing. 
Dynacomp, Inc. 
INFO/CARD #239 

Designer's Guide 
The latest edition of Mini-Circuits' 128-page 

Designer's Guide is now available, featuring 
comprehensive product listings and specifica¬ 
tions for over 1000 standard RF/IF and 
microwave components. 
Mini-Circuits 
INFO/CARD #240 

RF Design 

New! 

Have you been looking for 
compact, 
low-cost 
portable 

microwave 
transmitters & receivers -
specifically designed for 

government and industrial 
digital data and high-quality 

video transmission? 

AVAILABLE NOW! 
INTRODUCING THE 

BMT/BMR 
SERIES 
PORTABLE 

TRANSMITTERS 
& RECEIVERS 

FEATURES 

•Frequency Range: 
1.4 to 5.0 GHz 

•Low COST, SMALL & LIGHTWEIGHT 

•Video/Audio/Telemetry 
APPLICATIONS 

•Frequency agile, channelized, 
or single frequency 

•Wide bandwidths available 

•Ruggedized & weather resistant 

DM MC Broadcast 
IJlVD Microwave 
i/vwwwww Services, Inc. 

5795 Kearny Villa Road 
San Diego, CA 92123 
FAX (619) 560-1637 

(619) 560-8601 
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WE THE DISTANCE 
TO BRING YOU TOMORROW'S 
WIRELESS TECHNOLOGY 

WIRELESS SHOW THAT 
November 15-17, 1994 
Disneys Contemporary Resort 

Orlando, Florida 

Sponsored by: 
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GOES THE DISTANCE 

As today's wireless technology races 
ahead, savvy RF engineers like you 
count on RF Expo East to go the dis¬ 
tance. Because they know they'll 
find the most current information, 
new products and latest technolo¬ 
gies needed to succeed. 

You'll find dozens of high-caliber 
presentations and papers covering: 

• Digital Communications & DSP 

• Test & Measurement 

• Essential RF Circuits 

• Wireless Personal Communications 

• Specialized Design Techniques 

• Wireless Applications 

• RF Component Applications 

Redesign ^5 

RF Expo East and see for 
yourself why it's consistently 
ranked as one of the top 
shows in the electronics 

For registration details, 
fax 404-618-0441 

or call 800-828-0420 

contact Account Executive 

Jessica Cook at 404-618-0422. 

November 1994 



NEW TIMING makes RF Expo West 
the first RF show of the year— 
first with the latest information on today’s 
most exciting areas of RF technology: 

• Digital Communications & DSP 

• Test & Measurement 

• Essential RF Circuits 

• Wireless Personal Communications 

• Specialized Design Techniques 

• Wireless Applications 

• RF Component Applications 

• Next Generation Technology & Techniques 

THE WIRELESS SHOW THAT 

GOES THE DISTANCE 

RF Design 

IS NOW 

AN ALL-NEW PROGRAM 

NEW HOURS & LOCATION 

j 
AND A NEW ALLIANCE 

of high-caliber presentations and papers features 
the industry’s leading experts sharing their 
knowledge and insights. 

give you more time to check out all the quality RF products 
and services in San Diego—the emerging wireless capital 
of the world. 

with the EMC/ESD International Show adds an essential 
update on electromagnetic compatibility and electrostatic 
discharge standards. 

These are the improvements you’ve been asking for. 
And RF Expo West is the only place you’ll find them. 
For registration details, fax 404-618-0441 
or call 800-828-0420. 

JANUARY 29 THROUGH FEBRUARY 1, 1995 

SAN DIEGO CONVENTION CENTER, SAN DIEGO, CA 

Sponsored by: 
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DIRECTIONAL COUPLERS 

A73 Series Directional Couplers are of reciprocal hybrid ferrite circuitry, featuring broad bandwidth with outstanding directivity 
and flatness. 

Some general applications for the A73 Series are: 
Line Monitoring: 

Power Measurements: 

Power split from the line is -20 dB down for sampling without altering line characteristics, for level measuring, 
VSWR alarms, etc.. 

Insertion in the line allows level measurements with simple lower level detectors or field strength meters and 
power measuring equipment By reversing the coupler in the line or using the A73D types, an indication of 
impedance match and/or reflected power can be measured by comparing the forward to reflected power 
levels. 

