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The Giga-tronics 8540B is the World’s Best
Power Meter for Communications Testing.

But Don’t Take Qur Word for It.

¢ power meters generally fare well when characterizing simple
continuous wave (CW) or pulsed RF/microwave signals. But
modern communications signals, with digital information on
phase—, frequency—, and amplitude-modulated carriers, pose
problems for mast power meters.The exception is the 85408
from Giga-tronics. The latest version of this high-speed
measurement tool performs true average power measurements

even on multitone signals with digital modulation. **

Microwaves & RF
June 1995

Giga tronics 85428 Universal Power Meter

Call 800-726-GIGA (4442)

or fax 510-328-4700 for more information for a demonstration.

Giga-tronics

Giga-tronics Incorporated = 4650 Norris Canyon Road w San Ramon, California 94583 w Telephone: 800-726-4442 or 510-328-4650 w Telefax: 510-328-4700

© 1995 Giga-tronics Incorporated INFO/CARD 1




Model AN930
9 kHz to 22 GHz

Model AN920
9 kHz to 2.9 GHz

Model AN940
9 kHz to 26.5 GHz

THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, An automatic trace limits test function performs unattended
9 kHz to 22 GHz for the AN930A, and 9 kHz to 26.5 GHz for monitoring and detection of erroneous signal conditions.
the AN940, the AN9QO series of spectrum analyzers can match Captured signals can be automatically stored in memory with
your RF and microwave testing requirements. time and date stamp for later recall and analysis or sent directly
In addition to being full-featured, portable spectrum analyzers, to a plotter via the standard RS-232 or IEEE- 488 interfaces.
each AN90O series model provides unique measurement A logical front panel control layout that avoids the use of
features never before available on any spectrum analyzer. menus or shift keys simplifies operation and enhances user
A wide 30 MHz resolution bandwidth filter provides productivity.
unequalled measurement capability on wideband or spread Other optional built-in features, including a 2.9 GHz tracking
spectrum signals. When used in combination with the built-in generator, quasi-peak detector, and 0.02 ppm time base,
FM/AM receiver and modulation measurement scales, direct expand each model’s possible uses.
measurement of wideband signal modulation components, Contact IFR for more information or to arrange for a
including frequency agile signals, is possible. demonstration of the AN920, AN930A or AN940.

A 25 MHz digitizing rate enables zero span measurements on
I a IFR SYSTEMS, INC.
lFRent/Leose Plan

pulsed RF and digital signals at sweep rates as fast as 200 ns/div.
An easy way to °ffe'°'e' e best in o ot equipment. camrowivenger 10200 West York Street / Wichita, Kansas 67215-8999 U.S.A.

Pretrigger and posttrigger delay allow precise time interval or
gated measurements.

1-800-835-235 Phone 316/522-4981 / 1-800-835-2352 / FAX 316/522-1360
INFO/CARD 2







115MHz to 1880MHz from *19.95

1I8Q Modulators and Demodulators another smart offering from MiniCircuit
that's pushing industry standards to new heights (and prices to new lows)!
Infuse your cellular, radar and communication system project with the
powerful new I&Q Modulator and Demodulator, surface mount and
plug-in units. Units so reliable, the specified statistical data on
performance holds up with rock-solid repeatability unit-to-unit
For high speed assembly operations, I8Q Modulators and
Demodulators are available in tape and reel format, so you can bank
on consistent assembly performance for production efficiency time
after time . . . and with prices starting at just $19.95, these powerful and
compact units truly are the next generation of value on the market today.
So, call your Mini-Circuits distribution center at a number listed
below for guaranteed one week shipment or, tum to our applications
department with your special specs for custom units at catalog price

We’re redefining what VALUE is all about!

L0~ w-{00r )-=RF 1/Q MODULATORS

Surface Mount Models

LO-e={90° [0°]=s-RE 1/Q DEMODULATORS

Surface Mount Models

NON-HERMETICALLY SEALED

MIQA case .4 x .8 x .4in. MIQY case 8x .8x 4in
MIQC case .8 x .8 x .4in. JCIQ case .9 x .8x.25in

All Models Available in New y
J-LEAD Surface Mount Package. oL
Consult Factory for Details.

[ Mini-Circuits > .8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com il Ly
For detailed specs on all Mini-Circuits products refer to ¢ 740- pg. HANDBOOK ¢ INTERNET » THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 156 Rev C
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(up to +15dBm output) From g(1000 qty.)

Mini-Circuits ushers-in a new era of technology and economy with ERA

monolithic GaAs amplifiers. Just check the specs! These surface mount and

drop-in amplifiers cover your applications to 8GHz with higher gain, more

output, and flatter response. Characterized with S-parameter data,

these amplifiers are very easy to use. Simply sketch an interconnect layout,

and the design is done. And ERA's are engineered with wider bandwidths

- to eliminate your need for costly compensation networks and extra gain stages.
So, review your present design and replace with Mini-Circuits new ERA technology.

Lower overall cost, wide bandwidth stability, and lots to...gain!
Mini-Circuits...we’re redefining what VALUE is all about!

ERA-1 ERA-2 ERA-3
ERA-1SM ERA-2SM  ERA-3SM
*Frequency DC-8000 DC-GOOO C “m.‘
(MH2) f f, DC-8000
Gain, (dB) 11.6 14.9 20 2
R0 13.1 19.4
Max. Power Out 13 14 11
{dBm, @1dB comp.) 13 13 1
Dynamic Range NF IP3 NF IP3 NF  1P3

7dB 26dBm 6dB 27dBm 4.5dB 23dBm
dB FaBm 6aB 27dBm 4 5dB 23dBm

Tprice ($ea., Qty.10) 1.80 195 5.10
Note: All specifications typical at 2GHz 250C.
‘Low frequency cutoff determined by external coupling capacitors.
YPrice (ea.} Qty. 1000: ERA-1 $1.16, ERA-2 $1.31, ERA-3 $1.46.
Add $.05 for SM option
Designer's Amplifier Kits
K1-ERA: 10 of each ERA model (30 pieces) only $49.95

Typical Biasing Rpias  (Required)
Configuration ERA

o %
ERA-1SM ERA-1 € block C block
ACTUAL IN t»~{ ' —{ p—out
SIZE \/‘{

Vv
cc

RFC(Optional)

———
——

For ERA modeis, pin 1 identified
by Red dot.

[JMini-Circuits @ .8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com  CHCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK ¢ INTERNET » THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 214 Rev Orig
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35 A Cable Telephony Trans-
ceiver Test System
New services to be provided via CATV sys-
tems include telephone and data services.
These services coexist with the television
programming on the system and are trans-
mitted via transceivers called cable
modems. This article describes a test sys-
tem for cable modems, to verify system
performance in these new applications.
— Mike McNatt
cover story
47 High Linearity HBT
Amplifier Targets
Multicarrier Systems
A new 1 MHz to 1 GHz broadband amplifier provides an inexpensive
solution for cellular base stations, CATV distribution, instrumentation
and other RF applications requiring high dynamic range and extremely
wide bandwidth.
— William J. Pratt
tutorial
64 Notes on Electrically Small Antennas
Many wireless applications use antennas that are smaller than typical
self-resonant monopole and dipole configurations.
— Gary A. Breed
67 What You Should Know Before Returning to
School for That Advanced Degree
What are the valid reasons for returning to school? What are the myths
and erroneous reasons? The authors offer some guidance on the topic for
engineers who may be considering further education.
— Jeff Reed, Ted Rappaport and Brian Woerner
70 Reducing Active Filter Cost Using Symbolic
Three-Pole Synthesis
Active filters can have improved performance at minimal cost when used
in a three-pole configuration. The author shows how to synthesize three-
pole designs without the limitations found in previous methods.
— Glenn A. Parker
74 A Tutorial on Intermodulation Distortion:

Part 2 — Practical Steps for Accurate
Computer Simulation

Continued from last month, the final installment of this tutorial deals
with the simluation of an amplifier circuit and a comparison of modeled
results with measured performance.

— Jeffrey Pawlan
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MICROWAVE SOLUTIONS, INC.

SOLID STATE
AMPLIFIERS

MODEL NO. FREQ. GAIN N.F. POUT
MSD-3800205 2223 450 0.5 +100
MSH-4312203 4.4-5.0 200 15 +100
MSH-6510201 7.7-85 350 09 +100
MSH-7402302  12.7-1325 19.0 25 +100

HPAs

MODEL NO. FREQ. GAIN NF_POUT
MSD-2488605 0.5-2.0 30.0 90 +300
MSH-5717902 5.9-6.4 440 8.0 +430
MSH-5627901 6.4-7.2 400 80 +3400
MSH-7407801 12.7-13.25 300 80 +37.0

BROADBANDS

MODEL NO. FREQ. GAIN N.F. POUT
MSD-2485601 0.5-2.0 300 €0 +270
MSH-4572501 20-6.0 330 28 +230
MSH-7585302  6.0-18.0 340 ¢€.0 +13.0
MSH-7367503  8.0-180 240 2.0 +I8.0

DESIGN 10N PACKAGE OPTION

* INTEGRATED FILTER “ RACKMOUNT

*AGC “ POWER SUPPLY

* DETECTOR PORTS
* COUPLER PORTS " HEATSINK
* MIL-SPEC-COMPLIANT  * CUSTOMIZLD HOUSING
*TIL “ SMA. WAVETUIDE.

N TYPE CONNECTORS

1- (800) 967-4267
3200 Highland Ave. Suite 3A
National City, CA 91950

* LASER WELDING

\ Fax: (619) 474-7003 )

8
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RF editorial

A Preview of
The Next

RF Design
Seminars

By Gary A. Breed
Editor

April 23-26, 1996 should be marked
on your calendars! Not only is RF
Design sponsoring our next seminar
event at that time, but we and our sis-
ter publications in the cellular, PCS
and mobile radio industries are host-
ing the giant International Wireless
Communications Expo (IWCE).

Last year, some 7000 people came to
IWCE, and that was before RF Design
added its influence! Here's what you
can find in Las Vegas at our big wire-
less show:

* Our highly acclaimed short courses
on Wireless & RF Engineering, Fil-
ter Design, Oscillator Design, Power
Amplifier Design, and Digital Modu-
lation/Spread Spectrum

Hundreds of exhibiting companies,
including many RF component,
instrument and software providers,
plus companies providing equipment
to the mobile radio industries —
base stations, handsets, antennas,
towers, test equipment, and more.
Business and technical presenta-
tions on all aspects of wireless com-
munications, including panel discus-
sions of all the latest technologies —
it’s a great place to find out what’s
hot in communications!

RF Design’s contribution to the
informational meetings is a session on
RF engineering, to be held on Thurs-
day afternoon, April 25. Our speakers
are busily preparing their papers on
these topics:

“An Overview of Competing and Sup-
plementary Wireless Services” by
Roohollah Hajbandeh of DSC Commu-

nications Corp.

“High Speed Wireless Telemetry” by
Roger Bracht, Larry Birkbigler, Ted
Crawford and Paul Lewis of Los Alam-
os National Laboratory.

“Design & Development of a New Poly-
ester Laminate for Wireless Commu-
nications Markets,” by Chuck Ludwig
of Glasteel Industrial Laminates.

“Probabilistic Models Allow More
Accurate Estimates of Time to do Reli-
ability or Qualification Testing of Elec-
tronics,” by John Hahn of the Naval
Air Warfare Center.

These papers on RF design and
manufacturing topics are an excellent
addition to the many other sessions on
such topics as Digital Cellular, PCS,
LEO satellite systems. Other IWCE
sessions cover all key technologies,
regulations and markets for wireless
communications. Panels include
industry leaders from government,
associations, and companies.

While at IWCE, the RF Technology
Pavilion on the trade show floor will
be filled with the RF companies you
need to see. From capacitors, induc-
tors and transistors, to frequency
counters, spectrum analyzers, and the
latest analysis software. More than 70
exhibit booths are devoted to the RF
engineer’s needs.

So, join us in Las Vegas! For more
information, look over the advertise-
ment on pages 81-84, and the brochure
included after page 68, then call and
reserve your spot at IWCE. This is the
only event where components through
finished products are all presented in
one place.

See you there!

March 1996



KALMUS: A TRADITION
OF HIGH PERFORMANCE,
VALUE-PACKED

RF AMPLIFIERS

hen Kalmus began designing and
manufacturing RF amplifiers in 1971,

the vision was to produce the best high

performance product possible for the best possible

price.”

“As we address the needs of the engineering community

in the 21st century, we never lose sight of this tradition.

At the same time, however, we are taking our operations

to an unprecedented level of engineering and
manutfacturing excellence.”

“For example, our engineering
and design capability enables

us to respond rapidly to customer
requirements. And with improved
order handling and production
capability, we are continually
reducing delivery times.”

“With the resources of Thermo
Voltek behind us, Kalmus is
committed to producing
technically advanced RF
amplifiers upon which customers
can depend, and to expanding
its leadership position.”

AL T

Colin 1. W. Baxter, President
Kalmus

STRAIGHT
TALK

ABOUT
RF POWER

AMPLIFIERS.

INFO/CARD 6

Kalmus
offers
over 120
ruggedly
built RF amplifiers for use in EMC testing,
medical, communications and general laboratory
applications. A comprehensive line of RF
amplifier modules and custom amplifier options
are also available.

RF AMPLIFIERS

¢ Stock and Custom Amplifiers and Modules
® Meets RF Immunity Standards, including IEC
1000-4-3 and 1000-4-6

EMC Test Amplifiers

® RF power levels from 1 to 3000
Watts

e Covering the frequency spectrum
from 10KH:z to 1GHz

Communications Amplifiers

* RF power levels to 1000 Watts

¢ Covering communications bands
to 1GHz

Pulsed Amplifiers

® RF power levels to 12 KW

o Fast rise and fall times, high
efficiency

Dual Band Amplifiers

® RF power levels to 100 Watts

* Offers operator convenience
and cost savings without
technical/capability compromise

Distributed Tube Amplifiers

¢ RF power levels to 2000 Watts

e Caver 14 octaves from 10KHz to 220MHz with rise
and fall times of better than 3 nanoseconds

O.EM. Amplifier Modules

¢ RF power levels from 1 to 250 Watts

® Many stock and custom modules can be tailored for
specific O.E.M. applications

For detailed information about the full line of Kalmus RF

amplifiers, please contact: 1-800-344-3341

#F ) 5 &

MRS

Kalmus ® 21820 - 87th S.E. ® Woodinville, WA 98072 USA
Tel: (206) 485-9000 ¢ Fax: (206) 486-9657

Distributor:

KeyTek » One Lowell Research Center ® Lowell ¢ MA 01852-4345 USA
(800) 7539835 ¢ Tel: (508) 275-0800 o Fax: (508) 275-0850
hteps/fwww.thermovoltek.com

Kalmus and KeyTek are divisions of Thermo Voltek Corporation, a Thermo Electron Company.
Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to
change without notice

Thermo Voltek

COMTEST BENELUX ¢ COMTEST ITALIA « COMTEST UK » KALMUS » KEYTEK © VERIFIER ¢ UVC



Hittite SP4T Switch

On-Chip Decoder Reduces 8 Control Lines to 2

HMC165S14

* Low Insertion Loss
* Integrated 2:4 Decoder
* 14 Lead SOIC Package

0.4dB

The HMC165S14 is a low-ccst SP4T switch in a 14-lead SOIC package for use
in antenna diversity, switched filter banks, gain/attenuation selection, and
general channel multiplexing applications. The switch can control signals up to
2.5GHz and is especially suited for the 800-

1000MHz band. A 2:4 decoder is integrated
on-chip, requiring only 2 control lines and a
negative bias to select each RF path. The
2:4 decoder replaces 4 to 8 control lines [
normally required by GaAs SP4T switches. |
The decoder can be biased with -3 to -6.5 |
Volts, draws less than 6mA, and switches in 1

Functional Diagram

50ns (-40 to +85 Deg. C). The two control A V0 . |
lines are driven with standard TTL or CMOS HJHHHHEH
using a simple driver circuit described in the ol lardile LS 00 e 4o
data sheet.

Insertion Loss Isolation

i 3

o -05 . 10

Z ) 8 2

Sas § -30)

25 2 50

& 10 05 1 15 2 25 3 e 05 15 2 25 3

FREQUENCY (GHz)

Hittite Product Selection Guide

FREQUENC

Y (GHz)

Both die (shaded) and packaged die are sTwwn below. Packaged die available for most MMICs.

Mixers Switches
HF Band Features RFBand  Features

HMC140 0.8-24GHz  High Isoation HMC103 DC-6 GHz ~ Non-Reflect SPST

HMC128 1.8-5 GHz High Isoation HMC104 DC-6 GHz  Non-Reflect SPDT

HMC128G8  1.8-5 GHz High Isoation, SMT HMC105 DC-6-GHz 3-Watt SPST

HMC129 4-8 GHz High Isoation HMC106 DC-4-GHz  3-Watt SPDT

HMC129G8  4-8 GHz High Isoiation, SMT HMC132 DC-15GHz  High Isolation SPDT

HMC130 6-11 GHz High Isotation HMC132G7  DC-6 GHz  SMT Pkg. SPDT

HMC141 6-18 GHz DC-6 GHz IF Band HMC132P7 DC-6 GHz  Microstrip Pkg. SPDT

HMC 142 6-18 GHz Mirror of HMC141 HMC150 DC-10 GHz  Transter Switch I

HMC143 5-20 GHz Triple-Balanced HMC15488  DC-2.5GHz  TX/RX SPDT (SOIC)

HMC144 5-20 GHz Mirror of HMC143 HMC159S14  DC-2.0GHz  Transfer Switch(SOIC)

HMC14788  1.6-34GHz  Low cost SOIC Pkg. HMC160S14  DC-2.0GHZ  Diversity Switch(SOIC)
New|HMC168C8  4.5-8.0GHz Surface Mount Pkg. | New| HMC165514  DC-2.0GHz  SP4T Switch (SOIC)
New| HMC171C8 __ 7.0-10.0GHz___ Surface Mount Pkg. | New | HMC1678S8  DC-2.0GHz _ SPDT Swilch (SSOP)

Bi-Phase Modulators
- Hand

Variable Attenuators

Jan Features
HMC135 1.8-5.2 GHz 30 dBc Carrier Suppr HMC109 DC-8 GHz Linear Control VVA
HMC136 4-8 GHz 30 dBc Carrier Suppr HMC121 DC-15GHz  30dB VVA, Sngl Cntl
HMC137 6-11 GHz 20 dBc Carrier Suppr HMC121G8  DC-8 GHz SMT Pkg VVA
- | HMC110 DC-10 GHz 5 Bit Digital Atten
Sensors/Sources Variable Gain Amplifiers
B —!‘—-Eﬁ-—_—
HMC124 5-6 GHz It FM-CW Radar HMC151 1-4 GHz 20 d8 Gain Adjmnt
HMC131 5-6 GHz VCO w/Eutfer Ampl HMC152 25-5GHz 20 dB Gain Adjmnt
HMC153 25-5GHz  Bidrectional Ampl
Freguencz Doubiers
HMC 156 0.8-1.7 GHz 1.6-3.4 GHz 15dB 30dB 35dB
HMC157 1.2-26 GHz 2.4-5.2 GHz 13dB 37dB 37dB
HMC158 1.6-3.6 GHz 32-72GHz 13dB ~ 32dB 32dB

For ordering information, contact:

Hittite Microwave Corporation
21 Cabot Road, Woburn MA 01801
Phone: (617)933-7267 Fax: (617)932-8903

- Hittite

£

Kiiliiliﬂ
o _d
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With our new PC software,
high-frequency design
is almost this easy.

(’5/” HEWLETT

PACKARD

1986 Hewlett-Packard Co. TMEES622/RFD)

Introducing highest performance simulators
HP EEsof Series IV/PC: money can buy, you get the accurate
Total integration from a models you need.

Single software package. In fact, the Discrete Value Optimizer
lets you fully analyze your designs

with actual, not theoretical, parts.
Making product development time
shorter than ever.

Okay, so you can’t get your high-
frequency designs all the way to
production just by pointing and
clicking. But thanks to HP EEsof

Series IV/PC, designing for manufac- For more information on Series IV/PC,
turability is almost that simple. or the other innovative solutions HP EEsof Series IV/PC
HP EEsof is bringing to high- lets you solve real world

You see, HP EEsof Series IV/PC is a
truly integrated high-frequency circuit
design solution, bringing schematic
capture, simulation, analysis and

frequency design, call 1-800-452-4844, problems using real
Ext. 1396* or your local sales world parts.
representative today for a
free brochure.

layout together in a single software " |

package. That means you can now Taking your designs from
simulate and tune your designs concept to production has
directly from layout. And you only never been easier.

have to learn one tool. There is a better way.
HP EEsof also features the world’s *In Canada, call 1-800-276-8661,
largest parts libraries — over 90,000 Dept. 255.

models in all. So you not only get the http:/avww. hp.com/go/hpeesof

INFO/CARD 8




NEC Silicon MMIC

Solutions... from 35¢

Want to make life simp er? Reduce the parts countin ~ and on tape and reel. And their quality and relia-

your design with low cost Silicon MMICs from NEC.  bility is proven. With a production rate exceeding
But be aware of the side effects! 20 million MMICs a month, no one knows this
Reducing the parts count can also make your technology like NEC.

design more reliable. Your QC easier. And your Our Silicon MMIC Selection Guide lists

assembly faster and more efficient. specifications for these and dozens of other devices.
NEC MMICs come in a variety of package For a copy, call your nearest CEL Sales Office, circle
styles, including low cost plastic, surface mount, the number below, or call our 24 hour fax line.

. ‘ . S5V WIDEBAND MMIC AMPsS —FROM 35¢

' ‘ PART FREQ. RANGE  GAIN(dB) NF(dB) Pdg(dBm) tcc (mA)  FTEST '
2 ' UPC1676G 50MHz-1.3GHz 22 4.5 +1 19 500MHz |
‘:’ | UPC1678G 50MHz-1.9GHz 23 6 +15 49 500MHz
S UPC1688G 50MHz-1.0GHz 21 4 (1] 19 500MHz
- | UPC2708T SOMHzZ-2.9GHz 15 6.5 +7.5 26 1.0GHz
UPC2746T ]
UPC27717 UPC2709T 50MHz-2.3GHz 23 5 +7.5 25 1.0GHz
UPC2710T 50MHz-1.0GHz 33 3.5 +7.5 22 500MHz
n UPC2763T | UPC2711T 50MHz-2.9GHz 13 5 -3 12 1.0GHz
! UPC2712T 50MHz-2.6GHz 20 4.5 -2.5 12 1.0GHz
. S 2L | UPC2713T 50MMz-1.2GHz 29 3.2 -4 12 500MHz
10
UPC2747T UPC2745T )
p | PART FREQ. RANGE  GAIN (dB) NF (dB) P;gp (dBm) Icc (mA)  fresT
2 2 e T 20 245 S0 Loty (k) | UPC2745T SOMHz-2.7GHz 12 6 -3.7 7.5 S00MHz
GAIN VS. FREQUENCY UPC2746T 50MHz-1.5GHz 19 4 -4.5 7.5 SO00MHz
UPC2747T 100MHz-1.8GHz 12 3.3 -11 5 900MHz |
UPC2748T 200MHz-1.5GHz 19 2.8 -8 6  900MHz
| UPC2749T 100MHz-2.9GHz 16 4 -12.5 6 1.9GHz

UPC2762T 100MHz-2.9GHz 14.5 7 7 27 1.9GHz
N E. UPC2763T 100MHz-2.4GHz 19.5 5.5 6.5 27 1.9GHz
UPC2771T 100MHz-2.1GHz 21 6 11.5 36 900MHz

Prices at 100K quantity
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3V AND 5V PRESCALERS —FROM $1.30

3V FREQUENCY CONVERTERS —FROM 99¢

eevscssesvsscvecsvsssssne

RF Frequency Conversion Qutput IP
PART (MHz) icc (mAY  Gain (a8) R B e
UPB586 = 256/512
- uPC2756T' 100 - 2000 5.9 14 o
UPB1502(1) (3V) + 64/65/128/129 UPC2757T 1204~ 2000 3 18 J
- s ® B E = = A 4
- uPC2758T! 100 - 2000 11 17 +6
UPB1505 = 64/128/256
UPC2753GR’ DC - 400 6.9 79 -17
URBSREEACY/128 UPC2768GR’ 10 - 450 7 80 -7
UPB582 =+ 4
— UPC8106T° 100 - 2000 9 ° o0
: 85 +4 UPC8109T? 100 - 2000 5 4 gud
& .. W e = ow - .
UPB587 (3V) + 2/4/8 G 1. Downconverter
. 2. Upconverter
UPBS81 = 2 8
a
UPB584 =+ 2 8
.
| E NECs
o 0.5 1.0 1.5 2.0 2.5 3.0 Freq. (GHz) 0 L'PC8104GR
o
g Quadrature
. .
. Modulator with
. up converter
.
.
. 5 Ob
PLUS...!

CEL IS ALSO YOUR SOURCE FOR NEC
DISCRETE BIPOLAR TRANSISTORS

These new devices are ideal for B0 5 & DEMOD_FROM $2.70

amplifier and oscillator applications

in your portable wireless designs. @ 102
Priced from 31¢.

. O o,
I

NE686 BIPOLAR TRANSISTORS el

¢ High fy (15 GHz) o———/@—

¢ Low Noise O RF 10

o Excellent Insertion Power Gain RE a —@—-—OQ
ouT

O
NE687 BIPOLAR TRANSISTORS " 2O o 6%
s Low Noise (1.3 dB @ 2 GH2) o
¢ High Gain Bandwidth
» Noise match close to 50 ohms UPC8104GR UPC2766GR
NE688 BIPOLAR TRANSISTORS T iy LT QUACRERURERDEMOEBIGATOR
* Low Phase Noise Distortion W/UPCONVERTER ¢ RF& L0 —DCto 1 GHz
* Low Noise, High fr * 3-5 Volt operation « IF (1Q)—DC to 100 MHz
s Large Absolute Max Collector Current :
8 « Ports for IF filter * 35 dB typ AGC dynamic range
All are available in six different low cost ¢ 10 MHz 1/Q BW * 30 dBc typ distortion
surface mount packages. « 400 MHz IF Bandwidth 1
* 1.9 GHz RF Output * Need Product Information Fast?

Use CEL's Automated Fax System!

(I FAX

Californja Eastern Laboratories 800-390-3232

(US. and Canada Only)

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com
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 Timonium, MD (410) 453-6600

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682
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From Wall Street to
Rodeo Drive, two-way paging is
finally a reality. And when it comes
to the RFIC power amplifiers you
need to get the job done, the word
on the street is ITT.

Our new 3.3 volt power
amplifier is proof. It’s designed
especially for the 890 to 942 MHz
ISM and paging frequency bands.
Put it into your two-way pagers
and it'll deliver 1.2 watts of RF
power into an easily matched 50
ohm load.

There’s more. It works smart.

MSAG?®-Lite technology and a
16-pin narrow body SOIC plastic
package, you can pack more
features in less space.

Our power amplifiers know
how to survive on the street. In
fact, ITT guarantees both stability
and ruggedness. And the low cost
will surprise even the toughest
Wall Street banker.

So if you need a power
amplifier with real street smarts,
you're looking at it. To take a closer
look, call us at 540-563-3949 or
fax us at 540-563-8616.

It operates on a single battery.
And it’s small. Thanks to ITT’s

ACTUAL

S/Zi'

ITT GTC
7670 ENON DRIVE
ROANOKE, VA 24019

ITT e
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RF letters

Letters should be addressed to:
©ditor, RF Design, 6300 S. Syra-
:use Way, Suite 650, Englewood,
20 80111. Letters published may
ye edited for length or clarity.

Zomments on IMD Article
Iditor:

I read the article by Michael Leffel
n your June 1995 issue, “Intermodu-
ation Distortion in a Multi-Signal
Tnvironment.” [ would like to convey
ny congratulations to Mr. Leffel for
1is treatment of the subject.

However, I believe it would be inter-
:sting to clarify some aspects of the
article. First, equations (18), (19), (20)
ind (22) have some typing mistakes,
sut the readers can correct them.
There are two more important errors.
Equation (23) should be:

4 N+1+lmod(N+1)-1 + mod E
2 2 2 2

and the summation term in the set of

aquations (33) to (37) should be:

4{i + L mod(i) - 1} + mod{Ll}
DD 2 2

Fortunately, data in Tables 1 and 2
are correct, as would be found from
these corrected formulae. (it appears
that all errors are entirely typographi-
cal —ed.].

Another point is to clarify a state-
ment made on page 81. It should read,
“This IM product will always exist,
even if a single tone is fed into a non-
linear [instead of linear] system.” If a
single tone, or even multiple tones, are
fed into a truly linear system, they
will never produce IM products, since
K3 = 01in eq. (9).

Josep Jordana
Spain

Grounding System Notes
Editor:

The article, “Electrolytic Grounding
Solves Failures for Alyeska Pipeline, “
(December 1995 issue), indicates that
the National Electric Code (NEC)
requires a ground resistance under 25

ohms. I've worked with the NEC for
over 50 years and it does not require a
specified ground resistance for a com-
pleted system. Article 250, H,
“Grounding Electrode System” speci-
fies acceptable grounding systems. For
several of these systems the NEC does
not require the grounding resistance
to be measured at all. Article 250-84
for a single electrode (“...rod, pipe or
plate”), states that, if the ground resis-
tance is greater than 25 ohms for the
single electrode, one additional elec-
trode shall be installed. But it does not
specify the final ground resistance.

The article also implies that the
completed ground system is rather
massive, and that a final ground resis-
tance of less than 15 ohms was
achieved. It would be interesting and
educational to find out how the ground
resistance was measured, as the mea-
surement of large grounding systems
is not trivial.

A number of years ago I analyzed
several hundred measurements of sin-
gle 8-foot ground rods installed in
more than 30 states, at more or less

MODEL 604L 607L
Power 4w W
Frequency 05to 0.5to
Range 1000 1000
MHz MHz
Gain 45dB 45dB

*Modular Versions Also Available!

RF AMPLIFIERS

Rugged Class A Power For
EMC/RFI Testing & Lab Applications

®

World Headquarters

ENI « A Division of Astec America, Inc.

100 Highpower Road ¢ Rochester, NY 14623
Tel: (716) 292-7440 « Fax: (716) 427-7839

Sales & Service Offices

Fremont, CA « Tel: (510) 353-4ENI (4364)
Austin, TX « Tel: (512) 462-2191

Welwyn Garden City, UK » Tei: (0707) 371558
Gerlingen, Germany « Tel: (0715) 621095
Tokyo, Japan » Tel: 0425 229011

RF Design
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RF letters ...

random locations. At approximately 10
percent of the sites the grounding
resistance was greater than 1000
ohms for a single rod.

Also, a number of years ago I was
given the task of completing the
installation of a grounding plate at an
Okinawa communication site. When I
arrived, a large hole had been dug and
a large copper plate procured. The

hole looked like a marble bathtub —
the whole site was coral. In accordance
with instructions, the plate was
installed and the hole filled with an
electrolytic solution. The initial resis-
tance (using as reference a ground sys-
tem associated with a submarine sys-
tem) was more than 10 kohms. Several
months later it was still that high.

In my opinion, a low ground resis-

Voltronics

debunks
the myths

ot

Surface
mount
trimmers
sacrifice
performance
for size
and cost.

cycling?

Voltronics J Series
variable ceramic
chip capacitors
deliver unparalleled
performance and
cost no more than
less capable designs.
They operate com-
fortably to 3 Gz,
and their Qs are
twice that of the
closest competitor.

How about a Q of 1500,
capacitance to 40 pF, and
2% stability even in damp
heat and temperature

Stability is within

|
2% after 1,000 hours of =
service, even in damp heat and —
temperature cycling.

The Trimmer Capacitor Company

16

The Voltronics | Series is truly SMT compatible too,
thanks to a liquid crystal polymer body that shrugs off
the effects of washing. And once you set a ] Series trim-
mer, it stays that way. So if you think you have to sacri-
fice performance and reliability for small size, you should
be talking to Voltronics. Call us today at (201) 586-8585

for data sheets, samples...and our new low prices.

Voltronics =

INTERNATIONAL CORP. =%

50,000 pieces
any model
4 weeks
or less...
Guaranteed!

100-10 Ford Road

Denville, NJ 07834
201.586.8585

FAX 201.586.3404

e-mail: voltron@styx.i0s.com

WRITE, CALL OR
FAX FOR CATALOGS
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tance, if achievable at economical cost
may be useful. However, the first line
of protection should always be ade-
quate bonding so that harmful poten-
tials cannot occur. Always remembei
that you never saw an airplane with &
ground rod!

C.B. Christianson
Sierra Vista, AZ

Filter Follow-up
Editor:

Several readers of my article
“Design Parameters for 1-Through-7-
Pole Input-Matched Lowpass/High-
pass Filters,” (September 1995 RF
Design) recognized that I had, to mjy
embarrassment, misinterpreted a key
reference (Matthaei) and apparently
“reinvented the wheel.” the values in
my Table II are within a few percent
of singly-loaded Butterworth values,
which Mattaei recommended for
branching filters, and are tabulated in
other references. A branching filter is
obtained by paralleling the unloaded
ports of singly-loaded LP and HP fil-
ters. The values in my Table III are for
doubly-loaded Butterworth filters and,
predictably, yield poorly-matched
branching filters.

The theoretical input match of sev-
eral branching filters using singly-
loaded Butterworth values (from
Matthaei’s Table 4.06-1) was found to
be somewhat worse than produced by
branching filters using the values
from my Table II. For example, 7-pole
branching filters using singly-loaded
Butterworth and my Table II parame-
ters yielded worst-case input return
loss of 33 dB and 70 dB, respectively.
This interesting result might warrant
further study.

In addition, I omitted inductor L44
in shunt with R in Figure 2e. Also, the
measured attenuation of the 3-pole
prototype filter plotted in Figure 8 at f
= 4f, dB 1821 | , exceeds the theoreti-
cal n = 3 value of —-36.12 dB. The
excess attenuation is believed to be a
result of distributed capacitance asso-
ciated with the tightly-wound coils
used for L1 and L3.

I thank the correspondents for their
constructive criticisms and appreciate
the opportunity to respond and make
these corrections. RF Design is a fine
magazine — I have saved every issue
since the first!

Chase P. Hearn
Williamsburg, VA
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High Power
Two Way Combiners

WERLATONE

Con;::c” POweg
/VEH/D, viog,
R

FREq SER
"

-~ £, MHz
forrid L4y Warrs
o= il WSrgq’,vs INe.

