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What Do These Numbers Mean to You?
24 29 35 1.0

d A. Legal Alcohol Content in California Beer?

1 B. Your College Grade Point Average?

dJ C. Designations for Hard-to-Find High-Frequency
Connectors and Adapters!

It you checked “C” call us today
to receive your free SRI
Connector Gage High Frequency

/  Connector Gage Company
Connectors catalog. “ &

We are proud to offer the full line
of products from SRI Connector
Gage Company, which specializes
in the design and manufacturing of
custom and standard connectors,
adapters and interface gages.

C.W. Swift & Associates is the
original RF and microwave _ _
stocking distributor, providing by Bralilic ] Golls sl
delivery and personalized sales '
and service for over 40 years.

Call 1-800-CW SWIFT (1-800-297-9438)

In-stock orders received before 4:00 p.m. PST are shipped the same day!
4 / Pl .

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT « 818-989-1133 « 818-989-4784 (fax)
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ADVANCED "C2K"
TECHNOLOGY...

TRIMMERS 30% - 40% SMALLER WITH
' HIGH Q & MINIMUM ESL FOR
POWER AMPLIFIER APPLICATIONS

* Model 57283
Capacitance Range: 0.8 to 4.5 pF
Height: 0.23"

e Model 57273
Capacitance Range: 0.8 to 8.0 pF
Height: 0.33"

Tuned To Yoxjr Needs

Johanson Manufacturing Corporation

Circle 11

* Tape and reel available

* High Resonant Frequency

- *» Delivery: Stock to 6 weeks

Rockaway Valley Road
Boonton, New Jersey 07005
Tel 97303342676 Fax 97303342954

www.johansonmfg.com

1ISO-9001 CERTIFIED

See us at Wireless Symposium, hooth #1021



THE WORLD'S LARGEST SELECTION

2kHz t010GHz .., 99¢

Choose from over 550 standard off-the-shelf models from 2way and Sway to 48way; 0°, 90°, and

180°; 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom
designs such as wider bandwidths, higher isclation, lower insertion loss and phase matched ports...all at catalog
prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized...
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a

1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run.
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today!

Mini-Circuits...we’re redefining what VALUE is all about!



see us on the web
http://www.minicircuits.com

[ Mini-Circuits T

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com  /FCLE READER SERV D
For detailed specs on all Mini-Circuits products refer to * 760- pg. HANDBOOK « INTERNET « THOMAS REGISTER « MICROWAVE PRODUC A DIRECTORY = EEM

ISO 9001 CERTIFIED : F 194 Rev B




Stanford Microdevices is the clear choice.

When clarity and power matter most,
Stanford Microdevices delivers.

Stanford Microdevices, Inc. (SMI) is a leading supplier of RF
integrated circuits for the wireless and wired telecommunications
markets and a supplier of choice of OEMs worldwide. Stanford
Microdevices continues to be on the industry’s leading edge
because of our superior quality, outstanding value and innovative
technological advances. SMI provides the tools to create wireless
communications equipment that is smaller, lighter, more powerful
at market leading prices.

Our SGA 6000 series of silicon germanium MMIC amplifiers
offers the high intercept point, high efficiency and high integration
level at high output power desired, while providing the low noise
figure and low power consumption needed for all wireless
applications.

SGA-6386 has 1dB compressed output power of +20dBm,
output third-order intercept point of +36dBm and 15.5dB

of gain at 900MHz. Pricing on the SGA-6386 is $1.21 in quantities
of 10,000 pieces with availability from stock to eight weeks.

www.stanfordmicro.com
Make us your home page!

SGA-6286 SGA-6386 SGA-6486

SGA-6289 SGA-6389 SGA-6489
Frequency (GHz) DC-3.5 DC -3.0 DC-1.8
Gain (dB) 13.8 154 19.7
TOIP (dBm) 34.0 36.0 34.0
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 3.9 3.8 2.9
Supply Voltage (Vdc) 4.2 5.0 5.2
Supply Current (mA) 75 80 75

All data measured at 1GHz and is typical. MTTF @ 150C T] = 1 million hrs. (Rpy = 97C/W typ)

/ " ‘.\«
SiGe HBT MMIC | t | 50189 package
features include: -
# Cascadable 50Q M +20dBm 1dB Compression Point
M Single voltage supply M Low current draw

W High output intercept M Low noise figure ,"Ww
i vy 86 package
\_ .

e

L'_-j Stanford

=

Microdevices 1-800-764-6642 u.s. rorirree
We Deliver RF innovation  1-408-616-5400 outside u.s.

©2000 Stanford Microdevices. All company and/or product names are trademarks and/or
registered trademarks of their respective owners.
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Successful searches end up at
www.stanfordmicro.com

Stanford Microdevices, Inc. (SMI) is a leading supplier

of RF integrated circuits for the wireless and wired telecom-
munications markets and a supplier of choice of OEMs
worldwide. Stanford Microdevices continues to be on the
industry’s leading edge because of our superior quality,
outstanding value and innovative technological advances.
SMI develops and markets the components needed to create
wireless communications equipment that is smaller, lighter,

more powerful and priced right.

SGA-2000 product family offers wideband operation of up
to 5 GHz, high output linearity, flat gain response and low
noise figure with very low power consumption. These
devices are available in industry standard SOT-363 and
85mil plastic packages from stock to eight weeks.

www.stanfordmicro.com
Make us your home page!

SPECIFICATION MATRIX

SGA-2163 SGA-2263 SGA-2363 SGA-2463

SGA-2186 SGA-2286 SGA-2386 SGA-2486
Frequency (GHz) DC-5.0 DC-3.5 DC-2.8 DC-2.0
Gain (dB) 10.5 15.0 17.4 19.6
TOIP (dBm) 20.0 20.0 20.0 20.0
P1dB (dBm) 7.0 7.0 7.0 7.0
N.F. (dB) 4.1 3.2 2.9 2.5
Supply Voltage (Vdc) 2.2 2.2 2.7 2.7
Supply Current (mA) 20 20 20 20
All data measured at 1GHz and is typical. MTTF @ 150C T; = 1 million hrs. (R = 97CG/W typ)

am

SiGe HBT MMIC {#} 86 package
features include: \ :

M Cascadable 50Q
M Single voltage supply
M High output intercept

M Low current draw
M Low noise figure

i
/4
& SOT-363 package

R

bl 1'800'764'6642 U.S. Toll-Free
We Deliver RF Innovation  1-408-616-5400 outside u.s.

©2000 Stanford Microdevices. All company and/or product names are trademarks and/or
registered trademarks of their respective owners.
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Innovarive Mixers

.smaller size .better performance .lower cost 200kHz To 4200MHz fmm 10 49

e Searching high and low for a better frequency ADE* TYPICAL SPECIFICATIONS: .\ LRisol
lt mixer? Then take a closer look at the Mol et Ry Mg Bendwoe PRLET Tl
innovative Innovative Technology built into Mini-Circuits MEY 1 oo 3B e 0 o
technology ADE mixers. Smaller size is achieved using MElms< 3 oo i1 a9 % i Lo
an ultra-slim, patent pending package with a profile as low as S S i jE 258
0.080 inches (2mmy} in height. Electrically, ADE mixers deliver ADE4 3 2001000 47 64 g 1 42
better performance than previous generation mixers through all AES 3 saso a7 o8 aoe 18 Sa
1 11 1 H ADE-13 2 50-1600 7 8.1 404+ 11 3.10
welded connections and unique assfembly C.onstr‘uchon wh!ch At 2 soeoo o Bl « I P
reduces parasitic inductance. The result is dramatically improved high AEds 3 17002500 47 49 zr 0 345
frequency and IP2-IP3 performance. Plus, ADE’s innovative package AEJST 5 2e000700 47 66 % 13 345
i i i - - + 95
design allows water wash to drain and eliminates ) ADEG2 3 25003200 47 54 20 e 69
e . mm e - + 5 C
the pOSSIblllty of residue entrapment. Another ADE-1BW 3 1750-3500 47 5.4 33 i) 3.95
ADE high point is the fower cost...priced from preu IRy SR P4 5 I %
B 3 ADE-1LHW 3 2-750 +10 5.3 52 15 4.9
only $1.99 each (qty.10-49). So, if you've been AEMH 3 2500 13 82 50 17 595
searching high and low for a mixer to exceed : MOETMH 5 109200 13 6 o " o
expectations...ADE is if ACTUAL SIZE ADEsMi 3 Samo 13 6o o 8 So5
ADE-42MH 3 5-4200 +13 7.5 2?" 17 14.9.::
ADE Mixers...Innovations Without Traditional Limitations! P ERAR NS A 2 o B
ADE-12H 3 500-1200 +17 6.7 34 28 8.95
ADE-20H 3 1500-2000 +17 52 29 24 8.95

Component mounting area on customer PC board is 0.320"x 0.290".
«Specified midband.  *Patent Pending.

[ JMini-Circuits P

CIRCLE READER SERVICE CARD
P.O.Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

Lv‘ " ™The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com
e

ISO 9001 CERTIFIED : F 267 Rev|
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modulator
demoduiator

76

On Our Cover

A High Dynamic
Range Miniature
Modulator/
Demodulator

Synergy Microwave

The company’s new VMS
series of I/Q modulators
and demodulators offers
designers both low noise
and high isolation in a
small, low cost package.
The patent-pending tech-
nology also provides EMI/
RFI protection and mois-
ture resistant capability.
Photo provided by Synergy
Microwave.
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30 Phase Lock Loop Stability Analysis
This article gives a review of transfer functions for phase lock loops,
focusing on necessary conditions to achieve steady state stability in the
loop design.
— Arun Mansukhani, Motorola

47 An ASIC Driver for GaAs FET Control Components
The author offers an application note encompassing both driver selec-
tion and circuit design for gallium arsenide FET switches and digital
attenuators. Special attention is given to non-linear performance as
Vopt is varied.

— Christopher Weigand, M/A-Com, Inc.

76 Unfiltered FQPSK: Another Interpretation and Further
Enhancements

Here is part one of a two-part, in-depth, theoretical discussion of unfil-

tered Feher-Patented Quadrature Phase-Shift-Keying, in which the

authors specify a means for spectral enhancement of the transmitted
waveform. An improved method of reception is also presented.

— Marvin K. Simon and Tsun-Yee Yan,

Jet Propulsion Laboratory
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08 Product Focus: Components for mm-Wave Systems

Here are some of the latest devices for millimeter-wave use.

102 Test Systems Enhance RF Component and
Power Amplifier IC Testing

Agilent Technologies, Inc.’s new test instrumentation products address
both high volume component production and RFIC testing.

104 Miniature 2.45 GHz Dielectric Filter Targets
PCMCIA Card Applications

Toko America, Inc. has introduced a dielectric bandpass filter for use in
wireless local area networking designs using PCMCIA cards.
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Quadrature Modulator IC Operates up to 2.5 GHz

Analog Devices, Inc. provides a new RF integrated circuit for commu-

nications systems using quadrature modulation.

High Speed VCX0s and Master Clock Oscillators
Operate at 3.3 Volts

Micro Networks/Anderson Laboratories offers low voltage oscillator
products for high speed, high performance computing and telecom-
muncations equipment.
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116

The Wireless Industry Gathers for Business
and Technology

Two major upcoming industry shows, Wireless Symposium and
CTIA’s Wireless 2000, offer two different perspectives on wireless,
one focusing on technical and design information while the other
targets the business of wireless.
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oise Amplifiers

] e

MODEL FREQ. GAIN  NOISE FIG. 3RD ORDER ICP
NUMBER MHZ dBNOM dBTYP dB MIN

CELLULAR-BAND AMPLIFIERS

JCA01-CO1 800-960 24
JCAO01-C02 800-960 24
JCAO01-C03 800-960 24
JCAO1-C04 800-960 24
JCA01-C05 800-960 42
JCAD1-C06 800-960 42
JCAD1-CO7 800-960 42
JCAD1-C08 800-960 42

PCS-BAND AMPLIFIERS

JCA12-PCO1 1710-1990 24
JCA12-PC02 1710-1990 24
JCA12-PC0O3 1710-1990 24
JCA12-PC04 1710-1990 24
JCA12-PCO5 1710-1990 40
JCA12-PCO6 1710-1990 40
JCA12-PCO7 1710-1990 40
JCA12-PCO8 1710-1990 40

WLL-BAND AMPLIFIERS

JCA23-W01  2300-2500
JCA23-W02  2300-2500
JCA23-W03  2300-2500
JCA23-W04  2300-2500
JCA23-W05  2300-2500
JCA23-W06 2300-2500
JCA23-W07  2300-2500
JCA23-W08  2300-2500

32
37
40

—_——m e O
WN = WOWWN =W

R R Gl e T
wWhh—wwh=w©
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WO IWND

o Removable SMA Conn
Drop-in/Microstrip Applic

: : @
JCA can customize the above amplifier specifications to tnmpetltlue Prlcmg
meet the customer’s exact performance requirements o Compact Size
for Cellular, PCS and WLL Bands. il
: o Quick Delivery

Delivery in 2-4 weeks ARO
JCA's catalog can now be downloaded TECHNOLOGY

from the Web at www.jcatech.com _ | 2
4000 Via Pescador, Camarillo, CA 93012 « (805) 445-9888 Fax: (805) 987-6990 --Email: jca@jcatech.com
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VT-1200 PLL Instruments

nt spectral purity
= Fine Resolution
= 110V ac, +12VDC supply
= Counter, Power Meter
» GPIB, RS-232

1305-2630 MHz
== 640-1305 MHz
—*=160-320 MHz

-~ == 320-640 MHz
< 80.0-160 MHz

t~  @18GHz

» Phase control linear amps

ViTcxmn

Wireless, Communications,
Training and Technical Marketing
3521 Mercer Lane

San Diego CA 92122

Cell: (619) 846-1071
Fax: (619) 452-6649
Pager (619) 340-9898
email: gioral8@tns.net
www.vitacomm.com
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Editorial

The Y2K Prevention
Effort was Almost
Good Enough

By Gary A. Breed
Publisher

Because I work in a high-tech industry, my friends would often ask me if
I thought the Y2K problem was real and how it might affect them. My stan-
dard answer was, “I’'m sure all the really
big problems will be found, but some
small ones will inevitably occur.” One of
the examples I used was that some com-
panies might find problems processing
their customers’ credit cards.

I didn’t realize that I was predicting my
own company’s future!

This column is being written on
January 13 and I don’t know yet if it has
been widely reported that a significant
Y2K problem affected many companies,
including ours. Our credit card processing
software had a serious bug that was not
identified until three business days of the new year had passed. In those
three days, credit card transactions were not cleared from temporary files
when each day’s activities were closed out. As a result, our bookstore cus-
tomers who made purchases on January 3 got the charges to their cards
repeated on the 4th and 5th! Others got double charges.

The software company claims that they began notifying users in
February 1999 with a notice on their web site, but we are a registered user
and received no letter, e-mail or other warning. We had no reason to visit
their web site because their product was working fine and we were using an
earlier upgrade that had been represented as being Y2K compatible.

For us, the end of the story is not too bad. Only a small number of peo-
ple were affected and the credit card companies are working with us and the
software vendor to clear up the problems. But, some of the large companies
using the faulty software may have had hundreds or even thousands of
transactions go wrong.

So if you have been wondering whether all that money spent on Y2K test-
ing and software updates was worth it, the answer is “yes.” Although many
companies and governments around the world did nothing and suffered few
problems, some potentially dangerous or disruptive problems were uncov-
ered and fixed. (And one moderate-sized problem was missed!)

Like medical and dental exams, bank audits and termite inspections, pre-
vention seems costly — but never as costly as the problems it prevents. W




Every once in a while someone comes along with the
pe rfect combination. when you're testing 2G and 3G products, you can't afford to
choose between accuracy and speed. But most of the time, that's exactly what you're forced to do.

We've got the perfect solution. The Agilent Technologies E4406A Vector Signal Analyzer.
We designed the E4406A specifically for the manufacturing test needs of 2G and 3G base stations
and components. It has unmatched test speed—up to 5 times faster than the competition.
Amplitude accuracy of .5dB for critical measurements. And pre-configured measurements for
faster setup than traditional spectrum analyzers. So you get all the
speed you want. Along with all the accuracy you need. And that's a

combination you dont see very often.

Agilent Technologies” For more information about our E4406A VSA, or to get a
E4406A Vector Signal Analyzer . ..

: FREE copy of Performing cdmaZ000 Measurements Today, visit our

web site. Or call us at the number listed below. Because whether it's today's formats or formats

of the future, you still have to be perfect.

www.agilent.com/find/vsa ..2°... Agilent Technologies
o0t Innovating the HP Way
1-800-452-4844, Ext. 6938 o
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Calendar

CONFERENCES

February 22-25, 2000
Wireless/Portahle 2000
San Jose, CA
Information: Wireless/Portable
Internet: http://www.WirelessPortable.com

February 28-March 1, 2000
CTIA Wireless 2000
New Orleans, LA
Information: CTIA
Tel: 1-800-421-6338 or 415-979-2250
Internet: http://www.ctiashow.com

March 6-9, 2000
CARTS 2000 — Capacitor and Resistor Technology
Symposium

Long Beach, CA

Information: CTI-EIA/ECA

E-mail: pwalsh@eia.org

Internet: http://www.eia.org

March 28-30, 2000
RTS 2000
Paris, France
Information: BRIP
Tel: + 33 01 53 17 11 44
E-mail: crey@birp.fr
Internet: http://www.birp.com/rts

April 8-13, 2000
NAB2000
Las Vegas, NV
Information: NAB
Internet: http://www.nab.org.conventions

April 10-11, 2000
2000 IEEE Emerging Technologies Symposium on
Broadband Wireless Internet Access

Dallas, TX

Information: Dr. Jon Velhl

Tel: 972-952-4190

Internet: http://www.ieeedallas-els.org

April 17-19, 2000

48th International Relay Conference
Lake Buena Vista, FL
Information: NARM EIA/ECA
E-mail: pwalsh(@eia.org
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MAY

May 1-4, 2000
2000 GaAs MANTECH Conference
International Conference on Gallium-Arsenide
Manufacturing Technology
Washington, DC
Information: Wes Mickanin
Tel: 503-615-9253; Fax: 503-615-8903
E-mail:wem@tqs.com
Internet: http:/www.gaasmantech.org

May 17-19, 2000
Eurocomm 2000
Munich, Germany
Information: Jacques Keevers
Tel: +32 2 7706643; Fax: +32 2 7708505
E-mail: j.keevers@ieee.org
Internet: http://www.eurocomm.org/2000

May 20-26, 2000
IEEE International Conference on Phased Array
Systems and Technology
Dana Point, CA
Information: Dr. Michael Thorburn
Tel: 310-336-2197; Fax: 310-336-6225
E-mail: m.a.thorburn@IEEE .org
Internet: http:/www.ieee.org

May 21-24, 2000
50th Electronic Components and Technology
Conference
Las Vegas, NV
Information: EIA/ECA-IEEE/CPMT
E-mail: pwalsh@eia.org
Internet: http:/www.ectc.org

June 7-9, 2000
2000 IEEE/EIA International Frequency Control
Symposium and Exhibition
Kansas City, MO
Information: IEEE Ultrasonics, Ferroelectrics and
Frequency Control Society
E-mail: pwalsh@eia.org
Internet: http://www.ieee.org/uffc/fc

June 11-13, 2000
2000 IEEE Radio Frequency Integrated Circuits
Symposium
Boston, MA
Information: Jyoti Mondal
Tel: 847-259-9600, ext. 4130
E-mail: mondajy@mail.northgrum.com
Internet: http://www.ims2000.org/rfic.htm



Products for a Wireless World
*LAN

* IMT2000

Eae  MIXERS

-pCs » RF Surface Mount

* WAN

- MMDS Microwave Open Carrler

R = High IIP3
* SATCOM

« LMDS = 10kHz to 26.5 GHz
RUUVIEEREIERENTIES | = Industry Standard Packaging
| ® Delivery from Stock

= Best Price-Performance ratio in the Industry

Stellex offers the broadest line of RF and Microwave Mixers

and Frequency Doublers in the industry, covering 10kHz to

26Ghz. Stellex RF Surface Mount and Microwave Open

Carrier Mixers provide the fundamental building blocks for
frequency conversions used in a broad spectrum of
wireless applications. When performance and price
matter, discover the value of innovative off - the - shelf

solutions from Stellex.

To meet your demanding system specs, specify Stellex!

1-800-321-8075

| Part Frequency Frequency LO Drive Isolation (typ) Input  Conversion Package
Number RF & LO IF Level LO/RF IP3 (typ) Loss (typ) Style

CSM1-10 10to 1,500 MHz 1t0 500 MHz  +10dBm 40dB 19 dBm 7.5dB Surface Mount
CSM1-13 10to 1,500 MHz 1t0 500 MHz  +13 dBm 40 dB 22 dBm 7.5dB Surface Mount
CSM1-17 10to 1,500 MHz 1t0 500 MHz  +17 dBm 40 dB 27 dBm 7.5dB Surface Mount

CSM2-10 10t0 2,800 MHz 10 to 2,000 MHz +10 dBm 30dB 20 dBm 7.5dB Surface Mount
CSM2-13  10t02,800 MHz 10t0 2,000 MHz +13 dBm 30dB 22 dBm 7.5dB Surface Mount
CSM2-17 1010 2,800 MHz 10t0 2,000 MHz +17 dBm 30dB 27 dBm 7.5dB Surface Mount

| MC4107 21010 GHz DCto2 GHz +7 dBm 40dB 11 dBm 6.0 dB Open Carrier
MC4110 21010 GHz DCto2GHz  +10dBm 40 dB 14 dBm 6.0 dB Open Carrier
MC4113 21010 GHz DCto2GHz  +13dBm 40 dB 17 dBm 6.0dB Open Carrier
MC4120 21010 GHz DCto2GHz  +20dBm 40 dB 23 dBm 6.5dB Open Carrier

MC4507 41022 GHz DCto 4 GHz +7 dBm 32dB 11 dBm 6.0dB Open Carrier
MC4510 41022 GHz DCto4 GHz +10dBm 32 dB 14 dBm 6.0dB Open Carrier
MC4513 4t0 22 GHz DCto4GHz  +13dBm 32dB 17 dBm 6.0dB Open Carrier
MC4520 4 to 22 GHz DCto4 GHz  +20 dBm 32dB 23dBm 6.5dB Open Carrier

* Connectorized test units available for evaluation

visit us on the web at

www.stellexms.com

The bést high performance mixers
available have a new name...

i W Stellex

Stanford Research Park ¢ 3333 Hillview Avenue, Palo Alto, CA 94303-1223
Tel: 1.800.321.8075 ® FAX 650.813.2030

Circle 58 See us at Wireless Symposium, booth #1539



Calendar

SHORT COURSES

Comsearch Center for Technical Training
Basics of Wireless for Non-Engineers

Reston, VA ............ February 7-8, 2000
Basics of Microwave Design

Reston, VA . ........... February 9-10, 2000
WLL and PMP Overview

Reston, VA . ........... February 15-16, 2000
WLL Theory and Design

Reston, VA . ........... February 17-18, 2000

Information: Comsearch, Tel: 1-800-318-1234; Fax: 703-
476-2720; E-mail: training@comsearch.com; Internet:
www.comsearch.com.

Franklin Research Group
Understanding Telecommunications
San Jose, CA .......... February 7-8, 2000
Portland, OR .......... February 10-11, 2000
New York, NY . ......... February 14-15, 2000
Atlanta, GA ........... February 28-29, 2000
Information: Franklin Research Group, Tel: 201-847-
7882; Fax: 201-847-1821; Internet: www.franklinre-
search.com.

Mlcrowave Waveguule [:nmpnnents
Where reliability and quality are paramount.
Quasar are Europe's leading manufacturer of high quality
flexible/twistable waveguide, from WG8 (WR430) to
WG24 (WR19) with flanges and jackets manufactured for
customer specific applications.

@ Fixed and Variable Attenuators

@ Cross Guide and Broadwall Directional Couplers
@ Broadband Waveguide Horns

@ Fixed and Sliding Load Terminations
@ Rigid Waveguide

@ Tee Junctions

@ Coaxial and Taper Transitions
@ Filters & Diplexers

@ Couplers, Splitters and Combiners
@ Rotary Vane Attenuators
Designed and manufactured in our purpose buitt factory in the 48
UK to 1509001 fast lead times and at low cost. Just take a % §
look at our NEW “On-Line catalogue” on our NEW website.
Whatever the application rely on Quasar.

Quasar
Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England
Tel: +44 (0)1626 834222 ,’g“
Fax: +44 (0)1626 832994 ' \
Email: sales@qmtl.com

See our NEW WEBSITE WWW. mtl com
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RTT Programmes Limited
Cellular Design
London, England
RF Amplifier Design
London, England
RF Oscillator Design
London, England
RF/IF Processing
London, England ... .... March 20-22, 2000
RF System Engineering
London, England . ... ... March 27-29, 2000
Information: Lorraine Gannon, Tel: +44 181 844 1811;
Fax: +44 181 751 2616; E-mail: seminars@rttsys.com;
Internet: www.rttsys.com.

