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Aviation
Earth Station
Instrumentation
L, S, C, X, and Ku Bands

Microwave Radio
Mobile Satellite
Radar 
Telemetry

459 East Main Street  Denville, NJ 07834

To learn more, please call 866-444-6322 or visit our website at www.e-MECA.com

POWER DIVIDERS/
COMBINERS

2-way through 
16-way in N, 

SMA, BNC, TNC 
and 7/16 DIN 

connector styles 

ATTENUATORS
DIRECTIONAL & HYBRID 

COUPLERS

Average power 
handling from 

50W to 1kW. 
Standard 

coupling values 

DC BLOCKS

Available in N, 
BNC, TNC, SMA & 

7/16 DIN 
con�gurations. 

Power ratings to 
500 watts (2.5 

INTEGRATED ASSEMBLIES

Let MECA 
create an 

integrated 
assembly with 

any of our

BIAS TEES

Covering 
bands from 0.5 

– 2.5 GHz and 
0.7 to 2.7 GHz  

in 7/16 DIN, 

CIRCULATORS & ISOLATORS

In both N & 
SMA-Female 

connectors with 
average power 

ratings from 2 to 

RF LOADS

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 

ratings from 2 to ratings from 2 to 

from 0.4 to 18.0 GHz.

Most available in 
1 dB increments 

from 0 - 40dB. 
Power ratings 
from 2 to 150 

Watts. 18 GHz. of 3, 6, 10, 20, 30 and 40 dB.

kW peak).
 standard RF/Microwave 

products on 19” panels, shelves 
or enclosures.

SMA, N, BNC & TNC con�gurations 
with RF power ratings to 

300 watts (3 kW peak).

250 watts. “Popular” frequency 
bands between 0.7 - 18.0 GHz.

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 
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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products.  Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional
testing instruments.

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing.  And only Picoprobe  offers the
lowest loss, best  match,  low  inductance
power supplies, and current sources on a
single probe card.

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

Through unique modular design
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

GGB INDUSTRIES, INC.     •     P.O. BOX 10958     •     NAPLES, FL 34101
Telephone  (239) 643-4400     •     Fax   (239) 643-4403     •     E-mail  email@ggb.com     •    www.picoprobe.com

®
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   THE INDUSTRY’S LARGEST SELECTION Mini-Circuits offers thousands of power 
splitters/combiners for applications from 2 kHz to 18 GHz and with power handling as 
high as 300 watts. Choose from coaxial, flat-pack, and surface-mount housings, for 50 Ω 
and 75 Ω applications. The industry’s largest selection includes 2-way through 
48-way power splitters/combiners in 0°, 90°, and 180° configurations, with outstanding 
performance in terms of insertion loss, VSWR, amplitude unbalance, and phase 
unbalance. All models are characterized with detailed data and performance curves, 
available at the touch of a button using Mini-Circuits advanced Yoni2 search 
engine. These low-cost, off-the-shelf power splitters/combiners are available 
immediately, and backed by Mini-Circuits 1year guarantee. But if your application 
calls for a custom unit, our development team will meet or exceed your requirements 
quickly and cost-effectively. Contact Mini-Circuits today, for the industry’s largest 
selection of power splitters/combiners. 

RoHS Compliant 
Product availability is 
listed on our website. 

o S
C O M P L I A N T

POWER
SPLITTERS

COMBINERS

Mini-Circuits...Your partners for success since 1969

 as low as79 ¢
from2 kHz to18 GHzNOW!

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260
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pwrSplitsprd448revE.indd   1 6/7/10   3:47:19 PM

MWJ/MC/F448REVE/0710
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For additional information or technical support, please contact our
Sales Department at (631) 439-9220 or e-mail components@miteq.com

SPST
0.2 – 2 SW1-002020RN1NF 1.7 70 1.6:1 10/10 20 35 35/70

2 – 8 SW1-020080RN1NF 2 80 1.7:1 10/10 20 35 35/70
4 – 12 SW1-040120RN1NF 2.2 80 1.7:1 10/10 20 35 35/70
2 – 18 SW1-020180RN1NF 3 80 2:1 10/10 20 35 35/70
1 – 18 SW1-010180RN1NF 3 70 2:1 10/10 20 35 35/70

SP2T
0.2 – 2 SW2-002020RN1NF 1.5 70 1.6:1 10/10 20 35 60/60

2 – 8 SW2-020080RN1NF 1.8 80 1.7:1 10/10 20 35 60/60
4 – 12 SW2-040120RN1NF 2.2 80 1.7:1 10/10 20 35 60/60
2 – 18 SW2-020180RN1NF 2.8 80 2:1 10/10 20 35 60/60
1 – 18 SW2-010180RN1NF 3 70 2:1 10/10 20 35 60/60

SP3T
0.2 – 2 SW3-002020RN1NF 1.6 70 1.6:1 20/20 150 180 85/85

2 – 8 SW3-020080RN1NF 1.9 80 1.7:1 20/20 150 180 85/85
4 – 12 SW3-040120RN1NF 2.4 90 1.7:1 20/20 150 180 85/85
2 – 18 SW3-020180RN1NF 3 80 2:1 20/20 150 180 85/85
1 – 18 SW3-010180RN1NF 3.1 70 2:1 20/20 150 180 85/85

Note: The above models are all reflective switches. Absorptive models are also available, please contact MITEQ.

Frequency Insertion Rise/Fall On/Off On/Off DC Power
Range Model Loss Isolation VSWR Time Time Time Positive/Negative
(GHz) Number (dB, Max.) (dB, Min.) (Max.) (ns, Typ.) (ns, Typ.) (ns, Max.) (mA, Max.)

Ad441 7.8125x10.75:ad441  6/23/10  8:18 AM  Page 1
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Protecting your radar system 
just got a whole lot easier

New high power surface

mount limiters from

Aeroflex / Metelics are

making your receiver/

protector sections a whole

lot easier to design. These

drop-in devices include 

11 completely integrated

components that have

been optimized for S 

and C band radar systems. 

In comparison to silicon

and GaAs MMICs, which

lack thermal capacity and

thermal conductivity, these

devices offer stable peak

power handling through 

8 GHz. 

• Frequency bands from
20 to 8000 MHz

•  100 W C.W. and 1 KW
Peak Power Handling 

• Flat Leakage Power 
of 20 dBm

• 8 x 5 x 2.5 mm SMT
Packaging

We’ve put our semicon-

ductor experience to work

in developing a variety of

broadband and octave

band models. Call or visit

our website for details. 

603-641-3800

www.aeroflex.com/metelicsMJ

Part Number Type Frequency 
(MHz)*

Loss 
(dB)

C.W. 
Power (W)

LM200802-M-A-300 Medium Power Broadband 20-8000 1.4 20

LM501202-L-C-300 Octave Band, Low Power 500-2000 0.4 4

LM501202-M-C-300 Octave Band, Med Power 500-2000 0.6 30

LM202802-L-C-300 Octave Band, Low Power 2000-8000 1.0 4

LM202802-M-C-300 Octave Band, Med Power 2000-8000 1.2 30

LM401102-Q-C-301 Octave Band, High Power, “Quasi-Active” 400-1000 0.3 100

LM102202-Q-C-301 Octave Band, High Power, “Quasi-Active” 1000-2000 0.5 100

LM202802-Q-C-301 Octave Band, High Power, “Quasi-Active” 2000-8000 1.4 100

High Power Surface Mount Limiters

AeroflexMetelics_Limiters_MJ  12/20/2010  10:51 AM  Page 1

MWJAEROFLEX_METELICS0111.indd   147 1/24/11   4:59 PMMWJAEROFLEX_METELICS0111.indd   8 1/24/11   5:22 PM
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FEATURES

C O V E R  F E A T U R E
 22 Multilayer Technology Enables Miniaturization of Integrated Multi-function Modules

Ronen Holtzman, Elisra Electronic Systems Ltd.
Emergence of microwave integrated circuit technology in multilayer radio frequency circuits as the chosen solution for small 
form and high functionality integrations

M V P :  M O s T  V A L U A B L E  P R O d U C T
 34 A Compact Synthesizer Module Offers Instrument-grade Performance and Functionality

Phase Matrix Inc.
 Introduction to a series of microwave frequency synthesizers covering 0.1 to 10 GHz and 0.2 to 20 GHz

T E C H N I C A L  F E A T U R E s
 58 Setting New Noise Performance Benchmarks Using Wideband Low-noise, High-linearity LNAs

Chin-Leong Lim, Avago Technologies
Optimization of several design parameters to minimize internally generated thermal noise to achieve low noise performance

 78 Cross Correlation in Phase Noise Analysis
Jason Breitbarth, Holzworth Instrumentation
Demonstration of how cross correlation can accurately identify signals or noise that are below the level of the measurement 
instrument
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Overview of the improvements in large-signal device characterization brought on by a new class of vector-receiver load pull 
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www.cobham.com

From Core Components to 
Integrated Solutions

The most important thing we build is trust

Integrated Microwave 
Assemblies

Cobham integrates microwave 
component technologies 
with digital control and signal 
processing:

Photo courtesy of US DoD

• Attenuators
• Switches
• Oscillators
• Amplifiers
• Filters
• Couplers and Mixers

Our innovative packaging and 
assembly technologies give our 
customers ultimate performance 
optimization.

For further infomation on Cobham capabilities, please contact us at sensorsales@cobham.com

mailto:sensorsales@cobham.com
http://www.cobham.com
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Handheld Spectrum Analyzers N9340B NEW N9342C
Frequency range 100 kHz – 3 GHz 100 kHz – 7 GHz

Task planner and internal GPS No Yes

Weight 7.7 lbs 8.1 lbs

Dimensions 12.5"x 8.15"x 2.7" 12.5"x 8.15"x 2.7"

So does every minute you save.
Making complex measurements simple and reliable is what Agilent 
handheld spectrum analyzers (HSA) are all about—rain or shine, day 
or night. Automated functions reduce human error and save time. 
Agilent’s new N9342C  7 GHz HSA even stores multiple test routines 
so repetitive tasks can be quickly executed. MIL-rugged, superb 
ergonomics and feature-rich. That’s fi eld ready. That’s Agilent.

© 2010 Agilent Technologies, Inc. 
*   With purchase of an N9340B or N9342C HSA.

Promotion ends May 31, 2011.

In the fi eld, every measurement counts.

Agilent and our 
Distributor Network
Right Instrument. 
Right Expertise. 
Delivered Right Now.

FREE spare battery, battery charger 
and 12 V adapter with purchase*

Learn more at www.testequity.com/Agilent_HSA
800-732-3457 
www.testequity.com/agilent

File:  06467_MJ_HHSA_TestEq_Dec
Docket/Job:  06467
Client:  Agilent

Trim: 7.8125" (w) x 10.75" (h)
Live:  7.125" x 10.125"
Bleed: .25"

Publication: Microwave Journal
Insertion Date:  December 2010 Issue
Colours:  CMYK

Art Director: From Client
Copywriter: From Client
Mac Artist: Mike

06467_MJ_HHSA_TestEq_Dec.indd   1 10/14/10   9:19:02 AM
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http://www.testequity.com/agilent
http://www.testequity.com/Agilent_HSA


14  MICROWAVE JOURNAL  FEBRUARY 2011

Go to
www.mwjournal.com

Free Webinars
Innovations in EDA Series Presented by 
Agilent Technologies Inc.
Memory Effects in RF Circuits: Manifestations 
and Simulation: This Webcast defi nes memory 
effects in RF circuits commonly used in various 
radio blocks and demonstrates how these 
effects can adversely impact the accuracy 
of simulations using traditional behavioral 
approaches. Finally, new techniques are 
presented for suffi cient simulation speed and 
accuracy.
Available for on demand viewing after 2/3/11 
Sponsored by Agilent Technologies Inc.

RF/Microwave Training Series Presented 
by Besser Associates
RF Power Amplifi ers - Digital Pre-distortion 
Techniques: This webinar, presented by Dr. 
John Wood, discusses modern communications 
signals and the impact of RF power amplifi er 
design on linearity and effi ciency. Topics include: 
linearizer basics, memory effects, digital pre-
distortion techniques, system architecture and 
linearization results.
Live webcast: 2/15/11, 11:00 AM EST 
Sponsored by Scintera Networks Inc.

Technical Education Series
Presented by AWR and Rohde & Schwarz
LNA design and characterization using modern 
RF/microwave software together with T&M 
instruments: In this webcast, Microwave Offi ce 
is used to develop a prototype of an LNA design, 
applying the simulator to reveal and quantify 
sensitive circuit parameters. The ZVA, a R&S 
Vector Network Analyzer, is used to characterize 
the LNA design built according to the simulation 
results. Microwave Offi ce and the ZVA are 
plugged together to bring the measured and 
simulated results together for instantaneous 
comparison and virtual model verifi cation.
Live webcast: 3/8/11, 12:00 AM EST
Sponsored by AWR and Rohde & Schwarz

Online Technical Papers
Finite Element Modeling of 
Electromagnetic Scattering for 
Microwave Breast Cancer Detection 
Reza Firoozabadi, Airvana Network Solutions,
and Eric Miller, Tufts University

What is Phase Noise?
Tutorial, Peregrine Semiconductor

Characteristics of E-pHEMT vs. HBTs for 
PA Applications 
White Paper, Avago Technologies

Time Matters: How Power Meters 
Measure Fast Signals
Wolfgang Damm, Wireless Telecom Group

Coverage of
Upcoming Events
February has its share of important industry 
events including DesignCon 2011, the 
International Solid-state Circuits Conference 
(ISSCC 2011), NATE and Mobile World Congress. 
MWJ will be reporting exhibitor product news 
from these events and covering Mobile World 
Congress live from Barcelona, Spain, with blogs, 
Twitter and our Microwave Flash newsletter.