Mop

TYPICAL SPECIFICATIONS
POWER LOSS  ISOLATION  VSWR

250W 0.2dB  20dB 1.2:1
150w 0.3dB  20dB 1.2:1

e Octave Bandwidth 0.2 - 2.0 Ghz
¢ Conservatively Rated Up To 250 Watts
e Coherent and Non-Coherent Applications
e Three Options...
H3887: 4 Port Hybrid Junction
D3888: 3 Port Divider/Combiner, 25 Watt internal
Isolation Termination
D3889: 3 Port Divider/Combiner, 100 Watt Internal
Isolation Termination on Massive Heat Spreader

WERLATONE

DECADES AHEAD

WERLATONE iInc.  P.O. Box 47 ¢ Brewster, NY 10509 ¢ Telephone: (914) 279-6187 ¢ FAX: (914) 279-7404
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We make flawless printed circuit
board prototypes for low and
high frequency applications.

“When 1see it, 3
_ Tlvelieve it” ¢
\ - '~o

-

of
WANNA SEE IT? 3
CALL 1-800-279-5572

Multi-layers, Quick-Turn or Exotics.
Don't skip the prototype process when you
need prinfed circuit boards on PTFE,
Teflon, Duroid or GX laminates.

SOUTHWEST CIRCUITS specializes in
prototyping circuit boards for all
MICROWAVE and WIRELESS applications.
Our propriefary technologies and processes
give us an edge over ordinary printed
circuit board fabricators.

Make us prove it. Call Now.

(520) 745-8515
FAX (520) 747-8334
Modem (520) 747-5108

3760 E 43rd Pi
Tuesen AZ 85713

INFO/CARD 50

RF POWER

AMPLIFIERS

2MHz to 2 GHz
Modules 1 W to 1kW
Rack Mount Amplifiers to 2 kW
Custom Designs

Short lead times
Broadcast/Comm./EW Industrial/Medical
Fixed/Portable/Mobile

1 Silicon Valley
PO WETWR

| AMPLIFIERS
The RF People

529B Forman Dr., Campbell, CA 95008

CALL 1-800-986-9700
or fax 1-408-986-1438
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RF calendar

March
18-22

April
16-17

23-26

28-1

16-21

24-25
26-28

Jul
y 21-26

12th Annual Review of Progress in Applied
Computational Electromagnetics

Monterey, CA
Information: Richard W. Adler, ECE Dept./Code ECAB,
Naval Postgraduate School, 833 Dyer Road, Room 437, Mon-
terey, CA 93943. Tel: (408) 649-1111. Fax: (408) 649-0300.
E-mail: rwa@mcimail.com

Minnesota EMC Event

Bloomington, MN
Information: Judie Anderson, 3001 Habor Lane, Suite 150,
Plymouth, MN 55447. Tel: (612) 559-0332; Fax: (612) 553-
9326.

International Wireless Communications Expo
(including the RF Design Seminar Series)

Las Vegas, NV
Information: Intertec Presentations, 6151 Powers Ferry
Road, N.W., Atlanta, GA 30339. Tel.: (800) 828-0420 or (770)
618-0499. Fax: (770) 618-0441.

IEEE Vehicular Technology Conference-VTC 96
Atlanta, GA

Information: Wendy Rochelle, IEEE/VTC’96 Registrar, P.O.

Box: 1331, Piscataway, NJ 08855-1331. Tel: (908) 562-3870;

Fax: (908) 981-1769. E-mail VTC96@IEEE.com

Frequency Control Symposium

Honolulu, HI
Information: Michael Mirarchi, Synergistic Management,
3100 Route 138, Wall Township, NJ 07719. Tel: (908) 280-
2024. Fax: (908) 681-9314.

MTT-S International Microwave Symposium

San Francisco, CA
Information: Derry Hornbuckle, Hewlett-Packard; Tel:
(707) 577-3658; Fax: (707) 577-2036, or Jerry Fiedziusko,
Space Systems/Loral Corp. Tel: (415) 852-6868. Fax: (415)
852-5068.

Time and Frequency Seminars: Introduction-Level 1
Boulder, CO
Time and Frequency Seminars: Fundamentals-
Level 2
Boulder, CO
Information: Wendy Ortega Henderson, National Institute of
Standards and Technology, 325 Broadway, Boulder, CO
80303-3328. Tel: (303) 497-3593; Fax: (303)497-6461. E-mail:
ortegaw@boulder.nist.gov

1996 IEEE AP-S International Symposium and URSI
Radio Science Meeting

Baltimore, MD
Information: Mr. Jon Moellers, Steering Committee Chair,
445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.
Tel: (410) 993-6774; Fax: (410) 993-7432.
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RF courses

tadar Cross Section Reduction

March 26-29, 1996, Atlanta, GA

rinciples of Electronic Counter-Countermeaures

April 9-11, 1996, Atlanta, GA

'hased-Array Radar System Design

April 29-May 2, 1996, Atlanta, GA

nformation: Continuing Education, Georgia Institute of
‘echnology, Atlanta, GA 30332-0385. Tel: (404) 894-2547.

intennas: Principles, Design and Measurements

May 14-17, 1996, St. Cloud (Orlando), FL

nformation: Kelly Brown, Northeast Consortium for Engi-
eering Education, 1101 Massachusetts Ave., St. Cloud, FL
4769. Tel: (407) 892-6146. Fax: (407) 892-0406.

ISP Without Tears

April 17-18, 1996, Fort Lauderdale, FL

May 1-3, 1996, Boston, MA
nformation: Z Domain Technologies, Inc., 325 Pine Isle
‘ourt, Alpharetta, GA 30202. Tel: (770) 587-4812; Fax:
770) 518-8368.

IF and Wireless Engineering

April 23-25, 1996, Las Vegas, NV
'ractical High Frequency Filter Design

April 23, 1996, Las Vegas, NV
)scillator Design Principles

April 24, 1996, 1996, Las Vegas, NV
digital Modulation and Spread Spectrum for Wireless
;ommunications

April 23, 1996,
IF Power Transistors and Amplifiers

April 24, 1996, Las Vegas, NV
nformation: RF Design Seminar Series, Argus Trade
thows, 6151 Powers Ferry Rd., N.W. Atlanta, GA 30339.
‘el: (800) 828-0420.

Aaximize Performance of Transmission Lines

March 5-7, 1996, Orland Park, IL

April 9-11, Orland Park, IL

May 7-9, 1996, Orland Park, IL

June 4-6, 1996, Orland Park, IL
nformation: Andrew Corporation, Dept. 355, P.O. Box:
1000, San Fernando, CA 91341-9978. Tel: (800) 255-1479
xt. 117.

flicrowave Radio Systems

March 16-29, 1996, Washington, DC
’CS: A Telecommunications Revolution

April 8-12, 1996, Washington, DC
:lectromagnetic Interference and Compatibility
EMI/EMC): A Practical Approach to Testing and
\dvances in Video Technology for Communications and
Jroadcasting

April 8-11, 1996, Washington, DC
lodern Receiver Design

April 15-19, 1996, London, U.K.
Vireless Infrastructure Network Engineering for Cellular,
’CS, LEO and WPBX

April 15-19, 1996, Washington, DC
dicrowave Tubes, High-Power Transmitters, and
Aicrowave Systems: Basic Principles

April 29-May 3,1996, Washington, DC

{F Design

Grounding, Bonding, Shielding and Transient Protection
April 29-May 3, 1996, San Diego, CA
Satellite Communications Engineering Principles
May 7-10, 1996, Washington, DC
Digital Image Processing
May 13-14, 1996, Washington, DC
Mobile Satellite Communications Systems
May 13-15, 1996, Washington, DC
Modern Digital Modulation Techniques
May 13-17, 1996, Washington, DC
Modern Digital Video Processing
May 15-17, 1996, Washington, DC
Global Positioning System: Principles and Practice
May 20-23, 1996, Washington, DC
Electromagnetic Interference and Control in Modern Com-
munications Systems
May 20-24, 1996, Washington, DC
Mobile Communications Engineering
May 22-24, 1996, Washington, DC
Hazardous RF Electromagnetic Radiation: Evaluation,
Control, Effects, and Standards
June 12-14, 1996, Washington, DC
Information: The George Washington University, Continu-
ing Engineering Education, Academic Center, Room T-308,
801 22nd Street, N.W., Washington, DC 20052. Tel: (202)
9946106 or (800) 424-9773. Fax: (202) 872-0645.

Grounding & Shielding Electronic Systems, and Circuit
Board Layout

June, 1996 (dates TBA), Chicago, IL

August 14-16, 1996, San Jose, CA
Information: Continuing Education, University of Missouri-
Rolla, 103 ME Annex, Rolla, MO 65409-1560. Tel: (314) 341-
4132; Fax: (314) 341-4992.

51st Engineering + Management Program

March 24-29, 1996, Los Angeles, CA
Digital Video Technology

April 10-12, 1996, Los Angeles, CA
Wireless Voice and Data Communications

April 16-19, 1996, Los Angeles, CA
Advanced Communications Systems Using Digital Signal
Processing

April 22-24, 1996, Los Angeles, CA
Wired and Wireless Telecommunications Networking

May 20-24, 1996, Los Angeles, CA
Information: UCLA Extension, 10995 Le Conte Ave., Suite
542, Los Angeles, CA 90024. Tel: (310) 825-1047; Fax: (310)
206-2815. E-mail: mhenness@unex.ucla.edu

RF IC Design of Wireless Communication Systems

April 23-26, 1996, San Francisco, CA
Information: Mead, Microelectronics, Inc., 7100 NW Grand-
view Dr., Corvallis, OR 97330. Tel: (541) 758-0828; Fax:
(541) 752-1405.

Training Program for Cellular, PCS Staff

Independent Learning Program
Information: Virginia Polytechnic Institute and State Uni-
versity, Mobile and Portable Radio Research Group, 840
University City Blvd., Pointe West Commons, Suite 1,
Blacksburg, VA 24061-0350. Tel: (540) 231-2970; Fax: (540)
231-2968.
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THE ROADMAP TO
SEAMLESS RF INTEGRATION

U.S. DESIGN CENTER

Fujitsu Microclectronics, a world leader in UHF bandpass
SAW filter technology, introduces a master-slice, semi-custom
LSI capability, ideal for integrating IF /RF front-end circuits.
This “frame” based technology, a collection of RF building
blocks defined at metallization, provides a migration path
trom our world-class standard RF technologies to a highly
integrated monolithic solution. Allowing you to create
semi-custom designs from our extensive tamily of cost-effective,
RF technologies—including prescalers, super analog, PLL,
and super PLL.

Fujitsu’s advanced BiCMOS process produces high-speed
digital functionality with unmatched analog performance,

FUJITSU MICROELECTRONICS, INC., 3545 North First Street, San Jose, CA 95134.



BUILDING THE ONE CHIP SOLUTION

delivering up to 28 GHz f in a highly integrated
single-chip solution. Our advanced technology
allows you to go from concept to silicon within
6 months, without the high costs and risks associated
with full-custom designs.

Our unparalleled SAW filter technology compliments
this new development for optimum design integration
—reducing design cost, size, weight, and time to market.

What’s more, through our U.S. Design Center, you’ll
get the comfort and stability of Fujitsu’s extensive
history as a premiere manufacturer of state-of-the art
RF solutions. Our complete line of standard products

are rigorously tested to ensure design quality and
performance—so that you get a solid foundation
from which to build an integrated design solution.

Get on the fast-track to seamless integration—call
Fujitsu Microelectronics today at 1-800-866-8608,
or visit our web site at http: /www.fujitsumicro.com.

[o®)
FUJITSU

COMPUTERS, COMMUNICATIONS, MICROELECTRONICS
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RF news

Digital Radio Moves
Ahead in Canada

The Canadian Radio-television and
Telecommunications Commission
(CRTC) has announced that it is
accepting applications for transitional
digital radio licenses, to remain in
effect until a long-term policy is devel-
oped. Along with a prior draft of spec-
trum allocation for digital radio, and
the approval of a standard (Eureka-
147/DAB), Canada is moving into the
implementation phase of this new ser-
vice. The new digital radio service will
operate in L-band, with the Draft
Allotment Plan specifying 1452-1492
MHz. The Plan divides the 40 MHz
into 23 channels, each of which can
carry up to five CD-quality stereo
broadcast programs. Up to five sta-
tions having approximately the same
coverage area may share a single
transmitter. Experimental stations
are operating in Toronto, Montreal,
and soon Vancouver. Information on
these developments can be obtained
from Digital Radio Research Inc.
(DRRI), 7925 Cote St-Luc, Montreal,
Quebec, Canada H4W 1R5; fax: (514)
485-5885.

HP EEsof Sponsors

Design Contest

An HP Omnibook 600C notebook PC
and HP 48GXX scientific calculators
are the prizes to be awarded in a con-
test for HP EEsof users. Entries are
papers, and eventually 20-minute
talks, on the entrant’s design experi-
ence with HP EEsof tools. Entry cate-
gories are: 1) High frequency system
design; 2) High frequency circuit
design; and 3) Component or antenna
design with EM simulation. Abstracts
are due April 1, 1996 and should be no
more than one page in length. Final-
ists will be notified by May 2. Com-
pleted papers are due June 10, for pre-
sentation during the MTT-S
Microwave Symposium, June 18-20.
Entries will be judged on innovation,
performance, measured vs. modeled
results, demonstrated use of HP EEsof
tools, and return on investment (time
savings). Abstracts should include the
author’s name, title, company,
address, telephone, fax and e-mail
address. Submit abstracts to: Tom
Phillips, Customer Support Manager,
HP EEsof, M/S 2USX, 1400 Fountain
Grove Parkway, Santa Rosa, CA
95403, tel; (707) 577-4345.
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Wireless World Equipment Market, 1995 to 2000
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Report Outlines Wireless Growth

Allied Business Intelligence, Inc. is completing a report, “The Wireless World
Strategic Outlook,” which projects the growth of six primary wireless technolo-
gies — Cellular Telephony, Direct Broadcast Systems (DBS), Global Position-
ing Systems (GPS), Personal Communications Systems (PCS), Very Small
Aperture Terminals (VSATs) and Wireless Local Area Networks (WLANSs).
Cellular and PCS subscribers are expected to grow at a compound rate of 25%
through the year 2000, VSATs will grow from 150,000 terminals in 1994 to
over one-half million by 2000. DBS and WLAN are in their infancy, and are
expected to grow into substantial markets. GPS alone is expected to be a $5
billion market by 2000, including stand-alone and in-system applications. For
a copy of the entire report, contact Bill Britton or Andy Fuertes at (516) 624-
3113; or check the firm’s Web page at: http:/www.alliedworld.com/

U.S. Printed Wiring Board production 1988-2000

$30 (

$28
$25 1
$20 1 $19
$15 1 $14
$10 +
$5 +
$0 - -

1992 1994 1995 1996 1998 2000

1988 1990

Healthy Growth Predicted for Printed Circuits

and Assembly Industries

The Institute for Interconnecting and Packaging Electronic Circuits (IPC),
projects that U.S. electronics manufacturing service providers (contract
assemblers) will grow at a 20 percent average annual rate from 1994 through
1999. U.S. printed wiring board production is expected to grow at a 9.2 per-
cent during that time. A study of 49 contract assembly companies indicates
that the industry is now $11.4 billion. The accompanying chart (above) shows
how the manufacturing services industry has grown, and how it is expected to
continue to grow.
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EXAMPLE GENESYS SCREEN

MICROWAVE FILTERS OSCILLATORS

End coupled L-C series mode

Edge coupled L-C Colpitts

Hairpin L-C Clapp

Stepped-Z T-line and L-C VCO
Combline VCO with xformer
Interdigital Cavity bipolar and hybrid

Dielectric resonator
Terminal SAW bipolar
Port SAW hybrid

Port SAW MOSFET
Pierce and Colpitts crystal
Driscoll crystal

Butler overtone

Overtone with multiplier

Elliptic lowpass
Elliptic bandpass
Sub lowpass
Stub bandpass
Stub bandstop
Edge bandstop

GENESYS includes free technical support,
no annual fees and a money-back guarantee
GENESYS is available for

MICROSOFT «  MICROSOFT .
WINDOWS . WINDOWS NT

€EAGLEWARE

Eagleware Corporation # 1750 Mountain Glen * Stone Min, GA 30087 % USA

TEL (770) 939-0156  FAX (770) 939-0157

MATCHING NETWORKS
L-C piand L

L-C tee

T-line quarter wave

T-line single/double stub
General order bandpass

L-C pseudo lowpass

T-line pseudo lowpass

T-line stepped-Z

Custom with R' s and xformers

LUMPED FILTERS
Conventional all-pole
Conventional elliptic
Top-C coupled

Top-L coupled
Shunt-C coupled
Tubular

Blinchikoff flat delay
Zig-zag

Eagleware symmetric
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with GENESYS, a suite of programs for synthesizing microwave filters
amplifiers, oscillators, active filters, matching networks and L-C filters
for your Touchstone, Spice and =SuperStar= simulator.

ACTIVE FILTERS
GIC transform

Single feedback
Multiple feedback

Low sensitivity

State variable (biquad)
VCVS

Dual amplifier

FOR SIMULATION
ENGINES,.

YS

TOUCHSTONE
SPICE
SUPERSTAR

Touchstone is a product of HP/EEsof
GENESYS and =SuperStar= are products

of Eagleware
«n—-; {

SAME PRICES INTERNATIONALLY
DIRECT SALES & USER SUPPORT
B8Y FAX. PHONE OR LETTER
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FREQUENCY

CONTROL
PRODUCTS

Leadless SMD Clock

1-75 MHz

* TTL or CMO3

» Uttra Low Profile
+0.295'x0.2"x 0.061"
» Tri-State Output

S-Type
1-52 MHz

* TTL or CMOS

* Surface Mount
or Thru-Hole

+0.335'x 0310 x 0.118

* Miniaturized
Ceramic 6-Pin DIP

Voltage Controlled SAW Oscillator

VCO600

155-622 MHz
+ 10K ECL Compatible

« Surface Mount

*(.728 x 0.295" x 0.135'
o For High Speed PLL'S

Timing Recovery Unit
TRUOS0

1-52 MHz
» User Configurable PLL

» Surface Mount
or Thru-Hole

+0.800"x 0.310"x 0.139"
* |deal for Frecuency
Translation and
Clock Recovery

SAW-Based Timing Recovery Unit

TRU600

SOGAL LA
s'-".?:’a/z: 520 -l
VN S
r 3

124-622 MHz
+100K ECL Compatible

» Surface Mount
*0.728"x 0.265" x 0.135"
» |deal for SONET/SDH

mVECTRG\I
TECHNOLOGIES
u INCORPORATED

ASTOVER ) rcsmwcams compay
267 Lowell Road, Hudson, NH 03051
TEL: (603) 588-0070 FAX: {603) 538-0075

RF news ...

Wireless Technology
Workshop Seeks Papers

A Call for Papers has been issued for
the Advanced Technology Workshop on
Wireless Communications, August 21-
23, 1996 in Boulder, Colo. Sponsors are
ISHM, IEEE MTT and IEEE CPMT.
Presentations on significant work in
wireless engineering are sought — sys-
tems, packaging, components, anten-
nas, interference, measurements and

modeling. Send abstracts by April :
1996 to: Dr. Modest Oprysko, IBM T..
Watson Research Center, P.O. Bo
218, Yorktown Heights, NY 10598; fa:
(914) 945-1974; e-mail: modest@war
son.ibm.com

Additional information can b
obtained from the General Chair: D
Roger Marks, NIST, 325 Broadway
MC 813.06, Boulder, CO 80303; te
(303) 497-3037; fax: (303) 497-7828; ¢
mail: marks@nist.gov

Business Briefs

Svetlana receives $3 Million investment from Defense Enterprise
Fund — Svetlana Electron Devices has received an investment of $3 Million
from the Defense Enterprise Fund, a private venture capital fund capitalized
by the U.S. Government for financing of joint ventures that promote defense
conversion in Russia. The new funding will strengthen the Svetlana joint ven-
ture and contribute to its growth, particularly in the rapidly growing foreign
industrial and medical markets.

Schaffner opens liaison office in China — Schaffner announces the first
field test instrumentation liaison office onside China, dedicated solely to pro-
viding advice and technical support on the issues of electromagnetic compati-
bility. With expanding imports, and an absence of its own national standards,
Chinese manufacturers are beginning to design and test products to interna-
tional IEC standards.

Pinpoint Communications begins vehicle location system — Pinpoint
Communications, Inc. has begun operation of its first commercial network for
vehicle location and mobile data communications in Dallas, Texas. The tech-
nology used is a proprietary land-based two-way vehicle tracking and commu-
nications system capable of tracking thousands of vehicles per second. Efficien-
cies gained in dispatch of customer vehicles is expected to result in significant
savings, with payback of investment in less than a year for some customers.

NTS offers fast-track EMC/EMI product testing — Fast-track testing for
CE Mark compliance is offered by National Technical System at west and east
coast laboratories. Eight facilities are operated nationwide by NTS, along with
a mobile EMC test van for on-site testing.

Haefly Trench and Tettex Instruments at single address — North Amer-
ican operations of Haefly Trench, Inc. and Tettex Instruments have been com-
bined at a single location — Haefly Trench, Inc., 1308 Devils Reach Road,
Woodbridge, VA 22192; tel: (703) 494-1900.

RF Industries adds new distributors — RF Industries, Ltd. RF connector
products are now available from Mueller Electric Company, an Ohio-based dis-
tributor, and Neumann Electronics, based in California, with office in Arizona
and Colorado.

Microdyne Corp. announces CE Mark compliance — Microdyne Corp.
has six key Aerospace Telemetry Division product categories that have
received the CE Mark for European electromagnetic compatibility certifica-
tion. The products include receivers, combiners, accessories and adapters for
tracking, data reception and display.

Merix and Hewlett-Packard cooperate in DYCOstrate® technology —
Merix Corporation and Hewlett-Packard Company’s Printed Circuit Organiza-
tion have entered a sub-licensing agreement that allows Merix to use the
DYCOstrate interconnect substrate technology developed by Dyconex AG of
Switzerland. The technology uses plasma etching to generate fine-diameter
vias for high-density circuit boards.

March 199¢
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" WHY VTI IS THE LEADER IN LOW PROFILE

REASON .

Qﬁ-v*o

FREQUENCY CONTROL PRODU(TS

VTl has shipped over 10
million ceramic, surface
mount devices worldwide.

Born out of the acquisition of the world's leading
Telecommunications Company, VTI has over 40 years
of experience in both crystal and SAW product
development and has been fully integrated into
virtually every telecommunications application with
low profile, high-performance leadless components.

VTI Products include:

¢ Crystal Oscillators

* Voltage Controlled Crystal Oscillators

* Voltage Controlled SAW Oscillators

* Timing Recovery Units

* SAW Filters
Each soundly based on time proven product
design, ASIC technology and tough, field-tested
durability; guaranteed to deliver faster, cleaner
signals for all your telecom, datacom, wireless and
video applications.

For more information, call Vectron Technologies, Inc. (VTIl) at: 1-800-NEED-FCP

i

2=

INCORPORATED
267 Lowell Road, Hudson, NH 03051
TEL: (603) 598-0070 FAX: (603) 598-0075

A TECHNOLDGIES ComMPANY

INFO/CARD 18
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TECHNOLOGIES

OVER THIRTY YEARS
EXPERIENCE IN
THE MANUFACTURE OF
MONOLITHIC CRYSTAL FILTERS

PACKAGE FILTERS
CRYSTALS

+ PERFORMANCE - QUICK DELIVERY - RELIABILITY -

- COMPETITIVE PRICING

PRECISION -
- SERVICE -

+ MADE IN THE USA - CUSTOM & STOCKING ORDERS -

APPLICATIONS FOR REGIONAL REPS NOW BEING ACCEPTED

28 MILLRACE DR - LYNCHBURG, VA 24502 - TEL 804-385-8300 - FAX 804-385-8100

INFO/CARD 20

PROTOTYPE CIRCUIT BOARDS
FABRICATED AT YOUR BENCH

The LPKF Protomat 93S System with optional =
automated AutoContac thru-hole plating system kol :
fabricates complete boards in less than four hours. =

Fully programmable speed control provides superior =
results for a full range of board materials. :

» Input Gerber, Excellon or HPGL files and produce Analog,
Digital, RF and Microwave prototype circuit boards.

» Windows software with programmable
insulation width, multiple tool rub out,
and full tool management.

» Solderable thru-hole plating with
conductive epoxy.

» Tool speed to 60,000 RPM on FR-4,
Duroid™, PTFE, G10 materials.

» Enviromentally safe - all mechanical,
no etching chemicals

» Fast payback - typically 3 - 9 months.

%

=

CAD/CAM
SYSTEMS INC.

CALL TODAY 1-800-345-LPKF

6190 S.W. Arctic Drive Beaverton, Or. 97005
(1-800-345-5753) or FAX to: 1-503-643-3662

INFO/CARD 21
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RF news ...

Contracts

Scientific-Atlanta to delive
Inmarsat-M systems — Farhan Con
mercial Company of Saudi Arabia ha
signed a contract with Scientific
Atlanta for six vehicle-mounted an
five semi-transportable Multi-M sate
lite communications systems. The sys
tems will be used to provide digita
two-way voice, and fax services t
remote areas of Saudi Arabia using a
Inmarsat satellite. The first of the sys
tems was shipped in December 1995.

Loma Scientific signs MMD!
agreement — Loma Scientific Inter
national of Torrance, California, ha
entered into an agreement with CMM
Consorcio Multipunto Multican
S.R.L. to provide broadcast transmit
ters and other equipment for a majo
MMDS/wireless cable facility servin
Asuncion, the capital of Paraguay. Th
system will deliver 31 channels o
broadcast quality programming usin
microwave frequencies.

AOA to provide GPS receivers —
Allen Osborne Associates, Inc. (AOA
will provide the new GPS receiver
using in the NAVSTAR GPS Contro
Segment’s Monitor Stations. Th
receivers will replace receiver
installed in the early 1980s, and wil
greatly increase the reliability of th:
satellite measurements. AQA will pro
vide a modified version of its SNR-1:
SM TurboRogue®, a 12-satellite receiv
er capable of directly tracking th:
encrypted P code (Y-code) and of remov
ing Selective Availability errors. Th
receiver is capable of producing pseudo
range measurements with a precisiol
of 10 mm and carrier phase measure
ments with a precision of 3 mm.

Wyle Laboratories awarded con
tract to operate Standards Labo
ratory — Wyle Laboratories has beex
awarded an $18.9 million contract t
operate the Air Force Primary Stan
dards Laboratory (AFPSL) in Newark
Ohio. Wyle’s contract runs fron
December 1995 through Septembe;
1996, with one-year renewal option:
through September 2000. Under the
contract, Wyle will calibrate standard:
for the Air Force Precision Measure
ment Equipment Laboratorie:
(PMELs) worldwide, for numerou:
other government organizations anc
industrial firms, plus many foreigr
military laboratories. RI

March 199¢



DT1608 Series

1 uh - 1000 uh

Irmsto 2 A Isatto 4 A
260x.175x.125

%

“Make it half that size.” “Can we get another hour
out of the battery!” “You're going to have to cut the
cost by a third.”

At Coilcraft, we know the demands being made
on power supply designers. And so we've created
these powerful new weapons for your arsenal.

From our DO5022 Series that handles a whop-
ping 8.6 Amps, to our low profile DO3308 only

New weapons 1n your
struggle tor power

D0O3316 Series

1 uh - 1000 uh

Irms to 6.8 A, Isatto 9 A
.510x.370x .215

Parts shown approximately 150% actual size

118" high, to the tiny DO and DT1608, the ulti-
mate in small footprint power inductors.

Whether you're trying to achieve higher power,
greater efficiency, or
suallerzsizes thiexe’s 4 "o S om 8
Coilcraft power induc- i iraramen, sy ook

o . above that point.
tor to help you win your ‘
battle.

To check out the size
and performance advan-
tages of Coilcraft power i
inductors, order one of o= 005022 L LLIII™N

: . = 003340 == DI3316 — "%
our handy Designer’s  :— possis — pomsos 11
Kits with prototyping |~ 205 s
samples. Or for detailed
specifications use our
“Data by Fax” service, visit our World Wide Web
site, or call us at 800/322-2645.

Selection Guide

Saturation Current {Amp dc)

1 100
Inductance {(uH)

GO'M
Cary IL60013 800/322-2645 Fax 847/639-1469

DALAFAX WWWhity:/www.coilcroft.com
INFO/CARD 22



RF industry insight

Packaging Drives RF Power
Device Development

By Gary A. Breed
Editor

The amplification of signals to medi-
um and high power is one of the most
universal tasks in RF enginecring. To
make en engineer’s job easier, RF
power device manufacturers continue
to develop new processes and continue
to work to provide the most advanta-
geous packaging for current communi-
cations and industrial applications.

Power semiconductors have several
criteria placed upon them by their
users, which may include any combi-
nation of the following:

* Low-inductance leads

* Efficient heat removal

* Convenient mounting configuration
* Low-cost standard packaging

* Capability of automated assembly

In the past, RF power devices were
almost always assembled in ceramic
packages with stripline leads and a
substantial heat-dissipating mounting
surface. With demand growing for
lower cost solutions, manufacturers
are now using different types of pack-
ages for these devices.

Instead of mounting die in expensive
packages designed specifically for RF
power applications, they are now
mounted on standard lead frame pack-
ages, such as those illustrated to the
right. Hermetically-sealed ceramic has
been replaced by plastic encapsulation
in the most cost-sensitive applications.

The primary difficulty in using inex-
pensive packaging is maintaining good
RF performance in an environment
that was not designed with this use in
mind. Most devices use multiple-pin
grounding, sometimes with a solid bus
replacing adjacent pins, to lower the
impedance of the ground connection.
Devices are also characterized to
include the inductance and stray
capacitance introduced by the non-
ideal packaging, or internal matching
may be adapted in compensation. In

30

For 2-18 GHz operation, Amplica has
adopted the EZ-Pak® surface mount
package, which provides an effective
transition from the amplifier package
to the circuit substrate.

L\ < Zl P
ITT GTC also uses a modified SO-16
package for its 1.2-watt cellular ampli-
fier, combining adjacent pins for heat
sinking and lower impedance ground
connection.

many cases, the tradeoffs have been
considered acceptable, and good effi-
ciency has been obtained without
resorting to external matching.

At high power (more than a few
watts) the conventional ceramic pack-
ages remain the best choice for main-
taining RF performance while provid-
ing adequate heat dissipation. For
lower-frequency operation, such as
13.56 or 27.12 MHz ISM, and medium-
wave to HF communications, some

Y, - R
TriQuint’s new GaAs cellular amplifi
er IC is provided in a SO-16 plasti
package for lowest cost, modified for
improved heat sinking by replacing the
center pins with a solid bus.

ration is maintained for higher power
devices like the NEC 100-watt MOS-
FET part designed for Class AB opera-
tion in the UHF television band.

manufacturers are providing high
power devices in conventional TO-220
or TO-247 packages. Package limita-
tions appear to restrict these applica-
tions to under 50 MHz.

In summary, size and cost, plus
standardization for manufacturability
are becoming new criteria for RF
power devices. As applications with
these requirements grow, we will see
more RF power products move to these
packaging styles. RF
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Can you

find the

25 TOKO
components
in this
picture?*

Hint: Call 1-800-PENSTOCK for details!

Look around at the RF industry’s most progressive
products and you'll find a host of Toko components
supporting every design. Our quality components
have been recognized by a host of leading
companies, giving your design assured reliability
and repeatability.

You'll also find Penstock, the world’s largest (1} hor o TTA R

RF/Microwave distributor, supporting every design (1) 10D 3oy
engineer. Combining 5 million Toko parts in stock @) son “zg)“:g‘l“vzg
with sales engineers in over 20 offices throughout (2) s1au14 wese) W
North America, we're ready to assist you in every (21) si10o

(v) ssoxa1dng O
(1) eUUBUE BIqIX3)4
:sjuauodwod paiddns ojo)

SH3IMSNV.

aspect of your design. At Penstock, you know your
satisfaction is our first concern.

[(=TOKO = PEN/S TOLK

RF/MICROWAVE DISTRIBUTION

Your Design Team

FREE RF APPLICATION GUIDE

Call 1-800-PENSTOCK to receive your guide 1 800 PE N STOCK

to Toko products designed for applications 51 =

across the RF spectrum. Northern CA 408-730-0300 Canada 613-592-6088
INFO/CARD 23



OUR STANDARD MONOLITHIC CRYSTAL FILTERS
All 2 pole and 4 pole monolithics ship from stock on hand.