....... February 7-9, 2000
....... February 14-16, 2000

....... March 13-15, 2000

Applied Technology Institute
Fundamentals of Radar Technology

Washington, DC . ....... February 8-10, 2000
Radar Systems Design and Engineering

Washington, DC ... ..... February 15-17, 2000
Mathematical and Physical Wavelets

Newport, RI ........... March 13-16, 2000
Satellite Communication Systems Engineering

Los Angeles, CA ... ..... March 21-23, 2000
Information: ATI Defense Systems Training, Tel: 1-888-
501-2100 or 410-531-6034; Fax: 410-531-1013; E-mail:
ATlIcourses(@aol.com; Internet: www.ATIcourses.com.

Besser Associates
Wireless Measurements: Theory and Practice
Mountain View, CA ... ... February 14-18, 2000
Signal Integrity of High-Speed Digital Design
Mountain View, CA . ... .. February 28-29, 2000
Multitone Amplifier Design
Mountain View, CA . ... .. March 2-3, 2000
Introduction to RF Transceivers and Systems
Components

Mountain View, CA ... ... March 6-7, 2000
RF Test Equipment Operation (laboratory course)
Mountain View, CA . ... .. March 8, 2000
RF Testing for the Wireless Age (laboratory course)
Mountain View, CA...... March 9-10, 2000
Behavioral Modeling
Mountain View, CA. .. ... March 13-15, 2000
RFIC Techniques for Wireless Applications
Mountain View, CA . ... .. March 20-22, 2000

EMC/EMI and Thermal Issues for Electronic Packages
and Systems

Mountain View, CA . ... .. March 23, 2000
Applied RF Techniques II

Phoenix, AZ ........... March 26-31, 2000
Introduction to Receivers, Signals and Noise

Mountain View, CA . . . . .. March 27-28, 2000

Information: Annie Wong, Tel: 415-949-3300; Fax: 415-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com.
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Single-Chip RF Receiver
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MICRFO33

5
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The GOOd Stl.lff _The MICRF_OO3/033 are t_he latest
. _ additions to Micrel’s revolutionary
¢ Incredibly easy to design QwikRadio™ single-chip RF receiver
¢ Easy to manufacture — fewer components and no trimming  family.
4 More reliable — no trim pots QWidead(;Of ICs have ?Iready Zelt a
new standard for ease of use and low
¢ Lower cost cost in the 300MHz to 400MHz
¢ 20 kbps data rate frequency band. The MICRF003/033
brings the same benefits to the less-
The SDECS used and less-restrictive 900MHz band.
Part No. Data Rate Spectrum Simply put, they take RF-in and

provide digital data-out, with no manual
tuning and no external inductors.

Power consumption is just 4mA in
continuous operation, and the device is
designed to be duty cycled, enabling
huge additional power savings.

For more information, call us or
check out our website.

Developed with AIT, Orlando, FL
*See data sheet for actual pinout
** Recommended resale FOB USA

Contact us for more information — Don’t forget to
bookmark our website for updates!

www.micrel.com/ads.html
Literature: 1-800-401-9572

Direct: (408) 944-0800 : B e ey
Stocking Distributors: L § ~f
Arrow (800) 777-2776 + Future (800) 388-8731

Newark (800) 463-9275 » Nu Horizons (888) 747-6046 The Infinite Bandwidth Company™
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Calendar

University of Missouri-Rolla
Grounding and Shielding Electronic Systems
Atlanta, GA .. ......... February 16-17, 2000
Orlando, FL . .......... February 22-23, 2000
Circuit Board Layout to Reduce Noise Emission and

Susceptibility
Atlanta, GA . .......... February 18, 2000
Orlando, FL ........... February 24, 2200

Information: Buddy Poe, Tel: 573-341-6061; Fax: 573-
341-4992; E-mail: buddyp@umredu; Internet: www.
umr.edu/~conted/ee.html.

University of Wisconsin at Milwaukee
EMC Printed Circuit Board Design

Tampa, FL . ........... Feb. 28-March 1, 2000
Information: Mark Schmidt, Program Assistant, Tel: 1-
888-545-4700; Fax: 1-888-545-4600; E-mail: dschmidt@
uwm.edu; Internet: www.uwm.edu/dept/ccee.

University of California at Los Angeles Extension
Digital Avionics Systems

Los Angeles, CA ... ..... Feb. 28-March 3, 2000
Kalman Filtering

Los Angeles, CA ... ..... March 13-16, 2000

Synthetic Aperture Radar: Understanding the Imagery
Los Angeles, CA ... ..... March 13-17, 2000
Radar Interferometry: Principles, Processing and
Applications
Los Angeles, CA .. ...... March 20-24, 2000
Information: UCLA Extension, Short Course Program
Office, Tel: 310-825-3344; Fax: 310-206-2815.

Northeast Consortium for Engineering Education
Antennas: Principles, Design and Measurements
San Diego, CA ......... March 13-16, 2000
Orlando, FL .. ......... May 22-25, 2000
Information: Kelly Brown, Tel: 407-892-6146; Fax: 407-
892-0406; E-mail: stcloudofl@aol.com; Internet:
www.usit.com/antenna.

-Campames organizations and institutions may sub-
: mit information for our Conference and Short Courses
Calendar to: Shannon O’Connor, Managing Editor,
,Applned Microwave & Wireless, 4772 Stone Drive,
Tucker, GA; Fax 770~939-0157 E-maﬁ amw@
amwireless. com ‘ o

More courses listed at m.ammless.mmf ‘f '

tel: 650-949-3300

Join a new class of engineers! Over 20,000 satisfied industry professionals profit from our courses.

Besser Associates™
The Worldwide Leader in RF and Wireless Training

201 San Antonio Circle, Building E, Suite 280, Mountain View, CA 94040
fax: 650-949-4400 web: http://www.bessercourse.com

Space for all classes is limited: early registrations are encouraged. Schedule and venues subject to change.
The Besser Associates name and logo are trademarks of Besser Associates, Incorporated.

Our most popular courses will also be
held March 2000 in Phoenix, Arizona,

Visit www.bessercourse.com for our
complete course catalog and the year
2000 schedule.

Private and/or custom training can be
delivered at your workplace.

Call 650-949-3300 for details.

February 22-25, 2000

San Jose Convention Center, San Jose, CA

lere the wireless future gets built.

=BessefAssomates the Conference Director for
nton Media Electronics Event, is
iing conference topics online right now!
t http://www.bessercourse.com and
nnect to our open online forum.
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Power Out Gain Supply IMD

Frequency

Ericsson Microelectronics
RF Power Products

1-877 GOLDMOS (465-3667) United States
+46 8 757 4700 International

www.ericssomn.comirfpower

No Tricks
Required

You don’t have to
2 do tricks to get
.« o the GOLDMOS™
RF Power
Transistors
you need.

Just go to our
web site TODAY

at www.ericsson.com/rfpower

Detailed product datasheets, application gu
notes and contact information for sample
requests are all available on our web site.

Efficiency
dB Volts dBc

Delivering Technology Choices

ERICSSON 2

See us at Wireless Symposium, booth #933
and CTIA, booth #7123
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Calendar

CALLS FOR PAPERS

ICSPAT — International
Conference on Signal Processing
Applications and Technology
October 19-20, 2000 — Dallas, TX
Topics: Adaptive processing, aero-
space, array processing, ASICs and
IP communications, control applica-
tions, data acquisition, data commu-

nications and modems, digital filter
realizations, DSP processors, DSP
systems, echo cancellation and noise
reduction, efficient algorithms,
FPGAs in DSPs, industrial applica-
tions, instrumentation and testing,
multidimensional signal processing,
neural networks, parallel architec-

Circle 37

The most advanced package
for 3D microwave design

Applications include

® Waveguide components
® Antennas

® Resonators

® Microstrips

® Microwave heating

For further information contact:

VF VECTOR FIELDS

SOFTWARE FOR ELECTROMAGNETIC DESIGN

Vector Fields Inc

1700 North Farnsworth Avenue, Aurora, Il 60505, USA
Tel: (630) 851 1734 Fax: (630) 851 2106

Email; info@vectorfields.com

Web: http://www.vectorfields.com
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tures and processing, radar, recon-
figurable DSPs, software, special-
ized applications, spectral analysis
and estimation, speech recognition,
telephony, VLSI architectures and
wireless communications.

Authors should submit a 500- to
1,000-word abstract through the
ICSPAT web site or via e-mail.
Attached files should be sent in
Microsoft Word or ASCII text for-
mat. Abstracts may also be mailed
or faxed if necessary. Submissions
should include title, topic, primary
author and complete contact infor-
mation, list of contributing authors,
and list of any other submitted
papers with which the authors are
affliated. (Authors are limited to
affiliation with no more than two
accepted papers.) Complete submis-
sion guidelines are available on the
conference web site.

Submit abstracts to:

Deanna Young

ICSPAT, CMP Media Inc.

525 Market St., Suite 500

San Francisco, CA 94105-2713

Tel: 415-538-3860

Fax: 415-278-5390

dyoung@mfi.com

http://www.dspworld.com
Deadline: March 1, 2000

GaAs 2000

October 2-3, 2000 — Paris, France

Topics: Compound semiconductor
material (including SiGe, SiC, GaN
and AlGaSb), device and circuit
technologies, technology CAD, relia-
bility, yield and statistical analysis,
device characterization and model-
ing, high speed digital devices and
circuits, opto-electronic devices and
applications, micro and nano-tech-

nologies, MEMs and MOEMs,
MMIC for telecommunications,
automotive, military and space

applications, and packaging.
Authors should submit an author
information form (call or e-mail to
receive a form) and either two hard
copies or an electronic file (.doc or
pdf) of a summary for each paper.



Calendar

CALLS FOR PAPERS

Submit to:

Professor Alain Cappy

IEMN

Avenue Poincare, BP 69

59652 Villeneuve d’Ascq, France

Tel: + 3332019 78 59

Fax: + 33 3 20 19 78 92

alain.cappy@iemn.univ-lillel.fr
Deadline: March 17, 2000

EuMC 2000 — 30th European
Microwave Conference

October 2-5, 2000 — Paris, France

Topics: Microwave materials, pas-
sive components and circuits, active
circuits and systems, MMICs, CAD
of microwave circuits, CAD for pas-
sive components, electromagnetic
field theory, antenna design, model-
ing and measurement, millimeter
and submillimeter wave components
and circuits, microwave measure-
ments, superconducting components
and subsystems, EM compatibility,
packaging and remote sensing,
including active and passive radars.

Authors should submit an author
information form (call or e-mail to
receive a form) and either six hard
copies or an electronic file (.doc or
.pdf) of a summary for each paper.

Submit to:

Professor Christian Rumelhard

CNAN

292 rue Saint Martin

75041 Paris Cedex 03, France

Tel: + 3314027 2179

Fax: + 33140 27 24 81

rumelhard@cnam.fr
Deadline: March 17, 2000

2000 European Conference on
Wireless Technology

October 4-5, 2000 — Paris, France

Topics: Low cost, high speed sili-
con integrated circuits, propagation
modeling for wireless multimedia,
linearity at the active device and
component levels, new modulation
and coding schemes, advanced
multi-user receivers, spatial chan-
nels and smart antennas, satellite
networks, wireless LAN, UMTS,
wireless access to information infra-

structure and impact of technology
on system performance.

Authors should submit an author
information form (call or e-mail to
receive a form) and either four hard
copies or an electronic file (.doc or
.pdf) of a summary for each paper.

Submit to:

Professor Jacques Citerne
IRER

Campus Beaulieu, CS 14315
35043 Rennes cedex, France
Tel: + 33 299 28 65 06

Fax: + 33299 38 62 48
jacques.citerne@insa-rennes.fr

Deadline: March 17, 2000

Cable Assemblies are the core of your communication system.

Without the best quality, you risk a compromise in system
performance. HUBER+SUHNER has been a leading designer
and manufacturer of RF cable assemblies for decades.

* RF connectors and cable in standard and custom designs

- High performance, cost effective cable assemblies for
your demanding applications

- Low loss, highly flexible coaxial cable with superior

screening effectiveness

- Halogen-free Enviroflex™ cable to meet all environmental

requirements

Don't gamble with system perfomance.
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Continuing a 15 year tradition of eXce_!leﬁc

- Eagleware announces the new version 7 of its

GENESYS software. A new GUI, new muli-layer

capability in the EM simulator, a faster simulation
engine and much more. Now even faster, even

easier and just as affordable. For more

e

information call us or visit our website at

www.eagleware.com

fast, easy, affordable

See us at Wireless Symposium, booth #927

EAGLEWARE=

RF and Microwave Design Software
tel: 770.939.0156 | fax: 770.939.0157
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News

BRIEFS

o K&L Microwave, based in Salisbury,
MD, has added e-commerce capabilities to
its web site,
www.klmi-
crowave.
com. The
upgraded site
offers online
ordering of
many of the
company’s
stock models, including base station
duplexers, tunable filters and harmonic
rejection lowpass filters.

» Stanford Microdevices, based in
Sunnyvale, CA, has announced the opening
of a new design center in Kanata, Ontario,
Canada. The facility will house RF design
and test capabilities.

¢ -3 Communications’ Global Network
Solutions (GNS) business has opened a new
headquarters facility in Reston, VA, as well
as regional offices in Dallas, TX, and
Atlanta, GA. GNS provides design and
management services for satellite, wireless
local loop and microwave radio systems.

 Anadigics, based in Warren, NdJ, has
opened a new remote design center in
Newbury Park, CA, providing design and
development services for its radio frequen-
cy integrated circuit products.

Andrew transverter receives first MMDS certification

Andrew Corporation, through its recently acquired Conifer
Corporation subsidiary, has received type certification from the
Federal Communications Commission for the Ultraflex® two-way
customer premise transmit/receive transverter. This certification is
the first to be given to an MMDS (Multichannel Multipoint
Distribution Service) transverter.

The transverter, one of Andrew’s wireless local loop subscriber
products, can function as a multi-channel analog and digital video
receive unit, while transmitting and receiving data to and from mul-
tiple customer premise modems and terminals. A GPS frequency-
locked oscillator corrects for signal drift over time and temperature.
The FCC type certification covers variable data rates and modula-
tion schemes, allowing service providers to use different wireless
cable modems and set-top boxes without certifying the individual
brand designs.

Andrew Corporation, based in Orland Park, IL, supplies commu-
nications systems equipment and services worldwide.

Stanford Microdevices introduces LDMOS device line

Stanford Microdevices Inc. has announced the availability of a
family of high-linearity power transistors based on Laterally
Diffused Metal Oxide Silicon (LDMOS) technology, supporting
designs for emerging 3G markets.

Suitable for all linear transmitter formats including CDMA and
W-CDMA, these devices are fully characterized and tuned for popu-
lar communication frequencies from 800 MHz to 2400 MHz with
power levels from 10 to 120 Watts. The devices are fabricated with
gold metallization and gold bond-wire interconnects, as well as gold-
plated packages for higher reliability.

Stanford Microdevices, headquartered in Sunnyvale, CA, sup-
plies radio frequency integrated circuits for the wireless and wired
telecommunications markets.

Celeritek launches GaAs process

Celeritek Inc. has announced the
availability of a new production-
ready InGaP HBT process at the
company’s facility in Santa Clara,
CA. The GaAs process is targeted for
high-volume wireless applications
and is suited for low voltage (3.0 V)
linear power amplifiers. The compa-
ny is also introducing a family of
InGaP HBT amplifier modules.

Celeritek develops GaAs radio
frequency integrated circuits for
wireless communications.

RF Micro Devices offers new line
RF Micro Devices has introduced
the company’s first component pro-
duced using SiGe HBT technology.
The RF2461 is a CDMA/FM low
noise amplifier/mixer 900 MHz
downconverter providing excellent
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noise figure and linearity perfor-
mance for dual-mode CDMA/FM cel-
lular applications. Offered in an
LPCC-20 4 mm x 4 mm package, the
RF2461 is priced at $1.87 each in
quantities of 10,000.

RF Micro Devices, based in
Greensboro, NC, provides propri-
etary RFICs for wireless communi-
cations applications.

ABI report: WAP market to hoom
Wireless Access Protocol-based
handsets will be the next “big thing”
in wireless, according to a report
from Allied Business Intelligence.
By 2005, one-third of all user
handsets will use WAP the report
says, with more than 500 million
WAP-based handsets expected to be
shipped between 2000 and 2005.
Digital will remain important, the

report says, with the digital/dual-
mode handset marketplace to grow
at 29 percent a year through 2005.
Analog-only users, however, will
drop from 34 percent in 1998 to 5
percent by 2005.

Other wireless access devices will
also see growth, but the market for
smartphones and handhelds will be
relatively small when compared to
wireless handsets, the report says.

ABI is an Oyster Bay, NY-based
technology research think tank spe-
cializing in communications and
emerging technology markets.

Companies, organizations and institu-
tions may submit information for our
News section to: Shannon 0’Connor,
Managing Editor, Applied Microwave &
Wireless, 4772 Stone Drive, Tucker,
GA, 30084; Fax: (770) 939-0157; E-
mail: amw@amwireless.com.
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A Quiet Revolution

Why the TK659xx?
Because it is a brighter
and quieter EL driver.

Peak to Peak Lamp Voltage
vs. Supply Voltage

Ly= 330 uH

L4= 220 uH

Vee W)

Output is independent of variations
of input voltage.

Available in 10 lamp frequencies

175 Hz 300 Hz
200 Hz 325 Hz
225 Hz 350 Hz
250 Hz 375 Hz
275 Hz 400 Hz

n EL Drivers

The new TK659xx series of EL drivers operates with TK659xx Voltage Waveform
. Controlled Rise and Fall Times
a breakthrough voltage waveform with controlled T —

rise and fall times. This improves efficiency while

reducing audible and RF noise.

Further noise reduction is achieved with a fixed M{
frequency PWM boost circuit operating above 20kHz.

This boost circuit regulates the output independent

of variations in battery voltage, to assure consistent

. T M 00ms Chin 2.0V
brightness and color. Math 1 20.0V 1.00ms
The peak current control of the TK659xx series allows

use of Toko's miniature EL coils (D31FU, D32FU, and L o
App[lcatlon Clrcmt

D52FU) without fear of saturation, while reducing 4 vcc i
overall circuit space. ovce
The TK659xx series is housed in a small, SOT-23L

package, making it ideal for devices where noise and
board space are critical. This includes wireless phones,
caller IDs, PDAs, MPEG players, handheld computers,

GPS, digital cameras, watches, clocks, radios,

_ "~ Note: Ly-Toko Low Profile D52FU
calculators, portable instruments, radar detectors —

anything with an EL panel.

Call us or check our web site for details on the TK659xx.

(=TOKO
IC Toko

Toko America, Inc.
1250 Feehanville Drive, Mt. Prospect, IL 60056

1-800-PIK-TOKO Fax: 847-699-1194
http://www.ICToko.com
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News

BUSINESS AND FINANCE

Signal Technology acquires
Advanced Frequency Products

Signal Technology Corporation
has announced that it has acquired
privately-held Advanced Frequency
Products (AFP), based in Andover,
MA. Financial terms of the transac-
tion were not disclosed.

Signal Technology, based in
Danvers, MA, produces electronic
components and systems for
telecommunications. AFP provides
high-frequency millimeter wave
and microwave transceivers for the
broadband wireless communica-
tions infrastructure market.

The leaders in crystal technology have taken miniaturization even
further. Featuring outstanding temperature stability performance,
and no frequency perturbations, at low cost.

The minute IT5300 and IVT5300 have a
footprint of only 5x3.2mm and retain all the
features of the IT/IVT7500 series oscillators.

The 5300 series employ an analogue
integrated circuit (IC) for temperature
compensation. And like our 7500 series this IC

has no erratic frequency jumps, unlike previous

digital compensation attempts.

The unit can operate on any supply voltage
between 2.7 and 5.5 volts, and consumes only
1.2mA typically. Clipped sinewave frequency
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Product can be found at:- hitp:/www.rakon.com/models/
browse -model?model_id=TXI&model_type=0

output ranges from 14MHz to 26MHz are available. Standard frequencies available for sample
deliveries include; 19.44MHz, 19.68MHz, 16.8MHz, and 26MHz.

When size does matter, Rakon continues to lead
the way- providing the TCXO of choice for
cellular phones, wireless modems, two way
pagers and many other wireless applications.

RAKON LIMITED

1 Pacific Rise, Mt Wellington,

Private Bag 99943, Newmarket,

Auckland, New Zealand.

Fax: +64-9-573 5559 Phone: +64-9-573 5554

View and download product information from
our Web site or e-mail: sales@rakon.com

www.rakon.com
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Motorola NSS receives contracts

Motorola Inc.’s Network
Solutions Sector has received two
new contracts to provide cellular
network equipment for systems in
Israel and Ghana.

Under a contract with Pele-
Phone Communications, Motorola
NSS will expand the company’s
existing CDMA digital cellular net-
work in Israel with additional
infrastructure equipment. The
contract is valued at $122 million.

A separate agreement with
Ghana Telecommuncations Com-
pany Ltd. calls for the installation
of a new GSM digital cellular net-
work in Ghana. The contract is
worth $41.5 million.

Motorola, based in Schaumburg,
IL, provides semiconductors, inte-
grated communications solutions,
embedded electronic systems and
components.

Adaptive Broadband signs contract
Adaptive Broadband™ Corpora-
tion has signed a $225 million, five-
year contract to provide its AB-
Access fixed wireless broadband
equipment to Telecom Wireless
Corporation. Adaptive Broadband,
based in Sunnyvale, CA, is a data
networking solutions company
developing technology for the
deployment of broadband wireless
communication over the Internet.

Giga-tronics awarded contract
The Instrument Division of
Giga-tronics Inc., based in San
Ramon, CA, has received a follow-
on order for VXI synthesizers and
down converters from ManTech
Test Systems Inc., of Chantilly, VA.
The contract is worth $3.3 million.
Giga-tronics’ Instrument Divi-
sion manufactures instruments
and automatic test systems for
wireless communications. Man-
Tech Test Systems is a subsidiary
of ManTech, which provides auto-
matic test equipment to the
defense and commercial markets.



\Y N L@ 210D Voltronics

J Series

STABILITY I

Trimmer

p_~ Capacitors

Any model,
up to
90,000 pieces...
Stock to 4
weeks!

« Stability of +/-1%

* Usable to over 1 GHz

* Designed for reliable
vacuum pickup

* Capacitance ranges
from 0.4 - to 40 pF

Actual Size ¢ @ &

The J Series delivers unexcelled stability for demand-
ing applications, from wireless base stations to CATV
amplifiers, cordless phones to pagers, heart monitors
to wireless microphones.

The Trimmer Capacitor Company

® <D,
To get all of the details, VOltl’OﬂlCS%

== H INTERNATIONAL CORPORATION
visit our web site at 100 Ford Road = Denville, NJ 07834

WWW.VOItronicsScorp.Ccom. 973.586.8535 = FAX : 973.586.3404

e-mail: info@voltronicscorp.com
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News

BUSINESS

Crown Castle, One 2 One sign contract
for mohile network in Northern Ireland

Crown Castle International Corp.’s UK subsidiary,
Crown Castle UK Limited, and wireless service
provider One 2 One have signed a $160 million agree-
ment for a new mobile network in Northern Ireland.

Crown Castle will provide a turnkey solution for One
2 One, including all cell planning, acquisition, design,
build, operation and maintenance for the mobile net-
work. The agreement will run for an initial term of
eleven years. Crown Castle already operates approxi-
mately 100 tower sites in Northern Ireland and these
sites will provide the backbone for the new network.
One 2 One is the world's first all digital mobile network
and is a wholly owned subsidiary of Deutsche Telekom.

Crown Castle International Corp., based in Houston,
TX, provides communication sites and wireless network
services as well as related infrastructure and network
support services, in the United States and the United
Kingdom. One 2 One, the world’s first all digital mobile
network, is a wholly owned subsidiary of Deutsche
Telekom.

L-3 purchases training division from Raytheon

L-3 Communications has acquired Raytheon’s
Training Devices and Training Services (TDTS), head-
quartered in Arlington, TX, and Binghampton, NY. The
transaction is valued at $160 million.

TDTS provides high fidelity, fully integrated simula-
tor training products, such as flight simulators and
pilot training systems for aircraft and helicopters, com-
bat vehicle trainers, and training support services. Its
products and services are used by U.S. and foreign mil-
itary agencies and prime contractors.

L-3 Communications supplies secure communication
systems and products, microwave components, avionics
and ocean systems and telemetry, instrumentation,
space and wireless products.

Proxim acquires Wavespan Corporation

Proxim Inc., based in Sunnyvale, CA, has acquired
Wavespan Corporation of Mountain View, CA. The
transaction is valued at approximately $14.4 million.

Proxim is a supplier of spread spectrum wireless
LAN products to OEMs and wireless solutions
providers. Wavespan is a developer of wireless broad-
band access solutions.

ECI Telecom receives $20 million order

ECI Telecom Ltd.’s wholly-owned subsidiary,
InnoWave ECI Wireless Systems Ltd., has announced a
$20 million order from Atlantic Telecom, a subsidiary of
Atlantic Telecom Group PLC, to deliver fixed wireless
access solutions in the UK.

26 - APPLIED MICROWAVE & WIRELESS

AND FINANCE

Under the agreement, InnoWave’s MultiGain
Wireless (MGW) systems will be deployed in Atlantic
Telecom’s new license area in northwest England, as
well as its existing operating systems in Scotland. The
system uses frequency hopping CDMA technology.