Executive Interview
Dr. Alexander Chenakin, Vice 
President of the Signal Sources 
Group at Phase Matrix, talks 
about the technology behind 
the company’s state-of-the-art 
frequency synthesizers and the 
specifi c market requirements 
addressed by these high 
performance products.

Online

http://www.mwjournal.com


±0.5dB RMS Power Accuracy

, LT, LTC, LTM, Linear Technology and the Linear logo are
registered trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.

The LTC®5583 delivers outstanding channel-to-channel isolation and 60dB dynamic range using single-ended inputs, eliminating
the need for external balun transformers. This dual RF detector offers exceptional accuracy of ±0.5dB error over a temperature
range from –40°C to 85°C. The device provides a drop-in solution that simplifies design, improves accuracy and reduces costs.

Info & Free SamplesHigh Performance RMS Detectors

LTC5582LTC5583

Operating Frequency

# Channels

Dynamic Range (dB)

Detection Range (dBm)

Measurement Accuracy
(–40°C to 85°C)

Output Interface

Power Supply 

40MHz to 10GHz
1
57

–56 to 1

±0.5dB

Log-Linear Voltage
3.3V/42mA

40MHz to 6GHz
2
60

–58 to 2

±0.5dB

Log-Linear Voltage
3.3V/90mA

LT®5581

10MHz to 6GHz
1

40
–34 to 6

±1dB

Log-Linear Voltage
3V/1.4mA

LTC5587

10MHz to 6GHz
1

40
–34 to 6

±1dB

12-Bit Serial ADC
3.3V/3mA

www.linear.com/5583

1-800-4-LINEAR

6GHz Dual, Matched RMS Detector with
Superior Isolation Simplifies Calibration

5582-83 Ad MWJ.qxd  10/13/10  9:23 AM  Page 1

MWJ/LINEAR/POWER/1110

http://www.linear.com/5583
http://www.linear.com/wireless


Don’t break your bank with expensive conventional power 
meters. Mini-Circuits USB Power Sensors turn almost any 
Windows or Linux computer into a low-cost testing platform 
for all kinds of RF components. Reference calibration is built 
in, and your USB port supplies required power. Our GUI offers 
a full range of watt or dB measurements, including averaging, 
frequency sweeps, and multi-sensor support.      

Our power sensors can be carried in your pocket, or mounted 
remotely for manual or automated system monitoring (internet 
connectivity required). Data can be viewed onscreen or exported 
to Excel for reporting and analytic tools. Mini-Circuits Power 
Sensors cost half as much as you might expect, so why do 
without? Place an order today, and we can have it in your hands 
as early as tomorrow.

488 rev A

RF POWER METERS
-30 to +20 dBm  9kHz to 8 GHz

Smart
Turn USB Power Sensors into

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260

All Power Sensor models include:
•Power Sensor Unit 
•Power Data Analysis Software 
•SMA Adaptor (50Ω only) 
•USB Cable

* LabVIEW is a registered trademark of National Instruments Corp. 
Delphi® is a registered trademarks of Embarcadero Technologies, Inc. 
Visual Basic® is a registered trademark of Microsoft Corporation.
The Mini-Circuits USB Power Sensor is not affiliated with any of 
the programming software referenced above.

RoHS compliant

Model   Frequency Speed Ω Price $ ea.

PWR-6 G 1MHz-6 GHz 300 ms 50 695.00
PWR-6 GHS 1MHz-6 GHz 30 ms 50 795.00
PWR-8 GHS 1MHz-8 GHz 30 ms 50 869.00
PWR-4 GHS 9kHz-4 GHz 30 ms 50 795.00
PWR-2 GHS-75 100kHz-2GHz 30 ms 75 795.00

qty. 1-4

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

• Lightning-fast  measurement, as quick as 30ms  • Averaging of measurement • 50 dB dynamic range   
• Linux support • Compatible with LabVIEWTM, Delphi®, C++, C#, Visual Basic®, and .NET software* 

pwrSensad488Org.indd   1 1/11/11   4:17:17 PM
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ACES 2011
27th International Review of Progress in Applied 

Computational Electromagnetics 
Williamsburg, VA

Las Vegas, NV

STUDIO SUITE 
Microwave & 
Antenna Training
Munich, Germany

Washington, DC

HFSS 
Training

Boston, MA

Understanding 
MIMO OTA Testing: 
CTIA Wireless Expert 
Forum
Orlando, FL 
Organized by

Webinar on LNA 
Design and 

Characterization

 
Webinar on 
Real Time

 
Innovations in 
EDA Webcast

®

MWJ Besser 
Webinar: 

VCO Design
Sponsored by
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FEBRUARY

MWC 2011 
Mobile World Congress
February 14–17, 2011 • Barcelona, Spain
www.mobileworldcongress.com

issCC 2011 
international solid-state CirCuits 
ConferenCe
February 20–24, 2011 • San Francisco, CA
http://isscc.org

nate 2011
national assoCiation of toWer ereCtors
February 21–24, 2011 • Oklahoma City, OK
www.natehome.com

MARCH

satellite 2011
March 14–17, 2011 • Washington, DC
www.satellite2011.com

Ctia With rf/MiCroWave and M2M Zones
March 22–24, 2011 • Orlando, FL
www.ctiawireless.com

aCes 2011 
27th international revieW of Progress in 
aPPlied CoMPutational eleCtroMagnetiCs
March 27–31, 2011 • Williamsburg, VA
http://aces.ee.olemiss.edu/conference/

APRIL

arMMs rf and MiCroWave soCiety 
ConferenCe
April 4–5, 2011 • Oxfordshire, UK
www.armms.org

WaMiCon 2011 
ieee Wireless and MiCroWave teChnology 
ConferenCe
April 18–19, 2011 • Clearwater, FL
www.wamicon.org

MAY

ieee sarnoff syMPosiuM
May 2–4, 2011 • Princeton, NJ
http://sarnoff-symposium.ning.com

CaLL FOR PaPeRS
EuMW 2011 

Deadline: February 12, 2011
ARMMS Conference 

Deadline: February 28, 2011
MILCOM 2011

Deadline: March 18, 2011
RADAR 2011 

Deadline: May 1, 2011
IEEE COMCAS 2011 

Deadline: June 15, 2011

ONLINe
www.mwjournal.com/events

JUNE

Mie 2011 
2011 national ConferenCe on MiCroWave 
and MilliMeter Wave in China 
2011 MiCroWave industry exhibition in 
China
June 4–7, 2011 • Qingdao, Shandong, China
www.cnmw.org

rfiC 2011 
ieee radio frequenCy integrated CirCuits 
syMPosiuM
June 5–7, 2011 • Baltimore, MD
www.rfic2011.org

iMs 2011 
ieee Mtt-s international MiCroWave 
syMPosiuM
June 5–10, 2011 • Baltimore, MD
www.ims2011.org

arftg 2011 
arftg MiCroWave MeasureMent ConferenCe
June 10, 2011 • Baltimore, MD
www.arftg.org

AUGUST

eMC 2011 
ieee international syMPosiuM on 
eleCtroMagnetiC CoMPatibility
August 14–19, 2011 • Long Beach, CA
www.emc2011.org

OCTOBER

euMW 2011 
euroPean MiCroWave Week
October 9–14, 2011 • Manchester, UK
www.eumweek.com

aMta 2011 
33rd annual syMPosiuM of the antenna  
MeasureMent teChniques assoCiation
October 16–21, 2011 • Englewood, CO
www.amta.org

radar 2011 
international ConferenCe on radar
October 24–27, 2011 • Chengdu, China
www.radar2011.org

NOVEMBER

CoMCas 2011 
international ieee ConferenCe on 
MiCroWaves, CoMMuniCations, antennas and 
eleCtroniC systeMs
November 7–9, 2011 • Tel Aviv, Israel
www.comcas.org

MilCoM 2011
November 7–10, 2011 • Baltimore, MD
www.milcom.org

DECEMBER

asia PaCifiC MiCroWave ConferenCe
December 5–8, 2011 • Melbourne, Australia
www.apmc2011.com

Power Transistors

Aerospace and Defense
products from

M/A-COM Tech

Ideal for military (MILCOM) 
and private mobile radio (PMT)

• Silicon MOS technology
• Qualified to MIL-PRF-19500
• Rugged and reliable
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Our warfighters may not be able to see the danger; 
but it's real and it's always present. 

That’s why you should rely on M/A-COM Technology Solutions
for all your aerospace and defense requirements. Whether 
electronic warfare, radar, or communications applications, 
M/A-COM Tech delivers both standard products and custom
solutions that set the industry standard for high performance
and reliability.

M/A-COM Tech has more than 60 years of battle-proven
experience. We deliver a comprehensive portfolio 
of products and extensive technical capabilities  
that support  the demanding performance 
requirements of today’s warfighter. 

©2011  M/A-COM Technology Solutions Inc.
Photo: DoD/USMC/ Lance Cpl. Dexter S. Saulisbury

To learn about our products
and capabilities, visit
macomtech.com/notavideogame

Warning: This is not a video game

IED explodes at urban 
operations training center 

July 2010 
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Performance vs. price? At last, resistive
parts that make a priority of both.

Designed specifically for commercial wireless
bands – and priced more competitively than
ever before – Anaren’s new wireless resistive
components are the answer when perform-
ance and price must share the top slot on
your priority list:
> DC to 6GHz. GSM, 3G, 4G, LTE, and

many more
> Higher power-handling in smaller packages
> Choose from a range of packages including

SMD, chip, flanged, and flangeless

Our new resistive components
are suitable for today's wireless
and broadcast applications
requiring excellent power-
handling in small, cost-
competitive packages.

> Environmentally friendly, thanks to
BeO-free AlN and Alumina designs –
and RoHS compliant, lead-free finish

> Accurate characterization of performance so
you can spec these parts with confidence

> Extremely cost-competitive – Anaren’s
unique designs and manufacturing help
you hit your aggressive cost targets,
while ensuring a quality product. (Every
single component is tested before it
leaves our plant!)
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MWJ/ANAREN/SPREAD/0111
FUTURE AD FOLDER

www.anaren.com > 800-411-6596

> 40+ years of RF and microwave
engineering experience, as
well as decades of experience
in manufacturing ceramic
resistive products
Want resistive components –

and a resistive technology
supplier – that strike the
optimal balance between
performance and price?

Email us at sales@anaren.com
or visit www.anaren.com for
samples, a quote, or application
assistance.

Got a resistive component priority checklist of your own?
Include Anaren on your RFQ list, and we’ll show you
how we measure up!

Balun for analog-to-digital conversion

Tiny, high-performance Xinger®-III
brand couplers

All-new Anaren Integrated Radio
(AIR) modules

Ask Anaren about:

Say hello to the industry’s easiest and most cost-
effective RF implementation! AIR modules are developed
using Texas Instruments’ chip technology. Choose from
433MHz, 800MHz, 900MHz, and 2.4GHz models. There’s
virtually no RF engineering experience required. A
tiny footprint saves precious board space. And much
more! To learn more and acquire an eval kit, email
AIR@anaren.com

Designing an A-to-D converter? Our low-profile, sub-
miniature transformer (part no. BD0205F5050A00) is
ideal for the job! Offering an easy-to-use 4.1 x 2.1mm
SMT package. Covering 200MHz to 500MHz. And with
CMRR performances over 2x that of traditional wire
wound components. Email ccg@anaren.com or
visit www.anaren.com
to download our
latest app notes.

Need high-performance in a small package? Insist on
Xinger®-III brand hybrid and directional couplers from
Anaren. Compared to our still-available, still-exemplary
Xinger-II parts, Xinger-III hybrids offer 5.35 times
the power handling, 52-66% lower insertion loss, and
25-28% higher isolation. While Xinger-III directionals
offer 37-65% lower insertion loss and 50% higher
power handling (at 1/4 the size!) compared to their
Xinger-II equivalents. Email sales@anaren.com
to learn more or
obtain samples.
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Multilayer technology 
enables Miniaturization 
of integrated Multi-
function Modules

The RF and microwave components mar-
ket has seen the introduction of many 
new technologies over the years. In the 

early days, RF and microwave systems and sub-
systems were built using discrete single-func-
tion components, connected by semi-rigid or 
flexible cables. Each component was realized 
by the most suitable process and technology for 
its function. Filters were realized as metal cavi-
ties or by lumped element devices. Amplifiers 
were realized by biasing and matching discrete 
transistors and so on. The total system was large 
and bulky, and mismatch between components 
was difficult to predict and compensate for. 
Such a subsystem is shown in Figure 1.

One of the technologies used to realize an 
RF and microwave function is the microwave 
integrated circuit (MIC). In this technology, a 
device in bare die form is used with a combina-
tion of soft-board (Teflon-based) or hard-board 

(ceramics, such as alumina) matching and bias 
networks. The device is connected to the board 
with a gold or silver ribbon or bond. This tech-
nology is also referred to as chip and wire. Such 
a MIC amplifier is shown in Figure 2.

Along with improvements in the MIC capa-
bilities, more than a single function was inte-
grated to a single MIC component, thus cre-
ating the super-component or integrated mul-
tifunction module. These super-components 
enable a designer to get more functionality 
into a smaller volume, while keeping the com-
ponent to component matching under control. 
Such a super-component is shown in Figure 3.

In the super-component world, miniaturiza-
tion is limited by several factors. First, the bias 
and control lines, usually fed from the other 
side of the mechanical housing, consume a lot 
of space. In Figure 4, a very small device takes 
up a much larger area due to the hermetically 
sealed pins and control lines around it. Another 
limiting factor is the introduction of filters. Since 
the MIC is planar in construction, the easiest 
way to integrate a filter into the design is to print 
the filter on an alumina substrate. However, pla-
nar filters have a lower Q-factor than 3-D filters 
and thus more filters must be used in a given 
design. Non-planar filters were also used, paying 
the price of higher volume.