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TeERM.(Rp/Cp)
POLES P/N dB *1KHz dB tKHz dB *KHz dB dB-MAX  dB-MIN. OHM/PF

2 TE5000 3 375 20 18.0 SRL : 2 1.0 50 1800//+4

4 TES5010 3 375 30 14.0 3 2.0 60 1500//+3

6 TES5020 6 375 60 125 = is 4 2.0 70 1500//+3

N 8 TES5030 6 375 60 100 90 12,5 5 2.0 80 1500//+3
T 2 TE5040 3 650 20 300 schs 1 1.0 50 2700//0
= 4 TE5050 3 650 30 150 3 2 2.0 75 3100//0
6 TE5060 6  6.50 60 195 e 3 2.0 90 3100//0

N~ 8 TE5070 6  6.50 60 13.0 80 17.5 4 2.0 100 3100//0
o 2 TE5080 3 750 20 350 o 1 1.0 50 3000//0
- 4 TE5090 3 750 30 175 2 2.0 75 3300//0
6 TE5100 6 750 60 225 o o 3 2.0 90 3300//0

8 TE5110 6 750 60 15.0 80 20.0 3 2.0 100 3300//0

2 TE5120 3 150 20 700 . 1 1.0 35 5000//-1

4 TE5130 3 150 30 350 e 2 2.0 60 5000//-1

6 TE5140 6 150 60 45.0 o= 'a 2 2.0 90 5000//-1

8 TE5150 6 150 60 300 80 40.0 3 2.0 100 5000//-1

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp)
POLES P/N dB tKHz dB *KHz dB tKHz dB dB-MAX dB-MIN. OHM/PF

2 TE5180 3 375 15 125 5 g 2 1.0 50 850//+6

4 TE5190 3 a5 30 125 et 3 2.0 70 850//+5

6 TE5200 6 375 60 125 5 s 4 2.0 90 850//+5

N 8 TE5210 6 375 60 100 80 125 5 2.0 100 850//+5
- 2 TE5220 3 650 15 20.0 ST 2 1.0 50 1300//+2
s 4 TE5230 3 650 30 225 5 3 2.0 70 1400//0
6 TE5240 6 650 60 225 o 4 2.0 90 1400//0

< 8 TE5250 6 650 60 17.5 80 22.5 4 2.0 100 1400//0
= 2 TE5260 3 750 15 25.0 o i 2 1.0 50 1500//0
N 4 TE5270 3 750 30 250 3 2.0 70 1600//0
6 TE5280 6 7.0 60 25.0 - om 4 2.0 90 1600//0

8 TE5290 6 750 60 200 80 25.0 4 2.0 100 1600//0

2 TE5300 3 150 15 500 5y o 2 1.0 45 3000//0

4 TE5310 3 150 30 450 e 3 2.0 60 3000//-1

6 TE5320 6 150 60 45.0 5t o 3 2.0 90 3000//-1

8 TE5330 6 15.0 60 33.0 80 45.0 4 2.0 100 3000//-1

NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp)

N ' POLES P/N dB tKHz dB tKHz dB dB-MAX dB-MIN. OHM/PF
I 2 TE9420 3-0T 3 375 18 16.0 3 1 40 2000/-1.0
s 4 TE9310 3-0T 3 375 30 125 3 1 70 2000//-1.0
2 TE7420 3-07 3 750 18 280 2 1 40 3000//-1.0

o 4 TE7430 3-0T 3 750 40 300 3 1 70 3000//-1.0
o) 2 TE7440 3-0T 3 150 15 47.0 2 1 40 8000//-1.5
<t 4 TE7450 3-0T 3 150 30 500 3 1 70 8000/-1.5
2 TE7730 FUND 3 150 15 50.0 2 1 40 1100//+1.5

4 TE7740 FUND 3 150 40  60.0 3 1 70 800//+1.0

N | NO. TEMEX MOD PASSBAND STOPBAND LOSS RIPPLE TERM.(Rp//Cp)
L POLES P/N dB *KHz dB tKHz dB KHz dB dB-MAX OHM//PF
= 2 TE10400 3-0T 3 7.5 18 30 35 -910 2 1 2000//-1
(=) 4 TE10410 3-0T 3 75 35 25 80 -910 3 1 2000//-1
o 2 TE10420 3-0T 3 10 15 30 35 -910 2 1 2500//-1
~ 4 TE10430 3-0T 3 10 35 40 80 -910 3 1 2500//-1
ad NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE TERM.(Rp//Cp)
T POLES P/N dB *KHz dB *KHz dB KHz dB dB-MAX OHM//PF
= 2 TE10440 3-07 Qe 18 30 35 -910 2 1 2000//-1
& 4 TE10450 3-07 3 75 35 25 80 -910 3 1 2000//-1
¢ 2 TE10460 3-0T 3 10 15 30 35  -910 2 1 2500//-1
8 4 TE10470 3-0T 3 10 35 40 80 -910 3 1 2500//-1
4 TE10480 3-0T 3 15 30 50 80 -910 3 1 4000//-1

VISA AND MASTERCARD ACCEPTED
MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE
CONSULT TEMEX FOR ALL YOUR FREQUENCY CONTROL PRODUCTS
IN THE UNITED STATES CONTACT: TEMEX ELECTRONICS, INC.
3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027
(602) 780-1995  FAX (602) 780-2431




NEW FROM OUR FACILITY IN
NEUCHATEL, SWITZERLAND.

AR ek

FEATURING:

LOW TEMPERATURE SENSITIVITY
LOW PHASE NOISE

EXCELLENT SHORT & LONG TERM STABILITY
LOW POWER CONSUMPTION

FAST WARM-UP

SMALL VOLUME

5 YEAR Rb LAMP LIFE EXPECTANCY

European contacts:

France or Benelux United Kingdom Germany Nordic Italy
(Tel) (33)25.76.45.00 (Tel) (44)1.734.258.040 (Tel) (49)89.51.640 (Tel) (46)8.756.70.40 (Tel) (39)2.761.101.68
(Fax) (33)25.80.34.57 (Fax) (44)1.734.258.050 (Fax) (49)89.51.64.194 (Fax) (46)8.756.70.44 (Fax) (39)2.738.54.62
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Vari-L, an international leader in hitech wireless technology,
has immediate openings due to our fremendous growth. We
design, manufacture and market a wide range of electronic
components for the rapidly expanding wireless telecommu-
nications industry. Our Commercial components are used in
applications such as cellular phones, RF Tags, wireless LAN's
and cellvlar base stations. Our Military components are used
in radar systems, missile guidance systems and advanced
navigational systems.

The individual will have prior experience in defining RF circuitry and
knowledge of amplification, oscillation, noise {phase and thermal)
mixing, filtering and modification. Design simulation and testing of
discrete circuifry is a plus. A BS degree in Electrical Engineering and
5+ years of experience, or the equivalent, is required.

SR. RELIABILITY ENGINEER

The individual w Il be responsible for defermining the ongoing reli-
ability and integrity of existing products and processes. Experience
with lifetesting, electronic,/environmental stress testing, HALT and
HAT processes a must. A solid background in statistical methods,
experience in SMD technology and I1SO 9001 a plus. Excellent
communication skills needed. A BS degree in Electrical or
Mechanical Engineering required.

We Have A Part In Your Future

43 Years of Excellence in
Manufacturing of RF &
Microwave Components

INFO/CARD 25

Denver, Colorado is nestled against the spectacular Rocky
Mountains and provides all of the advantages of a big city
while maintaining a small community atmosphere.Denver hosts
a large variety o?sociol and cultural events throughout the year
including four major league sports teams. The Rocky Mountains
offer superb recreational activities such as skiing, hiking, fish-
ing, mountain biking, rock climbing, and camping. Denver is
also home to severo?notiono”y recognized schools and univer-
sities and has approximately 70 championship golf courses.

VCO ENGINEERS

The individual will have «rior experience in designing, developing,
testing, documenting an'' rapidly transitioning developed hardware
to manufacturing. VCO's will be used in hig?\ volume, low-cost cel
lulor and other wireless applications. A BS degree in Electrical
Engineering and 5+ years experience with VCO's is required.

EASTERN REGIONAL SALES MANAGER

The individual should have 5+ years RF system
experience and 5 years sales and ferritory manogement experi-
ence. The individual will be responsible for determining customer
design specifications and quality requirements as well as have the
ability to maintain established customers cnd develop new prospects
for commercial and high reliability applications. Position includes
travel and Denver domicile. A BS degree in Electrical Engineering is
required.

If You Have The Outstanding Skills VARI-L Is
Looking For, Send Us Your Resume Today!

Vari-L Company, Inc.

11101 E. 51st Ave.
Denver, €O 80239
Fax: (303) 371-0845

EOE M/F/H/V

or component design




RF' test systems

A Cable Telephony Transceiver

Test System

'y Mike McNatt
‘ellabs Operations, Inc.

Data and telephone communications
1n coexist with TV broadcast stations
n a Community Access Television
CATV) system over the same cable. RF
~ansceivers or “cable modems” make
hese communication links possible.
lowever, intermodulation products
‘rom multiple stations transmitted
hrough network nonlinearities), dis-
srtion and interference are serious
oncerns in any CATV system. These
ignals are often just below a visible or
udible threshold, and even very small
istortion contributions by an RF
~ansceiver can cause problems. The
olution is to test the transceivers thor-
ughly prior to installation on an
ctive system.

he automated test system present-

ed here is used to verify the perfor-
1ance of various RF transceivers
:able modems) used in a telephony or
ata-over-cable TV system. The two
10dules tested are a Forward Trans-
eiver at the CATV head end and a
teturn Transceiver at the customer
ite. The Forward Transceiver trans-
1its in the HI or downstream band
250-750 MHz) and receives in the LO
r upstream band (5-42 MHz). The
teturn Transceiver receives in the HI
and and transmits in the LO band.
‘ull-duplex RF-modulated forward
nd return telephony and data signals
re transmitted simultaneously with
wormal CATYV signals over the same
5 ohm cable.

iystem Overview

Figure 1 shows a block diagram of
he system. The System Controller
ontrols all IEEE-488 instruments
nd communicates with all modules
vy use of RS-232 interfaces. The data-
omm analyzer provides a T1 refer-
nce data transmitter and analyzes
it errors by use of a data receiver.
'he T1 data rate is 1.544 Mbps,
vhich consists of 24 channels of DSO
64 kbps) telephone signals plus 8
bps of signaling. Note that the 64

'F Design

TO T1 SWITCHING g:‘:o /DATACOM CARD ——» REF. CRAFT
IN HP-3488 > —— REF. RT PORT
V) SWITCHING
| % % SYSTEM l( PS232_|FOR |—— REF. FT PORT
ey % /] CONTROLLER Rs-232 [——® REF.T1CARD
IN - ouT A 2 [————# UUT CRAFT
HPIB, * [~ UUT AF CARD PORT
muf)y|  Datacomm Analyzer
HPIB | wurTicaro
UNITS UNDER TEST REFERENCE UNITS
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T Foreward 4 POWER xevi L o g
card our Vv cPus GARD v Gewetd o cPUS CARG
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HP-34884 |
|0 RF
GENERATOR e

o Noise
GENERATOR HeE,
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Figure 1. Block diagram of the cable modem test system.

kbps data rate results from sampling
an analog phone signal at 8 kbps with
an 8-bit code.

The T1 data stream is input to the
T1 interface card, which outputs a ser-
ial data stream to the unit under test
(UUT) where it is transmitted to a ref-
erence receiver. A reference transmit-
ter returns the same data stream to
the UUT receiver, where it is decoded
and routed to the datacomm (bit-error-
rate) analyzer for comparison to the
transmitted data stream. A spectrum

analyzer, the key RF measurement
device in the system, performs the fol-
lowing measurements:

* Transmitter output power, center
frequency and bandwidth

* Transmitter carrier phase noise,
harmonic generation and adjacent
channel interference

* Receiver input power level and the
level of disturbing signals, such as
the noise generator and the RF gen-
erators
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Figure 2. Detail of the “RF Path Components” portion of the system dia-

grammed in Figure 1.

Many non-RF tests are performed
(LEDs, power drain, alarm functions,
clock tracking, etc.) that are beyond
the scope of this article.

Test Philosophy Using Reference
or “Gold” Units

Two main approaches were consid-
ered in the design of the test system.
The first involved specialized equip-
ment that would generate and then
receive/decode the complex QPSK
(Quadrature Phase Shift Keving) data
used by the system. This approach
involved the use of expensive, special-
ized test equipment. Therefore a more
economical and completely sufficient
second technique — that of using ref-
erence, or “Gold” modules — was
selected. Figure 1 illustrates the use of
reference modules. To test a Return
Transceiver UUT (unit under test),
the reference Forward Transceiver
transmits the forward RF signal to the
UUT and receives the UUT’s return
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RF signal. A T1 (digital data) test set
generates the test signal. The system
T1 card converts the serial data
stream to a serial time division multi-
plexed data stream on the backplane,
which inputs to the reference Forward
Transceiver (FT). The FT then con-
structs a QPSK digital signal which
modulates the RF transmission. The
RF is received by the UUT, which
demodulates the QPSK and converts it
to the TDM signals for the backplane.
These signals are received by the T1
card, looped back and returned via the
backplane to the UUT. The UUT then
transmits by use of the return RF
channel back to the reference FT. This
information is then returned to the T1
test set for comparison to the data
transmitted. Testing an FT is just the
reverse of the above: the Reference
Return Transceiver transmits the
return RF signal to the UUT and
receives the UUT’s forward RF signal.
RS-232 interfaces are used under pro-

gram control to change the transmii
and receive frequencies and outpu!
levels of the transceivers.

Figure 4 illustrates in more detai
how the T1 cards in the UUT and ref
erence systems are connected tc
accomplish bit-error-rate testing. Not¢
that a complete RF link is used —
both transceivers are operating ful
duplex continuously.

A Tutorial on Some RF Test Sys-
tem Components

Figure 2 is an expanded section fromr
Figure 1. It shows the various compo
nents used to route, attenuate anc
sample transmitter power from sever-
al sources. These sources include ref
erence modules, UUT modules anc
generators that provide interfering
test signals. The interference comes
from two RF sources for intermodula-
tion and adjacent-channel testing, and
a noise source. IEEE-488 bus com-
mands are used to control most equip-
ment. The components in Figure 2 are
described below.

Diplexer — Within this component
are two filters; a high-pass filter
(HPF) and a low-pass filter (LPF),
both connected to the common port.
Note that identical Diplexers #1
though #4 each have one common port.
a LO port (connected to the LPF) and
a HI port (connected to the HPF). Sig-
nals in the HI band can pass bidirec-
tionally between the HI port and the
common port, but signals in the LO
band are blocked from taking this
path. Conversely, signals in the LO
band can pass bidirectionally between
the LO port and the common port, but
signals in the HI band are blocked
from taking this path. Insertion loss
for in-band signals is about 1 dB,;
attenuation for out-of-band signals is
45 dB minimum.

Directional Couplers — These
devices are industry-standard direc-
tional couplers with port labeling as
follows: I = input port, O = output port
and C = coupled port. Bi-directional
attenuation from port-to-port is as fol-
lows: about 2 dB insertion between
ports I and O, about 10 dB coupling
between ports I and C, about 35 dB
isolation between ports O and C.

DC-1 and DC-2 — In order to sam-
ple transmitter outputs, two direction-
al couplers (DC-1 and DC-2) are con-
nected “back-to-back,” or output-to-
output, as shown in Figure 2. DC-2
samples transmitter power from the
Reference Transceivers and DC-1 sam-
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ples transmitter power from the UUT.
Note that due to RF Switch SW_SA-
IN, the spectrum analyzer displays
only one transmitter output (either
the UUT or the Reference module) at a
time. DC-3: This unit couples interfer-
ing test signals into the RF path from
port C to port I. The interfering sig-
nals from the two RF generators and
the noise generator are thereby cou-
pled to the UUT receivers (Forward
Transceiver or Return Transceiver).
However, the interfering signals are
prevented from traveling to the Refer-
ence Transceiver from port C through
port O. Note that when the generators
are not used, RF switch SW_GEN con-
nects a termination to port C to insure
proper operation of the device.
Programmable Step Attenuators #1
and #2 (PA-1 and PA-2) — Each PA is
actually two PAs connected in series:
one PA supplies 0-110 dB in 10 dB
steps and the other PA supplies 0-11
dB in 1 dB steps. Thus the maximum
attenuation of the pair is 121 dB. Note
that the operation of Diplexers #1 and
#2 causes PA-1 to attenuate only HI

band RF signals and PA-2 to attenu-
ate only LO band RF signals. The
attenuators are under IEEE-488 con-
trol by use of the HP-87130A Attenua-
tor/Switch Driver.

Matching Transformers — All trans-
ceiver modules have RF ports that are
75 ohms. Matching transformers are
used to match the 75 ohm modules to
the 50 ohm devices used in most of the
RF path. These “N” connector trans-
formers have less than 1 dB insertion
loss at 1 GHz.

RF Switches — Two types of RF
coaxial SMA-female-connector 4 GHz
switches are used: SPDT and SP4T.
The meaning of each switch label, as
referred to in Figure 2, is as follows
(SW = switch):

SW_REF — Reference module control
SW_UUT — UUT module control
SW_SA_IN — Spectrum analyzer
input control

SW_SA_OUT — Spectrum analyzer
output control

SW_GEN — Generators (connects the
interfering sources to UUT receiver)

SW_1, SW_2 — These switches termi-
nate the unused port of directional
couplers DC-1 and DC-2

SW-PROBE — Spectrum analyzer
probe

All RF switches are under IEEE-488
control by use of the HP-87130A
Attenuator/Switch Driver.

Power Combiner — This commercial
power splitter/power combiner com-
bines three signals into one output.
The attenuation between any input
and the output is typically 6 dB, and
the isolation between inputs is typical-
ly 20 dB or better.

Probe Switching — A FET-input
oscilloscope probe is used for trou-
bleshooting UUTs. The scope probe is
a fraction of the cost of a higher-quali-
ty laboratory RF probe, but provides
satisfactory performance for a produc-
tion-line environment. RF switching
connects the probe to the spectrum
analyzer when in the troubleshooting
mode.

Distribution Board (HP-84941) —
This board distributes the control sig-

40

such features as:

Valpey-Fisher
75 South Street
Hopkinton, MA 01748.

Fax: (508) 497-6377.

INFO/CARD 28

Valpey-Fisher. When nothing less than perfect
timing will do. For more information, contact

Voice: (800) 982-5737 ext. 285.

Perfect Timing.

VCXOs from Valpey-Fisher are the most advanced oscillator solution
for demanding telecommunications and computer applications. Whatever
your product design, our VCXOs can meet your exacting standards with

* Virtually no phase jitter
* Wide pullability (up to + 1000ppm)
» Tight stability to (+ 20ppm)

* Industrial temperature range
(-40°C to +85°C)

For custom requirements, our application engineers are

available to help you design specialized VCXOs tailored to

your exact needs. If you need rapid turn-around on tight
schedules, Valpey-Fisher can also provide quick delivery

of oscillators in a choice of packages, including full-size

DIP and miniature J-lead ceramic surface mount.

VALPEY-FISHER %

A SUBSIDIARY OF
Technology and service since 1931

March 1996



nals from the HP-87130A Attenua-
tor/Switch Driver, an IEEE-488 con-
trolled instrument, to 31 4-pin connec-
tors. The signals to each 4-pin connec-
tor control one SPDT switch, one sec-
tion of a SP4T switch or one section of
a programmable step attenuator. It
takes four of the 4-pin connectors to
control one SP4T switch or one pro-
grammable step attenuator. The dis-
tribution board has no active compo-
nents and connects to the HP-87130A
with a 68-wire cable. Only one distrib-
ution board can be controlled by the
HP-87130A.

Driver Board (HP-84940A) — This
board allows expansion of the HP-
87130A (see above) to control 31 addi-
tional switches and/or programmable
attenuator sections. Up to 7 driver
boards can be used with the HP-
87130A for a total capacity of 248
switches. The driver board has active
components and connects to the HP-
87130A by use of a 36-wire cable. The
board includes a distribution area,
similar to the HP-84941 Distribution
Board, of 31 4-pin connectors.

dBmV vs. dBm
The CATV unit of “dBmV” relates to dBm as follows:
dBmV (75 ohm system) = dBm (50 ochm system) + 48.75 dB

As an example, the FCC requires that each CATV channel reaching a televi-
sion must be at least 0 dBmV, or about —49 dBm.

Spectrum Analyzer Measure-
ments — Path Loss Compensa-
tion Example

In Figure 2, “RF Path Components,”
various combinations of components in
the RF path cause spectrum analyzer
(SA) measurement errors or losses
that vary depending on the particular
path. These losses are corrected in the
test software by compensation factors
(in dB) that are added or subtracted to
the SA readings. These path losses
cause a difference in the SA power dis-
played and the actual power at the
point of interest — whether at a
receiver input or at a transmitter out-
put. Figure 3 shows a typical compen-

sation factor calculation for measuring
UUT receiver input level. The figure
shows why the receiver input level
observed at the SA input is 6.5 dB less
than the power actually delivered to
the receiver input (25.5 — 19 dBmV).
See the box above for a discussion of
the CATV “dBmV” unit.

In Figure 3, the two “10 dB” losses
occur in directional couplers DC-1 or
DC-2 from the input to the coupled
port. The box with the “1 dB” label
represents losses in the RF path due
to switches and cables. The “2.5 dB”
box represents the loss in Diplexer #3.
Note the 1 dB insertion loss of each
directional coupler.
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Figure 3. Typical RF path loss measurement compensation.

Assume a signal of 30 dBmV at the
input of DC-2 due to the reference
transmitter. The result is 19 dBmV at
the SA input and 25.5 dBmV at the
receiver input. This can be seen by
subtracting the various path losses
from the 30 dBmV input. Note also
that there is a 13.5 dB loss shown
between the SA input and the trans-
mitter output.

Other RF path measurements are
also similarly corrected. Actual mea-

surements on the paths show close
agreement with the above discussion,
with some obvious frequency depen-
dencies taken into account.

Spectrum Analyzer Noise Mea-
surement Compensation

In certain types of spectrum analyz-
er (SA) noise power measurements,
the SA reads 2.5 lower than the actual
power present — thus 2.5 dB must be
added to the figure reported by the SA

DATACOMM
In Out

CATV Head End Customer's System

S—
T1 uuT REF. T
Card XCVR XCVR Card
CATV +
Telephony

I —

Digital backplane

QLN

Digital backplane

__Downstream RF o
250-750 MHz

< Upstream RF

5-42 MHz

Figure 4. Bit error rate testing signal flow.
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in these cases. The factors causing thi:
are discussed in HP Application Not:
150-4, “Spectrum Analyzer Noise Mea
surements.”

The SA “Channel Bandwidtl
(Power) Measurement” feature is usec
by the system to measure transmitte
output power, receiver input powe
levels, etc. These measurements mus
be corrected by the 2.5 dB factor onl:
when testing a modulated channel
The unmodulated (carrier-only) signa
does not use the correction. The cor
rection is made automatically in th:
test software as required. However
when using the Channel Bandwidtl
Power Measurement feature manual
ly while troubleshooting modulatec
signals, the 2.5 dB must be added b;
the operator to obtain correct mea
surements.

Conclusions

This article has provided three lev
els of information about test system:
for CATV transceivers. A testing
approach has been detailed — that o
using reference units. This keep:
equipment costs lower than ar
approach that requires special, com
mercial equipment to both generate
and then analyze test signals. The
design of the test system has beer
shown. This includes the presentatior
and discussion of an overall block dia
gram and a detailed component-leve
schematic. Finally, a tutorial of manjy
RF test system components has beer
presented. Components such as diplex
ers, directional couplers, power split
ters, impedance transformers, anc
various RF switches have beer
described. Typical uses of each of these
components has been illustrated in ¢
practical, industrial manufacturing
test system.
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RF cover story

High Linearity HBT Amplifier
Targets Multicarrier Systems

William J. Pratt
RF Micro Devices, Inc.

A monolithic amplifier using GaAs
HBT technology has been developed
which provides extremely flat frequen-
2y response and high dynamic range.
This inexpensive amplifier is packaged
in a standard SOIC-8 plastic package
ind has a flat frequency response to
heyond 1 GHz (-3dB at 2 GHz), and an
[P, of +40 dBm. It is capable amplify-
ing multicarrier signals with very high
fidelity. The primary applications of
the device are in cellular base stations,
CATYV signal distribution, and other
uses requiring excellent linearity.

he need for high linearity amplifiers

arises from stress placed on com-
munications channels by the addition
of more data and the requirement to
handle digitally modulated signals with
high fidelity. As the amount of data
increases and the necessity to reduce
spurious interference increases, the
channel linearity must be improved
over current implementations.

A particularly difficult problem is
obtaining the linearity and bandwidth
needed for the amplification of multi-
carrier signals such as those found in
the TV distribution industry. Cable
TV, for example, is expanding rapidly,
requiring more bandwidth as more
channels are added to the system.
These systems are also incorporating
new technology, such as two-way
channels for voice and data, and digi-
tal video modulation. As this addition-
al capacity is added, the bandwidth
and signal handling capability of the
various links in the distribution chain
must be improved.

In addition to the need for more
capacity, the linearity of the channel
must further improve because digital
modulation schemes are less tolerant of
IM distortion products than the analog
systems currently in use. The infra-
structure needed to accommodate these
technology innovations must be in
place throughout the distribution chain
before it can become available to the
consumer. Hence, there is considerable

RF Design
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Figure 1. “Picket fence” spectrum of
n CW carriers.

pressure to improve channel linearity
and bandwidth in the many links of the
various distribution channels.

RF Micro Devices (RFMD) is devel-
oping a line of high linearity, wide
bandwidth products to address these
requirements. The first in the series is
the RF2312 amplifier which has been
released as a standard product. Other
higher power units are expected to be
released in 1996. The RF2312 is essen-
tially a low cost, traditional Darlington
“gain block” circuit with the exception
that performance far outstrips previ-
ously available units. The gain is
essentially flat over the bandwidth
from 1 MHz to well over 1 GHz and it
has an IP; of over 40 dBm. The secret
to the performance of the unit is the
use of GaAs Heterojunction technology
in the fabrication of the device. The
unit will replace more expensive and
less reliable discrete amplifiers and
permit much better distortion levels
for a given power level.

Characteristics of
Multicarrier Channels

A multicarrier channel consists of
many independent RF carriers each
with its own frequency and modula-
tion. It is important that each of these
signals remain “uncontaminated” by
all of the other signals in the channel.
For simplicity, consider that if n CW
carriers are present, have the same
amplitude, and are coherent with each

Figure 2. Time waveform of coherent
CW carriers.

other, the resulting frequency spec-
trum is a “picket fence” as shown in
Figure 1. The time waveform resem-
bles an impulse doublet function as
shown in Figure 2. The amplitude of
the voltage peak is 20log(n) dB above
the amplitude peak of a single tone. If,
however, each carrier is independent
and has a random phase with respect
the other carriers, the time waveform
is similar to that shown in Figure 3
while the frequency spectrum remains
the same as in Figure 1. In some
newer systems, this spectrum can
extend from a few MHz to about 1
GHz. The result is a noise-like signal
which has the same average power as
in the coherent case, but with much
smaller peak excursions. This is an
important fact, since the amplifier has
to be designed to handle peak excur-
sions in a linear fashion. Designing
the part for voltage excursions of
20log(n) dB above the single tone
amplitude would be very difficult (and
would be design “overkill”).

Because the signal is noise-like, the
peak excursions of the voltage wave-
form are a statistical function. There-
fore, the maximum level is indetermi-
nate except to say that it is smaller
than A*20 log(n), where A is the
amplitude of each carrier and n is the
number of signals. In fact, successive
measurements may yield different
answers. Because of the nature and
quantity of the signals present, howev-
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Figure 4. Peak power in multi-carrier
channels.
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Figure 5. C_, in HBT and Si bipolz
transistors.

er, it is possible to estimate the max:
mum excursion of the waveforms
Many measurements have shown ths
as the number of signals increases, th
actual peak excursion is alway
reduced markedly from the theoretice
maximum. The curve of Figure

shows the maximum expected pea
power level for CW signals with rar
dom phase along with theoretical max
imum and average power level. Not
that for 64 carriers, the differenc
between coherent maximum an
expected maximum is about 10 dE
Therefore, the design of an amplifie
which is to handle 64 signals mus
have a linear signal handling abilit
26 dB above that needed for a singl
signal, but the average output powe
will be only 18 dB above the power 1
a single tone.

Causes of Distortion

Four different sources of distortio
in an amplifier are listed below. Thes
issues must be addressed either in th
design of the amplifier or in the choic
of technology used for implementation

Voltage compliance — As seen i1
Figure 4, an amplifier which has t
handle 110 signals must be capable o
an output voltage swing of about 2!
dB higher than the peak voltage o
each carrier signal and 31 dB highe
than the RMS voltage of each signal
So, if the output is set to +35 dBm\
(the RMS voltage of a single signal i
35 dB above 1 mV = 56.2 mVgys), the
output swing must be at least 6¢
dBmV which is a 4 Vp_ voltage swing
If the amplifier saturates during thi
voltage swing, severe distortior
results. In practical circuits, there i
an emitter degeneration resisto;
which raises emitter voltage causing
early saturation. It is also necessary t
guard band the saturation of the out
put device, since approaching V. wil
cause distortion as well. So t e DC

Vg (Vg for FETSs) used for the desigr
must be at least 5.5 V for this applica:
tion and V., maximum must be ai
least 9.5 V. (fn general, high transisto:
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Figure 6. Distortion in a HBT circuit
with a three-tone input.

breakdown voltages are needed for
these applications in order to prevent
voltage compliance distortion.

Drive Current — Although the expo-
nential I-V characteristic of bipolar
devices is thought to make the device
nonlinear, experimental results and
analysis prove otherwise. The use of
emitter degeneration, feedback and
ample DC collector current permit the
device to obtain arbitrarily good lin-
earity of G, (transconductance). It is
necessary to bias the device at a high
enough current to achieve suitably lin-
ear operation. In general, devices used
in this application have more current
drive than would theoretically be nec-
essary to drive the load at the required
power level. The excess current is used
to provide superior linearity over
amplifiers designed for single carrier
applications.

Distortion due to non linearity of
base-collector capacitance — Because
devices used for multicarrier systems
are, of necessity, fairly large devices
(because of power density), the base-
collector capacitance may be larger
than other amplifiers of the same
power level. Ideally, the transistor’s
capacitance is constant, and therefore
may cause roll off in frequency
response, but not contribute distor-
tion. Real world devices, however,
exhibit a nonlinear capacitance vs.
voltage curve which contributes signif-
icantly to distortion in the output sig-
nal, particularly when the voltage
swing is quite large.

Non linear R, , of the transistor —
Non linear loaduing of the output by
the amplifying device itself also causes
considerable distortion in the output
waveform. Ideally, R, is high and
constant. If it is not, the loading of the
output changes with signal voltage
level, in effect modulating the output
signal and causing distortion.

Advantages of HBT

The RF2312 is fabricated with a
GaAs HBT technology, a proven tech-
nology which uses a GaAs/AlGaAs het-
erostructure for producing bipolar
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Figure 7. Distortion in a Si bipolar cir-
cuit (C,. modulation).

devices which have very high f, very
high Early Voltage, high BV and a
capacitance vs. voltage curve that is
nearly flat. This HBT process is the
most reliable commercially available
HBT process in the world and has been
qualified for class S space applications.
This level of ruggedness is absolutely
needed for space applications, but it is
also demanded by commercial applica-
tions such as TV distribution systems
and cellular base stations.

RFMD has supplied high volumes of
power amplifiers utilizing this process
with excellent results. The HBT
process and products built with this
process have been tested to determine
that failure rates are at least 107
hours at 125 degrees C.

The main reason that this technolo-
gy was selected for this product is that
it provides superior linearity and
bandwidth compared to other technol-
ogy choices. The desired performance
requires amplifying devices which
have a very high f;. The minimum f}
is about 15 GHz, with 20 GHz or more
is desirable in order to obtain a really
flat response through 1 GHz. Silicon
devices could not be used for this
application because, as the f} of silicon
bipolar monolithic transistors increas-
es, a heavy price is paid in terms of
breakdown voltage. The best Si BJT
devices (for ICs) which have an f; in
excess of 15 GHz, have a breakdown
voltage of 12 V (BVg) and higher f;
devices result in even%ess BVpo- So,
there is a limit to the voltage swing on
the output which is too low for any
multicarrier applications. GaAs
devices (both HBT and MESFET) can
have breakdown voltages which are
much higher (18 V for MESFET and
over 22 V for the HBT) even though
they have Fy well over 20 GHz.

For the HBT, whose f is over 25
GHz, the DC collector voltage can be
as high as 10 V and the resultant volt-
age swing is then 20 Vp_p. This makes
the HBT the best candidate to provide
the best voltage compliance for a wide-
band amplifier. The second very real
advantage of the HBT is the fact that

Figure 8. Distortion in a GaAs MES-:
FET circuit.

base-collector capacitance is small and
much more constant than either the S
BJT or the MESFET. Figure 5 shows
the capacitance variation vs. voltage
for a Si BJT and an HBT. Note tha
the HBT capacitance is nearly con-
stant with collector voltage. This has s
significant effect on linearity as will be
shown later.

RF Micro Devices has approachec
the marketplace for RF products using
a philosophy of Optimum Technology
Matching (OTM) which uses the best
technology at our disposal (GaAs
MESFET, silicon bipolar, and GaAs
HBT) to address the needs of the mar-
ket. In other words, we don’t restrict
the selection of the technology utilized.
a priori, but instead, seek that which
will yield the most effective solution
for our customers. In this case, the
overriding concern is to maximize lin-
earity with minimum power consump-
tion, and of course, do so at a reason-
able price. Over the years, our experi-
ence is that the most linear amplifiers
we can build are invariably GaAs HBT
devices. In order to illustrate why we
selected HBT for ultra linear amplifier
products, three different parts have
been simulated for comparison — an
HBT part, a Si BJT part, and a GaAs
MESFET part. The modeling used to
simulate these devices is very accurate
and has been tested in practice for
many types of circuit. One of the parts
is the RF2312, itself, hence, we have
laboratory confirmation of the accura-
cy of this simulation.

The first circuit is the RF2312 using
HBT devices. Its performance is
shown in Figure 6. This spectrum is
the output of the RF2312 with a three
tone input. The test tones are those
used for DIN4500B testing which is a
standard test used for European TV
systems. The large tone is at a fre-
quency of 736 MHz. The smaller tones
are each 6 dB below the large tone,
and the frequency offsets are 18 and
24 MHz, respectively. Normally, the
DIN rating is the highest level for the
large signal which produces distortion
products which are —60 dBc. As seen
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Figure 9. Diagram of a Darlington
“gain block” ampilifier.

in Figure 6, the RF2312 distortion is
-53 dBc for the +60.5 dBmV level used
for the test. In order to obtain —60 dBc,
the level of the large signal must be
decreased to about 57 dBmV. Since we
are only interested in comparative
data, the signal is left at +60.5 dBmV.
The spectrum of Figure 7 is the out-
put of the same circuit except that sili-
con bipolar transistors are used. The
transistors are actually “fake” transis-
tors, in that they have identical prop-
erties as the HBT circuit except for the
base-collector capacitance which is set

Figure 10. Device voltage versus
device current for the RF2312.

to have capacitance vs. voltage varia-
tions like the one shown in Figure 5.
The bias conditions, both current and
voltage are identical for the two simu-
lations. This silicon circuit is a very
optimistic case since no silicon BJT IC
process exists which has the combina-
tion of Early Voltage, f, and By g

which is associated with the H(h%
device. But, if one could find a silicon
process with these attributes the
result would be as shown. Note that
the distortion products increase by
approximately 6 dB, but only because

the base-collector capacitance varies
with voltage. The degradation in per-
formance shows clearly the advan-
tages of the HBT over any process
which has a significant variation in
capacitance vs. voltage.