InnoWave ECI Wireless Systems Ltd. provides fixed
wireless access systems and wireless local loop (WLL)
products and solutions. ECI Telecom, based in Petah
Tikva, Israel, provides integrated network solutions for
digital communications and data transmission systems.

TSMC, TASMS announce merger plans

Taiwan Semiconductor Manufacturing Company
(TSMC) and TSMC-Acer Manufacturing Corporation
(TASMC) have announced that they have signed an
agreement to merge TASMC with and into TSMC. The
financial value of the transaction was not disclosed.

TSMC, based in Hsin-Chu, Taiwan, is a semiconduc-
tor foundry offering processes including CMOS logic,
mixed-mode and BiCMOS.

Wireless Facilities receives new contract

Wireless Facilities Inc., based in San Diego, CA, has
signed a three-year contract with Advanced Telecom
Corp. to provide network deployment services for the
company’s build-out of its Internet Protocol (IP) net-
works. The value of the contract was not disclosed.

Wireless Facilities designs, deploys and manages
wireless networks worldwide. Advanced Radio Telecom
Corp., headquartered in Bellevue, WA, provides local IP
services to metropolitan areas nationwide.

Micronetics receives order for assemblies

Micronetics Wireless Inc., based in Hudson, NH, has
announced that its Micronetics/Components Group has
been awarded an order from Daimler Chrysler
Aerospace to supply microwave integrated assemblies
for the European Fighter Aircraft. The value of the
agreement was not disclosed.

Micronetics Wireless manufactures broadband test
equipment and components, as well as microwave com-
ponents and subassemblies.

Com-Net acquires Ericsson’s radio systems business

Com-Net Critical Communications, based in
Pittsburgh, PA, has acquired Ericsson Inc.’s Private
Radio Systems operations, located in Lynchburg, VA.
The new company will be called Com-Net Ericsson
Critical Radio Systems. The value of the transaction
was not disclosed.

Com-Net provides radio network solutions for the
public safety and service markets. Ericsson, based in
Stockholm, Sweden, provides communications products
and services worldwide.
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Phase Lock Loop Stahility Analysis

This article presents a review of PLL transfer functions with attention to
the conditions required for steady-state stability

By Arun Mansukhani
Motorola, Inc.

hase lock loops (PLLs) are key
Pcomponents of modern communi-
cation systems. Frequency synthe-
sizers, FM demodulators and clock recov-
ery circuits are some applications of
PLLs. An important aspect of PLL
design is the steady state stability of the
loop. This article examines this aspect of
PLL design, particularly the effect of
loop filter on PLL stability.
PLLs are negative feedback control

PHASE DETECTOR LOWPASSHLTER MOLTAGEQONTROLLED

systems comprising of a phase-frequency
detector (PD), a loop filter, a voltage-con-
trolled oscillator (VCO) and a frequency
divider. The function of the PD is to generate an
output waveform based on the difference in
phase (and frequency) between the input signal
and a fixed reference. This is followed by a loop
filter, normally a lowpass filter (LPF), whose
function is to filter out any high frequency har-
monics from the phase detector and to provide a
DC signal output; followed by a VCO that gen-
erates a high frequency signal controlled by the
DC input signal. A sample of the VCO output
signal is then fed back to the input of the PD as
the input waveform and compared in phase (and
frequency) to a fixed reference. In a locked con-
dition, the PLL output signal is locked in phase
(and frequency) to the fixed input reference, i.e.
the output phase has a fixed differential from
the input phase.

According to control loop theory, the transfer
function of the PLL is (assuming N = 1):

(0, =00 KpF () 0/5=0y

(D
(1+ KPF(S)KO / 3)60 = BlKI’ (S)KU /5
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A Figure 1. Block diagram of a PLL.
T fo_ ErF6K /s
01 (1+Kp (S)K()/b)
KpF(s)K, _ Gls)
s+KpF(s)K, 1+G(s)
where

T(s) is the closed loop PLL transfer function in
the frequency domain (8; and 8, being the
input and output signal respectively),

G(s) = KpF(s)Ky/s is the open loop transfer

function (complex) of the PLL,

is the transfer function of the phase detec-

tor in Volts/ Hz,

Ky/s is the transfer function of the VCO in Hz/
volts, and

F(s) is the transfer function of the loop filter.

Kp

Note that this is the transfer function of the
PLL when the loop is closed. The block diagram
of the PLL is shown in Figure 1.
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Before we examine the PLL closed loop o o
. . . 3 . . kv=100,n0 pole g=kw((i*w).") g=kwv./((i*w). ")
transfer function in detail, it is important to 36 36— ———— 0 ——
examine the stability of the PLL. A PLL is 30t 4 B0 .
unstable when the denominator of the closed 24f -l e L] IR 4 O )
loop transfer function is equal to zero. For this 1 qeolF—————— .
tooccur, 2l ] b N 12
Y IR IEIE SR NI -§ SR O ﬂ BAB0 - e e g
1+ Gls)=0 N (e
£ 5-200 §
G(s) = -1, or (2) | ol iG] el | ool
.250...."...:...“.._
boo e e e e e e 4
G(s) = 0dB @ £-180° (magnitude/phase angle) |  _.1.. .. . ... ... 1 oal. ... 0 ... ... 4 soof- -]
BOF- e e 4 BOF e - . . ‘
Hence, the PLL is unstable at the frequency a6 a5 B0~ - e et -
where the magnitude of the open loop transfer O e e ey B ey
function is unity and the phase angle is =180

degrees. Because stability is an important
aspect of any PLL design, the condition of unity
open loop gain and a phase angle of 180 degrees

A Figure 2. PLL open loop transfer function with no loop filter.

must be avoided.
Kv=100,n0 pole g=kv/((i*w)." + kv g=kv./((i*w)." + kv
PLL response with no loop filter 36 R
To further understand the PLL transfer 33 """""" ] boods i BN T
function response and stability, let us examine ?8 R Lo ool T -
the case when there is no loop filter. With F(s) LT | i
= 1 (i.e. no loop filter), the PLL closed loop R AT Jeasof i
transfer function becomes (3), _%_‘_m &=
O ki -1 ERREERES ]
?_0_: KPF(S)KO /S _ KPK() 2B0F- -t e .
6 (1+KpF(s)K,/s) s+KpK, Lo ] S
............ J -soof. il o
which is the transfer function of a LPF with ol ] 880 e
DC gain of unity and a 3 dB cutoff frequency of 0 200 400 600 800 O 20’f 40 60 80 100 O 2cf)o 400 600 800
requency requency requency
Kp x K. Therefore, an increase in the DC gain

of the phase detector and/or the VCO results in
a wider loop, which in turn results in higher
phase noise in the PLL. Also, the open loop
gain has a slope of 6 dB per octave or 20 dB per decade
for all frequencies. The phase angle is always -90
degrees at all frequencies. Hence, with no low-pass fil-
ter in the loop, the PLL is always stable, according to
the stability criteria. But the main drawback of a PLL
design with no loop filter is that the designer has little
or no control over the loop response. Figures 2 and 3
show a plot of the open and closed loop transfer func-
tion (gain and phase vs. frequency). The plot was done
on MatLab using the absolute value function (called
abs) to compute the magnitude of the transfer function
and the angle function (called angle) to compute the
phase angle. Also, the plot commands — plot (w, abs)
and plot (w, angle) — were used to plot magnitude and
phase vs. frequency.

PLL with a single loop filter
In most PLL designs, a low pass filter is used. The

32 - APPLIED MICROWAVE & WIRELESS

A Figure 3. PLL closed loop transfer function with no loop filter.

function of a LPF is to filter out any high-frequency har-
monics in the loop that might cause the loop to go out of
lock, and also to stabilize the loop. Adding a LPF also
affects the loop response including parameters such as
the loop time response T,, loop bandwidth o, and the
damping factor d of the loop. Figure 4 shows the low

R1
Vi _/\/WT— Vour
Iﬂ

A Figure 4. Single pole loop filter.
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where
Ky = KpK, )
Wy = (KV(DL) .

Jd= U)N/(sz)

Using a low-pass filter with a cutoff frequen-
cy of w;, the PLL closed loop response is a 2nd
order low-pass filter transfer function, centered
at the VCO frequency. A characteristic of the
second order low pass response is that the slope
of the filter drops at a rate of 12 dB/octave. The
term my is defined as the natural frequency of
the loop and the term d is defined as the damp-

N L " -30 M
0 200 400 600 800 0 20 40 60 80 100 (6]
frequency frequency

200 400 600 800
frequency

ing factor of the loop. Using equation 5 we can

A Figure 5. PLL open loop response with single pole LPF.

derive w¢, which is

Kv=100,wl=10@=1./((i*w).%/(wn?) + (i*w.*2*delta/wn) + 1)
30

ves m""[l’ 20° +(2- 40 +4a4)a)

(o]
R REEEREREEE B4 SEE R,
24k i

-50

1 -100

mag. dB
AR N
phase angle
N
o
o

for d<1

o¢ is the 3 dB bandwidth of the PLL.
Knowing o, we can determine the time it takes
for the PLL output to rise to 90 percent of its
final value, which is approximately

Tr = 2.2/(1)(/'

Therefore, given the cutoff frequency w; of
the low pass filter and the values of Kp and K,
we can determine the natural frequency wy of
the loop, and subsequently determine the PLL

-30
O 200 400 600 8OO
frequency

0O 20 40 60 80 100 0
frequency

200 400 600 800
frequency

loop bandwidth ®q. Knowing this, we can then

A Figure 6. PLL closed loop response with single pole LPF.

pass filter that is commonly used in PLL designs. The
filter is a one pole low-pass filter with a 3 dB cutoff fre-
quency at y,.

Therefore, in this case,

1
Flg)= ———
( s/ +1 @)
Substituting equation 4 in equation 1 gives
0, 1+KpF()K,/s - Ky
ss/wp +1) )

1

(s? /oy +5(20 ) wy)+1
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calculate the time T, it takes for the PLL to set-
tle to its final frequency value.

In order to determine the stability of the loop
with a single pole low-pass filter in the loop, we
must examine the open loop transfer function of the
PLL. As stated before, the open loop transfer function is
given by the function G(s) and is equal to:

G(s)= KpF(s)K, /s =KpK,/s(s/wy +1)=
_ Ky
s(s/wy, +1)

(6)

The open loop transfer function has two poles — one
at DC and the other at ;. Note that at every pole, the
gain slope drops at a slope of 6 dB per octave. The gain
at DC is infinite; as the frequency increases, the magni-
tude of the transfer function drops at a slope of 6 dB per
octave (due to the presence of the pole at DC). When the
frequency reaches w;, the gain drops at a slope of anoth-
er 6 dB per octave (a total slope of 12 dB per octave after



d cts. Connect these low
ce synthesizers to a
ce source and you are

contact Synergy's Sales

ebamfs are other important

MUAIEm AN
-y R
Wi INREEWA R

MICROWAVE CORPORATION

Circle 15
See us at Wireless Symposium, booth #1209




PILL STAGILARY

to

4 ‘ delta=0.1 (top curve)
0.9 (bottom curve)

-10

-15 natural

frequency

-20 .
0 10 20 30 40 50 60 70 80 90 100

A Figure 7. Closed loop gain response vs. frequency for dif-
ferent damping factors (7).

two poles). The PLL is unstable at the frequency where
open loop gain crosses the unity gain line at a slope of 12
dB per octave and the phase is —~180 degrees. This condi-
tion can be observed by plotting the open loop gain and
phase response using MatLab. The condition of instabil-
ity can be avoided by the selection of the pole frequency
of the loop filter. As the pole frequency o; decreases, the
open loop gain intersects the unity gain axis at 12 dB/
octave, the phase angle approaches —-180 degrees and the
PLL becomes unstable. The PLL approaches instability.
This can be observed either by decreasing m; while
observing the gain and phase response on Matlab or by
examining the phase response of the open loop transfer
function, which is

p= —tan"! - (0 /®)

Clearly, as ®; decreases, the phase angle approaches
—~180 degrees.

One disadvantage of using a single pole filter is that
both the closed loop bandwidth and the damping factor
of the closed loop response of the PLL depend on the
loop filter bandwidth. The designer cannot indepen-
dently set the loop bandwidth without affecting the
amount of transient overshoot. This deficiency can be

R1
Vin Vour
R2
I C1

A Figure 8. Pole-zero filter.
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easily overcome if a pole-zero loop filter is used. See
Figures 5 and 6 for the open and closed loop response of
the PLL with a single pole loop filter.

When designing a PLL, it is important to choose the
damping factor such that the loop time response has
very little overshoot. The percent of overshoot is defined
as the time it takes for a PLL to settle at a given fre-
quency. A high percent overshoot can cause the loop to
go out of lock. Figure 7 is a plot of the closed loop gain
response vs. frequency for different values of damping
(from = 0.1 to 0.9 in increments of 0.1, 0.707 being the
design goal).

PLL response with a pole-zero loop filter

Another way to control the loop response is by using
a pole-zero filter in the PLL (see Figure 8). A pole-zero
filter is a low pass filter with a pole frequency wp and a
zero frequency w,. The addition of a pole in the transfer
function causes the transfer function slope to drop at a
rate of 6 dB per octave whereas the addition of a zero in
the PLL transfer function has the opposite effect. For
example, the addition of a zero frequency increases the
slope by a 6 dB/ octave. This phenomenon is illustrated
in Figure 9.

The pole-zero filter transfer response is given by

s/lw,+1
F(s)="—"%2 =
(s) s/lw,+1 (D

where wy is the zero frequency and wp is the pole fre-
quency. The open loop transfer function is:

~ KyF(s) Ky(s/wz+1)

Gls) s s(s/op+1)

(8)

6 dBloctave slope

moc-H-z0»Z

12 dBloctave slope

»
»

pole zero
6 dBJoctave slope

FREQUENCY
E—

A Figure 9. PLL open loop gain response with a pole-zero
loop filter.
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In this case, the location of the pole is always before
the zero frequency. Given the pole frequency location, a
zero can be placed after the pole (as shown in the Figure
9) so as to avoid the magnitude from crossing the unity
gain axis at a slope of 12 dB per octave, and therefore
avoiding instability.

To determine the closed loop response, simply plot
T'(s),

7(s)= S0 - _KrFl9)Ko /s (9)
0, (L+KpF(s)K,/s)

) s/loy+1
Y slwp+1

The transfer function of T(s) is

Ti(s) = (sw, +1)
s /o, K+(1+K/o,)s+1
(10)

where o, = (0,K) and
d=(5H)1/K+1/w,)o,
Therefore, selecting the pole frequency sets the nat-

ural frequency (and subsequently the loop bandwidth)
and selecting the zero (based on the pole location in the

open loop gain response) determines the desired per-
centage overshoot. Therefore, a pole-zero filter allows
the designer to select the loop bandwidth and the damp-
ing factor independently and still achieve stability.

Summary

Steady-state stability is an important criterion in
PLL design. Stability can be determined by examining
the transfer function of the PLL in an open state. As
seen, a condition of open loop gain of unity and a phase
angle of -180 degrees must be avoided for stable opera-
tion of the PLL. This can be accomplished by the proper
selection of the loop filter parameters. B
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An ASIC Driver for GaAs FET
Control Components

This application note covers driver selection and circuit design for FET
switches and attenuators, including non-linear performance as Vy is varied

By Christopher Weigand
M/A-COM, Inc.

The use of a plastic packaged ASIC driver

enables the designer to convert from a

TTL or CMOS input voltage to the com-
plementary drive signals required for GaAs FET
switches and digital attenuators. These ASICs
are available in single (SWD-109) and quad
(SWD-119 and DR65-0001) channel devices.

GaAs FET control components require com-
plementary drive voltages, because most switch-
ing devices have both series and shunt FETs.
An example is the case of a SPDT switch, with
the series shunt configuration shown in Figure
1. In the “on” arm, the series FET would be on
and the shunt FET would be off. When a suffi-
cient negative voltage is applied to the gates of
the FETs, they are turned off. This negative
voltage gradually becomes lower as the pinch-off
voltage of the FETSs is lowered for low voltage
applications. The negative operating voltage for
“off” FETs was typically -7 volts when GaAs
control components were first introduced. This
standard is now typically -5 volts, with many
GaAs control components operating at -3 volts
in battery powered devices.

Because the FETs operate in depletion mode,
they are “on” when no volts are applied to the
gate, and “off” when a negative voltage less
then the pinch-off voltage is applied to the gate.
It should be noted that GaAs FETs in control
components have the same doping in both the
source and drain, and that the gate is centrally
located between the source and drain.
Therefore, the source and drain are inter-
changeable. Most data sheets show that the con-
trol voltage for an on FET is between —-0.2 and 0
volts. Due to the increasing use of FETs with
lower pinch-off voltages, it is recommended that

CMOS logic be used to drive GaAs FET control
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A Figure 1. A typical SPDT FET switch circuit.

components so that the “low” control voltage for
on FETSs is between —0.1 and 0.0 volt.

Block diagram of ASIC GaAs FET driver

There are three basic elements in a GaAs
FET driver circuit — the TTL input buffer sec-
tion, a voltage translator, and complementary
output buffer stages. The input section has TTL
trip points, but it was designed to accept CMOS
drive circuitry as well. There is an advantage to
driving the ASIC with CMOS in that the posi-
tive quiescent current will be under 100 pA
when a CMOS control is used. Al is approxi-
mately 1.5 mA at V., of — 2.1 volts, which means
that the positive bias current will increase when
the input logic is a T'TL high.

The TTL input stage provides an input to the
voltage translator that is either 0 volts or 5
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volts. The voltage translator takes the
signal from the output of the TTL buffer
and translates it down to between V,,
(the negative supply voltage), and V.
The output buffering serves two purpos- ‘
es. There is an additional inverting \

buffer on the path to the A output than oo ! |

there is going to the B, output, which
provides the complementary outputs of
Vopy and V.. The successive buffer
stages use larger transistors at each
stage to be able to drive capacitive loads
on the control lines.

Advantages of using an ASIC FET driver

There are several key advantages of
using an ASIC silicon driver to drive
GaAs circuitry. A silicon driver has quiescent currents
that are in microamps, where on-chip GaAs drivers use
several milliamps. Because the silicon driver provides
complementary V., and V,, voltages, the GaAs MMIC
can operate down to DC when V; is set to zero volts.
With an on-chip GaAs driver and a standard CMOS
drive, the RF input would need to be centered at +5
volts potential, which would require pull-up resistors
and DC blocking capacitors. Because the silicon ASIC
driver provides negative control voltages, the ground
bond pads on the GaAs MMICs can be bonded directly
to ground, which improves the high frequency perfor-
mance compared to floating grounds, which would be
required if standard CMOS drivers were used with 0
volts and V, for the rails.

M/A-COM sells three ASIC drivers. DR65-0001 is a
quad FET driver designed to be a low cost driver. To
minimize cost and die size, the load capacitance require-
ment was dropped from 25 pF to 4 pF. SWD-119 is a
quad FET driver that has fast switching speed, on the
order of 20 ns typical, and is designed to have a pinout
that is directly compatible with quad digital attenuators
sold by M/A-COM. SWD-109 is a single channel FET dri-
ver with the same performance as SWD-119.

Interface with RF switches

For RF switches, it is usually desirable to have a T'TL
“1” be the control for the “on” arm. For this to be true,
the A output of the FET drivers is connected to the
series FETs and the B output is connected to the shunt
FETs. To maximize switching speed, the FET driver
should be located physically close to the switch.

For fast RF switching the RF lines of the switch need
to be at ground potential (see Figure 7). The control
voltages on a switch are the gate voltages. V,, should be
0 volts for an “on” FET, and -5 volts typically for an
“off” FET. If the RF lines are blocked by capacitors, the
source voltage is DC blocked, so Vgs is not well defined
and will vary depending on the MMIC leakage currents.
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A Block diagram of an ASIC driver.

When a DC block is required, in most cases a 10 kohm
shunt resistor or a shunt inductor on the RF common
arm will usually suffice to provide adequate switching
performance.

Interface with digital attenuators

The SWD-119 is designed to interface directly with
digital attenuators such as the AT-220 four bit attenua-
tor, as shown in the diagram of Figure 8. With the con-
trols to the SWD-119 coming in from the left, the drive
lines to the FETs are a direct pin-pin connection to the
GaAs FET attenuator. The logic is set up so that a con-
trol “0” gives the insertion loss state, and a control “1”
sets a bit to the attenuation state.

To drive a 5 bit attenuator a single and quad driver
would be used. In most applications the driver outputs
are connected directly to the attenuator inputs. In
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A Figure 4. 1 dB compression point vs. Vo, Ve, gate resis-
tors, and frequency (DC to 1000 MHz).

instances where video leakage from the control lines
must be minimized, filtering can be installed between the
driver and the attenuator. The filtering would consist of
a single shunt capacitor in most cases, which would slow
the switching speed.

Most of the newer M/A-COM attenuators have an
internal 10 kohm shunt resistor, but in older attenuators
it may be necessary to provide a DC return at either the
RF IN or RF OUT port.

Without the DC return, all bits will be accurate rela-
tive to each other, except that the reference loss state will
have degraded performance, and may have up to 0.5 dB
more loss than it would be with a DC return. The other
bits do not exhibit this problem because they contain a
shunt element that provides a DC return.

Non-linear performance with V,,, = 0Vand 2V

1 dB compression, second order intercept, and third
order intercept were evaluated as a function of V., V.,
gate resistors, and frequency. This was done to reevalu-
ate the non-linear performance after the pinch-off volt-
ages of the FETs were lowered and the ion implanter was
changed to increase the FET breakdown voltages. We
measured the non-linear performance of two SPDT
switches. One switch was the SW-313, which uses the
MASW4030G die, which has 5 kohm gate resistors. In
the other switch, we replaced the MASW4030G die with
the MASWG6010G die, which has 2 kohm gate resistors.
See the graphs in Figures 3, 4, and 5 for plots of 1 dB
compression, second order intercept, and third order
intercept vs. V i, V,,, gate resistors and frequency.

There are some key points to note relative to the plots.
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A Figure 5. Second order intercept vs. V,, Ve, gate resis-
tors and frequency.

For the -3 volts data, there are significant unit-to-unit
variations below 100 MHz. The compression points in a
single wafer lot varied up to 4 dB so there needs to be a
significant guard band at low frequencies. With -3 volts
control, there was significantly better performance with
5 kohm gate resistors than there was with 2 kohm gate
resistors.

There was little variation in performance above 500
MHz so 1 dB compression plots are done over two ranges
to better demonstrate the performance at low frequen-
cies. The performance at low frequencies will be compa-
rable for IP2 and IP3.

Switching speed vs. gate resistance

There are two primary factors that limit the switch-
ing speed of GaAs FET switches, the transmission line
inductance between the driver and the MMIC and the
RC time constant on the MMIC. The RC time constant
on the MMIC will increase by a factor of 2.5 as the gate
resistance is increased from 2 kohm to 5 kohm. Unless
very fast switching speed is required, a 5 kohm is suffi-
cient for adequate switching performance.

Summary

The basic performance of the ASIC driver for GaAs
control components was described. Special attention
was paid to the performance as Vi, Ry and V,, were
varied as a function of frequency. For 3 volt performance
there was significant unit-unit variation at low frequen-
cies, and increasing gate resistance improved non-linear
performance. At V,, = -5 volts there was improvement
in the non-linear performance, with only small changes
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as gate resistance was varied. There was still fairly sig-
nificant roll-off in non-linear performance with V,, = -5
volts. With V. = -8 volts, and V,, = +2 volts, the non-

RF1

A Figure 7. SPDT switch with GND returns on RF ports.
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A Figure 8. SWD-119 driving the AT-220 digital attenuator.

linear performance was the best. There was much less
variation across frequency for V,, = -8 volts. |
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A High Dynamic Range Miniature
Modulator/Demodulator

This month’s cover features a new patent-pending product line

with low noise figure and high isolation

ost commercially available inte-
| \ ’ I grated modulators/demodula-
tors operating at cellular band
frequencies and higher require many
external components and lack the high
dynamic range and low noise figure
demanded by modern communication
systems. Synergy’s unique patent pend-
ing VMS series of I/Q modulator and
demodulator technology allows the
designer to select a low cost design with
a high dynamic range in a package as
small as 0.5 in x 0.5 in x 0.22 in., capa-
ble of withstanding harsh reflow envi-
ronment during automated assembly.
The package is EMI/RFI protected with
moisture resistant capability.

Description

Many manufacturers of active modu-
lators claim high dynamic range when
operated with low level (-20 dBm or
lower) signals. Active modulators based on
Gilbert Cell technology need plenty of external
circuitry, including supply decoupling and tun-
ing networks. When direct current (DC) is
involved for biasing the internal devices, design-
ers may run into unwanted spurious signals
unless special care is taken in decoupling vari-
ous parts of the modulator. The external circuit-
ry also increases the required p.c. board real
estate. Another suggested approach makes use
of sub-harmonic modulators where the even
harmonic of the local oscillator (LLO) mixes with
two incoming intermediate frequency (IF) sig-
nals of the same strength. The two IF signals
are separated by 90 degrees in phase, resulting
in either an upper sideband or a lower sideband
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A Synergy Microwave announces the VMS series of 1/Q mod-
ulator/demodulator products.

