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Microlab/FXR.The difference is clear.
When it comes to keeping customers happy, the name of 
the game is clear, distortion-free calls. That’s why you should 
be talking with Microlab/FXR.

Our in-stock wireless components are used by the largest
supplier of infrastructure and deliver:

• Low PIM to reduce churn
• Broadband for future enhanced services
• Low loss to increase coverage

See how we can make a clear difference for you.
Call +1 (973) 992-7700 or visit www.Microlab.FXR.com

WIRELESS COMPONENTS

Better reception means happier customers.

Click LEADnet at mwjournal.com or Circle 57 on Reader Service Card
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Need just the right surface mount, coaxial, thru mount, or flat pack power splitter or combiner for your project?
Mini-Circuits is on the case offering you thousands of high performance, cost-effective models off-the-shelf and
immediately available for your military and commercial applications. Choose from 2 and 3way to 48way; 0°, 90°,
180°; 50&75 ohms covering 2kHz to 12.6GHz and beyond, all characterized with detailed data and performance
curves available to you in a flash 24/7 on "The Yoni Search Engine" at the Mini-Circuits web site. Surface mount
products include highly reliable LTCC designs giving you extremely small size, ultra-low profile, excellent stability over
temperature, and high performance repeatability. Tough built coaxial models are available with SMA, BNC, TNC, and
Type-N connectors and include broadband ZX10 units standing less than 3/4" in size. And when it comes to your
custom needs…just let us know what you’re looking for and our development team will go to work! Add our 1 year
guarantee, knowledgeable applications support, and value pricing, and the decision is easy. Contact Mini-Circuits today!

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

THE WORLD’S LARGEST SELECTION

POWER
SPLITTERS

COMBINERS

2kHz to12.6GHz from79¢

IN STOCK
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CIRCLE READER SERVICE CARD

194 Rev E

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

ISO 9001  ISO 14001 CERTIFIED

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
TM

®

See our 244 page RF/IF Designer’s Guide in EEM (Electronic Engineers Master)

New Blue Cell™ LTCC 164 Page Handbook...FREE!
For Complete Product Line…See Our Designer’s Guide On The Web Site.

68
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Experts in the fields of radar antennas, electronic
warfare systems, and telecommunications know that 
the most successful microwave technologies are much 
more than the sum of their parts. 

It’s not enough to be able to design and produce a 
microwave component that is superior in its own right. 
You have to be totally confident that the resultant
assemblies and subsystems will work… perfectly and 
predictably… to the end user’s satisfaction.

That’s why industry experts choose Continental 
Microwave.

• High power pin diode switches. 

• Solid state RF and microwave components 
and assemblies.

• Flat plate array technology and 
RF/microwave components.

• Passive integrated microwave subsystems 
and waveguide assemblies. 

Continental Microwave – 
Much more than the sum of our parts. Call today.

www.contmicro.com
603 775-5200

Continental Microwave

A Cobham plc subsidiary.
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50 YEARS IN
THE MAKING
THE NEW NARDA
PRODUCT CATALOG
The catalog contains nearly

600 pages of fact-filled 

information covering Narda

Microwave’s extensive

product lines. Since it was 

last published, 68 new 

products have been added.

There are new products in major

categories such as Power

Dividers, Couplers, Switches,

Terminations and DRO’s to name a few.

The Narda brand is recognized

throughout the industry for engineering 

and manufacturing excellence. Since our

first shipments in 1954, we have delivered 

millions of high quality microwave 

components to virtually every industrial 

sector around the world.

The new catalog is available in printed form or 

electronically on a CD. To request your copy,

e-mail us, or use the order form on our website.

INNOVATIO
N

INNOVATIO
N

LE
ADERSHIPLEADERSHIP

435 MORELAND ROAD,
HAUPPAUGE, NY 11788
USA TEL: (1) 631 231-1700
INT’L TEL: (1) 631 231-1390
FAX: (1) 631 231-1711
E-MAIL: nardaeast@L-3COM.com
www.nardamicrowave.com
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122 Remote Sensing Through Satellites: A Tutorial Review
P.K. Jain, Space Applications Centre (ISRO)
Introduction to the process of remote sensing, remote sensing satellites,
sensors and various elements involved in the study of global weather,
environment and natural resources

T E C H N I C A L  F E A T U R E S

174 High Performance Wideband MSAG Gain Block/Driver
Amplifier MMICs Using MLP Technology
Michael Ashman and Inder Bahl, M/A-COM Inc.
Use of multi-level plating in the development of wideband, low noise,
generic gain block and driver amplifier MMICs for commercial and military
applications

190 Accurate Power Detection of a CDMA Multi-carrier 
Power Amplifier Using a Logarithmic Amplifier
Sang Hyun Park, Chung-Ang University
Description of the variation of output voltage of the detector integrated
circuit when a code division multiple access carrier is randomly located
within a transmission frequency band

A P P L I C A T I O N  N O T E

100 A Wideband MMIC-based Feedback Oscillator
Tony Fattorini and David A. Richardson, Mimix Broadband Inc.
Demonstration of how the addition of a vector modulator in the feedback
path results in a versatile circuit configuration

S P E C I A L  R E P O R T

118 2004 Editorial Index
A complete listing of 2004 Microwave Journal articles organized by subject
and indexed alphabetically by author

[Continued on page 12]
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High voltage multifunction 
self-aligned gate devices for 
S-band high power amplifier
MMICs are featured on this

month’s cover
Cover art courtesy of 

M/A-COM Inc.
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WE’VE
STRAIGHTENED

THE LEARNING
CURVE

The shortest distance between two points is a line. So why put up

with frustrating, extended learning curves in your microwave

engineering software? Intuitive user interfaces, coupled with our

comprehensive application notes, getting started guides and users’

forum, get you into work mode in record time. Eagleware offers

streamlined applications with all the speed, power and accuracy

needed for taking you from system architecture through test and

manufacturing. And the most responsive technical support in the

industry is just a phone call away if needed.

Go straight to the solution. Turn to Eagleware.

+ 1  6 7 8 . 2 9 1. 0 9 9 5
w w w. e a g l e w a re . c o m

E N T E R P R I S E EDA

SYSTEM ARCHITECTURE

SYNTHESIS

CIRCUIT DESIGN & MODELS

LAYOUT

EM SIMULATION
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www.triquint.com
Phone: (972) 994-8465

Fax: (972) 994-8504
E-mail: info-mmw@tqs.com

Connecting the Digital World to the Global Network

RUGGED DEPENDABILITY. . . from TriQuint Semiconductor

Hostile conditions on and off the planet test American technology

every day.  TriQuint Semiconductor products meet that test head-on.

TriQuint supports a wide variety of military and high-rel applications

including missile seekers, electronic warfare, phased array radar,

Ku and Ka band military / commercial satellite spacecraft, and

ground terminals.

TriQuint power MMICs for microwave and millimeter wave

applications are built with output levels from 250mW to >10W.  Our

state-of-the-art LNAs are available for key bands from DC to 80 GHz.

TriQuint also offers an unparalleled selection of off-the-shelf standard

products including HPAs to 10W, LNAs, driver amplifiers, wideband

gain blocks, phase shifters, and many more, plus complete GaAs

foundry services for custom designs.

•  Power MMICs
•  High Performance HPAs & More

TriQuint’s Sawtek division supplies high performance SAW / STW oscillators for a wide

range of defense applications.  Rugged fixed frequency oscillators (FFO) and voltage controlled

oscillators (VCO) deliver standard-setting performance and reliability, plus unmatched phase

noise performance and high vibration immunity.

On the battlefield, in the air above it, or orbiting in the ultimate ‘high ground’
of space, TriQuint products are at work for America’s military.

SAW / ST W Oscilla
to

rs

TGA2509-FL, 2-20GHz, 29dBm HPA

•  SAW Filters
•  SAW / STW Oscillators (FFO, VCO)
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International Symposium on Advanced
Radio Technologies (ISART)
March 1–3, 2005
Boulder, CO

The 7th annual ISART is a forum created to ex-
plore the current state of the radio art and to
identify directions in which the technology
may evolve. Topics: options for effective spec-
trum management, spectrum efficiency and
utilization, public safety communication, soft-
ware defined radio, broadband over power
lines, radio frequency identification, wireless
LANs, hybrid LANs, propagation modeling in
urban environment, and international interest
in 802.16. For more information, visit
www.its.bldrdoc.gov/meetings/art/index.php.

International Conference 
on Device Packaging
March 13–16, 2005
Scottsdale, AZ

Sponsor: International Microelectronics and
Packaging Society (IMAPS). This conference
will be dedicated to the challenges and tech-
nologies for packaging and devices of all types.
The conference will provide a forum for the
presentations of device packaging technologies
and an opportunity to meet and exchange ideas
with experts in all facets of device packaging.
For more information, visit www.imaps.org.

CTIA Wireless 2005
March 14–16, 2005
New Orleans, LA

This event focuses on bringing together the en-
terprise industry with the consumer and verti-
cal markets to exchange ideas, create partner-
ships and collaborate to further advance wire-
less telecommunications. This global event
draws attendees from dozens of different in-
dustries in more than 80 countries around the
world, serving every aspect of wireless
providers, users, developers, buyers and manu-
facturers. For more information, visit www.
ctiawireless.com.

RF & Hyper Europe 2005
March 22–24, 2005
Paris, France

Now in its 31st year the show makes a return to
the CNIT, where it will showcase the techno-
logical innovations of 170+ exhibitors and re-
flect the current activity in the mobile telecom-
munication, data processing, military and auto-
motive sectors. The show is dedicated to the
promotion of RF, microwaves, optical fiber
and wireless products and services not only
through the exhibition, but also via technical
conferences and workshops. A seminar of RF
amplifiers and microwaves will also be held.
For additional information, visit www.birp.
com/hyper, or contact: BIRP, 11 rue du
Perche, 75003 Paris, France +33 144 789930,
fax: +33 144 78 99 49 or e-mail: hyper@birp.fr.
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COMING EVENTS
International Wireless Communications
Expo (IWCE)
April 4–8, 2005
Las Vegas, NV

This show plays host to more than 300 exhibit-
ing companies in the mobile communications
industry. The IWCE conference program fea-
tures the latest developments in business, reg-
ulatory/policy, interoperability, transportation
and utility applications, public safety and

homeland security. For more information, visit
www.iwceexpo.com.

IEEE Wireless and Microwave Technology
Conference
April 7–8, 2005
Clearwater, FL

The 7th annual IEEE Wireless and Microwave
Technology (WAMI) Conference will address

Thermopad
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®
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Temperature

Thermopad
Benefits:
• Small Footprint
• SMT mountable
• Zero Distortion
• Totally Passive
• Power handling up to 2 Watts
• Several metalization and packaging options available

High Power Amplifier   +    Thermopad    =    High Performance Amp.

+              =

KTVA
18 - 46 GHz
50 Ohms
Size: 0.120 x 0.065

(3.05 x 1.65mm)

TVA
DC - 6 GHz
50 Ohms
Size: 0.122 x 0.145

(3.10 x 3.68mm)

CTVA
DC - 6 GHz

75 Ohms
Size: 0.122 x 0.145

(3.10 x 3.68mm)

Patent # 5,332,981

MTVA
DC - 18 GHz

50 Ohms
Size: 0.060 x 0.075

(1.52 x 1.91mm)

HTVA
DC - 20 GHz

50 Ohms
Size: 0.055 x 0.055

(1.52 x 1.91mm)

(800) 544-5594
(772) 286-9300

emct.com
ISO 9001 and 14001 Certified 

A Smiths Group company

Thermopad is an absorptive microwave attenuator. It provides a power
dissipation that varies with temperature. Thermopads are ideal for
applications requiring a known amount of attenuation change for a given
temperature shift.

Compensates for gain variation over temperature
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MODELS ( Add Prefix BW- )
2W SMA 5W SMA 5W Type-N

$29.95 $44.95 $54.95 Nominal     Accuracy*
S1W2 S1W5 N1W5 1 ±0.40
S2W2 S2W5 N2W5 2 ±0.40
S3W2 S3W5 N3W5 3 ±0.40
S4W2 S4W5 N4W5 4 ±0.40
S5W2 S5W5 N5W5 5 ±0.40
S6W2 S6W5 N6W5 6 ±0.40
S7W2 S7W5 N7W5 7 ±0.60
S8W2 S8W5 N8W5 8 ±0.60
S9W2 S9W5 N9W5 9 ±0.60
S10W2 S10W5 N10W5 10 ±0.60
S12W2 S12W5 N12W5 12 ±0.60
S15W2 S15W5 N15W5 15 ±0.60
S20W2 S20W5 N20W5 20 ±0.60
S30W2 S30W5 N30W5 30 ±0.85
S40W2 S40W5 N40W5 40 ±1.10
*At 25°C includes power and frequency variations up to 12.4GHz.
Above12.4GHz add 0.5dB typ. to accuracy.

2W&5W
DC to18GHz ATTENUATORS

$2995
ea. (1-49)from

Attenuation (dB)

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost,
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW”
family of precision fixed attenuators stand above the crowd! This extremely broad
band DC to 18GHz series is available in 5 watt Type-N and 2&5 watt SMA coaxial
designs, each containing 15 models with nominal attenuation values from 1 to 40dB.
Built tough to handle 125 watts maximum peak power, these high performance
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover
a wealth of applications. So contact Mini-Circuits today, and capture this next
generation of performance and value!

IN STOCK

DC-18GHz Adapters NOW AVAILABLE!

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

For detailed adapter specs visit: www.minicircuits.com/adapter.html
For detailed attenuator specs visit: www.minicircuits.com/attenuat.html

331 Rev E

(qty.1-49)
Type-N to SMA SMA to SMA

$2295 ea. $495 ea. $595 ea. $895 ea.

CIRCLE READER SERVICE CARD

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

Mini-Circuits ISO 9001 & ISO 14001 Certified

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
TM
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up-to-date multidisciplinary research needs
and interdisciplinary aspects of wireless and
RF technology. Topics: next generation
(3G/4G) wireless communication systems,
802.11/HiperLAN2 wireless LAN systems
(OFDM and multi-carrier), Bluetooth/personal
area networks (PAN)/wide area networks
(WAN), spread spectrum wireless systems,
smart antennas, adaptive antenna arrays,
MIMO and space-time processing. For more
information, visit www.wamicon.org. 

IEEE MTT-S International Microwave
Symposium and Exhibition
June 12–17, 2005
Long Beach, CA

This symposium will serve as the centerpiece of
Microwave Week 2005. Topics: research, devel-
opment and application of RF and microwave
theory and techniques. In addition to IMS2005,
a microwave exhibition, a historical exhibit, the
RFIC symposium and the ARFTG conference
will be held during Microwave Week 2005. The
technical sessions will run Tuesday through
Thursday of Microwave Week. Workshops will
be held Sunday through Tuesday, and the
ARFTG Microwave Measurements Conference
will be held on Thursday and Friday. For more
information, visit www.ims2005.org. For exhibi-
tion information, contact Kristen Dednah,
Horizon House Publications, 685 Canton St.,
Norwood, MA 02062 (781) 769-9750 or e-mail:
kdednah@mwjournal.com.

Wireless Communications 
Association 2005
June 28–July 1, 2005
Washington, DC

This 18th annual event will convene 2000
broadband wireless executives from 40 nations,
and feature 200 speakers and 75 exhibitors
who will showcase product solutions from 2 to
90 GHz, as well as FSO and SDR solutions.
For more information, visit www.wcai.com or
contact Tim Sheetz at (202) 452-7823 or 
e-mail: tim@wcai.com.

European Microwave Week 2005
October 3–7, 2005
Paris, France

European Microwave Week 2005 (EuMW) fea-
tures four major conferences, a three-day com-
mercial exhibition that attracts international play-
ers, alongside technical workshops and short
courses. GAAS 2005 – The 13th Gallium Arsenide
and other Compound Semiconductors Application
Symposium (October 3–4); ECWT 2005 – The
European Conference on Wireless Technology
(October 3–4); EuMC 2005 – The 35th European
Microwave Conference (October 4–6); EuRAD
2005 – The 2nd European Radar Conference (Oc-
tober 6–7); and the European Microwave Exhi-
bition (October 4–6). For all four conferences the
Call for Papers is February 25, 2005. To sub-
mit a summary or for more information on the
event, visit www.eumw2005.com.
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MTT Wireless
January 15–20, 2006
San Diego, CA

This inaugural symposium will encompass a
combination of events all geared to wireless
systems and technologies. A three-day exhibi-
tion will take place the same week as three
technical conferences. The centerpiece of the
week is the IEEE Radio and Wireless Sympo-
sium (RWS), which continues the evolution of

the successful Radio and Wireless Conference.
Also participating are the established Topical
Meeting on Silicon Monolithic Integrated Cir-
cuits in RF Systems (SiRF) and the IEEE Topi-
cal Workshop on Power Amplifiers for Wireless
Communications (PA Workshop). For more in-
formation, visit www.mttwireless.org. Compa-
nies interested in the exhibition, or in sponsor-
ships should contact Kristen Dednah at (781)
769-9750. Technical attendees and perspective
authors should contact Fred Schindler at (978)
670-2230.

Click LEADnet at mwjournal.com or Circle 26 on Reader Service Card

Microwave Components

- Receivers
- Front Ends
- Up & down converters
- Custom B .T.E
- Extended DLVA assemblies

.I

Pin Diode Control Devices
- SPST to SP16T switches
- High power over 100 Watt CW and 1000W
peak power handling SPST to SP20T

- Transfer switches
- Digitally controlled attenuator DCA

Low Noise Amplifiers
Noise figure from 0.8 dB
Output power up to +33 dBm
Temperature Compensation
Custom Defined

Output power up to 500W
Pulsed Amplifier
TWTA Replacements

High Power Amplifiers

Frequency Sources 0.5-18 GHz
- Fast, wideband direct analog frequency

synthesizers
- Dual Mode DTO/Synthesizers
- Phase locked loop synthesizers
- Comb generators/ Multipliers
- Applications: EW, Radar, Missiles

This is only a sample of our Microwave Products
Please contact us to discuss your custom requirements

48 Mivtza Kadesh St., Bene Beraq 51203 Israel. Tel. 972(3)617-5655 Fax. 972(3)617-5299 www.mw-elisra.comEmail: trm1@elisra.com

Microwave Division

Elisra Microwave Division has over
of proven experience in supplying best of
class components and Multi-function
Integrated assemblies for a wide variety of RF
and Microwave Applications up to 50 GHz

35 years

Solid State Amplifiers up to 18 GHz

Multi-function Integrated Assemblies
up to 50 GHz

COMING EVENTS
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PRACTICAL RF
AND MICROWAVE DESIGN

■ Topics: This intensive, five-day
course provides acceleration through
the RF design learning curve by pre-
senting a comprehensive introduction
to RF and microwave design theory,
techniques and measurements. Al-
though the course includes the neces-
sary theoretical aspects, great empha-
sis is placed upon the practicalities of
RF engineering. For more informa-
tion, visit www.conted.ox.ac.uk.
■ Site: Summertown, Oxford, UK
■ Dates: January 17–21, 2005
■ Contact: University of Oxford
Continuing Education, 1 Wellington
Sq., Oxford, UK 0X1 2JA +44 1865
270360 or e-mail: enquiries@conted.
ox.ac.uk.

COMPLETE ANALOG
RF CMOS CHIP DESIGN

■ Topics: This three-course series will
describe how to design a digital subsys-
tem on a silicon chip for fabrication.
Participants learn mixed-signal radio
frequency integrated circuit design/lay-
out/testing techniques from baseband
to RF in the context of a complete
CMOS microelectronic design and fab-
rication project. Upon successful com-
pletion of all three courses, participants
will have taped out a functional mixed-
signal chip. For more information, visit
www.unex.berkeley.edu/eng.
■ Site: San Francisco, CA
■ Dates: Five Sat. (1/22/05–3/19/05)
■ Contact: UC Berkeley Extension,
1995 University Avenue, Berkeley, CA
94720-7010 (510) 642-4151 or e-mail:
course@unex.berkeley.edu.

ANALOG INTEGRATED
CIRCUIT DESIGN I
■ Topics: This course will introduce
an analog integrated circuit design
and covers device physics, bipolar and
CMOS transistor design and model-
ing, layout considerations, basic build-
ing-block circuits, small signal circuit
analysis and operational amplifier the-
ory. Practical design techniques are
emphasized.
■ Site: Redwood City, CA
■ Dates: Ten weeks (2/9/05–4/13/05)
■ Contact: UC Berkeley Extension,
1995 University Avenue, Berkeley, CA
94720-7010 (510) 642-4151 or e-mail:
course@unex.berkeley.edu.

SATELLITE COMMUNICATIONS
NETWORKS AND APPLICATIONS

■ Topics: This course provides an in-
tensive review of satellite communica-
tions networks and applications from a
system development perspective. In-
tended for technical, operations and
business professionals as well as new-
comers to satellite technology, the
course details the fundamentals, archi-
tecture and development of modern
satellite networks. For more informa-
tion, visit www.uclaextension.edu.
■ Site: Los Angeles, CA 
■ Dates: March 21–25, 2005
■ Contact: UCLA Extension Bldg.,
10995 Le Conte Avenue, Los Ange-
les, CA 90024 (310) 825-3344.

ANTENNA ENGINEERING

■ Topics: This course presents the
theory and practice of antenna engi-
neering, covering the range of anten-
na properties and types from basic to
state-of-the-art. The antennas pre-
sented in the course cover a wide
spectrum of frequency, up to and in-
cluding the millimeter wavelengths
and a wide range of applications. 
For more information, visit www.pe.
gatech.edu.
■ Site: Atlanta, GA
■ Dates: April 25–29, 2005
■ Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

MICROWAVE MEASUREMENTS
TRAINING COURSE

■ Topics: This five-day course is a
unique opportunity for recent gradu-
ates or those new to the field to gain
the most up-to-date understanding of
modern measurements. The course
will provide a thorough understanding
of the essential and theoretical, and
practical background of microwave
measurements. Delegates will be able
to hear from experts in the field of
measurements and have the chance to
visit the National Physical Laborato-
ry’s facilities during the course. For
more information, visit www.iee.org.
■ Site: Middlesex, UK
■ Dates: May 9–13, 2005
■ Contact: Carilyn Clements, IEE,
+44 (0) 1438 765631, fax: +44 (0) 1438
767305 or e-mail: cclements@
iee.org.uk.

Model Frequency Gain Noise Unit Price
Number (GHz) (Min) Figure Qty 1-9

(Max) ($USD)

CA12-A02 1.0-2.0 26 1.6 $425

CA24-A02 2.0-4.0 26 1.8 $425

CA48-A02 4.0-8.0 24 2.0 $425

CA812-A02 8.0-12.0 22 2.5 $425

CA1218-A02 12.0-18.0 16 3.5 $495

Ciao Wireless, Inc .
4000 Via Pescador • Camarillo, CA 93012

Tel (805) 389-3224 • Fax (805) 389-3629
E-mail sales@ciaowireless.com

•Output Power +10 Min @ P1dB PT
•VSWR (in/out) 2.0:1 Max
•+VDC +12 to +15 VDC
•Delivery 2 Weeks ARO

Options
• Customized specifications including:

Frequency, Gain, Noise, VSWR, +VDC

• Alternate package sizes available

• Input Limiter Protection, Gain Control,
TTL, Phase Shift (360 Deg), Bias-T

• Various connector interfaces

• In-House Mil-Standard
Environmental Testing

Visit us on the web
at www.ciaowireless.com
for our complete product offering.

WORKSHOPS & COURSES
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Trust It.

Power Meters • Peak Power Analyzers • RF Voltmeters • Power Sensors • Capacitance Meters • Modulation  Analyzers/Meters • Audio Analyzers

www.boonton.com  •  +1 (973) 386-9696  •  Fax +1 (973) 386-9191  •  boonton@boonton.com
A Wireless Telecom Group Company

Whew! Don’t you wish you owned this meter? 

We’re working on it. In the meantime, check out 

Boonton’s accurately calibrated, lightning-fast 4530 

Series of meters and high-speed sensors that 

measure just about everything else: RF power versus 

time, RF power versus probability, and peak power.

Boonton – your trusted source for instrumentation.

An Accurate Read of Any Situation
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We’re a world on the go. No matter how fast or far
we move, we expect our communications to keep
pace with us. No boundaries, no wires.

At RFMD, our high-performing solutions power the
infrastructure architecture that enables people to
connect to the Internet, download a photo, make a
phone call and more. Any time, any place.

Optimized for base station transceiver and
high-power amplifier applications, our RF3800
series of amplifier solutions keep people connected
through high efficiency, high linearity, high gain
and high power. Assembled in thermally enhanced
AlN LCC-8 packages, our solutions offer a more
robust alternative to lower power plastic packaged
pre-driver amplifiers. 

RFMD. We’re your ultimate single-source provider.

ISO 9001: 2000 Certified / ISO 14001 Certified
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For sales or technical support, contact
336.678.5570 or sales-support@rfmd.com.   
www.rfmd.com

RF MICRO DEVICES®, RFMD® and Enabling Wireless ConnectivityTM are trademarks of RFMD, LLC. BLUETOOTH is a trademark owned by Bluetooth SIG, Inc., U.S.A. and licensed for use by 
RF Micro Devices, Inc. ©2004 RFMD.

We are Wireless.

Cellular

Wireless LAN

Bluetooth®

Infrastructure
GPS

wireless technology
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Remote sensing is a multi-disciplinary ac-
tivity that deals with the inventory,
monitoring and assessment of natural

resources, following the analysis of data ob-
tained through observations from a remote
platform. This technology, under development
since the early 1960s, has shown great promise
in improving the information collection re-

garding the world’s
weather, environment
and natural resources.
The use of satellites as
platforms for remote
sensing has added an-
other dimension to re-
mote sensing. Satel-
lites allow coverage of
large areas at a time
and repetitive cover-
age at predetermined
intervals under similar

sun illumination conditions using sun-synchro-
nous orbits. This article describes the whole
process of remote sensing, remote sensing
satellites, sensors and various elements in-
volved in space and ground segments. Special
attention has been given to the configuration
of the remote sensing satellites and ground
station systems, and, wherever applicable, a
comparison has been made with communica-
tion satellites systems.

REMOTE SENSING PROCESS
Remote sensing is the technique of deduc-

ing information about an object, area or phe-
nomenon through the analysis of data ac-
quired by a sensor device that is not in physi-
cal contact with the sensed target. This
definition is restricted to measurements made
in different spectral regions of the interactions
between the targets and electromagnetic
(EM) radiations (such as light, heat and radio
waves).

A fundamental property of an EM wave is
that its velocity and wavelength change when
it propagates through media of different den-
sities. Its interaction with matter may, there-
fore, change the property of the incident
wave, namely intensity, direction, wavelength,
polarization and phase. The science of remote
sensing records these changes and uses them
to interpret the characteristics of the matter.
The end-to-end process of remote sensing can
be explained by the following stages/
sequences: (1) a source of electromagnetic
energy (sun/self emission), (2) transmission of
energy from the source to the surface of the

22 MICROWAVE JOURNAL ■ DECEMBER 2004

REMOTE SENSING
THROUGH SATELLITES:
A TUTORIAL REVIEW

TUTORIAL

P.K. JAIN
Space Applications Centre (ISRO)
Ahmedabad, India

[Continued on page 24]

The use of satellites as

platforms for remote sensing

has added another dimension

to remote sensing.
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Amplifiers and
Integrated Solutions
for RF Applications
Request for quote! Call, fax, or e-mail.
Free catalog! Call today!

Model
dB min

JCA12-3001
JCA24-3002
JCA48-4001
JCA812-5001
JCA1218-5002

JCA45-306
JCA45-305
JCA56-309
JCA78-306
JCA12-3040

JCA618-4001
JCA218-3002
JCA218-4002
JCA218-5002
JCA218-3001

Freq. Range
dB min

1.0–2.0
2.0–4.0
4.0–8.0

8.0–12.0
12.0–18.0

4.5–4.8
4.4–5.1
5.4–5.9

7.25–7.75
1.2–1.6

6.0–18.0
2.0–18.0
2.0–18.0
2.0–18.0
2.0–18.0

Gain
dB min

40
40
42
45
48

40
30
30
30
30

40
34
44
54
30

Flatness
+/–dB

1.0
1.0
1.5
1.5
1.5

0.5
0.5
0.5
0.5
0.5

1.5
2.0
2.5
2.5
2.0

1 dB Comp. 
pt. dBm min

10
10
15
10
10

10
10
10
10
10

33
27
27
27
25

N/F
Max

0.8
1.0
1.0
1.5
1.5

0.5
0.7
0.7
0.7
0.7

3.0
4.0
4.0
4.0
4.0

3rd Order 
ICP typ

20
20
25
20
20

20
20
20
20
20

40
33
32
32
30

VSWR
In/Out Max

2.0
2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0
2.0

Carrier Offset

100 Hz
1.0 kHz
10 kHz
100 kHz

C, X-Band
(-dBc/Hz)

135
145
153
158

Ku-Band
(-dBc/Hz)

125
142
150
152

Ultra Low Noise Amplifiers

Low Phase Noise Amplifiers

LNA’s

Broadband Power Amplifiers

776 Palomar Avenue, Sunnyvale, CA  94085 p: 408 � 522-3180    f: 408 � 522-3181 www.endwave.com e-mail: jca@endwave.com
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earth, wherein it also undergoes ab-
sorption and scattering during pas-
sage through the atmosphere, (3) in-
teraction of electromagnetic radia-
tions with the earth’s surface
(reflection, scattering, absorption and
re-emission), (4) transmission of the
reflected/scattered/emitted energy
from the objects/features of earth’s
surface to the remote sensors mount-
ed onboard (with appropriate modifi-
cations due to atmospheric effects),
(5) sensor data output in digital elec-
trical signal form, (6) modulation and
transmission of the data (now called
satellite payload data) to earth, (7)
data acquisition through an earth sta-
tion tracking receive antenna, (8) data
demodulation and archival/recording
in different media such as high densi-
ty digital recorders, hard disks, digital
cassette recorders, etc., (9) genera-
tion of products by processing of the
data to different levels of accuracy
employing various corrections and
(10) interpretation of the data and its
presentation into usable form such as
floppies, maps, cartridges, discs, etc. 

REMOTE SENSING PHYSICS 
The information from an object to

the sensor is propagated by EM
waves through the atmosphere at the
velocity of light, directly through free
space as well as indirectly by reflec-
tion, scattering and re-radiation. The
interaction of EM waves with natural

surfaces and the atmosphere is
strongly dependent on the frequency
of the waves. Remote sensing by
satellites involves atmospheric degra-
dation from the entire atmospheric
column. Thus, the characteristics of
the atmosphere significantly deter-
mine the effective use of the electro-
magnetic spectrum for remote sens-
ing. Although the electromagnetic
spectrum is infinitely wide and spans
the entire region ranging from the
longest wavelengths of radio waves to
the shortest wavelengths correspond-
ing to gamma rays, most of the re-
gions cannot be used for remote
sensing owing to certain practical lim-
itations. X-rays and most of the ultra-
violet radiations are rendered unus-
able by atmospheric attenuation
(complete absorption by the ozone
layer in the upper atmosphere), while
at lower frequencies, the ionosphere
reflects the radiations totally. There-
fore, the spectral regions (also called
atmospheric windows) in which the
atmosphere is transparent or offers
very little attenuation only can be
used for remote sensing. Such win-
dows fall in ultraviolet (0.3 to 0.4
µm), visible (0.4 to 0.75 µm), near in-
frared (0.77 to 1.34 µm), mid-infrared
(1.55 to 2.44 µm), thermal-infrared
(3.5 to 5 µm, 8 to 12.5 µm and 17 to
22 µm) and microwave (2 to 1000
mm) regions of the electromagnetic
spectrum. The remaining non-usable

spectral bands (other than the previ-
ously mentioned low attenuation at-
mospheric windows) offer severe at-
tenuation/absorption due to the pres-
ence of water vapor (H2O), oxygen
(O2), ozone (O3), carbon dioxide
(CO2) and aerosols in the atmos-
phere. Figure 1 depicts the general-
ized absorption spectrum of the
earth’s atmosphere.

Many earth surface materials re-
spond in various distinctive ways
(have different spectral reflectance
characteristics) when illuminated by
different regions of the electromag-
netic spectrum. Moreover, within any
limited region of the spectrum, a par-
ticular material exhibits a diagnostic
spectral radiance pattern, which is
generally different from that of an-
other material. Thus, every individual
substance or class of related sub-
stances has its own specific spectral
signatures (ability to respond to an
EM wave) or spectral response curve.
Each class of substances shows some
dominant signature or pattern by
which members of that class can be
identified. For example, vegetation
may reflect only 10 to 15 percent in
the green portion of the spectrum,
and as much as 40 to 60 percent in
the near infrared. Similarly, water
and soil may have different reflection
characteristics. However, spectral re-
flectance characteristics under cer-
tain conditions may be the same for
some objects (water and wet black
soil, for example). In such cases sepa-
ration of objects based on a single
band/wavelength would be difficult.
Under these conditions, another por-
tion of the electromagnetic spectrum
that provides distinct separation is
used. This approach to remote sens-
ing is called multispectral mode study
of the objects and involves either
measurements of the spectral signa-
tures over one or more regions of the
spectrum or sampling of the radiation
intensities as single values integrated
through specific intervals or wave-
length bands. The Multi Spectral
Scanner (MSS), Thematic Mapper
(TM) and Linear Imaging Self Scan-
ning Sensor (LISS) are some exam-
ples of the sensors used in satellites
for sensing the radiances of the earth
surface in distinct spectral band-
widths.
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▲ Fig. 1  Generalized absorption spectrum of the earth’s atmosphere.
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InGaP HBT Amplifiers

• 1/4–2 Watt  P1dB

• Frequency 50–2500 MHz

• Single  posit ive  b ias  voltage

• Class  A/B for  better  eff ic iency

• Excel lent  ACPR values

Model Frequency P1dB OIP3 Gain Noise IS-95 Device Package
Number (MHz) (dBm) (dBm) (dB) Figure Channel Bias Style

(dB) Power (V/mA)
(ACPR)

AH110 50-2000 +23 +39 20.5 5.0 13 (-45 dBc) 8/100 SOT-89
AH114 60-2500 +24 +41 19.0 5.0 17 (-45 dBc) 5/150 SOT-89
AH115 1800-2300 +28 +44 14.0 5.0 22.5 (-45 dBc) 5/250 SOIC-8
AH116 800-1000 +28 +42 17.0 7.0 23 (-45 dBc) 5/250 SOT-89
AH118 60-2500 +24 +41 20.5 4.0 17 (-45 dBc) 5/160 SOT-89
AH215 400-2300 +31 +46 17.0 7.0 25.5 (-45 dBc) 5/450 SOIC-8
AH312 400-2300 +33 +51 18.0 8.0 27 (-45 dBc) 5/800 SOIC-8
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7th Annual
International Symposium

on
Advanced Radio Technologies

ISART:
Forecasting the Future of Radio

March 1 - 3, 2005
U.S. Dept. of Commerce

Institute for Telecommunication Sciences
Boulder, Colorado

ISART brings together technical researchers,
business leaders, government policy makers,
and regulators for the purpose of forecasting
the development and application of radio
frequency technologies into the next decade.

For more information and to register:
http://www.its.bldrdoc.gov/isart/

or contact:
Wayde Allen, ISART General Chair

303-497-5871, wallen@its.bldrdoc.gov

REMOTE SENSING SENSORS
Remote sensing sensors can be

grouped into two major categories —
passive sensors and active sensors.
Sensors that detect natural radiation,
either emitted by or reflected from
the earth’s surface, are called passive
sensors. Thus, in a passive sensing
system, there is no control over the
source of electromagnetic radiation.
Examples of passive remote sensing
sensors are photographic cameras,

multispectral scanners, etc. The sen-
sors that have their own source of
electromagnetic radiation for illumi-
nating the objects are called active
sensors. Examples of active sensors
are synthetic aperture radar and side
looking airborne radar. The active re-
mote sensors work in the microwave
region of the electromagnetic spec-
trum and do not need the sun’s illu-
mination. They have the capability to
perform remote sensing even in the

presence of persistent cloud cover or
any other obstruction and, therefore,
are useful for obtaining remote sens-
ing information in a peninsular re-
gion, coastal zones and valleys.