In highly integrated super-components, 
there are also some DC and digital functions to 

Ronen Holtzman
Elisra Electronic Systems Ltd. 
Bene Beraq, Israel
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s Fig. 1  Subsystem with semi-rigid cables.



RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549  •  Tel: 914.241.1334  •  Fax: 914.241.1753

E-mail: sales@rlcelectronics.com  •  www.rlcelectronics.com

RLC is your complete microwave component source...
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.

RLC Electronics’ electromechanical waveguide switches offer a compact design utilizing a proprietary

non-contacting actuator mechanism that requires low current. Precision machined parts insure

optimum electrical performance over the entire waveguide band. 

For more detailed information on SPDT & DPDT Waveguide Switches, visit our web site.

RLC has the standard and custom
design solutions you’re looking for.

■ Frequencies from 7.05 to
40 GHz

■ Failsafe, Latching, Manual
Override or Manual

■ Indicator and TTL Options

■ Standard Waveguide Sizes

■ Switching Times As Fast
As 25 Milliseconds

■ High Isolation

■ Low Insertion Loss

■ Low VSWR

■ 5, 12 or 28v DC Coil

■ Environmentally Conforms
to MIL-DTL-3928

ISO 9001:2000 CERTIFIED

RLC27328WaveguideAdMWJ:Layout 1  3/19/09  11:53 AM  Page 1
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OeXO’s

from Pletronics

OCXO accuracy and

precision is now available

with the new OeXO™

Series (OCXO equivalent

Crystal Oscillators).

 • ±50 ppb

          over 0°C to +70°C

 • ±100 ppb

         over -40°C to +85°C

.

DIP/DIL OCXO

legacy replacement

5x7 mm

3.2x5 mm

For samples or to find

more about the OeXO

Series and the complete

line of superior frequency

control products, visit

www.pletronics.com or

call 1-425-776-1880.

• Ideal for battery powered

   devices

• Fast stabilization time

• HCMOS output

• From 10 to 40 MHz

• No turn on surge warm

   up current

• Small sizes available

• Price competitive

In recent years, MIC technology in 
multilayer RF circuits has emerged as 
the chosen solution for small form and 
high functionality integrations. As de-
scribed below, this technology enables 
combining bare-die devices, SMT 
components (including BGA), planar 
filters, ceramic filters, DC and control 
functions, and more.

Multilayer ConstruCtion
This method comprises multilayer 

RF and microwave circuits based on 
PCBs with many different layers of dif-
ferent composition and thickness. Usu-
ally the top and bottom layers are used 
for the RF signals, one or more addi-
tional internal layers are used for RF 
bypass lines and embedded circuits, 
and the other layers are used for DC 
and control and various analog func-
tions. The top layer has some cavities 
in it. The cavities extend down to the 
ground metallization of the RF top lay-
er. Such a cavity is shown in Figure 6.

An RF device is placed inside 
the cavity. This can be a transistor, a 
MMIC device, an alumina filter, etc. 
The device has excellent ground-
ing since the grounding is common 
to both the RF feeding lines and the 
device. Assuming the cavity depth is 
carefully chosen, the devices do not 
protrude from the cavity and bond-

be integrated. This was usually done 
by designing a standard PCB, with 
all components assembled by the au-
tomatic surface-mount technology 
(SMT) process. This DC and control 
PCB is usually located in the side op-
posite to the MIC side, with hermeti-
cal pins connecting the two sides. 
This allows the PCB to be located in a 
non-hermetic space and thus makes it 
easier for a designer to come up with 
smaller assemblies.

Along with the introduction of mi-
crowave monolithic integrated circuit 
(MMIC) technology, multifunction 
devices become available in the form 
of a single die or SMT device. This en-
abled reducing the size of super-com-
ponents even further. By using com-
mercial off-the-shelf (COTS) MMIC 
devices, several dies may be replaced 
by one MMIC. For medium and large 
scale programs, system designers use 
custom MMIC devices that are de-
signed to meet the exact functionality 
and size requirements for the specific 
program. In Figure 5, a custom mil-
limeter-wave tripler with high funda-
mental signal rejection is shown.

As MMIC and SMT technologies 
advance, more and more super-com-
ponents are realized as pure SMT 
circuits. Currently, this approach sup-
ports the low to medium frequency 
range. High-frequency or high-Q fil-
ters are still a challenge in these non-
hermetic all SMT circuits.

s Fig. 2  Chip and wire amplifier.

s Fig. 3  Super-component, MIC technology.

s Fig. 4  Phase shifter feeding network.

s Fig. 5  Millimeter-wave tripler.

http://www.pletronics.com


CST of America®, Inc. | To request literature (508) 665 4400 | www.cst.com

CHANGING THE STANDARDS

AT THE FRONTIERS OF SIMULATION

 CST STUDIO SUITE  
2011

Looking for the broader picture? CST STUDIO SUITE 2011 gives you more 
than just the details. With a user friendly interface, a choice of first class 
solvers, easy data exchange between software tools and world class post-
processing, you can leverage the latest developments in electromagnetic 
simulation to bring designs to market faster and with lower risk.

Choose CST STUDIO SUITE 2011 – complete technology for 3D EM.

Explore the  
EM simulation universe 

MWJ/CST/STUDIO/1210

http://www.cst.com
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Broadband Power Amplifiers

Teledyne Cougar is your one-stop source for reliable GaN amplifiers, integrated assemblies, 
amplifiers, subsystems, and value-add service needs for space, defense and industry applications.

Teledyne Cougar's new line of medium-power broadband amplifiers are a unique family of performance-based
solutions designed for demanding applications. This family covers 20 MHz to 2600 MHZ and uses Gallium
Nitride (GaN) technology. Each amplifier is hermetically sealed, and includes multiple RF performance options
so engineers can specify standard catalog or custom-tuned performance. 

The amplifiers include an internal sequencer, assuring application of the proper gate voltage applied to the FET
prior to voltage applied to the drain. Higher gain versions include pre-amps, providing excellent noise figure and
IP performance. The small package footprint is designed for high performance applications and operates from
-40 to +85°C. 

All specifications subject to change.  * Freq ≥ 100 MHz 

AVP598 20-400 16.5 2.5 38 43.2 20.9 50/64/40 N/A N/A 28 0.85/1.5 
AVP514 20-400 40 3.5* 38 43.2 20.9 50/62/40 12 185 28 1.25/1.95 
AVP2515 600-2600 17 4.5 35 41 12.6 48/50/37 N/A N/A 28 0.85/1.50 
AVP2524 600-2600 41 4.5 35 41 12.6 47/48/37 15 185 28 1.25/1.9 
AVP2030 650-2200 16 4.5 39 44 25.1 53/65/40 N/A N/A 28 0.85/2.6 
AVP2034 650-2200 40 4.5 39 44 25.1 52/62/40 15 370 28 1.25/3.1 
AVP2050 900-2000 14 4 42 48 63.1 55/68/43 N/A N/A 28 1.6/5.50 

Noise IP3/IP2 Driver Driver
Frequency Gain Figure P1dB P3dB P3dB Pout D.C. D.C. D.C. Amps

Model Range dB dB dBm dBm Watts dBm Volts mA Volt Q/@P3dB
MHz Typ. Typ. Typ. Typ. Typ. Typ. Nom. Max. Nom. Typ.

A2CP2595 20-500 24 3* 34 36.2 4.2 45/58/27 12 185 28 0.39/0.47
500-2500 24 3 32.5 34 2.5 40/56/27 12 185 28 0.39/0.47

A2CP2596 10-500 24 4.8* 36.5 37.5 5.6 48/52/23 15 335 28 0.53/0.75
500-2500 24 4.3 34.5 37.5 5.6 42/48/23 15 335 28 0.53/0.75

MEDIUM POWER BROADBAND AMPLIFIERS

PREAMP DRIVER AMPLIFIERS

ISO 9001:2008 • AS9100 

MIL-PRF-38534  • Class H & Class K Certified

927 Thompson Place • Sunnyvale, CA 94085 • 408-522-3838 • Fax 408-522-3839
www.teledyne-cougar.com • email: cougar@teledyne.com
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Wideband MIC Device Integration
Since the devices are assembled on 

a common ground with the RF feed-
ing lines and since the bond wire or 
ribbon length is kept to a minimum, 
a very wide band of frequencies is 
supported. Some products cover a 
frequency range starting at very low 
frequencies and reaching millimeter 
waves. The devices, such as MMICs, 
alumina matching circuits or discrete 
chips, are attached directly to the bot-
tom of the cavity. Where the devices 
are very thin, a metal pedestal may be 
used in order to align the device with 
the rest of the circuit. This is a com-
mon practice in MIC assembly and 
works just fine for multilayer circuits 
as well. The measured performance 
of devices embedded in the multilay-
er board is compared to these of stan-
dard MIC assemblies. An amplifier in 
a cavity is shown in Figure 8.

Alumina Passive Devices
Using the cavities for passive de-

vices that are printed on alumina sub-
strates enables a wide range of applica-
tions. An SMT board may now include 
some alumina filters for high frequen-
cies. Wideband alumina couplers, hy-
brids and other types of circuits are 
also easily integrated. Since the alu-

lines are routed in the inner layers 
and pop-out, using a via-hole very 
close to the device. This reduces the 
required area significantly. In the top 
layer, above the DC and control line, 
the area is used for other functions; 
various active and passive devices may 
be assembled without interacting with 
these internal lines. In Figure 7, a 
digitally controlled attenuator (DCA) 
is fed by ten differential command 
lines, with very modest real estate on 
the board used for that in particular.

ing wire or ribbon lengths are kept 
to a minimum. By analyzing only the 
top layer, this looks like a classic MIC 
assembly, and all the design roles of 
MIC assembly apply here.

Main Technological 
achieveMenTs
DC and Control Feeds

As described above, in MIC tech-
nology, the DC and control feeds 
occupy much of the area around the 
device. In a multilayer circuit, these 

s Fig. 6  Cavity (zoom-in).

s Fig. 7  Elisra’s DCA in multilayer PCB.

s Fig. 8  Amplifier in a cavity.

http://www.teledyne-cougar.com
mailto:cougar@teledyne.com


Absorbed Radiation (SAR value) in a Human Head.

Capture the Concept.
With COMSOL Multiphysics® you are empowered to build the simulations 
that accurately replicate the important characteristics of your designs. 
The key is the ability to include all physical effects that exist in the real 
world. This multiphysics approach delivers results—tangible results that 
save precious development time and spark innovation. 

www.comsol.com/showcase   

Watch tutorial

© 2010 COMSOL, INC.  COMSOL, COMSOL MULTIPHYSICS ARE REGISTERED TRADEMARKS OF COMSOL 

AB. CAPTURE THE CONCEPT IS A TRADEMARK OF COMSOL AB. OTHER PRODUCT OR BRAND NAMES 

ARE TRADEMARKS OR REGISTERED TRADEMARKS OF THEIR RESPECTIVE HOLDERS. 
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LAB, TEST AND INSTRUMENTATION
FREQUENCY SYNTHESIZERS

FIXED-FREQUENCY AND BROADBAND DESIGNS UP TO 26 GHz

Features:
Fixed-frequency or serially-programmable lab sources to 12 GHz
Phase-Locked DRO replacements, outputs up to 26 GHz
Portable broadband signal generators (up to 4 octaves)
Extremely fast-switching available (<1 µSec)
Optionally hermetically-sealed per MIL-STD-883
High vibration tolerance, low power consumption
InInternal references available
Exceptionally low phase noise

Custom
Designs

Avaliable

The Ultimate Source for Miniature Frequency Synthesizers

Quality     Consistency     Performance
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must be connected as well. It is there-
fore required to add more via-holes 
near the main via-hole in order to 
maintain grounding continuity. A 3-D 
model of the transition is shown in 
Figure 10. The exact dimensions of 
this transition must be analyzed and 
optimized, based on the exact dielec-
tric and mechanical properties of the 
selected layers.

Side-to-side RF Connections
In some multilayer boards, the bot-

tom side is also used for transmission 
lines, in order to enable more fl exibil-
ity in signal routing across the board. 
For that end, a side-to-side connec-
tion is used. The design procedures 
and considerations are similar to that 
of the single-side RF bypass. How-
ever, the resulting dimension after 
optimization may be different, due to 
different types and numbers of layers 
involved. Note that the RF signal is 
now crossing many layers, each con-
taining different signals. Caution must 
be used in order to avoid cross-cou-
pling between the RF, DC and control 
signals. Each layer must be monitored 
and proximity between RF vias and 
DC and control lines must be avoided.

Buried Filters
As described above, fi lters may 

be constructed on the top layer as 
lumped elements or as alumina print-
ed circuits. However, in order to save 
board space, it may be desired to real-
ize the fi lters in the inner layers. This 
is done using a standard stripline type 
of fi lter. The fi lters are fed from the 
top layer and do not take any of the 
board real estate. More than one fi l-

without interacting with the other 
components on board. This is done by 
using a blind via-hole to connect the 
upper layer transmission line to an in-
ner layer transmission line. For DC 
and control, only one via-hole will suf-
fi ce. However, in the RF and micro-
wave world, transmission lines have 
two parts: the center (or top) line and 
the ground line (or plane).

Thus, in order to connect a mi-
crostrip line on the top to a stripline 
on an inner layer, the grounding plane 

mina substrate is placed directly in the 
cavity and there is no height differ-
ence between the lines printed on the 
alumina and the lines printed on the 
multilayer board, excellent frequency 
response is achieved. A BPF on an alu-
mina substrate integrated on a multi-
layer PCB is shown in Figure 9.

Single-side RF Bypass
As with lower frequencies, it is 

sometimes necessary to get from one 
point of the circuit to the other side 

 Fig. 9  BPF in a cavity.

 Fig. 10  Via-hole microstrip to stripline 
transition.

mailto:sales@emresearch.com
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Family of  In-S tock 
Directional Couplers

435 Moreland Road, Hauppauge, NY 11788
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Available in directional, dual 

directional, calibrated, broad 

band, and high directivity models.