RF signal in the case of a single sideband (SSB)
modulator. In the case of a demodulator, this
approach will result in two IF signals of similar
strength differing in phase by 90 degrees, com-
monly known as a quadrature IF mixer. The car-
rier rejection is high due to the fact that the sub-
harmonic mixers used in the modulator offer
higher isolation at the even harmonics of the
LO. However, the signal handling capability
may be lower (depending on the design) than
that of a fundamental type, resulting in inferior
intermodulation products.

Figure 1 shows the block diagram of a typical
modulator where two double balanced mixers
(DBMs), whose IF ports are DC coupled, are
interconnected with a 90 degree hybrid on one
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A Figure 1. Block diagram of a typical modulator where IF
ports are DC coupled and are interconnected with a 90
degree hybrid on one side and an in-phase divider/com-
biner on the other side.

side and an in-phase divider/combiner on the other side.
The carrier rejection of the modulator is directly related
to the L.O to RF isolation of the mixers, whereas, the sin-
gle sideband (SSB) rejection is related to the combined
amplitude and phase balance of the various components
within the modulator. Figure 2 shows the plot of ampli-
tude unbalance vs. phase unbalance for various values of
SSB rejection. From the figure, it is evident that for 40
dB SSB rejection, one has to maintain the phase and
amplitude balances as low as 1 degree and 0.1 dB respec-
tively. The noise figure (NF) in decibels (dB) of the pas-
sive modulator is typically no more than 1 dB higher
than the conversion loss of the modulator, whereas
active modulators have poorer noise figure resulting in
lower signal-to-noise ratio.

The modulator used in the VMS series (patent pend-
ing) reduces component count, including transformers,
which are the main source of degraded phase and ampli-
tude response at higher frequencies. The transformers
used in this modulator provide higher frequency cover-
age with excellent phase and amplitude balance, crucial
to higher sideband rejection. Also, the transformers pro-

Amp Unbalance vs. Phase Unbalance for SSB Suppression
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A Figure 2. The plot of amplitude unbalance vs.
unbalance for various values of SSB rejection.

phase

vide improved isolation resulting in better carrier rejec-
tion. The 1 dB compression point of the modulator, cou-
pled with carrier and sideband rejection, determines the
dynamic range of the modulator. The 1 dB compression
can be improved (different model) by using higher level
Schottky diodes (four are used to form a ring/cross over
quad), where the level is expressed by the forward volt-
age drop (Vj) of the diode for a given current. There is a
practical limit to this. The typical values for Vrare 225
mV, 350 mV and 550 mV. One can take advantage of the
fact that the effective value of V; can be increased by
connecting as many diodes as practical in series, keeping
in mind the package size and the frequency response
limitations. When too many diodes are housed in a sin-
gle package (multiples of 4 or as required), the cost
becomes prohibitive.

Assuming the package size and frequency response of
the diode is the same irrespective of the Vj the basic
design of the modulator remains unchanged. The band-
width limitation comes from that of the 90 degree hybrid
used in the modulator. For the smallest unit, the band-
width is typically 10 percent. The third order intermod-

LO=+10 dBm

LO - 1/Q (in)
= 20dB

I and Q=-10 dBm ‘r
¢ Conversion loss (dB)=CL

SSB O/P=-(10+CL) dBm

L-R isolation

Carrier suppression (dB)=CS

LO leakage=-(10+CL+CS) dBm ‘}

A Diagram 1. Relationships to help calculate the LO/RF iso-
lation for each of the DBMs used in the modulator.
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A Figure 3. Typical isolation for a PCS band unit.



Danger.

Sloping Shoulders.

Spectral growth can compromise the most precise CDMA technologies. Often, the difficulty lies in the
transmission equipment, a potent source of distortion or the "shoulders" you see on your display. Now there are
amplifiers that help you eliminate shoulders, keep the space between carriers narrow and optimize banduwidth.

AR "S" Series amplifiers are uniquely linear. Thanks to their exceptional design, CDMA signals get amplified
but distortion stays low. You quickly pinpoint problems when testing your driver amp (or other transmission
equipment) because you know the one place it’s not coming from (the AR test amp).

"S" Series amplifiers offer a broad band that accommodates the 0.8 to 0.9 GHz, 1.85 to 1.99 GHz and 3.5
GHz frequencies used m wireless transmission. Plus spurious emissions and noise figures that ave unusually low.

Email us for a copy of our new microwave brochure and specs at info(@ar-amps.com.

wwaar-amps.com/amuy/shoulders

1SO 9001
Certified

ripe on AR products is Reg. US. Pat. & Tm. Off

Copyright© 198 Amplifier Research. The orang

- AIMPLIFIER"
RESEARCH

USA 215-723-8181 or 800-933-8181 for an applications engineer. . .
In Europe, call EMV-Munich: 89-614-1710 * London: 01908-566556 * Paris: 1-64-61-63-29 » Amsterdam: 31-172-423-000 The FOTCG Behlnd The Fleld.
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A Figure 4. Carrier and sideband performance at low cellu-
lar band for the VMS-935 model.

ulation product (IP3) depends on the V; of the Schottky
diode, the L/R, L/T and R/I isolations in the mixers and
the impedance match at all ports.

Importance of LO/RF isolation

As pointed out earlier, the LO to RF isolation deter-
mines the carrier rejection in the modulator. Diagram 1
helps the designers to calculate the LO/RF isolation for
each of the DBMs used in the modulator. The isolation
number for each of the DBMs will decrease by 3 dB, due
to the combining effect in the in-phase combiner. In the
diagram below, we will assume that the modulator is
being driven by a LO drive of +10 dBm and the I and Q
levels are -10 dBm each.

For a carrier rejection of 30 dB and a typical conver-
sion loss of 5 dB, the LO/RF isolation of the modulator
will be 55 dB and each of the DBMs will have 52 dB of
isolation. At higher frequencies, it is difficult to reach

A Figure 5. Carrier and sideband performance at high cellu-
lar band for the VMS-935 model

this figure with a conventional approach, while the new
approach can easily achieve this in smaller size. Figure
3 shows a plot of typical isolation for a PCS band unit.
LO/RF isolation is better than 50 dB, while the LO/IF
isolation is 20 dB.

Performance

Two models, VMS-935 and VMS-1710, operating in
the popular 935 to 960 MHz cellular and 1710 to 1780
MHz PCS frequency bands, are selected to highlight the
performance of the new technology. For each of these
applications, the I and Q levels are set at -10 dBm each
with a 90 degree phase difference between them at 600
kHz, while the LO level is fixed at +10 dBm. Figures 4
and 5 display the carrier and sideband performance in
the cellular band for the VMS-935 model, showing that
the SSB rejection is 30 dB (min.) across the band. With
minor modifications, VMS-935 can be used as a demod-

VMS-935 as Demodulator
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A Figure 6. The amplitude and phase unbalances across the
full band of 935-960 MHz.
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New NEC Bipolar Transistors

Higher f;s, Lower 1/

NEW

Packages

New, Smaller Packages

e Flat Lead design reduces parasitics and
improves electrical performance

» Low Profile package is ideal for PCMCIA
and other space-constrained designs

Oscillators & Buffer Amps

With the best 7// performance available, these devices help you achieve the
phase noise your design demands. They're also available in Twin Transistors.

Part Number Corner Freq* Ve le Package
NE856M03 3KHz 3V 30mA Mo3
 NE6B5MO3  5KHz 3V smA Mo3
*Review Application Note AN1026 on our website for more information
on 1/f noise characteristics and corner frequency calculation. New M03

Half the footprint area of a SOT-323

LNAs

Need low noise and high gain in an ultraminiature package for your hand-
held wireless products? These new high frequency NPN transistors deliver!

Part Number Description Package
NE6B7MO3  11GHzfINA  12d8  13dB ~ M03
NE661MO04 25 GHz fr LNA 1.2dB 22 dB 2 GHz MO4

NE662MO4  23GHzfrLNA  1.1dB  20dB  2GHz  MO4

. . . New M04

TW' n Tra nSIStor DeVIceS Half the footprint area of a SOT-143
Cascode LNAs, cascade LNAs and oscillator/buffer combinations are just three

possible uses of these versatile devices. Matched Die versions pair two adjacent
die from the wafer to help simplify your design, while Mixed Die versions —

an NEC exclusive — let you optimize oscillator performance while achieving

the buffer amp output power you need. 40 different combinations available.

Part Number Description Q1 Spec Q2 Spec
’_% UPA810TC Matched Die/Cascade LNA NE856 NE856
UPA814TC ‘Matched Die/Cascade LNA ~ NE688  NE688
AL Part Number Description Q1 Spec Q2 Spec
E UPAB26TC  Matched Die/Osc-Buffer Amp NE685  NE685 New TC Twin Transistors
TTTTTCT  UPAB4OTC  Mixed Die/Osc-Buffer Amp  NE685  NE681 Half the footprint area of a SOT-363

Data Sheets and Application Notes are available at www.ce l .COom

(991 California Eastern Laboratories NEC

Santa Clara, California = 408 988-3500 = Fax-on-Demand 800-390-3232 (US & CANADA)
DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON
Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)

Circle 29 See us at Wireless Symposium, hooth #417
and CTIA, hooth #4186
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A Figure 8. Carrier and sideband performance at high PCS
band for the YMS-1710 model.

ulator, and Figure 6 shows the amplitude and phase
unbalances across the full band of 935-960 MHz. The
amplitude balance is within 0.3 dB and the phase bal-
ance is within +1.7 degrees.

Figures 7 and 8 highlight the carrier and sideband
performance in the PCS band for the VMS-1710 model,
where the SSB rejection is 27 dB (min..) and the carrier
rejection is 25 dB. VMS-1710 can be tuned to function as
a demodulator, and Figure 9 shows the amplitude and
phase unbalances across the full band of 1710-1780
MHz. The amplitude balance is within 0.45 dB and the
phase balance is within +3.0 degrees. The plots shown
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A Figure 10. The outline drawing and the recommended lay-
out of mounting pads for the VM$ series modulators.
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A Figure 9. The amplitude and phase unbalances across the
full band of 1710-1780 MHz.

in Figures 4, 5,7 and 8 also display products that are
related to the harmonics of the I and Q signals mixing
with the LO. For higher dynamic range, it is highly rec-
ommended that the modulator be operated in the linear
range. Units designed for higher compression points
offer lower levels of the above products.

The outline drawing and the recommended layout of
mounting pads for the VMS series modulators is shown
in Figure 10.

Conclusions

The exceptional RF performance of the new lower
cost modulator is demonstrated through the above
examples. This new design can be manufactured consis-
tently in large volume and will be available in various
packages as needed. The frequency of operation can be
easily extended to 3 GHz and more using printed trans-
mission lines for transformers, 90 degree hybrids and an
in-phase combiner/divider. This unique approach com-
bines a better noise figure and dynamic range with
reduced cost in external circuitry, and requires much
less real estate on printed circuit board. ]

For more information, contact:

Synergy Microwave Gorporation
201 McLean Bivd.

Paterson, NJ 07504

Tel: 973-881-8800

Fax: 973-881-8361

E-mail: sales@synergymwave.com

Or circle Reader Service #200
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Building blocks
of the past.

- 2CEMOD
wre -0 rear

Building blocks of
the wireless future.

11 2CEMOD

Now there’s a cost-cutting, time-saving
alternative to building Power Amps from scratch.

Still designing high-power RF amplifiers the
old-fashioned way? Design with QuikPAC
amplifier components instead. Their consis-
tent quality, outstanding performance and
low unit price make switching to QuikPACs
easy and cost-effective.

Using QuikPACs instead of ordinary transis-
tors shortens design cycles and allows you
to dedicate more time to innovation. Or sim-
ply be more productive. And because we've
done some of the integration for you, your
RF amplifiers will actually be easier and less
expensive to manufacture.

Want more design flexibility? QuikPACs let
you choose how much integration you want
while retaining total control over the stages
that make your designs unique. Replace one
stage with one QuikPAC or many stages with
many QuikPACs. It's up to you.

See how easy it is to switch to Xemod QuikPAC
high-power RF amplifier components—the
building blocks of the wireless future. For
more information, call 1-408-733-7229 or

visit www.xemod.com.

Xemod, Inc. ¢ 333 Soquel Way ¢ Sunnyvale, CA 94086 < 408-733-7229

See us at Wireless Symposium, hooth #1519
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CAD/CAE SOFTWARE

Waveguide filter program
The Engineers’ Club offers

eSeptum®, an e-plane waveguide
filter design and evaluation pro-
gram. It allows the user to manipu-
late up to 14 variables, including
etch factor, waveguide tolerances,

temperature, scaling factors, band-
pass ripple, septum widths and res-
onator lengths. eSeptum can inves-
tigate manufacturing tolerances.
Housing materials include pre-pro-
grammed temperature coefficients.
Output data can be graphical or
tabular, and the program’s graph-
ing utility allows exporting of files
into plotting and graphing pro-
grams. The program runs on
Windows® 95/98/NT and is priced
at $895 plus shipping.

The Engineers’ Club

Circle #157

DesignGuides help set up
initial design

Agilent Technologies has intro-
duced a new option for its
Advanced Design System (ADS)
EDA automation software.
DesignGuides provide key specifi-
cations and circuit display page
templates to allow users to begin
the design and simulation process
immediately. The DesignGuides
have been developed cooperatively
by industry experts and Agilent’s
EEsof EDA group. Electronic semi-
nars are provided with some of the
guides on CD-ROM to provide fur-
ther insight into the topic. The top-
ics available now include power
amplifier design, linearization tech-

niques for power amplifiers, oscilla-
tor design, phase-locked loop design
and microwave passive circuit
design. Future guides are planned
for RF board, RFIC and communi-
cation system design. Agilent
DesignGuides are priced between

$5000 and $10,000 each, depending

on the complexity.
Agilent Technologies, Inc.
Circle #158

Time domain analysis
Optotek announces the availabil-

ity of a time domain transient

analysis  simulator, MMICAD

WAVEFORM™, which allows the
prediction of waveforms in fast,

e — v T o, 1

[ AR e N b e e

nonlinear circuits where s-parame-
ter data can be imported and used
in the simulation. With this capa-
bility, the user can address complex
frequency-dependent effects in pas-
sive circuits, such as the variation
of effective dielectric constant and

loss of a microstrip with frequency i

in a broadband circuit. GaAs FET
and HEMT models are included in
addition to the SPICE diode model.
The program is designed for stand-
alone operation, and it can be used
with other components of the MMI-
CAD software suite. MMICAD
WAVEFORM is priced from $7,500.
Optotek Ltd.

Circle #159

EM software adds opti-
mization and parametrics

Ansoft Corporation has intro-
duced Ansoft HFSS version 7.0,
integrating a new module called
Optimetrics™. New design fea-
tures allow wusers to predict

unwanted resonances in compo-
nents, reduce problem size with
more powerful absorbing boundary
conditions and customize the inter-
face to streamline the design
process. Ansoft HFSS is a full-wave
3D electromagnetic simulator that
enables the design of connectors,
high frequency packages and
antennas. With Optimetrics, the
user can import parametric simula-
tion results directly into the opti-
mizer. The engineer can quickly
identify the highest performance
design that is least sensitive to
manufacturing tolerances. A new
matrix solver has been developed to
obtain the speed necessary for opti-
mization. On Windows machines,
multiple processors are supported
to additional speed improvement.
Ansoft Gorporation

Circle #160

Toroid inductor design

The program TOROID version
3.4 is available from J. Bellora &
Associates. TOROID calculates the
necessary number of turns, wire

INBUCTANCE.

length, self-resonant frequency and
other parameters required for accu-
rate design using iron core toroids.
Complete data on standard cores is
included, showing color codes, iron
composition, temperature coeffi-
cient and physical dimensions.
Custom sizes and permeabilities
may also be selected. The program
can be used by small laboratories or
hobbyists to quickly evaluate sur-
plus toroids or unmarked parts.
The TOROID PRO version is priced
at $99.95 and $49.95 for additional
copies.

J. Bellora & Associates

Circle #161
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TEST EQUIPMENT

TIA/EIA-136 automated

base site analyzer

The 1900 Base Site Analyzer
(BSA) from IFR, Inc. is a compre-
hensive tester that addresses field
installation and troubleshooting
needs for TIA/EIA-136 infrastruc-
ture equipment. Test times are

We can get you out
of some tig t spots!

Flexible Coaxial Cables curve, twist, and
snake their way into those hard-to-reach

“spots that more rigid cables just can’t touch.
This ultimate flexibility ensures the best
_performance for applications on Wireless
/' and Cellular Communications, Personal
Communications Systems, and Antenna
. Systems.
A unique manufacturing process makes
stripping the dielectric from the center
~ conductor clean and easy. Every time. Most
importantly, Harbour’s high-strength, closed
cell foam polyethylene dielectric with a
composite braid configuration ensures low
_attenuation, a high degree of shielding
" effectiveness, and long term reliability.
A standard polyethylene jacket prevents
" weathering, abrasion, and chemical damage.
For indoor applications, a PVC jacket is
~—offered for CATVR rating and high per-
‘formance materials are offered for CATVP
: f plenum rating. Popular cables
include HPF195, HPF240,
d HPF400 with sizes ranging
om .100” to .500” in diameter.
h cable and connectors are avail-
from stock.

|

k.

Harbou

I NDUSTRIES

High Performance Wire & Cable

" 4744 Shelburne Road Shelburne, Vermont 05482
1 : ~ . Phone (802) 985-3311 = Fax: (802) 985-9534
&) 3 iE BN email: sales@harbourind.com
t*& i ¥a & 5 ‘ ' www.harbourind.com
See us at Wireless Symposium, booth #1220
and CTIA, booth #3784

~ Harbour’s HPF “High Performance Foam”
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reduced using the 1900 with IFR’s
AutoCell automated test software,
which completely verifies modula-
tion quality, adjacent channel
power, analog and digital mode out-
put power. It will also perform RSSI
calibration test for dual-diversity
and newer quad-diversity receivers.
The 1900 also has the ability to
fully test AMPS base stations, and
it can serve as a full-feature 2 GHz
service monitor with spectrum ana-
lyzer and tracking generator. The
1900 is priced at $43,995, with
options available for testing
Lucent, Ericsson and Nortel base
station equipment.

IFR, Inc.

Circle #162

VXI spectrum analyzer
Morrow Technologies now offers
the Model V9035, a fully program-

mable Spectrum Analyzer covering
the frequency range of 100 kHz to
3500 MHz. It is designed for use in
VXI cellular and PCS production
test systems as well as other VXI-
based test applications. The analyz-
er achieves 0.5 ppm frequency accu-
racy with digital tuning and it has
an amplitude range of —-120 to +20
dBm with an absolute level accura-
cy of +0.5 dB. Overlay drawings
establish test limits and thresholds
for any application. Also featured is
a fast measurement speed of <150
wus/step and 2 Hz resolution.

Morrow Technologies Corp.

Circle #163
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Ultra-broadband amplifier
JCA Technology introduces the
JCA222-B01 ultra-broadband amp-
lifier for EW and ECM applications.
The amplifier covers 2.0 to 22.0
GHz with a minimum gain of 30 dB

and a maximum gain response vari-
ation of £2.0 dB. Typical noise fig-
ure is 3.75 dB and power output is
+18 dBm at 1 dB compression.
Options include drop-in style pack-
ages, alternate gains and tempera-
ture compensation.

JCA Technology

Circle #164

+29 dBm power for VHF

and cellular applications
Mini-Circuits’ new ZHL-3010
coaxial amplifier provides high IP3
of +46 dBm (typ.) over the frequen-
cy range of 50 to 1000 MHz.

Operating from a 12 VDC power
supply, the amplifier delivers a typ-
ical gain of 35 dB +0.6 dB and +29
dBm power output at 1 dB com-
pression. VSWR is typically 2.0:1
input and 1.6:1 output in the mid to
upper frequency range. The ZHL-
3010 includes a heat sink and SMA

female connectors. The unit is

priced at $179.95 in small quanti- |

ties (1 to 9).
Mini-Circuits
Circle #165

GaAs dual-band integrated

power amplifier

Motorola’s MRFIC1859 offers a
single-chip solution for power
amplification in dual-band GSM/
DCS phone designs. This integrated
power amplifier includes an on-chip
voltage generator that permits sin-
gle-supply operation. A gate-drain

switching function protects the
devices from over current situa-
tions by applying gate bias before
the drain voltage is switched on. At
900 MHz, the amplifier provides 3
watts peak power for nominal 2
watt phone designs, with 2 watt
peak power at 1800 MHz for 1 watt
phones. The device is GPRS com-
patible and can also be used in
PCS1900 cellular phones. The 3.6
volt MRFIC1859 is priced at $5.95
each in $10,000 quantity.

Motorola SPS

Circle #166

7 watt CDMA amplifier
Ophir RF offers Model GRF2030,
providing 7 watts linear power out-
put in the 1.805 to 1.880 GHz fre-
quency band. High efficiency opera-
tion is obtained using unique
microstrip networks and advanced
GaAs FET devices. Reliability is
enhanced with a voltage-regulated
bias supply and EMI/RFI filtering.
The amplifier can be used in many
general purpose linear applications.
Ophir RF
Circle #167

| The TrueTriangle solution _

wirel wnications

See us at Wireless Symposium, booth #727
and CTIA, booth #8441
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15 watt CDMA amplifier
MPD Technologies offers a new
15 watt CDMA power amplifier for
the PCS transmit band of 1930 to
1990 MHz. The modular amplifier
can be used in base station or
tower-top installations, operating
with a base plate temperature
range of —30 to +65° C. A circulator
provides protection for transmis-
sion into any load mismatch. The

‘S’&W Quality Crafted, Full Service
Cable Manufacturing

Haverhill Cable and Manufacturing Corp.

Semi-Rigid Coaxial Cabie Specialists

TEL {978) 372-6386 + FAX (978) 373-8024
P O. BOX 8222, Haverhill, MA 01835

HCMC is a technology leader providing
innovative state-of-the-art semi-rigid and
flexible coaxial cable designs to the micro-
wave, military and telecommunications
industries. Using modern manufacturing
technigues HCMC has developed a
product line of superior semi-rigid

hand formable and flexible coaxial

cables and components.

A.) Easy Bend semi-rigid cables are fully
qualified to MIL-C-17 and space applica-
tions. Various impedances and low loss
versions also available.

B.) Easy Bend Il tinplated aluminum cables
can be hand formed with exceptional

ease with no spring back. Cables can be
reshaped, eliminating the need for costly
drawings. In many cases Easy Bend Il
aluminum cables can be substituted for
flexible cables; increasing shielding
effectivity, lowering loss, improving
performance and lowering cost.

C.) For commercial and telecommunication
applications where a flexible cable is
required, H-Flex series cables are
available offering performance and
shielding effectivity greater than

standard Flexible RG

coaxial cables.

See us at Wireless Symposium, hooth #1205
and CTIA booth #5133
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DC power requirement is 24 to 26
volts and the amplifier case mea-
sures 8.0 X 8.0 x 1.25 inches.
Monitor lines are provided for over-
temperature, over-current, VSWR
and device failure status.

MPD Technologies, Inc.
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1.7 to 2.7 GHz laboratory

amplifier

The SM1727-37HR from Stealth
Microwave is a compact class A lab-
oratory amplifier covering 1.7 to
2.7 GHz. The unit supplies 5 watts
of output power (P,4p) with a typi-
cal output IP3 of +51 dBm.
Standard features include 33 dB of
linear gain, output mismatch pro-
tection and internal cooling.
Options include 20 dB of linear gain
and a digital output power display.
The unit includes a power supply
for 110 VAC operation and mea-
sures 11 x 8 x 3.5 inches in size.
Stealth Microwave
Circle #169

PASSIVE COMPONENTS

New 12 pF trimmer
Voltronics extends the range of

the Al series miniature trimmer

capacitors to 12 pF. With 13 turns

Voltmnms% LA oswize

o 20 o 26t 04 ﬁﬂ’g“

of adjustment and positive stops,
the model Al 12 is well-suited for
tuning applications in amplifiers,
filters and oscillators. The Al1_12 is
offered in PCB and SMT mount-
ings. High voltage and non-magnet-
ic versions are also offered. Q is
>1000 at 200 MHz and self-reso-
nance at 12 pF is 1.2 GHz. The
Al 12 is $4.00 in 1,000 gquantities.
Voltronics Gorporation

Circle #170
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Low profile inductors

The new DO1606 PowerWafer™
inductors from Coilcraft combine
high inductance values with low
profile construction. 19 inductance
values are offered, from 1 uH to 1

mH, with versions that are capable
of handling up to 2.5 amps. The
inductors are 2 mm high with a 5.3
X 6.5 mm footprint. A ceramic
cover offers an optimum surface for
pick and place handling. The com-
pany provides PSPICE models at
its web site. A typical inductor costs
$0.60 in quantities of 10,000.
Coilcraft

Circle #171

Wire mesh gaskets

Chomerics offers a broad line of
metal-based EMI shielding gaskets

including knitted wire mesh, mesh
over an elastomer core, oriented
wires in elastomer and metal screen
impregnated elastomers. These gas-
kets typically provide 60 to 100 dB
of EMI shielding between 20 MHz
and 10 GHz in applications where
they are applied to seams and aper-
tures in metal enclosures. Wire
mesh prices start below $0.25 per
foot.