REMOTE SENSING SATELLITES
Remote sensing of earth resources

can be done using either airborne or
space-based platforms. Commercially
available aircrafts, modified to house
the remote sensing equipment, are
mostly used as remote sensing plat-
forms to obtain photographs. Since
the altitude of aircrafts can be altered
by choice, images of different scales
(from 1:5000 to 1:25000) can be tai-
lored for specific applications. There
is also flexibility for changing the
sensing system for different require-
ments. However, apart from being ex-
pensive, the swath width (area on the
earth surface over which an indepen-
dent measurement can be made by
the sensor, that is the distance cov-
ered across the track) offered by the
aircraft remote sensing is also less
due to the lower altitude of the air-
crafts. Besides, aircraft do not have
accessibility to difficult terrains and
cannot fly in bad weather conditions.
Space-based platforms that use re-
mote sensing satellites as a means to
carry remote sensing equipment/sen-
sors are, therefore, more popular in
carrying out earth observations.

Remote sensing satellites are char-
acterized by being in near polar, near
circular, sun synchronous and low
earth orbit, unlike communication
satellites, which are placed in equato-
rial, elliptical and geosynchronous
earth orbit at approximately 36,000
km altitude. The purpose of placing
satellites in polar orbit is to take ad-
vantage of the earth’s rotation on its
axis, to bring new segments (or sec-
tors) of the earth under the view of
the satellite, provided the period of
the satellite orbit is small compared
to the rotational period of the earth
(24 hours). Therefore, repetitive
global coverage is possible when the
remote sensing satellites are placed in
sun-synchronous polar orbits of 700
to 1000 km altitude (which in effect
determines the orbital period of the
satellite) with an orbital period of
roughly 100 to 120 minutes. A sun-
synchronous orbit means that the
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plane of the orbit maintains a fixed
orientation with respect to the sun.
The orbit plane rotates at the same
rate as the mean rate of the earth
around the sun (that is 0.9856°/day).
Thus, the satellite passes over a par-
ticular latitude approximately at the
same local time. Hence, the image of
any given point on the globe is always
acquired at approximately the same
local solar time of day. This is advan-
tageous from a remote sensing point

of view, as it ensures that the sun ele-
vation angle is roughly the same on
each satellite pass. As a general rule,
a local equator crossing time of 10:30
a.m. emerges as statistically the best
from the point of view of obtaining
coverage with minimum cloud and
haze. A remote sensing satellite,
therefore, enables the study of natur-
al resources in various seasons under
the same illumination conditions. The
satellite returns to its original orbital

trace after every fixed interval time
(the IRS-1C satellite repetitive cycle
is 24 days with an orbital period of
101 minutes), thus enabling the re-
peated collection of data in the same
plane at the same local time.

The Indian Space Research Orga-
nization (ISRO) is responsible, in In-
dia, for building and launching re-
mote sensing satellites indigenously.
The satellites are launched on a polar
orbit by a Polar Satellite Launch Ve-
hicle (PSLV) from the Shriharikota
range (also known as the Satish Dha-
van Space Centre) in Andhra
Pradesh. IRS-1C/1D, IRS-P3/P4 and
IRS-P6 are some of the current major
Indian operational remote sensing
satellites in orbit. The various con-
stituents of the network, required for
the operation of a typical remote
sensing satellite mission, can be seen
in Figure 2 , which depicts the
overview of the IRS-1C mission and
includes different segments of the
network in India and abroad along
with the individual functions they
perform.

SPACE SEGMENT
The spacecraft mainframe and the

associated electronics mounted on-
board the satellite constitute the
space segment of a typical remote
sensing satellite mission. It carries
out various functions, including imag-
ing the earth in all the required spec-
tral bands, formatting the payload
sensor data and transmitting to
ground stations (some advanced gen-
eration of satellites like Indian Re-
mote Sensing satellites IRS-1C and
ID also provide data acquired outside
the visibility region of any ground sta-
tion through an onboard tape
recorder; the recorded data is down-
linked to the receive earth station
during night passes), providing the
necessary power for the mainframe
and payload subsystems, providing
the attitude stability required for
imaging, providing housekeeping in-
formation for monitoring the satellite
health and accepting telecommands
to control the spacecraft. The specifi-
cations of a typical space segment of a
remote sensing satellite can be ob-
tained from Table 1. The specifica-
tions of the IRS-1C space segment
are shown in Table 2.

TUTORIAL

28 MICROWAVE JOURNAL ■ DECEMBER 2004Click LEADnet at mwjournal.com or Circle 29 on Reader Service Card

[Continued on page 30]

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

_______ ______
____

http://www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P28A1
http://www.qmags.com/clickthrough.asp?url=www.emhiser.com/vco&id=10849&adid=P28A2
mailto:vco@emhiser.com


Click LEADnet at mwjournal.com or 
Circle 63 on Reader Service Card

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

___________________
_______________

http://www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P29A1
http://www.qmags.com/clickthrough.asp?url=www.microwave-dynamics.com&id=10849&adid=P29A2
mailto:info@microwave-dynamics.com


Visit us at www.sabritec.com
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▲ Fig. 2  Overview of the IRS 1C mission.
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The structure of the IRS-1C spacecraft, shown in Fig-
ure 3, has been followed to explain the constitution of the
typical space segment. The structure is divided into two
major parts, that is, the main and payload platforms. The
main platform consists of the major mainframe subsystem
packages, solar panels, sun sensors, payload data transmis-
sion antenna and TTC antenna, while the payload plat-
form accommodates the remote sensing sensors (PAN,
LISS-III and WiFS cameras of IRS-1C satellite). In addi-
tion, it also accommodates earth sensors and star sensors.
Some advanced satellites have a payload steering mecha-
nism (PSM) that enables the tilting of the sensors in the
direction of the pitch axis to facilitate the view of a given
area more than once within one cycle of satellite passes
and to obtain three-dimensional images of the earth (the
PAN camera of IRS-1C can be tilted/steered in steps up
to an angle of ±26° so that the maximum wait period to
view a given area is only five days). A photograph of the
PAN camera is shown in Figure 4.

The thermal control system maintains the temperature
of different subsystems within specified limits using

heaters and temperature controllers apart from other pas-
sive elements such as paints, multi-layer insulation blan-
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TABLE I
MAJOR SPECIFICATIONS OF A TYPICAL REMOTE SENSING 

SATELLITE RECEIVE EARTH STATION

Frequency (MHz) X-band: 8025–8400; S-band: 2200–2300

Antenna 10 m diameter parabolic main reflector 
1.5 m diameter hyperbolic subreflector

Cassegrain composite S- and X-band 
Feed feed in single channel monopulse 

mode configuration

Polarization RHCP/LHCP, configurable

Axial ratio (dB) X-band: 2; S-band: 1.5

G/T (dB/K) X-band: 31; S-band: 20

Pedestal type Elevation-over-Azimuth

Antenna travel (°) El: –5 to ±185; Az: ±360

dual motor drive for each axis with 
Drive type torque bias arrangement 

to eliminate gear backlash

Max velocity (°/sec) Az: 22; El: 10

Max acceleration (°/sec2) Az: 5; El: 1

Servo bandwidth (Hz) narrowband-mode: 0.5; 
wideband-mode: 0.85

Locked rotor frequency (Hz) 4.2

Tracking accuracy (°) 0.01

IF frequency (MHz) X-band: 375; S-band: 70

Down converter 3-channel synthesized

configurable for BPSK/UQPSK/QPSK 
Demodulators mode with variable data rates 

up to 300 Mbps

high density digital tape recorders 
Data recorder (HDTR)/Digital Audio Tape/Digital 

Cassette Recorders (DCRS)/RAIDS

time accuracy: 1 µs

Timing system time code (output): IRIG-A/IRIG-B 
(selectable)
stability: better than 1 × 10–11

TABLE II
MAJOR SPECIFICATIONS OF SPACE SEGMENT OF IRS-1C

Type three axis, body stabilized 
remote sensing satellite

polar, sun synchronous, 817 km

Orbit altitude with equatorial crossing 
time of 10:30 AM,
in descending node

Repetivity 341 orbits/24 days

Revisit capability 5 days

Thermal Control

Temperature (°C) 20±3 for payload; 2±2 for batteries 
and 0 to 40 for electronics package

Data Handling

PAN LISS-III
Data rate (Mbps) 84.903 42.4515
Modulation QPSK QPSK
Frequency (MHz) 8150 8350
Power (W) 40 40

Beacon frequency (MHz) 8255

Power

Solar array power 
generation capacity 813 W at EOL

Batteries 2 batteries of 21 AH each

Telemetry, Tracking and Command

real time: 512

(A) Telemetry data (bps) dwell: 512
playback (storage 1): 6400
star sensor (storage 2): 6400

Subcarrier (kHz) real time: 25.6
dwell/playback/star sensor: 128

Modulation PCM/PSK/PM

capacity: 2.75
Storage (housekeeping) (MB) data type: sampled (1:5)

or continuous

Storage (star sensor) (kB) capacity: 512
data type: raw

no. of on/off commands: 704
(B) Telecommand no. of data commands: 50

command bit rate: 100 bps

Modulation PCM/FSK/FM/PM

FSK carrier for ONE (kHz) 5.555
FSK carrier for ZERO (kHz) 3.125

No. of time tag commands 255 per decoder

Probability of erroneous 
command execution 1.8 × 10–42

Probability of command rejection 0.98 × 10–13

uplink frequency: 2028.78 MHz
down frequency: 2203.2 MHz

Transponder turn around ratio: 240/221
S-band tone ranging: max tone 
100 kHz two way Doppler
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kets and optical solar reflectors. The
power requirements are met by de-
ployable sun-side and anti-sun-side
solar panels. Batteries are also pro-
vided to supply power during an
eclipse.

The Telemetry and Telecommand
(TTC) subsystem is configured to
work at S-band. The telemetry sys-
tem collects the housekeeping data
from each subsystem, and then for-
mats and modulates it on the subcar-
rier. The IRS-1C satellite has two for-
mats, dwell and normal. The record-
ed telemetry data of the onboard tape
recorder is played back and transmit-
ted to earth at 6.4 kbps using the
dwell mode, whereas the normal
mode telemetry data is transmitted at

512 kbps. The telemetry system also
houses another storage facility for
recording raw star sensor data. The
normal and dwell mode or star sensor
telemetry data are phase-shift keying
(PSK) modulated on different sub-
carriers.

The telecommand system employs
a shortened B-C-H code for com-
mand reception. The telecommand
supports autocommanding for au-
todeployment and safemode opera-
tions. It also controls the operation of
the payload and data handling sys-
tems and configures it for various op-
erational modes. The Attitude and
Orbit Control System (AOCS) is used
to achieve stabilization of the satellite
(three-axis body stabilization in IRS-
1C) in a sun-synchronous orbit, using
actuators, reaction wheels, magnetic
torquers and thrusters. The attitude
control electronics package generates
control signals for these actuators de-
pending upon the attitude errors
sensed by earth sensors, gyros and
sun sensors.

As already stated, the remote sen-
sors are placed on the payload plat-
form of the spacecraft. The payload
data handling system basically consists
of a baseband system and an RF sys-

tem. The baseband
system consists of
control circuits, os-
cillators, formatters,
randomizers and
modulation inter-
faces. The RF sys-
tem contains the lo-
cal oscillators, mod-
ulators, power
amplifiers (usually
TWTAs) and anten-

TUTORIAL
na systems. Data formatting and mul-
tiplexing of different sensors data is
done by the baseband data handling
system. For example, in the IRS-1C,
the data handling system parallels the
data from all four ports of each of the
three charged coupled devices (CCD)
arrays of the PAN payload, which is
multiplexed and formatted in two ser-
ial PCM streams, PAN-I and PAN-Q,
each with a data rate of 42.4515
Mbps. Similarly, the LISS-III format-
ter accepts digital data from the LISS-
III payload in three bands, the SWIR
payload in one band and the WiFS
payload data in two bands, and then
multiplexes and formats them into a
single PCM stream of 42.4515 Mbps.
The data handling system also pro-
vides the selected data of each sensor
to the onboard tape recorder for
recording. The data during playback
is received from the tape recorder
and fed to the modulator after per-
forming differential encoding on it.

The serial data from the baseband
system is fed to the RF system to
modulate (BPSK, QPSK or UQPSK)
and transmit the data to ground, ei-
ther at S- or X-band carrier frequen-
cies. If the data from two different
sensors has to be transmitted at dif-
ferent data rates, then an unbalanced
quadrature phase-shift keying 
(UQPSK) modulation scheme is used.
Similarly, while binary phase shift key-
ing (BPSK) modulation is used for
lower data rate transmission, using an
S-band carrier, the higher data rates
payload signals are carried by either
QPSK or UQPSK modulated X-band
carriers. The modulated output, fol-
lowed by a power amplifier (traveling
wave tube amplifier), is applied to the
transmit antenna.

The transmit antennae, one each
for S- and X-band, are shaped beam
antennae, the gain pattern of which is
shaped in such a way that an approxi-
mately constant flux density is main-
tained at the aperture of the earth
station receive antenna. Beam shap-
ing is essential to equalize the very
large variation in path loss.

Some data handling systems also
transmit an X-band beacon signal for
helping the receive ground stations to
track the satellite accurately. Figure
5 shows the block schematic of a typi-
cal RF data handling system of a re-
mote sensing satellite. 

LISS-III CAMERA

ANTI-SUN SIDE SOLAR PANELS

WIFS
PATLOAD PLATFORM

PRECISION YAW SENSOR (N)

STAR SENSOR

PANCHROMATIC CAMERA

THRUSTER BOOM

SUN SIDE SOLAR PANEL

PRECISION YAW SENSOR

CONICAL SENSORS

CLS ANTENNA

DATA HANDLING ANTENNAE

NOTE: 1 CONICAL SENSOR THERMAL COVERS NOT SHOWN.
 2 ALL PAYLOAD THERMAL COVERS REMOVED.
 3 PAYLOAD OPTICAL ELEMENTS NOT SHOWN.
 4 THRUSTERS (NOT SHOWN).

▲ Fig. 3  Isometric view of the IRS-1C spacecraft (stowed mode).

▲ Fig. 4  The PAN camera.
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▲ Fig. 5  Schematic diagram of the RF data handling system.
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GROUND SEGMENT
The main functions of the ground segment can be listed

as telemetry, tracking and command (TTC), mission control,
data reception, data products generation, and dissemination.
TTC activities, like in any other satellite mission, include
satellite housekeeping data reception and recording, and
spacecraft commanding and tracking. Tracking involves the
measurement of range and range rate of the satellite with
reference to a known source, which in turn determines its
position and velocity and, hence, is essential for spacecraft
orbit determination and ephemeris generation. Similarly,
other mission-related functions such as network coordination

and control, scheduling spacecraft op-
erations, orbit, attitude determination
and control, and establishment of com-
munication links between concerned
ground segment elements, etc., are
known as the mission control activities.
The Mission Control Center is shown
in Figure 6. Reception and recording
of payload data is carried out by the re-
ceive ground stations. Generation and
distribution of different types of data
products described earlier, data quality
evaluation, archival and payload pro-
gramming depending on a user’s re-
quirement are also carried out by the
ground segment.

REMOTE SENSING SATELLITE
RECEIVE GROUND STATION

A receive earth station performs the
following functions to meet the data re-
ception requirements in real time that
includes acquiring the satellite when it
rises in the visibility circle (at about 2°
elevation angle of the antenna), track-
ing the satellite accurately using both S-
and X-band carriers by extracting the
tracking information and thereafter dri-
ving the servo system and antenna, and
receiving, demodulating and recording
the digital sensor data in real time with
desirable quality.

A major functional difference be-
tween a remote sensing satellite receive
ground station and a communication
satellite ground station arises due to the
lower altitude of the remote sensing
satellites as compared to the geosta-
tionary satellites resulting in very high
velocity in orbit. Due to the high rela-
tive velocities between the satellite and
the ground station, the earth station re-
ceive antenna has to move in azimuth
and elevation with very high velocity (of
the order of 15° to 20°/sec) and accel-
eration (in the order of 5° to 10°/sec2)
to keep itself in the line of sight with
the satellite for the entire duration of
the satellite pass. This tracking require-
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▲ Fig. 6  The ISTRAC Spacecraft Control Center.

MAKES AMPLIFIERS FOR YOUR APPLICATION!

Frequency range 400 MHz up to 2700 MHz 
Output powers of 2 W to 10 W available.

CDMA and W-CDMA 
Frequency ranges in 900 MHz, 1900 MHz,
and 2100 MHz.

W-CDMA modules meet the ETSI TS 125 104 mask
requirements with output powers up to 12 W.

Military
UHF bands for airborne, satellite and ground 
communications up to 200 W.

Wideband Multi-Use

OFDM
Various frequency bands with output
powers ranging from 2.5 W to over 
40 W.

ISM/WLL
Designed for 2.4, 3.5, and 5.8 GHz 
unlicensed bands.

Whatever your Application…

MAKES IT POSSIBLE!

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

__________________
____

http://www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P36A1
http://www.qmags.com/clickthrough.asp?url=www.stealthmicrowave.com&id=10849&adid=P36A2
mailto:sales@stealthmicrowave.com


A
M

L
0
1
6
L

2
8
0
2

0
.1

 –
 6

.0
2
8

±
1
.2

5
1
.3

*
+

7
2
.0

:1
1
9
0

A
M

L
4
8
L

3
0
0
1

4
.0

 –
 8

.0
3
0

±
1
.0

1
.2

+
1
0

1
.8

:1
1
5
0

A
M

L
4
1
2
L

3
0
0
2

4
.0

 –
 1

2
.0

3
0

±
1
.5

1
.5

+
1
0

1
.8

:1
1
5
0

A
M

L
2
1
8
L

0
9
0
1

2
.0

 –
 1

8
.0

9
±
1
.0

2
.2

+
5

2
.5

:1
6
0

A
M

L
0
5
1
8
L

1
6
0
1
-L

N
0
.5

 –
 1

8
.0

1
6

±
1
.0

2
.7

+
8

2
.2

:1
1
0
0

A
M

L
0
1
2
6
L

2
2
0
2

0
.1

 –
 2

6
.5

2
2

±
2
.2

5
3
.5

*
+

8
2
.2

:1
1
7
0

A
M

L
1
2
2
6
L

3
3
0
1

1
2
.0

 –
 2

6
.5

3
3

±
2
.0

2
.8

+
8

2
.5

:1
2
0
0

A
M

L
2
3
L

2
8
0
1

2
.8

 –
 3

.1
2
8

±
0
.7

5
0
.7

+
1
0

1
.8

:1
1
5
0

A
M

L
1
4
1
4
L

2
4
0
1

1
4
.0

 –
 1

4
.5

2
4

±
0
.7

5
1
.5

+
1
0

1
.5

:1
1
3
0

A
M

L
1
7
1
8
L

2
4
0
1

1
7
.0

 –
 1

8
.0

2
4

±
0
.7

5
1
.6

+
1
0

1
.8

:1
1
5
0

A
M

L
0
0
1
6
P

2
0
0
1

0
.0

1
 –

 6
.0

2
1

1
.2

5
3
.2

*
+

2
3
*

2
.0

:1
4
8
0

A
M

L
2
6
P

3
0
0
1
-2

W
2
.0

 –
 6

.0
2
8

±

2
.5

6
+

3
3

1
.8

:1

2
.0

 –
 8

.0
 

3
0

±

2
.0

5
.5

+
3
3

2
.0

:1
A

M
L

2
8
P

3
0
0
2
-2

W

A
M

L
2
1
8
P

3
2
0
3

2
.0

 –
 1

8
.0

3
2

±

2
.5

4
+

2
5

2
.0

:1
4
5
0

A
M

L
6
1
8
P

3
5
0
2
-2

W
6
.0

 –
 1

8
.0

3
5

± ±
2
.5

4
+

3
3

2
.0

:1
1
8
5
0

1
5

0
0

2
0

0
0

A
M

L
8
1
1
P

N
0
9
0
8

8
.5

 –
 1

1
.0

9
1

7
-1

5
4

-1
5
9

-1
6
7

-1
7
0

A
M

L
8
1
1
P

N
1
8
0
8

8
.5

 –
 1

1
.0

1
8

1
8

-1
5
2
.5

-1
5
7
.5

-1
6
5
.5

-1
6
8

A
M

L
8
1
1
P

N
1
5
0
8

8
.5

 –
 1

1
.0

1
5

2
8

-1
4
5
.5

-1
5
3
.5

-1
5
8
.5

-1
6
4
.5

A
M

L
2
6
P

N
0
9
0
4

2
.0

 –
 6

.0
9

2
0

-1
5
0

-1
6
5

-1
6
5

-1
7
8

A
M

L
2
6
P

N
1
2
0
1

2
.0

 –
 6

.0
1
1

1
5

-1
5
5

-1
6
0

-1
6
0

-1
7
5

A
R

0
1
0
0
3
2
5
1
X

2
 –

 3
2

2
1

3
2

5
2

+
2

8
V

 @
 4

7
0

m
A

A
F

L
3
0
0
4
0
1
2
5

5
0
 –

 5
0
0

2
3

2
8

5
3

+
2

8
V

 @
 7

0
0

m
A

B
P

6
0
0
7
0
0
2
4
X

2
0
 –

 2
0
0
0

3
2

3
0

4
3

+
1

5
V

 @
 1

1
0

0
m

A

*A
b

o
ve

 5
0

0
M

H
z
.

H
ig

h
 D

y
n

a
m

ic
 R

a
n

g
e

 A
m

p
li

fi
e

r
s

1
 -

 4
4

2
.5

1
7

.8
4

1
.5

4
5

1
4

L
0

1
0

4
-4

3

2
 -

 4
4

4
2

5
4

2
.5

4
5

1
4

L
0

2
0

4
-4

4

2
 -

 6
4

0
1

0
3

8
.5

4
0

8
.5

L
0

2
0

6
-4

0

2
 -

 1
8

3
0

1
2

9
3

0
3

L
0

2
1

8
-3

0

4
 -

 8
4

3
2

0
4

1
.5

4
5

1
7

L
0

4
0

8
-4

3

6
 -

 1
8

4
3

2
0

4
1

.5
4

5
2

2
L

0
6

1
8

-4
3

8
 -

 1
2

4
4

2
2

4
2

4
5

2
2

L
0

8
1

2
-4

4

1
2
 -

 1
8

4
3

2
0

4
1

.5
4

5
2

2
L

1
2

1
8

-4
3

1
8
 -

 2
6

3
4

2
.5

3
3

3
5

4
L

1
8

2
6

-3
4

1
8
 -

 4
0

2
7

0
.5

2
6

3
0

2
L

1
8

4
0

-2
7

2
6
 -

 3
2

3
7

5
3

6
3

8
1

0
L

2
6

3
2

-3
7

2
6
 -

 4
0

2
7

0
.5

2
6

3
0

2
L

2
6

4
0

-2
7

2
6
.5

 -
 3

0
.5

3
7

5
3

6
3

8
1

0
L

2
6

3
0

-3
7

2
7
 -

 3
2

3
5

2
.8

3
3

3
5

6
L

2
7

3
2

-3
5

3
0
 -

 4
0

3
0

1
2

9
3

5
4

L
3

0
4

0
-3

0

3
2
 -

 3
6

3
6

4
3

5
4

0
1

2
L

3
2

3
6

-3
6

3
6
 -

 4
0

3
6

4
3

5
4

0
1

0
L

3
6

4
0

-3
6

7
.1

 -
 7

.7
5

2
.5

1
7

0
5

1
.5

1
.8

1
0

.2
5

C
0

7
1

0
7

7
-5

2

9
 -

 1
0
.5

5
0

1
0

0
4

9
1

8
.7

5
C

0
9

0
1

0
5

-5
0

1
4
 -

 1
4
.5

5
0

.5
1

1
0

4
9

.5
2

1
0

.2
5

C
1

4
0

1
4

5
-5

0

1
4
 -

 1
6

4
6

4
0

4
5

0
.3

5
5

.2
5

C
1

4
1

6
-4

6

1
8
 -

 2
0

4
3

2
0

4
1

.5
0

.2
5

5
.2

5
C

1
8

2
0

-4
3

2
3
 -

 2
6

4
0

1
0

3
9

0
.2

5
5

.2
5

C
2

3
2

6
-4

0

2
6
.5

 -
 3

0
.5

4
0

1
0

3
9

0
.2

5
5

.2
5

C
2

6
3

0
-4

0

3
2
 -

 3
6

4
0

1
0

3
9

0
.2

5
5

.2
5

C
3

2
3

6
-4

0

3
6
 -

 4
0

3
9

8
3

8
0

.2
4

5
.2

5
C

3
6

4
0

-3
9

Cl
ic

k 
LE

A
D

ne
t 

at
 m

w
jo

ur
na

l.c
om

 o
r 

Ci
rc

le
 5

 o
n 

R
ea

de
r 

Se
rv

ic
e 

Ca
rd

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

milind.g

milind.g

http://www.qmags.com/clickthrough.asp?url=www.microwavepower.com&id=10849&adid=P37A1
http://www.qmags.com/clickthrough.asp?url=www.amlj.com&id=10849&adid=P37A2
milind.g
Line

http://www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P37A3


TUTORIAL

38 MICROWAVE JOURNAL ■ DECEMBER 2004

ment of the remote sensing satellite
earth station antenna poses severe con-
straints in the design of several systems
apart from the servo and drive systems.
Additionally, the lower beam width of
the antenna at X-band frequencies,
coupled with high Doppler offset fre-
quencies and rates, necessitates the
need for a unique design for tracking
and data reception systems. The whole
operation of the tracking and data re-
ception is a real time operation and has
to be carried out very carefully in a
planned manner during the complete
satellite pass (of about 1 to 15 minutes
duration, depending on the satellite lo-
cation with respect to the earth station).
The reliability of all the subsystems in-
volved has to be very high (typically 99
percent) and the system cannot afford
any data loss during this period as once
the data is lost, the earth station will
have to wait for the satellite to appear

on the same path once again in its next
cycle (24 days, in the case of IRS-1C)
for transmitting the images of the same
area. Contrary to communication satel-
lite ground stations, however, remote
sensing satellite ground stations do not
need any transmit system (high power
amplifiers and up-converter systems).

The configuration of a typical re-
mote sensing satellite receive ground
station is briefly described with refer-
ence to the block diagram in Figure
7. The main subsystems of the earth
station include the antenna, feed and
front-end subsystem, the RF/IF sub-
system, the servo subsystem and
tracking pedestal, and the data
archival subsystem. 

The antenna, feed and front-end
subsystem receives the signals from
the satellite at X-band (8.025 to 8.400
GHz) and S-band (2.2 to 2.3 GHz) si-
multaneously. The shaped or conven-

tional parabolic antenna of 6 to 10 m
diameter is used, depending on the
G/T (typically 29 to 31 dB/K) and an-
tenna-efficiency requirement of the
earth station. The elevation (El)-over-
azimuth (Az) mount is the one used
by the majority of large earth stations
since this type of mount is cost effec-
tive and easy to install for large anten-
nae and involves simpler balancing
about the axis. Special provisions to
track the overhead passes must be
made to receive data without any
break due to a cone-of-silence ap-
pearing overhead (the cone-of-silence
is the zone where satellite tracking is
impossible due to infinite velocity and
acceleration requirements of the an-
tenna). Another type of mount, called
an X-Y mount, is basically an unbal-
anced mount and is more complicated
to install. However, smaller antenna
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▲ Fig. 7  Block diagram of a remote sensing satellite ground station.
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effective and easy to use solution for testing and training applications,

while eliminating the need for live “paid” satellite time. This compact solution
is packed into a rugged enclosure that is easily transported for field use.

Above and beyond the superior performance of our feature-packed
products, what you will notice first about doing business with Tampa is
how customer needs are always top priority. You get the answers you
need, the delivery you’re expecting, and a level of service that makes doing
YOUR job easy.

Let us provide you with a rapid response proposal on your next product
requirement, and we’ll show you how good it can be. Tampa offers a 
selection of in-stock products for immediate delivery as well as quick turn
custom products.

Quality Products From 
Tampa: Block Up and Down
Converters, Transmitters, Loop
Test Translators, Custom 
Rack-Mount Subassemblies.

ISO9001:2000

systems (about 6 m diameter) use this
type of mount as it facilitates the
cone-of-silence to appear at the hori-
zon rather than in overhead zones,
and the requirement of velocity and
acceleration on the drive system are
less demanding for tracking a moving
satellite. The antenna remains fully
steerable between 0° to 365° in az-
imuth and 0° to 180° in elevation.

The feed is the dual-band (X- and
S-band) single-channel monopulse

tracking-feed mounted in Cassegrain
configuration to derive the tracking
error signals for driving the antenna
in a direction to nullify this error. The
antenna is shown in Figure 8. Other
types of tracking feeds such as a coni-
cal scan feed and sequential lobing
feed are not used due to the complex
motion of the antenna involved, the
additional servo-system requirements
to move feed, the inability to follow
the amplitude fluctuations resulting

from the continuous changing of the
cross section of the target, poorer sig-
nal-to-noise ratio and poorer tracking
accuracies.

The monopulse signals from the
feed horns are fed to the monopulse-
comparator unit, which derives the
difference channel offset signals cor-
responding to azimuth and elevation
of the antenna along with the sum
channel signals. The difference chan-
nel signals are given to a phase-com-
mutation unit, which carries out bina-
ry phase shift keying and time division
multiplexing to the Az and El error
signals with reference to the scan
pulses (those are transmitted from an
antenna-control unit (ACU)). The
output of the phase-commutation unit
is power combined in a 6 dB direc-
tional coupler with one portion of the
sum channel to form the single-chan-
nel monopulse-tracking signal. The
other portion of the sum channel sig-
nal from the feed is processed without
monopulse modulation. 

Both sum and tracking RF signals
are fed to the RF/IF subsystem,
which consists of a synthesized signal
up/down-converter unit that converts
different input RF frequencies to
corresponding IF frequencies, all
centered at 375 MHz (70 MHz in the
S-band chain), through synthesizing
the local oscillators. The down-con-
verted sum and tracking signals at the
IF center frequency on each carrier
are brought down to the control room
where the difference channel signal is
fed to a tracking receiver. The track-
ing receiver detects the tracking
monopulse modulation synchronously
and feeds the DC error signals corre-
sponding to azimuth and elevation
antenna offset angles to the servo
subsystem consisting of the ACU.
The tracking pedestal is an elevation-
over-azimuth housing structure with
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▲ Fig. 8  Dual-band, single-channel
monopulse tracking-feed antenna.
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858-621-2700
www.zcomm.com

sales@zcomm.com
VCOs and PLLs Are Our Business

9939 Via Pasar • San Diego, California 92126 • Fax: (858) 621-2722

Output 2nd Operating
Frequency Vtune Kvco ØN@10KHz Power Harmonic Pulling Pushing Vcc Icc Temp

Part Number (MHz) (Vdc) (MHz/V) (dBc/Hz) (dBm) (dBc) (MHz) (MHz/V) (Vdc) (mA) (°C)

USSP0175* 169 to 181 0.4 to 2.2 14 -100 0.5 ± 2.5 -10 <0.1 <1 3.0 12    0 to 70

V560TF03 400 to 800 0 to 12 45 -100 6.5 ± 5.5 -15 <6 <2 5.0 19 -10 to 70

CLV1635A 1600 to 1670 0.5 to 4.5 34 -110 2.5 ± 2.5 -15 <1 <1 5.0 20 -40 to 85

USSP2400 2400 to 2485 0.5 to 2.5 120 -83 -1 ± 3 -15 <13 <38 2.7 8 -40 to 85

SMV3590A 3490 to 3690 0.5 to 2.5 210 -89 3 ± 3 -20 <7 <10 2.8 12 -10 to 75

SMV5530A 5430 to 5630 0.5 to 4.5 150 -86 0 ± 2 -25 <4 <3 5.0 27 -35 to 85

CRO6000Z* 5990 to 6010 0.5 to 4.5 18 -108 4 ± 2 -18 <0.5 <2 5.0 122 -40 to 85

CRO6835Z 6834 to 6835 0.5 to 4.5 18 -102 3 ± 3 -18 <0.5 <2 5.0 123 -40 to 85

Step Output ØN@ ØN@ 2nd Ref Lock Operating
Frequency Size Power 10KHz 100KHz Harmonic Sup Time Vcc Icc Temp

Part Number (MHz) (kHz) (dBm) (dBc/Hz) (dBc/Hz) (dBc) (dBc) (msec) (Vdc) (mA) (°C)

PCA0300A 275 to 325 100 4 ± 3 -101 -122 -7 -65 5 5.0 18 -40 to 85

PCA1292A 1292 to 1298 1000 0 ± 2 -105 -125 -15 -70 1.4 5.0 35 -40 to 85

PSA1780A 1780 to 1840 50 3 ± 2 -106 -127 -15 -65 5 5.0 40 -40 to 85

PSA1905A 1875 to 1935 100 1.5 ± 3.5 -106 -127 -10 -65 6 5.0 40 -30 to 85

PSA2200C* 2160 to 2222 1000 0 ± 3 -108 -130 -15 -70 2 5.0 35 -40 to 70

PSA2960C* 2955 to 2965 125 0 ± 2 -116 -133 -15 -70 1 5.0 30 -40 to 85

PSA3550A 3545 to 3555 1000 0 ± 3 -107 -126 -15 -70 2 5.0 35 -40 to 85

PSA4937A 4880 to 4920 1000 4 ± 2 -86 -103 -25 -70 0.5 5.0 38 -40 to 85

* New Product

VCO

PLL

Click LEADnet at mwjournal.com or Circle 140 on Reader Service Card
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The Oscillator for Today’s
Military Challenges

Ruggedized to withstand extreme shock, vibration and humidity,
Symmetricom’s 8130A Rubidium Oscillator sets new frequency standards
in an off-the-shelf package developed for the most challenging ground,
shipboard and airborne navigation.

For more information contact Symmetricom: (toll free)
1.888 FOR SYMM (1.888.367.7966) or 1.707.527.6640
or e-mail ttm_info@symmetricom.com

www.symmttm.com

Designed for ease of integration into frequency and timing systems, the 8130A offers:
• Ruggedized high performance Rb physics package
• Dual 5 or 10 MHz sine or squarewave outputs
• Separate heater and electronic power lines
• Low phase noise option
• Internal temperature compensation option
• RS-232 digital control
• Drop in replacement for  M100 & other industry standard rb oscillators

Symmetricom’s merger with Datum and TrueTime brings a
legacy of research and development 
performed in the areas of atomic physics, 
electronics engineering and software design to 
support our customer’s stringent requirements.

Model 8130A

DC motors, gear boxes, break assem-
bly, synchros and limit switch pack-
ages mounted in it. The ACU
processes the DC error signals and
feeds them to the pedestal drive DC
motors through DC power amplifiers.
The DC motors drive the gear system
and antenna in such a way that the
antenna tracks the satellite in line of
sight with the required accuracies.

The corresponding IF data signals
received in the sum channel are fed

to the data demodulators and bit-syn-
chronizers, which are the part of the
RF/IF subsystem. The data demodu-
lators/bit-synchronizers are designed
with multifunction capabilities to re-
ceive data from any input modulation
comprised of BPSK, QPSK or
UQPSK. This enables the demodula-
tors to be compatible for multi-mis-
sion operations facilitating only plug-
in augmentation in the bit-synchro-
nizer unit and no change in the other

units of the earth station is required
in order to receive data from any new
satellite planned. To test the end-to-
end performance of the receive chain
in the local loop before a satellite
pass, a simulator that simulates satel-
lite-transmitted spectrum at variable
data rates with different modulation
schemes of BPSK/QPSK/UQPSK is
used to inject the up-converted test-
signal into the front-end LNA ampli-
fier, through a 30 dB test-coupler.

The synchronized data and clock
streams from the demodulator/bit-
synchronizer unit are given to the
data archival subsystem, which con-
sists of high density digital data
recorders, a frame synchronizer, tim-
ing system and real-time browsing
system along with high speed com-
puters required for ancillary data ex-
traction and quick look monitoring.
The ancillary data is generated using
the telemetry data transmitted along
with the tracking signal from the
satellite at S-band and the state vec-
tor information, and transferred to
the data processing station for further
product generation.

Though the technology for the de-
velopment of these ground station
systems has been well established,
continuous technology updating is
still being carried out regularly to
lessen the complexity and cost of the
ground station. Today, the ground
stations are automatically operated
and controlled remotely through sta-
tion control computers. Mission spe-
cific ground station system design has
been replaced with multi-mission
compatible system design, which fa-
cilitates minimum augmentation for
data reception from future satellites.