Load Source Isolator: Using a directional coupler in the line, a signal can be taken from the source to the tap with high attenuation 
(directivity) between the tap and the load. 

This chart is just a sampling of couplers available. Connector options available. Consult factory for specials and OEM applications. 

Model 
Freq 
Range 
MHz 

Coupling 
Level 
dB 

Coupler 
Type 

In Line 
Power 

Minimum 
1-500 (d 
MHz 

Directivity 
B) 5-300 

MHz 

In Line 
I .OSS 

(dB) 

Flatness 
of Coupled 
Port (dB) 

VSWR 
Price 50 ohm 

with 
BNC conns. 

A73-20 

1-500 

20 

single 
5W cw 
(10W cw 

5-300 MHz) 

20 30 .4 max 
.2 

typical 

t.l 
5-300 MHz 

t.25 
1-500 MHz 

1.05:1 
5-500 MHz 

1.5:1 
1-500 MHz 

$68.00 

A73-20GA 30 40 131.00 

A73-20GB 40 45 242.00 

A73-20P 
1-100 

single 
50W cw 

(75 ohm 
limited to 
10W cw) 

35 dB min 
40 dB min typical 

.15 

i.l 

1.1:1 
max 

1.04:1 

91.00 

A73D-20P dual .3 163.00 

A73-20PAX 
10-200 

single 
45 dB min 

.15 150.00 

A73D-20PAX dual .3 typical 
310.00 

A73-20GAU 
1-1000 

single 
2W cw 

30 dB min 
40 dB typical 1 max 

.3 typical t.25 

1.1:1 
10-1000 MHz 

1.5:1 
1-10 MHz 

300.00 

A73-20GBU single 
40 dB min 

45 dB typical 425.00 

A73-30P2 1-100 30 single 200W cw 
50 ohm 30 dB .05 1.15 1.05:1 max 312.00 

WIDE BAND ENGINEERING COMPANY, INC 
P. O. Box 21652, Phoenix, AZ 85036 Phone: (602) 254-1570 Fax: (602) 254-1570 
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A World Of 
Information... 

ARGUS 
> I 

RF Design 

BUSINESS 

Publishers of 65 trade 
magazines reaching over 

2 million qualified professionals. 

Business-To-Business 
Market Research 

Put the power of one of the 
world's largest publishers of 
business-to-business publications 
to work for you. Argus Business 
Research Division can help you 
achieve your marketing goals and 
ensure your success. 

For A No-Cost Consultation, Contact: 

Michael Applegate 

(404) 618-0303 
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Just Because 
Somebody’s 
In Business 
Doesn’t Put 
Them On The 

A-List 

RF advertising index 
ADVERTISER. 
AAT Communications Corp. 
A-Comm Electronics. 
Aerotron Repco Sales Inc. 
Alpha Components Inc. 
American Tech Ceramics. 

No part-timers, no pretenders, 
no padding. Mailing lists from 
Argus deliver targeted, audited 
decision makers to maximize 
your marketing investment. 

Direct from our blue chip lineup 
of niche publications, covering 
everything from adhesives to 

waste disposal. Don’t just get a list. 
Get the A-List from Argus. 
For our complete catalog call 

Renae or Diane at 404-618-0154 
or fax 404-618-0347. 