Figure 8 shows the same circuit
using MESFET devices for the active
elements of the design. Again, the bias
conditions are identical. In addition,
the gate width and pinch off voltage
for these FETs were optimized for best
performance. This circuit is not “fake”
in the previous sense, because it is
possible to physically realize the cir-
cuit. The linearity of this circuit suf-
fers because of varying capacitance as
in the silicon device, and also because
of the strongly non linear output con-
ductance of MESFETSs. In addition,
because of the lower G for the MES-
FET, no source degeneration is possi-
ble which hurts distortion consider-
ably. In fact, it proved impossible to
obtain the same gain as the HBT and
Si BJT implementations, so the input
signals had to be increased to get the
same output power. The results are
clearly inferior to both the Si bipolar
design and the HBT. So, while it is
possible to obtain MESFET devices
which have sufficient breakdown and
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Gain: 15.5dB
Gain Flatness +/-0.3dB (.05 to 1 GHz)

Bandwidth (3 dB) 2.5Ghz
Noise Figure: 3.8 dB

PMAX +21 dBm, @ 500 MHz
OIP3 +38 dBm @ 500 MHz
OIP2 57 dBm

Input VSWR 1.4:1

Output VSWR 1.6:1

ICC 100 mA

Vd 54V

Table 1. Typical performance of the
RF2312.

fr, they are not a good choice for high
linearity amplifiers.

Chip Design

The RF2312 is a simple Darlington
“cascadable gain block” design as
shown in Figure 9. This is a broad-
band feedback amplifier which has its
inputs and outputs matched to 75
ohms by virtue of the feedback resis-
tor. Gain is determined by the feed-
back resistor (Rgpp) and the emitter
resistor (Rp,). These resistors, along
with Ry, also set the DC bias condi-
tions. The output is connected to the
power supply through an inductor (RF
choke) and a series resistor which sets
the device current. The value of the
resistor is determined by calculating
the necessary voltage drop at the
desired current level. The voltage drop
is the difference between the power
supply voltage and the device voltage
given in Figure 10. For example, if the
power supply voltage is to be 10 V and
the device current is desired to be 100
mA, we see that the device voltage is
5.4 V and the drop across the external
resistor must be 10-5.4 = 4.6 V. The
current is 100 mA, so R = 4.6/.1 = 46
ohms. The desired bias conditions may
be set up for power supply voltages
from about 7 to 12 V. Voltages outside
of that range are not recommended.

The inductor value is set such that
the reactance at the lowest frequency
of operation is at least 200 ohms. The
input and output coupling capacitors
are set such that their reactance at
the lowest frequency of operation is
less than 10 ohms.

Chip Performance

A summary of the measured perfor-
mance of the RF2312 is shown in
Table 1. Note that the table reflects
measurements done in a 50 ohm sys-
tem. This is because we were equipped
for only 50 ohm measurements of
some parameters. For consistency, all
of the performance measures are listed
as 50 ohm measurements. To perform
all of the measurements at 75 ohms, a
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Figure 11. Plot of OIP, versus fre-
quency

Figure 12. Performance of P, g vel
sus frequency.

¢ roquancy punc)

Figure 13. RF2312 gain versus fre-
quency performance.

50 to 75 ohm transformer must be con-
nected to both the input and output
ports. Unfortunately, these transform-
ers have some loss and don’t do a good
job over the full bandwidth of the part.
Because the imaginary parts of Z;y
and Zq;p are very low, the VSWR is
reasona%’{y good at both 50 ohms and
75 ohms, so 50 ohm measurements
were performed for Table 1 data.

A concern with any wideband ampli-
fier of this sort is its stability, particu-
larly when driving filters and severely
mismatched loads. The RF2312 has
been tested under a variety of condi-
tions using various bandpass and low-
pass filters without evidence of any
oscillations. The parts has also been
driven and loaded simultaneously
with 10:1 tuners and showed no unsta-
ble properties.

Figures 11 and 12 show the Output
Third Order Intercept Point (OIP,)
and power output at the 1 dB gain
compression point (P,,p) of the unit
vs. frequency. Note tflat power han-
dling ability does decrease as frequen-
cy increases. This is inherent in the
Darlington configuration. It is the
result of Beta decreasing in the second
transistor (Q2) which forces the emit-
ter follower stage (Q1) to provide more
current at higher frequencies. A lower
f7, as may be found in a Si device,
aggravates that situation; i.e. the

Figure 14. Input and output matcl
(S,, and S,,) versus frequency.

higher the f; of the devices, the better
Distortion resulting from this effec
can be decreased by increasing the co)
lector current of the first stage (lowe
the value of Rg,). This, of course
increases overal? power consumption
The current level in the RF2312 is se
to achieve the performance goals fo
the part, and yield good multicarrie
performance up to 1 GHz.

The frequency response is shown i
Figure 13. Note the flatness in the
GHz band — excellent frequenc;
response unmatched by other ampli
fiers. This response was measured o
a test board and includes the effect o
the package, PCB and connectors
Finally, Figure 14 shows the retun
losses for both input and output.

Conclusion

The RF2312 offers the highest lin
earity and best frequency response o
any commercially available integratec
circuit in its power class. The OIP; i
+40 dBm and the frequency respons:
is extremely flat across a full GHz o
bandwidth. The part operates from :
single power supply from 7 to 12 V
Pricing is less than $4.00.

For more information, contact Rl
Micro Devices, 7341-D West Firnedl
Avenue, Greensboro, NC 27410; tel
(910} 855-8085; fax: (910) 299-9809 —
or circle Info/Card #250. RI
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The challenge: design and
manufacture an antenna that
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cold and one hundred degree
heat. Mount on a snowmobile.
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Bounce off a mountain.
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is con;pact and flexible, yet 3
provides optimum range -
and sensitivity.

Y¥e're i ternational For nearly
two decades, we’ve designed and manufactured top
erformance antennas to demanding requirements
or use around the world. It's what we do every day.
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innovative design insight. Then we mobilize our
vertically integrated manufacturing process to
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wireless bar-coding, PCS, GSM and GPS.

Put our proven design expertise and advanced
in-house manufacturing capabilities to work for

you. Send us your Pro-E or Unigraphics solid
modeling drawings by modem, disk or tape (even
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antenna solution for you.

Call 800-228-4563 for information.
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Lincoln, Nebraska 68501
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RF products

IC is Single-Chip DSSS Radio
System for RFID

Micron Communications,
Inc. announces the develop-
ment of the RFIDEngine™
integrated circuit prototype.
The IC is a single-chip spread
spectrum radio frequency iden-
tification (RFID) circuit. The
Micron RFIDEngine integrates
a direct sequence spread spec-
trum (DSSS) microwave radio,
a microcontroller, and low
power static RAM (SRAM) on
one silicon chip. This high level
of integration should provide
cost and performance advan-
tages over current technology.
The IC uses Micron’s propri-
etary CMOS fabrication

process. The development of
the RFICEngine will lead to
test marketing by Micron of
very small, low-cost RFID tags
under the MicroStamp™
brand name. The device will
also be available on an OEM
basis to other interested RFIC
manufacturers. This announce-
ment reports an advance in
technology; RFIDEngine prod-
ucts are under development
and will be available at a later
date.

Micron Communications,
Inc., a subsidiary of Micron
Technology, Inc.
INFO/CARD #209

Diversity Switch
for T/R Applica-
tions to 2 GHz

Hittite Microwave Corpora-
tion introduces the HMC160S14
low-cost diversity switch for use
in transmit-receive applications,
provided in a 14-lead SOIC
package. The device can handle
up to 3 watts power at frequen-
cies up to 2 GHz, and is especial-

The switch is used to exchange
two antennas between the
transmitter and two receivers,
providing antenna diversity.
The switch has exceptional
intermodulation performance:
54 dBm third order intercept at
+8 volts bias. On-chip circuitry
allows single positive supply
operation (3 to 8 volts) at very
low DC current. Control inputs
are compatible with CMOS and
most TTL logic families. Price is
$9.15 (100-999 qgty.)

Hittite Microwave Corp.
INFO/CARD #210

56

Ultra Low Noise
Oscillator Offers
Lower Cost

The Ultra Low Noise series
oscillators from Wenzel Associ-
ates, Inc. provides high perfor-
mance at $1400 in quantities of
10 (typical), versus more than
$1500 for the standard. The
Ultra Low Noise series features
excellent phase noise perfor-
mance of better than —140 dBc
at 10 Hz offset, and greater
than ~175 dBc¢ at 1 kHz offset,
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for the 5 MHz SC-cut model.
Temperature stability is better
than =5 x 1079 from 0 to +50°C.
Package size is 1.75 x 2.94 x 1
inch. Fast six-week delivery
(part number 500-04903). Addi-
tionalinformation is available at
the company’s Web site:
http:/www.wenzel.com

Wenzel Associates
INFO/CARD #211

7/16 DIN Cable
Assemblies Tar-
get Base Stations

A new series of LMR® cable
assemblies with 7/16 DIN con-
nectors is now available from
Times Microwave Systems.
Designed for both indoor and
outdoor installation, the assem-

blies are fabricated with LMR-
600 or LMR-900 cable. The con-
nectors have gasketed seals for
compete weatherproofing, and
strain relief is provided by an
adhesive-backed shrink boot.
Cables are swept for VSWR and
loss from 800-2000 MHz. A typi-
cal 3-foot LMR-600 assembly
has 1.25:1 maximum VSWR, 0.3
dB maximum insertion loss, and
a price of $103.75.

Times Microwave Systems
INFO/CARD #212

3-V Power Ampli-
fiers for Mobile
Phone Systems

Oki Semiconductor’s new low-
cost, high-performance 3-volt
GaAs power amplifiers target
the high volume Advanced
Mobile Phone Systems (AMPS)
market. Designated the
KGF1607 and KGF1637, these
new efficient devices operate at
frequencies up to 850 MHz. The
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devices are suited for cellular
radios, wireless modems, LANs,
high-efficiency portable comput-
ers with datacom LANSs, cable
TV systems, portable satellite
terminals and wireless cable TV
distribution systems. Both
devices provide >31.5 dBm; the
KGF1607 with an effiency of
>70 percent, and the plastic-
packaged KGF1637 at >60 per-
cent. A 1000+ pieces, the
KGF1607 is priced at $8.76, and
the KGF1637 is $7.60.

Oki Semiconductor
INFO/CARD #213
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RF Transformers Built By (r);]

Prime
In Stock...At The Best Prices...From..

é}Richardson Electronics, Ltd.

Electrical Characteristics
Insertion Loss
Model Freq. 3dB 2dB 1dB
No. Ratio MHz MHz MHz MHz
Model RFTM
RFTM-1 1 .04-200 .04-200 .08-150 .2-80
RFTM-1A 1 .006-150  .006-150 .01-120 .02-50
R RFTM-2 2 .035-200 .07-200 1-100 5-50
All models in RFTM-3 3 05250  .05-250 1-200 5-70
SM6 package RFTM-4 4 .2-350 2-350 .35-300 2-100
RFTM-4A 4 .02-250 .02-250 .05-150 15-100
$1 99 RFTM-8 8 .03-140 .03-140 .10-90 1-60
. RFTM-16 16 .03-75 .03-75 .06-30 .18-20
(1-999 pes) Model RFTC
RFTC-1 1 .004-100  .004-100 .02-80 1-40
g RFTC-1.5 15 .075-250  .075-250 2-100 1-50
L iy RFTC-2.5 25 .01-50 .01-50 .025-25 .05-10
RFTC-3 3 .065-155  .065-200 11-50 1-30
X RFTC-4 4 1-240 .1-240 2-210 .3-180
Model RFTN
| RFTN-1 1 .15-300 .15-300 .35-200 2-50
y RFTN-1A 1 1-400 1-400 % o N
RFTN-1.5 1.5 1-300 .1-300 2-150 5-80
RFTN-1.5A 15 .02-100 .02-100 .05-50 1-25
RFTN-2.5 25 .01-100 .01-100 .02-50 .05-20
z RFTN-4 4 .05-200 .05-200 .07-150 .18-100
RFTN-16 16 3-75 3-75 .7-50 5-20
All models in .
Schematics
X,YorZ :
package o= : O+ D~

2 49 PRI . )SEC PRI () - SEC PRI < > SEC

(1-999 pcs) RFTM RFTC RFTN

Ask about splitters, mixers and the new Blue Cell.

RF ) Richardson
Qf' Prime Available From Electronics, Ltd.

More than 50 locations worldwide to serve you - U.S. and Canada Toll Free: (800) 348-5580; Internet: http:/www.rell.com, Australia: (02) 894-7288, Fax: (02) 894-7481,
France: (1) 34.26.4000, Germany: Puchheim (089) 800 21 3-1, Hamburg (040) 555 88 4-0, Italy: Sesto Fiorentino (Fl) (055) 420.10.30, Milano (02) 331.04.220,
Roma {06) 417.33.751, Scandinavia: Sweden (0) 18 386900, Spain: Madrid (1) 528 37 00, Barcelona (3) 415 83 03, United Kingdom: Lincoln (01522) 542631,

Slough (01753) 733010, Japan: (3) 3874-9933, Singapore: (65) 744-2128, Taiwan: 886-2-7269258, European Corporate Headquarters: Netherlands 020-691 91 48,
Fax 020-691 93 78, U.S. Corporate Headquarters: LaFox, IL (708) 208-2200, Fax (708) 208-2550.
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RF products

One-Box Tester for Pagers
Hewlett-Packard announces the Pager Signal-
ing Option 1EP for the HP 8648A signal genera-
tor. This option allows testing of pagers to the
new FLEX and FLEX-TD paging standards from

Motorola, and the POCSAG protocol. The 1EP
includes an internal digital pager encoder, and
another option, 1E5, offers a high-stability time-
base that meets stringent FLEX requirements.
The HP 8648A with Option 1EP is priced at
$5865; Option 1EP alone is $1435.
Hewlett-Packard Company

INFO/CARD #214

RF/Microwave Test Set

Marconi introduces the 6200B series of RF
and microwave test sets that irtegrate a scalar
network analyzer, synthesized sweep generator,
power meter, frequency counter, plus voltage
and current sources. Fault lozation software
allows you to measure return loss on coaxial or
waveguide transmission lines with 0.1% accura-
cy. Five versions of the instruments exist, with
frequency ranges of 10 MHz to a maximum of 2,
8, 20, 26.5 or 46 GHz. Power sensors, bridges
and scalar detectors allow a wide range of trans-
mission and reflection measurements, including
time domain.
Marconi Instruments
INFO/CARD #215

Product Focus: Communications Test Equipment

Modulation Spectrum Analyzer
Models R3263 and R3465 from Advantest are
spectrum analyzers with multi-standard modu-
lation analysis capability. The R3465 covers 9
kHz to 8 GHz, and addresses the North Ameri-
can Digital Cellular (NADC), Personal Digital
Cellular (PDC) and Personal Handy phone Sys-
tem (PHS) standards. Model R3263 has a 9 kHz
to 3 GHz frequency range and covers the stan-
dards for the Global System for Mobile commu-
nications (GSM). The R3465 is $32,995; the
R3263 is $27,000 with the GSM Tx Plus option.
Advantest Corporation,
distributed by Tektronix, Inc.
INFO/CARD #216

Mobile Station Interface Set for

TDMA and CDMA

The Noise ComMS-800/MS-1900 Series instru-
ments include all the necessary RF components,
such as attenuators, switches, duplexers, and
two synthesized CW signal generators or n/4
DQPSK signal generators to perform integrated

testing of CDMA and TDMA. The units are
designed to be used with the Wireless Telecom
Group’s MP-2500 multipath simulator, and
UFX-BER-892 Carrier-to-Noise generator, for a
complete mobile test setup. The MS-800/MS-
1900 Series prices start at $27,500 with delivery
in 2-10 weeks.

Noise Com, Inc.

INFO/CARD #217
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Crystals

* Microprocessor

» Military Spec/QPL
« Communication

* Custom Crystals

FREQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL

Oscillators

« Hybrid Clock
 TCXO

*« VCXO

 Custom Oscillators

Fax (913) 888-1260

INFO/CARD 43
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DISCRETE
COMPONENTS

High Permeability
Toroids

Ceramic Magnetics has
achieved a 50% increase in the
permeability of ferrite toroids.
Their Peak-Perm™ toroids are
produce using a proprietary
material which holds 15,000
perm at 10 kHz at room temper-
ature. The toroids are available
in diameters from 0.100 to 0.50
inches 0.Dd, and can be pro-
duced in thicknesses from .030
to .250 inches.

Ceramic Magnetics
INFO/CARD #218

Ultrasonics Starter

Kit for Experimenters
Valpey-Fisher’s Ultrasound
and Optical Products offers an
easily accessible kit of piezoelec-
tric crystals which can be used
for classroom instruction, labo-
ratory research, or proof of con-
cept for new product ideas. The
kit includes crystals ranging
from quartz and lithium niobate
to various grades of PZT and
lead metaniobate. Crystals are
furnished with technical data,
and have solderable electrodes.
Price of the Ultrasonics Starter
Kit is $195.
Valpey-Fisher Corporation
INFO/CARD #219

Filtered Terminal

Blocks

EMI-filtered terminal blocks
from TUSONIX offer capaci-
tance ranging from 2500 to
5000 pF, insertion loss of 50 dB

fﬂn

at 100 MHz, and a terminal
torque resistance of 9 in-lbs.
The filtered terminal blocks are
designed for easy attachment,
and acan be custom built for
specific applications.
TUSONIX, Inc.

INFO/CARD #220
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Synergy Microwave Corporation,
a recognized innovative leader,

introduces its latest miniature SMT
voltage controlled oscillator product line.

These small,
frequency generating
modules occupy a
volume of 0.5 X 0.5 X 0.2
inches (L x W x H) and
consume only 0.2 watts of power.
Available in the frequency range of 200
MHz to 3000 MHz, in octave and optimized
bandwidths, these units deliver typical

. RECOMMENDED IR REFLOW
phase noise response of -95 dBc per Hz @ SOLDER TEMPERATURE PROFILE
10 kHz offset. These devices are EMI/RFI N
shielded, moisture resistant and can withstand the /1IN
automated assembly techniques used in high volume )
manufacturing. Other package styles and sizes are
available, including plug-in, hermetic packages.
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Additional specifications and information are available
from our Sales and Applications Engineering team. MV IV LT T RN EC

b S A} ) 8§ M\ |
201 McLean Boulevard, Paterson, NJ 07504 j A A R L L LA )

CROWAVE CORPORATION

Phone (201) 881-8800 or Fax (201) 881-8361




RF products e

Crystal for Commu-

nications
Connor-Winfield has devel-
oped a new crystal, Part no.
CW49-GL, designed for use with
the Motorola MC145572 trans-
ceiver IC. the crystal is avail-
able in frequencies of 20.0
through 28.0 MHz, with center
frequency stabilities from +25
ppm to +100 ppm. Standard fre-
quencies of 20.480 and 25.088
MHz are available from stock.
Prototype price is $12.50 each
in quanties of 10.
Connor-Winfield Corp.
INFO/CARD #221

Ceramic Resonator

Available to 20 MHz
AVX has introduced an all-
ceramic resonator with an
extended frequency range up to
20.00 MHz, providing a surface-
mount alternative to clock oscil-
lators in amny applications. The
PBRC series has a low profile (2
mm), and can withstand nearly
all soldering processes. They are

available in frequencies from
8.01 to 20.00 MHz (PBRC-A) or
2.00 to 8.00 MHZ (PBRC-B). In
quantities of 10,000 the prices
of the PBRC-B series is $0.35.
AVX Corporation
INFO/CARD #222

SEMICON-
DUCTORS

Low-Distortion Volt-
age-Feedback Op
Amps

Maxim Integrated Products’
MAX4108 operational amplifier
features 400 MHz 3 dB band-
width and +5 V operation with a
1200 V/ps slew rate and a spuri-
ous-free dynamic range (SFDR)
of 93 dB at 5 MHz. The
MAX4109 is compensated for a
closed-loop gain of 2 V/V or
greater and provides 225 MHz
-3 dB bandwidth and a SFDR of
90 dB at 5 MHz. Applications

-

or Fax 605-665-1627.

T
Ferrite Shield
Beads

-
<

Dale® ILB-1206 Surface Mount Shield
Beads e Effective from 10MHz to >500MHz
* Ideal for EMI/RFI suppression and noise
filtering including high-speed digital circuits
* 10 models in EIA 1206 size ®* Wide impedance
range (19-600Q @ 100MHz) » High reliability
monolithic construction. Phone (605) 665-9301

For Literature, Call Vishay's FlashFax™ Service
at 1-800-487-9437. Request Document #314.
Dale Electronics, Inc., East Highway 50, PO. Box 180,
Yankton, SD 57078-0180

Iy

DALE,
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include imaging, instrumenta-
tion and RF signal processing.
Pricing starts at $3.88 (1000
qty.)

Maxim Integrated Products
INFO/CARD #223

MMIC Quadrature
Modulator

California Eastern Laborato-
ries has introduced another
NEC silicon MMIC device for
wireless applications.

UPC8105GR is a quadrature

modulator with an on-chip
phase shifter, 400 MHz modula-
tor bandwidth, 10 MHz I-Q
bandwidth and a Power Save
function. Supply voltage is 2.7-
5.5 volts, and the device is pro-
vided in a 16-pin SSOP pack-
age. Current consumption is 16
mA at 3 volts. The UPC8105GR
is fabricated using the NESAT
IIT process with transistors that
approach 20 GHz FT. Pricing is
$3.90 in production quantities.
California Eastern Labora-
tories

INFO/CARD #224

High-Performance
Phase/Frequency

Detectors

R.F. Research Australia
announces the BK7001 (single)
and BK7002 (dual) phase/fre-
quency detectors. Their propri-
etary design produces lock-up
times down to half that of con-
ventional detectors. Included is
a true lock detect capable of dri-
ving a lock alarm LED directly.
Inputs and outputs are TTL or
HCMOS compatible, and the
maximum operating frequency
is 35 MHz. Packaging is a 44-
pin J-lead.
R.F. Research Australia
INFO/CARD #225

SMT Power MOSFET
Motorola announces th«
MRF5007, an RF power MOS
FET for broadband application:
at frequencies up to 520 MHz
The device supplies up to '
watts ouput power at 7.5 volts
with a minimum gain of 10 dE
at 512 MHz. Other feature:
include low feedback capaci
tance (C ., = 13 pF) and the
ability to withstand 20:1 loac
VSWR at any phase angle. The
MRF is packaged in a true sur
face-mount package which car
be handled by automatic assem
bly equipment. Pricing is $16.2(
in low volumes.
Motorola SPS
INFO/CARD #226

GaAs IC for GSM

Anadigics Inc. has introducec
a new GaAs power amplifier for
use with the GSM telephone
standard. The AWT0904 has
three stages, providing 32 dBr
output power with 0 dBm input
Power control during the trans.
mit pulse, low noise in the
receive band, and a heat-sinkec
SSOP28 package are additiona
features of the device. A simila:
device for DCS1800 anc
PCS1900 will sooon be avail-
able.
Anadigics, Inc.
INFO/CARD #227

SIGNAL
SOURCES

Low Cost TCXOs

Networks International Corp.
introduces low cost temperature
controlled crystal oscillators
(TCXOs) with a standard range
of 9-25 MHz and +1 ppm stabili-
ty over 0 to 50°C. Output is 1.0
Vp-p, clipped sine DC cut. The
TCXOs are provided in a .740 x
.460 x .340 package.
Networks International
Corp.

INFO/CARD #228

SONET Clock

Oscillator

MDR3001-2 from Magnum
Microwave is a dielectric res-
onator oscillator for a center fre-
quency of 9953.28 MHz, the line
rate frequency for SONET OC-
192 lightwave communications.
It is electrically and mechani-
cally tunable and can be phase
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Everything points
to the largest
selection of

the smallest
RFICs.

Introducing more of the
world’s smallest 3V RFICs
- with the price, perfor-
mance and size you need
for wireless applications.

Now there’s an easy way 1o get
the building blocks you need for
emerging higher-frequency
applications, such as PCS, PHS,
wireless data and Wireless Local
Loop .

We've expanded our SOT-363
RFIC family with cost-effective
downconverters and driver

CGCMI60t

amplifiers that complement our
LNA and gain block lines.

The versatile new MGA-81563
and MGA-82563 medium-power
amplifiers deliver excellent
dynamic range and high effi-
ciency.

And our new IAM-91563
downconverter provides high
conversion gain and linearity,
with surprisingly low noise figure.

Plus, you can specify our new
RFICs with confidence because
they're backed by HP quality and

Typical Performance

Par Description Frequency Voltage Current NF Gain  IP3
Number Range (MHz) (V) (mA) (dB) (dB) (dBm)

» IAM-91563 Downconverter  800-6000 3 9 8.5 9 +2.5
INA-31063 Gain block DC-2400 5 12 3.0 205 +6
INA-52063 Gain block DC-1600 5 30 4.0 22 +15

» MGA-81563 Driver amp 100-6000 3 42 v 12 +27

» MGA-82563  Driver amp 100-6000 3 84 22 13 +31
MGA 86563 LNA 1500-6000 b 14 1.6 2 +16
MGA-BTHG3  LNA 5001000 3 4.5 1.6 14 +8

P New praduct for G

INFO/CARD 45

proven high-volume manufac-
turing capability.

Our stocking distributor
Penstock has 20 offices nation-
wide staffed with engineers to
support your design applica-
tions.

Call HP at 1-800-535-7715,
ext. 1430 for a Selection Guide
and Data Sheets.

Or get right to the point
and call 1-800-PENSTOCK
for information on

Sfree samples.

In Northem Califonia, (408) 745-8100
In Cananda. (613) 592-6088

/[
PENSTOLK

AF/MICROWAVE DISTRIBUTION
AN AV T Ay

HEWLETT"®
PACKARD

(




RF products i

locked for use in clock recovery and clock
regeneration circuits. Free-running stabili-
ty is 3 ppm/°C, power output is +11, +2
dBm, and typical phase noise is —110 dBc
at 100 kHz offset.

Magnum Microwave

INFO/CARD #229

Drop-in DRO

Miteq’s DPNDRO series of drop-in dielec-
tric resonator oscillators is available with
SMA connectors or direct microstrip launch
for wireless communications and other
applications. Available frequencies range

from 4.5 to 15 GHz, with power output of
up to +10 dBm. Mechanical tuning is pro-
vided, and a built-in voltage regulator and
reverse voltage protection are standard fea-
tures. Electronic tuning and low-noise ver-
sions are available.

Miteq

INFO/CARD #230

Synthesizer Products

Syntest announces a complete line of
low-cost stand-alone synthesizers and mod-
ules. The SM/SI series are available in a
range of 0.1000 Hz to 159.999 MHz emloy-
ing single phase-locked loop technology.
Temperature stability is guaranteed to =10
ppm (x1 ppm optional) over 0-50°C. Output
levels are avilable in TTL or ECL. Frequen-

cy tuning is accomplished by TTL or ECL,
thumbwheel switches, or remote BCD par-
allel lines. Prices start at $247.00 in OEM
quantities.

Syntest Corporation

INFO/CARD #231

AMPLIFIERS

PCN/PCS Amplifiers

Wessex Electronics has introduced a
series of PCN and PCS high power ampli-
fiers, available in modular form, instru-
ment case, or 19 inch rack mount. Model
ANP-01358S is conservatively rated at 20
watts in either the 1805-1880 MHz or 1930-
1990 MHz bands. Gain is 27 dB minimum,
harmonics are —50 dBc and spurious out-
puts are ~70 dBc. A full complement of pro-
tection and operational features are provid-
ed in these units.

Wessex Electronics
INFO/CARD #232

SIGNAL
PROCESSING
COMPONENTS

input ports, and +5 degree phase balance.
The standard product line includes cou-
plers and power dividers for 800 to 1990
MHz, supplied in 2, 3, 4, 6, 8 and 16-way,
configurations.

Renaissance Electronics

INFO/CARD #234

VHF/UHF 0° Power Splitter
Mini-Circuits introduces a 1-watt broad-
band 3-750 MHz 2-way power splitter with
28 dB isolation, 1.2:1 VSWR and insertion
loss of 0.4 dB (typical specifications). The

JPS-2-1W is priced at $8.95 ea. (1-9 qty.)
and is available from stock.

Mini-Circuits

INFO/CARD #235

High Power Diode Switch
Hill Engineering offers the tiny series

H22 SPDT switch that handles 2 kW peak

power and 80 wats average power over 500-

4000 MHz. Switching speed is 1 us, inser-

tion loss is 0.5 dB and isolation is 60 dB.

Case size is 1.6 x 1.6 x 0.5 inches.

Hill Engineering

INFO/CARD #233

High Isolation Combiner
Model REC-9A2NA from Renaissance
Electronics is a power combiner offering
three in-phase inputs in the 800-900 MHz
band. With 1.5 dB insertion loss, the com-
biner features 80 dB isolation between

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

2 METER VHF AMPLIFIERS

35 Watt Model 335A
75 Watt Mode! 8754
Jvmilatie in kit Of wiredested

s 79.95 Kit 600 Watt PEP 2—Port

HF_AMPLIFIERS per MOTOROLA BULLETINS 100 WATT 420-450 MHz PUSH-PULL LINEAR
r(s c Parts List for HF Described ~ AMPLIFIER — SSB-FM-ATV,
in the MOTOROLA R.F. Device Data :EW—%B(K& i
AN758 300W EB63 140W EBo/S )
} ANTS2 140W EB27A 300W KEB67—| (Manual)
ANT7SL 20W EB104 600W We also stock Mard-to-Find parts
ANTT9H 20W AR305 300W CHIP CAPS—KemeATC
AR313 300W METALCLAD MICA CAPS—Unelco/Semco
\\ NEW!! 1K WATT 2-50 MHz Amplifier afnll’ogglél}’l?;ﬁgsoﬂs
NOTTROLA S SBL—1 (1—500Mz) 6.50
SBL—1X (10—1000Mz) 7.95

POWER SPLITTERS and COMBINERS
2—30MHz

1000 Watt PEP 2—Port ..
1200 Watt PEP 4—Port .......

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

= IR o

508 Miistone Drive » Beavercreek, OH 45434-5840 ¢ (513) 426-8600
FAX (513) 429-3811

ARCO TRIMMER CAPACITORS
Broadband HF Transformers
Add $4.50 for shipping and handling.

INFO/CARD 46
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100 RHZ-2.4 GHZ SPECTRUM ANALYZER

PA2500 compact-portable

* Notebook or Desktop via Parallel port.

¢ -130dBm to +15dBm signal range.

* Fully Synthesized

* Spurious Free Dynamic Range > 70dB.

* 5 resolution Bandwidths, S00KHZ - 500HZ
* Size 11.25" W x 1.7" H x 9.75", wt. 8 |bs

For more information call or write..
1406 Parkhurst, Simi Valley, CA. 93065

Tel: [805] 58145771 Fax: [805] 5838270
Internet E-Mail: DKD INST @ AOL. COM

@ DKD INSTRUMENTS
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The Standard for Performance

For over fifteen years engineers and
OEMs alike have relied on PTS
frequency synthesizers for unmatched
stability, speed and spectral purity.
These direct analog and direct digital
synthesizers meet the most challenging
systems development requirements. ..
ATE systems, satcom, wireless, medical
imaging, secure communications, and
more. You'll also find them in
production environments, where they
play a key role in quality assurance.

Our synthesizer models cover the
100 KHz to 1 GHz band with 0.1 Hz

Frequency
Synthesis
Handbook

Free offer
while supplies
last

resolution. They are available with
switching times from Ijisec, spurious
outputs as low as -75 dBc and
outstanding phase noise characteristics
(SSB phase noise at 1GHz, 1 KHz offset,
-110 dBc/Hz).

The Standard for Reliability

PTS synthesizers were designed
from the outset to deliver the best
reliability in the business. We adhere to
conservative derating practices, keep
power consumption and internal heat
buildup to an absolute minimum and
subject finished systems to rigorous
temperature cycling and electrical
testing. The result: a field-proven
25,000 hr MTBF. Since 1985 we've
offered a full 2 year warranty and a
flat-rate repair fee of just $350 for
years 3 through 10.

It's time you had the best of both
worlds. The best performance-price
and the best reliability. Call today for

INFO/CARD 48

more information and we'll also send
vou a free copy of the RF Design
Frequency Synthesis Handbook.
Features and Options

*BCD or GPIB remote control

*DDS with phase-continuous switching

*(CXO0, TCXO or external
frequency standard

*Resolution to 0.1 Hz

*Digital phase rotation

Qutput power to +13dBm

«Proven 25,000 hr MTBF

o2 yr warranty

*$350 repair fee, vrs 3 - 10
($500, Model PTS 1000)

—I=

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road, Littleton, MA 01460
Tel: 508 486-3008 Fax: 508 486-4495




RF tutorial

Notes on Electrically Small Antennas

By Gary A. Breed
Editor

To meet size requirements, new wire-
less applications, as well as many cur-
rent radio systems, use antennas which
are smaller than typical self-resonant
configurations. To better understand
the performance tradeoffs of small
antennas, this tutorial presents infor-
mation on their impedance, rmatching
methods, and loss mechanisms.

mall antennas can be defined as

those with dimensions smaller
than equivalent self-resonant types.
Self-resonant configurations of anten-
nas that might be used in common
communications applications include:

* 1/4-wavelength monopoles, fed
against a ground plane or counter-
poise.

¢ 1/2-wavelength dipole

¢ 1-wavelength loop

* 1/2x1/2-wavelength square micro-
strip patch

* 0.6-wavelength diameter circular
microstrip patch

* 1/2-wavelength slot in a conducting
surface (or waveguide)

The graphs in Figures 1 show the
relationship between frequency and
wavelength for a 1/4-wave and 1/2-
wave. Although these are trivial calcu-
lations, the graphs offer a quick
review of the self-resonant dimensions
of antennas at various frequencies.

For example, in the cellular band
(800-900 MHz), a 1/4-wavelength
monopole will be around 9 ¢m in
length. This length may be practical
for many fixed and portable phones,
but the trend in manufacturing in
toward smaller products. A manually-
extendable antenna is included in
some products, but with consumer
convenience in mind, it may be desir-
able to conceal the antenna within the
cellular phone structure, requiring a
less-than-full-size antenna.

In the traditional paging band
(around 160 MHz), the problem is
quite different. A quarter-wave in this
frequency range is 47 em, much larger
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Figure 1. 1/4 and 1/2 wavelengths versus frequency; 200-2000 MHz.

than anyone would want to hand on
their belt or place in a shirt pocket! A
comparison of size is shown in Figure
2, on the next page.

Behavior of Small Antennas

Dipole and monopole antennas — At
short lengths, the feedpoint impedance
of dipoles (and monopoles with a prop-
er counterpoise) shows increasing
capacitance and decreasing resistance.
This impedance must be transformed
to the operating impedance of the
transmitter and/or receiver circuitry
in order for the antenna to be useful.
Intuitively, this is logical, since a
capacitor is two conductors separated
by a dielectric space. As the conduc-
tors get shorter, the capacitance
decreases and the capacitive reactance
increases. The resistive behavior is not
intuitive, since the antenna is already
an open circuit, but it may be useful to
think of the shorter length as repre-
senting a smaller value resistor.