CONCLUSION
Several advances in remote sensing

technology have been made to study
the continuously changing global en-
vironment and resources in a more ef-
fective manner. Continued research
and development efforts to bring out
the latest state-of-the-art technologies
in the field have resulted in several
remote sensing satellites being
launched regularly and more and
more countries effectively utilize this
technology for various applications.
Remote sensing is an important part
of the Indian Space Programme. In
order to make remote sensing opera-
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Aeroflex / Weinschel has 

been pioneering developments

in microwave and RF

technologies for more than 50

years.  Now a part of Aeroflex

Incorporated, a solution-

minded, performance-driven

and customer-focused

company, we are continuing 

to set new standards in

component and subsystem

innovation.

Our mission is to provide

superior design capabilities,

products of consistently high

quality, and a high level of

service to help our customers

compete in today’s demanding

global markets.

From broadband to base

stations, defense subsystems 

to satellites, whatever your

application, you can count on

Aeroflex / Weinschel for

innovative, high performance

product solutions.

800-638-2048 
301-846-9222
www.aeroflex-weinschel.com
sales@aeroflex-weinschel.com

www.aeroflex.com

Performance-driven 
Microwave & RF Components

Aeroflex / Weinschel offers a robust line 
of coaxial components covering the dc to 
50 GHz frequency range with power handling 
up to 1,000 Watts.

• Fixed Attenuators & Terminations 
• Variable & Step Attenuators 
• Programmable Attenuators & Controllers
• Power Splitters & Dividers 
• Coaxial Adapters, Blind-Mate & Planar

Crown® Connector Systems 
• Mechanical Phase Shifters & DC Blocks
• Low IM Components
• Custom designs our specialty
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QUINSTAR
TECHNOLOGY, INC.

Remotely Controlled, Motorized
Instrumentation Products and
Automated (Computer-Controlled)
Measurement Subsystems

YOUR BEST SOURCE FOR ALL MILLIMETER
WAVE INSTRUMENTATION, TEST 
EQUIPMENT & SUBSYSTEM APPLICATIONS

QUINSTAR TECHNOLOGY
www.quinstar.com
sales@quinstar.com

310-320-1111
24085 Garnier Street, Torrance, CA 90505

• Phase Shifters
• Attenuators
• Switches
• Polarization Diversity and Antenna Components

Product Lines Cover 18-170 GHz in Standard
Waveguide Band

Ask for Our
New 2004
Catalog

Complete Line of Waveguide Components 
and Assemblies for:

• Automated Test and Measurement Systems
• Laboratory and Production 

Test Equipment
• Subsystems and Prototype 

Assemblies
• Instruments for Industrial and 

Scientific Applications

tional in India, a National Natural Re-
sources Management System
(NNRMS) is being implemented un-
der the aegis of the Planning Com-
mission within the Department of
Space (DOS) as the nodal agency.
Several remote sensing application
projects, which fall in major disci-
plines like agriculture, land use, water
resources, forestry, geology, marine
resources and environment, are being
implemented by DOS in collaboration
with the user agencies. The Indian
Remote Sensing Satellite Programme
has a provision to launch a series of
satellites every two to three years to
provide continuity of data to Indian
users. The first in the series, IRS-1A,
was launched in March 1988 and was
later joined by IRS-1B in August
1991. Several satellites with advanced
capabilities in terms of resolution,
sensor steering and onboard record-
ing facilities have been launched sub-
sequently. The Indian Space Pro-
gramme has acquired the latest state-
of-the-art capabilities in development
and establishment of satellite-based
operational remote sensing applica-

tion systems to keep pace with the
space programs of other countries. ■
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Microwave and millimeter wave
IC products for military and
commercial radar

©2003 M/A-COM, Inc.

MSAG™ Technology
• Multifunction Self-Aligned Gate MESFET
• Next level assembly benefits (scratch protection, no air bridges)
• Multiple analog and digital FETs on single chip

Your Design, Our Components
M/A-COM’s diverse range of wideband communications solutions offer the 
industry’s best functionality and performance along with the most mechanically
robust MMICs available. We offer the leading products for signal amplification, 
switching, attenuation and phase control for a variety of commercial and military 
applications. Our products provide wide frequency coverage (L, S, C, X, Ku, 
Ka-band) and are available as bare die and/or packaged products.

See our full product selection guides at www.macom.com/microwave_ic_products
or contact us at macom_adbu_ics@tycoelectronics.com

MA03501D
MA03503D

6-bit Phasor
5-bit Attenuator
18dB Max. Gain

Tx In

Rx Out

MASWGM0002-DIE

Non-reflective SPDT
TTL/CMOS Control

MAAPGM0034-DIE

0.5W, 15dB Gain

MAAPGM0039-DIE

1W, 15dB Gain

MA08509D

10W @ 10V

MA01502D

14dB Gain

MA01503D

20dB Gain
2.5dB NF

10W CW Integrated Limiter

X-Band Radar GaAs MMIC Chipset

North America: 
Tel. 800.366.2266    
Fax: 978.442.5350

Europe:
Tel. +44 (0) 1908.574200   
Fax +44 (0) 1908.574300

Asia/Pacific:
Tel. +81.44.844.8296    
Fax +81.44.844.8298
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This is only a small sample of our extensive list of standard catalog items.
Please contact our Sales Department at (631) 439-9484 or e-mail components@miteq.com

for additional information or to discuss your custom requirements.

Frequency Gain Gain Noise VSWR VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure Input Output @ 1 dB Comp. DC Power

Number (GHz) (dB) (±dB, Max.) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15 V, mA)

AFS3-01000200-15-TC-6 1–2 36-40 1.00 1.5 2.0:1 2.0:1 +5 125
AFS2-02000400-15-TC-6 2–4 22-26 1.00 1.5 2.0:1 2.0:1 +5 125
AFS3-02000400-15-TC-6 2–4 26-30 1.00 1.5 2.0:1 2.0:1 +5 125
AFS2-04000800-20-TC-2 4–8 17-22 1.00 2.0 2.0:1 2.0:1 +5 70
AFS3-04000800-18-TC-4 4–8 25-30 1.00 1.8 2.0:1 2.0:1 +8 100
AFS2-02000800-40-TC-2 2–8 14-19 1.50 4.0 2.0:1 2.0:1 +5 70
AFS3-02000800-30-TC-4 2–8 22-27 1.50 3.0 2.0:1 2.2:1 +8 150
AFS2-08001200-30-TC-2 8–12 12-16 1.00 3.0 2.0:1 2.0:1 +5 70
AFS3-08001200-22-TC-4 8–12 24-28 1.00 2.2 2.0:1 2.0:1 +8 100
AFS4-12001800-30-TC-8 12–18 22-26 1.00 3.0 2.0:1 2.0:1 +8 250
AFS4-06001800-35-TC-8 6–18 22-26 1.00 3.5 2.0:1 2.0:1 +8 250
AFS6-06001800-35-TC-8 6–18 30-34 1.00 3.5 2.0:1 2.0:1 +8 400
AFS4-02001800-45-TC-5 2–18 18-24 1.50 4.5 2.2:1 2.2:1 +8 120

Note: All specifications guaranteed -54 to +85°C.
Many other frequencies, noise figures and gain windows are available.

TEMPERATURE COMPENSATED AMPLIFIERS

Frequency Gain Gain Noise VSWR VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure Input Output @ 1 dB Comp. DC Power

Number (GHz) (dB) (±dB, Max.) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15 V, mA)

AFS3-00050100-25-27P-6 0.05–1 36 1.50 2.5* 2.0:1 2.5:1 +27 300
AFS3-00100100-25-27P-6 0.1–1 33 2.00 2.5 2.0:1 2.5:1 +27 300
AFS3-00100200-25-27P-6 0.1–2 34 1.50 2.5 2.0:1 2.5:1 +27** 275
AFS3-00100300-25-23P-6 0.1–3 28 1.50 2.5 2.0:1 2.5:1 +23 275
AFS3-00100400-26-20P-4 0.1–4 24 1.50 2.6 2.0:1 2.0:1 +20 250
AFS4-00100600-25-20P-4 0.1–6 30 1.50 2.5 2.0:1 2.0:1 +20 300
AFS4-00100800-28-20P-4 0.1–8 30 1.50 2.8 2.0:1 2.0:1 +20 300
AFS4-00101200-40-20P-4 0.1–12 27 2.00 4.0 2.0:1 2.0:1 +20 300
AFS4-00501800-60-20P-6 0.5–18*** 25 2.75 6.0 2.5:1 2.2:1 +20 350
AFS3-01000200-25-27P-6 1–2 32 1.50 2.5 2.0:1 2.0:1 +27 350
AFS4-02000400-30-25P-6 2–4 34 1.50 3.0 2.0:1 2.0:1 +25 250

* Noise figure degrades below 100 MHz. Please consult factory for details. 
** P1 dB spec below 0.2 GHz : +25 dBm.

*** Usable to 0.1 GHz.

Note: Noise figure increases below 500 MHz in bands wider than .1-10 GHz.

100 Davids Drive, Hauppauge, NY 11788 
TEL.: (631) 436-7400 • FAX: (631) 436-7430

www.miteq.com

HIGHER POWER AMPLIFIERS

This is only a small sample of our extensive list of standard catalog items.
Please contact our Sales Department at (631) 439-9484 or e-mail components@miteq.com

for additional information or to discuss your custom requirements.

100 Davids Drive, Hauppauge, NY 11788 
TEL.: (631) 436-7400 • FAX: (631) 436-7430

www.miteq.com
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MODERATE BAND AMPLIFIERS

Frequency Gain Gain Noise VSWR VSWR Output Power Nom.
Model Range (Min.) Flatness Figure Input Output @ 1 dB Comp. DC Power

Number (GHz) (dB) (±dB) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15 V, mA)

AFS2-00700080-06-10P-6 0.7–0.8 28 0.50 0.60 1.5:1 1.5:1 +10 90
AFS2-00800100-05-10P-6 0.8–1 30 0.50 0.50 1.5:1 1.5:1 +10 90
AFS3-01200160-05-13P-6 1.2–1.6 40 0.50 0.50 1.5:1 1.5:1 +13 150
AFS3-01400170-06-13P-6 1.4–1.7 40 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-01500180-06-13P-6 1.5–1.8 40 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-01500250-06-13P-6 1.5–2.5 38 1.00 0.60 1.8:1 1.8:1 +13 150
AFS3-01700190-06-13P-6 1.7–1.9 38 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-01800220-06-13P-6 1.8–2.2 38 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02200230-06-13P-4 2.2–2.3 38 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02300270-06-13P-6 2.3–2.7 36 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02700290-06-13P-6 2.7–2.9 32 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02900310-06-13P-6 2.9–3.1 32 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-03100350-06-10P-4 3.1–3.5 29 0.50 0.60 1.5:1 1.5:1 +10 150
AFS4-03400420-10-13P-6 3.4–4.2 40 0.50 1.00 1.5:1 1.5:1 +13 200
AFS3-04400510-07-S-4 4.4–5.1 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-04500480-07-S-4 4.5–4.8 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-05200600-07-10P-4 5.2–6 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-05400590-07-S-4 5.4–5.9 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-05800670-07-S-4 5.8–6.7 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-07250775-06-10P-4 7.25–7.75 30 0.50 0.60 1.5:1 1.5:1 +10 100
AFS3-07900840-07-S-4 7.9–8.4 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS4-08500960-08-S-4 8.5–9.6 32 0.75 0.80 1.5:1 1.5:1 +10 125
AFS3-09001100-09-S-4 9–11 26 0.50 0.90 1.5:1 1.5:1 +10 100
AFS4-09001100-09-S-4 9–11 32 0.75 0.90 1.5:1 1.5:1 +10 125
AFS4-10951175-09-S-4 10.95–11.75 32 0.75 0.90 1.5:1 1.5:1 +10 125
AFS4-11701220-09-5P-4 11.7–12.2 32 0.75 0.90 1.5:1 1.5:1 +10 125
AFS2-12201280-14-5P-2 12.2–12.8 14 0.75 1.40 1.4:1 1.5:1 +5 80
AFS4-12201280-13-12P-4 12.2–12.8 25 1.50 1.30 2.0:1 2.0:1 +12 200
AFS4-12701330-15-10P-4 12.7–13.3 30 0.75 1.50 1.5:1 1.5:1 +10 175
AFS4-13201400-16-10P-4 13.2–14 30 0.75 1.60 1.5:1 1.5:1 +10 175
AFS4-14001450-15-10P-4 14–14.5 30 0.75 1.50 1.5:1 1.5:1 +10 175
AFS4-20202120-25-8P-4 20.2–21.2 24 1.00 2.50 1.5:1 1.5:1 +8 175
AFS4-21202400-28-10P-4 21.2–24 23 1.00 2.80 2.0:1 2.0:1 +10 100

OCTAVE BAND AMPLIFIERS

AFS3-00120025-09-10P-4 0.12–.25 38 0.50 0.9 2.0:1 2.0:1 +10 125
AFS3-00250050-08-10P-4 0.25–0.5 38 0.50 0.8 2.0:1 2.0:1 +10 125
AFS3-00500100-06-10P-6 0.5–1 38 0.75 0.6 2.0:1 1.5:1 +10 150
AFS3-01000200-05-10P-6 1–2 38 1.00 0.5 2.0:1 2.0:1 +10 150
AFS3-01200240-06-10P-6 1.2–2.4 34 1.00 0.6 2.0:1 2.0:1 +10 150
AFS3-02000400-06-10P-4 2–4 32 1.00 0.6 2.0:1 2.0:1 +10 125
AFS3-02600520-10-10P-4 2.6–5.2 28 1.00 1.0 2.0:1 2.0:1 +10 125
AFS3-04000800-07-10P-4 4–8 28 1.00 0.7 2.0:1 2.0:1 +10 125
AFS3-08001200-09-10P-4 8–12 26 1.00 0.9 2.0:1 2.0:1 +10 125
AFS3-08001600-15-8P-4 8–16 28 1.00 1.5 2.0:1 2.0:1 +8 100
AFS4-12001800-18-10P-4 12–18 28 1.50 1.8 2.0:1 2.0:1 +10 125
AFS4-12002400-30-10P-4 12–24 24 2.00 3.0 2.0:1 2.0:1 +10 85
AFS3-18002650-30-8P-4 18–26.5 18 1.75 3.0 2.2:1 2.2:1 +8 125

MULTIOCTAVE BAND AMPLIFIERS

AFS3-00300140-09-10P-4 0.3–1.4 38 1.00 0.9 2.0:1 2.0:1 +10 125
AFS2-00400350-12-10P-4 0.4–3.5 22 1.50 1.2 2.0:1 2.0:1 +10 80
AFS3-00500200-08-15P-4 0.5–2 38 1.00 0.8 2.0:1 2.0:1 +15 125
AFS3-01000400-10-10P-4 1–4 30 1.50 1.0 2.0:1 2.0:1 +10 125
AFS3-02000800-09-10P-4 2–8 26 1.00 1.0 2.0:1 2.0:1 +10 125
AFS4-02001800-23-10P-4 2–18 25 2.00 2.3 2.0:1 2.0:1 +10 175
AFS4-06001800-22-10P-4 6–18 25 2.00 2.2 2.0:1 2.0:1 +10 125
AFS4-08001800-22-10P-4 8–18 28 2.00 2.2 2.0:1 2.0:1 +10 125

ULTRA WIDEBAND AMPLIFIERS

AFS3-00100100-09-10P-4 0.1–1 38 1.00 0.9 2.0:1 2.0:1 +10 125
AFS3-00100200-10-15P-4 0.1–2 38 1.00 1.0 2.0:1 2.0:1 +15 150
AFS1-00040200-12-10P-4 0.04–2 15 1.50 1.2 2.0:1 2.0:1 +10 50
AFS3-00100300-12-10P-4 0.1–3 32 1.00 1.2 2.0:1 2.0:1 +10 125
AFS3-00100400-13-10P-4 0.1–4 28 1.00 1.3 2.0:1 2.0:1 +10 125
AFS3-00100600-13-10P-4 0.1–6 28 1.25 1.3 2.0:1 2.0:1 +10 125
AFS3-00100800-14-10P-4 0.1–8 28 1.50 1.4 2.0:1 2.0:1 +10 125
AFS4-00101200-22-10P-4 0.1–12 30 1.50 2.2 2.0:1 2.0:1 +10 150
AFS4-00101400-23-10P-4 0.1–14 24 2.00 2.3 2.5:1 2.5:1 +10 200
AFS4-00101800-25-S-4 0.1–18 25 2.00 2.5 2.5:1 2.5:1 +10 175
AFS4-00102000-30-10P-4 0.1–20 20 2.50 3.0 2.5:1 2.5:1 +10 125
AFS4-00102650-42-8P-4 0.1–26.5 22 2.50 4.2 2.5:1 2.5:1 +8 135

Note: Noise figure increases below 500 MHz in bands greater than 0.1-10 GHz.
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to install four reference stations in Winnipeg, Goose Bay,
Gander and Iqaluit. The four sites will increase and ex-
pand LPV availability throughout much of Canada and
the northern United States. John Crichton, NavCanada’s
president and CEO, sees this as a way to avoid “the cost of
developing duplicate systems,” and to limit the need to in-
vest in more ground-based ILS approach facilities.

The FAA and the Mexican government are also plan-
ning to install five WRS in Mexico at Puerto Vallarta, La
Paz, Mexico City, Meridia and Tapalucha. These sites will
increase and expand LPV approach availability in Mexico
and the American southwest in the same manner as the
Canadian sites.

Northrop Grumman has
demonstrated technol-

ogy for the Advanced Ex-
tremely High Frequency
(EHF) payload that will
greatly improve warfight-
ers’ access to military satel-
lite communications while
increasing the range of
missions the system can
support on the ground, at

sea and in the air. The company will provide the Ad-
vanced EHF payload to Lockheed Martin, prime contrac-
tor for the Advanced EHF system.

Northrop Grumman’s Space Technology sector has
completed electrical testing of the uplink phased array an-
tenna, which receives signals from ground terminals. One
of the new technologies developed for the Advanced
EHF payload, the antenna directs radio frequency beams
electronically rather than by moving reflectors mechani-
cally. This allows one array to do the job of many reflec-
tors, giving the flexibility to point-on-demand in fractions
of a second, greatly improving warfighter access. It is also
the first phased array for space application that operates
at 44 GHz. Another new technology is the use of an ad-
vanced semiconductor material, indium phosphide (InP),
for some of the antenna’s more than 10,000 monolithic
microwave integrated circuits. InP ensures excellent low
noise, or clear signal, performance. 

“With these successful electrical tests, we have shown
that electronic beam steering can support a wider range
of missions with fewer antennas,” said Clayton Kau,
Northrop Grumman Space Technology vice president and
manager of the Advanced EHF payload program. “The
tests also demonstrate that we are on track to deliver the
first flight payload in April 2006.” With the more compact
phased array, the Advanced EHF system can process
greater amounts of information. It will deliver 10 times
greater total capacity and channel data rates six times
higher than that of Milstar II communication satellites.
Advanced EHF is the successor to the Milstar system.
The highly directional antenna additionally reduces the
possibility of jamming and intercept by enemies, assuring
secure, reliable communications between command and
control units wherever they operate.

Northrop Grumman

Continues Advanced

EHF Payload

Successes

The Federal Aviation
Administration and

Raytheon have completed
negotiations on a contract
modification for the Wide
Area Augmentation System
(WAAS) to deploy what is
termed “Full Lateral Preci-
sion with Vertical Guidance
(LPV) Performance.” This
modification restructures

existing contract scope and does not increase contract val-
ue. During the next four years, incremental improve-
ments will be made to the fielded system to expand bene-
fits to users across North America. 

WAAS is a nationwide network of reference, master
and uplink stations that augment the Global Positioning
System satellite constellation to provide the improved ac-
curacy, integrity and availability required for civil aviation
and other safety-of-life applications. WAAS is the FAA’s
next-generation satellite-based navigation system. It was
commissioned by the FAA in July 2003 and has been in
continuous operational use since that time. 

LPV approach availability has exceeded 95 percent
across more than 98 percent of the lower 48 states. WAAS
conforms to the Satellite Based Augmentation System stan-
dards published by ICAO (International Civil Aviation Or-
ganization), providing worldwide interoperability of satel-
lite navigation systems. Under the contract modification,
approach and landing guidance availability will increase to
more than 99 percent across much of the North American
continent, improving safety and efficiency for pilots. 

“The contract modification marks another milestone in
the continuing satellite navigation partnership between
Raytheon and the FAA. We are pleased to have been part of
the FAA’s success in achieving WAAS initial operational ca-
pability in 2003, and we look forward to continuing this rela-
tionship as WAAS evolves into a seamless, high availability,
satellite-based navigation system throughout North Ameri-
ca,” said Bob Eckel, vice president of Air Traffic Manage-
ment Systems at Raytheon. Work began this summer with
the installation of four WAAS Reference Stations (WRS) in
Kotzebue, Bethel, Barrow and Fairbanks, Alaska. These four
new stations join the three existing stations in the state at
Cold Bay, Anchorage and Juno. Together, they will support
LPV coverage over most of the state and become an integral
part of the Capstone program, which is substantially improv-
ing safety in the aviation-dependant 49th state.

The full LPV performance contract modification will
enhance the WAAS integrity algorithms for increased ap-
proach availability during weather disturbances as well as
during normal conditions. This is of particular importance
on the US west coast and during periods of increased so-
lar flare activity. Full LPV performance will also increase
the capacity, redundancy and security of the WAAS ter-
restrial communications backbone and add new Geosta-
tionary Earth Orbit (GEO) satellites into the system,
which are critical to providing reliable, redundant GEO
coverage to all users throughout North America. The FAA
and NavCanada recently announced a bilateral agreement

FAA and Raytheon

Agree to a $204 M

Contract

Modification to

Provide Full LPV
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Lockheed Martin Space Systems, Sunnyvale, CA, is cur-
rently under contract to provide the first two Advanced EHF
satellites and command and control system. In April, Lock-
heed Martin successfully completed the system critical de-
sign review phase of the program on schedule and is now
into the production phase. The MILSATCOM Joint Pro-
gram Office, located at the Space and Missile Center, Los
Angeles Air Force Base, CA, is the contract manager and
lead agency for the Advanced EHF program.

Harris Corp. announced
that it has been award-

ed a $275 M contract mod-
ification by the Federal
Aviation Administration
(FAA) to incorporate the
agency’s Mission Support
Services data function into
the FAA Telecommunica-
tions Infrastructure (FTI)
program, bringing the total

estimated value of the program for Harris to $2.2 B by
2017. “We are excited that the FAA has opted to include
its Mission Support traffic as part of the FTI program,”
said Al Dukes, president, Civil Programs business unit,
Harris Government Communication Systems Division

Harris Corp.

Awarded $275 M

Mission Support

Contract for FAA FTI

Program

(GCSD). “Harris is very pleased to be teamed with the
FAA in putting an infrastructure in place that meets the
agency’s unique telecommunications services and security
requirements, which are critical to the FAA’s role in man-
aging air traffic.”

The FTI program, originally awarded to Harris in July
2002, is improving operational functions at more than
5000 FAA facilities nationwide while reducing operating
costs, enhancing network security and improving telecom-
munications service performance, reliability and quality.
Harris is also replacing more than 35,000 circuits, upgrad-
ing switching and routing services, improving network
monitoring and control, implementing a state-of-the-art
security system and providing network engineering serv-
ices. The Harris team is already working to consolidate
the Leased Interfacility NAS Communications System,
Data Multiplexing Network, Bandwidth Manager and the
National Aviation Data Interchange Network into FTI.
“The Harris FTI team is committed to fulfilling its collec-
tive mission of providing the most efficient and reliable
telecommunications solution to the FAA,” said John
O’Sullivan, FTI program VP, Harris GCSD. “The compre-
hensive telecommunications and IT experience provided
by our teammates, coupled with Harris expertise in highly
reliable, secure communications systems integration and
management, will help to insure that FTI requirements
are met or surpassed over the life of the program.” ■
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Global Communication
Technology Corp.

(GCT), the Taiwan-based
GaAs MMIC foundry serv-
ice provider, will merge with
one of its major competitors,
WIN Semiconductors Corp.
(WIN). The shareholders
meetings of the two compa-
nies met separately to ap-
prove the definitive merger

agreement and confirm an equity swap at a 1:1.6 ratio (1.6
shares of WIN for every 1 share of GCT).

The merger has considerable synergy as both compa-
nies bring complementary business and technology
strengths that will enhance foundry service offerings. The
combination of expertise and facilities should enable the
merged entity to reduce cost, integrate resources, opti-
mise operation scale and enlarge its market in the GaAs
MMIC segment. The merged company will maintain two
sites of 6-inch GaAs fabs to provide more technological
options and surety of supply to customers.

In an effort to reduce the
digital divide, Alcatel is

granting scholarships to top
students at the Institute
Technology Cambodia (ITC)
in Phnom Penh, Cambodia.
Additionally, the company
will organise a series of tele-
com training programs to
enhance the telecom knowl-
edge of the students at ITC.

The agreement is for Alcatel to grant scholarships to 28 top
students at the Institute who achieved academic excellence
over the past year. The scholarships will be used to cover
their tuition fee for one year. The program, to be run for the
next three years, will help Cambodia train professionals to
foster the local telecom market development. 

In addition to the scholarship, in November, Alcatel be-
gan training programs on a broad range of topics related to
telecommunications in the format of regular seminars, with
company experts from within and outside Asia as instructors.
The aim is to equip the students with practical knowledge to
equip them for starting their professional career. 

Commenting on the initiative, Mr. Pok Than, secretary
of state of the Ministry of Education, Youth and Sports of
Cambodia and president of the Administration Board for
the Institute Technology Cambodia, said, “Cambodia is in
the position of competing with other countries in the re-
gion to ambitiously stay at the forefront in the technology
development area. To create such sustainable competi-
tiveness of the country, the government is aware of the
importance of education and developing many programs.
The scholarship opens the opportunities for capable stu-
dents to learn new technologies as they wish, further
sharpening their thoughts for the country’s development
in the future.”

Alcatel Graduates

Towards Cambodian

Scholarships 

WIN and Global 

to Merge 
Under new European

rules, Elcoteq Net-
work Corp.’s board of di-
rectors is proposing that
the company be converted
into a European Company
(Societas Europaea, SE).
The move by the manufac-
turer of electronics for
communications technolo-
gy is in response to the Act

on the European Company, which came into force in Fin-
land in October. The SE form of company will allow a sin-
gle corporate structure throughout the 28 countries of the
European Economic Area (EEA) instead of having sever-
al separate subsidiary legal entities as at present.

In Elcoteq’s case the new form of company will be
achieved by conversion, the company’s name changing to
Elcoteq Network SE. The board of directors has drawn
up a conversion plan and a report, both of which will be
registered and announced in the manner required by
Finnish law. It is expected that the most probable date for
conversion will be in the spring of 2005. As an SE, El-
coteq will be able to merge its subsidiaries in different
countries with the parent company, which will reduce the
amount of central administration necessary. It also be-
lieves the SE form of company will have a positive effect
on its image and will thus support its business operations. 

Commenting on the initiative the company’s president
and CEO said, “Elcoteq wishes to be among the first compa-
nies to exploit the benefits of conversion into a European
Company. This will support our reputation as a pioneer and
global operating company, as well as creating greater interna-
tional visibility both in Europe and elsewhere in the world.
While respecting its Finnish roots, the company wishes to
forge a clear European identity for itself.”

Motorola has announced
that it has begun de-

ployment of its CDMA2000
1X solution on a 2 GHz net-
work for KDDI, a carrier for
3G cellular phone services in
Japan. The new packet-
based 2 GHz network will
allow the carrier to leverage
additional bandwidth while
offering the opportunity to

provide more advanced feature enhancements to deliver
new services to its customers. 

“This commercial deployment in Japan of CDMA2000
1X in the 2 GHz band underlines our commitment and
leadership in developing CDMA2000 1X technology,” said
Simon Leung, senior vice president, Motorola Inc. and
general manager for its infrastructure business in the Asia
Pacific region. “We look forward to deepening our 15 year
relationship with KDDI through well-designed wireless
solutions that will help them capture additional revenue
and meet emerging customer needs.”

Japanese

Deployment

of CDMA2000 

1X on 2 GHz

Network

Elcoteq Proposes

Conversion 

Into a European

Company
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As part of the UK De-
partment of Trade and

Industry’s (DTI) effort to en-
courage the establishment of
a network of specialist radio
frequency identification
(RFID) technology centres
around the country and also
to play a key European role,
it has invited AIM UK, the
independent industry associ-

ation representing RFID, bar coding and other automatic
identification technologies, to lead the initiative. 

Its role will be to develop the overall strategic plan for
the development of the centres and determine the cen-
tralised services and deliverables that will be provided by
the lead centre that will initially be housed at the AIM
headquarters in Halifax, West Yorkshire, and sponsored
by Yorkshire Forward. It will offer advice to companies on
next generation technology for real time data tracking.

Plans are also progressing for the establishment of the
European Centre of Excellence for AIDC, which will also
be sponsored by Yorkshire Forward and AIM, and
ultimately house the National RFID Centre. The plan has
been initiated to take advantage of the global annual
market for RFID systems that was approximately $1 B in
2002 with Europe accounting for around 40 percent of

DTI AIMs 

for RFID Centres

the market and the UK around 25 percent of the
European figure. 

Under a $77 M agree-
ment Nokia is expand-

ing and modernising
PORTA’s GSM/EDGE net-
work in Ecuador. To fulfill
the agreement Nokia will
supply a complete range of
GSM/EDGE infrastructure
equipment and services to
enable the operator to fur-
ther expand and modernise

its network. Deliveries are ongoing and the network is ex-
pected to be operational by the end of 2004.

The technology that Nokia and PORTA have introduced
to Ecuador is one of the most advanced GSM/EDGE
based networks in the Americas. As part of the offering,
Nokia will supply its GSM/EDGE core and radio-access
network infrastructure. In addition to the network equip-
ment, the company will provide expansions to the Nokia
NetAct™ network and service management system, net-
work planning, installation and project management service
for efficient network ramp-up, as well as radio network op-
timisation for enhancing network quality. ■

Nokia to Expand

GSM/EDGE Network

in Ecuador 

Click LEADnet at mwjournal.com or Circle 65 on Reader Service Card
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eachfrom
$2495

POWER SPLITTERS
2Way-0° 2MHz-12.6GHz       4Way-0° 800MHz-2.7GHz

TYPICAL SPECIFICATIONS
2WAY-0° Frequency Isolation   Insertion Loss(dB) Price $ea.
Model (GHz) (dB) Above 3.0dB (Qty.1-24)

ZX10-2-12 .002-1.2 21 0.5 24.95
ZX10-2-20 .2-2 20 0.8 24.95
ZX10-2-25 1-2.5 20 1.2 26.95
ZX10-2-42 1.9-4.2 23 0.2 34.95
ZX10-2-71 2.95-7.1 23 0.25 34.95
ZX10-2-98 4.75-9.8 23 0.3 39.95
ZX10-2-126 7.4-12.6 23 0.3 39.95

4WAY-0° Above 6.0dB
ZX10-4-11 .8-1.125 20 0.6 38.95
ZX10-4-14 1.1-1.45 20 0.8 38.95
ZX10-4-19 1.425-1.9 20 0.75 38.95
ZX10-4-24 1.675-2.35 20 0.9 38.95
ZX10-4-27 2.225-2.7 20 1.0 38.95

SERIES A new breed of SMA power splitters is small in size, small
in price, and big on features. They’re the ZX10 series of 2way and 4way
power splitters from Mini-Circuits! These 50 ohm splitters give you excellent
performance with low insertion loss and high isolation. Each easily
mountable model is extremely small in size, so you conserve real estate in
laboratory, production, and system environments. And thanks to exclusive
patent pending unibody construction, ZX10 splitters are rugged and
phenomenally low in price. All models are IN STOCK! So contact
Mini-Circuits now for individual units, or buy the whole collection for the
lab, and never get caught short. Have the signal splitting and combining
power you need, on hand when you need it, with ZX10!
Mini-Circuits...we're redefining what VALUE is all about!

K1-ZX10 Designer’s Kit (2Way)
1 of Each Model (7 total ) $199.95
FREE Deluxe Wood Storage Case !

Detailed Performance Data & Specs Online at: www.minicircuits.com/ZXSPLITTERS.pdf

4Way-0°
(L) 2.04"x (W) .60"x (H) .75"
Dimensions include case bracket

NEW!

CIRCLE READER SERVICE CARD

398 rev.Org

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

ISO 9001  ISO 14001 CERTIFIED

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
TM

®

See our 244 page RF/IF Designer’s Guide in EEM (Electronic Engineers Master)

2Way-0°
(L) .74"x (W).90"x (H) .54"
Dimensions include case bracket Patents Pending
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DCto10GHz 99¢
ea.qty.1000from

CIRCLE READER SERVICE CARD

393 Rev K

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

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
TM

®

IN STOCK

WOW! These tiny0.12"x 0.06" LFCN low pass and HFCN high pass
filters deliver very high rejection outside the passband and virtually
eliminate PC board space demand! Choose from the world’s
widest selection of off-the-shelf Low Temperature Co-fired Ceramic
models, all using our fully automated Blue CellTM LTCC manufacturing
process to provide tremendous cost savings that are passed on to
you! These hermetically sealed filters also deliver consistent
performance, superior temperature stability, and high power
handling capability for a low-cost, high-value solution to give
you the competitive edge you need to beat the competition!
So contact Mini-Circuits today and order these tiny
LFCN and HFCN filters direct from stock.
Mini-Circuits…we’re redefining what VALUE is all about!

Actual Size

BLUE CELLTM

Low Pass & High Pass

FILTERS

Designer’s Kits Available
K1-LFCN Contains 35 Units: Only $99.95

5 ea. LFCN-225, 320, 400, 490, 530, 575, 630
K2-LFCN Contains 60 Units: Only $119.95

5 ea. LFCN-800, 900, 1000, 1200, 1325, 1700, 2000, 2250, 2400, 5000, 6000, 6700
K1-HFCN Contains 40 Units: Only $79.95

5 ea. HFCN-650, 740, 1200, 1500, 1760, 2000, 2275, 2700

New Blue Cell™ LTCC
164 Page Handbook...FREE!

For detailed performance info on these models, and our full line of 
VLF & VHF SMA filters, see www.minicircuits.com/filter.html

LTCC TECHNOLOGY

Mini-Circuits ISO 9001 & ISO 14001 Certified

Model Passband fco, (MHz) Nom. Stopband (MHz) No. Of Price
(MHz) (Loss 3dB) (Loss >20dB) Sections $ ea.

Typ. Min. Qty. 10
LFCN-80 DC-80 145 190 7 3.99
LFCN-95 DC-95 165 220 7 3.99
LFCN-105 DC-105 180 250 7 3.99
LFCN-120 DC-120 195 270 7 3.99
LFCN-225 DC-225 350 460 7 2.99

LFCN-320 DC-320 460 560 7 2.99
LFCN-400 DC-400 560 660 7 2.99
LFCN-490 DC-490 650 780 7 2.99
LFCN-530 DC-530 700 820 7 2.99
LFCN-575 DC-575 770 900 7 2.99

LFCN-630 DC-630 830 970 7 2.99
LFCN-800 DC-800 990 1400 5 1.99
LFCN-900 DC-900 1075 1275 7 1.99
LFCN-1000 DC-1000 1300 1550 7 1.99
LFCN-1200 DC-1200 1530 1800 7 1.99

LFCN-1325 DC-1325 1560 2100 5 1.99
LFCN-1400 DC-1400 1700 1975 7 2.99
LFCN-1450 DC-1450 1825 2025 7 2.99
LFCN-1500 DC-1500 1825 2100 7 2.99
LFCN-1525 DC-1525 1750 2000 7 2.99

LFCN-1575 DC-1575 1875 2175 7 2.99
LFCN-1700 DC-1700 2050 2375 7 1.99
LFCN-1800 DC-1800 2125 2425 7 2.99
LFCN-2000 DC-2000 2275 3000 5 1.99
LFCN-2250 DC-2250 2575 2850 7 1.99

LFCN-2400 DC-2400 2800 3600 5 1.99
LFCN-2500 DC-2500 3075 3675 7 1.99
LFCN-2600 DC-2600 3125 3750 7 1.99
LFCN-2750 DC-2750 3150 3775 7 1.99
LFCN-2850 DC-2850 3300 4000 7 1.99

LFCN-3000 DC-3000 3600 4350 7 1.99
LFCN-5000 DC-5000 5580 6600 7 1.99
LFCN-6000 DC-6000 6800 8300 7 1.99
LFCN-6700 DC-6700 7600 8900 7 1.99
HFCN-650 850-2490 650 480 7 1.99

HFCN-740 900-2800 740 550 7 1.99
HFCN-880 1060-3200 880 640 7 1.99
HFCN-1200 1340-4600 1180 940 7 1.99
HFCN-1300 1510-5000 1300 930 7 1.99
HFCN-1320 1700-5000 1320 1060 7 1.99

HFCN-1500 1700-6300 1530 1280 7 1.99
HFCN-1600 1950-5000 1600 1290 7 1.99
HFCN-1760 2100-5500 1760 1230 7 1.99
HFCN-1910 2200-5200 1910 1400 7 1.99
HFCN-1810 2250-4750 1810 1480 7 1.99

HFCN-2000 2410-6250 2000 1530 7 1.99
HFCN-2100 2500-6000 2100 1530 7 1.99
HFCN-2275 2640-7000 2275 1770 7 1.99
HFCN-2700 3000-6500 2500 1800 7 1.99
LFCN = Low Pass, HFCN = High Pass                                 Patent Pending 
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COMMERCIAL MARKET
control and building automation network applications in
the industrial and consumer markets. Companies who
want to have input on developing the ZigBee specification
and create ZigBee products can join by visiting: 
www.zigbee.org/en/join/.