ARGUS 
R E C T 

Home of the A-List 

Amplifier Research. 
Analog & RF Models. 
Analog Devices, Inc. 
Andersen Laboratories. 
Aydin Vector Division. 
Brian Robinson. 
Broadcast Microwave. 
C-Mac Quartz Crystals. 
California Eastern Labs. 
CCI/USA. 
Comatlas S.A. 
Comms People, Inc. 
Communication Concepts. 
Compact Software. 
Comtronix Systems, Inc. 
D.C. to Light. 
Daico Industries. 
Delphi Components, Inc. 
Digcom. 
Don Gallagher & Assoc. 
Eagle. 
Eagleware. 
Eesof, Inc./Hewlett Packard. 
EIP Microwaves. 
EMC Consulting, Inc. 
EMF Systems. 
Fortune Communications Group. 
Fortune Personnel Consultants of Raleigh. Inc 
General Instrument. 
Giga-tronics Inc. 
Hamilton Hallmark/Avnet. 
Harris Corp. 
Henry Radio. 
Hy-Q International. 
Hybrids International, Ltd. 
Integrated Component Systems. 
IFR Systems. Inc. 
Int’l Crystal Mfg. 
Isotemp Research, Inc. 
in GTC. 
Jan Crystals. 
JFW Industries. 
Jim Young & Associates. 
Kalmus Engineering. 
Kay Elemetrics. 
KCR Products. 
Kintronics Labs, Inc. 
KR Electronics. 
KVG North America. 
KS Electronics. 
Lap-Tech. 
LCF Enterprises. 
Locus Incorporated. 
Loral Microwave. 
M/ACom (3 divisions). 
Management Recruiters of Boulder, Inc. 
Maxim Integrated Product. 
Merrimac. 
Micro Communications Executive Search. 
Micronetics. 
Microunity Systems Engineering, Inc. 
Mini Circuits. 
Miteq. 
Motorola. 
MTI Milliren Technologies. Inc. 
Murata Electronics North America, Inc. 
NEC America. Inc. 
Noble Publishing. 
Noise/Com Inc. 
Nolan Laboratories, Inc. 
Oscillatek . . 
Penstock, Inc. . 
Piezo Technology. . 
Programmed Test Soucrces. 
Q-Bit Corp. 
Ramsey Electronics. 
Reeves-Hoffman. 
Richardson Electronics. 
Sanford Associates. 
Silicon Valley Power Amps. 
Sprague Goodman Electronics. 
Storm Products. 
Surcom Associates. 
Synergy Microwave . . 
T-Tech. . 
Tecdia . . 
Tele-Tech Search. 
Temex. . 
Tesoft, Inc. 
Trak Microwave. 
Trilithic. 
TTE, Inc. 
Vari-L Company, Inc. 
Vectron. 
Waypoint Software. 
Werlatone, Inc. 
Wide Band Engineering. 
Z-Domain Technologies, Inc. 
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High Quality ATTENUATORS 
ACCURACY, PERFORMANCE, LOW COST, DELIVERY... 

Manual Step Attenuators 
837 5012 DC-1500MHz 0-102.5dB 5dB Steps 
839 5011 DC-2000MHz 0-101dB ldB Steps 

839 Manual Step Attenuator 

1/839 5012 DC-lOOOMHz 1“ 0-22. ldB ldB Steps 
847 7512 DC-lOOOMHz 0-102.5dB 5dB Steps 
849 7512 DC- 1500MHz O-lOldB ldB Steps 

1/849 7512 DC-500MHz 0-22. ldB ldB Steps 
860 
865 

5012 
60012 

DC-1500MHz 
DC 1MHz 

0-132dB 
0-132dB 

ldB Steps 
ldB Steps 

Programmable Attenuators 
4540 5012 DC-500MHz 0-130dB lOdB Steps 

* **— ■— «Sä 'S« ’"'«ãã' » »—» 

4550 5012 DC-500MHZ 0-127dB ldB Steps 
1/4550 5012 DC-500MHZ 0-16.5dB . ldB Steps 

■F 
jr ' 4560 

4580 
5012 
5012 

DC-500MHZ 
DC-500MHZ 

0-3 ldB 
0-63dB 

ldB Steps 
ldB Steps . «ir,"W»w W J 

For price list and FREE catalog, contact: 
4550 Programmable Attenuator Kay Elemetrics Corp. 

W W 12 Maple Ave., PO Box 2025, Pine Brook, NJ 07058-2025 USA 
TEL: (201) 227-2000 • FAX: (201) 227-7760 
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Low Noise Design Handbook 
The latest addition to the RF Design Handbook series 

Low Noise 
Design 

Handbook 

A collection from 

Rfdesign 

Our newest handbook has ampli¬ 
fier design information that 
every RF engineer needs in his 
or her reference library. Design 
principles include noise, gain 
and matching fundamentals, 
along with advanced topics like 
broadband matching, component 
modeling and feedback. All this 
comes together in practical 
design examples for front-end, 
IF, instrumentation and medical 
applications. 