Loop antennas — As the circumfer-
ence of a loop antenna gets smaller
compared to its self-resonance at one

wavelength, the feedpoint impedanc:
is inductive, with decreasing resis
tance. The inductive reactanc:
becomes relatively high once the siz
falls out of the region near resonance
and decreases as the size decreases
This is intuitively explained by look
ing at the loop as a one-turn inducto
that is getting smaller (less inductance
and lower reactance). Also intuitively
the resistance of a smaller length con
ductor will decrease with size.
Matching to reactive loads is typical
ly done in two steps: removing the
reactance by adding the necessary
opposite type, then transforming the
resistance to the desired value. In the
case of a dipole or monopole, the firs
step means adding inductance to can:
cel the capacitive reactance. For the
loop, it means adding capacitance that
has equal reactance as the inductive
component of the impedance.

Losses in Antenna Systems

Small antennas do not radiate muck
less efficiency than their full-size
counterparts — if we have lossless con-
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Figure 2. Some pagers use small loop antennas printed on the outside edges of
the circuit board. These antennas will be no more than 1/8 the size of a 1-wave-
length loop self-resonant at that frequency.

ditions. Theoretical losses occur from
cancellation of fields, but are rot large
until the antenna is perhaps 1/10 of
“normal” size.

Most losses arise from actual resis-
tive losses in the matching circuitry.

The main culprit is the inductor.
Inductors have significant ohmic loss-
es which become proportionally larger
as the resistive impedance decreases.
For example, an inductor with one
ohm resistance will dissipate half the
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quality and reliable service....
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components for
antennas

< Cable Assemblies
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power delivered to an otherwise pe:
fectly-matched antenna with one ohi
resistive impedance.

In the case of the loop, the inductc
is the antenna conductor, with
greater degree of importance on ohmi
losses than a full-size antenna. T
help minimize losses, small loops ar
often constructed from copper tubin
with silver-soldered joints.

Components in the matching nei
work are another source of losses
Very low resistance results in propo:
tionately higher currents flowing i
the inductors, capacitors or transform
ers used for matching. Random selec
tion of a matching network is not rec
ommended, despite the fact that a
least 12 different schemes might prc
vide the desired transformation. Whil
a matching network cannot reduc
losses in the antenna conductor or th
required series inductors, selection ¢
the right type can avoid excessiv
additional losses.

Combating the Problem

The “brute force” approach is the us
of more transmit power and mor
receiver gain to overcome losses. Whil
a valid approach, this solution ha
limitations — regulation of transmi
power, power consumption, and th
noise figure of the receiver.

Enhancement of efficiency can b
gained by coupling to the body of th
user, or to metallic objects. A page
antenna will be more efficient by a fac
tor or 6 to 10 dB when placed on th
user’s body, even with our moderat
conductivity. The user’s hand cai
enhance the counterpoise of a portabl
cellular phone, compared to having th
unit sit on a table, for example (safet;
concerns must be considered, howev
er!) You may have noticed improve:
reception from a portable AM-F)
radio when it is placed on an automo
bile hood or trunk lid.

In all cases, the expected efficienc;
of the small antenna must be include:
in the calculation of receive and trans
mit performance. Appropriate margin
must be designed-in to allow reliabl
communications. RI
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RF education

What You Should Know Before
Returning To School for that
Advanced Degree

3y. Jeffrey H. Reed, Theodore S. Rappaport and Brian D. Woerner

Zirginia Tech

Nearly every engineer at some point
n their career has pondered the idea of
eturning to school for additional edu-
‘ation. Students whose four year
legree is not in electrical engineering
nay even return to school and obtain a
S or PhD in electrical engineering,
'specially for those students with sig-
ficant technical experience.

here are valid and erroneous moti-
vations for returning to school.
Valid motivations include:

L. Gaining more knowledge to satisfy
intellectual curiosity

. Gaining new skills to change to a
new technical field. This is an espe-
cially important aspect for those
engineers who are converting from a
military oriented profession to a
commercially oriented profession

3. Improving or expanding career
opportunities to include teaching,
consulting, or more research orient-
ed work

t. Enjoying a culturally rich and
diverse atmosphere

[

Erroneous motivations, or myths
ibout the advantages of returning to
school include:

1. Gaining a higher degree is a guar-
anteed way to earn more money

2. Returning to school is a solution to
“job burn-out”

3. Obtaining a new or advanced degree
is a “vacation” which requires little
work

In this article, we explore the moti-
vations for returning to school, exam-
ine educational alternatives, discuss
some of the advantages and disadvan-
tages of returning to school and pro-
vide advice on how to select the best
school to fit your needs. Much of the
perspective for this article has been
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furnished by students who left full-
time jobs to return to school for
advanced electrical engineering
degrees at Virginia Tech’s Mobile and
Portable Radio Research Group
(MPRG).

Mechanism for Further Education
There are four ways for an engineer
to acquire further education:

1. Short courses

2. Part-time education while working
full-time in industry

3. Full-time education while working
part-time in industry

4. Full-time education while working
at the university

Short courses are obviously the most
convenient of these options in terms
of minimizing impact on one’s person-
al life. It is usually a cost effective way
to learn since most employers will
cover the expense of courses relevant
to one’s job. The drawback is that this
type of learning can be very superfi-
cial. It is very difficult to retain infor-
mation presented at the fast pace of a
short course. The learning process
requires time, concentration and a
chance to wrestle with concepts so
they become integrated into the prob-
lem solving thought process. Unfortu-
nately, short courses offer little, if any,
opportunity for the student to work
problems or participate in design pro-
Jjects.

Part-time education offers a compro-
mise between short courses and full-
time education. Part-time education is
less disruptive of personal life than
returning to school full time and less
financially draining. Drawbacks are
that the quality of education is not as
high as a full-time education since
time is split between work and school.
Coordinating time between education
and a full-time job can be frustrating,

particularly if the student is married
and has a family. Part-time education
is becoming increasingly important
for keeping up in a technical field, but
it requires patience and commitment
to get a degree in a part-time program.
Typically, a part-time MS student takes
three to five times longer to obtain a
degree as a full-time MS student.

Part-time PhD student status is not
usually feasible, unless it is combined
with an extended period of being a
full-time PhD student. This combina-
tion can be a excellent strategy. Begin-
ning school as a part-time student
allows one to refresh math skills and
complete a few classes while searching
for an advisor, dissertation topic and
preparing for any entrance exams. A
financial advantage to part-time edu-
cation is that many employers will
reimburse the cost of work-related
courses.

Full-time student status has many
merits. Besides being a quicker mech-
anism for obtaining the degree than
part-time status, the ability to focus
exclusively on education allows for a
better quality of education. Further-
more, one can enjoy the rich diversity
of culture that college campus have to
offer. New friends and associates
made in school often times become
important contacts for years to come.

Frustrations of Returning
Engineers

For the engineer who returns to
school as a full-time student, there are
some potential surprises awaiting. The
decision to return to school can often
be met with skepticism from co-work-
ers and management. Co-workers can
often be discouraging, pointing out the
loss of income and hard work in going
back to school, as one returning
MPRG student put it “my co-workers
thought I was crazy.” Management
may not be supportive of this move as
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well. For instance, returning back to
the same company after earning a
degree may not lead to improved
salary, especially if one returns to the
same job title. A company can easily
take for granted the benefits of the
enhanced education of their employee.

Rusty math, technical skills, test
taking, and study skills are the bane
of the returning engineer. Most find
that these skills return quickly, and
are quite pleased to know that this
information is not lost. The returning
engineer does have an advantage, the
ability to better discern what the
important material is and what the
relevant applications are to industry.
This is a tremendous asset in studying
for exams and working design pro-
jects, which have become a pervasive
part of most technical graduate cours-
es. One older returning graduate stu-
dent in the MPRG describes his ability
to compete with non-returning stu-
dents this way, “Old age and guile will
beat youth any day.”

There are psychological barriers for
returning to school. One MPRG stu-
dent expressed his concern on return-
ing to school as being viewed as the
“old man on campus.” This myth was
quickly dispelled,

“Now the only time I feel like an old
man is when I walk into a bar and find
my self surrounded by people that are
barely twenty one. I find that there
are a lot of students who are like me,
returning to school after working for
some period of time. Quite a few of my
friends are actually older than I am.”

Another psychological barrier for
returning students is in moving from
an engineering position where one has
control over resources and people to
being powerless. A good electrical
engineering department will respect
the experience of returning engineers
and the benefits they bring. As one
MPRG student stated,

“I’ve noticed that the professors
treat someone who has exgerience
with a bit more respect. I think pro-
fessors do genuinely value the opinion
of someone who has a bit of real-world
and real-life experience. Maybe I've
just grown more assertive from being
‘out there’ and demand more attention
in class than I used to (compared to
my undergrad days).”

Probably the greatest barrier for
returning students is the financial
burden, especially for those with a
family. It’s difficult to live on a gradu-
ate student budget after acquiring a
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comfortable lifestyle. In the long term
returning back to school usually offers
a financial advantage. However, it
takes several years to make up for the
loss of income during the time spent in
school. It would be unwise to return to
school strictly with the expectation of
financial gain.

Faculty advisors may give preferen-
tial funding to returning engineers
because of the value of their experi-
ence. Student pay is generally quite
low. Typically, research assistantship
stipends (PhD level) run from $1300-
$1600 per month and may or may not
include tuition. Research assistant-
ships are more likely to be given to
returning engineers. Often universi-
ties will grant tuition wavers or fel-
lowships to highly qualified students.
For example, at Virginia Tech, the
Bradley Fellowship program supports
eight U.S. citizen PhD students in the
electrical engineering department and
provides a stipend of $1550 per month,
full tuition, all book costs and a small
housing allowance.

Picking the Right University
Picking the right university for full-

time study can be a very difficult task
Look especially hard at the strength o
the particular department, emphase:
within the department and use thes:
as the most important criterion
instead of the name recognition of the
university. A strong department wil
have adequate resources including fac
ulty, equipment, lab and office spac
and a wide selection of relevant class
es. A strong research university wil
require a lower number of teaching
hours from its faculty, strong ties t:
industry and the faculty will have ¢
lengthy publication record in leadin;
technical journals. Reviewing studen
theses and dissertations is also ar
excellent way to judge the quality o
school and its research program.
Meeting with potential researct
advisors, instructors, and fellow stu
dents is an effective way to evaluat:
the quality of the faculty. Ask tougl
questions of the faculty and adminis
trators, e.g., “What is the percentage
of students being funded thougtl
research contracts and teaching assist
antships?”, “Are tuition wavers grant
ed?”, “What is the minimum and maxi
mum class size?”, “What is the per

About the Mobile and Portable Radio

Research Group (MPRG) at Virginia Tech

The MPRG was founded in 1990 by Dr. Ted Rappaport to conduct research
on emerging wireless communication technologies. The group has research,
teaching and service missions which are national in scope and is a leading pro-
ducer of professionals for the wireless communication industry. MPRG con-
sists of three principal faculty members, seven support staff and approximate-
ly thirty five graduate students, many of whom are engineers returning to
school for advanced degrees. Major MPRG research thrusts include:

¢ Simulation and analysis of wireless communications systems using real-
world channel models.

* Development of signal processing algorithms for interference rejection,
antenna steering, error correction, and fast synchronization.

* Advanced modem development.

* Site-specific prediction of propagation characteristics.

* Measurement and analysis of propagation characteristics for wireless channels.

Core funding is provided by the MPRG Industrial Affiliates Foundation, a
coalition of major corporations in the wireless field who serve as academic
“stock holders” of the research group. MPRG Industrial Affiliates include:
AT&T, Bell Communications Research (Bellcore), BellSouth, BNR, the Federal
Bureau of Investigation (FBI), Grayson Electronics, GTE, MCI, Motorola,
National Semiconductor, Southwestern Bell, and Texas Instruments.

The MPRG prepares quarterly research reports for its industrial affiliate
members and promotes aggressive technology transfer through frequent visi-
tation. Most industrial affiliate members have hired one or more MPRG gradu-
ates. In return, affiliate members provide financial support and serve as unof-
ficial “stockholders” of the group, providing technical and managerial advice.
The MPRG also conducts funded research for individual government or indus-
try sponsors.
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mntage of students who pass the PhD
itrance exam?”, “Are faculty evaluat-
1 on their teaching skills?”, and
Vhat are the infrastructure resources
1.g., computers, office space, lab
juipment) available to graduate stu-
ants?”. These same questions should
lso be posed to students attending
1€ university.

Examine the faculty’s attitude
wards returning students. A quality
1gineering department will recognize
1e importance of returning engineer’s
cills. Some universities, such as Vir-
nia Tech, allow especially qualified
udents to serve as co-principle inves-
gators on research contracts. A quali-
r advisor will encourage close and
mntinuing contact of the students
ith research sponsors. Some faculty
rovide business cards to MS and PhD
;udents who are expected to eventual-
"manage their own research projects.
Its also advantageous to examine
1e relationship of the faculty with
idustry. If a faculty member has a
s0d relationship with industry it is
kely that their classes and research
sters skills that make graduate stu-
ents attractive to employers. A uni-
arsity’s ties to industry are an excel-
nt indicator of how easy it will be to
2t a job once a degree is obtained.

hould You Return to School?

Returning to school is a personal
ecision based on the expectations of
1e educational experience. Higher
lucation is an investment which does
ot immediately lead to greater finan-
al gains, but rather an investment in
itellectual maturing and technical
ophistication. We have seen few
sturning students who have regretted
wrthering their education, and believe
1at more engineers error in making
1e decision not to return to school.
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RF filters

Reducing Active Filter Cost Using
Symbolic Three-Pole Synthesis

By: Glenn A. Parker
Eagleware Corporation

Often in active filter design, the over-
all cost per unit is predominately
determined by how many operational
amplifiers the circuit contains. Since
they are by far the most expensive ele-
ment in common RC active filters, the
ability to realize higher orders with
fewer op-amps is an attractive option.
However, symbolic solution of the
transfer function for element values in
terms of the desired poles can be a dif-
ficult task.

ctive filter design has been limited

to cascading first and second order
sections to realize conjugate and real
pole placements. This is because the
symbolic solutions for third order fil-
ters are not documented. Williams [1]
presents tables of capacitor values for
the third order unity-gain lowpass sec-
tion, but does not encourage attempts
at solving the system of equations
resulting from transfer function coeffi-
cients.

This article presents the equations
necessary for designing third order,
single op-amp filters. The transfer
function is first shown for both the
unity-gain, and the 6 dB gain (K = 2)
case. The solutions are then presented
along with a practical design example
utilizing the three-pole filter, and con-
trasts single op-amp sensitivity with a

typical two op-amp alternative. High-
pass and lowpass solutions are pre-
sented.

Lowpass Transfer Function

The general voltage-gain transfer
function for a third-order lowpass fil-
ter is:

K

T(s) =
As® +Bs? +Cs+1

1

Where K determines the filter gain
at DC (w = 0), and A, B, and C deter-
mine the transfer function pole place-
ment and the filter characteristics.

Unity Gain Lowpass Filter

The schematic for a normalized
unity-gain third order active lowpass
filter is shown in Figure 1. All resis-
tors are normalized to 1 ohm. The
transfer function for this filter is given
by Equation (1), where:

K=1
A=C,C,C
B=20,8,%20,C,
C=C,+ 30,

By solving these equations for C,,
C,, and C; in terms of the denomina-

tor coefficients, a symbolic expressio
for the capacitors in terms of th
desired poles is easily found. Taking
= a t jB and s = ¢ to be the roots of th
denominator, the solutions are:

L=o?+p*
__4a® 100490 1
8112 1620L  810?
N 8 a(l0a+9a) 5(2a-9a) 1
7291 4860L2 9720’L  729¢°
Cy =N+ VM? +N? + YN - yM® 42 - 2200+L
9oL
201
C, =-3C; =
1 2 L
@, 2 gy et TNIL g2t AT

Cool 2C,L L o

Lowpass with Gain

The schematic shown in Figure
has a lowpass frequency response wit
6 dB of gain. All capacitors are nor
malized to 1 farad. The transfer func
tion for this filter is given by Equatio
1, where:

o
g°
wPU

QW » N
L[ | I | I

N

=
e

+

N

=

(-]

=]
-

4
[

Solving for the normalized resistors
we have:

Cs
C ||
3
I I
1r #
Ry Ra Rs
R4 R, Rg —D—M/\/I\/\/V MV _I_ 71
’\/\/\/ Cq Cy »
12 12 12 J_ — > 3 I b= I +
T g
= = Ry
Ry
Figure 1. Schematic for a K=1 lowpass filter Figure 2. Schematic for a K=2 lowpass filter
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Figure 3. Schematic for a K=1 highpass filter.
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The values for the two feedback
resistors (labeled R; in the schematic)
are arbitrary.

Unity-Gain Highpass

Figure 3 shows the schematic for a
unity-gain highpass filter. The ele-
ment values for this filter can be found
by inverting the values in the corre-
sponding lowpass filter (Figure 1).

Highpass with Gain

1
RlHP = T

LP

1
Rap = 5o

LP

1
R3HP G C3

LP

Figure 4 shows the schematic for a
normalized highpass filter with 6 dB
gain. The element values for this filter
are found by inverting the lowpass val-
ues calculated for Figure 2 as follows:

1
ClHP R,
LP
1
C2HP R,
LP
1
C3HP R,
LP
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Frequency and Impedance Scaling
The filters just described are nor-
malized for —3 dB cutoff at ® = 1 radi-
an/second. To adjust this cutoff fre-
quency and substitute more realizable
component values, scaling is required.
The component values for an arbitrary
cutoff frequency are found as follows:

For Figures 1 and 4: First, choose a
resistor value. This value is Z.

Next, calculate the frequency scaling
factor: FSF = 2nf, , where f, is the
desired -3 dB cutoff frequency in Hz.
Scale the resistor values:

R1,2,3 =Z

Finally, all capacitors are scaled by
the same amount:

‘T ZxFSF

Where C;N is the normalized capaci-
tance value and C; D js the denormal-
ized (scaled) value.

For Figures 2 and 3: First, choose a
capacitor value. This value is C.

C1,2,3 =C
FSF = 2nf,

Where f, is the desired cutoff frequen-
cy in Hz.
Now, scale the resistors:

pomtsh LB
R B, (CxFSF)

Where RN is the normalized resis-
tance of R andR;d is the denormal-
ized (scale(l) value

Design Example

To design a filter from the equations
presented, first choose a topology. In
this example a 15 KHz, 6 dB gain low-

Figure 4. Schematic for a K=2 highpass filter.

pass filter is designed and simulatec
A sensitivity analysis is then pe:
formed and compared with a conver
tional two-section filter, which realize
the same transfer function.

The poles for a third order (three
pole) Butterworth lowpass filter ar
given in [1] as follows:

Pole #1:
Pole #2:
Pole #3:

s=-0.5 +j0.866
s = -0.5 - j0.866
S =-

Therefore,
a=-0.5
B =0.866

c=-1

From the equations presented in th
lowpass gain section above,

L = 0.99996
M =—0.11111
N =0.21297
R, = 1.565 Q
R, = 1.469 Q
R, = 0.4348 Q

Choosing capacitor values of 4701
pF, the resistors are scaled (denormal
ized) as follows:

FSF = 2n(15 x 10%)

s 1285 - 3533.50Q
(4700 x 10"12)(300007)

Rg o 1209 - 3317.20
(4700 x 10-12)(300007)

~ A es - 981610

(4700 x 10712)(300007)

Since the two feedback resistors car
be any value (as long as they ar«
equal), 1 kQ is chosen for this example
The schematic for the final circuit i
shown in Figure 5. For comparison
Figure 6 shows a schematic for a typi
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‘igure 8. Sensitivity analysis for the filter of Figure 5.

al 2 section, third order filter that
ealizes the same transfer function as
Yigure 5.

The schematic in Figure 5 was con-
tructed using 1% resistors, 5% capaci-
ors, and a Harris CA3450 op-amp.
Che circuit was simulated using
tagleware’s =SuperStar= simulator
2], and the simulated and measured
‘esponses are shown in Figure 7. The
iolid traces correspond to the predict-
:d voltage gain versus frequency,
vhereas the Xs mark the actual mea-
sured gain at each frequency. The hor-

izontal axis is labeled as frequency in
MHz.

A sensitivity analysis is shown in
Figures 8 and 9 for the single section,
and two-section filters, respectively.
The sensitivity analysis performed is
called a Monte Carlo analysis, and
consists of repeated simulations after
varying each component within a spec-
ified tolerance.

Twenty-five random samples were
taken, with each component value
lying randomly within a given part tol-
erance (1% for each resistor, and 5%

(o}

C1 i

|1 I
([ 4700 pF

19044.8 pF Ry
Rg 2255.7Q

1255.7Q 1000Q —AAAA
C, 1130.5Q e
4700 pF

igure 6. A typical 2-section, 3 pole lowpass filter.

RF Design

Figure 9. Sensitivity analysis for the filter of Figure 6.

for each capacitor).

By tuning parts individually, C, and
C, are found to be the most sensitive
components in the single-section filter.
This means that a series or parallel
trimmer cap may be necessary for
these two components, or tighter toler-
ance parts may be used. RF
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RF distortion

A Tutorial on Intermodulation Dis-
tortion: Part 2 — Practical Steps for
Accurate Computer Simulation

By Jeffrey Pawlan
Pawlan Communications

This is the second of a two-part
series on intermodulation distortion
(IMD). In this article, a real amplifier
is modeled and the results of the non-
linear simulation are compared to the
actual performance of the amplifier.
The necessary steps to getting an accu-
rate model are presented, atong with
potential problems.

ast month, in the first article, it

was mentioned that a wide dynam-
ic range amplifier was built using loss-
less feedback technology. The realiza-
tion presented here uses an RF trans-
former with three windings, which is
non-trivial for microwave simulators.
The initial design was modeled, and
both linear and non-linear analysis
were done on the computer using
Microwave Harmonica [1]. The ampli-
fier was designed for the HF-VHF
region of 5 MHz to 80 MHz with goals
of 8.5 dB minimum gain and a mini-
mum third order intercept point of +43
dBm. Second order or harmonic distor-
tion was not as critical. The goal was
—40 dBc for the harmonics at a carrier
power output level of +12 dBm. Sever-
al high performance low cost surface
mount bipolar transistors were evalu-
ated for this application. The non-lin-
ear simulation would also show the
effect of various bias currents on the
third order intermodulation distortion.
Once a good model had been estab-
lished for the circuit, several different
transistor models could be tried in the
circuit. The results of using two differ-
ent transistors are presented. The
final working schematic of the amplifi-
er is shown in Figure 1.

Crucial Steps in the Creation of
an Accurate Circuit Model

1. The most important element is
the transistor. The model parameters
provided by the vendor may not be
complete or accurate; therefore, they
must be verified.
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Figure 1. Final working schematic of the example amplifier.

2. The next most important element
is the transformer. As it is not an ideal
transformer, a special model had to be
developed.

3. The wire leads on the transformer
need to be included in the circuit
model.

4. The capacitors and resistors did
not require special modeling because
they were size 0805 chip components
and at this frequency they are nearly
ideal components.

Modeling the Transistor

Some transistor manufacturers pro-
vide non-linear model parameters, as
well as models for their package para-
sitics. Unfortunately, not all manufac-
turers provide them and those that do
have them may not have them in the
package that you want to use. Often, a
few of the parameters are missing, as
well. Given a sufficient project budget,
one can contract custom parameter
extraction of any device, bipolar or
otherwise. If you have an ongoing need
for parameter extraction, then it may

be prudent for your company to inves
in an automated parameter extractio
system consisting of test fixtures,

vector network analyzer, compute
controlled voltage and current sources
bias tees, and parameter extractio
software to control and automate th
process. In this particular case, cus
tom parameter extraction was not nec
essary.

In addition to the non-linear mode
parameters, it is highly desirable t
have a set of S-parameters at the actu
al operating bias selected for th
devices. This will allow you to chec
your circuit using the linear simulato:
It is highly unlikely that you will fin
published S-parameters at just th
right bias voltage and current for you
application, so you will need to gener
ate them. Again, if you have th
appropriate test equipment, you coul:
measure them. However, once yo
have a good non-linear model for th:
device you will be able to generat:
them on the computer. In fact, the wa;
that your non-linear model can b
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Figure 2. Comparison between the non-linear simulated
S,, of a NE46134 and the published data from California
Eastern Labs (polar plot).

Figure 3. Comparison between the non-linear simulate
S,, of a NE46134 and the published data from Californi
Eastern Labs (polar plot).

Microsove Hormarica ftm) +4.5 vout of NL4€100 chip, Veew 12.5
PACT SOFTWARE

S0mA, FeSOMHE, Pin

40

Figure 4. The distorted output waveform from a NE46100
chip at 50 MHz when a power input level of —10 dBm is
used (rectangular plot).
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O e, A
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1™

Figure 6. The equivglent circuit for two mutually couple:
inductors (compliments of Intusoft). The coupled inducta
transformer on the left is computationally efficient, but |
cannot provide access to LE and LM or be used as a build
ing block. The ideal transformer with discrete inductance
and their relationship to the coupling coefficient is show
on the right.

tested for accuracy is by generating S-
parameters at the same bias voltage
and current as published S-parameter
data from the manufacturer and see-
ing how well they match. When you
have the non-linear model verified,
you can generate the S-parameters at
exactly the bias that you want. Two
SPICE circuit files exist that will do
this for you [2]. Better still, Microwave
Harmonica will generate large signal
S-parameters. These are available
after non-linear simulation as GC
parameters.

There are two very important
caveats to this. First, sometimes the
published S-parameters are not taken
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in the same de-embedded fixture as
the data points used to create the non-
linear model parameters. This
occurred with the NEC S-parameter
disk version 8. The data on this disk
for the NE46134 transistor was signifi-
cantly different from data that was on
the disk version 4. The S-parameter
data on the earlier disk agreed very
well with the non-linear model, but the
newer data did not. A call to California
Eastern Labs revealed that they had
made a radical change in their fixtur-
ing. They saw that the majority of
their customers were newcomers to RF
design and did not know that it was
necessary to include parasitic capaci-

tances of the printed circuit board i
their circuit designs, especially whei
using FR-4 material, which has a higl
capacitance. CEL was trying to mak
life easier for these designers so the
mounted the transistors on FR-4 mate
rial and included the capacitances i
the S-parameter measurements
Always test your non-linear mode
with the package parasitics befor:
attempting to use it in a circuit. If yo
do not get very good correlation to th
measured S-parameter data, call th
manufacturer and work with them t:
determine where the problem is.
Figure 2 shows the comparisor
between the non-linear simulation o
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Input power GC11 GC21 GC12 GC22
(dBm) MAG ANG MAG ANG MAG ANG MAG ANG
—40 0.521 -91.929 41.579 127.737 0.021 59.481 0.590 -60.534
-30 0.522 -91.761 41.520 127.797 0.021 59.486 0.591 -60.344
-20 0.529 -89.898 40.849 128.460 0.022 59.597 0.603 -58.173
-10 0.632 -62.359 28.624 136.193 0.027 65.161 0.690 -36.011
0 0.861 -25.942 9.119 148.787 0.030 75.720 0.810 -19.625

Figure 5. Large signal S-parameters vs. input power of a NE46134 at 50MHz

3,; and the measured S;, of a
NI£46134. Figure 3 shows the compari-
son for S,,. Another very important
pitfall that can cause major inaccuracy
is the RF input power level of the mea-
surement at frequencies where the
device has significant gain. This
applies equally to physical measure-
ments with a Vector Network Analyz-
er and to non-linear simulation. The
device will be driven into non-linear
large signal operation and will distort
if the input signal is more than —30
dBm. It may be necessary to reduce
the input power to 40 dBm to ensure
linear region operation. Figure 4
shows the distorted output waveform
from a NE46100 chip at 50 MHz when
a power input level of —10 dBm was
used. It is not generally published how
significantly different the S-parame-
ters can be at various power levels.

The non-linear model of the NE46134
was entered in Microwave Harmonica
and the power level was stepped at a
single frequency: 50 MHz. The result-
ing large signal S-parameters vs.
input power are shown in Figure 5.
Note how much the S, phase and the
S,, magnitude change. This should be
a sobering reminder to be very careful
to document the power level when tak-
ing device measurements.

It is important to check to model
parameter names supplied by the
manufacturer against the non-linear
element model in the software.
Microwave Harmonica uses the SPICE
conventions for most, but not all, of
the Gummel-Poon parameters. The
following short list shows the differ-
ences between Berkeley SPICE and
Microwave Harmonica for the bipolar
transistor parameters:

1z 02 o5 13 odi
11— f—e Y AN —¢— 22
10nH T 1T 2= 5T
R o et
RF IN Ll e
3uH 3 15
2K - ;t T
< - o
“+
100uH
NE46134
or
| NEBS634
3 e - -
‘;‘ 1
* *
14

H
14 20nl
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=
- 2K
3 S 75uH
r 1pF ! Tu
1 6
—-- — - 20
L i 20nH
5 2K
27uH
1pF
- v 17
17 1
1uF ( ’ > 12.5v
v
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1000
. 1000 o 2.7v

Figure 7. The schematic of the amplifier as simulated, including the transformer

model.
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SPICE

Microwave Harmonica

VAF VA

VAR VB
RE RE1
RC RC2
FC FCC
Fc FC

Modeling the Transformer

The amplifier topology shown in Fig-
ure 1 uses a transformer with three
windings. It is not ideal; therefore, it
is more accurately called three mutu-
ally coupled inductors. SPICE can
have many mutually coupled inductors
in a circuit, but harmonic balance sim-
ulators usually only allow a maximum
of two inductors to be coupled. The
transformer model in Microwave Har-
monica allows three windings, but
they are perfectly coupled. Two cou-
pled inductors with less than perfect
coupling may be represented as shown
in Figure 6. The ideal transformer pro-
vides the turns ratio and the external
inductors provide the model for the

SMITH
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Not a bird.
Not a plane.
Just an awesome rf amplifier,

It sweeps. It pulses. It levels. It
blanks. It operates manually or by
remote control. But most important,
it delivers at least 500 watts of rf
power, regardless of load VSWR.

We designed the new all-solid-
state Model 500A100 broadband
rf amplifier to be used wherever
you need reliable f power over
a 10 kHz to 100 MHz bandwidth
including test situations where
nothing less than 500 watts
will do.

We tested the 500A hard, first
by reflecting nearly all forward
power back into the amp —
it still put out 500 watts (mini-
mum). We shorted its output

terminals, then left them open.

POWER (watts)

N

500

400

We couldn’t hurt it. It didn’t even
shut down.

So if you need 500 watts mini-
mum, you’re sure to get it, which is
where we start with any amplifier
we build. But just look over the
Model 500A100 front panel: gain
control; threshold/leveling; pulse

Model 500A100

Typicat CW Output

———————

Typical Linear at |
1dB Compression |

1 10
FREQUENCY (MHz)

1000

160 School House Road ¢ Souderton, PA 18964-9990 USA
TEL 215-723-8181 « FAX 215-723-5688

input; detccted of input and output;
mode selector. A front-panel power
meter measures either forward

or reflected power. And a back-
panel connector makes it easy to
interface to a computer or other
remote controller.

The Model 500A100 is one of
eight economical broadband rf
amplifiers in our A-Series line, which
reaches up to 1,000 watts and
250 MHz. One model, the 40AD1,
goes all the way down to dc.

Put your wish list together
(including all the accouterments)
and call us. One of our friendly AR
applications engineers will take
the call directly. They enjoy
challenges. 1-800-933-8181.

144

For engineering assistance, sales, and service throughout Europe, call EMV: Munich, 89-612-8054 » London, 01908-566556  Paris 1-64-61-63-29.
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* hfampn120.ckt NON- LINEAR ANALYSIS OF A TRANSFORMER FB HF AMP
* MICROWAVE HARMONICA FILE BY Jeffrey Pawlan

* this file has single tone swept frequency input for S21 & S11 generation

* This includes the NEC transistor and pkg model parameters for the NE46134

CTRL
CFNEWT=6E-1
END

LB: 1.2NH

LE: 1.2NH
CCB: .03PF
CCE: .18PF
CCBpkg: .18PF
CCEpkg: .18PF
CBEpkg: .01PF

Tbz: 60

Tbl: 50mil

Tbk: 1

NBLK

IND 4 5 L=LB

IND 6 7 L=LE

CAP 4 7 C=CBEpkg

CAP 51 C=CCB

CAP 4 1 C=CCBpkg

CAP 16 C=CCE

CAP 1 7 C=CCEpkg

TRL 2 4 Z=Tbz P=Tbl K=Tbk A=Tba
TRL 3 7 Z=Tbz P=Tbl K=Tbk A=Tba
BIP 5 1 6 MOD=NE46134 NAME=Q1
CAP 11 12 C=.1UF

SRL 3 0 R=9 L=100UH

SRL 12 13 R=.05 L=10NH

PRX 13 3 R=2000 L=3UH C=1PF
CAP 20 C=.1UF

RES 2 0 R=1000

RES 2 18 R=1000

CAP 17 0 C=.1UF

PRX 14 16 R=2000 L=75UH C=1PF
SRL 14 1 R=.1 L=20NH

TRF 13 14 15 3 16 17 N1=5 N2=3
BIAS 17 0 V=12.5

BIAS 18 0 V=2.7

AMP: 2POR 11 20

END

FREQ

INTM 3

TONE 1 STEP 1 MHZ 70 MHZ 1 MHZ
TONE 2 STEP 1.1 MHZ 70.1 MHZ 1 MHZ
END

NEXC

P1<H1+HO> -30DBM

P2<HO+H1> -30DBM

END

NOUT

TG21<H1+HO,H1+HO0> DB
RL1<H1+HO0> DB

RL2<HO0+H1> DB

END

DATA

.MODEL NE46134 BIP(NPN BF=185 VA=30 VB=12.376 RC2=3 RB=6 RE1=.63
+IKF=.35 ISE=.5TE-12 TF=12.9E-12 TR=1.7E-8 ITF=.4 VTF=19.875 CJC=2.5E-12
+CJE=4.9E-12 XT1=3 NE=1.8 ISC=1E-14 BR=5 VJC=.83 VJE=.6 1S=8.7E-16
+MJC=.33 MJE=.45 XTF=1.6 IKR=.01789 NC=1.95 FCC=.5 RBM=4 IRB=.004

+XCJC=.2 NF=.959 NR=1)
END

Figure 8. The compiete Microwave Harmonica circuit file listing for the example

amplifier (plain ASCIl format).

inductance of each inductor along with
the mutual coupling. This can be
extended to three windings. A slight
departure from this was used in the
computer simulation of this amplifier.
The schematic shown in Figure 7
shows the three winding transformer
and the external parasitic elements.
The leads are also modeled as a series
resistance and inductance as they are
made of fine wire and have significant
length at these frequencies.