W iMAX enthusiasts
sometimes claim that

it will “kill” Wi-Fi. Nothing
could be further from the
truth, according to current
studies from ABI Research.
Phil Solis, senior analyst for
wireless connectivity, notes
that Intel, the most aggres-
sive of WiMAX IC vendors,
expects to have chipsets

ready for sale to laptop makers in mid-2006. Intel will
probably be the first to market, followed by Fujitsu Semi-
conductors and Wavesat Inc. 

That means, says Solis, that it will be several years be-
fore WiMAX gains any real traction in the 802.16e market
(802.16e is the mobile version of WiMAX that will allow
for portability and mobility). “We are not looking at
WiMAX even starting to compete against Wi-Fi until
2007, when it will turn up in a few laptops. By then, Wi-Fi
penetration in laptops will be almost universal.” 

Before WiMAX chips appear in computers, customer
premises equipment (CPE) receivers will be able to get
signals from local transmitters. But that still leaves the rest
of the devices in a corporate or home network unconnect-
ed. And putting WiMAX chips, with their high power con-
sumption, in PDAs or phones will be more difficult, and
occur later, than putting them in a laptop. A combined sce-
nario — WiMAX to the building, then Wi-Fi for the
interior network — should get the best of both worlds.

Over-the-air broadcast
TV channels are sepa-

rated by unused frequen-
cies. This “white space” in
the broadcast spectrum
varies with the channels
present in a locale and cre-
ates opportunities for other
applications. As a step in
putting these unused chan-
nels to practical use, the

IEEE has started work on a standard to enable the de-
ployment of wireless regional area networks using the un-
used TV channels, while not interfering with the licensed
services now operating in the TV bands. 

The new project, IEEE P802.22,™ “Standard for
Wireless Regional Area Networks (WRAN) — Specific
Requirements — Part 22: Cognitive Wireless RAN Medi-
um Access Control (MAC) and Physical Layer (PHY)
Specifications: Policies and Procedures for Operation in
TV Bands,” will specify a cognitive air interface for fixed,

IEEE Begins Work 

on WRAN Standard

Wi-Fi Versus 

Wi-MAX:

ABI Research

Considers Their

Future

The ZigBee Alliance, an
association of compa-

nies working together to
enable wirelessly net-
worked monitoring and
control products based on
an open global standard,
announced 16 new mem-
ber companies have joined,
bringing its membership to
more than 100 companies.

New member companies include: Cisco Systems Inc.;
Control4; ELDAT Gesellschaft fur Electronik und Daten-
technik mbH; Exegin Technologies Ltd.; France Telecom
R&D LLC; Golden Power Manufacturing Inc.;
MaxStream Inc.; Niko N.V.; Novar Controls; Orange
Logic; SDSystem Co. Inc.; Shinko Electric Industries Co.
Ltd.; Smarthome Inc.; Telematics Wireless Ltd.;
TenXTechnology Inc.; and Yamatake Corp. 

The ZigBee Alliance has more than doubled its mem-
bership in the last year. Its membership base now
represents an astounding 22 countries on four continents,
signifying the worldwide interest in ZigBee. All Alliance
members will continue to participate in ongoing interop-
erability testing to insure their products are ready to take
advantage of the specification once it is completed. Most
recently, the ZigBee Alliance concluded another success-
ful interoperability testing event in Denver. “The tremen-
dous level of interest expressed by so many global leaders
across a broad range of markets underscores the need for
wirelessly networked monitoring and control products
based on an open global standard,” said Bob Heile, chair-
man of the ZigBee Alliance. “As our membership contin-
ues to expand, so does our potential to deliver innovative
applications based on ZigBee. ZigBee’s newest members
will join in the market roll-out of the initial specification,
working to deliver a global interoperable standard for the
advancement of easily deployable, low cost, low power,
wireless communication products.” 

Illustrating its growing momentum, the ZigBee Al-
liance had a significant presence at the Wireless Connec-
tivity (WiCon) Americas, on November 9–10, 2004, in
Santa Clara, CA. The ZigBee Alliance hosted a press and
analyst reception, was on hand to discuss advances in the
wireless market and hosted a ZigBee Pavilion to showcase
ZigBee-ready products from Airbee, CompXs, Ember,
Freescale Semiconductor, Millenial Net, Motorola, OKI
and ZMD. Also at WiCon, ZigBee chairman, Bob Heile,
was joined by Jon Adams of Freescale Semiconductor,
chairman of ZigBee’s Interoperability Working Group, Pat
Kinney of Kinney Consulting, secretary of the Alliance,
and Venkat Bahl of Ember Corp., vice chairman of the Al-
liance, to lead sessions on where ZigBee fits in the short
range wireless market, offer a tutorial on the IEEE
802.15.4 global standard, reflect on key market require-
ments for sensors and controls, and preview future appli-
cations, markets and protocols. 

ZigBee is the only standards-based technology de-
signed to address the unique needs of low cost, low pow-
er, wireless sensor networks for remote monitoring, home

ZigBee Alliance

Continues Strong

Growth
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Now even volume
production

designs
can
benefit
from an

on-board
noise source

26 Hampshire Drive  Hudson, NH 03051 Tel: 603-883-2900 Fax: 603-882-8987
www.micronetics.com   noisesales@micronetics.com

Surface Mount Noise Sources

Model# Frequency Amplitude

SMN7105   10 kHz to 10 MHz 1 V P-P

SMN3110 100 kHz to 3.0 GHz 22 dB ENR   

SMN7114 100 MHz to 3.0 GHz 45 dB ENR 

SMN3018 200 MHz to 6 GHz 26 dB ENR

Find out about various
applications for utilizing
noise at our website.
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Self-contained
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Modules
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required

Patent Pending 
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point-to-point, wireless regional area networks that oper-
ate on unused channels in the VHF/UHF TV bands be-
tween 54 and 862 MHz. 

“Signals at these frequencies can propagate 40 km or
more from a well-sited base station, depending on the ter-
rain,” said Carl R. Stevenson, interim chair of the IEEE
P802.22 working group. “This is ideal spectrum for de-
ploying regional networks to provide broadband services
in sparsely populated areas, where vacant channels are
available. Our goal is to equal or exceed the quality of
DSL or cable modem services, and to be able to provide
that service in areas where wireline service is economical-
ly infeasible, due to the distance between potential users.
This standard will enable the creation of interoperable
IEEE 802 WRAN products. It has generated a great deal
of interest from wireless Internet service providers, com-
munity networking organizations, government bodies and
other parties.” Protocols in the standard will ensure that
this new service does not cause harmful interference to
the licensed incumbent services in the TV broadcast
bands. The standard will provide for broadband systems
that choose portions of the spectrum by sensing that fre-
quencies are unoccupied. 

In the US, the Federal Communications Commission
has issued a Notice of Proposed Rule Making to open the
54–698 MHz portion of the TV for unlicensed usage.
IEEE 802.22 will enable compliance to these rules once

they are finalized. “The standard, which will work with ex-
isting 802 architectures, will give IEEE 802.11™ wireless
local areas networks in outlying areas a fatter pipe for re-
ceiving and transmitting data,” says Stevenson. “It will
complement IEEE 802.16™ metropolitan area networks,
which do not include cognitive radio functions for sharing
TV spectrum. The concepts underlying this standard are
attractive to both developed and undeveloped countries
having little wireline infrastructure. By extending out to
40 km or more, most regional area networks should have
enough potential subscribers within their coverage areas
to make them viable ventures.” 

The formation of the IEEE 802.22 Working Group has
involved broad participation from those in the TV broad-
cast sector and the pubic safety community who are li-
censed users of the target spectrum, as well as from chip
vendors, wireless equipment suppliers and even other
countries having large, relatively sparsely populated areas.
“I am pleased to see the ongoing endorsement and sup-
port of IEEE 802 Local and Metropolitan Standards
Committee by our participant and the data communica-
tion industry as evidenced by the many new standards de-
velopment projects brought to 802 such as this one,” said
Paul Nikolich, chair of IEEE 802. “I expect the new
802.22 project to substantially improve the utilization of
the scarce RF spectrum resources.” IEEE P802.22 is
sponsored by the IEEE Computer Society.  ■
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INDUSTRY NEWS
■ Teledyne Technologies Inc. and Celeritek Inc.
jointly announced that Teledyne, through its subsidiary
Teledyne Wireless Inc., has completed the acquisition of
Celeritek’s defense electronics business for $33 M in cash.
Celeritek’s shareholders approved the asset sale at the
company’s annual meeting.

■ Wireless Telecom Group Inc. (WTT) announced that
it has entered into a definitive agreement to acquire all of
the outstanding capital stock of privately held Willtek
Communications GmbH from the venture capital arm of
the international investment group Investcorp and Will-
tek’s chief executive officer, Cyrille Damany, in exchange
for $7 M in cash and 8,000,000 shares of WTT common
stock (the “Purchase Price”), and the assumption of cer-
tain liabilities and obligations valued at $4.8 M. As a result
of the proposed acquisition, Willtek will become a wholly-
owned subsidiary of WTT.

■ M-tron Industries Inc. has completed the transac-
tions to purchase Piezo Technology Inc., Orlando, FL.
The two companies plan to integrate their operations un-
der a single business management and operations group.
To reflect this and to maintain the brand awareness of
each company, the companies will be conducting business
under the new name MtronPTI.

■ PCTEL Inc. announced that it has entered into an
agreement to acquire selected assets associated with An-
drew Corp.’s mobile antenna business. The company has
agreed to pay $10 M in cash for the selected assets. The
acquisition is part of PCTEL’s continuing plan to solidify
a position within high growth wireless communications
markets.

■ UltraSource Inc., a supplier of custom thin film de-
vices, announced the acquisition of the custom thin film
circuit manufacturing unit from MicroMetrics Inc., a
semiconductor device manufacturer. The acquisition
strengthens UltraSource’s position in the custom design
and manufacturing of thin film circuits and related serv-
ices. In addition to all inventory and backlog, UltraSource
will be acquiring several pieces of state-of-the-art thin
film manufacturing equipment.

■ Cuming Microwave Corp., Avon, MA, announced
that it has purchased Lehman Chambers, Chambers-
burg, PA. Lehman Chambers specializes in anechoic RF
shielded chamber facilities for both high frequency and
EMC related testing on a turnkey engineering through
construction basis, and has completed over 1400 major
projects across North America. Cuming’s complementary
absorber materials have been used routinely in all of
Lehman’s structures, making this venture a natural com-
bination of cost-effectiveness and efficiency.

■ The Littlefuse Electronics Business unit has an-
nounced a restructuring and consolidation of its North

American distribution network to better serve customers
and add value to its line of circuit protection solutions. As
part of the company’s strategy to provide circuit protec-
tion solutions, the company has appointed its distributor
partners. The new distributor line-up is expected to opti-
mize the company’s distribution structure as well as accel-
erate demand creation and design-in activity for Littlefuse
circuit protection solutions.

■ Kulicke & Soffa Industries Inc. announced the open-
ing of its new state-of-the-art probe card manufacturing
facility located in Hsin Chu, Taiwan. This facility offers a
floor size of over 2400 square meters and has full manu-
facturing capability for all types of enhanced cantilever
probe cards. 

■ Channel Microwave East, a specialist in filters,
diplexers and combiners, announced that the company
has moved to a new location. The company is now located
at 502 McCormick Drive, Suite C, Glen Burnie, MD
21061 (410) 863-0026, fax (410) 863-0029 or e-mail: 
bmcdorman@channelmicrowave.com.

■ Toshiba America Electronic Components Inc. an-
nounced that the company has moved its North American
headquarters to new facilities. The North American head-
quarters is located at 19900 MacArthur Blvd., Suite 400,
Irvine, CA 92612 (949) 623-2900, fax (949) 474-1330.

■ Centellax Inc. announced that the company has dou-
bled its laboratory and production test facilities at the
company’s Santa Rosa, CA headquarters. The expansion is
intended to accommodate a growing internal demand for
production test and quality assurance functions at the
company, due to an increase in orders.

■ Applied Wave Research Inc. (AWR®) announced
that Silicon Laboratories Inc. has adopted AWR’s Mi-
crowave Office® and Visual System Simulator™ design
suites. Silicon Laboratories’ applications teams will utilize
the software to simulate radio frequency integrated circuit
chips and modules. 

■ The US Air Force announced that M2 Global Tech-
nology Ltd. has been selected to participate in its manu-
facturing technical assistance production program
(MTAPP). The MTAPP was established by the Secretary
of the Air Force in 1997 to assist in increasing and en-
hancing the competitiveness of small manufacturing firms
in support of the Air Force, Department of Defense and
their prime contractors.

■ The LXI Consortium announced that Keithley In-
struments Inc. will join the recently formed standards
organization. LAN extensions for instrumentation (LXI) is
a next-generation, LAN-based modular platform standard
for automated test systems.
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■ Laser Diode Inc. (LDI®) has been awarded certifica-
tion to the ISO 9001:2000 standard. Lloyd’s Register
Quality Assurance issued this certification, stating that the
LDI quality management system for the design and man-
ufacture of opto-electronic devices has been assessed and
approved against the quality management system stan-
dard ISO 9001:2000.

■ Microwave Solutions Inc. announced that the US
Patent and Trademark office has officially certified and
registered the company logo and name.

CONTRACTS
■ EMS Technologies Inc. announced that it has been
selected by Honeywell and Thales Avionics as the sup-
plier of high speed data satellite communications products
for their new HS-720 high speed data system. Under the
terms of a seven-year agreement, EMS will develop cus-
tom avionics products, which will complement the Hon-
eywell/Thales MCS-4000/7000 satellite communications
systems. Over the next five years, the forecasted value of
this agreement is over $50 M.

■ Agile Materials and Technologies Inc. an-
nounced that the United States Army awarded the
company a $5 M, 30-month contract to produce phase
shifters for use in phased array antennas, key elements
of mobile battlefield communications networks. Agile’s
patented barium strontium titanate technology allows
the company to provide the components at a fraction of
the traditional cost.

■ HRL Laboratories LLC has been awarded a $1.9 M
18-month phase 1 contract from the Microsystems Tech-
nology Office of the Defense Advanced Research
Projects Agency (DARPA) to develop inexpensive pas-
sive millimeter-wave imaging arrays. The award is under
the “Microantenna Arrays: Technology and Applications”
program.

■ Symmetricom announced that the company has been
awarded a five-year Federal Supply Contract by the US
General Services Administration (GSA) for instruments
and laboratory equipment.

FINANCIAL NEWS
■ Crane Co. reports sales of $477.3 M for the third
quarter ended September 30, 2004, compared to $425.3
M for the same period in 2003. Net loss for the quarter
was $205.2 M ($3.48/per share), compared to a net in-
come of $28.1 M ($0.47/per share) for the third quarter of
last year.

■ RF Micro Devices Inc. reports sales of $149.1 M for
the second quarter of fiscal 2005 ended September 30,
2004, compared to $163.5 M for the same period in 2004.
Net loss for the quarter was $6.7 M ($0.04/per diluted
share), compared to a net income of $10.6 M ($0.05/per
diluted share) for the second quarter of last year. 

■ AMIS Holdings Inc. (AMIS) reports sales of $131.2 M
for the third quarter ended September 25, 2004, com-
pared to $117.4 M for the same period in 2003. Net in-
come for the quarter was $16.2 M ($0.19/per diluted
share), compared to a net income of $9.2 M ($0.12/per di-
luted share) for the third quarter of last year.

■ WJ Communications Inc. reports sales of $8.9 M for
the third quarter ended September 26, 2004, compared to
$6.9 M for the same period in 2003. Net income for the
quarter was $1.2 M ($0.02/per diluted common share),
compared to a net loss of $3.3 M ($0.06/per common
share) for the third quarter of last year.

■ Stratex Networks Inc. reports sales of $43.6 M for
the second quarter of fiscal 2005 ended September 30,
2004, compared to $36.9 M for the same period in 2004.
Net loss for the quarter was $6.8 M ($0.08/per share),
compared to a net loss of $7 M ($0.08/per share) for the
second quarter of last year.

■ Ansoft Corp. has entered into a $30 M one-year se-
cured credit facility with PNC Bank, National Association.
The revolving facility replaces the company’s previous
credit facility terminated during the first quarter. The
new facility will be used primarily for general corporate
purposes. In related news, the company announced that
its board of directors voted to amend its existing common
stock repurchase program to permit the company to ac-
quire an additional 1,000,000 shares of its common stock.
Under the original program approved in 1998 and amend-
ed in 2002, the company has purchased approximately
1,800,000 of the 2,000,000 shares authorized for repur-
chase.

■ Peregrine Semiconductor Corp. announced that it
has closed an oversubscribed $17.6 M round of series 
C financing led by Ridgewood Capital and Palisades
Ventures.

■ An investor group led by Francisco Partners and Shah
Capital Partners announced the completion of the acqui-
sition of the business of C-MAC MicroTechnology from
Solectron Corp. The investor group provides C-MAC
with the financial support to drive its future growth plans.

NEW MARKET ENTRIES
■ C9 Networks, a provider of communications solutions
for small- to mid-sized operators, announced the availabil-
ity of the C9 C3000, an entirely new line of cable modem
termination systems (CMTS). The advanced CMTS sup-
ports both wired and wireless services with an easy to con-
trol management system built right into the box. This
next-generation headend is an ideal solution for network
integrators or operators looking to differentiate and ex-
tend their services by adding secure wireless capabilities
to their existing offerings. 

■ Richardson Electronics announced its entrance into
the RFID market. Richardson’s expertise in engineering
design, strategic alliances and technology infrastructure
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Imagine if you could put together a personal wish list
for a network analyzer – and then compare that list
with the R&S®ZVB. You’ll find that we’ve given it
capabilities that users have been wanting for a long
time, plus innovations like independent reflectometers
behind every test port, that greatly increase measure-
ment speed and flexibility. It’s all packed into a com-
pact little instrument that makes complex measure-
ments very easy – and that‘s what was on our wish
list when we developed the R&S®ZVB! So take a look
at the list of features, and then get in touch with us to
find out more.

� Models up to 4 GHz or 8 GHz, with 2 or 4 test ports
� Balanced measurements
� Parallel measurements
� Output level up to 16 dBm
� Dynamic range >123 dB
� Level sweep range over 50 dB
� Measurement and calibration wizards for easy 

command of complex measurement sequences
� Practically any number of freely configurable 

channels, traces and diagrams
� Comprehensive trace mathematics, and much more

What if wishes came true?

The R&S®ZVB network analyzer
makes complexity easy to handle

www.zvb.rohde-schwarz.com
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makes RFID a natural extension of its current capabili-
ties. As a first RFID offering, Richardson has signed a
strategic partnership with WJ Communications Inc., to
represent the global sales channel for its new multi-proto-
col MPR 5000 and MPR 6000 RFID reader cards.

■ Isotec Corp., a manufacturer of RF connectors in
Korea, announced that the company has opened a sales
office in San Jose, CA. This location will offer RF/mi-
crowave connectors and cable assemblies for the US mar-
ket. The company is located at 111 North Market Street,
Suite 616, San Jose, CA 95113. The company can be
reached at (408) 351-3450, fax (408) 351-3540, e-mail:
isotec@unitel.co.kr or visit www.isoconnector.com.

■ Wireless Valley Communications announced its en-
try into the rapidly developing Chinese market via a
strategic alliance with Cornes Dodwell Ltd., a Far East
trading company with significant technology distribution
operations in Japan and China. The partnership is built
around China’s demand for in-building wireless voice net-
works. Cornes Dodwell will be using and selling Wireless
Valley’s full suite of products.

PERSONNEL
■ Unity Wireless Corp. announced that Victor Halpert
has been named to the company’s board of directors.
Robert Singer, a director of Unity Wireless since April
2000, stepped down from the board to open the position
for Halpert. Halpert brings nearly 15 years of financial
and accounting experience to the company’s board of
directors.

■ CoorsTek Inc. formally announced
the promotion of Derek C. Johnson
to president and COO. Johnson will
oversee all of the company’s 12 manu-
facturing facilities located in North
America, Europe and Asia. Johnson’s
20 year career with the company began
when he joined the Scotland opera-
tions in February 1984. 

■ Cris Emson moves to Aurora, IL, to
hold the position of vice president of
Vector Fields Inc.
He takes with him
specialized knowl-
edge of all the com-
pany’s software,
particularly on high
frequency applica-
tions using the 
CONCERTO pack-

age. Emson joined Vector Fields Ltd.
in 1988 from the Rutherford Appleton

▲ Alex Michaelides

▲ Cris Emson

▲ Derek C. Johnson

Low Loss Flexible • Delay Lines 
Semi Rigid • Standard RG Assemblies

Leading manufacturers of Microwave
Components, Cable Assemblies & Connectors

For more information on these products and the rest of the
Midwest Microwave range of Cable Assemblies and Passive

Components contact us:

United States
6564 South State Road, Saline Michigan 48176

Tel: 00 1 734 429 4773 Fax: 00 1 734 429 1415
email: sales@midwest-microwave.com
Website: www.midwest-microwave.com

International
Russel Way, Widford Ind. Est., Chelmsford, Essex CM1 3AA

Tel: 44 (0) 1245 359515 Fax: 44 (0) 1245 358938
email: sales@midwest-microwave.ltd.uk
Website: www.midwest-microwave.ltd.uk
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Laboratory. In related news, the company announced the
promotion of Alex Michaelides to applications manager.
His experience includes customer support, where he spe-
cialized in electromagnetics and the development of ap-
plication oriented software.

■ Trilithic welcomed Randy Estep to
the company as vice president of oper-
ations. Estep brings over 25 years of
experience from ComSonics Inc., Har-
risonburg, VA, and Hughes Network
Systems, Germantown, MD. 

■ Centellax Inc.
announced the ap-
pointment of James
Hudspeth as vice

president of operations. In his new po-
sition, Hudspeth will oversee and di-
rect all aspects of the company’s plant
management, including manufactur-
ing, materials allocation, production
engineering, program management
and purchasing. He brings nearly 30
years of high technology operations management experi-
ence to this position. Prior to Centellax he served as VP,
manufacturing optical systems at Vitesse Semiconductor.

■ Eagleware Corp. announced that Charlie Miller has
joined the company as vice president of marketing and
that Miller has opened an Eagleware office in Silicon Val-
ley. Miller has over 25 years of experience in the EDA
space. He has worked with the company as a member of
the board of directors for nearly five years. The new office
is located at 560 South Winchester Blvd., Suite 500, San
Jose, CA 95128. Miller joins the company from Aptix,
where he was vice president of sales and marketing.

■ Aeroflex/Metelics announced that
Peter Sahjani has been appointed di-
rector of marketing and business de-
velopment focusing on InGap HBT/
PHEMT amplifier products for the
wireless infrastructure telecom market.
Prior to joining Metelics, Sahjani held
several key technical and senior man-
agement positions at M/A-COM, Lo-
ral, Filtronic Solid State, Agilent and 
most recently at EiC Corp.

■ Pascall Electronics, part of the Intelek group, an-
nounced the appointment of Chris Hood as senior sales
engineer. Hood joins the team with over 20 years experi-
ence in sales in the aerospace, defense and communica-
tions industry having worked for ELS Defence Ltd. and
FR Aviation. 

▲ Peter Sahjani

▲ James Hudspeth

▲ Randy Estep
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KYOCERA  CORPORATION
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Materially
different.
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AO6001 DuPont®2 Ferro®2Copper-Fired1HITCE1

Diverse LTCC Materials For Diverse Applications.
From Kyocera’s proprietary AO600, HITCE and copper-fired materials to DuPont® and Ferro® material,
Kyocera has the largest selection of LTCC packaging solutions in the world. Each has its own distinct
performance advantages, making them ideal for a variety of applications—satellites, medical equipment,
telecommunications, and high-rel.

Call us today at 800-468-2957 to discuss which solution best fits your requirements.

See us at IMAPS Booth 926, November 18-20, Hynes Convention Center—Boston

5
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■ Lorch Microwave announced that
Gary Maczis has joined the company’s
engineering team. Formerly with K&L
Microwave, Maczis brings more than
20 years experience in the design of
miniature RF and microwave filter
products.

■ iTerra Communications LLC an-
nounced the appointment of Eugene
Brannock as director of business de-

velopment for the company’s microwave monolithic inte-
grated circuit products and MMIC-based modules. His
responsibilities include overall management of the com-
pany’s MMIC product line. Before joining iTerra, Bran-
nock was executive vice president of Eudyna USA (for-
merly Fujitsu Compound Semiconductor Inc.).

■ Link Microtek has appointed Jeff
Hinsley to the new position of instru-
ment sales engineer. He will take re-
sponsibility for the UK and Ireland.
The appointment follows the compa-
ny’s decision to reorganize its sales
force into three groups specializing in
instruments, components and high vol-
ume surface-mount products. Hinsley
joins Link from Ansoft, where he was 
involved in the development and pro-

motion of circuit and finite-element simulation tools, as
well as managing key accounts in the wireless sector.

REP APPOINTMENTS
■ RF Logic LLC announced the appointment of Dehron
as its exclusive representative in the country of Israel.
Dehron is a firm with over 20 years of experience in this
market.

■ Micro-Ant Inc., Fall River, MA, a provider of the de-
sign, development and manufacturing of antennas, has ap-
pointed RF Associates Inc., Topsfield, MA, to provide
technical representation to the company’s new and exist-
ing customer relationships within the New England re-
gion. RF Associates can be reached at (978) 887-9762 or
visit www.rfassociates-ne.com.

■ Planar Electronics Technology has appointed several
new sales representatives. Eastern Tech Corp. will cover
MD, DC and VA, and can be reached at (410) 715-2100
or e-mail: johns@eastern-tech.com. Data Marketing As-
sociates will be responsible for TX, OK, AR and LA and
can be contacted at (972) 661-0300. J-Square Marketing
Inc. will handle NY, NJ and CT. The company can be
contacted at (516) 935-3200 or e-mail: alfordj@
jsquare.com. EBA Microwave will cover southern CA
and can be contacted at (949) 496-7533 or e-mail:
elbell@surfside.net. Atem S.A. will be responsible for
France and can be reached at 011-33 (0) 1-6934-9203 or
e-mail: atem.tb@wanadoo.fr. SpanTech Microwave

▲ Jeff Hinsley

▲ Gary Maczis
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Say hello to Xinger®II. Offering you monster specification and manufacturing improvements
over our original, revolutionary Xinger® brand components — they’ll help you build and
run your system more efficiently than ever before:

of components for the next generation of wireless systems.

800-411-6596  >  www.anaren.com
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Take the next step toward Xinger® II — visit anaren.com or call now!
Want samples? A complete data kit? In-person contact from Anaren on how you
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>80% increase in power handling
>12% higher allowable operating temp
>18% larger pads for improved solderability
>67% larger gaps for mfg. variability
>100% lead-free available
>And more!

Introducing — the next generation

>34% lower insertion loss
>33% better phase balance
>66% better amplitude balance
>66% tighter coupling tolerance
>35% higher isolation
>38% higher directivity
>80% better frequency sensitivity 
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Technology S.A. will handle Spain and Portugal. The
company can be reached at 011-34-95-241-7024 or 
e-mail: info@spantech-mt.com.

■ MI Technologies announced it has selected Com-
pomill Nordic Components AB, Upplands Väsby, Swe-
den, to represent the company’s line of RF and microwave
test and measurement products to customers in Sweden,
Finland, Denmark, Norway, Estonia, Latvia and Lithuania. 

■ Trompeter has announced that Interstate Connect-
ing Components (ICC), Moorestown, NJ, with offices in
Virginia Beach, VA, and Denver, CO, has been signed as
an authorized distributor of the company’s products. Or-
ders and RFQs can be placed through the ICC Web site
at www.connecticc.com or by phone at (800) 795-7689.

■ Praxsym Inc. announced the appointment of Castle
Rock Microwave as its representative for the new PM-
2458 wireless broadband power meter. The PM-2458 is a
handheld VSWR meter for the license exempt 2.4, 5.3
and 5.8 GHz bands. Castle Rock is taking sales and distri-
bution inquiries at (303) 362-6836 or e-mail: brett@
castlerockmicrowave.com.

■ XMA Corp. and First Source Inc. announced the
signing of a distribution agreement. Under terms of the
agreement, First Source will distribute XMA’s full line of
standard RF and microwave components. 

■ Agilent Technologies Inc. named Microlease and
Rosenkranz as authorized user-equipment resellers in
Europe for the Agilent Advantage Assurance program.
The program gives European engineers and purchasing
agents the option to buy used company equipment that
has been evaluated, fully calibrated and guaranteed by
Agilent to meet original performance specifications.

■ ANADIGICS Inc. announced that the company has ap-
pointed Takachiho Koheki Co. Ltd., Tokyo, Japan, as a
distributor for the country of Japan.

WEB SITES
■ Comarco Wireless Test Solutions announced that
the company’s Web site now offers secure comprehensive
support for its worldwide customer base. This new site,
www.comarco.com, offers many novel features and is the
vehicle for providing this support.

■ Flomerics announced ready-to-run thermal models for
Philips’ power semiconductors available to designers via
the SmartParts3D Web site (www.smartparts3d.com).
Design engineers can now instantly download complex,
calibrated thermal models of power semiconductor pack-
ages from Philips to incorporate in Flotherm thermal
simulations.
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More than a decade ago CTT, Inc.
made a strong commitment to serve
the defense electronics market
with a simple goal: quality,
performance, reliability, service and
on-time delivery of our products.

Since then, tens of thousands of microwave
amplifiers and assemblies have been delivered into
applications including: ESM, radar systems, missiles, UAVs,
seekers and decoys.

CTT’s products contain the latest advancements in thin-
film, GaAs FET MIC and MMIC technology. These high
quality products include:

• Low-Noise Amplifiers
• Medium Power Amplifiers
• High Power Amplifiers
• Limiting Amplifiers
• Amplifier Subassemblies
• Hi-Rel Space Qualified
• NEW! Thin-Film Manufacturing Services

As military budgets have
continued to shrink, the threats

have continued to become more
lethal and diverse. CTT has, however,

continued to incorporate excellence in
engineering and production technology into

our products in order to make your programs
– whether new or upgrade – effective.

Our goal is to be the number one supplier of
amplifiers and subassemblies in the marketplace. In fact,
we are currently supplying replacements for many hard-to-
find assemblies.

Give us a call to find out how our commitment can
support your success.

241 East Java Drive • Sunnyvale • California 94089 
Phone: 408-541-0596 • Fax: 408-541-0794 • www.cttinc.com • e-mail: sales@cttinc.com

Now Offering

Thin-Film Microwave

Manufacturing Services

Custom & Build-to-Print
Microwave Amplifiers

and Subassemblies
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TECHNICAL FEATURE

frequency operation and increased flexi-
bility in the development of higher power
components.

At the M/A-COM facility in Roanoke, VA,
the MSAG MESFET process4–9 is being used
to develop low cost, high volume, high perfor-
mance and highly reliable multifunction
monolithic ICs for commercial and military
applications. Because of its versatility in inte-
grating low noise, power and high speed large-
scale integration (LSI) functions on a single
chip, the process has been named the 
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MICHAEL ASHMAN AND INDER BAHL
M/A-COM Inc.
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[Continued on page 76]

Wideband, low noise, generic gain
block and driver amplifier MMICs
have been developed using many

different device technologies including
MESFET, HBT and PHEMT. Among these,
PHEMT-based MMIC technologies have
achieved superior performance due to inher-
ent device high frequency operation capabili-
ty. In order to achieve superior performance
similar to PHEMT technologies, multifunc-
tion self-aligned gate (MSAG®)-based MMICs
are implemented using a multi-level plating
(MLP) process. MLP utilizes multiple low di-
electric constant polyimide and thick metal-
lization layers atop the base GaAs. Designing
with MLP allows for lower loss transmission
lines or matching networks,1–3 higher

HIGH PERFORMANCE
WIDEBAND MSAG GAIN
BLOCK/DRIVER AMPLIFIER
MMICS USING MLP
TECHNOLOGY
The multi-level plating (MLP) process has been used to develop a family of
wideband, low noise, generic gain block and driver amplifier MMICs operating
up to 20 GHz. MLP implementation provides significant performance
improvements over standard MMIC processing techniques, especially with
regards to bandwidth and gain. This article discusses salient features of the MLP
process, including test data for multilayer microstrip lines, spiral inductors, 3 dB
couplers and MLP-based MMIC amplifiers. The design approach and test data
for several broadband MMICs, including a low noise amplifier, a single-bias gain
block, and 0.25 W and 0.7 W driver amplifiers, are also described.
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multifunction self-aligned gate process. The MSAG
process eliminates the need for a gate recess, the single
most important yield and reproducibility-limiting step. As
each device type, which may include EFET, DFET,
Schottky diode/limiter, low noise FET, switching FET,
power FET and n' implants, is optimized for its respective
function, it requires an additional mask. The MSAG
process is available as a standard foundry service to out-
side users.

MULTI-LEVEL PLATING PROCESS
Figures 1 and 2 show stylized cross-section views of

standard and MLP-processed GaAs wafers. A common
design rule, set for core structures and common GaAs
processing techniques, except for the MLP-unique ele-
ments, allows for simplified design, layout and processing. 

There are two key differences between the standard
and MLP-processed MMICs. The first is the addition of a
second, 7 µm thick, low dielectric constant polyimide lay-
er; the second difference is the addition of a second thick,
4.5 µm, gold metallization layer. These two additions pro-
vide the MLP advantages.

With the additional polyimide layer, a designer has the
flexibility to locate transmission lines, known as multilayer
microstrip lines, on polyimide up to 10 µm thick. The im-
pedance of such lines can be increased by 40 to 60 per-
cent — as compared to standard lines on the given base
substrate. The high impedance capability of MLP is well

suited for implementing low loss matching networks and
improving the bandwidth of passive components.

The additional thick metallization layer offers benefits
as well, mostly in the area of DC current routing/high
power design and extending the usage of passive compo-
nents to lower frequencies. Most straightforwardly, the
designer now has the flexibility to use 9 µm thick trans-
mission lines. Current handling for such lines is 20
mA/µm.

A second benefit of the additional thick metal layer is
the option to create high current structures, such as spiral
inductors. Previously, spiral inductors have been current
limited, based on the width of the thin metallization un-
derpass to access the center of the spiral, typically 2
mA/µm… as compared to 10 mA/µm for 4.5 µm thick
lines. With MLP, a spiral inductor can be fabricated with
4.5 µm thick spirals and 4.5 µm thick underpasses.

The configuration of the multilayer microstrip line is
shown in Figure 3, where r and rd are the relative di-
electric constants of the GaAs substrate and polyimide
buffer layer, respectively, and h and d are their respective
thicknesses. The thickness of the polyimide could be be-
tween 5 and 25 µm. However, the MLP process only al-
lows polyimide thicknesses of 3, 7 and 10 µm. The mi-
crostrip conductor W has an approximate thickness of 4.5
µm. Typical dielectric constant values for GaAs and poly-
imide are 12.9 and 3.2, respectively. Measured results for
the multilayer microstrip structure are summarized in
Table 1. As an example of the reduced loss characteristics
of MLP, on a bare 75 µm GaAs substrate, a 50 line is
about 50 µm wide, whereas with a 10 µm polyimide layer
atop the base GaAs, it is approximately 90 µm wide. The
losses are 0.83 and 0.41 dB/cm, respectively, a 50 percent
reduction for the 50 line on polyimide. Further im-
provement may be obtained by etching away the sur-
rounding polyimide, so that more of the microstrip is sur-
rounded by air. This configuration is also compatible with
multi-level plating MMIC fabrication processes.
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7 µm POLYIMIDE

4.5 µm Au PLATING

0.6 µm Au 0.2 µm SiN

3 µm POLYIMIDE

GaAs

▲ Fig. 1  Standard “Process 5” wafer cross-section.