Price: $25.00 
Discounts are available for purchases of four 
or more handbooks — to order or get more 

information, please contact: 

Argus Book Department 
6151 Powers Ferry Road, N.W. 

Atlanta, GA 30339 
Tel: (404) 618-0398 
Fax: (404) 618-0347 

948 Years Experience! 
When reliability and accuracy count, call us. 948 
years of combined employee crystal experience 
and 43 years of service to businesses like 
yours translates into our dedication to 
the quality products and customer satis¬ 
faction that you deserve. 

ENGINEERING AND DESIGN SUPPORT 

EXPERIENCED SALES STAFF 

CRYSTAL ANALYSIS 

EXPEDITE SERVICE 

CUSTOM CRYSTALS TO YOUR SPECS 

MICRO-BALANCED/LAB CRYSTALS 

SOON TO BE ISO 9001 CERTIFIED 

LIFETIME CRYSTAL GUARANTEE 

Call or FAX for more information about Crystals, 
Elements, Oscillators and Accessories. 

When Quality Counts. .. 
INTERNATIONAL CRYSTAL MANUFACTURING. CO., INC. 

RHONE 24-HOUR FAX 

1-800-725-1426 • 1-800-322-9426 
P.O. BOX 26330 • OKLAHOMA CITY, OK 73126 
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QUALin 
Reliability 
EXCELLENCE 

Performance 

Jnnwation 
125 - 150 - 250 and 500 Watt 
50 and 75 Ohm 
DC-J GHz 

We Are The 

JFW Industries, Inc. 
1̂34 Commerce Square Drive 

Indianapolis, Indiana 46237 
Tel. 317-887-1340 • Fax 317-881-6790 

Last Word In Hybrid 
Attenuators, Termination 

And Resistors 
Please see us at RF Expo East '94, Booth# 117 

RF Design 
Software 

Programs from RF Design provided on disk 
for your convenience 

November Disk — RFD-1 194 
"Designing Accurate Small Inductors 

for Microwave L-C Filters" by A. Klap¬ 
penberger. LX program determines 
inductance, PCAIRL program designs 
inductors for 10 nH and higher. 

"Broadband Impedance Matching -
Fast and Simple" by T. Cuthbert. GRA-
B1M program helps identify topologies 
for broadband networksand approxi¬ 
mate L and C values. 

Monthly program disks: 
$25.00 (U.S.) $30.00 (foreign) 

Yearly Disk Sets and 
Annual Subscriptions Available: 

Call for More Information 

All orders must be pre-paid by check, 
money order, or major charge card. 
All checks must be in US dollars and 
payable to a bank located in the U.S. 

Price includes shipping. 

RF Design Software 
Argus Direct Marketing Dept. 
6151 Powers Ferry Rd., N.W. 

Atlanta, GA 30339-2941 
Tel: (404) 618-0219 
Fax: (404) 618-0347 
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To get your hands on RF Design’s most popular books, 
simply check below. 

RF Design Handbooks 
Collections of the most popular articles by RF Design Magazine 

#R-1 
Oscillator Design Handbook 
You can benefit from the contributions of more than 20 top RF engineers 
as they share their expertise on oscillator theory, design and applications. 
Along with traditional designs, this book includes some unique approach¬ 
es not found anywhere else. 

80 pages. $25.00 

#R-2 
Filter Handbook: Volume 1 - Applications 
The best practical circuits from RF Design are collected in the book, 
allowing you to see how the best engineers solve their design problems. 
Essential information on active, passive, lumped element, microstrip, heli¬ 
cal and SAW filters will help make your filter design tasks easier. 

80 pages. $25.00 

#R-3 
Filter Handbook: Volume 2 - Design 
Do you need to brush up on filter theory and analysis? I his book offers 
fundamental and advanced material on classic Buttenworth, Chebyshev 
and elliptic filters, plus notes on filter implementation, including filter per¬ 
formance with real, not ideal components. Another highlight is a tutorial 
series on SAW filter basics. 

82 pages. $25.00 

#R-4 
RFI/EMI/EMC: A Designer’s Handbook 
The best design - for - compliance articles from RF Design and EMC Test 
& Design are collected in this practical handbook. Circuit board design, 
Part 15 techniques, ESD protection, filtering, bypassing and troubleshoot¬ 
ing are among the featured topics. Notes on regulations and test methods 
are also included making this a well-rounded collection of EMC tech¬ 
niques. 