Chomerics
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SIGNAL PROCESSING

SPDT RF switch
handles DC to 3 GHz

DB Products introduces a high |
power SPDT coaxial switch. This A- |
B selector switch is rated for DC to

6 GHz with power handling of 1 kW
CW at 1 GHz and 600 watts CW at
3 GHz. Specifications at 3 GHz
include a maximum insertion loss
of 0.15 dB, VSWR of 1.15:1 or bet-
ter and isolation of at least 90 dB.
RF connectors are 50 ohm type N.
Coils may be 12, 15, 24 or 28 VDC.
Special voltages can be provided,
including AC.

DB Products
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Small, low loss 2 GHz
highpass filter

Sage Laboratories offers a high-
pass filter in a package size under

one inch. This selective 2.0 GHz fil-
ter has low loss of less than 3.0 dB

from 2.0 to 16.0 GHz, VSWR of
2.0:1 maximum and 30 dB rejection
at 1.9 GHz. Power handling capa-
bility is one watt. The package mea-
sures 0.89 x 0.50 x 0.39 inches,
plus standard SMA connectors.
Sage Laboratories
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Celeritek’s
NEW.
HB1 amplifier
modules,

Hmmv Immnmn SOLUTION
LINEAR EFFICIENT POWER
50 Oum MarcH
SINGLE, POSITIVE SUPPLY
OPERATION AS Low As 3.2v
INGap HBT TecHNOLOGY
6Mm SQUARE PACKAGE

sasal
13251153

1/, THE BoARD SPACE

CHP0230 CHP1232
Digital/Analog Cellular  Digital PCS
824-849 MHz 1.85-1.91 GHz
28.5 dBm 28.0 dBm

Frequency
Output Power

Linear Efficiency
Analog
Digital
uiescent Current 50 mA
ain 30 dB

3236 Scott Boulevard
Santa Clara, CA 95054
Ph: (408) 986-5060 « Fax: (408) 986-5095
e-mail: truetriangle @celeritek.com
www.celeritek.com
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* Accurate Drilling, Milling, Routing
* Plated Through Holes

* Multilayer Capability

* Better Registration and Mechanics

*Sample Boards and Demos
show why we
offer the best solution.

[

T-TECH, INC.
5591-B New Peachtree Rd. * Atlanta, Georgia 30341 USA
voice: 770.455.0676 fax: 770.455.0970

CE  email: sales(@t-tech.com * http:// www.t-tech.com

*

See us at Wireless Symposium, booth #1408 Circle 45

« Stripline/Microstrip
* Transmission Line

. 'AVE FILTER COMPANY, INC.
INNE STREET - EAST SYRACUSE, NY 13057
00-448-1666 + 315-438-4700 « FAX: 315-463-1467
e-mail: mfcsales@microwavefilter.com
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RF relays switch signals up to 26.5 GHz
Aromat announces three new NAiS brand relays for
switching high frequency 50 ohm signals. The RX small
microwave relay covers 300 kHz to 2.5 GHz with 0.2 dB
or less insertion loss and 60 or greater isolation. The
relay also features 1.2:1 (max.) "SWR. Ultra-small RA
relays are used in
LAN systems, ADSL,
cable modems and
many other applica-
tions. They include a
metal cover for
grounding and shield-
ing, and operate with
signals up to 1 GHz.
Insertion loss is 0.3 :
dB or less with a minimum isolation of 20 dB. The cost
competitive RD coaxial SPDT relay provides st ble RF
performance and long life. It has a range up . 26.5
GHz with power consumption of 700 mW. Insertioi loss
is 0.5 dB and isolation is 60 dB at 18 GHz. The 2D
relays are available in latching, fail safe and TTL driv »
types, in 12 and 24 VDC.
Aromat
Circle #175

High stability filter sets

Model P-2245 from Signal Technology Corporation is
a matched set of low loss linear phase diplexer filters
for use in I/Q modulation/demodulation systems. They
are designed for demanding applications including
space systems. Available in the VHF frequency range,
the filter sets feature amplitude and delay tracking of
+0.1 dB and =100 ps
respectively over a
wide  temperature
range of —40 to +85°
C. Insertion loss if 0.1
+0.1 dB, phase lin-
earity is *=2 degrees
and unit isolation is
80 dB minimum. A
welded hermetic
housing is standard. Pricing is $480 per set in quanti-
ties of 100 to 249.
Signal Technology Corporation
Circle #176

Two watt ahsorptive solid state switch
American Microwave’s model SWN-218-2DT, with
Options 0518 and HPR2W, is a SP2T non-reflective
switch that will handle 2 watts power from 500 MHz to
18 GHz with 0.85 dB max. insertion loss and 80 dB iso-
lation at 18 GHz, and 95 dB isolation at 500 MHz.
American Microwave
Circle #177
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Microwave 6 to 16 GHz
frequency converters

Atlantic Microwave’s AFC series
of frequency converters are

designed for use in terrestrial
microwave links. A GaAs FET

dielectric resonator oscillator is the
feeding a

heart of each wunit,

microstrip double balanced mixer
that can act as either an up- or
downconverter. Units can be
mechanically tuned over 30 MHz
and after being set maintain a fre-
quency stability of *+120 ppm over
-10 to +60° C. A higher perfor-
mance mixer diode is optional, pro-
viding a +14 dBm 1 dB compres-
sion point and +24 dBm input IM3.
Another option is electrical tuning
or frequency modulation up to =3
MHz deviation.

Atlantic Microwave
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SEMICONDUCTORS

Ultra low dropout regulator

Low power wireless devices can
benefit from a new ultra low
dropout regulator from Micrel

Semiconductor. The regulators con-
vert 3.3 to 2.5 volts, or 2.5 to 1.8
volts, at up to one amp to power low

voltage DSP and PLD ICs. The

MIC39101 is a fixed output regula-
tor, while the MIC39102 has an
adjustable output voltage down to
1.25 volts. The dropout voltage at
full load is 410 mV. These devices
are provided in a thermally
enhanced SO-8 package and are
priced starting at $1.50 each in
1,000 piece quantities.

Micrel Semiconductor
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TDMA receiver ICs

TriQuint Semiconductor now
offers the TQ5122 cellular band
receiver and TQ5622 PCS band

. receiver ICs. These complementary

devices are designed for use in IS-
136, TDMA or equivalent wireless
handsets. The ICs include power
down modes to “sleep” at less than
100 nA current drain. Conversion
gain is 18.5 dB and 17.5 dB for the
cellular and PCS models respective-
ly. ITP3 is typically greater than -9
dBm and the noise figure is better
than 2.8 dB for each device. Unit
price is $2.43 in quantities of 1,000.
TriQuint Semiconductor
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GaAs low noise amplifier
RF Micro Devices has introduced
the RF2365, a low noise amplifier
with high dynamic range for front
end applications in the PCS and 2.4
GHz frequency range. The device
features 1.6 dB and 1.75 dB noise
figures at 1850 and 2.45 GHz
respectively, with 18 dB and 15.5 dB
gain at those frequencies. Offered in
an extremely small SOT23-5 plastic
package, the ICs are priced at $0.66
each in quantities of 10,000.
RF Micro Devices
Circle #181
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ECCOSORB®, Emerson & Cuming Microwave

Product's complete range of microwave

absorhing materials, effective in controlling

electromagnetic interferences from 0.6

through 75 GHz. Products Include:

o (avity damping-surface current
absorbing elastomers & foams

* Broadband & tuned specular absorbing
elastomers & foams

¢ Lossy magnetic machinable rod & sheet
series for terminations & loads

We specialize in providing custom

shaped ECCOSORB® absorbing materials,

ECCOSTOCK®, dielectrics and ECCOSHIELD®

shielding products.

|, EMERSON
& CUMING

ICROWAVE PRODUCTS

the recognized global leader in
microware absorbing materials,
800-650-5740

28 York Avenue, Randolph, MA 02368
781/961-9600 © fax 781/961-2845
email: sales@emersoncumingmp.com

www.emersoncmningmp.com
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FREQUENCY CONTROL

VCXO covers telecom
frequencies

Connor-Winfield offers an exten-
sive range of 5 x 7 mm HCMOS
surface mount VCXOs specifically
designed for telecom applications.
The VCXO series is offered in both
3.3 and 5 volts designs, at frequen-

The*H”

Rate make-up stamp

Typical Performance at 25°C

~ Frequency (GHz)

RE  LO
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- Reaching high frequencies with low conversion

loss and high isolations is now possible in a
series of surface mount mixers from REMEC
Magnum. Convert signals up to 20 GHz without
connectors, and without manual installation of
ribbon leads. These surface mount mixers can
be placed atop your circuit and reflow soldered
along with all the rest of your surface mount

components.

Call us with your application information and

we’'ll match a design to your requirements.

LO CONV  |5OLATION

PWR LOSS
NOM () . LO/RF LO/F

9Bm  dB | dB:  d8

MODEL
NUMBER

1) Other LO power levels (+7, +13, +18 dBm) available.

The Total Microwave Solution

Email inquiries to sales@remecmagnum.com
Visit our website at www.remec.com

1-877-66-REMEC

REMEC Magnum, Inc.
1990 Concourse Drive
San Jose, CA 95131
Fax 408.432.1551
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Building solutions
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See us at CTIA, hooth #3471

through teamwork.

cies from 4 to 45 MHz at 3.3 volts,
or 1 to 52 MHz at 5 volts. Standard
or extended temperature ranges
are offered, with frequency toler-
ances to 25 ppm and voltage control
deviations up to =100 ppm.
Standard telecom frequencies are
available from stock.
Connor-Winfield Corporation
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PLL clock modules

Champion Technologies offers
custom designed PLL modules for
high speed clock, tracking and syn-
chronization applications at fre-

quencies up to 2.488 GHz. A VCXO
portion using high frequency
inverted-mesa crystals is combined
with a low noise microstrip res-
onator based VCO to obtain the
final output frequency.

Champion Technologies

Circle #183

Oscillators for fibre channel

Pletronics offers oscillators in
106.25 MHz and 53.125 MHz fre-
quencies for use in fibre channel

telecom systems. Options include
packaging, temperature range and
frequency stability. Prices start at
$1.50 each for 10,000 pieces.
Pletronics, Inc.

Circle #184
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LITERATURE

Two new catalogs

EPCOS, Inc. has published two
new catalogs, NTC Probes and NTC
Thermistor Sensors. Thermistor-
controlled electronics are the foun-
dation of many products designed
for comfort and convenience.
Producers of automobiles, appli-

-
—_
EPCOS

Konfektionierte Heilleiter
NTC Probes

Produktschrift 2000 / Product Profile 2000

ances and heating installations rely
on the high measuring accuracy of
NTC thermistors for exact, energy-
saving temperature regulation. The
NTC Thermistor Probes catalog
provides photographs, schematics
and descriptions of 17 devices for
home appliance, automotive and
heating appliance applications. The
NTC Thermistor Sensors catalog
provides detailed schematics and
technical information about four
glass-encapsulated and two ceramic
devices for home appliance, automo-
tive, data system and power engi-
neering applications.

EPCOS, Inc.
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DSP hook

Analog Devices has announced a
new DSP book that explains the
techniques of digital signal process-
ing (DSP). The Scientists and
Engineers Guide to Digital Signal
Processing, by Steven W. Smith,
Ph.D,, is directed at scientists and

engineers who need the power of
DSP but do not have time to learn
the rigorous theory and mathemat-
ics. The book covers a wide range of
topics, starting with the elementary
techniques of convolution, Fourier
analysis and analog-to-digital con-
version. Advanced chapters describe
the methods used in audio and
image processing, data compression
and neural networks. An extensive

section on digital filters describes
how easy-to-use algorithms can
solve difficult filtering problems.
The author holds advanced degrees
in Physics and Electrical
Engineering from the University of
Utah and has spent the last 15 years
directing the development of instru-
mentation systems.

Analog Devices

Circle #186

Microwave

' Choose REMEC as part of your
Jotal Microwave Solution

4-Week Deliveries Available

REMEC offers Quick Reaction Capability
(QRC) for low cost, rapid turn around
filter prototypes.

Applications

» Airborne: Radar, Electronic Warfare,
Electronic Support Measures, ECCM,
CNI, IFF

» Space: Telemetry, Receivers,
Transmitters, IF, Radar

» Ground Based: Satcom, Transceivers,
Communications, Jammers, Radar

Whether you are looking for support on
rapid filter prototyping or large volume
production, and require standard filter
packages or custom designs, REMEC has
the solution. REMEC filter designs include:

* Miniature Lumped Element
* Cavity

* Waveguide

* Suspended Substrate

+ Interdigital

REMEC filter products offer industry leading
quality and performance with competitive
pricing. Contact REMEC today for information
on products for your RF and Microwave

filter requirements.

The Total Microwave Solution

Email inquiries to sales@remec.com
Visit our website at www.remec.com

1-877-66-REMEC

REMEC, Inc.

9404 Chesapeake Drive
San Diego, CA 92123
Fax 858.505.3353
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Specialty wire brochure

A new illustrated brochure
describes the full range of specialty
wire products from AMETEK
Specialty Metal Products, a manu-
facturer of custom-shaped wire.
Specialty wire products are avail-
able in a variety of alloys, including
aluminum, copper, nickel, stainless

steel and custom-engineered alloys.
AMETEK offers wire in a broad

range of shapes: round, square, rec-
tangular, half-round, hex, flat,

bunched and custom shapes and in

sizes from rod size to fine wire.
Among the available packaging
options are reels, spools, barrels,

hex pails, coils, cut-to-length, bun-

dles, and layer level wound reels.
AMETEK is a manufacturer of
metal powder, strip, wire, and
bonded products, holding numer-

=

Specifications are typical.

Frequency:  0.5-300 MHz  Reverse Isolation 17dB
Small Signal Gain ~ 10.8dB  Voltage +15V
Gain Flatness <10.2dB  Intermodulation
Noise Figure 45dB  Third Order +44 dBm
SWR Input 1511  Second Order Two Tone +75 dBm
SWR Output 154  Second Order Harmonic +81 dBm
Power Output DC Current 235.0 mA

@1dB comp. +285dBm  Package 10-pin Gullwing

Signal Processing Components & Subsystems

i

B

COMRFPONENTS

COLIGAA 4085223838  fax 408-522-3839

email cougar.amps2@cougarcorp.com
384 Santa Trinita Ave * Sunnyvale, CA 94086 * www.cougarcorp.com

See us at Wireless Symposium, hooth #1229
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ous patents in technically advanced
 metallurgical products. Its exper-
tise in wrought powder technology
enables it to manufacture nickel

. and custom alloy wire with purity,

consistency and close compositional
control. It uses a variety of forming
technologies: drawing, rolling, and
shaping; has in-house tooling capa-

- bilities; and provides experienced
| engineering support.

. AMETEK
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Resistive products catalog
State of the Art, Inc. has pub-

lished a 28-page catalog covering its

entire line of resistive products.

The catalog includes SOTA’s high-
frequency resistors and chip atten-
uators, which are designed for RF
applications such as base stations
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and antennas, and in microwave
applications for power dividers and
power amps, where reduction in an
electrical signal is required. Also
included is information of SOTA's
high-reliability thick and thin film
chip resistors, available with TCRs
from +25 ppm to =100 ppm; toler-
ances to 0.5 percent; and with wire
or epoxy bondable, or solderable
terminations. Also detailed are
SOTA’s MIL-PRF-55342 QPL thick
and thin film chip resistors, which
have established reliability levels of
M, P R, S, and T (space level). The
film resistors are designed for use
in mission-critical applications,
such as manned space flight, life
support systems, and human
implantable devices. Special appli-
cation resistors are described, such
as high power, high voltage, power
moisture, and high value resistors,
zero ohm, multi-tap resistors and
attenuators. A 5-page section cov-
ers both thick and thin film surface
mount resistor networks, including
SOTA’s MIL-PRF-914 QPL.

State of the Art, Inc.
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Frequency sources and
SAW devices catalog

Micro Networks Corporation has
just released a comprehensive 24-
page shortform catalog for its wide
range of microelectronic products,
used in a variety of applications,
including network servers, telecom-
munication systems, instrumenta-
tion, and defense electronics.
Products include frequency sources
(fixed-frequency oscillators, volt-
age-controlled oscillators, and
phase-locked products and synthe-
sizers); Surface Acoustic Wave
(SAW) products (filters, correlators,
receivers, and delay lines); data
conversion products; and custom
microelectronics. Engineers will
find product descriptions and speci-
fications, along with mechanical
package drawings and ordering
information.

Micro Networks
Circle #189

Wireless communications
cables catalog

A new 16-page catalog featuring
low loss wireless communications
cables, including coaxial antenna
feeders, jumper cables and low
inductance power cables, is being
offered by Montrose/CDT of
Auburn, Massachusetts. The Cables
for  Wireless Communications

Systems Catalog describes WCX
Series coaxial cables which feature
gas-injected foam polyethylene
dielectrics for ultra low loss charac-
teristics, and the RGX Series with
irradiated dielectrics. These cables
provide electrical or cost advan-
tages over conventional 50 ohm
types such as RG 8/, 58, 142, 213,
316, and 400, claims the firm.
Providing an overview of their

More Reliable
For A Reason...

Stepped crimp sleeve grips
the outer jacket which increases

connector-to-cable reliability. under braid.

Exterior
ferrule
surface
provides e
superior cable
retention without
braid breakage.

Generous capture cone ——
design ensures easy
insertion of center conductor. 4

Spring loaded coupling
ring with a beryllium copper
crescent washer assures positiv
electrical mating.

Nickel, non-tarnish finish
adds to the endurance and reliability.

Fully enclosed, heat-treated beryllium

copper outer conductor spring improves
EMI/RFI suppression and reduces signal loss.
This feature is an integral part of a rugged construction,

Tapered ferrule facilitates
connector insertion

.300" ferrule improves
connector-ta-cable
tensile strength.

important for handling the stress of cable weight over time.

Unique plating flow hole
ensures uniform interior plating.

Captive center contact provides
positive tactile feedback for error-
free assembly. Also prevents
movement when cable is flexed.

Unique locking design for high
contact retention.

50 millionths gold plating
improves durability. Provides
positive electrical contact over
thousands of cycles and provides
exceptional signal clarity.

Beryllium copper spring fingers
for high mating cycle repeatability.

Machined PTFE insulator for
superior RF electrical performance.

band, high frequency BNC’s.

Its all about reliability.

Better yet, make that 16 reasons!

If signal clarity and reliably are essential to your application, here are

16 solid reasons to select Trompeter connectors. Our 35-year commitment
to producing dependable connectors, coupled with world class lead times
and 99% on-time delivery, has made us the supplier of choice for broad-

Need one more reason to choose Trompeter? Visit our website for 24/7,
internet-fast service. You can access product information, download

drawings, obtain a quote and purchase products that ship next day.

TROMPETER
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manufacturing capabilities and
quality procedures, the 16-page cat-
alog also includes complete product

descriptions, specifications and
ordering information for both their
WCX and RGX Series coaxial
cables.

Montrose/CDT
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Semiconductor products

selection guide

Richardson Electronics, Ltd.
announces the release of United
Monolithic Semiconductors’ new
selection guide. Richardson is the
worldwide distributor for United
Monolithic Semiconductors (UMS).
Included in the UMS selection guide
are components for point-to-point
and point-to-multipoint microwave
radios to 60 GHz. Also included are
5.8 GHz ISM band products, ampli-
fiers, switches, frequency genera-
tion products, mixers and attenua-
tors for application from DC to 80
GHz. Best known for their work in
millimeter wave, UMS designs and
produces devices and integrated cir-
cuits based on advanced GaAs
MMICs in high volume quantities
with guaranteed quality. UMS pro-
vides key components for mobile
communication, automotive radar
and point-to-point and point-to-
multipoint radio links.
Richardson Electronics, Ltd.
Circle #191

Get Your Share of Attention!

Send your company’s latest product and literature
announcements to Applied Microwave & Wireless.

Our editors select dozens of products to feature in each

monthly issue — we choose them for their importance to

RF/microwave and wireless system designers, to present
new companies and new product lines, and to give as
many companies as possible their share of attention.

Send press releases to:
Applied Microwave & Wireless
4772 Stone Drive
Tucker, GA 30084

E-mail: amw@amwireless.com

Include a color photograph, if available.
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Telecom transformers

Just released by Bel Fuse Inc., a
manufacturer of magnetic compo-
nents for high speed data transmis-
sion and networking applications,
is a 274-page Telecom Magnetics
catalog representing more than 270
Bel components. This comprehen-

sive new literature is designed for
easy reference, boasting tabbed sec-
tions for devices engineered for
high frequency, ISDN, DSL, modem
and power applications. To further
assist engineers in specifying IC-
compatible transformers and mag-
netic components, a “Product
Locator” that indicates part num-
bers and corresponding data sheets,
types of ports supported (single,
dual and octal) and cross references
to transceiver IC manufacturers, is
provided. The Bel telecom trans-
formers featured are available in
surface mount and through-hole
packages, and are engineered to
interface with all major IC manu-
facturers' chip sets including
Globespan, Conexant, Level One,
Motorola, Lucent, AMD, Siemans
and Analog Devices. Chokes, POTS
filters, and inductors are also
offered. Moreover, the catalog pro-
vides complete electrical specifica-
tions, schematics, circuit diagrams
and application notes.

Bel Fuse Inc.

Circle #192



FROM
$4.45
RF TRANSFORMERS HAVE

4:1 IMPEDANCE 1.5 TO 600MH?z

These broad band TCM4-6T surface
mount RF transformers from Mini-Circuits
operate in the 1.5 to 600MHz band with 4:1
impedance ratio. Referenced to midband
loss (0.6dB typ), insertion loss is 1dB from
3MHz to 350MHz, 2dB in the 2 to
400MHz range, and 3dB band wide when
operated within -20°C to +85°C (max.).
Open case design has plastic base with
solder plated leads, and applications
include CATV plus VHF/UHF transmitters
and receivers. RF power is 250mW (max.).

FROM
95

e
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DC TO 5GHz SPDT SWITCH
HAS VERY HIGH ISOLATION
Mini-Circuits ZASW-2-50DR is a DC to
5GHz connectorized single pole double
throw (SPDT) reflective switch incorporating
a high speed TTL driver for fast 10nsec (typ)
switching speed. Typically, isolation is 75dB
at 2GHz, 1dB compression is 19dBm at
center band, and maximum operating
temperature range is -55°C to +100°C.
The switch is ideal for transmitter/receiver
isolation and automated switching networks.
Available from stock.

[ 4 Mini-Circuits

TECANOLOG Y

0.07” MIXERS PERFORM IN
HIGHER FREQUENCY DESIGNS
Mini-Circuits patented family of Blue Cell™
mixers deliver a unique combination of
low conversion loss, superb temperature
stability, thin profile, and low cost to higher
frequency designs. This level 7 (LO)
MBA-671 model spans 2400MHz to
6700MHz with 36dB L-R, 26dB L-I
isolation and low 6.5dB midband
conversion loss (all typ). Operating
temperature is -40°C to +85°C (max.)
and applications include satellite, ISM,
and PCMCIA. Available off-the shelf.

2WAY 150 TO 350MHz SPLITTER
FOR SURFACE MOUNT DESIGNS
Mini-Circuits has unveiled the JSPQ-350,
a 2way-90° power splitter/combiner
operating in the 150 to 350MHz band with
20dB isolation, 0.5dB amplitude and 1
degree phase unbalance, and very good
1.28:1 infout VSWR (all typ.). Insertion

loss is 0.5dB typical, which is an average
of coupled outputs less 3dB. Package
height is 0.250" (max.).

FROM
$6.95

LEVEL 7 (LO) MIXERS IDEAL
FOR VHF/UHF RECEIVERS
Mini-Circuits low profile 2500MHz to
3200MHz ADE-32 frequency mixers
measure only 0.112” (max.) in height
allowing engineers to develop smaller
surface mount wireless products. Open
case design also allows water wash to
drain eliminating the possibility of
residue entrapment. Electrically, these
mixers typically display low 5.4dB
conversion loss, +15dBm IP3 at center
band, and good 32dB L-R, 30dB L-I
isolation. Maximum RF power rating is
200mW. Patent pending.

FROM
$12.95
12V VCO PROVIDES 50 TO

100MHz OCTAVE BAND TUNING
Mini-Circuits has introduced a compact,
value priced 50 ohm voltage controlled
oscillator. Typically, this 12V, 20mA (max.
current) ROS-100 model provides 50 to
100MHz octave band tuning, low -105dBc/Hz
SSB phase noise at 10kHz offset, and
excellent -30dBc harmonic suppression,
The miniature 0.5"x0.5"x0.18" size conserves
real estate, and applications include test
instruments such as signal generators.
Maximum operating temperature is -55°C
to +85°C.

us 84 INT'L 94
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P.O.Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
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Unfiltered FQPSK:

Another

Interpretation and Further

Enhancements

Part 1: Transmitter implementation and optimum reception

By Marvin K. Simon and Tsun-Yee Yan
Jet Propulsion Laboratory

new interpretation of unfiltered Feher-
APatented Quadrature Phase-Shift-Keying
(FQPSK) is presented, readily identifying
a means for spectral enhancement of the trans-
mitted waveform as well as an improved method
of reception. The key to these successes is the
replacement of the half-symbol by half-symbol
mapping, originally used to describe FQPSK by
a symbol-by-symbol mapping operation com-
bined with memory. The advantages of such an
interpretation are two-fold. In particular, the
original FQPSK scheme can be modified so that
the potential of a waveform slope discontinuity
at the boundary between half symbols is avoid-
ed without sacrificing the “constant” envelope
property of the transmitted waveform. Also, a
memory receiver can be employed to improve
error probability performance relative to previ-
ously proposed symbol-by-symbol detection
methods. The analysis presented in this paper
does not include other versions of FQPSK, such
as FQPSK-B, which is currently being consid-
ered for military applications.
This is part one of a two-part article. Part two
will be published in the March 2000 issue of
Applied Microwave & Wireless magazine.