7 µm POLYIMIDE

7 µm POLYIMIDE

4.5 µm Au PLATING

4.5 µm Au PLATING

0.6 µm Au
0.2 µm SiN

3 µm POLYIMIDE

GaAs

▲ Fig. 2  Multi-level plating (MLP) process wafer cross-section.

GaAs, εr GaAs, εr

GROUND PLANE
(a) (b)

POLYIMIDE, εrd POLYIMIDE, εrd

h

d

W

h

d

GROUND PLANE

W

▲ Fig. 3  Two modified microstrip line configurations.

TABLE I
MEASURED CHARACTERISTICS OF MULTILAYER MICROSTRIP

LINES WHEN GaAs SUBSTRATE THICKNESS IS 75 µm

Polyimide Microstrip Z0 (dB/cm)
Thickness (µm) Width (µm) ( ) re @ 20 GHz

0 20 69.0 7.58 1.07
50 50.0 8.26 0.83
100 35.8 8.58 0.70
150 28.1 9.15 0.61

3 20 81.0 5.32 0.85
50 57.0 6.22 0.68
100 41.0 7.10 0.55
150 32.0 7.47 0.48

7 20 92.0 4.38 0.69
50 64.1 5.08 0.50
100 45.0 5.93 0.41
150 35.5 6.45 0.37

14 20 105.0 3.70 0.55
50 75.0 4.26 0.40
100 53.0 4.90 0.35
150 42.0 5.43 0.30
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Tel: 703.339.6500 ex 175  •  E-mail: info@mrcwdc.com

Superior Technology
• Low-observable airborne and 

shipboard antennas
• Integrated antenna/radome systems
• Leading-edge tools for assessing 

installed performance
• Exceptional reliability

Advanced Manufacturing
• Integrated electrical, mechanical, and M&P 

engineering design team
• Extensive manufacturing facilities and resources
• Automated RCS, nearfield, and farfield test
• CMM, Laser Radar, and Digital X-ray inspection

Unique Solutions to Complex Problems
• Slotted waveguide arrays
• EW antennas
• CNI antennas
• Electronically scanned arrays
• Radomes, FSS, and RAM/RAS

Over 30 years of technical excellence.

ATK Mission Research provides
unmatched technical excellence in

advanced antenna and radome
design, manufacture and test.

The ATK Difference

A family of 6.7 nH inductors was
also characterized, and their figure of
merit indexes (FMI) is compared in
Table 2. FMI is defined as

where

fres = self-resonance frequency

The inductors selected are a stan-
dard inductor with thin metal under-
pass, a MLP multilayer inductor with
9 µm thick spiral metallization and a 

FMI
Qf

Inductor Area
res= ( )1

3-D inductor. The Q values are ob-
tained at the maximum Q frequency.
It is easily noted that the 3-D struc-
ture has the best FMI. This is because
of its reduced area. A trade-off of this
inductor type is that it has the lowest
resonance frequency due to higher in-
ter-level capacitances. The Q factor
for the 3-D inductor is about 23 per-
cent higher than for the standard in-
ductor but about 16 percent lower
than for the multilayer inductor using
thick metallization. The FMI for the
3-D inductor is about 2.6 times larger
than for the standard inductor.

A final example of the benefits of
MLP is a broadband 3 dB coupler,
which is required in many microwave

applications. MLP is also suitable to
realize tight directional couplers on
GaAs substrates. A 3 dB asymmetric
broadside coupler was developed us-
ing the MLP process on a 75 µm thick
GaAs substrate. Figure 4 shows the
top-sectional view of the broadband
coupler, which operates over the 7 to
15 GHz frequency range. The physical
length of the coupler is 3000 µm. The
bottom and top conductor line widths
are 40 and 60 µm, respectively, result-
ing in a lower dissipated loss than for a
Lange coupler on GaAs. As shown in
Figure 5, the measured insertion loss

TECHNICAL FEATURE
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TABLE II
COMPARISON OF SEVERAL 

6.7 nH INDUCTORS FOR BEST FIGURE 
OF MERIT INDEX

Multi-
Parameter Standard layer 3D

Inductor Inductor Inductor

fres (GHz) 5.0 6.4 4.43

Q 22.0 33.0 28.5

Area (mm2) 0.193 0.193 0.084

FMI
(GHz/mm2) 5.7 10.9 15.03 ▲ Fig. 4  Physical layout of the 3 dB

asymmetric broad side coupler.
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▲ Fig. 5  Measured performance of the 3 dB
coupler.

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

__________

http://Tel:703.339.6500
mailto:info@mrcwdc.com
http://www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P78A1


Contact Cougar's sales and application engineering staff 
to discuss your specific application and the best solution:

408-522-3838

Keep it  down!

LOW NOISE
a m p l i f i e r s

Specifications are typical.

Cougar Components has many
low noise amplifiers for your

challenging signal processing applications.
We offer system designers

a proven history of trusted components,
customer service, and invaluable experience.

Freq. Small Signal Noise Power Output Intercept D.C.
Range Gain Figure at 1dB Comp. Point 3rd/2nd Volts mA

Model (MHz) (dB) Typ. (dB) Typ. (dBm) Typ. (dBm) Typ. Nom. Typ.

AC688 50-600 21.0 0.7 21.0 32/44 5 85
AC1286 650-1200 31.0 1.0 12.0 23/35 15 62
AC1088 100-1000 18.0 1.1 20.0 30/42 5 85
AC3556 3000-3600 20.5 1.2 12.5 25/42 5 45
AP1588 1200-1600 25.0 1.4 24.5 35/58 15 145
AP1053 10-1000 11.0 1.5 26.0 39/58 15 100

AS4221 1000-4200 13.0 1.8 14.0 26/42 15 40
AC2205 100-2200 12.0 1.9 13.5 28/48 5 50
AC2554 1000-2500 25.0 1.9 15.5 26/45 5 72
AC2208 200-2200 19.0 2.0 18.0 28/34 8 50
AS5002 300-5000 21.0 2.2 16.0 25/32 15 88
AS8002 100-8000 19.5 2.5 17.0 28/40 15 92

S i g n a l  P r o c e s s i n g  C o m p o n e n t s  &  S u b s y s t e m s

ISO 9001 & MIL-PRF-38534 
CERTIFIED

290 Santa Ana Court, Sunnyvale, CA 94085 • 408-522-3838 • fax: 408-522-3839
www.cougarcorp.com • email: Amp@cougarcorp.com
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KEY FEATURES:
• Dielectric ceramic materials: 

developed internally by NTK with 
controllable Tau F

• Vertical integration: 
manufacturing from raw materials
through finished products

• Large sizes or unusual shapes: 
up to 400 x 230 x 40mm t (rectangular
cavity), and 200mm dia. x 150mm l
(cylinder)

• Available lower cost non-Ta material
for resonator applications For more product information contact:

East/Central USA: 847.788.9795
Western USA: 602.470.9898
Web address: www.ntktech.com/ecd.htm
Email: ecdinfo@ntktech.com

Discover a wide range 
of ceramic materials 
for your high frequency
design needs. 
NTK Technologies, Inc.
has over 65 years of 
ceramic design and 
fabrication experience,
with the unsurpassed
quality and reliability 
you expect from your 
materials partner.

Looking for Microwave Ceramics? 
has them!

HIGH Q MICROWAVE CERAMICS: 
(typical values at 1950 MHz)

Material εr Qo
N87 27.2 33800
D02 28.5 46000
D51 31.0 42000
F 34.0 23800
E 45.0 21300
U 77.0 5000

in the coupled and direct ports are 3.3
± 0.5 dB and 3.5 ± 0.5 dB, respective-
ly. The measured return loss was bet-
ter than 18 dB. 

The MLP process results in im-
proved performance in MMIC passive
components including couplers, fil-
ters, dividers/combiners and trans-
formers, and also allows the realization
of new MMIC components including
thin film microstrip, multi-level induc-
tors, tight couplers and baluns. 

DISTRIBUTED AMPLIFIERS 
USING THE MLP PROCESS

At the circuit level, improvements
in performance can be achieved using
very high impedance lines (microstrip
lines on 10 µm polyimide) in the gate
and drain equivalent transmission
lines of a distributed amplifier, using
low loss matching networks at the
output of a power amplifier, using
high current carrying capacity induc-
tors in matching networks and using
9 µm thick conductors instead of 4.5
µm thick conductors having twice the
width. An approximate expression for
the small-signal gain of a distributed

amplifier is given by10

where

n = number of FETs
gm = transconductance per FET
Z0 = characteristic impedance of the

gate line
g = attenuation constant of the gate

line
�g = length of gate line per unit cell

In this expression, a constant char-
acteristic impedance and a constant
unit line length have been assumed.
Also, the drain line losses are neglect-
ed. Equation 2 shows that, for higher
gain, one needs higher Z0 and lower

g. As previously shown, MLP pro-
vides both these features.

As an example of the performance
benefit MLP provides for wideband
MMICs, Figure 6 shows the predicted
performance of a pair of 2 to 20 GHz
distributed amplifiers, one designed us-
ing standard Process 5 techniques and
the other implemented in MLP. As is

G
g n Z nm

g g

2 2
0

2

4
1

2
2– ( )�

easily noted, approximately 1.5 dB ad-
ditional gain is provided by the MLP
design at 20 GHz. Thus, MLP can be
used to either increase gain for a given
bandwidth, or provide additional band-
width for a given amount of gain.

In the following, examples of dis-
tributed amplifiers developed using
MSAG FET with the MLP process
are described. In these MMICs, the
gate and drain microstrip conductors
are on a 10 µm thick polyimide layer
atop the GaAs substrate. The circuits
were designed using small-signal mod-
els for the FET devices and matched
to 50 at the input and output.
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▲ Fig. 6  Predicted performance 
of a 2 to 20 GHz distributed amplifier 
using a standard “Process 5” (dashed  lines)
and MLP (solid lines) processing.
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Some things in life you can count on
to be around a long, long time

Manufacturing uplink klystrons is the very core of our business.

From S Band for TT&C, low C Band for Tropo, C, X, Ku and Ka Bands for
uplink – we provide them all.

Thousands are already being used around the world, and we have a
responsibility to the industry to assure a continuing supply in the future.

Count on it. We are committed to being there for you, and providing klystrons
for the lifetime of your systems.

There are some things in life you can always count on. Things that will always
be there. And having a continuous supply of CPI klystrons is one of them.

Communications & Power Industries Canada, Inc.
45 River Drive / Georgetown, Ontario / Canada L7G 2J4
HOT LINE TELEPHONE: 1-800-267 JETSAT
TEL: 905-877-0161 / FAX: 905-877-5327
E-MAIL: marketing@cmp.cpii.com  / WEB: www.cpii.com/cmp

Especially the supply of CPI satellite uplink Klystrons
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2 to 20 GHz 
Distributed LNA (Self-biased)

Figure 7 shows the physical layout
of a 2 to 20 GHz distributed LNA, in-
corporating six 150 µm 5N (low noise)
FETs. The circuit was designed for low

noise figure and high gain using a low
noise FET model. A single supply op-
eration is provided through the use of
on-chip self-biasing networks. The val-
ue of the resistor between the source
of the device and ground is selected to

bias the device at
0.25 IDSS to provide
a trade-off between
minimum noise fig-
ure and high P1dB.
The drain supply
voltage is 5 V. The
chip size is 3 × 1.6
mm.

Figures 8 and 9
show the measured
LNA gain and noise
figure, and P1dB, re-
spectively. The cur-
rent under drive in-

creases from 75 mA at the Q-point to
about 110 mA at the P1dB compres-
sion point. The measured return loss
was better than 10 dB over the 2 to 20
GHz frequency range.

2 to 18 GHz Distributed 
Amplifier Driver (Self-biased)

Figure 10 shows the physical layout
of a distributed driver amplifier (DA),
designed for the 2 to 18 GHz frequen-
cy band. It is comprised of five 5N
FETs, each having a 300 µm gate pe-
riphery. The circuit was designed for
high P1dB and high gain while provid-
ing a good match to 50 at the input
and output. A single supply operation is
provided through the use of on-chip
self-biasing networks. The nominal
drain supply voltage is 5 V; however,
on-chip voltage drop resistors allow
variable supply voltage from 5 to 8 V.
The chip size is 3 × 1.7 mm. Figure 11
shows the measured gain and return
loss; Figure 12 demonstrates the satu-
rated power at different drain biases.
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▲ Fig. 8  Measured gain and noise figure 
of self-biased 2 to 20 GHz distributed LNA.
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▲ Fig. 9  Measured P1dB of self-biased 
2 to 20 GHz distributed LNA.

▲ Fig. 10  A 2 to 18 GHz self-biased
distributed driver amplifier.
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▲ Fig. 11  Small-signal gain, and input 
and output VSWR at VD = 5 V of the
distributed amplifier driver.
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▲ Fig. 12  Saturated output power 
of the distributed amplifier driver as a
function of frequency and drain voltage.

▲ Fig. 7  Layout of a 2 to 20 GHz self-biased distributed LNA.
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Mini-Circuits…we’re redefining what VALUE is all about!

ValuePacked
MMICAmplifiers

DCto8GHz from99¢
ea. (Qty.25)

InGaP HBT
lower thermal resistance

better gain flatness
wide choice of gain

high IP3
high reliability

2 year guarantee

Gali

TYPICAL SPECIFICATIONS AT 25°C:

SOT-89
Actual Size

Assembled Test Fixture

� Low frequency cutoff determined by external coupling capacitors.
Complete specifications, performance data, and reliability report available on our web site.

For detailed specs visit: www.minicircuits.com/amplifier.html

Amplifier Designer’s Kits:
K1-Gali: Only $99.95
Contains 10 Ea. of Gali 1, 2, 3, 4, 5, 6, 21, 33, 51 ( 90 pieces total )

K2-Gali: Only $64.95
Contains 10 Ea. of Gali 6F, 4F, 51F, 5F, 55 ( 50 pieces total )

Both Kits include complete data sheets and a free test fixture!

IN STOCK

CIRCLE READER SERVICE CARD

346 Rev. H 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

ISO 9001  ISO 14001 CERTIFIED

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
TM

®

See our 244 page RF/IF Designer’s Guide in EEM (Electronic Engineers Master)

Model Power Out Thermal DC Operating Pwr. Price
Freq. � Gain (dB) @1dB Comp. Dynamic Range Resist. Current   Device $ea.
(MHz) 0.1GHz (dBm) NF (dB) IP3 (dBm) θ jc,°C/W (mA) Volt (25 Qty.)

Gali     1 DC-8000 12.7 12.2 4.5 27 108 40 3.4 .99
Gali    21 DC-8000 14.3 12.6 4.0 27 128 40 3.5 .99
Gali    2 DC-8000 16.2 12.9 4.6 27 101 40 3.5 .99
Gali     33 DC-4000 19.3 13.4 3.9 28 110 40 4.3 .99
Gali S66 DC-3000 22 2.8 2.7 18 136 16 3.5 .99
Gali     3 DC-3000 22.4 12.5 3.5 25 127 35 3.3 .99
Gali     6F DC-4000 12.1 15.8 4.5 35.5 93 50 4.8 1.29
Gali     4F DC-4000 14.3 15.3 4.0 32 93 50 4.4 1.29
Gali 51F DC-4000 18.0 15.9 3.5 32 78 50 4.4 1.29
Gali     5F DC-4000 20.4 15.7 3.5 31.5 103 50 4.3 1.29
Gali     55 DC-4000 21.9 15.0 3.3 28.5 100 50 4.3 1.29
Gali     52 DC-2000 22.9 15.5 2.7 32 85 50 4.4 1.29
Gali     6 DC-4000 12.2 18.2 4.5 35.5 93 70 5.0 1.49
Gali     4 DC-4000 14.4 17.5 4.0 34 93 65 4.6 1.49
Gali   51 DC-4000 18.1 18.0 3.5 35 78 65 4.5 1.49
Gali    5 DC-4000 20.6 18.0 3.5 35 103 65 4.4 1.49
Gali    74 DC-1000 25.1 19.2 2.5 38 120 80 4.8 2.35
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2 to 18 GHz 
Distributed Power Amplifier

This is another DA, designed for
higher power level. It uses the same
approach as discussed previously.
This topology employs five 300 µm
5A (power) FETs biased at 8 V. The
physical layout of this circuit is shown
in Figure 13. The MMIC is over-
sized at 3.0 × 1.7 mm due to the limi-
tations of being in a development
mask. In a production mask, the final

chip size would be
2.3 × 1.4 mm. Fig-
ures 14 and 15
show the measured
gain and noise fig-
ure, and output
P1dB, respectively.

2 TO 8 GHz
DRIVER
AMPLIFIER

Another useful
feature of MLP is to
create high current

inductors for broadband and compact
designs.11 In this section, a broad-
band 0.7 W driver amplifier devel-
oped using MLP inductors is dis-
cussed.

Traditionally, a driver amplifier is
designed based on the loadline
method.12–15 The design of the two-
stage broadband MMIC driver ampli-
fier was based on a design methodol-
ogy using small-signal, nonlinear FET
models and loadpull data obtained at
the operating bias point. The operat-
ing point of the amplifier was select-
ed for class-AB operation (0.30 IDSS)
of the device in order to obtain the
best compromise of power output,
gain, PAE, linearity and variable pow-
er supply operation over the 2 to 8
GHz frequency range. 

In this design, the loadline tech-
nique is used initially to optimize the
circuit parameters. The optimum
load impedances ZL1 and ZL2 at the
drain of the first and second stage
FETs, necessary to realize the maxi-
mum output power and PAE, are
shown in Figure 16. Then, the de-
sign is simulated using the nonlinear
model to calculate the power com-
pression of each stage and the output
power and PAE as a function of input
power. Since it is very difficult to op-
timize the matching networks to the
required load impedances over wide

bandwidths, using
nonlinear models,
the above design
process is repeated
so that an optimum
solution for simulta-
neous match to the
load impedances at
the drain of each
FET and best gain,
power and PAE are
achieved.

Phase Noise at 23 GHz (Typical)

23 GHz

5–200
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▲ Fig. 14 Measured gain and noise figure of
the 2 to 18 GHz distributed power amplifier.
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▲ Fig. 15  Measured P1dB of the 2 to 18
GHz distributed power amplifier.
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▲ Fig. 16  Schematic of a two-stage driver amplifier.
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▲ Fig. 13  Layout of a 2 to 18 GHz distributed power amplifier.
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The input stage, which has a limit-
ed gain compensation network, was
designed for good input match as
well as for maximum power transfer
at the high frequency end. The inter-
stage matching network was designed
to provide a flat gain response and
deliver enough power to the output
stage FETs for achieving overall max-
imum output power and PAE. The
output matching elements were se-
lected to provide an optimum load
match with minimum insertion loss,
since efficiency and output power are
reduced to a great extent by a passive
loss. Both stages, as well as the com-
plete amplifier, were designed to be
unconditionally stable over 3 to 10 V
drain power supply voltage and 0.25
to 0.50 Idss drain current. Experience
has shown that for MSAG FETs,
standard even-mode (K > 1) and odd-
mode stability analyses are adequate
to avoid microwave oscillations. How-
ever, under large-signal condition and
pulsed operation, it is necessary to
use worst-case K-factors greater than
1 when S-parameter data is used for
various bias conditions from Vds = 3V,
0.50 Idss to Vds = 10V, 0.25 Idss. This
approximately replicates the envelope
a full cycle of the input signal experi-
ences during the large signal and
pulsed operation. It was found that
imposing a K > 2.0 condition, for Vds
= 10V and 0.25 Idss small-signal S-pa-
rameters, is about what is necessary
to ensure K > 1 under all conditions. 

Figure 17 shows the photograph
of the two-stage 0.7 W power output
driver amplifier. The chip size is 3 × 2
mm.

Typical CW measured Pout and
PAE for MMIC chips on Cu-W carri-
ers at VDS = 8V and Pin = 18 dBm are
shown in Figure 18. The amplifier
has greater than 28.5 dBm power
output and better than 24 percent
PAE over the 2 to 8 GHz frequency
range. Figure 19 depicts P1dB pow-
er levels at various drain voltages.
The variations of small-signal gain
and input VSWR as a function of fre-
quency are shown in Figure 20. The
input VSWR is better than 2:1 over
the 1.5 to 8.4 GHz range. 

CONCLUSION
A family of wideband, low noise,

generic gain block and driver amplifi-
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▲ Fig. 17  A 2 to 8 GHz, 0.7 W driver
amplifier.
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▲ Fig. 18  Pout and PAE of the 2 to 8 GHz
driver amplifier at VD = 8 V PIN = 18 dBm.

50

40

30

20

10

0
9.08.07.06.05.0

FREQUENCY (GHz)

Vd = 10 V 8 V 6 V 4 V

4.03.02.0

P
1d

B
 (

dB
m

)

▲ Fig. 19  P1dB of the 2 to 8 GHz driver
amplifier as a function of drain voltage.
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er MMICs for commercial and mili-
tary applications has been developed.
Using MLP processing, higher per-
formance and higher frequency oper-
ation are achieved. ■
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power characteristics of the CDMA signal.
Some attractive RF detector ICs have recently
become available. 

In order to realize a cost-effective MCPA,
the nonlinearity of a logarithmic amplifier is
by itself of no interest. In preference to the
problem of nonlinearity, an effective power-
saving control is required. Although the detec-
tion voltage of a logarithmic amplifier can be
changed because of the dynamic range or
temperature variation, there are few issues for
linearity because of the compensation factor
provided by manufacturers. It is important to
define an accurate offset voltage according to
the condition of the input signals. 

In this article, when each CDMA carrier is
randomly located within the transmission fre-
quency band, the variation of output voltage of
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[Continued on page 92]

In a typical multi-carrier power amplifier
(MCPA) application, it is well known that
good amplitude matching and good phase

matching are required for greater reduction of
intermodulation distortion (IMD) or for better
harmonic rejection within the CDMA spectral
mask. To solve the mismatching problem, it is
desirable to accurately measure the output
power or to provide accurate feedback for am-
plitude control.1 In order to accurately mea-
sure the power level, a logarithmic amplifier
has been used as an RF power detector that
converts the RF power level to a voltage.1–3

Previous work on semiconductor RF detec-
tors has led to improved linearity perfor-
mance.2,3 Recently, more efforts have been di-
rected to the compensation of the nonlinearity
of semiconductor detector ICs. They have fo-
cused on the voltage drift caused by tempera-
ture changes or the voltage variation accord-
ing to the crest factor in a modulated system.
An additional requirement is a wide dynamic
range, which stems from the average envelope

ACCURATE POWER
DETECTION OF A CDMA
MULTI-CARRIER POWER
AMPLIFIER USING A
LOGARITHMIC AMPLIFIER

The accurate detection of the power output of a multi-carrier CDMA power amplifier enables the
enhancement of power efficiency and harmonic suppression. Even though CDMA carriers with equal
total power are applied, the experimental results, using a logarithmic amplifier as a detector, have
shown nonlinearities as a function of the numbers of carriers and their frequency separation. As the
number of carriers increases, the detected voltage shows a slight increase. However, with a wider
frequency separation between CDMA carriers, the detected voltages show a decrease by a maximum
of 0.7 dB. The offset voltage should be compensated for fine power-control of a CDMA power
amplifier.
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the detector IC is described. In the
field, CDMA service carriers have been
placed with some frequency space be-
tween them. In a rural area, CDMA
carriers, allocated within an odd chan-
nel number, have sometimes been
used. This work, based on experiments,
shows the variations in the output volt-
age of a logarithmic detector for two or
three CDMA carriers with the same to-
tal transmitted power as a function of
their frequency separation.

EXPERIMENTS 
In this task, an AD8314 IC, made by

Analog Devices, was used and the ex-
perimental configuration is illustrated
in Figure 1. Figure 2 shows the man-
ufactured RF power detector. Although
the specification for its input is in dBm,
a logarithmic amplifier fundamentally
responds to voltage and not to current.
A direct consequence of this character-
istic is that input signals of equal RMS
power but different crest factors pro-
duce different results at the logarithmic
amplifier’s output.4–6 For more accu-
rate measurements, a directional cou-
pler, a bandpass filter (BPF), a splitter
and a power detector were used. The
operating center frequency was 1.75
GHz and the bandwidth of the CDMA
carrier was 1.23 MHz. A signal genera-
tor and a power amplifier for each
CDMA carrier should be used because
any nonlinearities and harmonics in
power detection could have a signifi-
cant impact on the accuracy of the
measurement. The BPF was necessary
to minimize the effect of any extra-in-
jected out of the band signal. The cable
and dummy load were used to reduce
the reflected RF power from the termi-
nal. The injected signal was decoupled
by 30 dB and divided into monitoring
and detection paths. The power and
frequency of the input signal were
monitored with a spectrum analyzer.
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▲ Fig. 1  Diagram of the experimental set-up for RF detection using a logarithmic amplifier.  

▲ Fig. 2  The RF power detector
manufactured with a logarithmic amplifier.
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The output voltage of the detected RF
power was measured with a digital
multimeter with a 0.001 V sensitivity. 

TEST RESULTS
To determine the linear dynamic

range of this work, the output voltage
of the detector as a function of input
RF power was measured, as shown in
Figure 3. The reference voltage of this
detector was 0.755 V and the slope was
0.03 V/dB. In Figure 4, CDMA carri-

ers with the same total power, 25 dBm,
were applied to the RF detector and
there was no frequency separation be-
tween them. As the number of CDMA
carriers was increased, the output volt-
age increased. The voltage difference
between one carrier and five carriers
was 0.022 V. 

When two CDMA carriers with dif-
ferent frequency spacing are applied,
the resulting output voltage of the de-
tector is shown in Figure 5. When the

total power of the two CDMA carriers
was 25 dBm, the detected voltage for
two CDMA carriers was higher by
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▲ Fig. 3  Detector output voltage as a
function of input power.
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▲ Fig. 4  Power detector output voltage as a
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▲ Fig. 5  Experimental results for two
CDMA carriers; (a) frequency separation
between carriers, (b) detector output voltage
as a function of f1, and (c) offset voltage 
and RF compensation compared to a single
CDMA carrier.
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0.014 V than for a single CDMA carrier
with the same RF power. As the chan-
nel spacing was increased, the output
voltage of the detector decreased.
When the output voltage is normalized
to the output with 1 MHz space, the
error rate is increased by 1.3 percent. If
the output voltage is normalized to the
output for one CDMA carrier, the off-
set voltage is also decreased. However,
when the channel space is close to 10
MHz, the slope of change in the offset

voltage is much decreased. The maxi-
mum voltage difference over 10 MHz
is 0.02 V. At this point, the difference in
power level can be calculated at a rate
of 0.03 V/dB. When two CDMA chan-
nels were located with some frequency
separation, the maximum voltage was
increased by 46 percent compared with
the slope of the detector. The rate of
difference in detection voltage over 10
MHz was limited to 67 percent. There-
fore, the calculated RF power mea-

sured through the power detector
should be compensated by a maximum
of 0.7 dB, compared with that of a sin-
gle CDMA carrier.

In a similar manner, the experimen-
tal results for three CDMA carriers
with different frequency spacings are
shown in Figure 6. When the separa-
tion between the first and second car-
riers is f1 and the separation between
the second and third carriers is f2, the
detection voltage for three CDMA car-
riers was higher by 0.018 V than for a
single CDMA carrier with the same
power. Also, this value was higher by
0.04 V compared with that of two
CDMA tones. As f1 and f2 in-
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▲ Fig. 6  Experimental results for three
CDMA carriers; (a) frequency separation
between carriers, (b) output voltage of the
detector, (c) offset voltage as a function of
frequency separations compared to a single
carrier, and (d) RF compensation as a
function of frequency separations compared
to a single carrier.
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creased, the detection voltage was decreased. The decrease
for three CDMA carriers, as a function of frequency spac-
ing, was similar to that for two CDMA carriers. When three
CDMA channels were spaced by some frequency, the maxi-
mum voltage was shifted higher by 60 percent compared
with the slope of the detector. However, the offset voltage
for three CDMA carriers was the same as that for two
CDMA carriers when the frequency separation was more
than 10 MHz.

In this article, the effect of multi-channel RF signals, in
the Korea PCS band, detected with a logarithmic amplifier,
is reported. When two CDMA carriers are applied, the de-
tected voltage was higher by 0.014 V compared with the de-
tected voltage for a single CDMA carrier, but decreased as
the channel spacing increased. The difference in detected
voltage between the 1 MHz and the 10 MHz separation was
approximately 0.02 V with respect to a slope of the logarith-
mic amplifier of 0.03 V/dB; the maximum error in RF power
detection was 0.65 dB. In the experiments with three
CDMA carriers, the detected voltage was higher by 0.0 18 V
compared with the detected voltage of a single CDMA carri-
er; however, it was decreased in the same manner as in the
case of two CDMA carriers.

CONCLUSION
When the RF powers for multi-carriers are detected,

the experiments show that there are offset voltages accord-
ing to the frequency spacings. Even though the transmit-
ted power is the same, as the number of signals is increas-
ing, the detected voltage increases. However, as the fre-
quency spacing becomes wider, the detected voltage of
multi-carriers decreases. When the channel spacing is larg-
er than 5 MHz, the effective detected voltage for CDMA
multi-carriers shows a vertical shift in the transfer func-
tion. However, the slope of the detected voltage as a func-
tion of channel spacing is not affected. For the accurate
power-control of CDMA power amplifiers, a compensat-
ed, offset voltage should be used. ■
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APPLICATION NOTE

THEORY OF OPERATION
Figure 1 is a diagram showing a simple

feedback oscillator. This circuit will oscillate if
there is a positive loop gain at a frequency
where the open loop phase shift is a multiple
of 2 . Oscillations will grow at that frequency
until gain compression in the feedback ampli-
fier reduces the loop gain to unity.

It is difficult to predetermine the oscillation
frequency of the system accurately due to un-
certainties in the loop phase shift. The inser-
tion phase of the amplifier will vary according
to manufacturing tolerances, temperature and
supply voltage. In addition, at high frequen-
cies, transitions and interconnects can signifi-
cantly alter the loop delay. In order to cope
with these uncertainties some means of phase
control in the feedback path are incorporated
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[Continued on page 102]

The requirement for increased data rates
in modern radio systems has led to
higher order modulation schemes

which, in turn, demand oscillators with lower
phase noise. Meanwhile, manufacturers must
also deliver low cost solutions covering many
different frequency bands. These two criteria
have generally been incompatible, since an
improvement in phase noise usually occurs at
the expense of tuning range. As a result, man-
ufacturers frequently incorporate many differ-
ent oscillator parts into their radio systems.

An oscillator that combines good phase
noise performance with flexibility and wide

tuning range is therefore highly
desirable. The classic feedback
oscillator lends itself to meeting
these requirements,1 while an
MMIC-based implementation
results in a low cost solution in-
corporating ancillary circuits
such as buffer amplifiers, 
a prescaler and a frequency
doubler.

A WIDEBAND
MMIC-BASED
FEEDBACK OSCILLATOR
Classic feedback oscillators have often been favored because of their low phase
noise performance and wide frequency tuning characteristics. This article covers
the basic theory of feedback oscillators, and shows how the addition of a vector
modulator in the feedback path results in an extremely versatile circuit
configuration. The implementation of this system on a single MMIC is described
and is shown to offer unparalleled flexibility in terms of oscillation frequency,
phase noise and tuning range.

A(ω)

Fig. 1 Simple feedback
oscillator. ▼
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to allow frequency tuning. Figure 2
shows the same simple feedback oscil-
lator with a controllable phase shift in
the feedback path.

If the amplifier is broadband, then
there may be more than one frequen-
cy at which the oscillation criteria are
satisfied, giving rise to unwanted os-
cillation modes and spurious output
signals. To eliminate these unwanted
oscillations, a filter can be placed in
the feedback path. The filter reduces
the open loop gain of the oscillator

for signals outside the passband. It is
generally chosen such that there is al-
ways just one frequency at which the
oscillation conditions are met. Figure
3 shows the same feedback oscillator
with a controllable phase shift in the
feedback path and with the addition
of a bandpass filter.

The addition of the filter has a
beneficial effect on the phase noise of

the oscillator by increasing the slope
of phase shift versus frequency. A
larger phase versus frequency slope
will cause the loop to be less suscepti-
ble to perturbations in phase. Various
noise sources (principally thermal,
shot and flicker noise) act on the loop
phase and result in modulation of the
output phase or frequency. The fil-
ter’s phase versus frequency re-
sponse, or Q-factor, decreases the
sensitivity of the oscillator loop to
these noise sources and hence im-
proves the resulting phase noise.

The Q-factor of the filter is typi-
cally much higher than the feedback
amplifier, and increases with the
number of stages in the filter. The
phase noise in a feedback oscillator
can be calculated according to2,3

This expression demonstrates the
importance of maximizing Q and the
power in the loop P, while keeping the
amplifier noise figure F to a minimum.

L f
FkTG

Q P

f
fm

r

m
( ) =

8
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PHASE CONTROL

A(ω)

B(ω)

φ

▲ Fig. 2  Simple feedback oscillator 
with delay control.

PHASE
CONTROL

FREQUENCY

P
H

A
SE

A(ω)

B(ω)C(ω)

φ

▲ Fig. 3  Simple feedback oscillator 
with a filter in the feedback path.
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CIRCUIT IMPLEMENTATION
One of the problems associated with

feedback oscillators is the control of the
loop phase. The amplifier, phase-shifter
and filter must be designed to ensure
that the loop phase is n•2 at the de-
sired oscillation frequency. A versatile
design that can be used with many dif-
ferent filters is difficult because the in-
sertion phase of different filters will not
be the same. There are also practical
limits to the phase variation that can be
achieved in a conventional phase-
shifter; a large phase variation is unde-
sirable due to the high oscillator voltage

control coefficient
(Kvco) it entails (this
can be detrimental
to phase noise and
phase-locked loop
(PLL) dynamics).

In this patented
implementation4,5

the simple feedback
oscillator approach
has been extended
by adding a four-
quadrant vector
modulator in the

feedback path. This allows the de-
signer to control the loop phase over
a full 360°; hence, the same circuit
can be used with many different
feedback filters regardless of phase
shift. In addition, the increased phase
variation that is available increases
the oscillator tuning range without
resulting in an impractical Kvco.

Analog control of the vector mod-
ulator inputs is generally not practical
so the I and Q control signals are
generated in digital-to-analog con-
verters (DAC) or digital potentiome-
ters. An analog fine phase adjustment

is incorporated to allow interpolation
between vector modulator settings
and to phase-lock the oscillator in a
synthesizer.

In order to maximize the range of
applications for this circuit, it has
been designed to cover the widest
possible bandwidth. In this case, ac-
ceptable circuit performance is
achieved over one octave (6 to 12
GHz), and, with the on-chip frequen-
cy doubler, the circuit can be config-
ured as a low phase noise signal
source at any frequency between 6
and 24 GHz.

This novel feedback oscillator con-
cept has been implemented in a com-
mercial GaAs HBT process on a single
highly integrated MMIC. HBT tech-
nology was chosen due to its combina-
tion of good RF performance at rea-
sonable cost, and its low flicker (1/f)
noise corner frequency compared to a
HEMT processes. This is important
since many modulation schemes re-
quire good phase noise performance at
low frequency offsets such as 10 to 100
kHz. Figure 4 shows a diagram of the

APPLICATION NOTE
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▲ Fig. 4  Block diagram of the feedback oscillator MMIC.
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major circuit blocks inside the MMIC.
The feedback filter may be implement-
ed on-chip, or, for increased flexibility,
a number of external filters may be
used to address many different applica-
tions with the same circuit design.

FEEDBACK FILTER
As shown, a filter is used to close

the feedback path and determines
the tuning range and phase noise of
the oscillator. Thus far, the filter has
been implemented both as a coupled-

line structure and lumped-element
filter on GaAs, but a variety of other
technologies could be used, includ-
ing:
• Dielectric resonator
• Microstrip on ceramic or soft sub-
strate
• Waveguide
• Cavity

The choice of filter will determine
the oscillation frequency, phase noise
performance and tuning range of the
system. The high performance and
broad bandwidth of the oscillator
MMIC allows the loop designer a
great deal of freedom in optimizing
these parameters through careful
choice of both filter and operating
point.