Narda’s  fami ly  o f  in-s tock  d i rec t iona l  couplers 

o f fe r  an  ex tens ive  combinat ion  o f  phys ica l 

and  e lec t r i ca l  per formance  charac ter i s t i cs  to 
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■    H igh  D i rec t iv i t y

■    Low VSWR

■    H igh  Power  Capabi l i t y

■    F lat  Frequenc y  R esponse

■    Compac t  S ize

Model  27002SC
D irec tional  Coupler
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been selected, more DC and control 
layers are introduced. It is important 
to keep the board symmetric, so that 
it does not bend after production and 
assembly. Sometimes, it is necessary to 
add an additional layer just to keep the 
board cross-section symmetric.

The next step is to decide how many 
types of via-holes are to be used. The 
more types of via-holes used, the more 
production steps are needed. This is 
a major cost and yield factor. Another 
limitation is that not all via-hole com-
binations are possible. For example, 
take an 11-layer board. A side-to-side 
via-hole is the 1-11 via-hole.

If an internal RF line is used, the 
designer may want to use the 1-x via-
hole, where x is the inner line index. 
Once a designer has decided on that, 
it is not possible to use a y-11 via-hole 
if y has values between 1 and x. Thus, 
it is impossible to manufacture such 
a circuit. What is easily possible with 
LTCC circuits becomes a limitation in 
multilayer technology.

Once all the layers are selected and 
all the via-holes are defi ned, a survey 
of manufacturers must be conducted. 
Not all PCB manufacturers can han-
dle RF cavities. In the standard PCB 
world, if some adhesive fi lm spills out 
from inside the board to the cavity, this 
is not a critical issue. However, for RF 
assemblies, this may cause the alumina 
circuits or discrete components to be 
unleveled and have poor grounding. 
The cavities must have a perfectly 
clean metal bottom and perfectly 
straight walls, as seen in Figure 6.

PRODUCT EXAMPLES
Wideband DIFM

The wideband digital instan-
taneous frequency measurement 
(DIFM) module (Elisra Microwave 
Division) is a wideband receiver. This 
receiver covers the 2 to 18 GHz in-
stantaneous bandwidth. Any signal, 
from a short 100 nanoseconds single 
pulse up to CW within this frequency 
range, shall be detected and its fre-
quency shall be measured. The fre-
quency measurement has a resolu-
tion of 0.9 MHz with an accuracy of 

rial is chosen. This material must sup-
port the highest frequency used within 
the board with minimum loss.

The thickness of the RF layer must 
be carefully selected. Thin layers will 
yield very thin RF lines, which are more 
diffi cult to manufacture, have higher 
loss and are prone to mechanical dam-
age. The thickness of the top layer, 
where the cavities are realized, must be 
compatible with the thickness of devices 
and alumina substrates to be used with-
in the cavities. Once the RF layers have 

ter may be connected in series in or-
der to improve out-of-band rejection 
properties. In Figure 11, a coupon of 
a BPF is shown. Only the input and 
output transmission lines are visible.

Board Design and Manufacture 
Challenges

Multilayer board design is not as 
straightforward as it seems. First of all, 
the number of layers and their compo-
sition must be selected. The top layer, 
bottom layer and inner RF layer mate-

 Fig. 11  Stripline fi lter on a coupon.

mailto:nardaeast@L-3com.com
http://www.nardamicrowave.com/east


Delivery from stock to 7 days!

3

Note: Specifications degrade slightly below 500 MHZ

Model

Noise

Figure (dB)

Gain

(dB)

Output

P1dB

Gain

Flatness

VSWR

In / Out
Start Stop (dB) Max. (dB) Min. (dBm) Min. (± dB) Max.

BZP140A 0.1 40 5.5 26 8 2.5 2.5:1

BZ1840A 18 40 4.7 23 8 2.5 2.5:1

BZ1840B 18 40 4.7 32 8 2.8 2.5:1

BZ2640A 26 40 4.5 24 8 2.5 2.5:1

BZ2640B 26 40 4.5 32 8 2.6 2.5:1

BZP126A 0.1 26 4.5 28 10 2.0 2.5:1

BZ1826A 18 26 2.5 27 8 1.5 2.0:1

BZP118A 0.1 18 2.5 30 8 1.5 2.5:1

BZP118F 0.1 18 5 22 17 2.0 2.5:1

BZ0218A 2 18 2.3 30 8 1.5 2.3:1

BZ0218F 2 18 3.5 28 25 2.0 2.3:1

BZ0618B 6 18 1.8 28 8 1.5 2.3:1

BZ0618A 6 18 2.3 30 8 1.5 2.3:1

BZ0618F 6 18 3 28 25 1.5 2.0:1

BZ0818A 8 18 1.7 28 8 1.5 2.0:1
BZ1218A 12 18 2.3 30 8 1.5 2.3:1
BZ1218F 12 18 3 30 26 1.0 2.0:1
BZP112A 0.1 12 2 24 8 1.5 2.3:1
BZ0412A 4 12 2.3 30 8 1.5 2.3:1
BZ0612A 6 12 2.3 30 8 1.5 2.3:1
BZ0812A 8 12 1.5 28 8 1.0 2.0:1
BZ0812F 8 12 3 28 27 1.0 2.0:1

BZP108A 0.1 8 1.7 24 8 1.4 2.3:1
BZ0208B 2 8 1.5 24 8 1.5 2.0:1
BZ0208A 2 8 2.3 30 10 1.5 2.3:1

BZ0208F 2 8 3 28 27 1.0 2.0:1

BZ0408F 4 8 3 28 27 1.0 2.0:1
BZP106A 0.1 6 1.2 24 8 1.0 2.0:1
BZ0206A 2 6 1.2 24 8 1.0 2.0:1

BZ0206B 2 6 2.3 30 12 1.0 2.0:1

BZP104A 0.1 4 1.3 24 8 1.3 2.3:1
BZP504A 0.5 4 1.2 24 8 1.0 2.0:1
BZ0104A 1 4 1.3 24 8 1.5 2.0:1

BZ0204A 2 4 1.2 24 8 1.0 2.0:1

BZ0204F 2 4 3 28 27 1.0 2.0:1
BZP103A 0.1 3 1.2 24 8 1.3 2.3:1
BZP102A 0.1 2 1.1 24 8 1.3 2.3:1

BZP502A 0.5 2 1.2 24 8 1.0 2.0:1

BZ0102A 1 2 1.2 24 8 1.0 2.0:1

Frequency

Range (GHz)
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Future trends
As MMIC packaging techniques 

improve, more devices are becom-
ing available in the SMT package for 
increasing frequencies. This enables 
multilayer circuits to contain more 
SMT devices and fewer cavities. This 
trend reduces the cost of the module. 
However, the size of the module may 
be affected, since the SMT device may 
need more real estate on the board 
than a die component in a cavity.

One current area of research is 
substrate integrated waveguide (SIW) 
components. Using this technique, 
some of the alumina filters may be re-
placed by SIW filters. Another trend 
is that both sides of the PCB are used 
for RF with cavities. This enables twice 
as much area on board for die and alu-
mina circuits. However, the cost and 
the yield of the PCB and the assembly 
costs become higher.

As system designers push for more 
functionality in ever decreasing vol-
umes, engineers are going to come up 
with new and creative ways to accom-
modate this need. Multilayer is just 
one more step in this direction. n
All the photos in this article are courtesy of 
the Elisra Microwave Division.

ronen Holtzman is a Senior Scientist in the 
CTO Division of Elisra Electronics Systems 
Ltd. He has more than 20 years experience and 
is a specialist in RF and microwave super-
components and subsystems.

to 18 GHz band and may zoom in to 
any required sub-band with various 
IF bandwidths. The NBR covers 80 
dB of dynamic range, down to signal 
levels of -75 dBm. Once a threat is 
detected, the NBR jumps to that sub-
band within 50 nanoseconds. The 
signal is converted to a video signal 
for amplitude measurement and con-
verted to the IF frequency for fur-
ther analysis. The module is housed 
in a 152 × 147 × 30 mm package and 
dissipates 24 W. The module is shown 
in Figure 13.

2.5 MHz RMS. The DIFM covers 60 
dB of dynamic range, down to sig-
nal levels of -55 dBm. The DIFM is 
capable of accurately measuring the 
signal’s frequency within a SNR of 3 
dB. The module is housed in a 152 × 
147 × 30 mm package and dissipates 
24 W. The RF side of the module is 
shown in Figure 12.

Narrow Band Receiver
The narrow band receiver (NBR) 

module is a classical superheterodyne 
receiver. This receiver covers the 0.5 

s Fig. 12  DIFM unit.

s Fig. 13  Narrow band receiver.

http://www.mc.com/lnx
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Boonton’s Peak Power Meters…

In the past, your options were using one- or two-tone test 
signals to measure amplifier linearity. Today, Boonton al-
lows you to use your signal to characterize your DUT. No 
more extrapolating graphs or guessing likely compression 
points. Our family of peak power meters offers powerful 
statistical analysis tools, and is joined by the fastest and 
widest dynamic range sensors in the industry.

If you measure extreme signals with:

• High peak to average ratio
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• Noise-like communication signals
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MOST VALUABLE PRODUCT

To address today’s market requirements 
for a low-cost, high-performance fre-
quency synthesizer, Phase Matrix has 

introduced the QuickSyn series of microwave 
frequency synthesizers. The employed patented 
architecture provides a unique combination 
of fast-switching speed and low phase noise 
characteristics. The main idea is to substitute a 
slow-tuning, bulky and expensive YIG oscillator 
(normally used in high-end designs) with a tiny 
VCO that can easily support microsecond tuning. 
Excessive phase noise (traditionally associated 
with VCO devices) is suppressed by utilizing an 

ultra-wideband PLL scheme in conjunction with a 
low-noise reference source. In contrast to tradi-
tional architectures (which tend to minimize the 
PLL division ratio), this new technology makes a 
radical step by completely removing the divider 
from the loop. Moreover, it inverts the PLL division 
ratio by applying a multiplication within the PLL 
that drastically improves both phase noise and 
spurious characteristics. These characteristics 
are achieved by using low-cost, general-purpose 
ICs, which are offered as standard “off-the-shelf” 
parts. Inside any synthesizer, there are always 
many devices that can potentially carry multiple 
functions and be reused to increase functionality 
without a signifi cant cost penalty. This philosophy 
has resulted in a compact design (see Figure 1), 
which demonstrates excellent performance and 
extended functionality.

FREQUENCY COVERAGE AND RESOLUTION
The QuickSyn synthesizer is available in two 

models, the FSW-0010 and FSW-0020, covering 

Phase Matrix Inc.
San Jose, CA
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A COMPACT 
SYNTHESIZER MODULE 
OFFERS INSTRUMENT-
GRADE PERFORMANCE 
AND FUNCTIONALITY

Alexander Chenakin, 

Vice President of the Signal Sources Group at Phase Matrix.

Visit www.mwjournal.com to read this in-depth interview.

 Fig. 1  QuickSyn™ synthesizer with module-level size and cost.
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LNAs

LC And Cavaty Filters

Power Amplifiers
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Bothell, WA 98021, USA
22745 29th Drive SE, Suite 200,

Sales and Technical Support:
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Fax : +1 425 686 3102
Email: jelang@elektrobit.com
Website : www.elektrobit.com

RF Solutions

High Quality /

/Low Cost 2 Year Warrantee

Quick Delivery

that otherwise may result in unexpect-
ed behavior of a system where the syn-
thesizer is utilized.

Spectral purity
VCO phase noise is controlled by 

utilizing an ultra low-noise reference 
OCXO as well as a very wide (a few 
MHz) loop bandwidth. The employed 
architecture allows realizing nearly 
“ideal” frequency translation with 
minimal added phase noise degrada-
tion. Typical phase noise measured at 
a 20 GHz output and a 10 kHz offset is 
-116 dBc/Hz, as shown in Figure 2. The 
phase noise at a 10 GHz output drops 
down to -122 dBc/Hz, which super-
sedes the performance of traditional 
YIG-based synthesizers at the same 
frequency settings. Phase noise re-
mains flat to a few MHz offset then rolls 
down sharply showing about -153 dBc/
Hz noise floor. At lower output frequen-
cies, phase noise is further improved at 
6 dB per octave rate resulting from the 
employed frequency division scheme.

In contrast to conventional designs, 
the employed technology does not el-
evate any PLL-induced spurs (since the 
multiplication factor equals unity or be-
low unity within the loop). As a result, 
the output is clean of spurious pertur-
bations to typical levels of -80 dBc and 
even lower. Note that it is quite hard 
to measure the spurs at these levels 
since they become comparable to the 
spurs generated by the test equipment 
itself. Thus, the spurious emission is 
specified at -65 dBc to simplify prod-
uct testing in mass production. A filter 
bank at the synthesizer output reduces 
generated harmonics, which typically 
do not exceed -40 dBc. Another benefit 
of the utilized approach is reduced mi-
crophonics as a result of the use of a 
low-mass VCO and very wide loop filter 
bandwidth.

0.1 to 10 GHz and 0.2 to 20 GHz, respec-
tively. Both models utilize broadband 
solid-state VCOs that offer fundamen-
tal output to 10 and 20 GHz, respec-
tively. In contrast to widely used fre-
quency multiplication schemes, this 
approach eliminates possible spec-
trum contamination by sub-harmonic 
products. The VCO coverage is ex-
tended down by utilizing a frequency 
divider that improves phase noise and 
spurious characteristics at lower fre-
quencies. The use of the advanced di-
rect digital synthesis (DDS) approach 
(in conjunction with dedicated spur-
reduction circuitry) enables a very fine 
frequency resolution of 0.001 Hz with-
out a common penalty of slower tuning 
speed or elevated spurs.