Introduction

In its generic form, Feher-Patented
Quadrature Phase-Shift-Keying (FQPSK), as
patented [1] and reported in the recent litera-
ture [2-3], is conceptually the same as the cross-
correlated phase-shift-keying (XPSK) modula-
tion technique introduced in 1983 by Kato and
Feher [4].! This technique was in turn a modifi-
cation of the previously introduced (by Feher et
al [6]) interference and jitter free QPSK (1JF-
QPSK), with the express purpose of reducing
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7

| FQDPSK (XPSK)
( P
|

A Figure 1. Conceptual block diagram of FQPSK
(XPSK). Note that what is referred to as an “IJF
Encoder” is in fact a mapping function without
any error-correcting capability.

the 3 dB envelope fluctuation characteristic of
1JF-QPSK to 0 dB, thus making it appear con-
stant envelope2, which is beneficial in nonlinear
radio systems. (It is further noted that using a
constant waveshape for the even pulse and a
sinusoidal waveshape for the odd pulse, IJF-
QPSK becomes identical to the staggered quad-
rature overlapped raised cosine (SQORC)
scheme introduced by Austin and Chang [7]).
The means by which Kato and Feher
achieved their 3 dB envelope reduction was the
introduction of an intentional but controlled
amount of cross correlation between the
inphase (I) and quadrature (Q) channels. This
cross correlation operation was applied to the
IJF-QPSK (SQORC) baseband signal prior to its
modulation onto the I and Q carriers (Figure 1).
Specifically, this operation was described by
mapping in each half symbol the 16 possible
combinations of I and Q channel waveforms pre-
sent in the SQORC signal into a new? set of 16
waveform combinations, chosen in such a way
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that the cross correlator output is time continuous and
has unit (normalized) envelope* at all I and Q uniform
sampling instants.

Because the cross correlation mapping is based on a
half symbol characterization of the SQORC signal, there
is no guarantee that the slope of the cross correlator out-
put waveform is continuous at the half symbol transi-
tion points. In fact, we will show that for a random data
input sequence, such a discontinuity in slope occurs one
quarter of the time.

It is well known that the rate at which the side lobes
of a modulation’s power spectral density (PSD) roll off
with frequency is related to the smoothness of the
underlying waveforms that generate it. That is, the
more derivatives of a waveform that are continuous, the
faster its Fourier transform decays with frequency.
Thus, since the first derivative of the FQPSK waveform
is discontinuous (at half symbol transition instants) on
the average one quarter of the time, one can anticipate
that an improvement in PSD rolloff could be achieved if
the FQPSK cross correlation mapping could be modified
so the first derivative is always continuous.

Restructuring the cross correlation mapping into a
symbol-by-symbol representation will place the slope
discontinuity referred to above in evidence and will be
particularly helpful in suggesting a means to eliminate
it. This representation also has the advantage that it can
be described directly in terms of the data transitions on
the I and Q channels. Thus, the combination of IJF
encoder and cross correlator can be replaced simply by a
single modified cross correlator. The replacement of the
conventional FQPSK cross correlator by this modified
cross correlator, which eliminates the slope discontinu-
ity, leads to what we shall refer to as enhanced FQPSK.
We will show that not only does enhanced FQPSK have
a better PSD (in the sense of reduced out-of-band ener-
gy) than conventional FQPSK, but from a modulation
symmetry standpoint, it is a more logical choice.

A further and more important advantage of the refor-
mulation as a symbol-by-symbol mapping is the ability
to design a receiver of FQPSK or enhanced FQPSK that
specifically exploits the correlation introduced into the
modulation scheme to significantly improve power effi-
ciency or equivalently, error probability performance.
Such a receiver, which takes a form analogous to those
used for trellis-coded modulations, will be shown to yield
significant performance improvement over receivers
that employ symbol-by-symbol detection, thus ignoring
the inherent memory of the modulation.

Review of IJF-QPSK and SQORC

The IJF-QPSK scheme (alternately called FQPSK-1)
is based on defining waveforms s,(¢) and s,({), which are
respectively odd and even functions of time over the
symbol interval -T/2 <t < T,/2, and then using these
and their negatives —s,(¢), —s,(¢) as a 4-ary signal set for
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A Figure 2h. Quadrature phase IJF encoder output.

transmission in accordance with the values of successive
pairs of data symbols in each of the I and ¢ arms.
Specifically, if dj, denotes the I channel data symbols in
the interval, (n-'2)T, <t < (n+'2)T, then the transmit-
ted waveform x;(¢) in this same interval would be deter-
mined as follows:

x(B)=s,(t-nT) = sy(t-nT,) if dp, =1, dp, =1

) =-s,(t-nT,) =s,(-nT,) if d;, 1=-1,d;,=-1
(1)
xp0)=s,(t-nTy) = solt-nTy) if dp, 1=-1, d;,=1

() =—s,(t-nTy) = s3t-nTy) if dy, =1, dy,=-1

The Q channel waveform x¢(¢) would be generated by
the same mapping as in (1) using instead the Q channel
data symbols {dy,} and then delaying the resulting
waveform by one half a symbol. If the odd and even
waveforms s,(¢) and s,(¢) are defined by

s, (=1, T, /2<t<T,/2

S(,(t)zsin%, T, /2<t<T,/2 (2)

5
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then typical waveforms for the I and Q IJF encoder out-
puts are illustrated in Figure 2.

An identical modulation to x;(t) (and likewise for
x¢(t)) generated from the combination of (1) and (2) can
be obtained directly from the binary data sequence {d, }
itself, without the need for defining a 4-ary mapping
based on the transition properties of the sequence. In
particular, if we define the two-symbol wide raised
cosine pulse shape

S n(t+T, /2
plt) = sin® mt+T./2) , —-T /2<t<3T, /2 (3)
2T,
then the I modulation
x,()= 3d,p(t-nT) )

n=—o

will be identical to that generated by the above IJF
scheme. Similarly,

1
H=3 d,plt- T
()= X d,.p ( 2) ! (5)

would also be identical to that generated by the above
[JF scheme. A quadrature modulation scheme formed
from x;(¢) of (4) and x¢(#) of (5) is precisely what Austin
and Chang [7] referred to as SQORC modulation, name-

(a) 0N =0 b <T..m- “
1 ~
— 4 A
P = —"—:b!
! ! T T2
(e) i“” " ) S0=-5,(1)
. 1 . 1 -
1\‘ 4 - ; \,// :
- ST S
T ! I rn
0= 8,00 ) (=500
te) A ) 1 /:
/"\
/ / ;
7/ 1 i 1
- 5 = —_— L
: rn : 1 7 , -
// : /
— T 1 - ‘

A, e

A Figure 3. FOPSK full-symbol waveforms: (a) so(f) = —sglt)
vs. £; (b) 51(f) = ~S(f) VS ; (¢) 55(f) = -S1q(t) vS- £5 (d) 55(f)
= -841(f) vs. £; (&) S4(f) = =Sq2(t) vs. &; (f) s5(f) = -843(f)
vs. ; (g) sg(f) = =S14(f); and (h) s7(t) = -s45(f) vs. L.
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ly, independent I and Q modulations with overlapping
raised cosine pulses on each channel. The resulting car-
rier modulated waveform is described by

x(t)=x (t)cosw, t+ xp(t)sinw .t

(6)

Symbol-hy-symbol cross correlator mapping for FQPSK

Before revealing the modification of FQPSK, which
results in a transmitted signal having a continuous first
derivative, we first recast the original characterization
of FQPSK in terms of a cross correlation operation per-
formed on the pair of IJF encoder outputs every half
symbol interval into a mapping performed directly on
the input I and Q data sequences every full symbol inter-
val. To do this, we define sixteen waveforms
5,(t);1=0,1,2,...,15 over the interval -T2 < ¢ < T,/2,
which collectively form a transmitted signaling set for
the I and Q channels. The particular I and Q waveforms
chosen for any particular T,-sec signaling interval on
each channel depends on the most recent data transition
on that channel as well as the two most recent succes-
sive transitions on the other channel (Figure 3).

st)=A, =T /2<t<T /2, 5,(t)=-s,({)
A, —T_JZst<0
s, (¢
5()= 1-(1- A)cos T 0<t<T /2 ’
s,(t) =—s,(2)
‘ o (7a)
1-(1-A)cos* —, -T /2<¢t<0
s,(1) = T )
A 0<t<T /2
8,,(8)=—s,(t)
, T
s,(8) = —(17A)COS'TT, ~-T/2<t<T /2
8, (1) =—s,(1)
s()=Asin®, T j2<t<T, /2
Syo(t) = —5,(2)
Asin%, -T,/2=t<0
s5(1) = . ’
sin—, 0<¢t<T,/2
T, '
Sm(“:*ﬁ‘ﬁ(“ (7b)
sin _T./2<t<0
sgll) = le ’
Asin—, 0<t<T, /2
T, '
S14(t) = —s4(2)
. T
s;(t)y=sin—, =T,/2<t=T, /2 )

B

S15(t) = —5;(1)
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Note that for any value of A other
then unity, sg(t) and s;(f) as well as
their negatives s;3(¢) and sy,(¢), will
have a discontinuous slope at their
midpoints (i.e., at £=0), whereas the
remaining twelve waveforms all
have a continuous slope throughout
their defining interval. Also, all 16
waveforms have zero slope at their
endpoints, and thus concatenation

of any pair of these will not result in
a slope discontinuity.

Next, we define the mapping
function for the baseband I-channel
transmitted waveform y;(¢)=s,(t) in
the nth signaling interval (n-12)T <
t <(n+'%)T,, in terms of the transi-
tion properties of the I and Q data
symbol sequences {d,} and {dg,},
respectively.
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Sa
L. If dy,, =1, d;,=1 (no transition
on the I sequence, both data bits
positive), then

A y(t)=s¢(t-nT,) if dg 9, dgp-1;
results in no transition and dg, i,
dg, results in no transition.

B. yl(t)zsl(t”nTs) if dQ,n—Z’ dQ,n—l
results in no transition and dg, ,,
dg,, results in a transition (positive
or negative).

C. y;(t)=82(t—nTS) if dQ,FrZ’ dQ,n—l
results in a transition (positive or
negative) and dg , 1, dg, results in
no transition.

D. y/(t)=s3(t-nTy) if dg, 9, dg 1
results in a transition (positive or
negative) and dg , 1, dg , results in a
transition (positive or negative).

8b
II. If d;, y=-1, d;,=1 (a positive
going transition on the I sequence),
then

A. y[(f)=S4(I—TITS) if dQ,n—Zv dQ,nfl
results in no transition and dg,_;,
dg , results in no transition.

B. y;(t):S,;)(t—nTs) if dQ,n—Q’ dQ,n—l
results in no transition and dg, ;,
dg, results in a transition (positive
or negative).

C. y[(t)=56(t—nTh.) if dQ,n-Z? dQ,nfl
results in a transition (positive or
negative) and dg,_;, dg, results in
no transition.

D. yl(t)=s7(t—nTh.) if dQ,ka! dQ,n—l
results in a transition (positive or
negative) and dg,_;, dg , resultsina
transition (positive or negative).

8c
L. 1f d;,, y=-1, d;,,=-1(no transi-
tion on the I sequence, both data bits
negative), then

A. yl(t)ZSB(t_nTs) if dQ,n—Z’ dQ,n.—l
results in no transition and dy, ;,
dg, results in no transition.

B. yl(t)=59(t—nTs) if dQ,n—2= dQ,n—i
results in no transition and dg, i,
dg, results in a transition (positive
or negative).

C. yl(t):slo (t—nTs) if dQ,n—Z! dQ,n—l
results in a transition (positive or
negative) and dg,, 1, dg, results in
no transition.

D. yit)=sy; t-nTy if dg, o



D& | E 1
IAN

4
Vi £l

( | B L
\mE=N\

- o P

<

| E7aY B AV N
AL AVING

dg,-1 results in a transition (posi-
tive or negative) and dg,;, dg,
results in a transition (positive or
negative).

8d
IV If d;, =1, d;,=-1 (a negative
going transition on the I sequence),
then

A y(O=s15(t-nTy) if dg, 5, dg,
results in no transition and dg-1,
dg, results in no transition.

B. ylr(l):sl;;(t-nTs) if dQ‘”_2, dQ,”'_]
results in no transition and dgn-1s
dg, results in a transition (positive
or negative).

C. y[(”:Skl(f*nT&.) if dQ,n-Z? dQ,n—l
results in a transition (positive or
negative) and dg, 4, dg, results in
no transition.

D.yt)=s5t-nTy) if dg,, o, dgn
results in a transition (positive or
negative) and dy) , 1, dg , results in a
transition (positive or negative).

Making use of the signal proper-
ties in (7a) and (7b), the mapping
conditions in (8a-8d) for the I chan-
nel baseband output can be summa-
rized in a concise form (Table 1). A
similar construction for the base-
band Q-channel transmitted wave-
form yo(t) = s4(t-Ty/2) in the nth
signaling interval nT, <t < (n+1)T,
in terms of the transition properties
of the I and Q@ data symbol
sequences 1d;,} and {dg,}, respec-
tively, can be obtained analogous to
(8a-d). The results are summarized
in Table 2. Note that the subscript i
of the transmitted signal s,(t-nT) or
silt-(n+"2)T) as appropriate is the
binary coded decimal (BCD) equiva-
lent of the three transitions.

Applying the mappings in Tables
1 and 2 to the I and Q data
sequences of Figure 2 produces the
identical I and Q baseband transmit-
ted signals to those that would be
produced by passing the I and QL

encoder outputs of this fi' ure
through the cross-correlato: (half
symbol mapping) of the QPSK

(XPSK) scheme as descr’ »d in [4]
(Figure 4). Thus, we ¢ :lude that
for arbitrary I and € ut sequen-

] o oo 1%
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ces, FQPSK can alternately be gener-
ated by the symbol-by-symbol map-
pings of Tables 1 and 2 as applied to
these sequences.

A new and improved FQPSK

As discussed above, the symbol-
by-symbol mapping representation
of FQPSK identifies the fact that
four out of the sixteen possible

transmitted waveforms, namely
s5(t), sg(t), s13(t) and s14(¢) have a
slope discontinuity at their mid-
point. Thus, for random I and Q data
symbol sequences, on the average
the transmitted FQPSK waveform
will likewise have a slope discontinu-
ity at one quarter of the uniform
sampling time instants. To prevent
this from occurring, we now redefine
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A Figure 4a. Inphase FQPSK (XPSK) output.

these four transmitted signals in a manner analogous to
$1(1), 59(t), sg(t) and sy4(£), namely,

sin™ +(1- Aysin? = T /2<1<0
T T

S5 S

35“)2 - s
sin—, 0<¢<T, /2
T, '

51:3(“:755(” (9)

. T ,
sin—, —-T,/2<t<0
T :

s

Sg(t) -
sin— — (1— A)sin* —, 0<¢<T, /2 ’
T, T,

514(f):_56(t)

Note that the signals s5(1), sg(t), s13(f) and s14(¢) as
defined in (9) do not have a slope discontinuity at their
midpoint nor, for that matter, anywhere else in the
defining interval. Also, the zero slope at their endpoints

A Figure 4b. Quadrature phase FQPSK (XPSK) output.

has been preserved. Thus, using (9) in place of the cor-
responding signals of (7b) will result in a modified
FQPSK signal that has no slope discontinuity anywhere
in time regardless of the value of A. Figure 5 illustrates
a comparison of the signal sg(¢) of (9) with that of (7b)
for a value of A=12. Figure 6 illustrates the power spec-
tral density of conventional FQPSK and its enhance-
ment obtained by using the waveforms of (9) as replace-
ments for those in (7b). The significant improvement in
spectral rolloff rate is clear from a comparison of the
two.

As it currently stands, the signal set chosen for
enhanced FQPSK has a symmetry property for sg(f),
s1(1), 55(¢) and s5(¢) that is not present for s4(¢), s5(1), sg(t)
and s,(t). In particular, s,(¢) and s,(¢) are each composed
of one half of s,(¢) and one half of s4(t), i.e., the portion
of s,(t) from ¢t = -T/2 to t = 0 is the same as that of s4(t),
whereas the portion of 5,(¢) from ¢ = 0 to ¢ = T/2 is the
same as that of s5(1), and vice versa for sy(t). To achieve
the same symmetry property for s4(¢) — s7(¢), one would
have to reassign sy(t) as

dpp—dp s .dQ‘,,_] “dgs| don-dgnd S0 .dQ,, “dgml din-dipa| |dino-dp] s
2 2 2 2 2 2
0 0 0 dp,sot—nTy) 0 0 0 dgsott-nT,)
0 0 1 dp,s1(t-nTy) 0 0 1 dg,sit-nT,)
0 1 0 dp,solt-nTy) 0 1 0 dg,sot-—nT,)
0 1 1 dy,s3(t-nT,) 0 1 1 dgpsst-nT,)
1 0 0 d,s4t-nTy) 1 0 0 dgpsat-nT,)
1 0 1 dp,s5t—nTy) 1 0 1 dgnsst-=nTy)
1 1 0 dp,selt-nTy) 1 1 0 dgselt-—nT)
1 1 1 dp,s7(t-nTy) 1 1 1 dg,s7(t=nT,)

A Table 1. Mapping for inphase (I)-channel baseband sig-
nal y,(f) in in the interval (n-"2)T; <t < (n+2)T,.
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A Table 2. Mapping for quadrature (Q)-channel baseband
signal y,(t) in the interval nT; <f < (n+1)Ts.
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This minor change, which produces a complete sym-
metry in the waveform set, has an advantage from the
standpoint of hardware implementation and produces a
negligible change in spectral properties of the transmit-
ted waveform. Nevertheless, for the remainder of the
discussion, we shall ignore this minor change and
assume the version of enhanced FQPSK first introduced
in this section.

Interpretation of FQPSK as a trellis-coded modulation

The T and Q mappings given ig Tables 1 and 2 are
alternately described in terms of the (0,1) representa-
tion of the I and Q data symbols and their transitions.
Specifically, define

A Figure 6. Power spectra of conventional and enhanced FQPSK: (a)
without SSPA; and (b) with SSPA.

A

’Dlni_1 (l‘dln)/z’ DQn (l_dQn)/z (11)

which both range on the set (0,1). Then, defining the
BCD representation of the indices i and j by

P=Iyx 2% 4+ 1, x 2% + [ x 2 + [ x 2"

) . (12)
J=Qyx2% + @y x 28+ @ x2 + @y x2°
with
IU = D(gn @ D(\J‘u 1? Q(i = D1.r1+1 @ DIu
Il :D{)n 1@DQ,H--2’ Ql:Dbl@Df.H 1=Iz (13)
IZ = 'Dhr @ Dl.u L Q2 = DQH @ D(;)‘u 1 = I(!
Iii = DIN’ Qii = DQN

we have y;(t)=s;(t-nT) and yqu(t)=s;(t~(n+"2)T,). That
i, in each symbol interval ((n-12)T <t < (n+')T, for
v,(t) and nT, <t < (n+1)T for yo(t), the I and Q chan-
nel baseband signals are each chosen from a set of 16

Sty =41

——
- I
Signal ‘
L=0 Mapping

Q
1011

0
")“g Pl 4 )2 2 2 0110
1 =0 X2 H0,x27 4 0x 24 Qx2 116
1o
Sl =5,(1) o

——

A Figure 7. Alternate implementation of FQPSK baseband signals.
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A Figure 8. 16-state trellis diagram for FQPSK.
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signals, s;(2), i=0,1,...,15, in
accordance with the 4-bit
BCD representations of
their indices defined by (12)
together with (13). A graph-
ical illustration of the im-
plementation of this map-
ping is given in Figure 7.
Another interpretation
of the mapping in Figure 7 |
is as a 16-state trellis code
with two binary (0,1) inputs
Dy, 41, Dgy» and two wave-
form outputs s;(#), s;(t),
where the state is defined
by the 4-bit sequence Dy,

(a)

® & @& & 8 8 o 9 ° * ° ° 0 o

e © ¢ & ® & o © o 8 ® 0o o o
® ® ® o & & & & ° © o o ° * o
e © o6 & o & % © © 8 ° 8 0 o o

® o o e o o o @

s

DI,n,—b DQ,nfh DQ,n—Z' The
trellis is illustrated in
Figure 8, and the transition
mapping is given in
Appendix 1. In this table,
the entries in the column labeled “input” correspond to
the values of the two input bits that result in the transi-
tion, while the entries in the column “output” corre-
spond to the subscripts i and j of the pair of symbol
waveforms s;(¢), s;(£) that are outputted.

To compute the performance of this trellis coded mod-
ulation (TCM), we need to determine the minimum
Euclidean distance between pairs of error event paths
that leave a given state and first return to that or anoth-
er state a number of branches later. The smallest length
error event for which there are at least two paths that
start in one state and remerge in the same or another
state is three branches. For each of the 16 starting
states, there are exactly four such error event paths

ending in State 16.

A Figure 9. (a) Paths of length 3 branches starting and ending in State 1; (b) paths of length
3 branches starting and ending in State 2; and (c) paths of length 3 branches starting and

FEuclidean distance. Rather, one must consider all possi-
ble pairs of error event paths starting from each of the
16 states (eight states is sufficient in view of the above-
mentioned distance symmetry properties) and ending in
each of the 16 states. This determines the pair having
the minimum Euclidean distance.

The following example illustrates the procedure for
the groups of paths that start and end in the same state.

Upon examination of the squared Euclidean distance
between all pairs of paths in the above-mentioned fig-
ures, it can be shown that the minimum of this distance,
for example, d°_ ,occurs between the first and third

min ?

paths of Figure 9b. Thus, based on the output symbols

that remerge in each of the 16 end states. Figures 9a
and 9b are examples of these error event paths corre-
sponding to the first two states, respectively, for the
case where the start and end states are the same. The
remaining length three error event paths for states 9-
16 are the mirror images of the ones for states 1-8
(for example, Figure 9¢, which should be compared
with Figure 9a). Also, the paths for states 9-16 will
have identical Euclidean distance properties to those
for states 1-8, since the output symbols along their
branches will be the negatives of those along their
mirror images. Figures 10a and 10b are examples of
the groups of four error event paths that start in a
given state and remerge in another state. A similar
mirror image symmetry exists for these groups of
paths and thus once again it is sufficient to consider
only the first eight starting states.

(a) (b)

It is important to note that the trellis code defined
by the mapping in Appendix 1 is not uniform, e.g., it
is not sufficient to consider only the all zeros path as
the transmitted path in computing the minimum

88 - APPLIED MICROWAVE & WIRELESS

A Figure 10. (a) Paths of length 3 branches starting in state 1

and ending in State 13; (h) paths of length 3 branches start-
ing in State 1 and ending in State 2.
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that occur along this pair of paths, we have

a2, = 110, (0 = s, (D) + (s,() = s5,(1))°

) ) (14)
+H(s,(8) =5, (D)) +(s,(6)=s,(1))

+(s,(8) = 5,())" + (5,,(1) = s, (1)) 1dt

Evaluation of the squared Euclidean dis-
tances between the pairs of waveforms
required in (14) using (7a) and (7b) for their
definition results after much algebra in

7 8 3 4
4‘5;“‘(2*%)*
: T =1552T (15)

oy |
) 4

VITERBI ALGORITHM
BRANCH METRICS ARE OF THE FORM ‘

21+ Zali) a0 |

i““”(]‘ 77 o
) aom\;“,, B - /—. 0001

A Figure 11. The optimum trellis-coded receiver for FQPSK.

The average signal (I+Q) energy is obtained
from

1 515 55, . )
E =— ST +sH)dt =
e =g SRS 0+ 5201

9 15 4, (D)l 17 40 (i (16)
— oS ti=— -
16126‘[71‘-1 4§3JI‘&1
which again using (7a) and (7b) evaluates to
2
E, =[7—M}TN — 099467, (17)

16

Since the average signal (symbol) energy is twice the
average energy per bit, then the normalized minimum
squared Euclidean distance for the paths corresponding
to starting and ending in the same state is

e 16{7—38 —A(;+34 ]+A"[141+4ﬂ
w14 37 T T1_156  (18)

: (T+2A+15A%)

[S]

E

Upon examination of all length 3 error event paths
that begin in one state and end in another, e.g., Figures
10a and 10b, no pair of paths with smaller normalized
minimum squared Euclidean distance was found.