COARSE PHASE ADJUSTMENT
A four-quadrant vector modulator

is used to implement a coarse phase
adjustment. This circuit allows 360°
of adjustment. By providing 360° of
phase rotation, the VCO can be made
to oscillate at any point where the
gain of the active circuit exceeds the
insertion loss of the filter. This leads

to a highly flexible architecture, since
the absolute insertion phase of the fil-
ter at a desired oscillation frequency
is not important.

The circuit is implemented as a
pair of double-balanced Gilbert cell
multipliers with frequency compen-
sation. Balanced quadrature input
signals are supplied by a Lange cou-
pler followed by differential ampli-
fiers. These circuits dominate the
noise figure of the feedback circuit.

Figure 5 shows an example of
how quantized phase adjustment over
360° of phase delay may be set using
the vector modulator. For constant
loop gain operation the vector modu-
lator requires I and Q control signals
that conform to cosine/sine functions.
The magnitude of the I and Q signals
can be adjusted to control the vector
modulator gain, and thus optimize
the loop gain to suit the chosen filter.
Loop gain must be sufficient to en-
sure start-up, but not so large that
gain compression degrades the phase
noise performance.

APPLICATION NOTE
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I

 Q

▲ Fig. 5  Example of coarse phase delay
settings.
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Figure 6 shows plots of typical quan-
tized phase delays from the vector mod-
ulator for three scaling factor settings.
Small phase and amplitude errors (as

seen in the slight non-circularity of these plots) arise due
to the limited bandwidth of the quadrature Lange coupler
and unavoidable asymmetries within the vector modula-
tor.

FINE PHASE ADJUSTMENT
The fine phase adjustment is an analog input signal

used to interpolate between coarse phase settings (see
Figure 7) and allow phase-locking of the oscillator in a
synthesizer. There are many ways of implementing the
fine phase adjustment. The first implementation is shown
in Figure 8 and uses a Lange coupler with controlled re-
flective terminations,6,7 in this case two arrays of varactor
diodes. The insertion phase of the Lange coupler is con-
trolled by varying the reactance presented by the diode
terminations.

A planned future implementation adds the analog con-
trol signal to the quantized I and Q control signals using a
pair of two-quadrant multipliers to maintain the sense of
analog control and removing the need for an extra phase
shifter, thus improving the thermal noise figure and over-
all phase noise.

It is important that the fine phase adjustment range
covers the widest gap that can occur between coarse
phase adjustment points. This is necessary to avoid dead
spots in the tuning range of the oscillator — points that
can never be reached by the fine/coarse phase tuning. 

The maximum phase variation in the fine phase adjust-
ment will determine the minimum number of bits required
to control the vector modulator. Some allowance must also
be made for non-idealities in the vector modulator, manufac-
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Fig. 6  Vector modulator phase characteristics
at three scaling factor settings.
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▲ Fig. 8  Fine phase adjustment circuit.
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turing tolerances, temperature effects,
etc. Figure 9 shows the tuning charac-
teristics of the fine phase adjustment.

PRESCALER
To lock the feedback oscillator to a

stable reference, a frequency divider
is implemented on the MMIC and a
port with the divided output frequen-
cy is provided. The divide ratio is 4
and the output power is approximate-
ly 0 dBm, allowing this circuit to in-
terface directly to standard PLL ICs.

DOUBLER
The feedback oscillator MMIC

also contains a frequency doubler cir-
cuit. The circuit is thus capable of
generating output signals over two
full octaves.

SYNTHESIZED FEEDBACK
OSCILLATOR IMPLEMENTATION

Figure 10 shows a block diagram of
a synthesized oscillator using the feed-
back oscillator MMIC. The microcon-
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▲ Fig. 9  Fine phase adjust characteristics.

MICROCONTROLLER

D/A CONTROL
BUS

PLL
CONTROL

BUS
LOCK

DETECT

WINDOW
DETECTOR

(FOR COARSE
PHASE CONTROL)

DAC
OR DIGITAL

POTENTIOMETER

REFERENCE
OSCILLATOR

FILTER
OUT

FEEDBACK
FILTER

LOOP
FILTER

I

Q

FEEDBACK VCO
MMIC

COARSE
PHASE
CONTROL

FINE
PHASE
CONTROL

FILTER
IN

2fout

fout

fout/4

FREQUENCY
CONTROL

LOCK

PLL

▲ Fig. 10  Synthesized implementation.

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

___________________

______

____

http:// www.qmags.com/clickthrough.asp?url=www.aibadger.com/rf&id=10849&adid=P1120A2
http:// www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P112A3
http:// www.qmags.com/clickthrough.asp?url=www.appliedinnovation.com&id=10849&adid=P112A1


Click LEADnet at mwjournal.com or Circle 126 on Reader Service Card

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

____
___________

____________

_________

http:// www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P113A3
mailto:sales@synergymwave.com
http:// www.qmags.com/clickthrough.asp?url=www.synergymwave.com&id=10849&adid=P113A2
http:// www.qmags.com/clickthrough.asp?url=www.synergymwave.com&id=10849&adid=P113A1


Our new world-class SAW 
manufacturing facility has
been commissioned and is
now accepting commercial
orders.

• Rapid custom designs 
available in various 
implementations

• Commercial, military and 
space applications

• Linewidths down to 
0.35 µm 

• Established Bluetooth™
designs (2.4 GHz)

• Single wafer runs to 
volume production

We’re ready to combine top
notch customer service with
competitive pricing...

Custom SAW Filters

www.saw–device.com
155 Sheldon Drive Cambridge, Ontario Canada N1R 7H6

T 647-887-SAWS F 519-622-1691
E saws@comdev.ca 

Are you ready?

troller programs the PLL IC and sets
the coarse phase adjustment according
to sine/cosine lookup tables. If the PLL
is out of lock and the desired output
frequency is outside the range of the
fine phase adjustment, then a window
detector forces the coarse phase con-
trol to step through phase settings until
lock is achieved.

The coarse phase control lines are
low pass filtered with a cutoff fre-
quency lower than the PLL loop

bandwidth. In this way phase-lock
can be maintained as coarse phase
stepping occurs as required to com-
pensate for temperature changes or
to change frequency.

OSCILLATOR MEASUREMENTS
The circuit has been evaluated us-

ing three different filters with differ-
ent bandwidths and circuit structures:
• A 7 GHz coaxial resonator filter
with a 40 MHz bandwidth

• A 7 GHz coupled-line filter on
GaAs substrate with an 800 MHz
bandwidth
• A 7 GHz lumped-element filter on
a GaAs substrate using metal-insula-
tor-metal (MIM) capacitors and mi-
crostrip inductors with a 3 GHz
bandwidth

The sharpness of the phase-delay
versus frequency characteristic of the
filter sets the phase noise of the oscil-
lator. This characteristic can be trad-
ed-off with the filter bandwidth,
which sets the tuning range of the os-
cillator. Figure 11 shows the mea-
sured phase noise of the MMIC im-
plementation using the three filters
previously described. A straight line
extrapolation has been used to deter-
mine the anticipated phase noise with
other filter bandwidths.

The measured phase noise versus
frequency offset for this circuit using
the coupled-line filter (with > 800
MHz tuning range) is shown in Fig-
ure 12 for a carrier frequency of
6.672 GHz. The circuit has been
phase-locked using the on-chip
prescaler and a commercial synthe-
sizer IC with a loop bandwidth of 5
kHz. The phase noise slope is 20 dB
per decade above 100 kHz, indicating
that flicker noise does not contribute
to phase noise at offsets > 100 kHz.

The octave bandwidth of the feed-
back VCO MMIC means that a very
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▲ Fig. 12  Measured phase noise of
feedback oscillator with 7 GHz coupled-line
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wide tuning range is possible. Mea-
surements were made with a 3 GHz
bandwidth lumped-element filter
centered at 7 GHz. The filter re-
sponse is shown in Figure 13 and the
resulting tuning characteristic in Fig-
ure 14. The tuning range exceeds 40
percent while the buffered output
power is +7 to +10 dBm. Future ver-
sions of this MMIC will improve the
output power flatness.

CONCLUSION
Feedback oscillators are known to

offer a good combination of low phase
noise and wide tuning range; however,
limited phase shift control can make
the circuit inflexible. Designers have
often been reluctant to use this archi-
tecture due to difficulties in predicting
the loop phase shift with sufficient ac-
curacy. The feedback oscillator has
been shown to be highly suitable for a

MMIC implementation, and, when
combined with a vector modulator in
the feedback path, the result is a highly
versatile oscillator circuit.

Integration of the oscillator with a
prescaler allows this circuit to interface
directly with commercial synthesizer
ICs, while a frequency doubler extends
the potential output signal range to
cover two octaves. ■
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Ansoft Corp.
“A Coupled Thermal and Stress Analysis Tool for
Electromagnetic Applications,” No. 7, p. 112.

Applied Wave Research Inc.
“A Design Suite Built for Speed,” No. 9, p. 198.

Artech House Inc.
“New Synthesis and Simulation Software to
Enhance the Design Process,” No. 6, p. 122.

Bantam Instruments
“Handheld Spectrum Analyzer for the 2.4 and 
5 GHz WLAN Bands,” No. 11, p. 150.

Chipcon AS
“An IEEE 802.15.4 Compliant and ZigBee-ready
2.4 GHz RF Transceiver,” No. 6, p. 130.

Dielectric Laboratories Inc.
“A Ceramic Resonator Technology for 200 to 500
Percent Q Improvement,” No. 10, p. 146.

Farran Technology Ltd.
“Miniature W-band Low Noise Amplifiers,” 
No. 6, p. 136.

iTerra Communications
“A 10 MHz to 22 GHz MMIC Amplifier with 
1 W Output,” No. 9, p. 208.

LNX Corp.
“A Mixed-signal ASIC for Digital RF Memory
Applications,” No. 12, p. 146.

M/A-COM Inc.
“A Surface-mount Plastic-packaged 1 to 18 GHz
Low Noise Driver Amplifier,” No. 9, p. 212.

M/A-COM Inc.
“High Performance Wideband Amplifiers for
Radar and Satcom Applications,” No. 1, p. 142.

Magfusion Inc.
“A Magnetic MEMS-based RF Relay,” No. 1, 
p. 124.

MegaPhase LLC
“65 GHz VNA Test Port Extension Cables,” 
No. 3, p. 144.

Milmega Ltd.
“An Interface Providing Web-based Control of
Microwave Power Amplifiers,” No. 4, p. 136.
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PSPL has an extensive product
line specialized in the generation,
measurement, shaping, and 
transmission of broadband 
signals. Our product line 
includes instruments, modules,
and components.

2500 55th Street, Boulder, CO 80301
Tel: (303) 209 8100  •  Fax: (303) 447 2236

Explore Our Product Line ➤

www.p icosecond .com/gen

The leader in the development 
of high-speed pulse generators
for over 20 years.

Picosecond designs and 
manufactures the world’s
leading Step, Pulse, and
Impulse Generators.
Each pulse generator is

designed to deliver the best
time domain performance possible.

PULSE
GENERATORS

■ Step, Impulse, or Monocycle Outputs
■ Amplitudes up to 50 V
■ Risetimes as low as 5 ps
■ Programmable models with adjustable 

parameters
■ Ideal for UWB system testing, 

Semiconductor testing, and Risetime 
characterization

• Amplifiers
• Bias tees
• Low-pass filters
• DC blocks

• Comb generators
• TDR/T instruments
• Sampler modules
• Power dividers

2 V/div and 100 ps/div
Model 10,060A with Adjustable Duration
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Nearfield Systems Inc.
“A Powerful Alternative for High Speed 
Near-field or Far-field Antenna Measurements,”
No. 1, p. 132.

NEC Electronics (Europe) GmbH
“A Low Noise Amplifier IC for 400 MHz to 
2 GHz Applications,” No. 4, p. 144.

NEC Electronics (Europe) GmbH
“Prescalers that Simplify X- and Ku-band
Synthesizer Architectures,” No. 11, p. 164.

Paratek Microwave Inc.
“Thin Film Electronically Tunable
Pre-selectors for Software Defined Radios,” 
No. 10, p. 138.

Racal Instruments Wireless Solutions
“Base Station Test Set,” No. 12, p. 130.

RF Micro Devices
“Leadless, Multi-band, High Performance GaAs
HBT Driver Amplifiers for Cellular Base Station
Infrastructure,” No. 4, p. 160.

Rogers Corp.
“High Frequency Circuit Materials to Meet the
Needs of Today’s Complex Military and High
Reliability Designs,” No. 7, p. 120.

Rohde & Schwarz GmbH & Co. KG
“A One-box Solution for Spectrum and Vector
Signal Analysis,” No. 3, p. 136.

Sophia Wireless Inc.
“Ka-band Solid-state Amplifiers at TWTA Power
Levels,” No. 2, p. 162.

Spectrum Microwave
“A MEMS-based Amplified Switch Filter Bank,”
No. 12, p. 136.

Taconic
“Thermally Stable PCB Material,” No. 1, p. 146.

Tampa Microwave
“‘Satellite On a Stick’ for Path Link Simulation,”
No. 8, p. 124.

Thunderline-Z
“Multipin Headers with Integrated Filtering,”
No. 3, p. 148.

Trilithic Inc.
“Remotely-tunable Notch and Bandpass Filters
for Evaluating System Performance,” No. 11, 
p. 156.

UltraSource Inc.
“Multi-layer Thin Film Interconnects,” No. 12, 
p. 148.

Vector Fields Inc.
“Design Software for Virtual Prototyping of RF
and Microwave Devices,” No. 10, p. 130.

W.L. Gore & Associates
“Low Cost, High Performance Prepregs for PCB
Cavity Designs,” No. 7, p. 128.

■ SPECIAL REPORTS

Fiszer, Michal and Jerzy Gruszczynski
“Got You Covered,” No. 1, p. 92.

Huynh, Minh-Chau and Warren Stutzman
“A Review of Radiation Effects on Human
Operators of Hand-held Radios,” No. 6, p. 22. 

Mumford, Richard
“EuMW 2003 – Celebrating Endeavour in
Munich,” No. 1, p. 108.

Mumford, Richard
“Microwaves in Europe: Current Trends and
Future Prospects,” No. 9, p. 82.

■ SYSTEMS

Cai, Kerry Z. and Pengfei Zhang
“The Effects of IP2 Impairment on an 802.11a
OFDM Direct Conversion Radio System,” No. 2,
p. 22.

Djebouri, D., A. Djebbari and M. Djebbouri
“Averaging Correlation for Fast GPS Satellite
Signal Acquisition in Multipath Rayleigh Fading
Channels,” No. 8, p. 66.

■ TUTORIAL SERIES

Jain, P.K.
“Remote Sensing Through Satellites: A Tutorial
Review,” No. 12, p. 22.

Pattan, Bruno
“The Versatile Butler Matrix,” No. 11, p. 126.

Robbins, Patrick
“Using Noise for RF Receiver Built-in Test
Applications,” No. 2, p. 138.
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Dual-Mode Fast
Indirect Synthesizer 
As a synthesizer or
oscillator, the Model
S6218 Fast Indirect
Synthesizer performs
fast and reliably 
over a 2 to 
18 GHz range in
airborne applications.
As a synthesizer, the S6218
combine high precision with 
a 25-µs settling time.
As a digitally tuned oscillator, it
offers high-speed 1-µs operation.

• 2-slot VME form factor
• 1-MHz step size
• Accuracy: per crystal reference

High-Performance
Double Duty

RF Out Int./Ext. Ref

Microwave
Source Subassembly PLL

Freq.

Com.
INTERFACE

Call for 
a Free

Catalog!

Companion Products
Fast Low-Phase-Noise
Indirect Synthesizers 

Frequency-Locked
Oscillators (FLOs) 

Digitally Tuned
Oscillators (DTOs) 

Voltage-Controlled
Oscillators (VCOs) 

Applications
RWR

ESM

Simulators

For more information or to speak to a marketing
representative, call 631-630-2000. Or e-mail us at
sales@herleyfarmingdale.com

Proven Microwave
Performance

www.herley.com

Herley Farmingdale, 425 Smith St., Farmingdale, NY 11735 • Telephone: 631-630-2000
FAX: 631-630-2066 • www.herley.com • E-Mail: sales@herleyfarmingdale.com
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Are you frequency managing 
to avoid blocking channels in
your data/comm system?
Using a Pole/Zero Filter/PA in your system
will preclude the need for frequency 
managment and result in the following:
• Enhanced Range
• Greater Channel Availability

Our Filter/PA products improve broadband
noise performance in Transmit modes while 
performing double duty as a Preselection
Filter in Receive Modes, resulting in:
• Clear Channel Performance
• Maximum Data Throughput

We provide a clear 
channel for your agile 
voice and data links.

5530 Union Centre Drive /West Chester, Ohio 45069   

513-870-9060 / Fax: 513-870-9064
www.polezero.com   support@polezero.com

ARE YOU YOUR OWN
WORST ENEMY? 

We offer the most extensive line of cosite communication solutions.

Contact Pole/Zero Corporation, the premier provider of RF Cosite Solutions.

225 to 400MHz
30 to 400MHz

20 to 3000MHz
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2 Emery Avenue
Randolph, NJ 07869 USA
973-361-5700 Fax: 973-361-5722
www.gtmicrowave.com
e-mail: gtmicrowav@aol.com

The Leading Edge in Performance.

ULTRA BROADBAND
I & Q Vector Modulator 
or Digital Phase Shifter

2 GHz 18

4 dB

2 dB

0

2 dB

4 dB

30°

15°

0

30°

15°

S21 MAGNITUDE

S21 PHASE

Phase States For 0, 90°, 180° and
270° @ 0 dB Amplitude

Modulators•Attenuators•Phase Shifters•Switches•Custom Sub-Assemblies

• 9:1 Bandwidth 
2-18 GHz

• Simultaneous Phase 
& Amplitude Control

• Linear Control Slope

• Size: 3.5" x 4.25" x 0.71"

• Flatness vs Frequency
±20°/3 dB

• Resolution < 0.1°/
0.06 dB

Send For Our 
New Catalog

Tupta, Mary Anne
“Increasing RF Device Test Throughput 
with Better Instrument Coordination,” 
No. 3, p. 110.

■ 2004 EUMC CONFERENCE

European Microwave Exhibition 2004
No. 9, p. 52.

Mumford, Richard
“Attending European Microwave Week,” No. 9,
p. 28.

Philips Semiconductors
“Amsterdam: A Clever Blend of Old and New,”
No. 9, p. 38.

van Genderen, Piet and Charles Ayotte
“Welcome to European Microwave Week,” No. 9,
p. 24.

■ 2004 MTT-S CONFERENCE

Bashore, Frank
“IMS 2004 in Cowboy Country,” 
No. 8, p. 101.

Fort Worth Convention Center Floor Plan
No. 5, p. 72.

Howe, Harlan, Jr.
“Attending the Conference,” 
No. 5, p. 36.

Teinert, Julie
“Surprising Fort Worth: Culture in Cowtown,
No. 5, p. 48.

Varian, Karl
“Welcome to the 2004 International Microwave
Symposium,” No. 5, p. 28.

2004 IEEE MTT-S IMS Technical Program
No. 5, p. 76.

2004 IMS Exhibitors
No. 5, p. 64.

■ SUPPLEMENT FEATURES

Amphenol RF
“SMP and SMPM Subminiature and
Microminiature Connectors for Applications 
to 65 GHz,” No. 3, p. 32.

CAD, Test and Measurement Directory
No. 11, p. 6.

Clark, Jr., Colonel John S. and Chris Gilbert
“Joint EW Reprogramming Maintains a Combat
Edge,” No. 8, p. 24.

CST GmbH
“Complete 3D Electromagnetic Field
Simulation,” No. 11, p. 22.

Howe, Jr., Harlan
“2004 Connector, Cable and Cable Assembly
Survey,” No. 3, p. 6.

Howe, Jr., Harlan, Richard Mumford 
and Michael Puttré

“Military Markets – Thoughts and Projections,”
No. 8, p. 8. 

Huber + Suhner
“An RF Cable Test Assembly,” 
No. 3, p. 14.

M/A-COM SIGINT Products
“SMR-4820 Compact Microwave Search
Receiver,” No. 8, p. 48.

Maury Microwave Corp. 
and NMDG Engineering bvba

“A Network Analyzer for Complete Active
Component Characterization and Real-time
Harmonic Load Pull,” No. 11, p. 18.

Puttré, Michael
“France’s Unique Horizon,” 
No. 8, p. 34. 

San-tron Inc.
“New Adapter Family to Connect Reverse
Polarity TNC Connectors to Type N Connectors,”
No. 3, p. 36.

Spectrum Elektrotechnik GmbH
“New Generation Right Angle Connectors 
and Adapters,” No. 3, p. 24.

Times Microwave Systems
“Zero dB™ Coaxial Cable Assemblies 
for High Performance Aircraft,” 
No. 8, p. 50.

Troychak, Joe
“Early Verification of Emerging UWB 
and WMAN Radio Systems,” 
No. 11, p. 14.
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First Call. Problem Solved.

Today’s citywide networks demand the highest level of

reliability and performance to support your mission

critical applications. Somera understands how to

optimize and coordinate the full spectrum of resources

to turn project plans into reality – while protecting your

investment and paving the way for WiMAX and beyond.

As a leader in telecommunications, Somera offers

quality, warranted new and refurbished equipment,

technical expertise, repair and services to deliver the

right solution at the best value.

And as the largest distribution

partner for Proxim, Somera has

a proven track record in providing wireless broadband

solutions that deliver the high performance,

comprehensive feature sets you need – Advanced

bandwidth provisioning, WiMAX migration path, OFDM

and WORP protocols for network optimization, advanced

security protection, and more.

So, the next time you need a cost-effective, reliable

approach to wireless broadband deployment, make your

first call to the experts at Somera at 1-866-somera1.
Or visit us on the web at www.somera.com.

Trade-in Programs Available.

Homeland security and surveillance 
Disaster recovery
Mobile and fixed public safety networks

Where do you turn for reliable, next-generation
wireless broadband access solutions?
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HIGH VOLTAGE,
LOW COST FETS
FOR HPA MMIC
APPLICATIONS

M/A-COM is a longtime supplier to the
military, Navy, Army and Air Force
of GaAs MMICs, employed in active

phased array radars. To date, the company’s
GaAs process of choice has been its Multi-
function Self-aligned Gate (MSAG™)
process. MSAG features selective ion implan-
tation with noncontacting stepper lithography
to provide a combination of excellent FET
performance, very flexible circuit functionali-
ty, outstanding reliability and low manufactur-
ing cost. Having been in continuous produc-
tion since 1986, MSAG is a mature and well-
characterized process.

The MSAG power FET produces 0.8
W/mm power density at 65 percent power-
added efficiency (PAE) while operating at 14
GHz and 10 V drain voltage. Using this
process, the company supplies some of the
highest power GaAs MMICs available. The
practical power limit for a MSAG high power
amplifier (HPA) is set by the ability to imple-
ment an efficient load line matching circuit
for a given amount of FET gate periphery.
The load line impedance is approximately
proportional to voltage, therefore, the match-
ing problem is simplified at higher voltages for
higher power applications. 

Sometime ago, the Navy identified a need
for more MMIC power than could be
achieved using a 10 V GaAs process. This
need is a part of the drive toward developing
wide band-gap semiconductors, which are ca-
pable of operating at much higher voltages,

with better thermal characteristics than 10 V
GaAs-based devices.

M/A-COM has been engaged for several
years in exploring higher operating voltages in
GaAs, using derivatives of the MSAG process.
For the past 18 months, the company has
been under contract to ONR/MDA (N00014-
020C-0453, $1.8 M) to develop and demon-
strate the practicality of high voltage MSAG
(HVMSAG™) devices for S-band HPA
MMICs.

HVMSAG developments on the ONR/
MDA program have been very positive and
are leading now to the development of high
voltage HPAs for commercial applications.
The work is protected under M/A-COM’s US
Patent 6,005,267, issued December 21, 1999,
covering a MES/MIS FET with Split-gate RF
Input, and US Patent 6,559,513 B1, issued
May 6, 2003, for a Field Plate MESFET.

Although there is no doubt that wide band-
gap semiconductors offer advantages in terms
of power density compared to GaAs, the hall-
mark of the HVMSAG process is that no new
infrastructure development is required. HVM-
SAG is manufactured on a mature process line,
thus the manufacturing cost is low and the reli-
ability outstanding. 

M/A-COM INC.,
A TYCO ELECTRONICS COMPANY

Roanoke, VA 

[Continued on page 128]
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The HVMSAG process is designed
to operate at 24 V.  The S-band power
density of a typical HVMSAG FET at
3.5 GHz under CW conditions is ap-
proximately 1.5 W/mm and its PAE is
65 percent, as shown in Figures 1 and
2, respectively.  Accelerated opera-
tional life testing results shown in the
Arrhenius plot of Figure 3 reveal out-
standing thermal robustness with an
MTTF of more than 106 hours at
150°C channel temperature. The actu-

al channel temperature depends on the
HPA design and chip environment.
HVMSAG is available on either 50 or
75 µm substrate thicknesses. Obviously,
more care in thermal design is required
when operating at 24 V versus 10 V but
reliable operation of HVMSAG HPAs
of much higher power than using 10 V
GaAs processes is achievable. Figure
4 shows an HVMSAG HPA mounted
in a test fixture.

While leveraging a transistor topol-
ogy that is fabricated using the proven
MSAG process, the HVMSAG high
voltage FET device has been devel-
oped to provide higher power density
at higher drain voltages, while main-

taining all the cost, reliability and re-
peatability inherent in MSAG MMIC-
based solutions. Table 1 compares
the capability of both the MSAG and
HVMSAG processes for high power
S-band amplifiers. The greater power
density and higher voltage of the
HVMSAG process reduces chip size,
lowering costs in high volume produc-
tion, and halves the DC current, re-
ducing the amount of copper in the
system bus networks.

The outstanding
power performance
of the HVMSAG
process has posi-
tioned M/A-COM as
a leading contender
for the Navy’s next
generation S-band
active phased array
radars. In addition,

many commercial and defense appli-
cations could benefit from this break-
through development. HVMSAG de-
vices are capable of more output pow-
er per area of GaAs. The resulting
FETs permit the manufacture of more
compact MMICs with a lower cost per
watt. The resulting load line has a
higher impedance for a given power
and is easier to match. The new de-
vices also simplify bias circuitry.

Figure 5 shows a typical phased
array transmit element that utilizes
MSAG and HVMSAG devices. The
average power and PAE of the three-
stage driver amplifier are shown in
Figure 6. This part was eutecticly
mounted in a connectorized fixture
and tested at 25 percent duty cycle
with a drain bias of 24 V. No match-
ing external to the MMIC was ap-
plied in achieving these results. The
small-signal gain, and input and out-
put return losses of a single amplifier
are shown in Figure 7. The IC has
better than 2 dB gain flatness over a
28 percent bandwidth and excellent
input VSWR. The output VSWR is as
expected for a power matched appli-
cation.

MMICs such as these should find
use in multiple defense and commer-
cial applications. Additional informa-
tion may be obtained by contacting
the company.

M/A-COM Inc., 
a Tyco Electronics company,
Roanoke, VA (800) 366-2266.
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▲ Fig. 1  HVMSAG CW 468 µm FET power
density performance at Vd = 25 V and 3.5 GHz.
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Fig. 2  HVMSAG CW 468 µm FET PAE
performance at Vd = 25 V and 3.5 GHz. ▼
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Fig. 3  Arrhenius plot of HVMSAG RF life
test results at 28 V operation. ▼

▲ Fig. 4  A HVMSAG HPA mounted 
to a test fixture.
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▼ Fig. 5  An active phased array transmit element.

TABLE I
MSAG vs. HVMSAG COMPARISON

Parameter MSAG HVMSAG

Pout (W) 10 10

PAE (%) 50 50

Vd (V) 10 24

Id (A) 2.1 1.1

Area (mm2) 20 12
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▲ Fig. 6  Output power and PAE of a 10 W
S-band 24 V GaAs MMIC driver amplifier at
Pin = 15 dBm.

50

40

30

20

10

0

6

5

4

3

2

1
4.03.83.63.4

FREQUENCY (GHz)

OUTPUT

INPUT

3.23.0

G
A

IN
 (

dB
)

V
SW

R

▲ Fig. 7  Small-signal gain and
input/output VSWR of the 10 W S-band
driver amplifier.
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When you need it. Fast, flexible and
reliable Tensolite Semi-Flex® hand formable
cable assemblies do the job. Available with a
wide choice of connectors (featuring SMA,
Type N, MCX, SMP, and SSMP™) and cable
types ranging from the following:

Semi-Flex® Plus jacket over tin filled wire 
.086 (.112) Semi-Flex® Plus 620
.141 (.180) Semi-Flex® Plus 621

Semi-Flex® Tin filled wire
.047 Semi-Flex® 604
.086 Semi-Flex® 600
.141 Semi-Flex® 601
.250 Semi-Flex® 606

RF/Microwave Assemblies
SSMP™ is a registered trademark of Tensolite

1 -800-362-FLEX    (360) 759-4016 (fax)

T e n s o l i t e . c o m
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BASE STATION
TEST SET

Comprehensive on-site testing of base
stations using real-world scenarios,
both at initial installation and then dur-

ing ongoing maintenance, plays a vital role in
preventing and solving performance problems
before they impact subscribers. Thorough in-
dependent testing gives operators greater con-
fidence in the quality of the deployed net-
work. Poorly performing base stations have a
significant impact on the quality of service ex-
perienced by users of the higher data rate
services available on EDGE and 3G networks.
Whether this is caused by incorrect installa-

tion, a gradual degradation in performance, or
complete failure of a particular module, the
end result is that subscribers will suffer poor
performance and will be less satisfied with
their service provider.

In order to avoid scenarios of this type
Aeroflex’s RIWS 6413A base station test set
has been developed. Its concept is the same as
the company’s 6113 GSM base station tester,
which is used by GSM operators throughout
the world. However, the 6413A is aimed at op-
erators’ and infrastructure vendors’ field tech-
nicians installing and maintaining 3G Node
Bs. It is designed to allow technicians to per-
form a complete set of transmitter and receiv-
er measurements that will give confidence
that the Node B under test is working correct-
ly, and, if not, to give sufficient information to
enable faulty modules to be replaced or re-
paired. The 6413A will support the measure-
ments shown in Table 1, with others to be
added on an ongoing basis. 

RACAL INSTRUMENTS WIRELESS
SOLUTIONS, AN AEROFLEX COMPANY

Slough, UK

[Continued on page 132]

TABLE I
THE 6413A TEST SET’S MEASUREMENT CAPABILITY

Transmitter Receiver Functional

Max output power reference sensitivity level Node B reset

Frequency error dynamic range Iub link tests

Error vector magnitude

Peak code domain error

Adjacent channel leakage ratio

CPICH power accuracy

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page



Click LEADnet at mwjournal.com or Circle 137 on Reader Service Card

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

__________________________

http://www.mwjournal.com
http:// www.qmag.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P131A1
http:// www.qmags.com/clickthrough.asp?url=www.winfoundry.com&id=10849&adid=P131A1


Visit www.utemicrowave.com for
more information on our extensive

product line and new catalog.

LOW-LOSS CIRCULATORS for Military/Commercial
Markets such as Radar, TV, PCS and Cellular Markets.

3500 Sunset Ave., Asbury Park, NJ 07712 Tel: 732-922-1009 Fax: 732-922-1848 Email: info@utemicrowave.com
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Mobile phone operators are placing increased emphasis
on test equipment that is easy to use and will withstand the
rigors of field operation. The 6413A has been designed
with this in mind and accordingly incorporates a number
of features in both the user interface and technical perfor-
mance. To make operation as simple and as intuitive as
possible, the instrument contains an embedded PC run-
ning the Microsoft Windows XP operating system and in-
corporates a touch-screen display (as shown in Figure 1).

A particular feature is the ‘one button test’ that enables
an automated sequence to be set up in advance that can

then be run repeatedly at the press of a single on-site but-
ton. Other features include the ability to measure power
levels up to +46 dBm. This removes the need to use at-
tenuators between the Node B output and the test equip-
ment input, thus reducing the likelihood of expensive re-
pairs as a result of mistakenly overloading the input.

RECEIVER TESTING
Although some base stations incorporate a small

amount of built-in test equipment, and there are solutions
available for checking transmitter characteristics, an area
that is consistently overlooked is the adequate testing of
the complete base station receiver path from the RF input
to the Iub connection to the Radio Network Controller
(RNC).

If the receiver is failing to perform to specification, the
operator takes the risk that their subscribers will experi-
ence some or all of the following problems:
• An increase in dropped calls at the limits of cells due to
poor sensitivity.
• An increase in dropped calls throughout the cell be-
cause of poor signal quality.
• The inability to use revenue generating higher data
rate services because of poor signal quality.

The ability to make receiver measurements is a key
feature and differentiator of the 6413A. Although making
receiver measurements sounds straightforward, there is
actually considerable complexity involved. Figure 2
shows the test setup.

▲ Fig. 1  The front panel display utilizing touch-screen controls.
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This requires the instrument to have software that can be
adapted to all of these conditions.
• The ATM protocols used for the Iub interface are com-
plex to implement and decode so the 6413A incorporates a
Network Interface Module to manage the ATM protocols
and physical interfaces (E1, T1 and STM-1).
• Decoding of the Iub information to extract the original
PRBS from within the DCH.

Figure 3 shows a typical receiver measurement result.
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From custom designs to standard catalog models,
many in stock, UTE is a “Ferrite Solutions” company.
If HIGH POWER is your requirement...you need to talk to us!!

WE’VE GOT THE POWER!!

Broadband Units • Common Band Devices • High Isolation Units
Multiport Devices • Drop-In Devices • Wireless/PCN Devices
High-Power Industrial/Medical • Iso Adaptors • Waveguide
Junctions • High-Power TV Units • VHF and UHF Devices

100 MHz to 20 GHz • Power levels to 5 Kw Cw, 75 Kw Pk.
Low Intermod Units • Low Loss Options • Extended Octave
Bandwidths • Power Monitors and DC Blocks • Iso Filter–
Monitor Assemblies

To make receiver measurements it is necessary to emu-
late the Radio Network Controller so that the Node B
acts as if it is connected to a real network. The 6413A
communicates with the Node B via the Iub link, sending
it messages to operate in a particular manner. The instru-
ment then generates an uplink DCH channel containing a
pseudorandom bit sequence (PRBS). This PRBS is, in
turn, transmitted to the tester’s RNC emulator via the Iub
interface, decoded and the bit error rate (BER) deter-
mined. Although this sounds straightforward, there are a
number of issues that need to be addressed in the design:
• Whereas many elements of the Iub interface are stan-
dardized, there are some elements that are manufacturer,
Node B model, or even Node B software version specific.

6413A NODE B

Iub CONTROL DATA

RECEIVED BITS

RF IubIub

▲ Fig. 2  Receiver measurements test setup.

▲ Fig. 3  A typical receiver BER measurement result.
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Gore’s microwave test
assemblies set the industry
standard for high perfor-
mance test and measure-
ment applications through
110 GHz.

Interconnects

Dielectric Materials

EMI Shielding Solutions

Thermal Interface Materials

W. L. Gore & Associates, Inc.

1 800 445-GORE
North America

+ 44/ 1382 561511
+49/ 91 44 6010
Internationally

www.gore.com/electronics/info/mw1

© Copyright, 2004 W. L. Gore & Associates, Inc.

Innovative Solutions, Defining Technology

FUTURE PROOFING
Today’s 3G networks are being

rolled out using the R99 version of
the 3G standards. However, R5 is
likely to appear within the next year,
while network operators will continue
to operate their GSM networks for
some future time. The 6413A makes
use of powerful baseband processing
and software-defined radio tech-
niques to ensure maximum flexibility
and the future ability to add GSM,
GPRS, EDGE and FDD R5 with a
simple upgrade. In addition, the RF
transceiver is designed to cover all
GSM and UMTS frequency bands.
The Network Interface Module has
also been designed to manage the
changes in the Iub protocol intro-
duced by R5 as well as the A-bis con-
trol requirements for testing GSM
base stations.

CONCLUSION
The 6413A has been designed

specifically to withstand the rigors of
field operation, while at the same
time being easy to use and providing
full functionality. In particular, the in-
strument contains an embedded PC
running the Microsoft Windows XP
operating system, ‘one button test’
operation and a touch-screen display.
The facility for receiver measurement
is a key function and by the very
nature of its potential applications
future proofing has been a primary
consideration during its development
— through a simple update there is
the facility to add GSM, GPRS,
EDGE and FDD R5 when required,
thus offering the flexibility and
practicality that is paramount for such
instruments.

Racal Instruments Wireless
Solutions, an Aeroflex company,
Slough, UK 
+44 1628 604455 or 
e-mail: riws@aeroflex.com.