80 pages. $25.00 

#R-5 
Power Amplifier Handbook 
This book is loaded with practical circuits for power amplifiers operating 
from HF through L-band, from a few watts to over a kilowatt, with clear 
explanations of how these circuits were designed. Articles on high power 
couplers, combiners, biasing techniques and VSWR protection will help 
simplify the design of your next power amplifier system. 

80 pages. $25.00 

#R-6 
Frequency Synthesis Handbook 
Phase locked loops and direct digital synthesis are the main focus of this 
handbook, with articles ranging from Andy Przedpelski’s “PLL Primer” 
series to advanced analytical techniques. Theoretical material is comple¬ 
mented by practical circuits and application notes on some of the latest 
synthesizer products. 

80 pages. $25.00 

#R-7 
Wireless Communications Handbook 
Engineering methods for the new wireless applications are highlighted in 
this collection from RF Design. Topics include spread spectrum systems, 
Part 15 devices, digital modulation, demodulation, transmission, reception 
and signal propagation. A special feature is a repeat of our popular tutori¬ 
al series on Complex Modulation. 

80 pages. $25.00 

#R-8 
Test & Measurement Handbook 
This unique handbook covers general RF test information, specific test 
procedures and circuits for test applications. Universal test topics like 
spectrum and network analysis, phase noise measurement and IDM test¬ 
ing are complemented with specific notes on A/D converters, compan¬ 
ders, crystals and more. A collection of test circuits includes isolators, 
detectors, frequency standards and calibrators. 

80 pages. $25.00 

Please send me the following handbooks ($25.00 each plus shipping): 
(Qty) (Qty) 
_ #R-1 Oscillator Design Handbook  #R-5 Power Amplifier Handbook 
_ #R-2 Filter Handbook: Volume 1 - Applications _ #R-6 Frequency Synthesis Handbook 
_ #R-3 Filter Handbook: Volume 2 - Design  #R-7 Wireless Communications Handbook 
_ #R-4 RFI/EMI/EMC: A Designer’s Handbook _ #R-8 Test & Measurement Handbook 

RD HANDBOOKS 
Special Set Prices 

#R-21 Any 4 for $69 

#R-22 Any 5 for $84 

#R-23 Any 6 for $98 

#R-24 Any 7 for $110 

#R-25 Any 8 for $122 

Mix and match the 

RF Handbooks and 

SAVE! 

Payment enclosed $_ 
Bill My: n MC/ VISA □ AMEX 
Card #_ Exp_ 
Signature - -

Name-
Title_ Phone-
Company -
Address -
City/State/Zip -
Country_ 

Amount Spent Shipping Charge 

$0-25.00 $4.00 
$26-50.00 $6.00 
$51-100.00 $8.00 
$101-150.00 $10.00 
$151-200.00 $14.00 
$201-250.00 $18.00 
$251-300.00 $20.00 

All additional amounts, please combine above. 

Outside U.S. TRIPLE Shipping Charges 

Send to: Argus Book Department • 6151 Powers Ferry Road, NW • Atlanta, GA 30339-2941 • (404) 618-0398 • Fax (404) 618-0347 



You can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

If you’re operating in a frequency range from 100 MHz 
to 2.4 GHz, you can’t buy a better oscillator than an 
Andersen VCO. It gives you the highest spectral purity 
with the lowest spurious (> -60dB). And typical single 
sideband phase noise of > -1 19dBC @1 KHz offset. 

It’s compact. It’s rugged. It operates in temperatures up 
to 100°C. It can be tuned up to 1.5 MHz or phase-locked 
to a reference. Plus, its low mass and low profile make it 
ideal for surface-mount technology, DILS or flatpaks. 

Isn’t it about time you discovered the precision, the 
versatility and simplicity of designing with Andersen 
oscillators? Contact Andersen Laboratories, 45 Old 
Iron Ore Road, Bloomfield, CT 06002. Telephone 
(203) 286-9090/FAX 203-242-4472. 

® ANDERSEN LABORATORIES 
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