The Non-linear Simulation of the
Complete Amplifier

The schematic as shown in Figure 7
was entered into the circuit file. The
Microwave Harmonica non-linear cir-

RF Design

cuit file must have the netlist for the
amplifier entered in a NBLK section.
This is acted on by a FREQ section
that specifies the frequencies and the
number of input signals to the amplifi-
er. A NEXC section specifies the exci-
tation for the circuit. Other sections
such as output definition, optimization
goals, data, simulation control, and
variable initialization are optional. In
the circuit file shown in Figure 8, the
transistor model parameters are
placed in the DATA section. The
NEXC section defines the power level
of the input signals. The syntax of the
signals in both the FREQ and the
NEXC sections specify whether the
signals are applied at the input to the

amplifier or the output. They also
specify whether a harmonic or the fun-
damental is to be used.

It is important to simulate the cir-
cuit under the same bias conditions as
the physical circuit. The true operat-
ing point of thetransistor is checked by
generating a time domain plot of the
Vce and the Ic of the transistor while
the signals are applied to the input.
You will be able to visually see the
operating points from these plots. In
this amplifier, the desired bias was
approximately 12.5 V at 48 mA collec-
tor current. Figure 9 shows these
plots. If the current is not correct,
adjust the base bias supply voltage
then re-run the simulation.

After the non-linear simulation is
run, the program stores all generated
data in a file. It is then possible to
specify what output format and which
data is to be displayed without ever
running the simulation again, unless
you change the circuit or a component
value. The predicted gain of the ampli-
fier is shown in Figure 10 and the
complex input and output impedances
are shown in Figure 11.

Third Order Intermodulation
Distortion

In order to simulate third order
intermodulation distortion, two closely
spaced signals are applied to the input
of the amplifier. These have equal
power levels which are chosen to pro-
duce the desired output power level. It
is important to choose an output
power level that is representative of
the level that the circuit will see in its
operation. As shown in Part 1, the
intercept point is unreachable because
the amplifier is into saturation long
before this point is reached. This is a
fictitious point that is created by
extrapolating both the desired and the
distortion product signals then calcu-
lating the resulting intersection. Fig-
ure 12 shows the conversion from
absolute power levels to third order
intercept point and vice-versa. These
formulae have the power levels and
the third order intercept point in dBm.

It is easy to simulate intermodula-
tion distortion performance using
Microwave Harmonica. Unlike SPICE,
the computational engine can be told
to focus on the specific frequencies of
the two input signals and then the
exact frequencies of the intermodula-
tion products. This makes the result
much more accurate and significantly
reduces the simulation time. The
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Figure 9. The V¢ and I, of the NE46134 transistor in the

amplifier, showing the operating points (rectangular plot).

Figure 10. Predicted gain (S,,) of the amplifier (rect. piot).
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3rd Order Intermodulation Distortion and the
Intercept Point (IP;)

1. Always measure the distortion products at the output level
that the amplifier will normally be used.

2. No amplifier is ideal, therefore, the Intercept Point is a ficti-
tious becnchmark derived by extrapolation. You cannot
directly measure it.

i) 3. The absolute power levels of the distortion products and the
’, output signals may be converted to IP3 as follows:

(]

IP, =

3P - P

Let: P_ = power level of the two output signals in dBm
Py = power level of the 3rd order products at the output
IP, = 3rd order Intercept Point at the ouput in dBm

and, P, =3P - 2IP,

Figure 11. The complex input and output impedances (S,,,

S,,) of the amplifier (polar plot).

FREQ section shown in Figure 13
includes the two input frequencies and
an additional line that specifies that a
third order intermodulation analysis
is to be done. This amplifier was
designed to produce an output power
of +14 dBm. Since the gain was previ-
ously predicted to be 8.9 dB, the levels
of the input signals are set to +5.1
dBm each. The simulation was run,
and a spectrum plot of the output was
generated. A table was also generated
so that the exact levels of the inter-
modulation distortion products would
be printed. The plot and the table are
shown in Figures 14 and 15 respec-
tively. The two third order products
are —54.6483 dBm and -54.3488 dBm.
Since the two have slightly different
levels, they should be averaged togeth-
er. Using the formula given in Figure
12, the third order output intercept
point was calculated to be +48.3 dBm.
The amplifier was also simulated

80

Figure 12. Engineering formulae showing relationship o

absolute power levels to 3rd order intercept point.

with a different transistor at a differ-
ent collector current. The model para-
meters for a NE85634 were substitut-
ed and the base bias was adjusted for
a current of approximately 35 mA. The
intermodulation performance was
slightly less and is shown in Figures
16 and 17. The third order output
intercept point was calculated to be
+46.55 dBm for this transistor and
lower bias current.

The prototype amplifier was built
using all chip components except for
the transformer. The circuit was built
on a small piece of unetched copper
clad circuit board. The transformer
was handmade by starting with tri-
filar wire.The wires were twisted
tightly to increase coupling. The core
was a two hole ferrite balun. Initially,
the transistor was the NE46134. After
measurements were made, the tran-
sistor was changed to a NE85634.

The amplifier with a NE46134

installed was tested for S, (gain), S
(input match), and 8,, (output matcﬁ
with a vector network analyzer. The
plots of these are shown in Figures 18
19, and 20. A test setup for measuring
the third order intercept point was cre
ated as shown in Figure 21. The out
puts of both synthesized signal genera
tors are individually amplified ther
attenuated before combining. This is t«
insure a high degree of back isolation
otherwise one signal generator’s out
put would be present at the output o

FREQ

INTM 3

TONE 1 28MHZ
TONE 2 28.4MHZ
END

Figure 13. Excerpt from a circuit file
showing the FREQ section for third:
order intermodulation analysis. (plair
ASCII file).
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For updated 'WCE ‘96 program information,
please call our fax on demand service 800-60 1 -3 8 5 8
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One Event Designed to...

EXPAND YOUR WIRELESS

COMMUNICATIONS COVERAGE

how do You SEE YOURSELF?

5 No one in wireless communications can afford 1o be uninformed about emerging technologies and their

across-the-board effects. The International Wireless Communications Expo is the only event dedicated to

° delivering every aspect of two-way communications in one place, at one time, offering dealers, carriers, engineers,
operators, end users and manufacturers a comprehensive look at today's - and tomorrow's - applications.

: IWCE '96 will bri ther the | Snd | * Engineers
will bring together the best minds on how to e e et

develop and implement effective strategies for the future of | ¢ 10c & Marketing Executives

[ ]
wireless communications. Join a cross-section of peersand  « Telecommunications Managers
professionals from around the world in Las Vegas. « Systems Integrators
p » Dealers & Service Providers
* Carriers & Opcrators
° Be a pal't Of IWCE ’96 ¥ (lelivel’ing Wi(le" ¢ (Consultants & -\gen[s
coverace or your wireless communications needs! A D AR i A B TS
what WCE MEANS TO YOU!
& I "or the past 19 years, the wireless industry has relied on the International Wireless Communications Expo
to deliver the latest technology, insights and product introductions for wireless and mobile communica-
tions. Featuring over 350 companies showcasing the latest in wireless technologies, the exhibit floor has already
[}
surpassed last year's show!
° In addition to a product-packed exhibit floor, IWCE's comprehensive education program delivers RF
technical training, real-life case studies and expert forecasts of fast-moving trends that are invaluable for pro-
. fessionals looking 1o build their knowledge base in the domestic and international markets.
Opening Session: Wediesday, April 24, 1996 Featured Educational Sessions:
° What is the Future Role of the Land Mobile Provider? el N N, ¥ SO LRy A 26] 1900
: . . Program Includes:
An overwhelming number of new wireless communi- :
A ] d C » Paging Technology Update
° cations companies, products and services promise to ., Number Portability
propel traditional mobile communications into new direc- « PCS Technology Shootout
o tions. To prepare for the future is to know what is to come. ¢ Future of Global Private Radio
These wireless lcaders are positioning their companies o *  Satellites Poised for PCS Launch
be leaders in the wircless world of tomorrow. Their strate- Rt S
° ) p * Dealers & Distributors in the PCS Arena
gies and technical approaches will redefine the businessas . Rg Engineering Techniques
Al we know it. e APCO 25 Update
Closi S . } » Implementing Refarming - A Technical Overview
SiNg Session: Friday, April 26, 1996 * Business Challenges for Deploying New Equipment
. Establishing Identity Amid Convergence e The 800 MHZ SMR Transformation

With all the 1alk of alliances, technology integration * The Future of Global Private Radio: Forecasting
& and service convergence, it is hard to know how best to International Market Growth
i Bt A AL This The Regulatory Landscape: A Global View
DA n vy n 1tn 1on I g il 3 a2
e i e o A i s Y sl 'S+ Mobile Data and Your Wireless Network

panel will explore the various business opportunities, « Regulatory Issues: Washington Insider's Roundiable

£ niche markets and application strategies open to wireless ¢ FCC Auction Update
service providers preparing for the future. + Intl and Regional Agrecments in Latin America
. * State of Regulation in Latin America
Dial our fax-on-demand for full session descriptions, «  Siting Requirements for Tower Structures

program additions and schedules! 800-601-3858 .. and much more!
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Anniversary of IWCE

...is sponsored by: Mobile Radio Technology, Cellular Business, Cellular & Mobile

International, RF Design, Satellite Communications, & Dealers’ Product Source magazines C ommuni cat ion S

International Reception is sponsored by: International Mobile

Telecommunications Association and E.F Johnson

today is the day to STRENGTHEN YOUR FUTURE

Expo ‘96

egister now and plan to be a part of IWCE's 20th Anniversary. We want you to have your

first choice of session picks, hotel rooms and discounted airfares. Make a positive move 10

insure your future in the wireless communications industry by signing up today. If, after consid-

ering this material, you have any questions as to how this conference can benefit you further, call
the IWCE hotline at 770-618-0323 or our IWCE fax-on-demand at 800-601-3858.

EXHIBIT HOURS/PRODUCT INFORMATION

Wednesday, April 24, 1996
10:00am - 6:00pm  Exhibits Open

4:00pm - 6:00pm  Welcome Reception in Exhibit Hall
Sponsored by Andrew Corporation

Thursdeary, April 25, 1996
9:00am - 6:00pm  Exhibits Open
4:00pm - 6:00pm  Cocktail Reception in Exhibit Hall

Friday, April 26, 1996

9:00am - 2:00pm  Exhibits Open

he 20th Anniversary brings with it the largest
Tcxhibilion in IWCE history! This one-stop-
shop features over 350 supplicrs showcasing the lat-
est in wireless technologies. Experience this
product-packed expo and participate in demonstra-
tions featuring:

¢ Cellular Phones

* Consuliing Services

¢ Crystals

» Dispatch/Voice Storage & Retrieval/Consoles

* Interconnect

*  Microphones/Headsets

¢ Microwave Radios & Transmission

*  Mobile Data Terminals

* Mobile/Portable Base Siation Antennas

*  Mobile/Portable Radios & Accessories

*  Mounts/Installation Hardware

¢ Pagers

e Paging Terminals

e Satellites

¢ Scrambling/Encryption

* Software

¢ Test Equipment

* Tone Signaling & Control Equipment

*  Towers/Shelters/Lightning Protection

* Transmission & Management Over Radio
...and much, much more!

SeInr series

Infroducing the RF Design Seminar Series -
the NEW WAVE of RF! RF Design magazine
is proud to bring this special series to the
International Wireless Communications Expo
in Las Vegas, Nevada. These RF courses will
run April 23rd through the 25th, with IWCE
continuing through the 26th. In combination
with IWCE's exhibit floor, (featuring the RF
Technology Pavilion) this merger is sure to be
the largest and most important technology
mecca in both RF's and IWCE's history!

Spedal Course, Tradk One: Engineering
Fundamentals
Part I Fundamental Concepts
Tuesday, April 23, 1996, 8am - 5pm
Part Il: Fundamentals of Amplifier Design
Wednesday, April 24, 1996, 8am - 5pm
Part ill: Amplifier Design
Thursday, April 25, 1996, 8am - 5pm

Spedal Course, Tradk Two: Engineering
Applications
Practical High Frequency Filter Design
Tuesday, April 23, 1996, 8am - 5pm
Oscillator Design Principles
Wednesday, April 24, 1996, 8am - S5pm

Spedd Course, Tradk Three: Advenced
Tedhniques
Digital Modulation and Spread Spectrum for
Wireless Communications
Tuesday, April 23, 1996, 8am - 5pm
RF Power Transistors and Amplifiers: Principles
and Practical Applications
Wednesday, April 24, 1996, 8am - 5pm




1996 REGISTRATION FORM

April 24-26, 1996 © Las Vegas Convention Center ® Las Vegas, Nevada USA

One form per person. For additional forms olease copy as needed. All sections must be completed.
Incomplete forms will not be processed. Must be 18 years of age to attend.

GENERAL INFORMATION

Please print. All sections must be completed to be processed.

===
Last Name First Name

Tile Wireless

Company Communicafions
Sret Adrs | Expo ‘96

Sponsored jointly by :

ity SRR Mobile Radio Technology
3 Cellular Business
Country Zip Code/Postal Code Cellular & Mobile International
RF Design
Phone Number (-p_le;se include country/city éodes) Fax Number Satellite Communications

Dealers’ Product Source

REGISTRATION TYPES JOB FUNCTION

- > Pre-Reg. On-site (Please check as many as apply).
A) IWCE Registration Before 4/1/96  Afer 4/1/96  Amount Due AN E P itlent/©Xner E Nl Teehnicon/Serien
S 1 IWCE Sessions & Exhibits $425 $495 $ B. [J Director/VP Supervisor
E | Exhibits Only $15 $45 $ C. [J Sales & Marketing F [ Engineer
WY Exhibits & Wed. 'Sessions $175 $225 $ | Communications Purchasing Managt
T Exhibits & Thur. Sessions ~~ $175 $225 s Yianager Other _
F [ Exhibits & Fri. Sessions $175 $225 s PRODUCT INTERESTS
B) RF Special Courses (Please check as many as apply).
REl B enslGourse $295 Ve & A. [ International Markets F O] Two-Way Radios
RF2 [ Two Courses $525 A : B. RF Er;ngmeerung G. [J Antennas :
C. [ Mobile Data H. [ Systems Integration
RF3 (I Three Courses $775 n/a s .
. K ) : D. OO PCS 15 Satellites
{includes exhibit hall access and applicable course materiof)
Total of A&B s E Pagers O. [ Other

Select RF Special Courses you plan to attend: BUSINESS CATEGORY

Tuesday, April 23rd SElk [J SC4* SCé r
Wednesday, April 24th S@2* SC5* sC7 o, User'of ROdlo . % Exporter/lmplorter
y 3 Communications Equipment  J.  Manufacturer’s Rep
Thursday, April 25th 5C3 B. Business Radio Dealer K Distributor
*CEUs are available through the Georgia Institute of Technology School of Electrical C. Business Radio Dealer/ L Consultant
Engineering for those attendees registering for RF Special Courses PRIOR to 4/1/96. Service Shop M Manufactorer
Certificates of attendance will be granted. If you will be applying for CEUs, please enter D. RCC/PCP N SMR
) = S ! ) ;
RN PR ety |- | I i E Cellular Operator/Carrier P Association Academic
T [ Please contact me about specicl barrier-free accommodations. A company F  Cellulor Agent/Dealer Q. Press
A\ representative will call if checked. G. Public Scfefy O. Other

METHOD OF PAYMENT

|@

Checks or Credit Card Payment Only {no invoices issued and no P.O.s accepted) Pre Registration Deadline:
. ] April 1, 1996. After April 1, 1996 pleas
Enclosed is a check, money order or wire transfer for US $ plan fo register on site.
: . Mail to:

Charge US $ to: ] American Express | Visa || MasterCard WCE 96 Regishafion

Account # Exp. Date | | | ‘ ¢/o Intertec Presentations
‘ 6151 Powers Ferry Rd., NW
Rt e fleicley e . Aflanta, GA 303392941
lease print as shown on credit cord)

Authorized SigntU re For immediate registration (credit card

payment only fax to: 770-618-0441
If faxed please do not mail additional copy

IWCE ‘96 is produced and ed
to April 1,1996. Absolutely NO REFUNDS after April 1, 1996. No refunds or credits will be issued to no-show e Pre:r:)t;ﬁol:\cs, u?i?vis?;:n;glnrer:

Cancellation Policy: Full refunds, less o 25% administrative fee, will be given if request is received in writing prior

registrants. This cancellation policy is strictly enforced. No exceptions. Publishing.
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igure 14. Plot of simulated third-order intermodulation
istortion for NE46134. (Rect plot).

Figure 16. Plot of simulated third-order intermodulation
distortion for NE85634, (Rect Plot).

the other signal generator, which
would likely create intermodulation
products and invalidate the measure-

Non-Linear Simulation of Non-Linear Simulation of
Intermodulation Distortion for Intermodulation Distortion for
Amplifier with a NE46134 transistor Amplifier with a NE85634 transistor
Power level (dBm) Frequency (MHz) Power level (dBm) Frequency (MHz)

~76.9215 0.40 -65.6700 0.40
-54.6483 27.60 -51.0452 217.60

14.0500 28.00 14.0262 28.00

14.0499 28.40 14.0261 28.40
-54.3488 28.80 -51.0051 28.80
-38.3773 56.00 —45.0697 56.00
-32.6222 56.40 -39.4342 56.40
-38.2549 56.80 —44.9543 56.80
-54.5307 84.00 -56.9705 84.00
-45.9738 84.40 -48.3820 84.40
—45.9335 84.80 —48.3593 84.80
-54.4096 85.20 -56.8979 85.20

ment. The combiner must also be resis-
tive; do not use a power splitter as the
ferrite core in this may create non-lin-
earities. The actual spectrum analyzer
plot of the amplifier with a NE46134
installed is shown in Figure 22. The
two desired output signals were set to
+14 dBm. The measured third order
intermodulation products were —55.2
dBm and —56.3 dBm. Their average
was —55.75 dBm. The calculated third
order intercept point was +48.88 dBm.
The transistor was changed to the

igure 15. Table of simulated inter-
1odulation distortion products for
|E46134. (ASCII file ).

Figure 17. Table of simulated inter-
modulation distortion products for
NE85634. (ASCII file ).

NE85634 and the bias set for a collec-
tor current of 35 mA and the amplifier
was re-measured. The spectrum ana-
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‘igure 18. Actual measured performance of amplifier with
IE46134 for S,, (gain).

'F Design

Figure 19. Actual measured performance of amplifier with
NE46134 for S, (input match).
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Figure 20. Actual measured performance of amplifier with

NE46134 for S,, (output match).

lyzer plot of the amplifier with a
NE85634 installed is shown in Figure
23. The measured third order inter-
modulation products were —52.0 dBm
and —54.0 dBm. The average of these is
—53 dBm. The calculated third order
intercept point was +47.5 dBm.

Simulated vs. Measured
Performance

The gain and frequency response of
the amplifier agreed within .05 dB.
The input and output impedances
agreed in phase, and the magnitude
differed only slightly, This was proba-
bly due to core losses of the trans-
former. The third order intercept
points agreed within 1 dB, which is
better than the stated accuracy of the
spectrum analyzer making the mea-
surement. These results along with

Figure 21. Block diagram of a test setup for measurin

third-order intercept point.

ease of use show that harmonic bal-
ance simulation of non-linear circuits
has come of age. The use of proper
computer simulation tools can help
shorten the development time of a
product and can be used to create a
design that is more manufacturable. It
is still recommended that a prototype
always be built before committing a
design to production. RF

Notes

[1] Microwave Harmonica is avail-
able from Compact Software Inc.,
Paterson, NJ; (201) 881-1200.

[2] A SPICE circuit file called
SPARAMS.CIR is included on the RF
Library disk from Intusoft Corp. A dif-
ferent SPICE circuit file is included on
California Eastern Laboratories’ NEC
diskette.

About the Author

Jeffrey Pawlan is the owner of
Pawlan Communications, 14908
Sandy Lane, San Jose, CA 95124-
4340. He can be reached at: tel:
(408) 371-0256; fax: (408) 371-4302.
For the last 5 years he has predomi-
nantly been an independent consul-
tant and has designed many wire-
less LANs, RFID tag systems, and
handheld products. His favorite
research areas are low noise wide
dynamic range amplifiers, and low
phase noise oscillators. Past experi-
ence includes design of CATV
hybrid amplifiers, mm-wave com-
munications systems, L-band satel-
lite ground stations, plus teaching
analog circuit design and SPICE.
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Figure 22. Actual spectrum analyzer p!

nals and intermodulation distortion of the amplifier with a

NE46134 installed.
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lot of the output sig-

NE85634 installed.

Figure 23. Actual spectrum analyzer plot of the output sig
nals and intermodulation distortion of the amplifier with ¢
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Simply An Affordable

2 GHz Spectrum Analyzer

x12"x16"(HxWxD)
B, 110/220VAC-50/60HZ

$10,975. Buys 5 - $2,195. Buys 1

[IADE IN USA 80dB on Screen, 300KHz-10KHz R.B.W, 6 Digit Center Frequency Display

tF DESIGN, RF SIGNAL ANALYSIS, SYSTEMS EVALUATION, EMI-RFI TESTING, RF PRODUCTION TESTING,
INSTALLATION, MAINTENANCE, EVALUATION OF ALL RF SYSTEMS, AM, FM, TV, BROADCAST, CATYV,
MATYV, LAND-MOBIL, MARINE, AIRCRAFT, AMATEUR RADIO, SECURITY SYSTEMS, SURVEILLANCE

$10,975. BUYS 5 _NOT A MIS-PRINT
If $10K is what you're use to spending
for an Analyzer, we have a pleasant
surprise $2,195. We are not claiming
the SA1800D will do everything a $10K
unit will, but the SA1800D will go a long
ways & so will your money before you
need to spend $10K for an Analyzer.

80 dB ON SCREEN

2\10dB/Div. Log scale - Displayed on a
Bright 6" CRT, 300KHz-10KHz RBW
-100 dBm Sensitivity, 6 digit 10KHz
Resolution LCD Center Freq. Readout,
1300 MHz In One Sweep 1-1300MHz &
700-2000MHz, SA1300C 1-1300MHz

EXCLUSIVE DISPERSION ZOOM
Allows instant Zoom to zero MHz
per/div. At any observed Center
Frequency Signal from any of the 5
preset Dispersion Scan Widths.

ULTIMATE Low_coST ANALYZER
With THOUSANDS SOLD Advantage
can offer you Affordable Performance &
Quality with the best performance to
price ratio Analyzer on the market
today. Increase your Productivity &
Your Profits Today with an Advantage
SA1800D 1-2000 MHz or SA1300C
1-1300MHz Spectrum Analyzer.

TWO TOTALLY NEW MODELS
The SA1800D & SA1300C Provides
Total Flexibility and Ease of Operation.

Full control over Resolution Band
Widths, Frequency Span Widths.
Vertical Position, Baseline Clipper,

Sweep Speed, Video Filter, and 4 Input
Attenuator settings. Available Options
for both models are, Audio output,
2GHz Noise Source Generator, 2GHz
Tracking Generator with 0dBm output.

SAVE w111 ADVANTAGE PRODUCTS
Call for detailed specifications & prices
on our full line of RF Test Instruments.

FC1300: .001ppm 1.3GHz Frequency
Counter only $599.

SG500: 5-500 MHz RF Signal/Sweeper
Generator with 120dB Attenuator $699.
SA1800D :2cu: $2,195.00

SA1300C 13cnz $1,795.00

TG2000 - 1-2000MHz - 0dBm Output
External Tracking Generator $695.00

$150.00
$150.00

TAKE ADVANTAGE
CALL 1-800-566-1818

To: Order - For Information - Dealer Inquires
Terms Check, COD, PO (OAC), LC, Transfer, MC, VISA,

OPT. 2 Audio output Built-in Speaker
OPT. 5§ 1GHz Noise Source Generator

manveacturep By ADVANTAGE wsrruments core.

3579 Hwy. 50 East Carson City NV. 89701 Voice 702-885-0234 FAX 702-885-7600
PRICES & SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE OR OBLIGATION. F.0.B. Carson City, NV. NV, RESIDENTS ADD SALES TAX.

INFO/CARD 70



RF literature

Application Note on Wire-
less Antenna and Propaga-

tion Analysis

HP Eesof has just published Product
Note E4600-5, “Using the Series IV Wire-
less Antenna and Propagation Element
Set.” The note desribes applications of the
HP E4637A for diversity reception of a
TDMA (/4 DQPSK) signal, and for mea-
surement of co-channel interference for fre-
quency reuse purposes. The software
includes models for propagation analysis of
GSM, TDMA and CDMA transmissions.
HP EEsof
INFO/CARD #236

Engineering Plastics Guide
DSM Engineering Plastic Products has
released a new Advanced Engineering Plas-
tics Material Guide. The brochure profiles
DSM’s line of high performance materials
including 29 different extruded, compres-
sion and injection molded products. Elec-
trostatic Discharge (ESD) dissipztive mate-
rials are included in the product line.
DSM Engineering Plastic Products
INFO/CARD #237

Coaxial Products Catalog
Pasternack Enterprises has published

catalog #1996, containing connectors and

adapters, cables, cable assemblies, ampli-

fiers, switches, attenuators, couplers and

other coaxial interconnection and signal

processing products.

Pasternack Enterprises

INFO/CARD #238

GaAs Semiconductor Guide
Oki Semiconductor has prepared a new
guide to the KGF16xx family of GaAs RF
semiconductors. The catalog includes prod-
uct data for the KGF1606 Power FET for
CDMA/Spread Spectrum, the KGF1607
Power FET for FM/FDMA applications and
the KGF1608 Power FET for GSM/TDMA
applications. These three devices are
ceramic-packaged and characterized for
500-3000 MHz operation. Also described
are the plastic-packaged KGF1637 and
KGF1638, Power FETs for FM/FDMA and
GSM/TDMA, respectively, operating from
500-3000 MHz. All devices are specified for
operation with a 3.4-volt supply.
Oki Semiconductor
INFO/CARD #239

Frequency Domain Reflec-
tometry Application Note

Anritsu Wiltron announces an applica-
tion note on Frequency Domain Reflectom-
etry (FDR) for microwave antennas. Appli-
cation note AN54100A-4 is a step-by-step
guide through maintenance planning, FDR
measurement theory, measurement proce-
dures, data storage, evaluation cf costs and
failure prevention. Sixty percent of a typi-
cal site’s problems are caused by problem-
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atic cables, connectors and antennas. FDR
techniques can identify small degradations
in RF performance before they become
major problems.

Anritsu Wiltron

INFO/CARD #240

Microwave Amplifiers

Applied Systems Engineering’s new prod-
uct summary list the company’s capabili-
ties in producing amplifiers and transmit-
ters for radar, communications, EMC and
laboratory use. Amplifier types include
traveling wave tubes (TWT), klystrons and
magnetrons, for CW or pulsed operation.
Applied Systems Engineering, Inc.
INFO/CARD #241

SMT Couplers and Power
Dividers Catalog

Anaren Microwave has a new catalog,
Wireless Surface-Mount Components.
Included in the catalog are descriptions
and specifications of 27 models of 3 dB
hybrid couplers, directional couplers and
power dividers. Measured performance
graphs are included, and 22 pages of the
catalog are devoted to coupler theory and
applications in mobile communications
base station amplifiers.

Anaren Microwave
INFO/CARD #242

Coaxial Connectors

RF Industries new catalog presents an
expanded line of coaxial connectors, with
300 new items. Connector types include
BNC, TNC, N, UHF, Mini-UHF, MB, SMB,
SMA, MCX, 7/16 DIN, FMR, LMR series,
plus 1/2” and 7/8” corrugated cable. 1500
products are listed, also including cable
assemblies, connector kits, adapters and
hand tools.
RF Industries
INFO/CARD #243

Measurement Products
Tektronix announces the availability of
its 1996 Measurement Products Catalog.
Among the 900 products presented in the
catalog are nearly 100 new items, and
products offered by Tektronix’ alliances
with Advantest and Rohde & Schwarz. the
catalog lists all Tektronix worldwide sales
offices, distrbutors and representatives.
Tektronix, Inc.
INFO/CARD #244

Cable Assemblies Catalog
Florida RF Labs’ new short form catalog
outlines their complete line of flexible,
semi-flexible and semi-rigid coaxial cable
assemblies. The catalog provides detailed
data regarding their high-performance,
low-loss and low-cost assemblies. Perfor-
mance specifications, connector types and
ordering information are also included.
Florida RF Labs, Inc.
INFO/CARD #245

RF software

Planar Substrate Electro
magnetic Analysis

Maxwell® Strata™ is a planar produc
based on the space domain Method ¢
Moments. Strata is able to solve for the s
y- and z- parameters, and radiation for 2L
2.5D and true three-dimensional traces an
structures on, or within, a layered dielec
tric substrates. Since radiation effects ar
considered, complex antenna geometrie
can be simulated accurately. The produc
also handles MIC, MMIC and RFIC design
Ansoft
INFO/CARD #246

NASA Data on CD-ROM

A new CD-ROM of searchable database
and computer programs is now available
representing the best of NANA technolog
over the past 20 years. The disk include
abstracts of more than 800 previousl
unpublished software programs wit
source code listings, covering topics fror
expert systems and robotics to compute
aided design, aerospace analysis and mate
rials analysis. Also included are 570
NASA Tech Briefs published over the pas
eight years, abstracts of 90,000 NASA tech
nical reports, front pages and claims o
2800 NASA patents and much more infor
mation. Price of the CD-ROM is $195. Fa
information requests to (212) 986-7864.
JB Data
INFO/CARD #247

Process Control Software
Charm PLS has been introduced b,
Process Analysis & Automation, a collec
tion of virtual instruments which operat
under National Instruments’ LabView
Charm PLS applies mathematical algo
rithms to predict measurements an:
improve control of product quality ant
process efficiency. Designed for real-tim
applications, Charm PLS includes weigh
and loading output, Predicted Residua
Errors Sum of the Squares (PRESS), an:
Mahalanobis distance. The program ha
seen initial applications in analysis of chro
matographic data.
Process Analysis & Automation
INFO/CARD #248

Disk Interface System foi

RF Simulation

A data structure which defines the disl
interface for RF system simulation ha:
been agreed between Phasor Design anc
School of Computing Sciences at De Mon
fort University, U.K. Data or analo;
sequences are recorded in the time domair
corresponding to baseband signals; modu
lated carriers are stored in the complex fre
quency domain. Existing frequency domaii
transfer parameters provide the third ele
ment necessary for a complete solution.
Phasor Design
INFO/CARD #249
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B R LITERATURE/PRODUCT DHOWCASE s