The synthesizer includes a highly 
stable internal OCXO that is factory 
calibrated to a GPS standard to ensure 
adequate accuracy of the synthesized 
signal. The OCXO supplies a 10 MHz ref-
erence signal to the outside world. The 
internal oscillator can be automatically 
locked to an external reference too. The 
synthesizer also provides the ability to 
adjust the internal oscillator frequency 
(via software) for temperature and ag-
ing compensation as desired.

Switching Speed
The utilized PLL hardware itself 

needs just a few tens of microseconds 
to bring the output frequency to a de-
sired value while the output is com-
pletely locked and refined within less 
than a hundred microseconds. Digital 
signal processing adds extra delays 
required to receive a tuning command, 
perform all necessary calculations in 
accordance with the employed fre-
quency plan, and program individual 
devices. Hence, the total switching 
time is specified at 200 µsec in the 
regular operation mode when new 
frequency commands are sent one-by-
one. Most of these delays, however, 
can be reduced or completely elimi-
nated in the list mode. The switching 
speed in the list mode is specified at 
100 µsec regardless of the current and 
destination frequency (i.e., the speci-
fication is valid from “any to any” fre-
quency step within the entire operating 
range). Furthermore, the synthesizer 
provides a software-selectable blank-
ing function that allows turning-off 
the RF output while it transitions to the 
new-programmed frequency. This pre-
vents the output frequency uncertainty 

Most Valuable Product

s Fig. 2  Phase noise performance at 20 
GHz output.
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vides all major modulation capabili-
ties including pulse, amplitude, fre-
quency and phase modulation. For 
example, when the pulse modulation 
is enabled, the synthesizer accepts 
external CMOS pulses that turn on 
and off the synthesizer’s output with a 
better than 80 dB on/off ratio and 10 
nsec rise/fall time. Similarly, the AM 
and FM functions are realized by ap-
plying a modulating signal to a proper 
input and enabling a desired mode. 
Both AM and FM input sensitivity is 
adjustable by software. Note that the 
inputs are DC coupled, thus the user 
can change both amplitude and phase 
of the synthesized signal by varying a 
DC voltage on a proper input.

The synthesizer is shielded in a 
small metal box and is biased from a 
single +12 V DC supply. The nominal 
power consumption is less than 18 W 
for the FSW-0010 model and 20 W for 
the FSW-0020 model. The built-in self 
test monitors the synthesizer’s internal 
temperature and voltages as required. 
Overall, the exceptional performance, 
extended functionality and small foot-
print make the QuickSyn synthesizer 
an ideal building block for a variety of 
instruments and subsystems.

Phase Matrix Inc.,  
San Jose, CA  
(408) 428-1000,  
sales@phasematrix.com, 
www.phasematrix.com.

Output pOwer
The synthesizer supplies almost 

+20 dBm unleveled output power that 
is calibrated and digitally controlled 
between -25 and +15 dBm (FSW-0010 
model), as shown in Figure 3. The FSW-
0020 control range is -10 to +13 dBm. 
The output power is controlled using 
an open-loop method that ensures 
extremely fast output power settling. 
The design also includes sophisticated 
temperature compensation resulting in 
flat and repeatable output power char-
acteristics across operating frequency 
and temperature ranges. The output 
power can also be turned off (i.e., mut-
ed) by switching off the output power 
amplifier. Note that the VCO and PLL 
core remain turned on, which minimiz-
es recovery time when the synthesizer 
is back to normal operation.

extended FunctiOnality
The QuickSyn communicates with 

the external world via SPI interface, 
which provides high throughput and 
flexibility. In addition to the SPI, the 
complimentary USB connection of-
fers instant deployment of the synthe-
sizer using a personal computer. The 
QuickSyn comes with a GUI that emu-
lates virtually all functions available in 
traditional bench-top and rack-mount-
able signal generator instruments, as 
illustrated in Figure 4.

The QuickSyn offers both frequen-
cy and power sweep functions in two 
modes. The fast sweep mode ensures 
very fast switching speed by calcu-
lating all necessary parameters prior 
to initiating a sweep. A disadvantage 
is a limited number of points (32,000) 
due to internal memory limitations. 
Alternatively, in the normal mode, 
all calculations are made on the fly, 
thus enabling an unlimited number of 
points. The list mode offers even bet-
ter flexibility by storing a list of fre-
quencies and power levels in the syn-
thesizer’s memory. The list is execut-
ed by sending a proper command or 
by applying a trigger signal. Once the 
CPU detects a trigger pulse, it com-
mands the synthesizer to move from 
one frequency-power state to anoth-
er according to the programmed list. 
Alternatively, the synthesizer can go 
to the next state, stop there, and wait 
for the next trigger pulse; the process 
then repeats.

Furthermore, the QuickSyn pro-

Most Valuable Product

s Fig. 3  The FSW-0010 model supplies –25 
to +15 dBm leveled output.
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s Fig. 4  QuickSyn™ GUI emulates tradi-
tional bench-top signal generators.
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.
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Dan Massé, Associate Technical Editor
DEFENSE NEWS

The CVRJ and Band C programs are satisfying an urgent 
Department of Defense requirement for increased system 
production in order to prevent the detonation of radio-con-
trolled IEDs. These counter-IED devices are being used 
by soldiers, sailors, airmen and Marines on various armored 
vehicles and other military transport equipment, and are de-
ployed to current military operations in Iraq and Afghanistan. 

ITT’s electronic systems business is a supplier of informa-
tion and electronic warfare (EW) technologies, systems and 
services that enable mission success and survivability. Key 
technologies include integrated EW systems for a variety of 
aircraft, reconnaissance and surveillance systems for air and 
sea-based applications, force protection and counter-IED 
systems, precision landing and air traffi c systems for military 
applications, and undersea systems encompassing mine de-
fense, naval command and sonar systems, and acoustic sen-
sors. In addition, the business produces aircraft armament 
suspension and release equipment, electronic weapons 
interface systems, and advanced composite structures and 
subsystems.

Lockheed Martin Completes Next-
generation Long-range Surveillance Radar 
Demonstrations

Lockheed Martin has successfully completed a capa-
bility demonstration in the latest phase of the US Air 
Force’s development of the next-generation mobile, 

long-range surveillance and ballistic missile defense ra-
dar. The demonstration of December 16 and 17, 2010, for 
the Three-Dimensional Expeditionary Long-Range Radar 
(3DELRR) was the second and fi nal required under a $25 
M, 20-month technol-
ogy development con-
tract awarded in May 
2009. Lockheed Mar-
tin completed an initial 
demonstration of critical 
technology elements in 
March 2010 and an ini-
tial preliminary design 
review in October 2010.

The 3DELRR will 
serve as the principal long-range, ground-based sensor for 
detecting, identifying, tracking, and reporting aircraft and 
missiles for the Air Force. The system will replace the Air 
Force’s AN/TPS-75 air surveillance radar. The Marines 
also are evaluating the system as a replacement for its 
AN/TPS-59 ballistic missile defense radar.

“Lockheed Martin has made signifi cant investments in 
3DELRR to reduce risk and drive affordability,” said Program 
Director Mark Mekker. “We have applied both new technol-
ogy advances and our knowledge gained from decades of ex-
perience developing and maintaining 178 long-range surveil-
lance radars currently operational around the world.”

Raytheon Awarded Contract for F/A-18 
Super Hornet AESA Radars

The US Department of Defense is awarding Raytheon 
a $52.25 M contract modifi cation for 19 APG-79 ac-
tive electronically scanned array (AESA) radars to be 

retrofi tted into F/A-18E/F aircraft, Lots 26-29. The APG-
79 AESA radar, which will replace the APG-73 radar, will 
provide increased air-to-air detection and track range, in-
creased air-to-ground targeting capabilities, longer launch 
range for standoff weapons, enhanced capability against 
advanced threats, and optimized utilization of the Super 
Hornet’s weapons systems. The contract was awarded to 
Raytheon Space and Airborne Systems of El Segundo, CA. 
The work will be performed in Forest, MS (43 percent); 
Dallas, TX (29 percent); El Segundo, CA (27 percent); and 
Andover, MA (1 percent), and is expected to be completed 
in December 2013. Contract funds will not expire at the 
end of the current fi scal year. The Naval Air Systems Com-
mand, Patuxent River, MD, is the contracting activity. This 
award is a modifi cation to a previously awarded fi rm-fi xed-
price contract (N00019-09-C-0003).

ITT Awarded Contract for Band C Counter 
Radio-control IED Systems

T he US Naval Sea Systems Command has awarded 
ITT Corp. a contract to produce 425 Band C systems 
and their related spares and equipment for $16.7 M. 

Band C is an upgrade for the US military’s installed base 
of vehicle-mounted systems that prevent the detonation of 
radio-controlled improvised explosive devices (RCIED). 
This award brings the total number of Band C systems on 
contract to 1,121 for a total contract value of $39 M to date. 
The initial contract was awarded in April 2010. 

The Band C system will work with the currently fi eld-
ed counter-RCIED electronic warfare (CREW) vehicle 
receiver jammers (CVRJ) to address a broader frequen-
cy range of the evolving spectrum of electronic warfare 

threats. This upgrade 
will provide greater ca-
pabilities while the lon-
ger term development 
of the next generation 
of counter-IED systems 
matures. 

“As threats evolve, 
our technologies must 
keep pace,” said Chris 
Bernhardt, President of 
ITT’s electronic systems 

business. “Our Band C systems are critical technology up-
grades designed to respond to more threats and give our 
forces enhanced capabilities to perform their missions 
more safely.” 

Go to www.mwjournal.com for more defense news items
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During the demonstration, Lockheed Martin unveiled 
a functioning system prototype to Air Force and Marine 
Corps officials as proof of the radar’s maturity. The radar’s 
design addresses 100 percent of 3DELRR requirements, 
including critical extended air surveillance reach for early 
warning from threats, such as aircraft and ballistic missiles.

The Electronic Systems Center at Hanscom Air Force 
Base, which is leading the acquisition for 3DELRR, plans 
to award one contract by early 2012 to complete the 
3DELRR technology development and engineering man-
ufacturing development phases.

Harris Awarded IDIQ Contract to Provide 
Tactical and Land Mobile Radios to US 
International Partners

Harris Corp., an international communications and in-
formation technology company, has been awarded an 
indefinite delivery, indefinite quantity (IDIQ) contract 

with a potential total value of $475 M to supply military and 
land mobile radio systems to international partners of the 
US State Department and US Department of Defense. The 
five-year contract, awarded by the US Army’s Communica-
tions Electronics Command (CECOM), certifies Harris as a 
provider of radios, accessories, communication systems and 

services to assist US part-
ners with their tactical 
communication needs. 
The contract is part of 
the US government’s 
Foreign Military Sales 
program, which support 
coalition building and 
interoperability through 
sales of defense equipment, training and services. The con-
tract covers the Harris RF Falcon II® and Falcon III® radio 
portfolio—such as the RF-7800M Multiband Networking, 
and RF-7800S Secure Personal radios—as well as public 
safety and professional communications land mobile radios. 

Harris RF Communications is a global supplier of secure 
radio communications and embedded high-grade encryption 
solutions for military, government and commercial organi-
zations. The company’s Falcon® family of software-defined 
tactical radio systems encompasses manpack, handheld and 
vehicular applications. Falcon III is the next generation of ra-
dios supporting the US military’s Joint Tactical Radio System 
(JTRS) requirements, as well as network-centric operations 
worldwide. Harris RF Communications is also a supplier of 
assured communications® systems and equipment for public 
safety, utility and transportation markets, with products rang-
ing from the most advanced IP voice and data networks to 
portable and mobile single- and multiband radios.

A Clean Sweep
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on University Park, housing the e2v semiconductor fabri-
cation facility. The company’s engineers will also have ac-
cess to the existing nano-fabrication facilities within the 
school, as well as the wide range of advanced materials 
characterization instru-
ments available on cam-
pus. Physicists at Not-
tingham will also have 
access to the e2v fabri-
cation tools.

This initiative will 
enable close collabora-
tion with researchers in 
the School of Physics 
and Astronomy and help 
e2v to develop the next 
generation of micro-
wave electronic devices. 
An example of this is a 
range of devices known as PIN diodes, which are used in 
sensitive microwave receiver systems. The collaboration’s 
initial focus will be to develop new devices which have a 
much faster response time than currently available and can 
work over wider frequency ranges.

 RF/microwave frequency sources used in radar imag-
ing, as well as mixers and detectors used in the receive 
chain, are also high on the agenda for the collaboration. In 
addition, the scope of work on novel devices will extend to 
sub-millimetre wave and beyond, where there is a strong 
interest in devices for high-resolution imagers which can 
‘see’ through other materials such as clothing or buildings.

 Nigel Priestley, Chief Engineer at e2v, said, “This is an 
excellent example of industry and academia making the de-
cision to collaborate at both the research level and device 
realisation level. We will now be able to harness specialised 
semiconductor knowledge from both organisations and 
work together to provide new exciting solutions for the e2v 
business and customers.”

NEULAND Project Addresses Energy 
Effi ciency

S ix partners from the semiconductor and solar indus-
tries are joining forces in the NEULAND project 
funded by the Federal Ministry of Education and Re-

search (BMBF), Germany, to explore new avenues for the 
effi cient use of electricity from renewable sources. NEU-
LAND stands for innovative power devices with high ener-
gy effi ciency and cost effectiveness based on wide bandgap 
compound semiconductors. 

The project aims to reduce the losses in feeding elec-
tricity into the grid without signifi cantly increasing system 
costs. This is to be achieved using innovative semiconduc-
tor devices based on silicon carbide (SiC) and gallium 
nitride on silicon (GaN-on-Si). The new semiconductor 
devices are also to be used in future in switched-mode 

UniverSelf Initiative to Tackle Complexity 
of Communication Networks

A group of 17 leading European telecommunications 
service providers, IT corporations, infrastructure 
vendors and academic institutions have launched 

UniverSelf, a research initiative whose goal is to overcome 
the increasing complexity of managing communication 
networks and enable their future growth by generating in-
novations in autonomic networking—technologies that en-
able networks to manage themselves.