Furthermore, by exhaustive search, it can be shown
that the minimum squared Euclidean distance of (18) 1s
the smallest over all pairs of paths that start in any state
and end in any state regardless of the length of the path.
Thus, the normalized minimum squared Euclidean dis-
tance for the FQPSK scheme is given by (18).

For the spectrally enhanced FQPSK using the wave-

90 - ApPPLIED MIcROWAVE & WIRELESS

forms of (9) as replacements for their equivalents in
(7b), the minimum squared Euclidean distance over all
length 3 trellis paths occurs, for example, between the
first and second paths, starting and ending in state
“0000” and is given by (see Figure 9a)

2

42 =17 (s,(0) = 8,(0) +(5,(8)—5,,(8)
+(s,(1) = 5,(0))" + (s,() —5,())’
H(s, ()= 5,(0)) +(s5,()—s,()) Jdt

(19)

Once again, evaluation of the squared Euclidean dis-
tances between the pairs of waveforms required in (19)
using (7a) and (7b) together (now with (9) for their def-
inition) results after much algebra in

=[ GA“%]? - 15647 20
4 .
Likewise, the average signal energy is now
21 8 1 8 29 o
-0 A - “ A2
8 ar (4 3n]+ 8 (21)

E T, =1.003T,

av
4

Thus, the normalized minimum squared Euclidean
distance is

3-6A+15A"
;i%\:21 8( p— ) o5 =156 (22)
b — —A( - )+ S A
8 3t ‘\4 3z) 8
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which coincidentally is identical to that for FQPSK.

Again there is no other pair of paths starting in any
state and ending in any other that produces a smaller
normalized minimum squared Euclidean distance.
Thus, we shall conclude that the enhancement of FQPSK
provided by using the waveforms of (9) as replacements
for their equivalents in (7b) is significantly beneficial
from a spectral standpoint with no penalty in receiver
performance.

In accordance with the foregoing representation of
FQPSK as a trellis coded modulation with 16 states, the
optimum receiver (employing a Viterbi algorithm) for
FQPSK is illustrated in Figure 11.

In later sections of this article, we shall illustrate
average bit error probability (BEP) results obtained
from a simulation of this receiver. For the moment, we
shall just compare its asymptotic (limit of infinite ener-
gy-to-noise ratio) performance with that of the optimum
receiver for conventional uncoded offset QPSK
(OQPSK).

Since for the latter, dwn / 2E, =2, which is the same
as that for BPSK [8], we see that as a trade against the
significantly improved power spectrum afforded by
FQPSK and its enhanced version relative to that of

OQPSK, an asymptotic loss of only 10 log(2/1.56)=1.07
dB is experienced.’

Symbol-by-symhol FQPSK detection

In the second part of this article, which will be pub-
lished in the March issue of Applied Microwave &
Wireless, we will examine the performance of FQPSK
when the detector makes decisions on a symbol-by-sym-
bol basis — that is, the inherent memory introduced by
the trellis coding is ignored at the receiver. Signal repre-
sentation, suboptimum receivers and average bit error
probability performance will also be covered in the con-
clusion to this article. [ ]

End notes

[1] Other versions of FQPSK, referred to as FQPSK-
B (5], include proprietary designed filtering for addi-
tional spectrum containment. Such filtering is not ger-
mane to our discussions in this paper and will not be
considered.

[2] The reduction of the envelope from 3 dB to 0 dB
occurs only at the uniform sampling instants on the
inphase (I) and quadrature (Q) channels. It is for this
reason that XPSK is referred to as being “pseudo” or
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“quasi” constant envelope, i.e., its envelope has a small
amount of fluctuation between the uniform sampling
instants.

[3] Of the 16 possible cross correlator output combi-
nations, only 12 of them are in fact new, i.e., for four of
the input [ and Q combinations, the cross correlator out-
puts the identical combination.

[4] Actually, in its generic form, Kato and Feher allow
(through the introduction of a transition parameter £ =
1-A) for a controlled amount of envelope fluctuation.
For quasi-constant envelope, one should choose A =
12

[5] This also occurs between several other pairs of
paths starting and ending in the same state.

[6] Needless to say, at smaller (finite) SNRs, the loss
between uncoded OQPSK and trellis decoded FQPSK
will be even less.
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Appendix 1. Trellis state transitions.
current state input output next state
0000 00 0 0 0000
0000 01 1 12 0010
0000 10 0 1 1000
0000 11 1 13 1010
0010 00 3 4 0001
0010 01 2 8 0011
0010 10 3 5 1001
0010 11 2 9 1011
1000 00 12 3 0100
1000 01 13 15 0110
1000 10 12 2 1100
1000 11 13 14 1110
1010 00 15 7 0101
1010 01 14 11 0111
1010 10 15 6 1101
1010 11 14 10 1111
0001 00 2 0 0000
0001 01 3 12 0010
0001 10 2 1 1000
0001 11 3 13 1010
0011 00 1 4 0001
0011 01 0 8 0011
0011 10 1 5 1001
0011 11 0 9 1011
1001 00 14 3 0100
1001 01 15 15 0110
1001 10 14 2 1100
1001 11 15 14 1110
1011 00 13 7 0101
1011 01 12 11 0111
1011 10 13 6 1101
1011 11 12 10 1111

current state input output next state
0100 00 4 2 0000
0100 01 5 14 0010
0100 10 4 3 1000
0100 11 5 15 1010
0110 00 7T 6 0001
0110 01 6 10 0011
0110 10 7T 1001
0110 11 6 11 1011
1100 00 8§ 1 0100
1100 01 9 13 0110
1100 10 8 0 1100
1100 11 9 12 1110
1110 00 11 5 0101
1110 01 10 9 0111
1110 10 11 4 1101
1110 11 10 8 1111
0101 00 6 2 0000
0101 01 7 14 0010
0101 10 6 3 1000
0101 11 7 15 1010
0111 00 5 6 0001
0111 01 4 10 0011
0111 10 5 7 1001
0111 11 4 11 1011
1101 00 10 1 0100
1101 01 11 13 0110
1101 10 10 0 1100
1101 11 11 12 1110
1111 00 9 b 0101
1111 01 8 9 0111
1111 10 9 4 1101
1111 11 8 8 1111
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PRODUCTS & TTECHTINOLOGES

Product Focus — Components
for mm-Wave Systems

Backward wave oscillators are available
for frequencies from 33 to 1100 GHz

A series of backward wave oscillators are now
available from ISTOK Microwave, covering 33
to 1100 GHz in overlapping ranges. Power out-

put of 6 to 20
mW is available
at lower frequen-
cy ranges, while
high range units
provide a mini-
mum 1 mW out-
put. Permanent
magnet oscilla-
tors cover 33
GHz to 178 GHz
with five models.
They require 0.9

ISTOK
Backward Wave Oscillators

to 1.2 volts at 2.5 L
amps (max.) for the BWO tube filament, and
350 to 1500 volts at 40 mA for the slow wave
structure. For higher frequencies, a single elec-
tromagnet can be used with seven BWO tubes to
cover 177 GHz to 1100 GHz. The electromagnet
requires 300 volts at 14.5 amps (max.) to create
an 11 Tesla field. BWO filaments require 5.5 to
7.5 volts at 1.4 to 2.0 amps, along with 1.0 to 6
kV at 45 mA for the slow wave structure. Power
supplies for the BWO units and electromagnet
assembly are offered, along with an optional
positioner to facilitate the alignment of the
BWO tube into the electromagnet solenoid.
Applications include university, government
and industrial research labs, providing signals
for signal generators, spectrum analyzers, spec-
trometers and receiving systems.

ISTOK Microwave

Circle #193
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Wavegulde products cover up to 40 GHz
Advanced Microtek has introduced a wide
range of high-performance waveguide products
designed to address both commercial and mili-
tary microwave applications up to 40 GHz.
Available in either rectangular or double-ridge
configurations, the products range from stan-
dard items such as adapters, transitions, termi-
nations, attenuators and couplers, as well as a
variety of bends, twist/straight sections and
flexible waveguide sections. Specialized designs
can be manufactured, including pressure win-
dows, TEM transmission cells, harmonic filters,
horn antennas, mismatches and water-cooled
loads. Standard waveguide products are offered
in aluminum with matte black paint, or they
can be specified in traditional materials of brass
or copper. Custom design services are offered for
requirements that cannot be met with the stan-
dard product line.
Advanced Microtek Ltd.
Circle #194

Broadband K- and Ka-band amplifiers
QuinStar offers the QGU series of ultra-
broadband PHEMT based general purpose
power amplifiers for applications across the
entire K- or Ka-band frequency range. The
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RF Connectors ¢ Cable Assemblies ¢ Resistive Products

HAS YOUR RF CONNECTOR SUPPLIER...

a) Been swallowed up by a huge conglomerate?
b) Moved to a new location and lost the recipe?

c) Changed names and forgotten yours?

If so, SV Microwave can solve your problems by providing:

* An accessible engineering staff

A supportive and helpful sales team
* Quick responses

» Short lead times

* Direct equivalents

* An array of Mil Qualified items

Tired of being treated like a number? Feeling misplaced in the
confusion? Being turned away on special design projects?
Give us a call. We haven't lost the personal touch!

3301 Electronics Way, West Palm Beach, Florida 33407
Tel: 561-840-1800 * Fax: 561-844-8551 » E-mail: sales @svmicro.com

Circle 27 See us at Wireless Symposium, hooth #1027
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amplifiers are offered with 20 dB or 40 dB gain, with a
nominal power output of +17 dBm. Each amplifier has
internal bias circuitry that generates gate control volt-
ages and provides proper voltage sequencing and
reverse/overvoltage protection using a single external 8
to 12 volt supply. The standard amplifier is provided
with K-female connector input and output ports,
although standard rectangular waveguide (K- and Ka-
bands) and double-ridge waveguide (18 to 40 GHz) are
also available. Waveguide input and output ports are
arranged in line for simplified installation.

QuinStar Technology, Inc.

Circle #195

Sector antennas for broadband services

Andrew Corporation now offers three new models in
its Broadband Communications Antenna (BCA) series.
The High Gain Sector
Antenna covers the
24.25 to 26.5 GHz
band, delivering 20.5
dBi gain with 90
degree azimuth cover-
age. Coverage of 45 or
90 degrees is available
in either vertical or
horizontal polariza-
tion, and the vertical
pattern is contoured
to avoid nulls in the
coverage area. Two
models of the BCA :
Series Mark II give enhanced pattern performance in
the 27.35 to 28.5 GHz and 37.0 to 40.0 GHz bands, with
21 dBi and 22 dBi gain respectively at 90 degree sector
coverage. Azimuth patterns and cross-polarization rejec-
tion are improved over earlier models for better rejec-
tion outside the desired sector.
Andrew Corporation
Circle #196

3.5 mm coaxial calibration kits

Maury Microwave has announced the 8060A series of
coaxial TRL/LRL (Through-Reflect-Line, Line-Reflect-
Line) 3.5 mm calibration kits. The kit is designed to
work with Hewlett
Packard (Agilent) vec-
tor network analyzers
at frequencies up to
34 GHz. They are pro-
vided with either 3.5
mm in-series phase
matched adapters or
2.4 to 3.5 mm phase ‘
matched adapters. A full 2-port calibration can be made
over the entire bandwidth. In addition, 1-port or 2-port
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SOLT (Short-Open-Load-through) fixed load calibration
can be performed, and a 1-port Short-Open (airline plus
load) calibration can be performed for gated measure-
ments. Recommended options include the A034B and
A034E push-on and thread-on connector gages and the
8799A1 8 in/lbs torque wrench.

Maury Microwave Inc.

Clrcle #197

Packaged broadband mm-wave amplifiers

Alpha Industries has added five packaged amplifiers
to its product line, supporting mm-wave sensor and
communications applications. The AB028H1-14 is a
high gain amplifier for 23 to 30 GHz, with 36 dB gam
+16 dBm power out- ;
put and 3 dB noise fig-
ure. The AB038H1-14
offers 30 dB gain, +16
dBm power output
and 4 dB noise figure.
Both of these ampli-
fiers operate from a
single supply. The
AB028V1-14 is a vari-
able gain amplifier
covering 23 to 30
GHz. It features 30 dB available gain, 30 dB attenuation
range, +16 dBm power output and 3 dB noise figure.
Two new low noise amplifiers, the AA028N1-99 and
AA038N1-99, cover 23 to 30 GHz and 26 to 42 GHz
respectively. The lower frequency model has 3 dB noise
figure, 18 dB gain and +9 dBm output power, while the
high frequency version has 3.8 dB noise figure, 18 dB
gain and +5 dBm power output. The AA028N1-99 is
priced at $30.98 in quantities of 10,000.
Alpha Industries
Circle #198

IF filters are designed for LMDS

Piezo Technology, Inc. (PTI) offers the 8600 series of
LC filters for IF and tuner applications in LMDS/MMDS
wireless network equipment. Transmit path filters fea-
ture center frequen-
cies in the 450 to 650
MHz range, with
receive path filters
operating in the 1200
to 1500 MHz range.
At 1 dB, passband
responses are general-
ly 75 MHz and 375
MHz for the transmit and receive paths respectively.
The filters are provided in hermetically sealed packages
on tape and reel for automated manufacturing.
Piezo Technology, Inc.
Circle #199
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DESIGNER'S
KiIT

CHIP INDUCTORKITS

MEW! 0402CS Series
1.0nH-40nH, 5% tolerance
21values (10each) KitC128 $60

NEW! 0603CS Series
1.6nH-270nH, 5% tolerance
37 values(10each) KitC124 $80
KitC124-2 (2% tolerance) $100

0805CS Series
3.3nH-820nH, 5% tolerance
26 values (10 each) KitC103 $60
KitC103-2 (2% tolerance) $85

MEW! 0805HQ High QSeries
2.5nH-51nH, 5% tolerance
12values (10each) KitC125 $60

1008CS Series
10nH-4.7 uH, 5% tolerance
36 values (10each) KitC100 $100
Kit C100-2 (2% tolerance) $120

MEW! 1008HQ High gSeries
3.0nH-100nH, 5%+ 10% tolerance
14 values (10each) KitC123 $60

Kit C123-2 (2% tolerance) $80

AIR CORE INDUCTORKITS

“Micro Spring” Series
Inductance: 1.65nH - 12 54 nH
9values(12each) KitC108 $50

“Mini Spring” Series
Inductance: 2.5nH-43nH
10values(12each) KitC102 $60
“Midi Spring” Series
Inductance: 22 nH- 120 nH
10values (12each) KitC118 $60

LOW PROFILE POWER INDUCTORS

MEW! LP02506 Power Wafers™ ‘
4.7pH -1000pH,0.16-1.9 Amps
15values (3each) KitC132(In-board versions) $60
KitC133 (On-board versions) $60 ! mr

MEW! LPT3305 Shielded Power Wafers™
1pH -47 uH, 0.6 - 1.6 Amps
11values (3each) KitC130 $60

D03308 Series
10pH-1000pH, 0.05 - 2 Amps
13 values (3each) KitC109 $60

POWER INDUCTORKITS

DS1608 Shielded Series
1pH -10,000pH,0.02 -3 Amps
25 values (3each) KitG115 $80
NEWE DO1813HC High Current Series
0.56yH-48.1H,0.72-6 Amps
9values (3each) KitC131 $60

DS3316 Shielded Series
1pH -47pH,0.8 - 5Amps
11 values (3each) KitC116 $60 Y 0

MEW! DO3316HC High Current Series . i

0.33pH -3.311H,6.4- 16 Amps
7values(3each) KitC126 $45 i

DESIGNER'S
KiIT

D01608/3316 Series
1puH-1000pH, 0.07 - 6.8 Amps
38 values (3each) KitC105 $90

DT1608/3316 Shielded Series
1uH-1000pH, 0.8-5Amps
38 values (3each) KitC104 $95

DS5022 Shielded Series
10pH-1000pH, 0.53 - 3.9 Amps
13 values (3each) KitC117 $60

D05022 Series
14H-1000 pH, 0.56 - 8.6 Amps
17 values (3each) KitC111 $60

DO05022HC High Gurrent Series
0.78 uH-10pH, 6.0- 15 Amps
9values (3each) KitC113 $60

FOR EVEN MORE KITS VISIT
HTTP://ORDER.COILCRAFT.COM

DESIGNER’S
KIT

Circle 67

order.coilcraft.com

The longest line
of magnetics kits is
now available on-line

Pull up our web site. Pull out your
credit card. And within minutes the
kits you need will be on their way.

No one offers more T~
prototyping kits for your . 3
RF, EMI and power "= ‘
magnetics. And no
one makes it so easy
to order, even on [T
nights and weekends. #

Of course you can still pick up the
phone and call us at 800-322-2645.

Either way, we'll put the right mag-
netics right at your fingertips.

Cary, IL 60013 800/322-2645 www.coilcraft.com

See us at Wireless Symposium, booth #740



Test Systems Enhance
RF Component and
Power Amplifier IC Testing

gilent Technologies, Inc. has announced
A;lew test instrumentation for RF compo-
ent and RFIC production. The Agilent
87050E multiport test set can greatly improve
throughput and accuracy in high volume pro-
duction of 50 ohm components, while the
Agilent 84000 Series Model A20e addresses high
volume RFIC testing by providing a complete
solution for power amplifier ICs.

The 87050E multiport test set works with the
Agilent 8712F series network analyzers to char-
acterize devices operating up to 3 GHz with as
many as 12 ports. All transmission paths and
port reflection characteristics can be measured
with a single set of connections.

Calibration time is reduced with two types of
calibration. Periodic full calibration using short,
open and load standards is simplified by requir-
ing only one connection at each port while the
unit calibrates all measurement paths. In addi-
tion, a self calibration gy
routine uses the unit’s
internal standards to
correct for system drift.
A full calibration may
not be needed for as
long as a month. The
unit is priced from
$8,250 to  $14,250,
depending on the con-
figuration.

The Model A20e
expands the Agilent
84000 RFIC series with
the capability for com-
plete testing of power
amplifier RFICs. The
system performs 2-port
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A Agilent introduces new production
test equipment, the Agilent 87050E
multiport test set (above) and the
84000 Series Model A20e RFIC power
amplifier test system (right).

tests, with vector measurements from 750 MHz
to 3 GHz and scalar measurements up to 8 GHz.
The product is compliant with CDMA, NADC,
PDC, PHS, GSM, DECT and TETRA.
Measurements include input/output power, gain,
ACPR, harmonics, s-parameters, current and
voltage. The base price is under $400,000. o

For more information, contact:

Agilent Technologies, Inc.

(R subsidiary of Hewlett-Packard Company)

5301 Steven Creek Blvd. — MS 54LAK

Santa Clara, CA 95052

Tel: 800-452-4844 ext. 6849 (87050E)
ext. 6866 (Model A20e)

Internet: http://www.agilent.com

Or circle Reader Service #201 (Agilent 87050E)
or #202 (Agilent 84000 Series Model A20e)




LIFIE,

DCto8GHz 9

m (up to +18.5dBm output)  From (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, and lots to...gain!

Mini-Circuits...we’re redefining what VALUE is all about!

T Crouts

*Freq.  Gain Max. Power Out Dynamic Range @Device DPrice
Model (MHz) ~ (dB) (dBm, @ 1dB Comp) NF(dB)  IP3(dBm) Curreni(mA) $ea (10 Qty.)
ERA-1 DC-8000 11.8 17 5.3 26.0 40 180
ERA-1SM  DC-8000 118 13 55 260 40 185
ERA-2 DC-6000 15.6 128 4.7 26.0 40 195
ERA-2SM  DC-6000 15.2 124 46 260 40 2.00
ERA-3 DC-3000 20.8 12.1 38 230 35 210
ERA-3SM  DC-3000 20.2 115 38 230 35 215
ERA-4 DC-4000 135 al70 55 4325 65 415
ERA-4SM  DC-4000 135 al68 52 4330 65 420
ERA-5 DC-4000 18.8 184 45 a330 65 415
ERA-5SM  DC-4000 185 4184 43 a325 65 420
ERA-6 DC-4000 113 a185 84 4365 70 4.15
ERA-6SM  DC-4000 113 al79 84 a360 70 420

Note: Specs typical at 2GHz, 25°C. Exception; a indicates typ. numbers tested at 1GHz
* Low frequency cutoff determined by external coupling capacitors.
@ Price (ea.) Qty.1000: ERA-1 $1.19, -2 $1.33, -3 $1.48, -4, -5 or -6 $2.95. SM option same price

DESIGNER'S AMPLIFIER KITS:

K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95

K1-ERASM: 10 of each ERA-1SM,-28M,-3SM (30 pieces) only $49.95

K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95

K2-ERASM: 10 each ERA-4SM,-55M (20 pieces) only $69.95

K3-ERASM: 10 each ERA-4SM,-5SM,-6SM (30 pieces) only $39.95

Chip Coupling Capacitors at 12¢ each (50 min.) r

Size (mils) Value

80x50 10, 22, 47, 88, 100, 220, 470, 680,
1000, 2200, 4700, 6800, 10,000 pf

120x60 .002, .047, .068, .1 pf

R
Typical Biasing bias (Required)

Configuration ERA

v
ce

, ot

‘, Q' RFC(Optional)

SN R C block

ERA-1  ERA-1SM N

ACTUAL =
SIZE

c block

f— ouT )
Free User Guide!
2 d Packed with comprehensive
;"e’nff‘;:m:‘z o technical support. Shipped with
eahy e e order, or cal for your free copy today.

1;3 Mini-Circuits 89 .9

ICE CA
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits.com  C7CLE READER SERUCE GARD

For detailed specs on all Mini-Circuits products refer to * 760- pg. HANDBOOK « INTERNET » THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY * EEM
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Miniature 2.45 GHz
Dielectric Filter Targets
PCMCIA Card Applications

oko announces a new dielectric

I bandpass filter for 2.450 GHz

wireless local area networking

designs using PCMCIA card for fac-

tors. The TDFS8A-2450T-13A has a

footprint of 3.2 x 3.0 mm and a low
profile of only 1.8 mm.

The TDFS8A-2450T-13A is a
bandpass filter with an insertion loss
of <2.0 dB and an average minimum
attenuation of 40 dB at 1950 MHz.
The filter’'s center frequency is
2450.0 MHz and it has a passband of
fo£50.0 MHz. Passband amplitude
ripple is 0.7 dB maximum and VSWR
in the passband is 2.0:1 maximum. B wiiasis Attty
The filter is designed for 50 ohm A Toko announces the TDFS8A-2450T-13A, a miniature band-
input and output impedances. Figure pass filter for 2.45 GHz PCMCIA card applications.

1 shows a plot of the filter’s frequen-
cy response and return loss.

The filter is manufactured using Toko’s pro-  provided on 2000-piece tape and reel in for auto-
prietary dielectric material and process. It is mated circuit assembly. Pricing in 10,000 unit
quantities is less than $1.00 each. Other Toko
products include miniature inductors, integrat-
ed circuits, DC-DC converters, imaging prod-
ucts and electronic component assemblies. B

oy

Toko No. : TDFS8A-2450T-13A

For more information, contact:

Toko America, Inc.
125 Feehanville Drive
Mount Prospect, IL 60056
Tel: 847-297-0070
) ‘ Fax: 847-699-7864
Center Frequency : 2,450,.00MHz Span : 2,000.00MHz E-mail: iﬂfﬂ@to‘(ﬂam.cnm
Internet: http://www.tokoam.com

Attenuation (dB)
Return Loss (dB)

A Figure 1. Frequency response and return loss of
the miniature 2.45 GHz filter. Or circle Reader Service #203
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Committed to:

Service & Support
Rapid Response

With:
Standard Product Solutions
Custom “Application Specific Designs”

For:

High Volume, Wireless
Telecommunication Requirements

Excellence in Wireless Filter Technology i

1918C Northwood Drive 55 Tel: 410-860-0500
Salisbury, Maryland 21801 i !ff,g;&%ﬁ Fax: 410-860-9005

Web: clearcommtech.com C'eafc ‘ E-mail: clearcom@dmv.com
omm
inc
’

Circle 62 See us at Wireless Symposium, booth #1336




Quadrature Modulator IC
Operates up to 2.5 GHz

new RF integrated circuit for wireless
AcAommunications has been introduced by
nalog Devices. The AD8346 is a direct
quadrature (I/Q) modulator with high phase
accuracy and amplitude balance over its rated
frequency range of 800 to 2500 MHz.
Quadrature modulation is used in many mod-
ern communications systems, including GSM,
CDMA and W-CDMA. The AD8346 provides
quadrature modulation directly at the transmit-
ter output frequency, eliminating IF stages and
upconversion processes. A low power transmit-
ter could be built using the AD8346 with an
AD97xx series TxDAC and an appropriate LO
signal source (e.g. frequency synthesizer). An
external amplifier can be used for higher power.
Key specifications of the device are summarized
in Table 1.
Packaging for the AD8346 is a 16-lead
TSSOP and it is specified for operation over a

Parameter Specification
Output frequency 0.8 to 2.5 GHz
Quadrature phase error 1 degree

1/Q amplitude balance 0.2 dB

Output power (typ) -10 dBm

Output VSWR (typ) 1.25:1

Output Py4g (typ) -3 dBm

Carrier feedthrough (typ) —42 dBm
Sideband suppression (typ) -36 dBc

1M3 suppression (typ) -60 dBc

Output noise floor (typ) -147 dBm/Hz
LO input drive level (min/max) ~12 dBm/-6 dBm
LO input VSWR (typ) 1.9:1

Supply voltage (min/max) 27 V55V
Supply current (min/max) 35 mA/55 mA

A Table 1. AD8346 key specifications (for operation
at 1900 MHz).
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Baseband to RF
I & Q Modulator

A Analog Devices’ new AD8346 offers direct quad-
rature modulation up to 2.5 GHz.

temperature range of -40 to +85° C. Its 2.7 to
5.5 volt supply range is suitable for today’s typ-
ical design requirements. The IC is fabricated
using Analog Devices’ 2.5 GHz bipolar silicon
process. The device is priced at $4.96 each in
1000-piece quantities. ]

For more information, contact:

Analog Devices, Inc.