~~
RF POWER AMPLIFIERS e
- ~~~
GMM Research Corporation n
setting
the pace
for circuit
protection
200 W » 150-200 Mtz » 55% Efficiency * 33dB Gain GMM Sync8z/CCP tm
1 MHz-2GH:z 1W-1KW G T T ol olnecs HIGH SPEED PCB PROTECTION
GMM Sync82/CCP tm - 8 ports 3 iy ]
) . . GMM Sync4ez/CCP tm - EISA card The E-T-A 1410 Sene_s of m_rcun breakers for equipment
* Small Size » High Efficiency ¢ Durable GMM Sync4/CCP tm - 4 ports (CBE) offer cost effective reliable, exiremely fast acting
GMM Sync2/CCP tm - 2 ports protection for a wide range of equipment. The 1410-F
* Module and Rack Mount Systems GMM Sync tm - 1 port type is the fastest thermal, rocker switch, circuit breaker
J= y PCI bus product coming soon! available today. The 1410 series innovative design
 Customization Available Call our toll-free 800 number dramatically increases the speed of the thermal mecha-
\ for free brochure today nism. The 1410 series opens in between 0.2 and 2
wme=——— 051 Via Alondra, #712 800-531-6145 seconds which is faster than a non-time delay fuse.
LC (s ) Camarillo, CA 90312 USA 17500 Redhil, Suite 250 Irvine, CA 02714 E-T-A Circuwit Breawers,
- — =7/  TEL: (805) 388-8454 - A::é::,‘?:,:::;s?:dg:141),‘15551335 1551 Bishop Court, ® Mount Prospect, IL 60056
POWER LIFIERS . . -
FAX: (805) 389-5393 Communications Boards (847)827-7600 Fax (847)827-7655
INFO/CARD 100 INFO/CARD 101 INFO/CARD 102

LOW COST
HIGH PERFORMANCE
FREQUENCY SOURCES

CRYSTAL OSCILLATOR-MULTIPLIER

‘RFIC Test
Sockets:

\

Now you can fest your RF devices and circuits fo unmatched accuracy and
repeatability. Condel Technology offers fest sockets with less thon .4nH
tontact inductance and bandwidths in excess of 10 GHz. Sockets are
ovailable for all the standord RFIC packages such os TSSOP, SSOP, QFP
and we can also make custom machined sockets to fit your unique pack-
age or module. These RF test sockets can be used for hand fest and inside

v MODEL VSA - $195.00 .016427101.06Hz

a high volume automated device handler such os Mulitest, Daymark or -Thin Rectangular Format -3 and 6 Volts / MODEL USA - $245.00 1.0 64270 1.5 GHz
Delta. So please coll us for your next RFIC socket or fixture requirement. -Solder/Pressure Contact -A, B, C Sizes 7/ MODEL SSA — $295.00 1.5 642 70 4.2 GHz
5 H i g RF OUTPUT: +8dBm min., at any spot frequency
19925 Stevens Creek Blvd. -Customized Capacﬂ] ~l.lghl'8|glll in above ranges
c NDEL Cupertino, CA 95014 ol TR b Pothrded FREQ. STABILITY: 230ppm, -20°c to +60°c
l l Phone; 408.973.7832 35129 Curtis Blvd., B Sl o et
Fox: 408-253-9463 Eastlake, OH 43095-3001, USA '}’ GOouULD W'I 5350 Kazuko Cour, Moorpark, CA 93021
TECHMNOLOGY e-mui|: (ondelT@aol.com (216)953-5059 « Fux(216)953-5152 — l manca (805) 523-2390 FAX (805) 523-0065
INFO/CARD 103 INFO/CARD 104 INFO/CARD 105
. e T T - : .
"4
‘ 1
o G |
| oY
= et the most from your advertising dollar
| with RF Design Literature/Product Showcase. |
Call Shannon Shuman
EMI Spacer Gaskets Simplity Commercial Installation . | at1-800-443-4969
Durable, low cost conductive elostomers molded onto plastic spacer frames install l for more defo i I S.

quickly by hond or automation. Spacer gasket shielding effectiveness exceeds 65
48 from 100 MHz 1o 10 GHz. Customized gasket cross section and spocer shapes
enable precise placement in closely toleranced installation with very low closure | |
force requirements.

[
Chomerics, div. of Parker Honnifin Corp. m‘ deSIQIl
77 Dragon Court et

Woburn, MA 01888 |
Tel: 617-935-4850
Fox: 617-933-4318

INFO/CARD 106



RF marketplace

Classified display ads are available at $125 per column inch. Frequency rates available for multip
insertions. Please call for further information, 1-800-443-4969, ask for Shannon Shuman. Or fax your :
copy for a rate quote to (770) 618-0342.

AREER OPPORTUNITIES

YOUR
RECRUITMENT

EFFORT SHOULD
START HERE

Go with one of the nation’s most
established search firms, the leader in the

[ Wireless Industry. We have earned the
jom Th? Team respect of America’s Wireless
L} H organizations through a reputation built on
That $ (han?m? experience, intgegrity and results.
The Way The World T ows i
M L]
- (ommunicates H-0-r-t-u-n-e

Communications Group

Div. of Fortune Personnel Consultants

Together We're Achieving What Other Companies 18552 MacArthur Blvd. #345
Irvine, CA 92715

fire Just Beginning To Imagine. Fax:714.250.8535
Fax:714.250.8046

At Ericsson, we're dedicated to developing technology that's revolutionizing the
way the world communicates. Our new $20 million, 240,000 square foot R&D
Center, presently under construction in Research Triangle Park, North Carolina,

is ewdepce of our commitment to design, manufacture and market the next MIDWEST OPENINGS

generation of award-winning digital/analog cellular products. Be part of a team

R a0 A 2 banklsneld Sasall inal h developing a PDC RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
eveloping a hand-held satellite terminal or another program developing a BS/MS. 2-84 yn. experience, base-band to 3.0 Gha, n any of he fol

terminal for the Japanese cellular system, both based on TDMA technology. The lowing: Receivers, T MG T VS,

y N, : e ® § R 1 Spread Spectrum, RF ASIC MMIC Design, Modcms Communu,.n
following positions offer very challenging opportunities allowing participation tions DSP. Requires sirong analytical skills and experience in RF cir-
from an early phase in the program throughout the full design cycle. Prior fl';“l;"““'“""“ g QAR e G s e
experience in cellular or satellite communication advantageous. join one of Don C. Gullagher BSME
three new program areas seeking R.F. engineers — Personal Digital Cellular N m.ﬁ.ﬂ?’gﬁrsfn"::ﬁtwv;l S3s90
terminals for the Japanese market, Satellite Cellular Terminals or Wireless (608)837-5647 Fax(608)837-6096
Personal Communication Systems. A sample of some of the opportunities that Now review details of all our engineering openings on the Web at:

http://www.midwestcareers.com

currently exist include:

R.F. DesiIGN ENGINEERs — BS.EE. with 5+ years RF design experience.
Design and develop 2 Ghz radio sections for hand-held terminals and small Base
Stations for new PCS line. Jeb Code 95BSW279.

R.F. ASIC DEesiGNERs — BS.E.E. and 3+ years of BiPolar or BICMOS radio
applications experience. Will be working on multiple applications....every major
wireless cellular application with multiple chipsets. fob Code 95RMOT4 /6.

Career Networks

Recruiters for the Wireless
& Telecom Industries

800-JOB LINK"

We offer an excellent salary and benefits package in addition to tremendous
opportunities for career advancement. For immediate consideration, please fax
resume and reference Job Code to: 919-832-6675.

Principals only — please no agency referrals.

ERICSSON

FoR THE HIGH-TECHKNOWLEDGEABLE *

Specializing in Sales, Marketing,
Technical, Engineering, Operations
& Executive Placements

Gables One Tower, Suite 801
1320 S. Dixie Highway
Coral Gables, FL. 33146

“An equal opportunity employer — affirmative action employer. M/F/D" blink@aol

One Triangle Drive, PO. Box 13969, Research Triangle Park, NC 27709

Fax Resume to (800) JOB-FAXX
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C Ol Partnership for Productivity

Hong Kong Productivity Council (HKPC) was established by statute tn 1967 to promote

CDI Telecommunications is part of

a large pubhc corporation (NYSE)
R costomen: natlonmde.

Senior Principal Consultant

We work with our

¢ 3 (circa US$130,000 p.a. plus Housing & Other Benefits)
clients to optimize the

Program Managers Real Estate Specialists Ele . ronics Service  Re 68RSE/REN
RF Engineers Technicians B i Yok ol
g h th 1 our rote
Network Engineers Installers Pl e e S AR P RT  T p,

added content of » To market consultancy services offered
Call. (800) 669-1890 ext. 396 e R A

or Fax resume to: POSTISICAUETPIEAL o design the strategies and R & D directions feasible for commercial applications
CDI1 Telecommunications, Inc. A phrtal Bietdém ()ur expectation

800-875-1904 ) ; Degree or equivalent

P.0. Box 4056 Dept. RFD you will contribute to  » At least 10 years’ relevant experience in RF design of products, preferably
Scottsdale, AZ 85261-4056 A P . undergone the manufacturing cycle
'EOE. increasing productivity , .4 planning, presentation and project management skills and excelient
in Hong Kong and communication skill. Tutoring or teaching experience a plus
y ¢ Applicant with 8 years' relevant working experience will be considered for the
the region. post of Principal Consultant at the salary circa US$ 93,330 p.a.

y A The successful candidate will be offered the appointment on 2-year contract. He/
An ideal environment  she will be remunerated with an attractive package including competitive salary,

Microwave RF Engineer i B o housing, annual leave, Medicare, education, passages, gratuity, children education
A Se“ Staner degreed engineer mUSt have suc- g 2 {local and overseas) allowances and school passages.

cessful design analysis and testing of RF circuitry TOGETHER. rés dou clromli Toa g :éﬁg\prod.:x.;i‘;‘&';;;;‘.fuk;?'c”.4\k
including Ampmlefs Filters. Hands on experience Bulldmg 78 Ta\ Chee Avenue Vau Yat Chuen, Kowloon, Hong Kong quoting the

in using modern CAD circuit design and layout rer the envelose or fax to 852-2788 6259
Resurmes To: @ Hong Kong Productlwty Council

HKPC Building, 78 Tat Chee Avenue Yau Yat Chuen, Kowloon Hong Kong

AeroAntenna Technology, Inc.
20542 Pummer 1. Chasvort,OA 9131 e o e |

ogy, resources, and strategy needed to excel in todays evolving marketplace. We also provnde our people with a strong, challenging, and rewarding
place to grow. WeTe currently seeking dynamic, innovative professionals for the following openings available at our Manufacuring and Design Centers
in Minneapolis, MN and Waseca, MN our R&D Technology Development Center in Saratoga, (A and our corporate headquarters in Spokane, WA

PRINCIPAL RF ENGINEER

You will design/develop wireless communications products at 900 Mhz to 24 GHI and contribute to the development of the next generation of automat-
ed meter reading devices. In addition, you will provide technical leadership/mentoring to junior RF Engineers and assist in the selection of future CAD tools
for RF simulation/analysis. Requires a BSEE, MSEE with RF concentration desired, 7-10 years experience, and knowledge of transmitter/receiver design in a
low cost, high volume environment Must be experienced in the use of EESOF, TOUCHTONE, SUPER COMPACT or equivalent, and possess song circuit design
skills in the areas of Low Noise Amphfiers, micostrip filters, VCOs, PLLs and discrete low power amplifiers.

CHANGE THE WAY

SR. RF ENGINEER

You will design and develop wireless communications products at 900 Mhz to 2.4 GHL and conribute to the development of the next generation of auto-
mated meter reading devices. Requires a BSEE, MSEE with RF concentraion desired, and 3-6 years experience. Both positions desire individuals with an
excellent understanding of various modulation types such as ASK, BPSK FSK along with transmitter/receiver design wsing these techniques. A basic under-
standing of frequency hopping spread spectrum techniques, low cost antenna designs, and a strong interest in system performance trade-off analysis a plus.

PROJECT MANAGER

You will lead the development team in implementing new and/or derivative RF product designs for wireless Automatic Meter Reading apphications and coor-
dinate activities among Design, Marketing, Manufacturing, and Quality Assurance organizatons to insure that cost, schedule, and performance requirements
are met utilizing existing product development processes. Requires a BSEE, MSEE preferred, and 7+ years relevant experience in the management of low
cost, high volume RF products. Demonstrated project leadership skills, famiianty with Microsoft Profect and solid technical knowledge of RF, Firmware, and
Digital design along with experience in Design for Manufacturing and Test requirements necessary. Excellent communication/supervisory skills a must. 3+
years RF design experience at 900 Mhz in the wireless communications industry and famihanty with FCC Part 15 certficanon requirements desired.

Uullnes run the world. At ltron, a cutting-edge leader in utllity solutions, were changing the way they do it. We provide our dients with the technol-

In return for your contributions, we provide a competitive compensation and benefits package. Please mail, fax or €-mail your resume to: Carole V. Moore,
Yron Inc., 2818 N. Sullivan Road, Spokane, WA 99216. FAX: (509)891-3355. E-mail: resume @itron.com Pringpals only. Equal Opportunity Employer.

for more information on lron, please visit our Homepage at: http://www.itron.com
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If your job leaves you cold, move

At QUALCOMM in San Diego, the weather isn't the only thing that's warm—we're heating up
the telecommunications industry with breakthroughs in all aspects of digital wireless technology.
We're applying our Code Division Multiple Access (CDMA) digital technology to cellular telephony,
Personal Communications Services (PCS), wireless local loop, and global telecommunications via
satellites, to name 4 few.

Because of our flex-time policy, you can schedule work and leisure activities so you enjoy a
balanced, productive life. It's summer almost everv day on San Diego's miles of clean, sandy
beaches. When vou do want snow, favorite ski resorts are a short drive away. They don't call it
America's Finest City for nothing!

Get fun, challenge, and career potential with the company that staked an early claim in the rapidly
growing field of telecommunications and now is the acknowledged technological leader. Come to
QUALCOMM, where technology rules and growth is the name of the game.

ENGINEERING POSITIONS

e RF PRODUCT TEST

o RF DESIGN

® RF TEST

® ANALOG IC DESIGN

e POWER SUPPLY

® SYSTEM TEST

® SOFTWARE DEVELOPMENT

We have opportunities available in all areas
of Engineering. For more information, visit our
Web site at http://www.qualcomm.com/

For more information: Please consider sending us your

* Phone: 619-658-J0OBS resume:

* E-mail: jobs@qualcomm.com * Fax: 619-658-2110

* Web: http://www.qualcomm.com/ * E-mail: resumes@qualcomm.com

E-mailed resumes should be in ASCII text format. Be sure to mention Code RFD10 and the job title
in all submittals. We prefer fax or E-mail, but we still accept resumes mailed to: QUALCOMM, Human
Resources, PO. Box 919013, San Diego, CA 92191-9013.

UALCOAMW

NCORPORATED

QUALCOMM is an Equal Opportunity Employer.
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v L PCS/PCN/CELLULAR/CDPD
3 RF/HW/SW/FW/DSP

ERIGSSON OPPORTUNITIES
- r FFAS

St : X 17
; 11 fb N = Terminals/Systems
TIF&I_]I_I?K‘ %RC]‘“} 7 l ITZPRTRICK & RSSOUATES

|| 16540 East Ashbrook Dr. « Fountain Hills, AZ 85268-2832
When telecommunications professionals around the world talk about advanced

E-Mail: FITZPAT @ix.netcom.com
FAX: (602) 956-7644

opportunities, chances are that they are talking about Ericsson...and relying B ANTENNA ENGINEERING & DESIGN B

on Ericsson technology to carry the conversation. Wanted: Expert in RF Propagation.

With roots going back to 1876 and a growing presence in more than 100 countries, Ericsson is an Designing new or improving existing designs for excel-

undisputed world leader in telecommunications, renowned for its advanced systems and products for Iggrtnp(;acrgo\;m?kn?sog:’nle(;gl ;;gigniogoeﬁt ]p%sitliégoosglgfy

wired and wireless communications. Today, the United States is Ericsson’s single largest market. and profit share possibly considered. Sunny S. Florida.
Worldwide, Ericsson's 80,000 employees generate some $11 billion in sales, from cellular and other Sendpcontldemiulprepliesyto d
wireless systems and telephones, to advanced switching systems and mobile data networks. | RF-Design Classified, Box #37313, 6151 Powers

We currently have the following positions available at our Lynchburg, VA facility. | Ferry Rd., NW, Atlanta, GA 30339

e RF Manufacturing Engineer (All Levels); Job Code: NM1
* RF Power Amplifier Designer; Job Code: KDOA MANAGEMENT

* RF Synthesizer Designer; Job Code: KDOS glE:cBROUI}IEEg@ INC
 RF Systems Test and Integration (All Levels); Job Code: KD2 D 2

The search and recruiting specialists
e Land Mobile Radio System Engineer (Various Locations in U.S.); Job Code:

NM12
Please FAX/EMAIL your resume, salary history and JOB CODE OF INTEREST to: FAX: 804-948- WINDY BRADFIELD
6543; EMAIL: Natalie_Martin@ena-east.ericsson.se Or, visit our Web Site at: www.ericsson.com RF / MICROWAVE SPECIALIST

We are an equal opportunity employer.

’ CONTINENTAL BLDG., SUITE 301
E RICSSON ’ 1401 WALNUT STREET, P.O. BOX 4657
’ BOULDER, COLORADO 80306
(303) 447-9900

FAX(303) 447-9536

RF ENGINEERING OPPORTUNITIES
with MOBILE SYSTEMS INTERNATIONAL

Mobile Systems International (MSI). an international telecommunications consulting firm, is continuing to experience explosive growth.
We invite qualified individuals lo join our organization as we expand our engineering team and strive for leadership in the industry. MSI
requires various experience levels of personnel to work as radio system consultants/design engineers and work with large clients on chal-
lenging projects with the most advanced communication systems worldwide. MSI is a world class company with a reputation for providing
high quality advanced consulting support to telecommunications, PCS/PCN, ESMR, Cellular, and Paging operators. as well as other wire-
less system operators worldwide. MSI offers a wide range of services covering CDMA, GSM, 18-54 TDMA, AMPS, MIRS, Paging, and
other wireless technologies. Job responsibilites include:

*Radio System Design * Traffic Analysis * Frequency and Traffic Planning
* System Optimization * Propagation Modeling * Site Evaluation and Selection
* Performance Analysis * System Expansion/Upgrade -« Integration for Wireless Technologies
Typical services provided to our customers include:
« Radio. Signaling, and Network System Planning and Design * System Dimensioning
» Technology and Vendor Selection  System Design Audits
* New Technology Integration *» System Performance Monitoring
» Strategic and Management Consultancy * Technical Training

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but 1o also work with a group of highly
qualified and experienced engineers. At MSI our engineering team lakes pride in holding themselves to the highest engineering standards.
Applicants shouid possess a BSEE or MSEE degree with a minimum of 2 years’ experience in the wireless engineering industry. and must
be innovative as well as highly detail and results oriented. Technology knowledge includes CDMA, GSM, AMPS/N-AMPS. D-AMPS and
MIRS. Knowledge of cellular system design and dimensioning required. Excellent presentation and technical writing skills are also
required. Travel may be required. We at MSI are committed 1o further expanding our RF engincering consultancy by the addition of experi-
enced, well qualified wireless engineers. Engincers are needed in our Chicago, Dallas. Atlanta and Washington DC offices as well as other
customer locations throughout North and South America and Asia. If you are a highly motivated engincer who meets the above mentioned
qualifications MSI is the carecr move you are seeking. Please send your resume in strictest confidence 10 the address below. MSI is an
equal opportunity employer.

® MOBILE SYSTEMS INTERNATIONAL
v HR Department AD-RFD
/1755 N. Collins, Suite 400  Richardson, TX 75080 « FAX: (214) 479-9902

RF Design
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Opportunities in Saudi Arabia
Senior RF Engineer
Advanced Electronics Company Ltd il

AEC is a rapidly growing defence / telecommunications company based in
Riyadh, Saudi Arabia. Major product lines include manufacture,co-production
and licensing of tactical radios, ground and airborne platform electronics and
telecommunication switching equipment. Major customers include Saudi Gov-
ernment agencies, US Government and US prime contractors.

Senior RF Engineer Will be respansible for ieading a team of RF engineers

from initial design through product integration and testing. This includes specifi- &

cation of components, circuit analysis and synthesis. Design experience should &

include amplifiers, ascillators, fiters and most importantly PLL and synthesizer

design. Hands on experience in the use of computer-based simulation tools

and RF test equipment are also needed.

Requirements /Qualifications

o BSEE, MSEE desirable.

o 10-15 years experience in the design and development of radio products
are required.

AEC offers an attractive compensation package including housing, transporta- — SSSESERSEIRENESS

tion, dependent education and leave allowances. Interested candidates shouki RN

forward one page cover letter and resume highfighting relevant experience and

references to:

Recruiting Manager,
c/o Advanced Electronics Co. Ltd.,
Suite 201, 40 Avenue at the Common, Shrewsbury, NJ 07702, USA
or fax directly to Saudi Arabia on 011 9661 220 1355 AEC

49

-589-7389/290-584-8163/473-910-3500/727-589-327-589-7389/290-81

w927

2

8-90-7465/980: 386 4975/893 584 58142/786 253 1836/745 8169/327-589-7389/290-584-5972-3

Why be just another number?

..When you can put your talents and for professionals with experience in analog,
experience to work with a growing, TDMA, GSM and CDMA technologies.
progressive, wireless communications We seek innovative minds for the following
company. Have your ideas make a positions to work in our suburban
difference and be at the fcrefront of Portland, Oregon facility.
the design and decision-making process.  carijion provides an excelient salary,
Carillon is an established developer of comprehensive benefits, 401(K), profit
analog and digital cellular products looking sharing and plenty of room for advancement.

— We are now accepting resumes for:

RF HARDWARE DESIGN EMNGINEERS MECHANICAL DESIGN ENGINEERS

MANUFACTURING ENGINEERS TeST ENGINEERS

DiGiTaL HARDWARE ENGINEERS EMBEDDED SOFTWARE ENGINEERS

SOFTWARE & HARDWARE PROJECT MANAGERS
SYSTEMS ENGINEERS

Mail resumes to: 19500 NW Gibbs Drive + Suite 110 - Beaverton, OR 97006
E-mail. Resumed@carillon.com, orFax: (503) 531-2061

02-2062/6852-685-225015-99€-086/5972-06-8E918-785-062/68E4-685-222

-—
carillom

J I

-

7-589-7389/290-584-8163/4673-912-3500/487 109 3829/498-3759-327-589~-7389/290-584-5890~3

encinesmive | [
Bl SR CRYSTAL OSCILLATOR
Nationwide positions available for
Engineering, R & D and Managament DESIGNER/CONSULTANT

candidates with our Communications
Clients in Venture Capitol o Fortune
100 corporations.

We require consultants for crystal oscillator
design for High Frequency VCXOs, TCXOs

; . d OCXOs.
Reply confidentially to: ! o
EXECUTIVE SEARCH NETWORK Andhra Electronics Pvt Limited
7 1%2E. Milner St. - Dept. RF3 34 & 35 IDA KAKINADA India 533 005
Arlington Heights, IL 60004 FAX (91) 884 61145 or (91) 44 484 0041

94

Fax (847) 394-1841 / 1891 (alternate)

RF EXPLOSION

RF state of the Art DeveloPer seeks degreed engineers to join
expanding staff Positions available for the following: Fiber Optics,
CATV, Cellular, Wireless, Analog/Digital, Test, MMIC, Mgmt.
Additional oppts. available for Packaging, Mechanical Design,
Power Supply, Acoustic, HW/SW, Systems Integration.

For consideration send your resume to:
Louis Schwartz, Technical Employ C
52 E. Street Road * Suite C1 » Feastervitle, PA 19053

Ph. 2/5-396-1840 * Fax: 2I5-396-I50I

3

» CaLiForniA B COLORADO
# Arizona » Texas
®» OREGON » WASHINGTON

RF-Wireless Communication
Digital Cellular, Cordless PCN
DSP: Video, Audio, Multimedia

Custom VLY Design-CMOS

IC Design: Digttal, Analog, Mixed Signal
ASIC/FPGA Ddesign (VHDL, XILINX)

ROBERT MILLER & ASSOCIATES
5850 Oberlin Drive #310 ¢+ San Diego, CA 92121
PH: 619-566-4325
FAX: 619-566-4376

email: rmiLleasoc@aol.com

PageNet, the world’s
largest wireless
messaging
company has
excellent
opportunities for
experienced

RF/Paging
System
Technicians

Responsibilities include installation
and maintenance of RF transmitters
and receivers, data communication
equipment, and satellite communica-
tion equipment. Candidates must
possess a formal or military education
in RF communications or electrical
engineering with 2 years solid
troubleshooting experience.
Qualified candidates should forward
resumes along with

requirements to Paging Network of
Massachusetts, Inc., One Van de
Graaff Drive, 6th Floor, Burlington,
MA 01803, Attn: Human Resources.

Visit our website on-line at
http:llwww.pagenet.com

An Equal Opportunity Employer
PAGE '
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OPPORTUNITIES

=5 prepare For The Ride Of
A Lifetime.

As the digital information revolution unfolds, we
will find new and innovative ways to communi-
cate. General Instrument Communications
Division is a world leader in the vital technolo-
gies necessary to develop the broadband deliv-
ery infrastructure of the future. We currently
have the following career opportunities in our San Diego facilities:

ANALOG/RF DESIGN ENGINEER

Requires BSEE/MSEE and 8+ years of RF/analog circuit and system
design experience. In addition, position requires strong analytical and
simulation capabilities, knowledge of CAE tools, modem/communica-
tion system modelling, PLLS, communications theory and detailed hard-
ware design experience from DC to 2Ghz. Knowledge of video and con-
sumer product design are preferred. (Code: KHSRF)

RF/MODEM ENGINEER

Requires BSEE/MSEE with 8+ years of experience responsible for
design of cable modems. Must also have experience with QPSK and 64
QAM modems, digital modulators and demodulators, high-volume con-
sumer products, RF design (0 to 750 Mhz), noise/gain analysis, and
test. (Code: KRMRF)

See us on the Worldwide Web at: http://www.gi.com
Please send your resume with salary history/requirements, indicating
Code, to: General Instrument, Attn: HR Dept.,, Code__ , 6262 Lusk

Bivd., San Diego, CA 92121; E-mail in ASCIl Text only to:
jobs@gi.com Equal Opportunity Employer. Principals Only, Please.

@ General Instrument

B == =]
QOQ
S99 ..YOUR CAREER
QLOQ RF PA Engineers: Requires 3 + years expenence in design, test and manufactuning of high
(== as Yan 3 efficiency GaAs MESFET and HBT class A and C power Amplifiers {c2watts) in the frequency
C) D range (-2GHz). Experience in both discrete and MMIC design a plus. |

Product Marketing Manager: Lead the technical marketing effort for the Wireless Communica-

tions Group; develop business/marketing plans, manage customer relationships, perform mar-
ket analysts, develop sales/marketing material.

Wireless Engineers RF Design Engineers: Design of St RF lo's for Wireless Communication

applications {AMPS, DAMPS, GSM, DECT, POS) S| RF ixc design experience in the 300-2400
H Mhz fast RF PLL design QN exp using

S1 Bipolar and MOS technologies.

Cellular Engineers: Design/Develop RF and anajog circutts for high capacity cellular systems. Requires minimum of 2
years experience in any of me Iollowmq DSP, ASIC Design, CAE Development, Digital Moduiation, Digital Mobile Communi-
cations, Channel Recerve or Audfo Design, Dlgual Signal oncessmu

| Regional Field Sales: Aggressive indwiduals to create and serve new accounts Positions are Iocated mmuqhoul me
USA An engineer who wants to enter sales world is acceptable. Base salary, commission and car. BSEE

iC Design (RF/Analog}): 2+ years' expeﬂence with BICMOS/Blpolav processes; desngn bacquound in AMPS, mixers,

{ VCOs, FM Demode, CpPAMPS and basic logic; g ot circuit design, fayout, test
board generation and testing.
Design Enqlneer Communlulmns ICs: Reqmres BS.E E (M S E E preie(red) and So years exoeneme IndMauaI ml be
responsible for leading the design and of high frequency ICs for wireless communications
apphications. Design includes circuit mtegration of baseband, converter and RF/F circuitry.
MMIC Engineer: Develop L/S band GAA's MMIC power amplifiers for wireless Requires:

MS or BSEE, +2 years expernience with GAA's MMIC design, simulation, packaging and test

Sr. MMIC Design: Design highly integrated GaAs MMICs tor advarnced cellular products.Circuits to be designed
incluge power amplifiers, LNAs, mixers, IF iers, buffer RF are 900 and 1800 Mhz.
Produci Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing revenue and
price obyeciives, setting internal cost targets and oversight of ntemnal product realization schedules

Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products.Circuits to be designed
include power aranvers LNAs, mlxers IF amplifiers, buffer amplifiers_RF frequencies are 300 and 1800 Mhz.

Sr. Analog IC circuit design and developng new analog/mixed signal ic's  BS/MS
exparience in AD DIA ASIC's moolar and BICMOS
R Systems Engl PCS: le for radio system performance requirements including

modulations/demodulations, coding, . channel models, deploymenl models, hardware performance requirements, interfer-

ence rejection, blocking power control, handover ect.. BS/MS

Applications Engineer: 5 years of directly relevant RF/MW engineenng applications and mea-
Strong p and skills: must be able to communicate

effectively with individuals and groups of all levels of techmcal expertise and experence.

RF DESIGN : The successful candidate must have a B S EE with a minimum 10 years of expe-
rience in the design of Lband LNAs, Mixers, VCOs, and Microstnp Matching circuits. Knowd-
edge of spread spectrum and modulatior/demodulation schemes highly desirable M SEE.
and/or VHF/UHF background a plus.

dMICR

We specialize in the piacement of wireless, RF, microwave communications.

FOR THESE AND OTHER OPENINGS 800 Turnpike St. « North Andaver, MA 08145
CALL COLLECT: TEL: 508-685-2272 E-mall: micsearch@aol.com FAX : 508-794-5627

COMMUNICATIONS
EXECUTIVE SEARCH

Filtronic Comtek, Inc., a leading manufacturer of sophisticated filters and subsystems for the cellu-
lar telecommunications market, is seeking dynamic, innovative individuals to join a growing com-
pany with its sights set firmly on the future. Due to expansion we have the following R&D oppor-
tunities available in our SALISBURY, MARYLAND, and MERRIMACK, NEW HAMPSHIRE facilities.

SUB-SYSTEMS ENGINEERS

Successful candidates will design and develop RF T/Rx integrated front-ends for the Cellular
Radio and PCS/PCN base station equipment market. In-depth knowledge of RF Microwave active
and passive circuit design, RF circuit manufacturing techniques, digital cellular/PCS systems, digital
and analog circuit design techniques is required.

RF FILTER ENGINEER

Individual wi design and develop RF Tx/Rx filters, diplexers, and filter delay lines for the Cellular
Radio and PCS/PCN base station equipment market. in-depth knowledge of RF Microwave filters
including combine, dielectric resonator and notch filter technologies, as well as base station filter
manufacturing techniques is required.

DIRECTOR OF ENGINEERING, POWER AMPLIFIERS

Hands-on techn ntribut pported by 3 engineers needed for RF power
amplifier desugn and development capability for the Cel|ular Radio and PCS/PCN base station
equipment market. The ideal candidate will possess an in-depth knowledge of RF power ampiifier
systems and circuit design for transmitters using digital modulation schemes such as CDMA, QPSK
and GMSK. Direct design experience with silicon bipolar and silicon MOSFET class A/B linear
amplifiers is required.

BS in Electronics Engineering required; MS preferred. Candidates should also have a working
knowledge of CAD systems, product development schedules, production costs, and have a
proven track record of development in a fast-paced environment. We offer a competitive salary
and excellent benefits, including life, medical, dental and disability insurance as well as a 401k
profit-sharing plan. For immediate consideration please submit a resume with a cover letter to:

Filtronic Comtek, Inc.
Attn: Human Resources
31901 Comtek Lane
Salisbury, Maryland 21804—1788
EQOE/M/FNV/H -

FILTRONIC

COMTEK

RF Design

R.F. ENGINEERS: NATIONWIDE

F /CELLULAR/WIRELESS/PCN/PCS
CDMA/ TDMA/SPREAD SPECTRUM/VSAT
STAFF & MANAGEMENT POSITIONS

Respond to: CTH, Ui
440 Hcr|em Av. - Glenwew || 60025
Ph. 847-657-0102 Fax 847-657-0061

email <cth@ais.net>

PCS RF NETWORK ENGINEERS TO MID §70's
PCS ANTENNA ENGINEERS TO §80's

PARABOLIC RF & MECHANICAL ENGINEERS T0 §70's

Please fax gesu;ne in confidence fo
16
RANDALL F. CHAMBERS & ASSOCIATES
“Wireless Recruiting Professionals”
PO Box 723, Bella Vista, CA 96008 * Tel 916-549-5331

RF DESIGN

radio - data - phone
RF design from circuit to
system level. Analog, digital,
ASIC, DSP, spread spectrum.

Lanni Johnson, CPC

505-262 1871
FAX 505-268-4954
Excel of Albuquerque, Inc.
excelalb @ix.netcom.com

1700 Louisiana NE, Suite 210
Albuguerque, New Mexico 87110
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KEY CAREER OPPORTUNITIES FOR QUALIFIED

SYSTE:MS ENGINEERS, TECHNICAI. MANAGERS

RF ENGINEERS

Aztech Recruitment provides recruiting services to technical clients mainly in the West &
South West, but also to other parts of the US., Canada, Europe & the Pacific. We charge