The solutions UniverSelf creates will benefi t the Eu-
ropean ICT industry by creating new business opportuni-

ties and standards and 
benefi t EU citizens 
by improving Quality 
of Service and perfor-
mance. It will also ben-
efi t telecommunica-
tions service providers 
and network operators 
by reducing time-to-
market and increasing 
savings in operational 
expenditure through 

the optimization of human resources and a reduction in 
manual errors.

UniverSelf is supported within the scope of the Euro-
pean Union’s 7th Framework Programme (FP7) for Re-
search and Technological Development from which it has 
received  €10 M funding. The research initiative will last 
36 months, until 2013.

Martin Vigoureux, Research Director at Bell Labs and 
Project Coordinator, said, “It is time to take self-manage-
ment to the next level. UniverSelf, driven by customer 
needs and focused on the industrial impact of research, is 
an ideal instrument to start engineering autonomics and 
make them a reality in operational networks. Numerous 
challenges lie ahead, but delivering effi cient, converged 
and trustworthy solutions, together with the appropriate 
standards, is essential to reach true operational benefi ts 
and wide deployments.”

e2v and University of Nottingham 
Announce Collaboration

e2v and the University of Nottingham, UK, have 
formed a new partnership in the area of microwave 
semiconductor devices, which aims to drive forward 

the research and manufacturing of cutting-edge electron-
ics. The aim of the collaboration is to develop and manu-
facture advanced semiconductor devices for use in micro-
wave and terahertz applications.

Funding of £1 M from e2v will see a new purpose-built 
clean room built at the School of Physics and Astronomy 

Go to www.mwjournal.com for more international news items
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power supplies for tele-
communication systems, 
desktop and laptop PCs, 
flat-screen TVs and 
servers with the aim of 
reducing energy losses 
for such applications by 
about half.  

The NEULAND 
project will run until 
mid-2013 and is headed 

by Infineon. The project consortium brings together out-
standing expertise in SiC and GaN across a very wide area 
of the value chain. The project will receive funding at 52.6 
percent to the tune of approximately €4.7 M from the 
BMBF under the German Federal Government’s “High-
Tech Strategy – Information and Communications Tech-
nology 2020,” ICT 2020 program, as part of the call for 
proposals on Power Electronics for Energy Efficiency En-
hancement.

ESA and Canada Renew Space Partnership

Jean-Jacques Dordain, Director General of the Eu-
ropean Space Agency (ESA), and Steve MacLean, 
President of the Canadian Space Agency, signed a 

new Cooperation Agreement that will extend the part-

nership between ESA 
and Canada until 2020.
The two space agencies 
have enjoyed a 30-year 
partnership that has 
led to many successful 
space projects and they 
will continue to build on 
their shared interests. 

ESA and Canada have joined forces in telecommunica-
tions, including Olympus, Artemis and Advanced Research 
in Telecommunications Systems (ARTES); Earth observa-
tion, including ERS, Envisat and Global Monitoring for 
Environment & Security (GMES); navigation, including 
Galileo; and related technologies, such as the General Sup-
port Technology Programme.

The benefits of the ESA-Canada relationship extend be-
yond good cooperation between the two space agencies. 
European and Canadian companies have forged strong al-
liances, creating teaming arrangements and opportunities 
for new markets.

“With this signature today, we are opening a new chap-
ter that will offer opportunities for Canadian contributions 
to ESA’s programmes and ESA contributions to Canadian 
programmes,” said Dordain. “It will build a bridge across 
the Atlantic that is even more solid, and that will allow us to 
draw on our respective strengths and expertise while taking 
into account our respective evolutions.”
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Innovative Micro Technology Adds to 
Arsenal of Through Silicon Via Offerings

Innovative Micro Technology announced the addition 
of a new geometry point in its technology roadmap for 
Through Silicon Vias (TSV). Joining the copper-fi lled 

15 by 60 micron depth TSV confi guration that has been in 
production for nearly two years, IMT has been sampling its 
50 by 250 micron copper-fi lled TSV, which is planned for 
production shortly after the fi rst of the year.

Enabled to reach new system performance levels, RF 
applications are taking advantage of shorter signal paths 
achieved through vertical integration, while enjoying neg-
ligible insertion loss and resistivity offered by the copper-
fi lled TSVs. TSV integration has propagated into a host of 
other functions exploiting the benefi ts of minimized signal 
loss and the reduction of device footprint, the latter driven 
primarily by mobile applications. Complemented by wafer- 
and system-level assem-
bly and packaging, TSVs 
are a critical element in 
enabling next-generation 
3D integration. 

While IMT offers 
a polysilicon TSV, re-
cent emphasis has been 
placed on copper due to 
the material’s high per-
formance characteristics. 
IMT’s copper-fi lled TSV exhibits less than 0.01 ohms of re-
sistance and an insertion loss of 0.01 dB at 6 GHz. Respond-
ing to market demand, IMT is continuing development of 
metal-fi lled TSVs and plans to introduce TSVs with a 10:1 
aspect ratio in the second half of 2011.

“There has been a steady increase in usage of our TSV 
technology over the last two years, initially driven by our 
work in the RF market,” said John Foster, CEO of IMT. 
“More recently, interposer applications and markets such 
as optical and even life science have found it necessary to 
implement our TSVs as integration is on the rise in both ar-
eas. We have a program in production today which imple-
ments over 140,000 TSVs on a single wafer. We expect that 
TSV usage will continue to excel.”

TD-SCDMA, China and GSM Still Lead RF 
Power Amplifi er and Device Markets

Rapid Chinese TD-SCDMA rollouts and the often-
maligned GSM/GPRS/EDGE equipment markets 
have benefi ted the base station RF power ampli-

fi er and RF power device markets. GSM/GPRS/EDGE 
RFPAs and devices are still shipping in the millions. The 
Asia-Pacifi c region is presently accounting for more than 
50 percent of the RF power semiconductor devices sold 
into the mobile wireless infrastructure segment.

LTE Services in US Will Generate More Than 
$11 B in 2015

When it comes to mobile network infrastructure dis-
cussions, LTE is the name on everyone’s lips. Yet 
the very meaning of the acronym—“Long-Term 

Evolution”—is a hint that it is not going to happen over-
night. LTE’s deployment as the mainstay 4G technology 
will take place gradually, and will not even begin to gather 
real steam until 2013. Nonetheless, LTE is forecast by ABI 
Research to generate more than $11 B in service revenue 
in the US in 2015, with nearly a further $650 M to come 
from Western Europe.

The LTE service revenue growth curve for Western 
Europe is practically a straight line. That contrasts sharply 

with constantly accel-
erating revenue growth 
in the US, and is largely 
due to the sometimes ex-
orbitant amounts Euro-
pean network operators 
paid for their 3G spec-
trum; many of those op-
erators want to squeeze 

every drop of value from their 3G investments before mi-
grating to 4G.

• How many subscribers will LTE have in the long term?
• How fast will LTE grow until 2015?
•  How much will be spent on LTE infrastructure and/or 

user equipment?
ABI Research’s “LTE and LTE-Advanced” study gives 

an LTE and LTE-Advanced standards overview and up-
date, considering trends, network architecture, and the 
elements that make up that architecture, as well as ap-
proaches and strategies. Forecasts include device and 
equipment shipments broken down by region, as well as 
subscribers, service revenue and ARPU. It is part of the 4G 
Research Service.

Go to www.mwjournal.com for more commercial market news itemsGo to www.mwjournal.com for more commercial market news items
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Now, according to Re-
search Director Lance 
Wilson, “Recent Chinese 
TD-SCDMA base station 
deployments have been 
massive and have buoyed 
RF power vendor to a 
tremendous degree.” 
That demand is expected 
to strengthen the market 
until at least sometime in 
2011, and the Chinese 

deployments will probably only start to slow in 2012. And, 
in a happy coincidence for equipment vendors, 2011 is the 
expected time frame for LTE deployments in developing 
countries to really gather a head of steam. “Although LTE 
has not significantly impacted RF power amplifier and de-
vice sales in the near term,” says Wilson, “it is going to bol-
ster RF power sales in the wireless infrastructure space from 
about 2011 on.” Wilson also notes that since the previous 
edition of ABI Research’s report on this market, there have 
been some modest changes in the breakdown of market 
share held by the leading RF power device vendors.

“RF Power Amplifiers” examines evolving design pa-
rameters and materials, price versus performance and in-
terdependent relationship of RF power semiconductors to 

RF power amplifiers. Quantitative forecasts are presented 
through 2015 for both segments. It is included in two of 
the firm’s research services: Mobile Networks and Semi-
conductors.

Worldwide Digital Set-top Box Market to 
Hit 226 Million Shipments in 2015

The worldwide market for digital set-top boxes—in-
cluding hard-to-track free-to-air satellite (DBS) box-
es—will grow from 205 million in 2010 to 226 million 

in 2015. Shipments in North America and Western Europe 
are falling following largely successful digital transitions, 
while Asia-Pacific, Latin-America and Eastern Europe all 
see significant growth. Set-top boxes in China will grow at 
nearly 10 percent per year (CAGR).

“Cable Boxes decline in the short term due to cable’s 
failure to compete in the North American markets; how-
ever, they grow in the long term due to significant num-
bers in China and, to a lesser extent, India,” says ABI 
Research Senior Analyst Sam Rosen. “Digital terrestrial 
(DDT) boxes see the largest platform growth worldwide 
as countries in Asia-Pacific and Latin America move 
through their digital transitions and toward analog shutoff 
(ASO) of broadcasts.”
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 INDUSTRY NEWS

Raytheon Co. announced that it has signed a defi nitive 
acquisition agreement with Applied Signal Technology 
Inc., a leader in the collection and processing of communi-
cations signals to support tactical and strategic intelligence 
missions. The agreement has been approved by the boards 
of directors of both companies. Under the terms of the 
agreement, Raytheon will commence a tender offer to pur-
chase all of the outstanding shares of Applied Signal Tech-
nology Inc. common stock at a price of $38.00 per share in 
cash for an aggregate purchase price of approximately $490 
M, net of cash acquired. Pending the successful comple-
tion of the tender offer, the transaction is expected to close 
in the fi rst quarter of 2011 subject to customary closing 
conditions and regulatory approvals. The transaction is not 
expected to have a material effect on Raytheon’s earnings.

Mercury Computer Systems Inc., a trusted ISR subsys-
tems provider, announced that it has completed the acqui-
sition of LNX Corp. Based in Salem, NH, LNX designs 
and builds next generation RF receivers for signals intel-
ligence, communications intelligence as well as electronic 
attack applications. Under the terms of a stock purchase 
agreement, Mercury acquired LNX for an all-cash pur-
chase price of $31.0 M plus an earn-out of up to $5.0 M 
payable upon the achievement of fi nancial targets in calen-
dar years 2011 and 2012. The acquisition was funded with 
cash on hand, and is expected to be neutral to modestly 
accretive within the fi rst year.

Peregrine Semiconductor Corp., a provider of high per-
formance radio frequency (RF) integrated circuits (IC), 
and Soitec (Euronext Paris), a supplier of silicon-on-in-
sulator (SOI) wafers and advanced solutions for the elec-
tronics and energy industries, announced the joint devel-
opment and ramp in production of a new bonded silicon-
on-sapphire (SOS) substrate that has been qualifi ed for 
use in manufacturing Peregrine’s next-generation STeP5 
UltraCMOS™ RF IC semiconductors.

RFMW Ltd. announced the opening of direct sales and 
distribution offi ces in Europe. RFMW is a specialized dis-
tributor that uniquely provides customers and suppliers 
with focused distribution of RF/microwave components as 
well as customer specifi c component engineering support.

The Power Distribution Systems (PDS) Division of Rogers 
Corp. has been awarded International Railway Industry 
Standard (IRIS) certifi cation for its laminated busbar man-
ufacturing facility located in the Suzhou Industrial Park in 
Jiangsu Province, China. The Rogers PDS-China manufac-
turing facility is the fi rst laminated busbar manufacturer in 
China to obtain IRIS certifi cation. The IRIS certifi cation, 
developed by the Association of the European Railway 
Industry (UNIFE), has been modeled on similar quality 
standards already in place in the aerospace and automotive 
industries. It complements the internationally recognized 
ISO 9001 quality standard for rail specifi c requirements.

Anritsu Co. announced that it has received a prestigious 
4GWE Wireless LTE Visionary Award from Technology 
Marketing Corp. (TMC), a global media company, and 
Crossfi re Media. Anritsu was the only award winner that 
was recognized for multiple LTE products, as its MT8820C 
Radio Communications Analyzer, ME7873L LTE RF Con-
formance Test System and MT8221B BTS Master Hand-
held Base Station Analyzer were acknowledged as three of 
the leading LTE test solutions. 

Agilent Technologies Inc. announced its Infi niium 
90000 X-Series oscilloscopes was named Test Product of 
the Year at Elektra 2010, the European Electronics Indus-
try Awards. The Elektra awards are decided by an indepen-
dent panel of judges focused on 16 award categories. The 
event, considered an annual highpoint within the electron-
ics industry, recognizes the achievements of individuals 
and companies across Europe. The awards are designed 
to promote best practices in key areas such as innovation, 
sales growth and employee motivation. 

 CONTRACTS

Giga-tronics Inc. announced that it has received orders in 
excess of $4.8 M to supply microwave test equipment for 
the automation of production at contract manufacturers in 
China. The products supplied are part of Giga-tronics’ mi-
crowave signal switching family. These orders are expected 
to ship this fi scal year.