Circle No. 304
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EST. 1981

MDC's "ensemble" of Q-Band components includes custom 
circulators, combiners, couplers, OMT's, and filter assemblies.

We support a number of EHF military platforms utilizing 
WR 22 waveguide operating in the 40-45 GHz frequency range.

MICROWAVEE DEVELOPMENTT COMPANY,, INC.

Fortyy Onee Northwesternn Drivee   ••   Salem,, Neww Hampshiree 03079

Sales:: (603)) 870-62800   ••   Fax:: (603)) 870-6210

E-Mail:: mdc_sales@mdc.usa.com

Great Performance
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A MEMS-BASED
AMPLIFIED SWITCH
FILTER BANK

For more than 15 years, Spectrum SEI
Microwave has developed PIN diode
and MMIC-based switched filter banks.

Recent advancements have made micro-
electromechanical systems (MEMS)-based
RF switches advantageous for particular appli-
cations. The model 310-020022-001 is SEI’s
first MEMS-based switched filter bank.

SWITCHING
The company was presented with a need

for a 9-channel amplified switched filter bank
with the lowest possible current consumption
while maintaining high linearity over a multi-
octave bandwidth. Additionally, the applica-
tion did not call for continuous switching, as

the filter bank re-
quired operation in a
particular frequency
band for relatively long
periods of time. Given
these criteria, the most
logical switching solu-
tion would be some
type of latching me-
chanical relay that
does not draw current
to maintain its state.

The use of conven-
tional latching me-
chanical RF relays
could be quickly elimi-
nated due to two pri-
mary shortcomings.

With high levels of stray capacitance, a binary
tree switch structure would be required to
achieve broad bandwidth. The use of a binary
tree structure, as shown in Figure 1, leads to
high insertion losses as the resulting circuit
has a minimum of six switches per path. Con-
ventional relays are also relatively large in size.

The model M1C06-CDK2 RF MEMS
switch developed by Magfusion is a miniature
latching SPDT relay that has many character-
istics that make it an excellent choice for this
application. With low insertion loss and low
stray capacitance, the MEMS switch offers
flexibility in configuration of the switch
matrix. Depicted in Figure 2, the final switch

SPECTRUM MICROWAVE
Delmar, DE

LOSS = 6 X SWITCH LOSS (HIGH FREQUENCY CHANNELS)
LOSS = 8 X SWITCH LOSS (LOW FREQUENCY CHANNELS)

CHAN 1

CHAN 2

CHAN 3

CHAN 4

CHAN 5

CHAN 6

CHAN 7

CHAN 8

CHAN 9

Fig. 1 A binary tree
structure. ▼ CHAN 1

CHAN 2

CHAN 3

CHAN 4

CHAN 5

CHAN 6

CHAN 7

CHAN 8

CHAN 9

▲ Fig. 2  The hybrid radial-binary tree configuration.

[Continued on page 138]

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page



Click LEADnet at mwjournal.com or Circle 139 on Reader Service Card

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

_____________ _____________

http://www.qmags.com/clickthrough.asp?url=www.mwjournal.com&id=10849&adid=P137A2
mailto:sales@work-gmbh.com
http://www.qmags.com/clickthrough.asp?url=www.work-gmbh.com&id=10849&adid=P137A1


configuration is best described as a
hybrid radial-binary tree. The com-
mon arm incorporates a low pass
structure to absorb the cumulative
stray capacitance from the radial por-
tion of the switch matrix. To keep
losses low, the five highest frequency
bands have only four switches per
path. The lower bands can tolerate a
higher number of switches per path
since the filters and the switches ex-
hibit less loss at lower frequencies.

TECHNICAL CHALLENGES 
AND SOLUTIONS

The need to minimize power con-
sumption presented challenges
throughout the design process. Be-
cause it is magnetically self-latching,
the M1C06-CDK2 switch eliminates
the need to expend energy to main-
tain a selected switch state. This al-
lows for all logic and control circuitry
to be powered down when the user is

not commanding a state change.
When the filter bank is in a set-on
mode, the channel amplifier is the
only device drawing current. To ac-
commodate a logic power-down, an
eclipsing pulse is used to initiate a
state change. The eclipsing pulse is
asserted when the user has estab-
lished a valid 4-bit TTL control word
specifying the desired frequency
band. Figure 3 illustrates the logic
timing.

Another useful aspect of the
M1C06-CDK2 switch is its ability to
withstand hot switching. The device
is rated at 100 million cycles for a
bias condition of 10 V and 10 mA.
This property allowed the amplifiers’
supply voltages to be applied to the
common arm of the 9-pole input
switch matrix and subsequently
drawn off the ON arm. As a result, no
additional control circuitry was need-
ed to power the channel amplifiers
ON and OFF.

Although the MEMS switches do
not require power to maintain their
switch state, each device typically
draws 110 mA for approximately 200
µs to toggle its state. With 18 MEMS
switches per filter bank, this switch-
ing current could quickly add up to a
significant load on the power supply
if all switches had to be commanded
when a new tuning word was loaded.
Several techniques were employed to
minimize the switching current. If
the existing state of the filter bank is
known when the user initiates a
change to a new desired state, then it
can be determined which MEMS
switches require toggling and which

do not. The technique of hot switch-
ing the amplifier supply voltage
through the MEMS switches, as pre-
viously discussed, presented a unique
solution to the challenge of storing
the existing state without consuming
additional current. By sensing which
arm of the input switch matrix holds
the supply voltage, the existing state
could be determined. This informa-
tion is digitally processed through a
complex programmable logic device
(CPLD) that determines which
MEMS switches must be toggled
based on the new desired state. 

Capacitive energy storage is also
used to minimize the switching cur-
rent draw required from the power
supply. Due to size constraints, an ar-
ray of discrete tantalum capacitors
combines for nearly 4000 µF. Addi-
tional energy storage is obtained
through the use of power and ground
planes formed on inner layers of the
PC board.

The mechanical requirements for
this filter bank also presented several
design challenges. To accommodate
all the necessary control circuitry, a 4-
layer PC board was used with both
top and bottom layers fully populat-
ed. Using a total of 18 MEMS switch-
es made it inevitable that several de-
vices would be in close proximity to
each other. This close proximity pre-
sented an assembly challenge when
switches began repelling each other
due to their strong magnetic fields. A
custom assembly fixture was fabricat-
ed to hold the components in place
during reflow. It should be noted that
the M1C06-CDK2 switch is now
available in a magnetically shielded
package, which will reduce the ob-
served effects.

PERFORMANCE 
AND CONSTRUCTION

The model 310-020022-001 is an
amplified switch filter bank consisting
of nine selectable RF frequency
bands covering a range of 20 to 500
MHz. The critical performance para-
meters for the 310-020022-001 unit
are listed in Table 1. Small signal
gain is 15 dB while drawing just 8 mA
typically from a single +3.3 VDC sup-
ply. Each of the nine channels ex-
hibits an 8-pole Chebychev filter re-
sponse. A typical transfer function is

[Continued on page 144]

138 MICROWAVE JOURNAL ■ DECEMBER 2004

PRODUCT FEATURE

ECLIPSING
PULSE (EP)

tEPS tEPH tDS

tEPR

VALID DATA

VALID DATA

VALID DATA

VALID DATA

LSB

BIT-1

BIT-2

MSB

▲ Fig. 3  Logic timing of the eclipsing pulse.

TABLE I
TYPICAL PERFORMANCE

SPECIFICATIONS

Parameter Value

Frequency range (MHz) 20 to 500

Gain (dB) 15

Rejection 8-pole response

VSWR 1.5

Isolation (dB) > 80

Noise figure (dB) < 5

Power 8 mA @ 3.3 VDC

Size (in) 4.65 × 3.00 × 0.40
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R European Microwave Week is the largest event dedicated to RF,
Microwave, Radar and Wireless technologies in Europe.
Capitalising on the success of the previous shows, the event
promises growth in the number of visitors and delegates.

EuMW2005 will provide:

� 4,000 sqm of exhibition space

� 4,000 - 6,000 key visitors from around the globe

� 1,500 - 1,800 conference delegates

� In excess of 200 exhibitors

European Microwave Week will provide an invaluable platform
for the presentation of the latest technological developments
and a  forum for discussion on industry, scientific and technical
trends.

European Microwave Association 

Endorsed by:

Organised by:

The 35th European Microwave Conference 

The European Gallium Arsenide and
other Compound Semiconductors

Application Symposium
The European Conference on

Wireless Technology European Radar Conference

EUROPEAN MICROWAVE
WEEK 2005
3-7 OCTOBER, CNIT la Défense,
PARIS, FRANCE

Interested in exhibiting? Book online NOW!

www.eumw2005.com
For further information please contact:

Bill Porter
Horizon House Publications Ltd.
46 Gillingham Street
London, SW1V 1HH, UK
E:wporter@horizonhouse.co.uk
Tel: +44 20 7596 8742
Fax: +44 20 7596 8749

Kristen Dednah
Horizon House Publications Inc.
685 Canton Street
Norwood, MA 02062, USA
E: kdednah@mwjournal.com
Tel: +1 781 769 9750
Fax: +1 781 769 5037
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depicted in Figure 4. The unit is de-
signed with a filter-amplifier-filter
configuration offering low distortion
amplification of the input signal.

The complete assembly is housed
in a rugged 4.65" × 3.00" × 0.40" ma-
chined aluminum chassis with a silver
plate finish and through-hole mount-
ing. RF connectors are SMP-male,
while power and logic signals are ex-
ternally applied through a 9-pin mi-
cro D-sub connector.

CONCLUSION
Although not suitable for continu-

ous switching applications, MEMS-
based switch banks offer several ad-
vantages over PIN diode versions. A
passive version is under development
that consumes zero power while op-
erating after the commanded state is
reached. In a passive switched filter
bank, latching MEMS switches would
also provide a fail-safe for operation
in case prime power is lost. Another
advantage is the linearity of the
MEMS over PIN diodes. A passive
MEMS-based switch bank is able to
handle in excess of 30 dBm, while a
PIN diode version with only a 3.3 V
supply would be limited to approxi-
mately 18 dBm unless DC-DC con-
verters were used.

The 310-020022-001 switch filter
bank has begun to tap into the ad-
vances in MEMS switches and their
applications to RF and microwave
systems. This concept could be ex-
tended to higher frequencies with
various channeling configurations for
either passive or active applications.

Spectrum Microwave, 
Delmar, DE (302) 846-2750,
www.specwave.com.
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▲ Fig. 4  The switch filter bank’s typical
transfer function and return loss.
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A MIXED-SIGNAL
ASIC FOR DIGITAL
RF MEMORY
APPLICATIONS

Digital RF memories (DRFM) are used
for the reproduction of complex, co-
herent signals usually associated with

modern pulse compression radars. There are
many different implementations of DRFM
systems. Figure 1 displays one particular
type, a double sideband, four-bit, phase sam-
pled system with 500 MHz of instantaneous
bandwidth.

A custom mixed signal application-specific
integrated circuit (ASIC) was designed and
fabricated in 0.18 µm CMOS that implements
the baseband components of the system in-
cluding the phase-sampling circuit, digital
processing, signal reconstruction and digital-

to-analog outputs. 

ASIC DESIGN
A block diagram of

the LNX DRFM ASIC
is shown in Figure 2.
A preamplifier stage
amplifies, buffers and
level shifts the input to
facilitate the interface
to the digital logic cir-

cuitry. The input bandwidth is 250 MHz pro-
viding 500 MHz of instantaneous bandwidth
using the I and Q inputs. High speed com-
parators are used to sample the I and Q inputs
at up to 640 MHz, while a look-up table is
used for error correction and encoding into a
four-bit phase value representing 22.5° of res-
olution. Data is then stored for processing and
playback. The signal is reconstructed using the
phase data and sine/cosine look-up tables.

After encoding, the data enters a demulti-
plexing block where it is distributed over a 20-
bit bus that runs at one quarter the sampling
rate, facilitating storage in an external memo-
ry. Alternatively, the data is fed to the next de-
lay line block. This block implements two
functions: it can either delay the digitized sig-
nal in fixed increments or it can recirculate
the data for head-to-tail reconstruction. Head-
to-tail reconstruction or recirculation allows a
CW signal to be replayed with the correct
phase and frequency characteristics of the

LNX CORP.
Salem, NH

MEMORY
CONTROLLER

FPGA
DSP

DIGITAL
PROCESS

RF
OUTPUT

RF
INPUT

I

Q

I

Q

FAST TUNING
SYNTHESIZER

DRFM baseband processor
with LNX digital RF memory
and external memory
interface. ▼
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recorded signal. The minimum
throughput time delay is < 25 ns.

The external memory interface op-
erates at 160 MHz and performs the
demultiplexing for data storage and
playback. Full duplex operation al-
lows signals to be sampled and stored
simultaneously with the playback and
transmission of a previously stored
signal. Data signal levels are 3.3 V
CMOS and the clocks are differential
LVDS. The ASIC supplies all of the
timing and control for external stor-
age. An external memory, FPGA or
DSP processing system can be used
to store and/or process the recorded
waveforms.

The ASIC contains all of the tim-
ing necessary to maintain phase co-
herency for signals that are recircu-
lated. Timing is also provided to ex-
ternal circuitry to maintain the

coherence of
recorded signals.
The timing circuitry
can also be used for
range gate pull off
(RGPO) in radar
jamming applica-
tions. In this sce-
nario, the jammer
can walk the range
gate of the radar off
the target.

There are other
auxiliary circuits
such as a pseudo-
random noise (PN)
generator and a fre-
quency measure-
ment function. The

PN noise generator can be used to
add pseudo-random noise to the out-
put signal. The frequency measure-
ment block can measure the frequen-
cy of the input signal with up to 10-
bit accuracy using accumulated delta
phase measurements; the resolution
of the frequency measurement can
be automatically adjusted depending
on pulse length.

A microprocessor interface is pro-
vided for configuration and test. For
example, data can be written to, or
read from the external memory inter-
face from the microprocessor bus.
Status and control registers are also
provided.

The back end of the ASIC imple-
ments a quadrature modulator. Inde-
pendent sine/cosine look-up tables
convert the four-bit phase values to
sine/cosine outputs. Two on-board

digital-to-analog converters convert
the look-up table outputs to analog
outputs for signal reconstruction and
up-conversion. The update rate of
the D/A is 640 MHz, consistent with
the sampling rate and is capable of
driving ±0.5 V into 50 .

PERFORMANCE
Performance of the new chip met

or exceeded all of the requirements.
The chip displayed  < 5 mV of input
offset, with an input bandwidth of 
> 250 MHz and a clock frequency of
> 700 MHz. Figure 3 shows signal
reconstruction and playback of a 2
MHz input signal sampled at 730
MHz. The device is operating in re-
circulate mode where a sampled
pulse is being reconstructed in a
head-to-tail fashion, with no phase
discontinuity.

Other performance characteris-
tics include four-bit (22.5°) phase
resolution and < 25 ns throughput
delay, with multiple delay modes,
phase and PN noise modulation, 10-
bit frequency measurement capabili-
ty, and multiple target tracking. The
ASIC features a 160 MHz external
memory interface and a dual-chan-
nel, four-bit digital-to-analog con-
verter for signal reconstruction.
Power dissipation is 2.5 W and the
operating temperature range is –40°
to +85°C. The IC is housed in a 240-
pin CQFP package.

CONCLUSION
A mixed-signal ASIC has been in-

troduced for digital RF memory appli-
cations. The device includes preampli-
fiers, phase sampling, an external
memory interface and signal recon-
struction. It is implemented in 0.18
µm CMOS and features an instanta-
neous input bandwidth of > 500 MHz
and phase data sampling at 640 MHz.
The ASIC includes all of the timing
and control for phase coherent exter-
nal data storage and signal reconstruc-
tion, signal delay and recirculation,
pseudo-random noise generation, and
frequency measurement. The archi-
tecture of the device is particularly
aimed at DRFM applications.

LNX Corp., 
Salem, NH (603) 898-6800,
www.lnxcorp.com.
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▲ Fig. 2  Simplified block diagram of the LNX DRFM ASIC.

▲ Fig. 3  Reconstruction of a 2 MHz signal sampled at 730 MHz in
recirculate mode.

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

_______

http://www.qmags.com/clickthrough.asp?url=www.inxcorp.com&id=10849&adid=P147E1


PRODUCT FEATURE

148 MICROWAVE JOURNAL ■ DECEMBER 2004

MULTI-LAYER
THIN FILM
INTERCONNECTS

UltraSource is a high quality supplier of
precision thin film circuit fabrication
including custom resistor networks

and attenuators, metallized substrates and
MEMS fabrication with a focus on using its
thin film manufacturing capabilities to supply
custom products from prototypes to high vol-
ume production. The products range in appli-
cation from wireless communications, DC to
200 GHz microwave components, fiber optic
and laser technology, infrared imaging sys-
tems, microwave calibration and test fixtures,
and other commercial and military products.

Recently the company has added multi-lay-
er thin film interconnect technology to its list

of capabilities. This new tech-
nology is specifically designed
for high yield manufacturability
and reliability. Multi-layer thin
film interconnect technology
reduces assembly time and im-
proves yield and manufactura-
bility, while improving perfor-
mance and repeatability. It in-
creases circuit density while

reducing the number of wire bonds, and en-
ables high frequency design with 10-micron
lines and spaces. At the same time the process
lowers material content and cuts cost.

The Ultra process offered incorporates the
deposition of a thin layer of silicon nitride
Si3N4 as a dielectric layer to facilitate metal-
insulator-metal (MIM) layered structures on a
substrate, thus making a very robust structure
with increased reliability and repeatable
performance. The process can be used to cre-
ate circuit bridges, and realize RF capacitors
and high Q inductors. 

UltraBridge structures create dense, fully
integrated solutions to complex interconnect
challenges such as in fabricating Lange cou-
plers and multi-chip modules. It is a cost-ef-
fective alternative to air bridges. Figure 1
shows an example of an UltraBridge
utilization.

ULTRASOURCE INC.
Hollis, NH

Fig. 1  An UltraBridge
utilization. ▼

[Continued on page 150]
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UltraCapacitor structures form integrated capacitors
for dense circuit areas. These capacitors are available in
values from 2 to 250 pF with tolerances of 10 percent.
They are ideal for use in next level integration of passive
elements. Figure 2 shows an example of UltraCapacitors.

UltraInductor structures facilitate high Q spiral induc-
tor designs, thereby reducing large wire bonds and associ-
ated parasitic inductances. Figure 3 demonstrates typical
UltraInductor use.

The Ultra process is comprised of a base conductor of
TiW/Au and a dielectric of Si3N4 with a dielectric con-
stant of 7.8, providing a capacitance density of 0.05 to
0.15 pF/mil2. The substrate material is Al2O3 /AlN.

Ultra process structures are currently being used in
everyday products such as wireless communication sys-
tems and microwave components. The process offers a ro-
bust solution with increased reliability and lower costs.

UltraSource Inc., 
Hollis, NH (603) 881-7799, 
www.ultra-source.com.

Circle No. 302

▲ Fig. 2  An example of UltraCapacitors.

▲ Fig. 3  An UltraInductor structure.
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● On-line Web Store
This on-line Web store allows engineers to
easily and quickly order flexible microwave
test cable assemblies. With the Web store,
the company offers a cost effective alterna-
tive that helps engineers who need high fre-
quency cable assemblies for defense,
telecommunications and test instrument de-
signs. The site features a completely inte-
grated design tool that details features and
benefits of all products, enabling the user to
select the optimum cable, connector and ar-
mor combinations. 
Micro-Coax,
206 Jones Blvd., 
Pottstown, PA 19464-3465

www.microcoax.com
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● Components, Subsystems 
and Assemblies

This Web site presents the company’s standard
products and customized solutions in IF/RF
and microwave frequencies. The site displays
the company’s expanded line of control prod-
ucts along with two major product groups that
have been added to its new 300-page catalog:
amplifiers and multifunction assemblies. These
high reliability products are integral to com-
plex operations of satellite, radar, navigation,
communications, electronic warfare and mis-
sile systems applications.
Daico Industries Inc., 
1070 East 233rd Street, Carson, CA 90745

www.daico.com

● Wireless Solutions
The Filtronic Compound Semiconductors
Web site has recently been merged with its
parent company, Filtronic. The site features
data sheets for new “cloned” products, for-
merly Santa Clara, as well as the company’s
new power FET and switch products. The
site offers product and site search capabili-
ties allowing quick access to data sheets, 
S-parameters, application notes and direct
links for on-line purchases.
Filtronic Compound Semiconductors, 
10181 Bubb Road, Cupertino, CA 95014

www.filtronic.com

● Integrated Passive Devices
This Web site highlights the company’s new
technology based upon its patented process-
es and coupled with its novel, patented ele-
ment topologies. This technology produces
RF filters, diplexers, duplexers, baluns, res-
onators, and other RF passive components
with an unmatched combination of perfor-
mance, cost and size. The technologies’
greatest strength is as a platform for inte-
grating multiple passive devices into an Inte-
grated Passive Device (IPD).
JMD,
75 Fifth Street NW, Suite 213, 
Atlanta, GA 30308

www.jacketmicro.com

● RF/Microwave Filters
and Multiplexers

This Web site presents an ISO 9001 certified
supplier of RF and microwave filters. The
company offers an extensive product mix with
filters and multiplexers from 100 kHz to 18
GHz. These products are currently being
used in major digital and analog wireless
communications systems, test equipment and
military systems. Typically, samples of custom
designs can be shipped within ten days.
Lark Engineering Co., 
27282 Calle Arroyo, 
San Juan Capistrano, CA 92675-2768

www.
larkengineering.com

● Components and Subsystems
This Web site features a complete new look and
feel in displaying the company’s microwave
components and subsystems to the electronics
and communications industry. The site high-
lights the standard tunable bandpass and tun-
able bandreject filters now available from stock
for immediate delivery. Also featured is the Fil-
ter Select+Plus software designed to simplify
the selection process for RF and microwave
bandpass filters. The site offers the latest com-
pany news, catalog downloads, specification
guides and sales information.
Lorch Microwave, 
1725 North Salisbury Blvd., 
Salisbury, MD 21802

www.lorch.com
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● RF Components
This Web site provides design engineers
with data sheets, qualification reports and
application notes for the company’s products
including: gain blocks, LNAs, PAs, HPAs,
transistors, VCOs, PLLs, CROs, stripline
couplers, active and passive mixers, modula-
tors and demodulators, high frequency
VCOs, hi-level mixers, power dividers and
transformers.  The company’s products apply
to many of today’s challenging end-markets.
Sirenza Microdevices Inc., 
303 South Technology Court,
Broomfield, CO 80021
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● Phase-locked DROs
This redesigned Web site features major
space and military projects that the company
has participated in including NASA’s (JPL)
Delta II and the F-22 Fighter Program. The
site offers the company’s latest product infor-
mation including free running oscillators,
phase-locked oscillators, and VCOs for space,
military and commercial applications. The
site outlines details of the company’s 48-hour
delivery for most of its standard products.
Microwave Dynamics, 
14321 Chambers Road, 
Tustin, CA 92780 

www.microwave-
dynamics.com

● RF and Microwave Amplifiers
This Web site features the company’s full
line of amplifiers including low noise, medi-
um power, high power and ultra-broadband.
Variable gain and integrated hybrid products
are also available. The site provides an up-
dated new products section that highlights
new narrow band high power amplifier mod-
els, as well as a new 50 MHz to 40 GHz ul-
tra-broadband LNA. An updated sales reps
page provides comprehensive coverage.
Planar Electronics Technology Inc., 
5715 Unit 11 Industry Lane, 
Frederick, MD 21704

www.planarelectronics
technology.com

● RF and Microwave Filters
This redesigned Web site contains links to
the company’s entire product line of RF fil-
ters, multiplexers and switched filter banks
for the commercial, military and industrial
markets. The site also includes the compa-
ny’s new full line catalog available by down-
load or hardcopy mailed upon request.
Reactel Inc., 
8031 Cessna Avenue,
Gaithersburg, MD 20879

www.reactel.com

● XFDTD Method Software Suite
This Web site highlights the company’s new
XFDTD software version 6.1. XFDTD is a
full wave 3D electromagnetic solver based
on the Finite Difference Time Domain
method. Applications include microwave,
RF, antennas, scattering, biological EM,
photonics, packaging, EMC and specialized
materials. Version 6.1 improves on the solid
foundation of version 6.0, adding powerful
new features like sweeping, shelling, mouse-
driven editing and adaptive meshing.
Remcom,
315 South Allen Street, Suite 222, 
State College, PA 16801

www.remcom.com

● Cable Assemblies 
and Test Equipment

This Web site highlights the company’s high
quality coaxial cable assemblies, custom test
equipment and related components to the
RF/microwave and high speed digital mar-
kets. The management and technical teams
have been organized to provide customer-fo-
cused solutions for a wide variety of satellite,
commercial, military and telecommunication
requirements.
RF Logic LLC, 
21 Park Avenue, Hudson, NH 03051

www.rflogic.net www.sirenza.com

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

_________ _____________ __________

__________ _________ _________

_________ _____________

http://www.qmags.com/clickthrough.asp?url=www.reactel.com&id=10849&adid=P154A3
http://www.qmags.com/clickthrough.asp?url=www.remcom.com&id=10849&adid=P154A4
http://www.qmags.com/clickthrough.asp?url=www.rflogic.net&id=10849&adid=P154A5
http://www.qmags.com/clickthrough.asp?url=www.sirenza.com&id=10849&adid=P154A6
http://www.qmags.com/clickthrough.asp?url=www.microwave-dynamics.com&id=10849&adid=P154A1
http://www.qmags.com/clickthrough.asp?url=www.planarelectronicstechnology.com&id=10849&adid=P154A2


Introducing the             Version10.2

with Full 3D Modeling Capability

and Ultrafast Adaptive Optimizer

A patch antenna with finite size substrate Wire bonds in inhomogeneous dielectrics

A coaxial to microstrip transition A dielectric antenna

ZELAND SOFTWARE, INC.
39120 Argonaut Way, PMB 499, Fremont, CA 94538, U.S.A.,  

Tel: 510-623-7162  Fax: 510-623-7135  E-mail: zeland@zeland.com

   Zeland Software has been recognized as a leading developer to provide unparalleled high-frequency electromagnetic 

simulation and design tools for microwave, semiconductor, wireless, and telecom industries, government laboratories, 

and universities around the world. 

   Applications of Zeland's Software include MMICs, RF ICs, LTCC circuits, RF IDs, 3D IC interconnects and packages, 

high-speed digital circuits, multilayer PCBs, MCMs, HTS circuits and filters, microstrip antennas, wire antennas, conical 

and cylindrical helix antennas, inverted-F antennas, antennas on finite ground planes, other RF antennas, waveguides, 

EMC/EMI, biomedical effects of electromagnetic waves, and many more.

   We are committed to satisfying our customers with high performance software and quality technical support. We love 

to  discuss design challenges with customers and provide our input. We welcome any feedbacks or tough EM simulation 

and design problems from customers.

Web Site: http://www.zeland.com

High  Performance  EM Simulation and Optimization 

and Electronic Design Automation

Click LEADnet at mwjournal.com or Circle 141 on Reader Service Card
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● Microwave System Solutions
This Web site provides a direct link to the STC
Microwave Systems site (click on “microwave
systems solutions”). This site offers products
for the defense, space and communications in-
dustries. A user can choose Arizona for mi-
crowave and millimeter-wave components, in-
tegrated assemblies and subsystems for fre-
quency generation, management, conversion,
conditioning and control electronics.  The oth-
er option is to choose Olektron for RF and mi-
crowave components and subsystems. 
STC Microwave Systems, 
340 N. Roosevelt Avenue,
Chandler, AZ 85226
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● High Reliability Resistive
Components

This updated Web site features high reliabil-
ity thick and thin film resistive components
for the surface-mount and hybrid electronic
industries. The site highlights a broad range
of high quality thin and thick film chip resis-
tors, surface-mount networks and custom
circuits. These products are utilized in bio-
medical, communications, aerospace and de-
fense applications.
State of the Art Inc., 
2470 Fox Hill Road, 
State College, PA 16803-1797

www.resistor.com
www.

craneaerospace.com

● Switching Solutions
This Web site provides easy access to the com-
pany’s technical service and customer support.
The site focuses on providing product and
sales channel information to engineers. It of-
fers visitors various ways to communicate with
the company, including visitor registration
forms, request for quote forms, data sheet re-
quest forms, literature request forms, technical
support forms, feedback/comment forms, ap-
plication notes and e-mail.
Teledyne Relays, 
12525 Daphne Avenue,
Hawthorne, CA 90250

www.
teledynerelays.com

● Interconnect Solutions
This updated Web site features the compa-
ny’s complete interconnect product informa-
tion including high performance wire and
cable, cable assemblies and RF/microwave
connectors. Markets served include the
aerospace, defense electronics, wireless in-
frastructure, optical telecommunications and
test and measurement industries. The site
also features new search capabilities by key-
word, part number or industry callouts.
Tensolite,
100 Tensolite Drive, 
St. Augustine, FL 32092 

www.tensolite.com

● Frequency Control Devices
This Web site offers a whole new look and
feel that provides more features with fewer
clicks, creating rapid, intuitive and thorough
access to the information a user is looking
for. With this redesigned site and expanded
product offerings, the company is commit-
ted to making it easier for customers to do
business with them.  The site features the
company’s full line of quartz crystals and os-
cillators as well as ultrasonic transducers and
piezoelectric components offered by the Ul-
trasound Division.
Valpey Fisher Corp., 
75 South Street, Hopkinton, MA 01748

www.valpeyfisher.com

● On-line Store
This electronic products on-line store allows
purchasing of the company’s GORE™ CX4
high performance cable assemblies and the
GORE InfiniBand™ cable assemblies. The
CX4 high performance cable assemblies, part
of the 10-gigabit Ethernet standard, provide
good signal fidelity over long distances using
the smallest, most flexible cable. The Infini-
Band cable assemblies conform to the electri-
cal, mechanical and physical specifications and
standards established for interconnects in the
InfiniBand I/O architecture.
W.L. Gore & Associates Inc., 
402 Vieve’s Way, PO Box 2200, 
Elkton, MD 21922-2200

www.
gore.com/electronics
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At dept26.com, you’ll discover a 
comprehensive selection of the most
widely used RF components. Innovative
designs and proprietary manufactur-
ing techniques, in facilities registered
to ISO 9001, permit these products to
be extremely cost-effective for the
high volume buyer. We’ve got almost
everything in stock so you can expect
quick delivery.

So, if you’re ready to buy and want the
best prices, click on dept26.com and
start ordering today.www.dept26.com

Click LEADnet at mwjournal.com or Circle 85 on Reader Service Card
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NEW WAVES: Military & Government Electronics
■ High Gain Omni Antenna

This high gain omni antenna covers the entire
Link16 band, 960 to 1215 MHz. The antenna
offers 7 dBi gain that can nearly double the
range of a system that is constrained by output
power. Receive sensitivity is increased signifi-
cantly, which is usually the limiting factor for
communications with distant airborne plat-
forms. The antenna has a corporate feed struc-
ture to ensure that the peak gain remains at
the same elevation angle of +1.5 dB at all fre-
quencies. Weight: 1.7 kg.
European Antennas Ltd., 
Suffolk, UK +44 (0) 1638 731888,
www.european-antennas.co.uk.

Circle No. 216

■ Tunnel Diode Detector
The model DT1826 is a tunnel diode detector
that is offered with either negative or positive
output polarity. The unit has good temperature
stability with flat frequency response. It has
fast pulse detecting capability. The maximum
flatness is ±1 dB. This detector offers a typical
TSS of –47 dBm and is based on 2 MHz video
bandwidth and a 2 dB amplifier noise figure.
The detector operates at –55° to +100°C. Ap-
plications for the detector are fast pulse detec-
tion for radar or fiber optic communication.
Herotek Inc., 
San Jose, CA (408) 941-8399,
www.herotek.com.

Circle No. 217

■ 300 MHz to 6 GHz Mixer
The MCA1 series is a broadband, highly reli-
able low temperature cofired ceramic (LTCC) 

frequency mixer.
With level 7, 10,
and 13 (LO) mod-
els available for
300 MHz to 6
GHz designs,
these double bal-
anced mixers have
insertion loss
down to 6 dB typ-

ical, isolation up to 40 dB typical and are built
with all circuitry hermetically embedded inside
the ceramic to realize good temperature stabili-
ty, repeatability and a compact 0.07" profile.
These mixers are ideal for the government’s
COTS program and commercial applications.
Price: $5.95 (10).
Mini-Circuits,
Brooklyn, NY (718) 934-4500,
www.minicircuits.com.

Circle No. 220

■ Lumped Component Filter

The model 9LB10-5/QX1-N/N is a lumped
component filter designed for customers who
have low frequency, high power requirements
where low insertion loss is a must. This unit is
versatile and works well in military and com-
mercial environments. This filter offers < 2 dB
insertion loss across 100 percent of passband.
Other specifications include > 90 dB stop-
bands, 2.0 VSWR and 50 W CW power. Size:
6.0" × 1.5" × 1.5" with type N connectors.
K&L Microwave Inc., 
Salisbury, MD (410) 749-2424,
www.klmicrowave.com.

Circle No. 218

■ AlGaAs Flip Chip Diode
The model MA4AGFCP910 is an AlGaAs flip
chip diode designed for a variety of broadband
(0.1 to 50 GHz) multi-throw switch and
switched-phase shifter circuits, including those
commonly found in electronic countermea-
sure, radar and high speed instrumentation
systems. These devices provide significant cir-
cuit tuning advantages due to the ultra low 
Ct-5 (< 21fF@ 20 mA) and smaller Ls (0.5
nH). The MA4AGFCP910 provides a 0.4 dB
insertion loss at 15 mA with 8 dB of isolation at
0 V at 50 GHz in a single series diode configu-
ration. Price: $2.00 (100,000).
M/A-COM,
Lowell, MA (800) 366-2266,
www.macom.com.

Circle No. 219

■ Filtered Low Noise Amplifiers
These filtered low noise amplifiers (LNA) fea-
ture a robust housing that allows for greater 

corrosion resis-
tance and more
effective shield-
ing. The LNAs
offer a low noise
figure of typically
1.5 dB and are
designed for L1
and L1/L2 GPS
applications re-

quiring precision and high reliability. Both the
L1 and L1/L2 series of LNAs feature 3-pole
ceramic filters that select only desired GPS sig-
nals as the low noise gain stage of each main-
tains the receiving system’s sensitivity. These
LNAs are ideal for civilian applications such as
surveying, radio and television, shipping and
military uses.
Spectrum Microwave, 
Delmar, DE (302) 846-2750,
www.spectrumwave.com.

Circle No. 224

■ Air Cavity QFN Packaging
This near hermetic air cavity QFN packaging of-
fers liquid crystal polymers. This packaging fea- 

tures precise mold-
ing, high moisture
resistance (MSL1),
near zero out-
gassing of < 10
ppm and good
electricals for high
frequency (low ).
The packaging is
e n v i r o n m e n t a l
friendly, JEDEC
MO220 pad com-

pliant and has low NRE customization.
NovaPack Technologies SARL, 
Trappes, France +33 (0) 1 30 68 62 90,
www.novapacktech.com.

Circle No. 221

■ Ultra-wideband Amplifier

The model CGY2160UH is an amplifier that of-
fers a bandwidth of 1.5 to 45 GHz and provides
a high gain of 15 dB. This MMIC has a mid-
band noise figure of 2.5 dB, delivers 18 dBm of
P1dB at 20 GHz and 15 dBm at 40 GHz and
has a compression point up to 45 GHz. The
power consumption is 500 mW and requires no
external biasing networks. Good input and out-
put matching to 50 is achieved and uncondi-
tional stability is guaranteed over the entire fre-
quency, biasing and temperature range. Typical
applications are for electronic warfare systems,
radar and countermeasures, instrumentation
and as a general-purpose wideband gain block.
OMMIC,
Limeil-Brevannes, France 
+33 (0) 1 45 10 67 31, www.ommic.com.

Circle No. 222

■ Flange-mount Drop-in Isolator
This K-series of flange-mount drop-in isolators
features up to 30 percent bandwidth in the 4 to 

18 GHz range.
These isolators are
ideal for military
and space applica-
tions and are
made of steel
housings that are
gold plated for
better RF perfor-

mance. This temperature stable device has typi-
cal loss of < 0.4 dB and VSWR and isolation of 
> 20 dB. Sizes: 0.375" × 0.620" × 0.18" and
0.350" × 0.475" × 0.18".
Renaissance Electronics Corp., 
Harvard, MA (978) 772-7774, 
www.rec-usa.com.