no hiring fees to either applicants or emp oyers. |f you have a BS/MS/AA degree with rel-
evant experience then mail/fax us your resume with salary indicator.

RF IC/RF DESIGN ENGINEERS

To develop state-of-the-art commercial wireless communication products which make use
of advanced digital spread spectrum techaology in one of the most attractive parts in the
US. A minimum of 4+ years experience required for ENGINEER level posts. 8+ years for
SENIOR level positions.

RF/ANALOG IC DESIGNERS-for wireless applications up to 2GHz. Silicon bipolar
and/orBiCMOS, frequency converters/synthesizers. Psa. LNAs. If strips.

RF ENGINEERS-digital cellular handset development experience preferred. RF Circuit
design experience to include RX/TX sub-systems, VCO/synthesizer design, LNAs, Pas, fil-
ters. modulators demodulators.

ANTENNA DESIGNER-propogation prediction/characterization experience, plus filter
design, combiners, multicouplers and RF switches.

SYSTEMS ENGINEERS/PROGRAM MANAGER

This leader in satellite communication equipment seeks two key individuals with flair,
enthusiasm & energy as well as relevant experience.

Senior Systems Engineer (Earth Stations)-To prepare technical proposals for satellite
earth stations, analyze performance, prepare test procedures and test equipment, sub-
systems & systems. BS/MSEE and at least 5 years relevant experience are required.
PROGRAM MANAGER-To develop and manage satellite communications programs
around the world: combining hands-on engineering expertise with good project/propos-
als management and communication skills. BSEE/MSEE and 5-10 years relevant experi-
ence required.

RF/POWER SUPPLY DESIGNERS

For an expanding Rocky Mountain company, the technical leader in hi-rel plasma, ion
andmagnetron power processors for the semiconductor/thin film industries. They seek
experienced engineers to design RF generators, solid state amplifiers and matching net-
works; or in high power DC/low frequency AC output SMPS design (30kw-200ks range):
or medium power DC SMPS design (300w-10kw range). Candidates require BS/MSEE
and a minimum of 5 years relevant design experience, with strong RF skills, knowledge of
regulations (UL. VOE. CSA. etc.) and expertise in magnetic, EMI and control loop designs.

AZTECH 4131 N. 24th Street, Suite A116 * Phoenix, AZ 85016

Call (602) 955-8080 or Fax (602) 955-9639
RECTI et Co. Email aztech@amug.org

YOUR FUTURE STARTS NOW!

R.F. ENGINEERS, NETWORK ENGINEERS,

RF design

Electrical Engineer

| 40 hrs. per week, 8am-5pm, $33,170.00 a yr.
master of science in electrical engineer, expertise in
frequency coordination, microwave coordination,
microwave system design, TAP, MSAM, HAAT and
DHAAT calculations as evidenced by specialized
coursework in communications, frequency coordi-
nation for troubied states; assist the director in
development of advisor fraining progrom; perform
radio propagation studies using TAP and MSAM;
Project 25; Microwave coordination and system
design; HAAT and DHAAT calculations; Frequency
resorting of NPSPAC channels and preparing tech-
‘ nical reports. Send Resume fo:

Tallahossee jobs and benefils service cenfer, 2810
Sharer Road, Suite 308, Tallahassee, FL. 32312
I J.0. #FL- 1377135

PLL-DataSender’ - PLL Universal Programmer
“For engineers who design PLL frequency synthesizers”

* A book-sized, stand alone, hand held unit.

* Provides immediately programming solutions for serial

input PLL ICs supplied by Fujitsu, Hitachi, IC Works,
Mitsubishi, Motorola, Philips, Plessey, Qualcomm, Sanyo,
Siemens, Telefunken. Toshiba and other manufacturers.

* Customized programmers also available.

MY com Instruments

Tel: 408-946-1973 Fax: 408-262-4763
142 N. Milpitas Blvd., Suite 277, Milpitas, CA 95035

PART 15 WIRELESS DESIG

se one of our

proven RF
designs for your next
wireless project. Apex

@ Spread Spectrum
Systems

m Portable,
Low Power,

MIXTEC GROUP
LEADERS IN EXECUTIVE SEARCH
Phone: (619) 773-0717 « Fax: (619) £62-9207

call (800) 443-4969
for more information

offers over 70 vears
of combined wireless
design experience and
extensive test and
simulation

Small Size Devices

= RF Identification
Devices

o Pagers

SCTE
Sustaining

COMMUNICATIONS ENGINEERS

capabilities acPs

8 Keviess Entry

Member

eter

roehlich & Co.
executive search

Communications Positions:

Designers, Engineers, Managers
Wireless/Telecomm/CATV/Video/oice/Data

RF Equipment and Systems Design: Transmitters,
receivers, amplifiers, mixers, filters, synthesizers,
modutators, demodulators, PLL's, VCO's. Skills
include: PCS, PCN, Spread Spectrum, DSP,
COPD, TDMA, CDMA, GPSK, GAM & others.
Digital/Analog, DC to 2 GHz.

Nationwide. Call or write. Fees paid.
P.O. Box 339 Weatherford, TX 76086
(800) 742-4947 » Fax: (817) 594-1337
E-Mail: 72774.3617 @ compuserve.com

Our clients are hiring RF engineers with the
following skills
Wireless Telecomm, Cellular, Mobile, Telephony,
NPCS, spread spectrum, DSP, AMPS, SMR,
GSM, CDPD, TDMA, CDMA, WLAN, WPBX,
Transmitters, Receivers, modulators, demodula-
tors, low noise amps, mixers, oscillators, filters,
DDS, synthesizers, 900/1900 MHz.
1+ Never a fee to a Flicants.
v~ Positions available nationwide.
v~ Send email, fax, or call Randy Brei today!

Brel & Assoclates, Inc.

P.O.Box 445 Marion, |A 52302-0445
(319)377-9196 FAX(319)377-9219
RBREIGNETINS.NET
http://www NETINS.NET/showcase/RDBREI/

96

)

CLASSIEFI
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Realize the potentiall
Call 800- 443- 4969

2400 Cinteai Avig, Sunit A, Bounnirgl €3 40):

(303) 443-6699 FAX (303) 443-49
L Man: 7501731200 Cowmeusi Rvi O

PROBLEM

o Z=r=_

Fully Integrated Product
Design Facility, Microwave, RF,
Analog, Digital, and Mechanical Design
Fast Response-Exceptional Results
Geotek Design Services
18512 Carrot St. » Svite 108 « Spring, TX 77379
Ph: (713) 376-4606
Fax:(713) 251-3860
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RF design

The Buyers’ Guide is a convenient guide to suppliers ~ Bold Listing

of products and services available for design and Additional Line
development engineers. Buyers' Guide listings are 1" Ad

sold on an annual basis at the rates shown.

Regular Listing
Additional Line

BUyersaGu

Drop Out In White

de

Perlssue  Total/Year All orders must be prepaid. You can forward
$22.00 $264.00  your check or charge your ad to:
$19.00 $228.00
$25.00 $300.00 m @ E
$21.00 $252.00  For information on closing dates and details on a
$200.00  $2,400.00 special introductory Offer, call 1-800-443-4969.
$25.00 $300.00  Ask for your yellow page representative.

DISCRETE COMPONENTS

‘APACITORS

acuum

urcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008 ....... (619) 438-4420
RYSTALS/RESONATORS

an Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017 ..............ccoeeveennnnn (80D)JAN-XTAL

SC-cut Cry@ Resonators

For your Sc-cl cslzll,\ requirement frequency 4-20 Mhz 3rd overtone, High Q, low
1ging 5x10" - 1x10™ per day, calibration *0.5 ppm, G-sensitivity up 10 <3x10"/g
Holders HC37, HCA41).

11 Beith Hadfus St., Jerusalem 95483 Israel Tel. +972-2-6510082 Fax. +972-2-6510292

larz

QuaRTtz CRYSTAL
ProbDuUCTS

Southern Regional Office
5696 Peachtree Parkway
Norcross, GA 30092

Tel: (770) 263-3768

Fax: (770) 263-3769

@ American KSS Inc.

Cormorate Office

3295 Scott Blvd., Suite 100
Santa Clara, CA 95054

Tel: (408) 986-9577

Fax: (408) 986-1717

Eastern Regional Office
401 E. Louther St.
Carlisle, PA 17013

Tel: (717) 243-6008
Fax: (717) 2434343

ak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA17065 ..............ccceeeneenind (717) 486-3411

REEVES-HOFFMAN

= DVISION OYNAMICS CORRORATION 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., Carliste, PA 17013, Tel: 717-243-5929 Fax: 717-243-0079

FUNDAMENTALLY Better!  [Te S st oA

‘AT’ Crystals for ali of your FILTER A SUBSIDIARY OF MATEC
and OSCILLATOR requirements ¢ Ideal for SONET - SDH - ATM
« Wide spur-free areas * Superior spurious suppression
* Pullability up to 1000 ppm Call: 717-258-5425
* Fundamental Cl’ySta'S to 350 MHz Fax: 717-258-5840
489 East North Street « Carlisle, PA 17013

IIODES

oral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851 ...(508) 256-4113 ext.3311
aractor

nox Semiconductor, Inc.

13 Quarry Rd., P.0. Box 609, Rockport, ME 04856................ (207) 236-6076 Fax(207) 236-9558

IIGH POWER DIODE SWITCHES
ill Engineering, 461 Boston Rd., Topsfield, MA 01983 ............ (508)887-5754 Fax 887-7244

NTEGRATED CIRCUITS/MCM

alifornia Eastern Laboratories,
4590 Patrick Henry Dr., Santa Clara, CA 95054-1817....... (408) 988-3500 Fax (408) 988-0279
licro Hybrids, Inc., 2864 Route 112, Medford, NY 11763... .....(516) 732-3448

RF, Analog & MIixed-Signal ASICs

Full-Custom Designed ICs: Bipolar, CMOS, BICMOS
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switched Cap Circuits

RTG Inc.

TEL: (310) 534-3016 « FAX: (310) 534-3728
P.O. Box 3986, Torrance, CA 90510 « E-MAIL: sales@rtg.com

F Design

MODULAR COMPONENTS

AMPLIFIERS
Broadband
Dressler HF Technik Gmbit,
Werther Str. 14-16, D-52224, Stolberg, Germany ................. +49-2402-71091 Fax: (-71095)

AMPLIFIERS
RF Power
Silicon Valley Power Amplifiers, 529 Forman Dr. # B, Campbell, CA 95008 ........ (800) 986-9700

FILTERS
Deita Microwave Inc., 840 Vira Alondra, Camarille, CA93012 ........................ (805)987-6892
i

Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013..............ocooeeeeerinne. (717) 243-5929

RF Microwave

Microwave Circuits, Inc., 6856 Eastern Ave., NW, Washington, D.C. 20012........ (800)642-2587

Saw

Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070 ...................... (203) 651-0211
SAW Components & SUBSYSIEMS ...........ccevivvuinuieeiirieieie e eeeieins Fax (203) 651-8618

IR A

RF Monolithics, Inc.

SAW-based RF Components and Modules for the Low-Power
Wireless, High-Frequency Timing, and Telecommunications Markets

Transmitters « Receivers ¢« Resonators » Oscillators * Clocks « Filters
Call, write, or fax for a free product data book.

4441 Sigma Road
Dallas, Texas 75244 U.S.A.
Tel: 214/233-2903, Fax: 214/387-8148

OSCILLATORS

DVISION DYNASMCS COSPORATION OF AMERICA

il

For your Crystal Oscillator requirements, Clocks,
TCXO's, VCXO's, OCXO'’s, Hybrid & Discrete.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929 Fax: 717-243-0079

VALPEY-FISHER %]

A SUBSIDIARY OF MATEC

CRYSTAL OSCILLATORS
a ACMOS TTL to 200 MHz
s HCMOS TTL to 80 MHz
m ECL to 630 MHz FUNDAMENTAL Crystals to 350 MHz
a VCXOs to 200 MHz

& SMD to 300 MHz 800-982-5737 (ext. 244)
Valpey-Fisher Corporation « 75 South Street « Hopkinton, MA 01748 Fax: 508-497-6377

Crystal
0Oak Frequency Control Group,

100 Watts St., PO Box B, Mt. Holly Springs, PA17065 .................ccceevennnnn. {717) 486-3411
Saronix, 151 Laura Ln., Palo Alto, CA 94303 ............c....c.... (415) 856-6900 (800) 227-8974
Wenzel Associates, Inc., 1005 La Posada Or., Austin, TX 78752 ...............ccccoven....(512) 450-1400
Phase Locked
Mode Space Digital

235 Circle Drive, State College, PA16801 ...................... (814)466-3327 FAX:(814)466-6577

SYSTEM SUBASSEMBLIES

PRINTED CIRCUIT BOARDS

Harmon Electronics, Inc., 601 N. Main, Warrensburg, MO 64093 ................... (816) 747-2236
CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572

« PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS
* ALL POPULAR MICROWAVE LAMINATES: PTFE ~TEFLON - DUROID - GX

» MULTI-LAYERS - QUICK TURN - EXQTICS

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713
TEL (602) 745-8515 FAX (602) 747-8334 MODEM (602) 747-5108
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RF Design Yellow Pages continued from page 97

RF TRANSMISSION COMPONENTS

ANTENNAS
Sincfair Technologies, Inc.. Oriskang Dr , Tonawanda NY 14150
Syndetix Inc.. 2820 N. Telshor Blvd., Las Cruces, NV 88011 ..
Custom Antenna Design, High Power, Including Flight Certified...
Custom & Specialty
Myers Engineering International, Inc.
P.0. Box 15908, Ft. Lauderdale, FL 33318 ............cccccouvnns (954) 345-5000 Fax: (954) 345-5005

(800)288-2763
coone.(505) 522-8762
_Fax (505) 521-1619

Site

Dapa, Deleware Park Centre, Suite 6, Olean, NY 14760 ...........c.ocooerveccimviissrsennnn (800) 325-DAPA
ATTENUATORS

Coaxial

SV Microwave, 3301 Electronics Way, West Palm Beach, FL(407) 840-1800 Fax (407) 844-8551

CABLE ASSEMBLIES
SRC Cables, 5590 Skylane Blvd., Santa Rosa, CA 95403 ....................
Storm Products Advanced Tech Group 116 Shore Drive, Hinsdale, IL 60521..

Cable Interconnect Systems
C&M Corporation, 51 S. Walnut St., Wauregan, CT 06387 ............

FILTER ASSEMBLIES

E=_=__ PORATION 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

Low Pass
Coil Specialty Co., 2730 Carolean ind. Dr., PO Box 978, State Coliege, PA 16801 .. (814)234-7044

INDUCTORS AND CHOKES
Kintronic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618 ...(615)878-3141 Fax (615)878-4224

ISOLATORS/CIRCULATORS

.. (707)573-1900
....{708) 323-9121

(203) 774-4812

AEROTEK COMPANY LIMITED
—==== Manufacturers of Circulators and Isolators

§ Coaxial and Drop-in types, 400 MHz-18 GHz
“TOP QUALITY, REASONABLE PRICE”

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.
AEROTEK Tel: (662) 3114448, 332-5035 Fax: (662) 332-5034

Airtron Corp., 200 E. Hanover Ave., Morris Plains NJ07950...................oceenl (201)539-5500
MICROWAVE CONNECTORS

Applied Engineering Products, P.0. Box 510, New Haven, CT 06513 ................... (203)776-2813
Coaxial Connectors, Inc., 1500 N.W, 62nd St.,Ste.501, Ft. Lauderdale, FL 33309 ........ %305 772-2664
Southwest Microwave, Inc., 2922 S. Roosevelt St , Tempe, AZ 85282 ................ (800) 587-5935

PRECISION

TELEPLEX, INC. - ALFORD DIVISION
4801 INDUSTRIAL PKWY. - INDIANAPOLIS, INDIANA - 46226-4200(317) 895 8800

« PRECISION COAX & W/G SLOTTED LINES 30MHZ. TO 40 GHZ.

* LOW V.S.W.R. INTERSERIES COAX ADAPTERS 61/87T02.40mm. / afomp
* HIGH POWER - LOW LOSS BIAS TEES 20 AMPS THRU 3.0 GHZ. |
* CONSTANT IMPEDANCE LINE STRETCHERS LOW LOSS TO 18 GHZ. | \" P }
» ADJUSTABLE COAX TUNERS MATCH S.W.R. > 14:1, VHF TO 36 GHZ. /
* ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-ITFS-VOR-MIL. .t
RF CONNECTORS
Molex, Inc., 2222 Wellington Ct., Liste, IL 60532 ........c.cecveverncrrcnricrnicnaen 800-MOLEX78
Specialty Connector Company,
2100 Eartywood, Franklin, IN 46131.............. ccoecreeen. (317) 738-2800 Fax: (317) 738-2858

SURGE & TRANSIENT PROTECTORS

Lightning Suppressors - D.C. - 26 GHz
Coaxial  Powerli Digital
FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635

SWITCHES
Electromechanical

Dow-Key Microwave Corp., 1667 Walter St., Ventura, CA 93003 ..(805) 650-0260
Matrix Systems corp., 5177 N. Douglas Fir Rd., Calabasas CA 91302 ..(818) 222-2301
MBF Microwave, Inc., Rt. 2, Box 2524, Hardy, AR 72542 501) 856-2685

SYNTHESIZERS

Novatech Instruments,

1530 Eastlake Ave. E., #303, Seattle, WA 98102 (206) 322-1562 Fax (206) 328-6904
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RF TRANSMISSION COMPONENTS
TELEMETRY

vﬁi}yﬂf///5[ 77 AZ" LSLERRLH, jV[

TEL (702) 345-2705
FAX (702) 345-2484

Verdi, Nevada USA
Wil customlze to your requirements:
Transmitters & Receivers
Telemetry o Video e Digital ¢« Command e Beacon
Command Encoders & Decoders

Since 1978

TEST SOCKETS & TEST FIXTURES
Condel Microwave Technology, 19925 Stevens Creek Blvd., Cupertino, CA 95014 ......

VACUUM TUBES

(408)253-181

RUSSIAN POWER TUBES
RUSSIAN MICROWAVE TUBES
Quality Engineering and Manufacturing

Tel. (800) 578-3852 © Fax. (415) 233-043¢
i‘!ﬁ‘i‘gﬂg 3000 Alpine Road « Portola Valley. CA 94028
WATTMETERS & LOADS

By

HENRY RADIO TOLL-FREE (300) 877-7979

2050 S Bundy Dr., Los Angeles, CA 90025 - Phone (310} 820-1234 - FAX 310-826-7790

Wattmeters, Elements, Directional
Couplers, Loads, Attenuators, etc.

¢
)]

WAVEGUIDES & COMPONENTS
Electromechanical
MBF Microwave, Inc., Ri. 2, Box 252A, Hardy, AR 72542..

MATERIALS AND HARDWARE

............... (501) 856-26¢

CRYSTAL BLANKS
Reeves-Hoftman, 4G0 W. North St., Carlisle, PA17013...........ccoooeviiiiiiininnnen. (717) 243-592

MOBILE DATA TERMINALS
T R v e A el (619( 724-5355 Fax: (619) 724-62(

PACKAGING/CRYSTAL HOLDERS
Crystal Hold

United Glass to Metal Sealing. Inc, 11A Executive Park Or., North Billerica, MA 01862... (508)670-64¢
Components/Hybrid Packages

Reeves-Hoftman, 400 W. North St., Carlisle, PA17013...........cc.ccoiiniciviinnnnns (717)243-592

PC BOARDS
Laminates, Polyester Copper Clad
Glasteel Industrial Laminates, P.0. Box 310, Collierville, TN 38027..............................(301) 853-50i

TEST EQUIPMENT

Racal Instruments, 4 Goodyear St., Irving, CA 92718 ........coocovivvrvcvivrircsincrcrncninnennene. (800) 722-252

ANTENNA TEST & RF INSTRUMENTATION
Anritsu Wiltron Co., 490 Jarvis Dr., Morgan Hill, CA 95037 .......(408) 776-8300 Fax (408) 776-174

RF TEST & MEASUREMENT EQUIPMENT
COAXIAL DYNAMICS, INC.,

15210 Ind. Pkwy., Cleveland, OH 44135 ........................ (216) 267-2233 Fax (216) 267-314
Grayson Electronics, 306 Enterprise Dr., Forest, VA 24551 ...............c.oooveenenncd (800) 800-74€

ANTENNA DESIGN & MEASUREMENT
Kintronic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618..(615) 878-3141 Fax (615) 878-42¢
EMC/EMI TESTING

TUV Rheinland of North America, Inc.,
12 Commerce Road, Newtown, CT 06470 ....................... (203) 426-0888 Fax (203) 270-88¢

OEM PRODUCTS
Locus, Inc., 1842 Hoffman St., Madison Wi 53704 ..............ccoiiiiiiniiniinnnns (608) 244-05(

RECRUITMENT
Technical Employment Consultants, 52 East St. Rd., Suite C-1 Feasterville, PA 19053
Refer fo advertisement on page 94. (215) 396-1840 Fax (215) 396-15(

TELEMETRY SYSTEMS & ENGINEERING
Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 ................. (713) 344-90(
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IF Design Yellow Pages continued from page 98

SOFTWARE & SYSTEMS CAD/CAE

JOFTWARE

ircuit Simulation
esign Automation, Inc., 4 Tyler Rd., Lexington, MA 02173 ........
1gSoft Ltd. — the providers of the RF Designer® Solution....
312 Dunview Ave., North York, ON M2N-4H9, Canada; bbs:

(617) 862-8998 Fax (617) 862-3769
...(416) 730-9611
.. Fax: 733-3884

SOFTWARE & SYSTEMS, CAD/CAE

Waypoint Software,
5540 Manor Court, Woodland Park CO 80863-3084.......... (719) 687-5458 (Waypointsw@aol.com)

SYSTEM SIMULATION

RHR Laboratories, 207 HardIng Blvd. W., Richmond Hill, Ontario,CN L4C 8x6 ...... (905) 884-2392

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 ....{800) 631-1113
Makers of TESLA Com Simulator ..............ccoeenneee. Intl (770) 751-9785

EMC

TEST & DESIGN

Producis & Servlsss Dirtasior)

The Products & Services Directory is a convenient
guide to suppliers of products and services for the
EMC/ESD industry. Products & Services Directory
listings are sold on an annual basis.

For information on rates, closing dates and
details on a special Introductory Offer, call

1-800-443-4969. Ask for your yellow page

representative.

ELECTRONIC COMPONENTS AND EQUIPMENT
MI SUPPRESSION COMPONENTS

WI/RFI Filters

10N Corp., P.0. Box 743 Skokie, ILB00T6.............cocovveueerieerireeerereenene (708) 679-7180
wurite Beads, Rods, Forms

iir-Rite Products Corp., P.0. Box J, Wallkil, NY 12589...........c.ccovvvverererninraernd (800) 836-0427

SD AND SURGE CONTROL COMPONENTS

ghtning Arrestors
scher Custom Communications, 2905 W. Lomita Bivd, Torrence, CA 90505..................

ABLE AND CONNECTORS
onnectors And Adapters
)C Telecommunications. 4900 W. 78th St., Minneapolis, MN 55435

ptical Fibers And Connectors
)C Telecommunications, 4300 W. 78th St., Minneapolis, MN 55435

MC TEST EQUIPMENT - EMISSIONS

bsorbers

{vanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1719.....
icrosorb Technologies, Inc., 14A Airport Dr. Hopedale, MA 01747
intec, P.0. Box 1546, Austin, TX 78767
nechoic Chambers

{vanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1719..............
antec, P.0. Box 1546, Austin, TX 78767
ntennas

1tenna Research Associates, {nc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
WCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
ntennas Abgve 30 MHz

1tenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
VBONPI0. BOX 1546, AUSHN, TX. TBT07........cccooccverieerrirreesssssssassssiasessesesssessenssesassrsioss (512) 835-4684
ntennas Masts

menna Research Associates, Inc., 11317 Fredrick Ave., Bettsville, MD 20705....... (301) 937-8888
urrent Probes

scher Custom Communications, 2905 W. Lomita Bivd, Torrence, CA 90505

(310) 891-0635

{800) 366-3891 X3000
(800) 366-3891 X3000

.(619) 449-9492
... (508)634-1900
(512) 835-4684

.(619) 449-9492
(512) 835-4684

...(310) 891-0635

1 Physics Corp., 11 Industrial Way, AtKINSon NH 03811 ................................ (603) 893-6687
grrite Absorber Tiles
antec, P.0. Box 1546, Austin, TX 78767 (512) 835-4684

TEM Cells
ntenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

ine Impedance

VICO, P.0. BOX 1546, AUSEIN, TX. 78767 ..........coooeieerees e sessssssssessescesesssassnsonns (512) 835-4684
ine Impedance Stabilization Netwarks

VCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
scher Custom Communications, 2905 W. Lomita Bivd, Torrence, CA 90505.................. (310) 891-0635
antec, P.0. Box 1546, Austin, TX 78767........ ...(512) 835-4684

ear Field Probes

MCO, P.0. Box 1546, Austin, TX. 78767 ........ ...(512) 835-4684
hielding_Effectiveness Testers

VCO, P.0. Box 1546, Austin, TX. 78767 ..........cccovvcunrrimrerinnrcirrinennns .(512) 835-4684

MC TEST EQUIPMENT - SUSCEPTIBILITY
ntennas
ntenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

VCO, P.0. Box 1546, Austin, TX. 78767 ................................. ...(512) 835-4684
-Field Probes
.(512) 835-4684

VICO, P.0. Box 1546, Austin, TX. 78767............c.coococovciocenccninas
TEM Cells

ntenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
VCO, P.0. Box 1546, Austin, TX 78767 (512) 835-4684

Your won't get any ¢ caIIs
if no one knows .-~

your number. &
B

F Design

ELECTRONIC COMPONENTS AND EQUIPMENT

EMC TEST EQUIPMENT - SUSCEPTIBILITY
Pulse Generator:
EMCO, P.O. Box 1546, Austin, TX 78767...........ccccoovvvveeeen.e.

Sheilded Fiber Optic Links
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... {301) 937-8888

ESD TEST EQUIPMENT
ESD Event Detectors

(512) 835-4684

TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY. 14103 .(800) FOR-TREK
Surface & Volume Resistivity Meters
TREK INC., 3932 Salt Works Rd., P.0. Box 728 Medina NY. 14103...... .(800) FOR-TREK

MATERIALS, HARDWARE AND PACKAGING

SHIELDING MATERIALS

Antenna Towers

EMCO, P.0. Box 1546, Austin, TX 78767...

Conductive Adhesives

Venture Tape Eorp.. ?:0 Commerce Rd., Rockland, MA 02370.......

Conductive Fiber/Fabric

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 ........(800) 343-1076 Fax: (617) 871-0065

Ferrite Absorber Tiles

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589...........cccoeeiriirevirnuenncs (800) 836-0427

Gasketing Materials

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 ........ (800) 343-1076 Fax: (617) 871-0065

Laminates

Venture Tape Corp.. 30 Commerce Rd., Rockiand, MA 02370 ........

Positioning Controls

EMCORRIONBOXHEABT AUSHRITX 78T674. .. ccvorrrererersessnsesnssasissssssssiesssssesssssesssssansdessased

Sheilding Foils and Tapes

¥epture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 ........(800) 343-1076 Fax: (617) 871-0065
1]

BMEO,'P.0.Box 1546, AUSHN, TX. T8T67...cvuucrerrrrssivsisessssinensessasssmssssessasnsntssessisssssastsssssend

Turntables

EMCO, P.0. Box 1546, Austin, TX. 78767 ...........coovrvererccrirennnnens

ESD PACKAGING
Antistatic and Conductive Polyurethanes
Pad-Tastics, Inc., P.0. Box 50479, Cicero, IL 60650 .............. (708) 780-8402 FAX (708) 780-1636

ESD ENVIRONMENTAL CONTROL
Antistatic or Conductive Floorin
1-800-332-NORA

®
nom [;heudmbergz
——I Nora Rubber Flooring
TEST LABORATORIES AND CONSULTANTS

. (512) 835-4684

..(800) 343-1076 Fax: (617) 871-0065

(800) 343-1076 Fax: (617) 871-0065
(512) 835-4684

(512) 835-4684
(512) 835-4684

ESD Safe Rubber Flooring for Work Areas

TEST LABORATORIES

TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112................cccceo.oeout (800) 472-7999
CONSULTANTS

Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, $t. Paul, MN55108.................ooeeee (612) 330-3728

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp.

But the RF Design and EMC Test and Design Directory can help solve that prob-
lem. Our directory will put you in touch with over 40,000 decision makers in the
RF Design and EMC industry. There are fantastic introductory offers that make
advertising even easier.

Call 1-800-443-4969 for details.
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RF quide to editorial coverage

Advantest Corp. 58 Harris Semiconductor 73 Pawlan Communications 8
Allen Osborne Associates 28 Hewlett-Packard Co. 26, 40, 58 Phasor Design 8
Allied Business Intelligence 24 Hill Engineering 62 Pinpoint Communications 2
Anadigics 60 Hittite Microwave 56 Process Analysis and Automation 8
Anritsu Wiltron 88 HP EEsof 24,88 Renaissance Electronics 6
Amplica 30 IBM 26 R.F. Research Australia 6
Anaren Microwave 88 IPC 24 RF Industries 26, 8
Andrew Corp. 21 Intusoft 76 RF Micro Devices 4
Ansoft 88 ITT GTC 30 Schaffner 2
Applied Systems Engineering 88 JB Data 88 Schientific-Atlanta 2
AT&T 68 Loma Scientific 28 Southwestern Bell 6
AVX Corp. 60 Magnum Microwave 62 Svetlana Electron Devices 2
Bellcore 68 Marconi Instruments 58 Syntest Corp. 6
BNR 68 Maxim Integrated Products 60 Tektronix 58, 8
California Eastern Laboratories 60, 76 MCI 68 Tellabs Operations 3
Ceramic Magnetics 58 Mead Microelectronics Inc. 21 Tettex Instruments 2
Compact Software 76 Merix 26 Texas Instruments 6
Connor-Winfield Corp. 60 Microdyne Corp. 26 Times Microwave Systems 5
Digital Radio Research Inc. 24 Micron Communications 56 TriQuint 3
DSC Communications Corp 8 Mini-Circuits 62 TUSONIX 5
DSM Engineering Plastic Products 88 Miteq 62 UCLA Extension 2
Dyconex AG 26 Motorola 68, 60 University of Missouri-Rolla 2
Eagleware 70 National Technical System 26 Valpey-Fisher Corp. 6
Florida RF Labs 88 National Semiconductor 68 Virginia Polytechnic Institute and State Univ. 2
Glasteel Industrial Laminates 8 NEC 30, 60, 76 Wenzel Associates 5
George Washington University 21 Networks International Corp. 60 Wessex Electronics 6
Georgia Institute of Technology 21 Noise Com Inc. 58 Wyle Laboratories 2
Grayson Electronics 68 Northeast Consortium for Engineering Educ. 21 Z Domain Technologies 2
GTE 68 Oki Semiconductor 56, 88
Haefly Trench 26 Pasternack Enterprises 88
RF advertising index
ADVERTISER PAGE # READERSVC#  ADVERTISER PAGE # READER SVC #
Amplifier Research 78 55  Microwave Solutions 8 5
ANFitsy WIIEON covoevevenciveennriecceserinnns 53,52 A-B 40 Mini Circuits ......ooeereeennnene: 4-5,65,75,6,105,36-37..........3,65,49,68,54,64,4,66,56,69,26,67
California Eastern Labs ............ccoooee.. 106, 12-13 57,9  Nearson 66 14
Centurion 55 41 Noble Publishing 7 72
Coilcraft 29 22 Noise Com, Inc 19-20 15
Communication Concepts 62 46 Penstock 31,61 23,45
Compact Software 39 27 Programmed Test Sources 63 48
Dale Electronics, InC..........oveeveeeeeenecrieneninens 60 Raltron/Time & Freq 41 30
Delphi Components 52 374 SRE Micro/Devices, INC. i essissamimsin 45 32
DKD Instruments 62 47  Richardson Electronics 57 42
Eagle 69 52 Silicon Valley Power Amps 18 51
Eagleware 25 17 Southwest Circuits 18 50
Electro Dynamic Crystal 58 43 Surcom Associates 52 38
ENI WO et AL el o i O 11 SV Microwave 46 33
Fujitsu Microelectronics 22-23 16  Synergy 59 4+
Giga-tronics Inc 2 el AT=Tech 41 29
Hewlett Packard 11 8  Temex. 32-33 4
Hittite Microwave Corp. 10 7 Toko America, Inc. 48 34
IFR Systems Inc. 3 2 Valpey-Fisher 40 8
[RGB A N i 14... 10 Vari-L Company, Inc 34 25
Kalmus Engineering 9 6  Vectron Technologies 26,27 18
LPKF CAD/CAM Systems, Inc. 28... 21 Vectron Laboratorics......... 49 35
M/A Com (3 Divisions) A3 31 Voltronics 205 (| PR AT 12
Marconi Instruments 71 71 Werlatone, Inc. 17 13
Matrix Systems Corp o [P 36  XTAL Technologies, Ltd i, R 30
MicroNetworks Corp 69 53
LSS e e, 0 et el e,k S, P et S P et A e B M
1077, Skokie, I1. 60076. Subsiriptians are $48 per year ($82 I'Dwm)hlhr Upied States: 968 (surface ‘mail) or $108 (Air Mail) per yeer for cosntries. Payment mm\.em.d-hugn-n-.umm ‘available, ..n;l. copies and back tssues are 85.(
oach (in the 'J.B.). This pﬂhm«n in available on mnm-ﬁlm ficke from University Microfilms International, 300 Zesb Road, Ann Arbor, 48108 (313) 761-4700. Autharization to phetocopy m-. for internal, personal or educational classroom ase in granted by RF [
appropriate fee is pawd directly to Cloarance Gonter, 333 Rosewcod Drive, Danvers, MA 01923 and provided the number of copies is fewer than 100. For authorization, contact the Copyright Clearance Center at (508) 750-8400. The Transactional Report
luud-. 0163- ul“n‘vum For those m«-«-mmmmmu 303) 220-
SUBSCRIPTION lm:"m (708) 847-0758.
POSTMASTER & 8f Ploase send addrees changes to RF Design, P.O. Box 1077, Skokie, IL 60078,
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25101025MHz VCO's s119%

load insensitive (+9dBm output)

From Mini-Circuits...here’s the ZOS solution! A winning lineup of
low cost, connectorized voltage controlled oscillators that typically
provide wide octave band linear tuning, low phase noise, and
excellent 25dB harmonic suppression. The dual output provides
well isolated ports(47dB typ), and frequency settings are virtually
independent of the load. Applications include frequency
monitoring, PLL circuitry, laboratory use, and as a frequency
source for burn-in, power test, and other production testing. So,
turn to the ZOS solution for reliable, high performance VCO's
with the “ £33 Mini-Circuits” stamp of value.

Mini-Circuits...we're redefining what VALUE is all about!

Model Freq. Range  Phase Noise  Puling, Typ. Harmonics

No. {MHZ) (dBc'Hz) (MHZz)pk-pk {dBc)
Min.-Max. SSB@10kHz Typ. @ 0 dBr Typ.
Z0S-50 25-50 -107 0.012 -22
Z0S-75 37.5-75 -110 0.016 -26
Z0S-100 50-100 -1 0.026 -29
Z205-150 75-150 -107 0.017 -26
Z20S-200 100-200 -106 0.015 -25
Z0S-300 150-280 -103 0.017 27
Z0S-400 200-380 -100 0.021 -24
Z205-535 300-625 -96 0.018 27
Z20S-765 485-765 -96 0.033 27
Z0S-1025 685-1025 -92 0.051 -25

Notes: Tuning voltage 1 to 16V required to cover freq. range. Power output
+9dBm Typ. (Main). Power 12V DC, +130mA (MAX)). Operating
temperature range: -55°C to +85°C.

[ JMini-Circuits @ .8

P.O Box 350166, Brooklyn, New York 11235:0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits. com CIRCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK + INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 218 Rev Orig



° From RF

CONVERSION GAIN

25 | :
)
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e . UPC2758T & {
S — UPC2757T \\
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100 500 1000 1500 2000 2500
LO Frequency (MHz)
Vee = 3V LO Power = -5dBm IF = 200 MHz
RECEIVER LINEUP
UPC2756T l UPC2753GR |
| )
1.575 pc
GHz to
| 20MH2z
TYPICAL SPECIFICATIONS
w PART OPERATING lcc CONVERSION OUTPUT
[ VOLTAGE GAIN P3
UPC275°T! 3v 11ma 17dB  +5dBm
uPC27s57T7* 3V 5.6ma 13dB 0dBm
UPC2756T? 3V 59ma 14dB 0dBm
1.Measured at 2.0Gkz 2.Measured at 1.6 GHz -
% ,
Need Product Information Fast?
Use CEL's 24-Hour Fax Sytem!

CEL/Fax 800-390-3232

New 3 Volt Downconverters:

to IF for 99¢

N EC miniature downconverters are the latest addition

to CEL's growing family of 3 Volt RF ICs.

Need low distortion? Our new UPC2758T delivers
+5dBm output IP3, Low current application? Choose
the UPC2757T. 1t provides 13dB of conversion gain
from only 5.6 mA. Both feature a mixer, LO and IF
buffer amplifier, and a Power Down function to
prolong battery life.

Another low current device, the UPC2756T, helps
simplify your designs by combining mixer, IF amplifier
and oscillator — all on a single chip.

All three feature 3dB RF bandwidth to 2.0 GHz, with
3dB IF bandwidth of 10 to 300 MHz.

Housed in miniature packages no bigger than a

SOT-143, these devices are available now on tape and
reel and priced in quantity from only 99¢.

Best of all, they can be combined
with CEL's other MMICs and discretes to Q
provide complete GPS, PCN or 2.4GHz :
wireless LAN solutions.

ooooooooooooooooooooooooooo

Need a higher level of integration? The 3 Volt
UPC2753GR IF downconverter combines an RF input
amplifier, Gilbert cell mixer, LO input buffer, IF
amplifier with AGC, external filter port, and IF output
limiting amplifier — all in 2 miniature 20 pin SSOP
package. This device features DC to 400 MHz RF
response, DC to 20 MHz IF response, and typical overall
conversion gain of 79dB.

For data sheets and a Silicon MMIC Product
Selection Guide, call your nearest CEL Sales Office, or
circle the number below.

California Eastern Laboratories

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 hittp//www.cel.com
Sales Offices 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 Timonium, MD {410) 453-6600
Middleton, MA (508) 762-7400 Hackensack, N} (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774- 7682

INFO/CARD 57