Canada’s rural population will keep in step with—and per-
haps a little in front of—the rest of the country thanks to 
an aggressive 4G rollout timetable being implemented by 
Barrett Xplore Inc. The network will be powered by Drag-
onWave Inc.’s Horizon Compact and Horizon Quantum 
wireless backhaul technology. The two companies have 
signed a multimillion-dollar contract that will help Barrett 

Jennifer DiMarco, Staff Editor

For up-to-date news briefs, visit www.mwjournal.com

In Memory of...
Microwave Journal’s co-founder and fi rst 
editor, Ted Saad passed away January 25th, 
2011. In addition to putting his stamp on 
this magazine, Saad had a long and infl uen-
tial career that touched many in the indus-
try and microwave technical society. Saad 

worked at MIT Radlab between 1942 and 1945, studying low 
pressure, high power waveguide components for the war effort. 
After the war, he and others, including Dr. Henry Riblet, formed 
the Microwave Development Lab (MDL) as well as Sage Labs in 
1955. In 1958, he and William Bazzy launched Microwave Jour-
nal, and later Artech House. Saad was one of the organizers and 
fi rst chairman of the Boston chapter of the PGMTT and the edi-
tor of The Transactions publications. Saad was a life fellow of the 
IEEE MTT-S. Look for the Microwave Journal remembrance of 
Ted Saad, coming in March.

http://www.mwjournal.com
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the company now offers components for all these flexible 
waveguide types. 

Richardson Electronics Ltd. announced that it has once 
again teamed with Scintera® Inc. to bring the newly en-
hanced SC1887-03 Adaptive RF Power Amplifier Linear-
izer (RFPAL) to the UHF broadcast TV transmitter mar-
ket. This fully adaptive, “RF-in, RF-out” amplifier pre-dis-
tortion solution operates directly at the carrier frequency, 
and requires only the addition of a few standard RF com-
ponents to implement. 

	 Personnel

Georgia Tech Executive Vice President for Research Ste-
phen Cross has named Battelle Memorial Institute’s Rob-
ert T. McGrath the new Director of the Georgia Tech 
Research Institute (GTRI) and Georgia Tech Vice Presi-
dent. McGrath, currently a consultant on National Labora-
tory/University Partnerships, STEM Education, and Race 
to the Top initiatives for Battelle Memorial, has begun his 
new responsibilities as of February 1, 2011. He succeeds 
Cross, who served as GTRI Director from 2003 to 2010 be-
fore being named Georgia Tech’s Executive Vice President 
for Research (EVPR) in May 2010.

Anatech Electronics announced the ap-
pointment of Gareth Llewellyn as Di-
rector of US sales. He will manage all of 
the company’s sales activities through-
out North America, including develop-
ing and implementing sales strategies 
and programs and managing sales rep-
resentatives. Llewellyn has more than 
20 years of experience in the RF and  ss GarethsLlewellyn
microwave industry, and has served in 

sales, business development and operations management 
capacities. He has held various management positions at 
Micro Networks, Device Technology, Emcore Corp. and 
several other leading microwave companies. He received 
his BSc degree from Cardiff University in the UK and is a 
member of the IEEE.

TRM Microwave announced that Ken 
Greenwood has joined the company as 
Director of Engineering. Greenwood 
brings over 25 years of extensive experi-
ence in engineering management, sys-
tems engineering, product development 
and customer relations to TRM, and he 
has co-authored multiple patents as a 
registered Electrical PE (Professional 

ss KensGreenwood
Engineering) in New Hampshire and 

California. His background includes the design and devel-
opment of terrestrial, air-to-ground communications sys-
tems and Electronic Support Measures (ESM) systems, 
with Hughes Aircraft Co., Lockheed, Sanders and various 
commercial start-ups involved in telecommunications and 
optical infrastructures. 

M/A-COM Technology Solutions Inc., a supplier of semi-
conductors, active and passive components and subassem-
blies for RF, microwave and millimeter-wave applications, 
announced that Jack Kennedy is the new Director of 

Xplore—already rural Canada’s leading broadband service 
provider—into a 4G broadband services offering, by deliv-
ering three to ten times the capacity of today’s High Speed 
Packet Access (HSPA) service. 

Wireless Telecom Group Inc. (WTG) announced that its 
wholly-owned subsidiary, Boonton Electronics, has been 
awarded a contract with the Department of the United 
States Navy to supply Boonton’s 4500B RF Peak Power 
Meter in support of a Naval Sea Systems Command proj-
ect. The total value of the contract is approximately $1.5 M 
and a considerable portion of the order is expected to be 
realized over the next two years.

Herley Industries Inc. announced that its Herley Lan-
caster division has received an award valued at approxi-
mately $1.3 M from a major US defense contractor. The 
Lancaster, PA, division will manufacture complex micro-
wave hardware for an electronic attack aircraft for the US 
Navy. In related news, Herley announced that Herley Lan-
caster has recently been awarded an order for more than 
$1 M by the Japanese Ministry of Defense. This award is 
for the supply of high performance antennas to be installed 
in reconnaissance fighter aircraft operated by the Japan Air 
Self-Defense Force (JASDF).

TriQuint Semiconductor Inc., an RF front-end product 
manufacturer and foundry services provider, announced 
that handset manufacturer, Samsung, selected TriQuint 
for its complete 3G RF front-end for its new Samsung Gal-
axy Tab. This is in addition to Samsung choosing TriQuint’s 
total 3G RF front-end solution for its flagship smartphone 
series, Galaxy S.

VTI Instruments Corp. announced that it has been se-
lected to deliver the dynamic signal analysis (DSA) instru-
mentation solution for NASA Plum Brook’s Reverberant 
Acoustic Test Facility (RATF). RATF houses the world’s 
largest Space Environment Simulation Chamber and 
will use VTI’s VT1432B high performance digitizer plus 
DSP, along with integrated arbitrary waveform genera-
tion (ARB) capability, as part of m+p international’s Digital 
Acoustic Control System (DACS). The DACS will be used 
to configure and control servo-hydraulic and electromag-
netic modulators, and acquire data from up to 24 individ-
ual microphones.

RF Micro Devices Inc. (RFMD) announced that Sam-
sung has selected three highly integrated RFMD® com-
ponents to deliver superior WiFi connectivity in the re-
cently-introduced GALAXY Tab™ Android tablet.

new	Market	entries

A.T. Wall Co., a supplier of superior precision tubing and 
fabricated metal components, announced that it provides 
flexible waveguide and waveguide components to the in-
ternational market. Products include seamless flexible 
waveguide, flexible twistable waveguide, flexible wave-
guide and semi flexible waveguide. In addition to tubing, 
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Global Distribution, reporting to Bob 
Donahue, Chief Strategy Offi cer. He 
will oversee the strategic development 
of the company’s global distribution 
channels to ensure they are all working 
toward the overall success of the com-
pany. Kennedy has a long history with 
the company in roles such as Strategic 
Account Lead, Global Account   Jack Kennedy

Director, as well as roles in sales man-
agement.

 REP APPOINTMENTS

Tektronix Inc., a manufacturer of oscilloscopes, an-
nounced an expanded agreement with Newark, a multi-
channel electronics distributor in the Americas. This fol-
lows distribution agreements announced in November 
with Allied Electronics, Entest and Test Equity. US cus-
tomers now have the choice of working with four leading 
electronic component and test instrumentation distributors 
who offer the full line of Tektronix test instrumentation. 
Newark now joins these distribution partners that together 
will provide an additional 500+ sales engineers, who will 
now be authorized to offer Tektronix higher performance 
oscilloscopes, signal generators, spectrum analyzers, logic 
analyzers and bit error rate testers. 

TRU Corp. has announced the appointment of Zerimar 
Sales as its new Southern California sales representative. 
Zerimar has over 30 years of electronic industry experience 
and technical sales expertise in solving critical customer 
design challenges. TRU Corp. is a premier supplier of 
custom designed, high quality interconnect products and 
cable assemblies for demanding applications in defense, 
commercial wireless, medical, energy and high power in-
dustrial equipment.

Carlisle Interconnect Technologies announced the ap-
pointment of Microwave Marketing Ltd. as technical 
sales agents and representatives for Carlisle Interconnect 
Technologies’ comprehensive range of RF and microwave 
connectors, cables and components within Ireland, Portu-
gal, Spain and the United Kingdom.

Valpey Fisher Corp. announced it is adding Pillar Mar-
keting Group LLC to its sales force. Pillar Marketing will 
be the authorized sales representative for all Valpey Fisher 
Corp. product lines in Colorado and Utah.

 WEBSITE

Endwave Corp., a provider of high frequency RF MMICs 
and integrated transmit/receive modules, has announced 
a redesign of the company’s website, www.endwave.com, 
which includes an e-commerce MMIC store for sample 
and volume purchases up to 999 pieces. 
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Technical FeaTure

Setting new noiSe 
Performance BenchmarkS
USing wideBand Low-
noiSe, high-Linearity 
LnaS

The weakest signal that a wireless receiver 
can recover is defined by its sensitivity1

Rx sen dBm
BW SNR F

_ ( )
log ( )

=
− + + +174 10 1

where BW is the bandwidth in Hz, SNR the 
required signal to noise ratio and F the system 
noise figure. A low-noise amplifier (LNA), as 
its name implies, improves the receiver sensi-
tivity by reducing the cascade noise figure. Fri-
is’s equation shows that the noise figure (F1) of 
the first amplifying stage in the receiver chain 
(that is the LNA) has a predominant effect, 
while the noise performance of the subsequent 
stages (such as F2, F3, etc.) are of lesser impor-
tance. This is stated as

F F
F

G
F
G G
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+
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1 2
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where Gn is the gain of the nth stage in the 
receive chain.

Cellular base stations (BTS) and microwave 
relays have detached low-noise amplifier stages 
located up in the aerial tower in order to miti-
gate the NF degradation from pre-LNA cable 
loss. In the BTS architecture, the LNA stage 
is preceded by a transmit-receive (Tx-Rx) di-
plexer for duplexing a common aerial and an 
interference filter for preventing out-of-band 

blocking or desensitization. However, both 
the duplexer and filter have losses that must 
be minimized as they occur before amplifica-
tion.2 Therefore, an LNA with an extra margin 
in noise performance will relax the duplexer-
filter’s loss requirement.

Other critical performance parameters in-
clude high gain, to overcome loss in the long 
cable connecting the tower-mounted LNA and 
the ground-level radio shack, as well as high 
linearity, as the RF spectrum in the tower vi-
cinity can be very crowded due to site sharing 
with other wireless transmitters.

A Brief Survey of Low-NoiSe 
TechNiqueS

In the ‘70s and ‘80s, low-noise microwave 
amplifiers were mostly realized using ceram-
ic-packaged devices3,4 because ceramic has 
extremely low loss (dissipation factor, tan δ = 
0.001) and the stripline leads width could be 
matched to the PCB trace to minimize discon-
tinuities. The shift to plastic surface-mount 
packaging (SMP) such as a SOT-23 or SC-70, 
for cost saving reasons, led to packaging that 
significantly degrades the noise performance 
because of the epoxy encapsulation’s higher 

Chin-Leong Lim
Avago Technologies, Penang, Malaysia
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sults in a useful 0.2 
dB noise improve-
ment at approxi-
mately 1 GHz,17 al-
beit at a significantly 
higher manufactur-
ing cost.

Besides the 
device-level tech-
niques, noise can 
also be reduced at 

the circuit level. The often significant 
difference between input conjugate 
match (ΓS) and optimum noise match 
(Γopt) of LNA transistors requires the 
noise performance to be sacrificed 
during matching. Nevin, et al. have 
shown that adding a small inductance 
(LS) in the source to ground path can 
minimize the ΓS - Γopt divergence;18

separately, a 0.15 dB noise reduction 
at 1.95 GHz has been reported using 
this technique.19 In practice, only a 
tiny less-than-ideal amount of LS can 
be added before undesirable peaks in 
the frequency response begin to form, 
far above the design pass band.20

FET-type devices have a relatively 
high optimum noise impedance (Zopt); 
connecting two or more transistors in 
parallel can lower noise by reducing 
the mismatch between Zopt and the 
generator impedance (Zs). Designs re-
ported using this method include us-
ing three FETs in the 76 to 109 MHz 
VHF FM broadcast range21 and two 
HEMTs at 1.4 GHz.22

An input matching loss directly im-
pacts F and the loss increases with the 
generator-to-input impedance trans-
formation ratio (explained in the next 
section). The loss can be minimized by 
increasing the unloaded Q via a cav-
ity23 or silver-plated resonators.24,25 
However, these esoteric components 
are either too cumbersome or costly for 
mass-produced commercial products.

Feed-forward, a technique that 
is more commonly associated with 
power amplification, has also been de-
scribed for noise reduction on CMOS 
LNAs26,27 at VHF/L-band. The noise 
produced in the input matching loss is 
combined in anti-phase with the out-
put signal in order to cancel the noise 
components. However, a subsidiary 
noise amplifier and a combiner are 
required in addition to the LNA. This 
increased complexity may be the rea-
son why feed-forward is still uncom-
mon in commercial designs.

loss (tan δ = 0.006 to 0.0145) and also 
abrupt width changes at the die to 
bond-wire and led to microstrip inter-
faces.6

The Fukui equation for device 
noise7 can be simplified to demon-
strate the proportionality of noise to 
physical temperature (TPHY)

F P
T

K

C

g

g R R F T

PHY gs

mo

mo s g PHY

min

( ) (

= + ⋅

+ ⇒ ∝

1 2
290

ω

33)

Due to this relationship, lowering 
TPHY to near 0 K, using closed-cycle 
helium cooling, is by far the most ef-
fective noise-reduction method8 and 
has demonstrated F ≈ 0.05 dB at 900 
MHz.9 The improvement is attributed 
to better electron-transport properties 
and reduced thermal noise generated 
by parasitic elements.10 The flip side 
of cryogenic refrigeration is that it 
results in difficult maintenance11 and 
high cost (∼$10k per cooler),12 thus 
limiting its use to performance-critical 
applications, such as radio telescopes 
and earth stations for interplanetary 
probes. Nevertheless, the future trend 
to replace a large radio telescope with 
thousands of smaller, low-cost ones 
distributed over a continent, such as 
the Square Kilometer Array,13 may 
make LNA cooling untenable.