Ray Stata Technology Center

804 Woburn Street

Wilmington, MA 01887

Tel: 800-ANALOGD (800-262-5643)
Fax: 781-937-1021

Internet: http://www.analog.com

Or circle Reader Service #204



MINIATURE

SURFACE MOUNT V(CO’s .:12%

ROS SPECIFICATIONS:

The big news is Mini-Circuits miniature family of 50 to 7T600MHz ROS voltage
controlled oscillators! Each unit is housed in a shielded 0.5"x0.5"x0.18"
non-hermetic industry standard package for highly efficient wash-thru
capability, reliability, and cost effectiveness. Models with “PV" suffix typically
operate from a 5 volt power supply and require 5V tuning voltage to cover
the frequency range. This makes them ideal for integration with monolithic
PLL chips and commercial synthesizers working within the 245 to 1600MHz
band. The series also features wide band 12V models optimized for 50 to
1410MHz linear tuning, up to one octave band widths, and low phase
noise. Support your customers demands for smaller size and e
better performance, switch to ROS VCO's today!

Mini-Circuits...we’re redefining what VALUE is all about! A(;T.;N SizE

[.T.,.'.IMlm-Clrcuits

Model

ROS-285PV
ROS-900PV
ROS-960PV
ROS-1000PV
ROS-1600PV
ROS-100
ROS-150
ROS-200
ROS-300
ROS-400

ROS-535

ROS-765
ROS-1410

245-285

810-900

890-960
900-1000

1520-1600

50-100
75-150
100-200
150-280
200-380
300-525
485-765
850-1410

Freq. Range Wi
EMH?) une

ax.

oo

17
18
17
16
17
17
16
11

Phase Harmonics+

Noisex
Typ.
-100
-102
-102
-104
-100
-105
-103
-105
-102
-100
-98
-95
-99

*Phase Noise: SSB at 10kHz offset, dBc/Hz. **Specified to fourth.

Current  Price

(dBc) \/ollage (mA)  $ea.
Typ. Max.  (5-49)
-20 5 20 17.95
-25 4.5 12 19.95
-27 5 12 19.856
-33 5 22 19.95
-26 5 25 18.95
-30 12 20 12.95
-23 12 20 12.95
-30 12 20 12.95
-28 12 20 14.95
-24 12 20 14.95
-20 12 20 14.95
-27 12 22 15.95
-8 12 25 19.95

s 80 90
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P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com
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High Speed VCXO0s and
Master Clock Oscillators
Operate at 3.3 Volts

icro Networks/Andersen Labor-

I\/I atories has introduced new low

voltage (3.3 V) oscillator products

for high speed, high performance comput-

ing and telecommunications equipment.

Applications include network servers,

instrumentation, base stations, datacom/

telecommunication transmission, defense
and ATE systems.

Master Clock Oscillators

The M103 series of Master Clock
Oscillators features 2 ps phase jitter for
timing applications at frequencies up to
800 MHz. The oscillators provide a pre-
cise, stable clock source in either a SMT or
DIP package for state-of-the-art or first

generation products.

PECL logic is used in the M103, oper-
ating at 3.3 volts. Optimum jitter is
obtained in a 50 ohm environment. tem-
perature stability is maintained within
<30 ppm variation from 0 to 70° C at frequen-
cies up to 800 MHz. Any application requiring
high frequency and precise timing can benefit
from the M103 performance. OEM delivery is
from stock to 18 weeks.

High performance, high speed VCXO0s

The expanded line of Micro Networks’ prod-
ucts includes the M303 series of 3.3 volt VCXOs.
Originally designed for SONET applications,
the M303 series has been expanded to include
frequencies from 100 to 800 MHz. With 3 ps jit-
ter in a 50 ohm environment, these VCXOs are
suited for any high speed clock application.

The M303 series is available in either SMT or
DIP packaging, operating from 3.3 volts with a

108 - AprpPLIED MICROWAVE & WIRELESS

A Micro Networks has developed a series of low voltage
Master Clock Oscillators for high performance computer
and telcommunications systems.

temperature stability specification of <30 ppm
over the range of 0 to 70° C. OEM delivery is
rom stock to 12 weeks.

Micro Networks is ISO-9001 registered and
certified to MIL-PRF-38534. |

For more information, contact:

Micro Networks/Andersen Laboratories
324 Clark Street

Worcester, MA 01606

Tel: 508-852-5400 ext. 3110

Fax: 508-853-8296

E-mail: sales@mnc.com

Or circle Reader Service #205




A Stronger Slgnal

From low to medium capacity FSK and QPSK radio platforms, to

high data rate QAM radios, Signal has a solution for integrating
your transmit and receive functions into a single module.

Building on the core

«(( *inp;@ ) )} technology of AFP

advanced Frequency products [acquired Dec 1999]

Rx Noise Figure:

Tx Output Power: . e
we can deliver the exact module for the job. A strong design TeGih : i5dB min.
library of Transmitters, Receivers, Mixers, Multipliers, Power Tx Output Phase Noise: -84 dBc/Hz @ 100 kHz typ.

LO Multiplication Factor: VCOx9
Amps, and LNAs allow us to go from prototype to production in Prescaler Output: VCO/4

a flash. And we can also design-in other critical features of your
www.sigtech.com/afp/trm1
radio (VCOs, prescalers, etc.) to create a customized package

that suits your architecture perfectly. These devices are ideal

=== TECHNOLOGY CORPORATION
WIRELESS GROUP

for your latest Digital point-to-point and point-to-multipoint

designs. For more information visit our T/R Module web page
28 Tozer Road, Beverly, MA 01915 » 978-922-0019 » Fax 978-927-9328

at www.sigtech.com/afp/trm1. Circle 42 www.sigtech.com



_ : artabie hy Design has been the most
comprehenswe market-focused evem desugned specifically for wireless and portable
engineers and designers.

AN EXCLUSIVE MIX OF

« Over 75 powerful
conference sessions

+ An exhibition featuring
over 400 industry-
leading hardware,
software, testing,
and quality-control
vendors

4 Plus popular network-
ing/workshop functions makes
Wireless/Portable 2000 the center of industry
convergence

If you can’t find solutions to your engi-
neering, design, test, or quality-control
challenges at Wireless/Portable 2000,
they probably don’t exist.

EXHIBITION: February 22 - 24, 2000

CONFERENCE: February 22 - 25, 2000
Register on-line for a FREE Exhibit Hall pass,
which includes access to popular networking
sessions.

v On-Line Conference Registration is now discounted!

Register on-line today for the renowned conference program using code AMW2,

and save 40% off the on-site prices. Log on now to
Call 1-888-WireReg to receive a conference brochure.

Don’t delay, seating is limited.

San Jose Convention Center

San Jose, CA, USA

Platinum Sponsor: Gold Sponsors:

b TeXAS ANALOG . . - :
INSTRUMENTS pevicess @I NEC _intersil  DigitalDNA
Sponsoring Publications: Produced By:

R ess  Microwaves e FLETROMEDESIN - EYREPOEGENT EEoditNews 74 [enton




Product ,Sgotlight_

WAVEGUIDE & COAXIAL
SWITCH SPECIALISTS

SWITCH OVER TO:
(@ SECTOR MICROWAVE

INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 117229
(516)242-2300 - Fax: 516-242-8158

Request your “R-F Switch slide Guide” today!

Circle 101

HYBRID FREQUENCY SOURCE
CRYSTAL OSCILLATOR-
MULTIPLIERS

-180 —4 1

1 T
10her odner B o 00k A

Typical measured phase noise of (2) model
VSA-100 MHz Freq. Source,

FREQ. RANGE: 10 MHz to
FREQ. STABILITY: +5ppm, 0°c to +50°c
POWER OUT: +8 dBm to +15 dBm

Don’t You Wish You Had Longer Range or mare power
GO FARTHER with SMARTAMPS

The low cost, patent pending bi-directional SmartAMPs can
automatically boost and maintain power to assure optimum
performance of your system for long range applications.

* Automatic Wide Range Input Adapting

* 900 MHz, 2.4 GHz, 5.8 GHz

« Direct Sequence or Frequency Hopping

* Wireless Internet/L AN/Modems/Local Loops
OEM Military & International Applications

lrv )
b, u|I||
Teletronics International, Inc.

1803 Research Blvd. Suite 404
Rockville, MD 20850

Call: 301-309-8500
Fax: 301-309-8851
sales@teletronics.com
www.teletronics.com

Circle 102

rsonal Probe
Station

Very Low Cost
High Function

ipact full featured. modestly priced, manually operated probe station
developed for engineers and scientists

Measure Microwave, RF and DC parameters of Semicanductor Devices

Packages and Assemblies with NIST lraceability .

* BenchiopSize(<1it’) » Vacuum chuck * X-Y-0 stage »
® X-Y-Z probe positioners °TU[J Plate 7-lift »Vacuum Accessory Manifolde
* 7X-40X Stereo Zoom Microscope ® Adjustable Halogen flluminator &
*Vacuum Accessories « Compatible with 40GHz+ probes »
* Accessories for Thermal Chucks and Probe Cards «

» Test wafers, microstrip packages and surface mount components

%‘w hnology

A Prabe Station On Every Bench
Circle 103

J microTechnology
744 NW Bluegrass Pt
Portland, OR 97229
503) 614-9509
€503) 531-9325 [FAX!
www jmicrotechnology.com

H 5350 Kazuko Court, Moorpark, Ca. 93021
w“mumm (805) 523-2390 Fax: (805) 523-0065
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SUPER NARROW NOTCH

Our TNF400 tuneable filters
provide <0.7% notch width
with notch depths of >30 dB.
Frequencies available are 10 to
500 Mhz. Units will pass up to
1.0 GHz. Package size is 2"x 2."

Call for FREE application note!

CAGRF

| More Info? Phone: 520.204.2597

WAVEGUIDE DESIGN AND
ANALYSIS SOFTWARE
Windows 95/NT/Alpha
Full EM Field Modeling Based

Filters:

Lowpass, Bandpass, Bandstop,
Evanescent, Dual Mode, Finline
Diplexers & Multiplexers
E/H-Plane, Bifurcated, T, L and Coaxial
Line Common Ports
Transformers

E-Plane, H-Plane & EH-Plane
Power Dividers & Couplers
Hybrids and N-Way
OMT-Polarizers & Horn
Antennas

Consulting services for all types of
filter design including planar

POLAR WAVES CONSULTING
6-425 Pinehouse Drive
Saskatoon, SK S7K5K2

Tel: (306) 934-6688 Fax: (306) 931-4694
e-mail: pramanick@sk.sympatico.ca
hitp:/fwww.polarwaves.com

Circle 105

Circle 106

vice you want to advertise.

Our Product Spothght section allt)ws you to
show off your company’s products or services in
an economlcal 1/9 page color ad. Ads may be sent
camera ready, or we’ll make up an ad for you! All
you'll need to provide is a product photo, compa-
ny logo and a description of the product or ser-

Our Classifieds section is the place to adver-
tise career opportunities, consulting services,
| used test equipment and just about anything
else. Special Classifieds rates are available and
are agency-commissionable if material is sup-

ad for you

How to place Product Spothght and Classzﬁed ads
plied. Or, if ; you prefer, our staff can make up the

C}assxﬂed dlsplay ads are avallable in calor or
black and white in standard ad sizes, or in black
and white by column mch (Culumnanch ads are
2—1/4 1nches wide.)

For more mformatmn on advertlsmg 1n_ these
two sections, please contact Applied ]
& Wireless, 4772 Stone Drive, Tucker, GA
130084; Tel: (770) 908-2320; Fax: (770) 939 0157
E- maﬂ amw@amwxreless.com
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Classifieds

Gi_EUJﬂﬂG_ Eagleware Corporation is seeking experienced englneers ,
memmmes  SOftware developers, and sales professionals to accommodate

RF and Microwave Design Software the company’s rapid growth. Positions available include:

» Application/Testing Engineer * Electromagnetic Simulation Developer ¢ Windows Developer
e Model Engineer » System Simulation Developer ¢ International Sales Coordinator

We offer a competitive salary and exceptional benefits. Eagleware, founded in 1985, is a successful, entrepre-
neurial software firm that develops, distributes, and supports RF and microwave design software. Complete job
descriptions are available on our web site, www.eagleware.com; or, send a resume to jobs @eagleware.com.

Apphedw

Click Here:
http://www.rfglobalnet.com | Author’s Guidelines

Applied Microwave & Wireless

e ; does not use a detailed author's
Find RF/MW and % guide! We don't want to make

Wireless product your job of writing any more diffi-
S . y cult. We're editors, and it's our job
information i to make sure your efforts are pre-

L - sented to our readers in a profes-

sional manner. We want your

expertise, not your grammatical
skills.

To submit an article for publi-

| | cation in Applied Microwave &

Save 15-25% on 2,000 ¥ | Wireless magazine, send a pro- |

posal or abstract to Gary Breed,

new jobs in technical books in our Publisher, at the address below,

bookstore _ i | Please be sure to include a con-

our career B || tact name, telephone and fax
center Y B numbers, and e-mail address.

c ; ' ' We will notify you if we want to
publish your work and will ask
you to submit the final article.
We'll need to receive your article
at least eight weeks before the
date of publication. You may con-
’ ; B i sult our Editorial Calendar and

Ask questions 1n o - indicate a topic on your proposal,

expert-hosted B ] / althgugh we cannot g_uarantee
2 . @ : publication in a specific issue.
technical forums

Submit article proposals to:

Applied Microwave &

\ ] o ) | . g Wireless
m b & ®» V. Ll Y 4772 Stone Drive
i . - 4 | ) ]
L\_. - L/ —_ L/ \_.\_/w L/ — 1 Tucker, GA 30084
info@rfglobalnet.com 303-415-9233 Tel: 770-908-2320

Fax: 770-939-0157

ouR INDUSTRY'S »1WEB SITE I
= Circle 65 T
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o International Microwave Symposium
Boston, Massachusetts
IEEE Microwave Theory and Techniques Soc:ety

MARK YOUR CALENDAR NOW
TO ATTEND THE

2000 IEEE MTT-S International

Microwave Symposium & Exhibition
June 11-16, 2000
John B. Hynes Veterans Memorial Convention Center

Featuring Technical Sessions and Workshops
for Wrreless, Commerclal and Mllltary Applications.

ICs for Wireless Communications
Microwave Vehicular Technology
CAD Design Methodology
Power Devices and MMICs

Transistor Power Amplification

Nonlinear Modeling and Analysis
Measurement Theory and Techniques
High Power Sources and Control

Low Noise Receivers

Manufacturing, Production and Packaging
Advances in Hybrid Technology

Millimeter and Submillimeter Wave Technology
Monolithic Technology

Active and Quasi-optic Arrays

Lightwave Technology and Techniques
Superconductivity Technology

Microwave Digital Processing

Full Guest Program — Brlng the Famtly'

|
|
|
|
B Wireless Communication Systems
and Technologies
B Power Amplifiers for Wireless Applications
B Subsystems for Commercial Communications
B Biological Effects and Medical Applications
B Signal Generation, Frequency Conversion

and Control Circuits
B Filters and Multiplexers
M Ferrite Components
|

Guided Waves and Propagation Characteristics

In addition to the outstanding Symposium, visit the World’s Largest Microwave Exhibition,
featuring more than 400 industry innovators displaying their newest wireless and commercial products and services.
Once again this year, industry representatives will be presenting application and marketing seminars on the exhibition floor
which will be open to all attendees.

1 Yes,Iwould like additional information on attending MTT-S ’00. Please send it to:

Name Title

Organization

Address

City State Zip Code
Country Telephone

Microwave Journal®, 685 Canton St., Norwood, MA 02062 B FAX: 781-769-5037 AMW

Access MTT-5 On-Line at Microwave fournal® via http://www.mwjournal.com.
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Agilent Technologies 1-800-452-4844 (tel.) Microwave Filter Company 315-463-1467

Signal analyzer .......... . ... .. 11 Flers oo 64
Alpha Industries 508-894-1904 (tel.) Millitech 413-665-2536
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‘Stanford 7 £

Microdevices

#  High MTTF ¢
" High'Linearity e
Broadband Performance

e e

o

As low as

A new generation of HBT MMIC Amplifiers %3.09

Using Gallium Indium Phosphide/Gallium Arsenide Technology in quantity

NGA-489 DC-8 GHz T IS NGA-589 DC-6 GHz
o High gain and high output make this

Designed with InGaP process technology for
greater reliability, this Darlington configured, NGA-489 NGA-589 heterojunction bipolar transistor MMIC amplifier

high gain, heterojunction bipolar transistor Frequency (GHz)  DC-8.0 DC -6.0 ideal for use in all wireless applications. InGaP

MMIC amplifier offers value and performance “Gain (dB) HBT technology improves the reliability and
performance and minimizes leakage current

for all wireless and broadband communication —?“OTF’—(JB« i ————
applications. Outstanding features are; = between junctions. Other features include:

Cascadable 50Q: 1.5:1 VSWR i Cascadable 50€: 1.5:1 VSWR
Low positive voltage supply P1dB (dBm) ; Low thermal resistance package

Low thermal resistance package Supply Voltage 42 50 High linearity

High linearity Supply Current 80 80 :'9: g?idns
19

All data measured at 900MHz and is typical.
MTTF @ 150C Ty = 2 million hrs. (Ryy; = 110 W typ.)

Stanford Microdevices is a world leader in meeting the need for high performance | . .

E—-—‘] ; 5 al . N
components at market leading prices. Fabless technology allows us to manufacture M
over 200 different products covering the following: Cellular, PCS, Wireless LAN, - - - 4
Wireless Internet, GSM and ISM. InGaP represents the latest in design and t 1 8D0 0 t 7N6 (:I' A SI? g
innovation for swiftly growing wireless communication technologies. Founded in 1992, Visi?e:u'r web site at
Stanford Microdevices has grown to become the favorite of OEMs worldwide. http://www.stanfordmicro.com

©1999 Stanford Microdevices. All company and/or product names are trademarks and/or registered trademarks of their respective owners.

Circle 44 See us at Wireless Symposium, booth #921



Guest Editorial

The Wireless Industry Gathers
for Business and Technology

this month. First, the Wireless Symposium will

be held February 22-24 in San Jose, CA, then
CTIA’s Wireless 2000 event will take place in New
Orleans, LA, February 28 to March 1. The first show
covers components, technical forums and design mat-
ters. The CTIA show emphasizes the business of wire-
less and the overall technologies that drive the industry.

Two major trade shows are scheduled for the end of

Wireless Symposium

The Eighth Wireless Symposium includes an exhibi-
tion with 400 companies displaying their products and
services for wireless design engineers and system devel-
opers. In addition, some 75 technical papers describe
new products and engineering techniques useful for the
design, testing and manufacture of wireless products.

A significant part of this event is a series of work-
shops, providing concentrated technical instruction.
These courses include:

Wireless Made Simple — Instructor: Al Scott, Besser
Associates, Part 1, Tuesday February 22; Part II,
Wednesday, February 23.

RF Fundamentals — Instructor: Rick Fornes, Besser
Associates, Part I, Tuesday February 22; Part II,
Wednesday, February 23.

Topical Issues in RF Power Amplifier Design —
Instructor: Steve Cripps, Besser Associates, Part I,
Tuesday February 22; Part II, Wednesday, February 23.

Measuring Wireless — Instructor: Morris Engleson,
JMS, Tuesday, February 22.

Fundamentals in CDMA Technology for PCS —
Instructor: Darryl Schick, Linear Lightwave,
Wednesday, February 23.

DSP Made Simple — Instructor: Rick Lyons, Besser
Associates, Part I, Thursday, February 24; Part II,
Friday, February 25.

Digital Modulation — Instructor: Joe Boccuzzi,
Besser Associates, Part I, Thursday, February 24; Part
II, Friday, February 25.

Oscillator Design — Instructor:
Eagleware, Thursday, February 24.

3G Wideband CDMA Technology — Instructor: Darryl
Schick, Linear Lightwave, Thursday, February 24.

Antennas and  Propagation  for  Wireless
Communications — Instructor: Steven Best, Cushcraft
Corp., Friday, February 25.

Phase Locked Loops — Instructor: Eric Drucker, PLL

Randy Rhea,
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Consultants, Friday, February 25.
RF Wireless System Fundamentals — Instructor:
Rick Fornes, Besser Associates, Friday, February 25.
For more information on the Wireless Symposium, or
to register, call 1-888-WireReg or go online to
www.WirelessPortable.com.

CTIA Wireless 2000

New Orleans is a very good venue for a business-to-
business trade show, with an excellent convention cen-
ter and plenty to do after show hours. Following the
theme “Wireless Today & Tomorrow,” Wireless 2000
includes both a large exhibition and informational sem-
inars. Instructional meetings covering business and
technology topics include:

Wireless Data University, presented by Andrew
Seybold and Alan Reiter, Sunday, February 27. Register
by calling 831-338-7701.

CTIA’s Latin American
Wednesday, March 1.

Panel sessions, held Monday, February 28, and
Tuesday, February 29 — Management Issues in
Business, Marketing Issues in Wireless, Technology
Issues in Wireless Data, Wireless Data Consumer
Products and Marketing, Distribution, Borderless
Wireless and Public Policy.

A highlight of the event will be the three keynotes
featuring industry and government leaders:

International Roundtable — Monday, February 28, with
Chris Gent, Chief Executive of Vodaphone AirTouch plc,
Keiji ~Tachikawa, President of NTT Mobile
Communications Network, and Anthony S.K. Wong,
Director-General of Telecommunications Authority, OFTA.

Internet Anywhere — Tuesday, February 28.

A Conversation with Nelson Mandela — Wednesday,
March 1, the former President of the Republic of South
Africa will discuss issues of importance in a world where
technology and social change continue to play major
roles in our lives.

For information and registration for CTIA’s Wireless
2000, call 1-800-421-6338 or 1-415-979-2250. On the
Internet, show information can be found at the event’s
comprehensive Web site: www.ctiashow.com.

Applied Microwave & Wireless will be attending both
events to learn about issues that affect our readers and
advertisers, and to stay abreast of technical and busi-
ness developments. B

Conference, held on
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l RF & Microwave Products

Sincamfoundingm 1950 M/A-COM has led the world in developing and
manufacturing RF and microwave devices, components and subsystems for
wireless communications.

The M/A-COM years have been an era of explosive growth and change in
communications technologies. Yet, through these changing times, M/A-COM has
remained at the cufting edge, offering its customers innovative and creative
products that help them to keep pace with the communications revolution.

We've held our lead by investing substantially in research and development of
new products, and by employing the industry’s most advanced manufacturing
techniques. We've learned that just developing and marketing products that set
| the industry standard for quality and innovation isn‘t enough. You’ve also got
to offer great customer service, backed by design and manufacturing support.

With this proud history behind us, our.commitn
service and our faith in the future of wireless ¢
M/A-COM is helping to shape the future by I}
wireless communicafions for the next fifty y

in research; méi ng. L

wireles§ W i

M/A-COM, headquartered in Lowell, MA, is a leading supplier of radio frequency (RF), microwave and millimeter
wave semiconductors, components and IP Networks to the wireless telecommunications and defense-related
industries. M/A-COM'’s products include semiconductor devices, RF integrated circuits, passive control devices,
antennas, subsystems and systems. Employing more than 2,800 people,

M/A-COM has offices and manufacturing facilities worldwide.

Circle 43 Www.macom.com tqca / Electronics / mM/Aa-com

NORTH AMERICA Te: 1.800.366.2266 Fax: 1.800.618.8883 « EUROPE/MIDDLE EAST /AFRICA Tel: 44,1344.869.595 Fax: 44.1344.300.020 » ASIA/PACIFIC Tek: 81.44.344.8296 Fax: 85.2.2111.8298




Our Expertise — Coaxial Assembly Technology.
We have been supplying RF and microwave interconnection
solutions for the most sophisticated
airborne military electronic systems
in the harshest environments for
more than 50 years. With our

unmatched engineering and

production capabilities we can
also provide the most cost effective coaxial assemblies
for commercial applications. Get the benefit of
our expertise, call us with your application at

1-800-TMS-COAX or visit our web site at

www.timesmicrowave.com.

TTI M ES MICROWAVE SYSTEMS

A Smiths Industries company

World Headquarters: 358 Hall Avenue, Wallingford, CT 06492 * 203-949-8400, 1-800-867-2629 FAX: 203-949-8423
International Sales: 4 School Brae, Dysart, Kirkcaldy, Fife, Scotland KY1 2XB UK * +44(0)15692655428 FAX: +44(0)1592653162
www.timesmicrowave.com
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