Circle No. 223
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■ Traveling Wave Tube
The model TH 4064 is a traveling wave tube (TWT) that has recently
been added to the mini-tube family. This tube has been developed for 

operation in the 6 to 18
GHz waveband and is
especially designed to
meet data transmission
requirements for un-
manned aerial vehicles,
including both down-
links and uplinks. This
helix-type mini-TWT
covers the C, X and Ku
frequency bands and
delivers 150 W of con-
tinuous power, with
large bandwidth of 250
MHz, in a small, light-
weight package.

Thales Electron Devices, 
Paris, France +33 (0) 1 30 70 35 00,
www.thalesgroup.com/electrondevices.

Circle No. 225

■ Coaxial Cable Assemblies
The HELI-FOIL are flexible, high power interconnect and jumper ca-
bles for military/aero-space and commercial/telecom applications. These 

cable assemblies pro-
vide good insertion loss
performance and cover
the frequency range of
DC to 18 GHz. The
cables are low loss, ul-
tra stable and are espe-
cially suited for high
ambient temperature
environments in both
field and laboratory
conditions. These as-
semblies feature passi-
vated stainless steel
connectors with most

popular interface types available.
Times Microwave Systems, 
Wallingford, CT (203) 949-8400, www.timesmicrowave.com.

Circle No. 226

■ SAW Filter
This SAW filter is designed for use in a global navigation satellite system.
Insertion loss for these filters is below 2 dB and stopband attenuation 

is higher than 40 dB.
Outstanding filter pa-
rameters are a low rip-
ple of 0.3 dB in pass-
band and a low VSWR
of 1.8. The devices can
be used in balanced or
unbalanced operations
and are supplied in a

ceramic SMD package. Sizes: 3.0 × 3.0 × 1.2 mm and 2.5 × 2.0 × 0.9
mm.
VECTRON International Telefilter,
Teltow, Germany +49 (0) 3328-478417, www.vectron.com.

Circle No. 227
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RF ANTENNA DESIGN ENGINEER
At Garmin, our hands-on approach to engineering means you can be part of a team

that develops and tests real products. Our GPS navigation and communication products are
used by pilots, hikers, bikers, boaters, fishing enthusiasts and travelers. Our continued
growth and success have created an outstanding opportunity for an experienced RF Antenna
Design Engineer.

Responsibilities will include designing and testing X-band pulse radar components
including antenna arrays, waveguide rotary joints, filters terminations and circulators, low
noise amplifiers and down converters, L-band antennas, XM radio receiver applications, and
supporting Garmin project engineers in the implementation of antennas into products
through testing and optimization.

Requirements for this position include a PhD in Electrical or Computer Engineering,
Physics or a related field and a minimum of 5 years experience or a Bachelor’s Degree in
Electrical or Computer Engineering or Physics with a minimum GPA of 3.0 plus a minimum
of 10 years antenna design experience in wireless, radar, and microwave communications.

If you’re willing to dream big and work hard, take a look at Garmin. We offer an ex-
cellent compensation and benefits package and a friendly team environment. Great location
too, in beautiful Johnson County, a Kansas City suburb which offers affordable housing, ex-
cellent schools, and plenty of opportunity for recreational and cultural pursuits. Forward your
resume with salary requirements to:

Attn: HR Dept. – MW
1200 E. 151st Street, Olathe, KS  66062
Fax (913) 397-0835 • www.garmin.com

EOE/AAP
No phone calls please

COMPONENTS
■ Lumped Element Diplexer
The model DP-1149 is a lumped construction
diplexer. The low frequency port has 1 dB 

insertion loss from
DC to 600 MHz,
and the high fre-
quency port has 

1 dB insertion
loss from 1000 to
3000 MHz. Isola-

tion over the opposite passband is 60 dB for
both paths. VSWR is 1.7 within the respective
passbands. Power handling capability is specified
at 10 W. Size: 1.6" × 1.3" × 0.5".
RLC Electronics Inc., 
Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

Circle No. 235

■ Drop-in Isolators
These drop-in isolators operate in the 2110 to
2170 MHz band and are designed for universal 

mobile telecom-
munications sys-
tems. Both units
operate over the
temperature range
of –20° to 85°C

and offer a frequency range of 2.09 to 2.19 GHz,
an insertion loss of 0.22 dB, isolation of –26 dB

and return loss of –26 dB. Part number 
994-039038-044 has a 70 W non-beryllium oxide
termination. Part number 994-039038-046 has a
70 W non-beryllium oxide termination config-
ured as a –20 dB attenuator for monitoring the
output port.
M2 Global Technology Ltd., 
San Antonio, TX (210) 561-4800,
www.m2global.com.

Circle No. 233

■ 1P2T RF Switch
The model 50S-1313 is a 1P2T, failsafe RF
switch. The model offers a frequency range of 

DC to 18 GHz
with a maximum
insertion loss of
0.35 dB and a
minimum isola-
tion of 60 dB.
This switch is
suitable for a
number of OEM
and integration
applications. The
50S-1313 is avail-

able from stock with SMA connectors and a
+12 V supply. Size: 2.02" × 1.34" × 0.52".
Weight: 2.5 ounces. 
JFW Industries Inc., 
Indianapolis, IN (317) 887-1340,
www.jfwindustries.com.

Circle No. 231

■ Surface-mount Relay
The series RF522 relay is a compact, DPDT,
surface-mount latching device that is charac-

terized up to 10
GHz. The series
RF522 is rated
from DC to 10
GHz over a tem-
perature range of
55° to +85°C. It is

available in two coil voltages of 5 and 12 VDC
and features a 50 characteristic impedance.
The RF522 package employs lead-free con-
struction and is sealed against moisture and
contamination. Size: 0.709" × 0.709" × 0.335".
Teledyne Relays, 
Hawthorne, CA (323) 777-0077,
www.teledynerelays.com.

Circle No. 238

■ Cable Assemblies
These Storm Flex™ 086 cable assemblies offer a
durable 0.096" diameter with consistent per-

formance in flex-
ure, VSWR, phase
and insertion loss
change. Storm
Flex 086 construc-
tion and materials
minimize the com-
mon problem of
breakage behind
the connector,

providing improved pull strength. Connector re-
tention is 40 lbs (minimum) straight pull; 15 lbs
(minimum) right angle pull.
Storm Products – Microwave, 
Woodridge, IL (630) 754-3300,
www.stormproducts.com/microwave.

Circle No. 236

NEW
PRODUCTS
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SWITCHES

Model Freq. In-Out Isol. Ins. Loss 1dB Comp. Price $ea.
(GHz) dB(typ) dB(typ) dBm(typ) (Qty. 10)

• M3SW-2-50DR DC-4.5 60 0.7 25 4.95
� M3SWA-2-50DR DC-4.5 65 0.7 25 4.95

(Qty.1-9)
• ZASW-2-50DR DC-5 90 1.7 20 89.95
� ZASWA-2-50DR DC-5 90 1.7 20 89.95

Supply voltage +5V, -5V. TTL control.
Switching time 10nsec (typ).

• Reflective � Absorptive

SPDT, DCupto5GHz From

$195
Mini-Circuits wideband SPDT switches offer very high isolation up to 90dB at
1GHz, built-in TTL driver with blazing fast 10nsec switching speed, and the
ability to withstand severe operating temperatures. But that's not all!
Reflective and absorptive models are available to suit your design requirements;
M3SW's 3x3mm MCLPTM surface mount package with exposed metal bottom
for excellent grounding and heat dissipation and ZASW's tough built coaxial design
with SMA-F connectors. No matter which model you choose, you'll get strong
performance and rugged reliability at a price that crushes the competition.
So look no further. You’ll find just the right switch for your commercial,
industrial, or military application right here at Mini-Circuits!
Mini-Circuits...we’re redefining what VALUE is all about!

ea. (10,000)

Mini-Circuits
Low Profile (MCLP™)

Detailed Performance Data & Specs Online at: www.minicircuits.com/model

3x3mm

*

*
*

SPECIFICATIONS ( @ 1GHz )

SUPER FAST
VERY HIGH ISOLATION

IN STOCK

CIRCLE READER SERVICE CARD

379 Rev H

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

ISO 9001  ISO 14001 CERTIFIED

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
TM

®

See our 244 page RF/IF Designer’s Guide in EEM (Electronic Engineers Master)

ZASW
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AMPLIFIERS
■ Amplifier Gain Blocks
These InGaP HBT Darlington amplifier gain
blocks cover the frequency range from DC up 

to 6 GHz. The
amplifiers offer
OIP3 up to +38
dBm with the
P1dB compres-
sion ranging from
+11 to +20 dBm.
The series covers

the gain from 12 to 18 dB measured at 2 GHz.
These devices are suitable as general-purpose
gain blocks and driver amplifiers for use in pre-
sent and third generation telecom infrastruc-
ture requirement. 
Aeroflex/Metelics Inc., 
Sunnyvale, CA (408) 737-8181,
www.aeroflex-metelics.com.

Circle No. 239

■ Solid-state Amplifier
The model 500A250 is a broadband, solid-state
amplifier that delivers 500 W of power and 

covers the fre-
quency range of
100 kHz to 250
MHz. This model
joins the “A” se-
ries family, which
includes the
1 0 , 0 0 0 A 2 5 0 A ,

the 5,000A250A and the 2,500A250A. This
model offers high VSWR tolerance, a digital
front panel, remote interface and a class “A”
design, which makes it ideal for EMC and RFI
testing, as well as calibration of RF transduc-
ers.
AR Worldwide
RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, 
www.ar-worldwide.com.

Circle No. 240

■ InGaP HBT Power Amplifier
The model HMC450QS16G is an 800 to 1000
MHz power amplifier that offers 26 dB of gain, 

+40 dBm OIP3
and +28.5 dBm of
saturated output
power. This model
is ideal as a linear
driver in BTS and
repeater applica-
tions. This model
operates from a

single +5 V supply and offers the same pinout
and functionality as the higher band model
HMC413QS16G 1.6 to 2.3 GHz power amplifier.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

Circle No. 241

■ Low Noise Figure Amplifier
The model PEC-12-50M40G-4R0-15-SFF is a
low noise figure amplifier that has been devel-

oped to provide
gain flatness of ±2
dB over the 50
MHz to 40 GHz
bandwidth. This
amplifier offers

12 dB gain, 4 dB midband noise figure, in/out
VSWR of 2.5 and Pout at 1 dB compression of

NEW
PRODUCTS

Circle 12

Circle 44

Circle 38

Circle 2

WLAN 
SPECTRUM ANALYZER 
All 2.4 GHz and 5 GHz Bands 
In one Handheld Instrument
Model 425A—Only $4400 

BANTAM INSTRUMENTS 
www.BantamInstruments.com 

Contact: 

microwave@iamsystems.com  

or call 937-898-8073  

Fax 937-898-8491 

9415 Futura Pkwy 

Tipp City, OH 45371-8204 

Composi te Compact  Range Ref lector 

Systems Integration 

Engineering Management 

CAD Modeling 

Manufacturing 

Microwave Technology 

Reverse Engineering 

Laser Metrology Services 

Special Offer on our IAM8472B 

Reflector! 

Compact Range Reflector 

Weighs less then 100 lbs. 

RMS less then .003 

Available in less then 12 

weeks 

Composite Construction 

Easily installed 

Laboratory

(RF)MicroProbe

Station

Laboratory

(RF)MicroProbe

Station

A ultra compact, manually operated  probe station for engineers,
scientists and students. Measure Microwave, RF and IV parameters of
Semiconductor Devices. Characterize MEMS, wireless, photonic and

nanoelectronic components and assemblies.

• Benchtop Size(1ft2) • 2”  Vacuum chuck  with pump• 1” X-Y-Ø stage with z-lift•
•2 ea. 0.5” X-Y-Z probe positioners, includes 2 ea. 18 GHz probes & DC needles•
•10X/30X Stereo Zoom Trinocular Microscope • Flourescent Illuminator •

•Compatible with additional Magnetic Mount Positioners(optional)•

•Compatible with industry standard microwave probes(optional)•

•Cost effective for research projects•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

(503) 531-9325 [FAX]
www.jmicrotechnology.com

Extremely Low Cost

< $10,000 US

DC/RF/Microwave Test

Research Performance / Student Price

Jmicro Technology

Advanced

Switch

Technology

694 Fortune Cr

 Kingston, On

   K7P 2T3

   Canada

Tel: 613 384 3939  Fax: 613 384 5026

E-mail: info@astswitch.com

AST is the only company exclusively 

dedicated to the manufacturing 

of Microwave Switches.

Our commitment  to 

quality and 

performance 

is unmatched

in the 

industry.

www.astswitch.com

Please request our free catalog

For all your switching needs

■ Eight-way Power Divider
The model PSS-8-8000/24000-S is an eight-
way power divider that covers the frequency 

range of 8000 to
24000 MHz. This
unit provides a
5.5 dB maximum
insertion loss and
typical isolation is
12 dB. The me-
chanical package

for this power divider is 2.4" × 4.4" × 0.5" ex-
cluding SMA connectors.
Lorch Microwave, 
Salisbury, MD (410) 860-5100,
www.lorch.com.

Circle No. 232

■ Double-balanced Mixer
The model SMD-C6000 is an ultra wide band-
width, surface-mount, IF DC-coupled double- 

balanced mixer
designed for
broadband low
cost applications.
The SMD-C6000
is ideal for applica-
tions in ultra wide-
band frequency
conversion, phase
detectors, PSK
modulators and
demodulators. It

requires +10 dBm of local oscillator drive and
typically gives interport isolation of better than
70 dB at 10 MHz and 20 dB at 6000 MHz. Size:
0.5" × 0.375" × 0.150".
Synergy Microwave Corp., 
Paterson, NJ (973) 881-8800,
www.synergymwave.com.

Circle No. 237
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15 dBm. This unit handles RF input power of
+17 dBm without damage while operating
from +15 VDC at 225 mA.
Planar Electronics Technology,
Frederick, MD (301) 662-5019,
www.planarelectronicstechnology.com.

Circle No. 242

ANTENNA
■ Antenna Switch
The model FMS2011 is a single-pole six-throw
(SP6T) antenna switch that is ideally suited for
low control voltage and high power switching
applications. This model is optimized for quad
band handset antenna switching applications.
This antenna is manufactured using the FCSL
propriety 0.5 µm high performance GaAs
PHEMT process. This model operates over
the DC to 2.5 GHz frequency range. The
FMS2011 features include typical insertion
loss of 0.5 dB (Tx), 0.8 dB (Rx) and isolation of
45 dB typical (Tx-Rx).
Filtronic Compound Semiconductor Ltd.,
Durham, UK +44 (0)1325 301111,
www.filcs.com.

Circle No. 245

INTEGRATED
CIRCUIT
■ Monolithic Microwave

Integrated Circuit
The model 22TX0392 is a gallium arsenide
(GaAs) monolithic microwave integrated cir-

cuit (MMIC) sub-
h a r m o n i c a l l y
pumped up-con-
verter. This model
integrates an im-

age reject subharmonic anti-parallel diode mixer
followed by a balanced two-stage output ampli-
fier and includes an integrated LO buffer ampli-
fier. The image reject mixer eliminates the need
for an image bandpass filter after the ouptut
amplifier to remove signal power at the image
frequency. Using 0.15 micron gate length GaAs
pseudomorphic high electron mobility transistor
device model technology, this upconverter cov-
ers the 21.2 to 23.6 GHz frequency bands. De-
livery: six to eight weeks ARO.
Mimix Broadband Inc., 
Houston, TX (281) 988-4600,
www.mimixbroadband.com.

Circle No. 248

MATERIALS
■ Polymide Laminates
The R/flex CRYSTAL® is a polymide laminate
with flexible circuit materials and a transparent
epoxy-based adhesive system. Inherent flame
retardant performance, good adhesion, dynam-
ic flexibility, low and predictable dimensional
change, among other features, make this sys-
tem ideal for high density circuitry in dynamic
or static applications.
Rogers Corp., 
Rogers, CT (860) 774-9605,
www.rogerscorporation.com.

Circle No. 250

■ Ultra-low Loss Package
This MEMpack series of ultra-low loss pack-
ages consist of a silicon nitride membrane that 

is bonded to a die
or wafer, to create
a low profile her-
metically sealed
shell. I/O pads are
accessed through
sealed ports in the
membrane and
may be bumped

or wire bonded as with standard dice. Package
added loss is under 0.08 dB up to 50 GHz, and
less than 0.01 dB over much of that range. 
The sealing process takes place below 300°C,
and uses only metals and ceramics to avoid
outgassing.
MicroAssembly Technologies Inc.,
Richmond, CA (510) 758-2600,
www.microassembly.com.

Circle No. 249

PROCESSING
EQUIPMENT
■ Laser Structuring System
This ProtoLaser 100 is an easy-to-operate high
performance laser structuring system for print-

ed circuit board
prototyping that
combines the
milling, drilling
and contour rout-
ing capabilities of
an advanced
LPKF ProtoMat®

PCB plotter. The
ProtoLaser 100 is
ideal for produc-
ing high quality

RF and microwave boards on a variety of mate-
rials from FR4 to PTFE-based substrates. Its
new laser beam technology isolates the circuits
from the copper layer and removes non-con-
tacting copper between them.
LPKF Laser & Electronics AG, 
Garbsen, Germany +49 (0)5131-7095-0,
www.lpkf.de.

Circle No. 251

SOFTWARE
■ PCB Design Software

The AnsoftLinks™ v3 software streamlines data
flow from electronic design automation vendor

- Pick One -

Which is
the one 

you can’t
live

without?

Double cheese
pizza?

The Sunday
crossword?

Clean Sheets?

The Red Sox?

The bold 
new look of
Microwave
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software into the company’s products. This latest
version features a new translator for Mentor
Graphics Expedition and an enhanced link to Ca-
dence Virtuoso® for improved geometry export
and solid modeling. With v3, engineers seamless-
ly transfer an integrated circuit, printed circuit
board and package designs into any of the com-
pany’s high performance electronic products to
analyze, verify and optimize electromagnetic-as-
sociated performance characteristics.
Ansoft Corp., 
Pittsburgh, PA (412) 261-3200,
www.ansoft.com.

Circle No. 252

■ Software Design Suite
The Microwave Office® 2004 design suite is for
next generation radio frequency and mi-
crowave circuit designs. The latest version of
this design system provides RF and microwave
engineers with significant improvements in
power and usability to increase design accuracy
and shorten design cycle time. Microwave Of-
fice 2004 software fully integrates three-di-
mensional planar electromagnetic simulation
with circuit simulation and layout tools, per-
mitting arbitrary physical structures to be em-
bedded within linear and nonlinear circuit sim-
ulations. Price: $8000–$40,000.
Applied Wave Research Inc., 
El Segundo, CA (310) 726-3000,
www.mwoffice.com.

Circle No. 253

■ Reduction Solver
CST MICROWAVE STUDIO®’s new model or-
der reduction (MOR) solver is particularly effec-
tive for the simulation of highly resonant struc-
tures such as filters. This new module comple-
ments the existing transient, frequency domain
(on Cartesian and tetrahedral grids) and Eigen-
mode solvers already available in CST MWS.
CST GmbH, 
Darmstadt, Germany 
+49 (0) 6151 7303-0, www.cst.com.

Circle No. 254

SOURCES
■ Low Noise Synthesizer
The MLSE series of YIG-based wideband syn-
thesizers is ideal as the main local oscillators in 

receiving systems,
frequency con-
verters and test
and measurement
equipment. These
synthesizers pro-
vide 1 Hz fre-
quency resolution
over the 2 to 20
GHz and 1 to 22

GHz frequency range. Power levels of +20 and
+17 dBm are standard throughout the series.
Spurious performance is –60 dBc and full band
tuning speed is 13 to 18 mS. Size: 7" × 5" × 2".
Micro Lambda Wireless Inc., 
Fremont, CA (510) 770-9221,
www.microlambdawireless.com.

Circle No. 256

NEW
PRODUCTS

Circle 61

Circle 45

Circle 101

Circle 107

Circle 109

Circle 46

CASE TYPE
RECTANGULAR OCTAGONAL BLUETOOTH ANTENNA SWITCH/LIGHTS MOUNTING STUD

J3 OPTIONS

INPUT CONNECTOR CONTROL INPUT
DB-9 CONNECTOR

Steel
Stud and
Hex Nut

BNC JACK

WIRE-WRAP TERMINALS

18 AWG WIRE LEADS

TWINAXIAL CONNECTOR

J1 OUT CONNECTOR

TNC JACK

BNC JACK

J2 OUT CONNECTOR

TNC JACK

BNC JACK

J3 OPTION

Universal Component

TwinPeaks

Electronics

C
O

N
T

R
O

LIN
P

U
T

J1 OUT J2 OUT

A (2.5)

B(.5)

E (1.5)

C
(1.5)

H(2.5)

D typ
(.85)

SMA JACK

ON OFF

.15

1.5

Get it before your 
competition does!

With Online Assembler web-based design
capability on your website, visitors can draw
custom parts with just a few clicks and send to
you for quotation—easily and instantly.
• Works with standard Web browsers; no

plug-ins or other software required.
• Suitable for any assembled component.
Visit www.rileycomms.com to try a live demo!

Personal

Probe

Station

Personal

Probe

Station

J micro  Technology

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

Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

• Benchtop Size(<1ft2) • Vacuum chuck • X-Y-Ø stage•
•X-Y-Z probe positioners •Top Plate Z-lift •Vacuum Accessory Manifold•

•6.5X-112.5X Stereo Zoom Microscope • Adjustable Halogen Illuminator •
•Vacuum Accessories • Compatible with 40GHz+ probes•

• Accessories for Thermal Chucks and Probe Cards•
•Compatible with Magnetic Mount Positioners•

•Test wafers, microstrip packages and surface mount components•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

(503) 531-9325 [FAX]
www.jmicrotechnology.com

Very Low Cost

High Function

A  P r o b e  S t a t i o n  O n  E v e r y  B e n c h

MICRO-ADS
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MICROWAVE DESIGN
ENGINEER

5+ YEARS DESIGN EXPERIENCE WITH:
Waveguide and Coaxial Filters

Couplers and Combiners
High Power Components

Knowledge of design simulation
software and HP network

analyzers.

Excellent benefits package.

Contact: Jim Burke
james_burke@mdc.usa.com

PH: 603-870-6280
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■ Rubidium Frequency Standard

The model 8040C is a fully featured and config-
urable rubidium frequency standard that pro-
vides flexible output options in a 1U rack mount
package. The 8040C is ideal as a frequency ref-
erence in test equipment, communications sys-
tems, and timing systems utilized in aerospace
and defense applications. As a standalone refer-
ence or in combination with a GPS input the
8040C can provide stable reference signals for
distribution to multiple test locations.
Symmetricom Inc., 
San Jose, CA (978) 927-8220,
www.symmttm.com.

Circle No. 259

SUBSYSTEM
■ IF Switch Matrix
The model 1411H is a switch matrix that offers
wide advanced signal control features for ad-

vanced applica-
tions. This unit
covers a frequen-
cy range of 50 to
250 MHz, and
can be config-
ured as small as
64 inputs by 64
outputs up to 128
inputs by 128
outputs. High
signal intercept

levels and input-to-input isolations are key at-
tributes of the unit’s performance. The unit
features a graphical front panel display for con-
trol. Communication with the unit can be RS-
232 or 10 base T.
STC Microwave Systems, 
Beverly, MA (978) 524-7290,
www.craneaerospace.com.

Circle No. 260

TEST EQUIPMENT
■ Design Tools

These design tools enable RF and baseband
engineers working at the physical layer to cre-
ate, analyze and troubleshoot orthogonal fre-
quency division multiplexing signals specified
in the IEEE 802.16-2004 standard, often re-
ferred to as WiMAX. The Signal Studio for
WiMAX works with the E4438C ESG vector

signal generator to create modulated WiMAX
signals for thorough stimulation of compo-
nents. Used in conjunction with the E8827A
advanced communications model set in ADS
2004, the design tools offer engineers a virtual
WiMAX prototyping and system test solution. 
Agilent Technologies Inc., 
Palo Alto, CA (800) 829-4444,
www.agilent.com.

Circle No. 261

■ Vector Network Analyzers
The 37000D series of Lightning Vector Network
Analyzers (VNA) covers four frequency ranges 

up to 65 GHz.
This D series de-
livers improved
performance, up-
dated interfaces,
expanded soft-
ware application
and Ethernet con-
nectivity. These
enhanced VNAs

are designed to test active and passive compo-
nents intended for emerging applications such as
high speed wireless networks and Ka-band satel-
lite communications systems during R&D and
production.
Anritsu Ltd., 
Bedfordshire, UK +44 (0) 1582 433433,
www.eu.anritsu.com.

Circle No. 262

■ Power Meter
The model 9000B is a power meter with a
diode sensor. This meter operates in a frequen-

cy range of 100
kHz to 40 GHz
and a power
range of –30 to
+20 dBm, usable
to –39 dBm. This
model offers two
auto ranges, an
auto zero sensor
and operates

from 115 VAC, 230 VAC (optional), +10 to +24
VDC, 500 mA. Delivery: stock to 30 days.
Krytar, 
Sunnyvale, CA (408) 734-5999,
www.krytar.com.

Circle No. 264

■ Connector Calibration Kits
These coaxial 1.85 mm connector calibration
kits perform full two-port calibrations of net-

work analyzers
and are capable
of making mea-
surements up to
70 GHz. These
1.85 mm calibra-
tion kits are avail-
able in three
types. The 7850A
series can per-

form a full two-port calibration to 70 GHz us-
ing an offset short calibration method. The
7850B series economy kits can perform a full
two-port fixed load calibration to 70 GHz. A
single sex male/female version is available. The
7860A series offers a TRM/TRL/LRL full two-
port calibration up to 70 GHz. 
Maury Microwave Corp., 
Ontario, CA (909) 987-4715,
www.maurymw.com.

Circle No. 265
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Embedded COTS Systems in Military, Aerospace and Defense

• VDC’s research indicates that North American and European COTS merchant
board, system, OS and SW development tools shipments comprised over $2.3 B in
2003, with a projected compound annual growth rate (CAGR) of 6.27% over the
period 2003–2008.

• Shipments of COTS merchant computer boards to these markets were over US$
670 M in 2003. This is expected to grow to US$ 835 M in 2008.

• Shipments of COTS integrated systems/subsystems accounted for just over US$
1.6 B in revenues in 2003, and are projected to grow to almost US$ 2.2 B in 2008.

• Shipments of embedded OSs/RTOSs and software development tools, com-
bined, comprised over US$ 120 M in shipments to the COTS market in 2003. This
is expected to increase to over US$ 217 M in 2008.

US to Buy $1.7 B of Software-defined Radio Equipment by 2007
The US military is the largest proponent and purchaser of software-defined ra-

dio (SDR) equipment. In fact, shipments of SDR equipment to the US military are
forecast to reach over $1.7 B by 2007, according to a new study from Venture De-
velopment Corp. This represents a compound annual growth rate of 48.4% be-
tween 2003 and 2007.

Most US SDR procurement takes place through the DoD’s JTRS program. JTRS
was started seven years ago in an effort to coordinate the replacement of approx-
imately 750,000 US military radios with 250,000 to 320,000 software-defined ra-
dios.

Unlike previous radio systems, these new SDR radios can interoperate with
each other and be upgraded via software to incorporate the latest communica-
tions technologies. Since its conception, the program has been expanded to en-
able interoperability with the British military, NATO and other Allied Forces.
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Estimated JTRS Spending Through 2007 Includes 
(in millions of dollars):

2003: 212.5
2004: 558.4
2005: 533.5
2006: 880.0

2007: 1386.10

Source: Venture Development Corp., One Apple Hill Dr., Suite 206, Box 8190, Natick, MA 01760
(www.vdc-corp.com)

Source: Military & Aerospace Electronics, PennWell, 98 Spit Brook Rd., Nashua, NH 03062
(http://mae.pennnet.com/home.cfm)
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To see one’s work in print
is the rightful reward of every
creative engineer and scientist.
The editors of Microwave Jour-
nal invite you to submit your
technical manuscripts for con-
sideration to be published in
one of  our upcoming issues.
Technical articles, application
notes and tutorial articles based
on the monthly editorial themes
are encouraged. Editorial
themes include wireless, radar
and antennas; RF components
and systems; test and measure-
ment; amplifiers and oscillators;
semiconductors and MMICs;
commercial applications; IVHS
and ITS; dual technologies; com-
munications and PCN; passive
components; and control de-
vices, modulation and DSP.

Design features should
contain new and innovative
technical ideas of practical use
and interest to our predomi-
nantly engineering readers. 
Papers should be 14 to 16 dou-
ble-spaced pages and contain 8
to 12 visual aids in the form of
sketches, graphs, photographs
or tables. 

Papers should be submitted
to the attention of the Technical
Editor and will be reviewed
promptly by our Editorial Review
Board prior to acceptance. Arti-
cles outside of the monthy
themes also will be considered.

SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street

Norwood, MA 02062
(781) 769-9750

Fax (781) 769-5037
e-mail fbashore@mwjournal.com
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Next month
all the pieces

come together.

The bold new look
of Microwave Journal®.

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page

B
A

M SaGEFm Previous Page Contents Zoom In Zoom Out Front Cover Search Issue Next Page



■ Ultra-Wideband Radio Technology

Kasimierz Siwiak and Debra McKeown
John Wiley & Sons Ltd.
264 pages; $95
ISBN: 0-470-85931-8

This book is designed to give a basic overview of the
subject of ultra-wideband (UWB) technology. It

grounds the reader with a brief history, offers an under-
standing of the current regulations and standards that are
being developed, and then presents the workings of the
technology. The history of ultra-wideband is introduced in
Chapter 1, its first appearance being the early spark-gap

mechanisms. The develop-
ment of a technology is tem-
pered as much by invention
and innovation as by regula-
tions, which are explored in
Chapter 2: the Regulatory
Climate. In Chapter 3: UWB
in Standards, the develop-
ment of some standards ac-
tivities in which UWB will
appear, are traced. Chapter
4: Generating and Transmit-
ting UWB Signals, details
the generation of wideband

signals, which requires techniques different from those
used with conventional radio signals. In Chapter 5: Radia-
tion of UWB Signals, the concept of finite time imparts
interesting characteristics to UWB radiation. The time so-
lution to radiation is presented and shows how wideband
signals differ from their narrowband counterparts. Chap-
ter 6: Propagation of UWB Signals, explains how UWB
signals interact in the real world in a variety of environ-
ments. Receiving UWB signals is not very different from
receiving other wireless signals; however, there is an art to
receiving signals efficiently and translating them correctly
to extract the information conveyed. In Chapter 7: Re-
ceiving UWB Signals, the techniques of efficient signal re-
ceptions are discussed. One advantage of UWB is touted
to be its enormous capacity. Chapter 8: UWB System
Limits and Capacity, quantifies the performance of UWB
links and shows how the environment and other wireless
users have an impact on the amount of information that
can be packed on a link. Chapter 9: Applications and Fu-
ture Directions, explains several ideas that have been pro-
posed for marketing and a couple that are just sparks of
thought and are meant to enthuse readers and open
minds to the possibilities.
To order this book, contact: John Wiley & Sons Ltd.,
The Atrium, Southern Gate, Chichester, West Sussex
PO19 8SQ UK +44 1243 779777.

■ An Introduction to
Microelectromechanical Systems
Engineering, Second Edition

Nadim Maluf and Kirt Williams
Artech House Inc.
302 pages; $89, £59
ISBN: 1-58053-590-9

The past few years have witnessed an increasing maturi-
ty of the MEMS industry and a rapid introduction of

new products addressing applications ranging from bio-
chemical analysis to fiber-optic telecommunications. The
market size for MEMS products has doubled in the past
five years and is projected to grow at this fast rate for the
foreseeable future. In this second edition of the original
publication, the authors have revised the original text and
added substantial new material, while retaining the style
characteristic of an introductory book intended for a
broad audience of scientists, engineers, students and busi-
ness executives. The section on fabrication processes has
been expanded by adding new methods and materials.
The advantages and limitations of many micromachined
structures are covered in more detail. The chapter on
commercial structures is now divided into four chapters,
each focusing on a specific
application and expanded
with appropriate material
covering new technical de-
velopments and products.
Chapter 4 is now specific to
automotive and industrial
applications, covering tradi-
tional products, such as pres-
sure sensors, accelerome-
ters, yaw-rate sensors and
new emerging products in
valving and pumping. Chapter 5 now covers the applica-
tions of MEMS in photonics, including displays, optical
sensors and new products that are now common in fiber-
optic telecommunications. The focus of Chapter 6 is on
applications in life sciences, with emphasis on new prod-
ucts and developments specific to biochemical analysis
and microfluidics. With the emergence of wireless and
RF as a new market for MEMS technology, Chapter 7 de-
scribes recent developments and introductions in this
promising area. In Chapters 4 to 7, the information on ap-
plications and systems that include MEMS products was
expanded where appropriate. In Chapter 8, the material
on packaging was also expanded to include packaging of
optical MEMS products and an entirely new section on
reliability and quality assurance was added.
To order this book, contact: Artech House Inc., 685
Canton St., Norwood, MA 02062 (781) 769-9750
ext. 4030; or 46 Gillingham St., London SW1V 1HH
UK +44 (0) 207-8750.
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THE BOOK END

Dan Massé
Dan Massé is a member of the Microwave Journal staff.

“One advantage 

of UWB is touted

to be its enormous

capacity.”

“The market size

for MEMS products

has doubled in the

past five years...”
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The IEEE Microwave Theory and
Techniques (MTT) Society announces
the establishment of MTT Wireless, a

week-long event encompassing
wireless systems and technologies

Don’t miss out, visit the show Website, www.mttwireless.org,
or contact us today:

Conference information: Fred Schindler, 978-670-2230, m.schindler@ieee.org

Exhibition information: Kristen Dednah, 781-769-9750, kdednah@mwjournal.com

Also participating are:

The established Topical Meeting 
on Silicon Monolithic Integrated Circuits 

in RF Systems (SiRF)
18–20 January 2006

The IEEE Topical Workshop on Power
Amplifiers for Wireless Communications

(PA Workshop)
16–17 January 2006

The combination of these leading edge technical conferences and large commer-
cial exhibition make this a must attend event for everyone working on Wireless
Systems and Technologies. 

MTT Wireless is a combination of events all geared to wireless technologies and systems

Sponsored by: Exhibit Managed by:
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Salvador da Bahia
Brazil, 3-6 October

I n t e r n a t i o n a l  T e l e c o m m u n i c a t i o n  U n i o n

Helping the world communicate
Hosted by the 
Government
of Brazil

www.itu.int/americas2005

ITU TELECOM
AMERICAS2005

Click LEADnet at mwjournal.com or Circle 43 on Reader Service Card
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Click LEADnet at mwjournal.com or Circle 20 on Reader Service Card

REGISTER BEFORE JANUARY 31, 2005

and 

Save    
up to  

$345!

Save    
up to  

$345!

The Most Important Technology Event of the Year!
March 14-16, 2005    Ernest N. Morial Convention Center    New Orleans, LA    www.ctia.org

K
ey

no
te

s

Daniel A. Carp
Chairman and Chief
Executive Officer
Eastman Kodak Company

Stay tuned for 
more exciting
Keynote 
announcements...

Gala
Join us for
an evening
of comedy
at the 
12th Annual
CTIA 
WIRELESS
Gala with
Emmy
Award 
winning 
host of the
Tonight
Show, 
Jay Leno!*

* This is a private date
appearance for CTIA
WIRELESS 2005
attendees only.
Tickets are required
for admission

CTIA WIRELESS 2005
is the most important global event
where standards bodies converge to
set the agenda for the future of the
wireless indutry. Network with the
largest gathering of wireless engi-
neers and technologists to find the
tools you need to help advance the
wireless industry.

CTIA WIRELESS 2005 offers numerous
opportunities for the wireless engineer
and technologist:

� CTIA Education – a track dedicated 
to wireless technology

� Tower Summit & Trade Show 2005 –
premiere wireless infrastructure event

� IEEE Wireless Communications
Network Conference (WCNC) 2005 –
the industry’s foremost conference 
for developing wireless standards 
and engineering

� Developers Conferences

� Exhibits – a 400,000 sq. ft. floor displaying
the latest in wireless technology 

� More new wireless product announce-
ments than any other show!

� CTIA Wireless Home – a 7,000 sq. ft. home
that brings wireless technology to life

Steve Largent
President/CEO
CTIA-The Wireless
Association

Produced by

www.ctia.org
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