In addition, the transistor’s F is 
strongly influenced by the choice of 
semiconductor material. Cutting-edge 
materials, such as indium phosphide 
(InP), allow unrivalled noise perfor-
mance, but are usually too costly for 
routine commercial use. On the other 
hand, silicon CMOS offers unbeatable 
cost benefits but has a modest noise 
level (see Table 1).

At the device level, shrinking the 
feature size (that is gate length) can 
improve most RF parameters.16 It has 
been shown that halving the CMOS 
feature size from 0.18 µm to 90 nm re-
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TABLE I
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Technology Noise Rating [14] Epitaxy cost/mm2 [15]

InP HEMT Very good $10

GaAs PHEMT Very good $2

GaAs HBT Good $2

Si CMOS Fair $0.01
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when RH/RL → 1, A ≈ 0 dB. That is, 
the lowest loss occurs when no imped-
ance transformation is required. The 
best noise performance was extracted 
from this ePHEMT by dimension-
ing both the device geometry and its 
bias current to make the input close to  
50 Ω, thus eliminating the input 
match requirement. The input induc-
tor in the evaluation circuit (L1 in 
Figure 2) essentially functions as an 
RF choke only, and so its Q does not 
appreciably influence the input loss. 
The simulation confirmed the relative 
insensitivity to the resonator QUL (see 
Figure 3), where ∆F<0.05 for any 
QUL in the 20 to 100 range (the lower 
end of the range representing a 0402-
size multilayer chip inductor and the 
upper end, a much larger air-core in-
ductor). The uncritical input resona-
tor requirement can enable low-cost 
and compact LNA designs.

The bias regulator allows the LNA 
quiescent current (Ids) to be adjusted 
by either varying RBIAS or an external-
ly applied voltage, VBIAS (see Figure 
4). The regulator’s low current drive 
requirement (IBIAS ≤ 1mA) is compat-
ible with most CMOS families, and 
it is possible to switch the LNA di-
rectly from a microcontroller in time 
domain multiplexed (TDM) applica-
tions. In applications that do not re-
quire this much linearity, an RBIAS val-
ue that is larger than nominal (6.8 kΩ) 

Device Physical anD 
Parametric characteristics

One approach is to use a compact 
(2  2  0.75 mm) 8-pin quad flat 
non-lead (QFN) packaged micro-
wave monolithic integrated circuit 
(MMIC) that consists of a common-
source amplifier and an active bias 
regulator. Its 0.25 µm feature-size 
GaAs enhancement-mode, pseudo-
morphic high electron mobility tran-
sistor (ePHEMT) process28 has a high 
gain-product bandwidth, fT >30 GHz, 
that allows the target gain (>17 dB at 
0.9 GHz) to be achieved in one stage. 
The Johnson noise generated in the in-
terconnections is minimized by making 
the metal two times thicker than in pre-
vious process iterations. A small source 
inductance (LS) enables good input 
return loss and F to be simultaneously 
achieved at one ΓS value (see Figure 1).

The gate width of the device was 
dimensioned to offer an input imped-
ance close to 50 Ω in order to avoid 
requiring a large impedance transfor-
mation ratio in the external matching, 
which can increase losses and conse-
quently degrade the noise figure F. 
The insertion loss (A) of a single trans-
mission resonator at an evaluated fre-
quency (f) is given by29
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where f0 is the resonant frequency, 
Ql the loaded Q of the matching net-
work and Qu the components’ unload-
ed Q (usually the Qu of the inductor as 
it is lower than that of the capacitor). At 
the center of the resonator’s pass band, 
f0 can be substituted for f; hence

A dB
Q Q

Q
u

u
( ) log ( )=

−
20 51

The loaded QL of the matching 
network is given by30

Q
R
RL

H

L
= − 1 6( )

where RH/RL is the resistance 
transformation ratio of the matching 
network. Substituting for QL gives

A dB

Q
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s Fig. 1  MMIC simplified circuit.
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process compatible.32 A lower cost 
FR4 material of 1.2 mm thickness is 
glued to the RO4350 ground-plane 
for stiffening. RF connections were 
made through edge-launch SMA-to-
microstrip transitions (Johnson Com-
ponent P/N 142-0701-856), while the 
DC supply was connected via a two-
pin straight PCB header. Because of 
the non-critical input resonator re-
quirement, 0402-size chips could be 
used to shrink the area populated by 
components to approximately 8  10 

able gain below the 
operating frequency 
(f0). Both L1 and 
L2 should be oper-
ated below their self-
resonant frequency 
(SRF) for effective 
choking. C3-C5 de-
couple the RF from 
the bias lines. In the 
interest of reducing 
the gain below f0, 
C4 is dimensioned 
for a reactance (X) of 
~6  at f0. There-
fore, at f << f0, C4 
gradually disappears 

from the circuit and R1 is directly 
in series with L1 to roll-off the gain. 
However, about 0.5 V is dropped 
across R1 at the nominal Idd of 50 mA 
and so the supply voltage Vdd must be 
raised to 5 V for Vds =4.5 V. When the 
LNA is switched via VBIAS as in TDM, 
C3 should be reduced to the low-
est value that can still decouple the 
bias line effectively at f0; as a rule of 
thumb, XC3 = ~5  at f0. The smaller 
C3 will speed up the switching that is 
constrained by the RBIAS - C3 time 
constant. Turn-on time is ~0.6 µs us-
ing C3 = 33 pF.

The printed circuit board (PCB) in 
Figure 5 measures 21.5  18  1.4 
mm and comprises microstrips with 
co-planar ground on a 10 mil Rogers 
RO4350, a mid-priced material with 
modest RF performance and FR4-

can be used to conserve power. The 
Ids temperature stability is achieved 
by the regulator and the LNA having 
undergone similar processing; that is, 
VBIAS and VGS “mirror” each other to 
compensate against thermal drift31

and between-wafer transconductance 
variation.

Performance evaluation 
circuit and assembly

To evaluate the RF performance, 
a 900 MHz LNA for a cellular base 
station has been designed around the 
MMIC. A minimal number of exter-
nal components (C1-L1 and C2-L2) 
provided the matching and biasing 
functions that were not feasible to 
integrate at the chip level. In addi-
tion to DC blocking and RF choking 
functions, C1-L1 also roll off undesir-

s Fig. 3  Simulated 900 MHz noise figure vs. input resonator QUL.
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fastRise™ is a trademark of Taconic.  Speedboard® C is a registered trademark of W. L. Gore & Associates.  

Listed values are from Gore™ Speedboard® C Prepreg Material Properties data sheet, 03/04.

Material Composition Reinforcement Part Number
10 GHz 40 GHz

Dk Df Dk Df

fastRise™ PTFE, Thermoset None

FR-26-0025-60 2.57 0.0014

FR-27-0035-66 2.67 0.0015

FR-27-0045-35 2.73 0.0014 2.70 0.0017

 Speedboard® C PTFE, Thermoset None 2.56 0.0038 2.67 0.0053

fast Rise™ prepreg and Speedboard® C may look a lot alike,
but their loss properties are another story.

LNA was expected to use. After de-
embedding the fixture effect, the de-
vice S-parameters and noise param-
eters were then imported into Agilent 
Technologies ADS2006A software for 
circuit simulation.

In the LNA circuit model illustrat-
ed in Figure 6, the RLC chip com-
ponents were modeled using simpli-
fied equivalent circuits instead of the 
manufacturer-supplied s2p data; this 
was mainly because such data lacked 
the convenience of changing the 
component values instantaneously as 

mm. The evaluation 
board device list is 
shown in Table 2.

As preparation 
for the LNA circuit 
design, the MMIC 
was characterized 
with a custom-de-
signed thru-reflect-
line (TRL) fixture 
formed from the 
same PCB material 
(10 mil RO4350), 
which the prototype 

TABLE II
EvALuATIon BoArd dEvIcE LIsT

Position Value Remark

C1, C2 100 pF Murata GRM15

L1, L2 33 nH TOKO LL1005

C4 27 pF Murata GRM15

C3, C5 4.7 uF Murata GRM15

R1 9.1 Ohm

Q1 MGA633P8 Avago

NB. All SMD components 0402 size

TABLE III
compArIson of ThE rEporTEd mEAsurEd pErformAncE of rEsEArch And commErcIAL LnA dEsIgns (800 To 1000 mhz)

Process 
[Ref.] Package F (dB) G (dB) f@RL

-10dB (MHz) PDC (W) P1dB 
(dBm)

OIP3 
(dBm)

OIP3—
P1dB(dB)

OIP3/
PDC

Research or 
Commercial

0.18 um 
CMOS 

[41]

die 3.8 20.2 30-930+ 0.043 0 9 9 0.2 R

0.18 um 
CMOS 

[42]

die 0.6 16 500-1500 0.05 6 14.5 8.5 0.6 R

mHEMT 
[43]

die 1.4 16 1000-2500 0.135 - - - - R

GaAs 
PHEMT 

[44]

SOT-89 0.6 18.7 500-3000+ 0.45 23 38 15 14.0 C

GaAs 
PHEMT 

[45]

QFN 
33

0.9 18 n.a. 0.45 22 35 13 7.0 C

GaAs 
PHEMT 

[46]

QFN 
33

0.6 16 540-2000+ 0.44 21 37 16 11.4 C

This work QFN 
22

0.3 18 400-1500 0.25 22.3 37 14.7 20.0 C

http://www.taconic-add.com
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extra 0.1 pF added to account for lay-
out capacitance. The parasitic induc-
tance (Lpst) in the capacitor model fol-
lowed the values provided by the ven-
dor-supplied software, “Murata Chip 
S-parameter & Impedance Library.”35

The two-pin header and its associ-
ated pads were excluded because they 
were found to have little impact on the 
simulated results. The edge-launched 
SMA jacks (female) were modeled us-
ing the ADS2006A parameterized com-
ponent for coaxial line with the param-
eter values obtained from the manufac-
turer. However, discontinuity effects at 
the coax to micro-strip interface were 
ignored because the parameters are 
non-trivial to extract by either measure-
ment or electromagnetic simulation.

Results and discussion
The evaluation board nominal DC 

bias values are Vdd = 5 V and Idd = 53 
mA (set by RBIAS = 6.8 kΩ). Key dif-
ferentiators that will excite customers 
from the cellular BTS market segment 
are low noise in conjunction with good 
return loss (RL). This is because diplex-
ers and filters are detuned by reflective 
terminations. At the 900 MHz nominal 
test frequency, the demonstration LNA 
achieved F ≈ 0.3 dB, G ≈ 18 dB and 
both IRL and ORL better than 15 dB.

Traditionally, BTS LNAs rely on 
either isolator or quadrature hybrid 
coupler (balanced LNA) to achieve 
a desired input match. As shown in 
Figure 7, this design’s low IRL al-
lows the high-loss and costly isolator/
quadrature coupler to be eliminated 
in most applications. The very wide 
bandwidth of the input and output 
match (0.35 to 6 GHz at the RL ≤ 10 
dB point) is favorable from the system 
standpoint, as it prevents detuning of 
the input/output filters’ out-of-band 

metalized end terminals. To reduce 
the model complexity, only the most 
important parasitics (“first-order” par-
asitics) for the RLC components were 
modeled. The inductor model used 
typical QUL values at the nearest fre-
quency (800 MHz) published by the 
vendor34 and extrapolated to other 
frequencies using a Q ∝ f  relation.

The inductors’ parasitic capacitance 
(Cpst) was calculated from its pub-
lished typical SRF values, but with an 

needed. Secondly, such data were fre-
quency limited to 6 GHz (so out-of-
band stability could not be simulated). 
Additionally, the capacitor manufac-
turer’s s2p data is severely limited in 
usefulness because its single reference 
plane lies along the chip’s long axis33

and is therefore only accurate for a 
shunt-connected capacitor function-
ing as RF-to-ground bypass. A capaci-
tor in series within the RF path, how-
ever, will require referencing to the 

s Fig. 7  Simulated and measured S-
parameters.
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and multi-service radios.
As shown in Figure 9, the mea-

sured frequency response exhibited 
minor out-of-band “gain peaks” at 10, 
13.5 and 18 GHz. But the peaks are 
well below the unity gain level, and so 
are not expected to create a potential 
instability if the LNA is inadvertently 
housed in a metal enclosure with a 
coincident cavity resonance. The Rol-
lett stability factor (k) is greater than 1 
when evaluated from HF to approxi-
mately >20 times the design center f0, 
meaning that the LNA will be uncon-
ditionally stable with any termination 
having a positive real part.

Blocking, which desensitizes the 
receiver by lowering the G and in-
creasing F,14 can be caused by either 
a non-synchronous interferer, such 
as a powerful transmitter sharing 
the same tower, or by a synchronous 
source, such as the transmission that 
leaks past the circulator or duplexer in 
a transceiver with simultaneous trans-
mit and receive capability.38 A com-
ponent with high gain compression 
threshold can therefore resist blockers 
more effectively. Gain compression is 
primarily caused by nonlinear transfer 
characteristics in an amplifier that is 
driven beyond the linear region with 
increasing heat dissipation as a minor 
contributor. In this design, heat loss 
is minimized by the GaAs substrate’s 
comparatively lower bulk conductiv-

ization, whereas a noise figure meter 
(Avago’s 8970S) was used for the final 
measurement), as well as different 
samples or different day variations.36

Although the main target market is 
narrowband cellular BTS, the RF 
performances (F < 0.4 dB and RL < 
10 dB in the 400 to 1400 MHz range) 
are also adequate for many wideband/
multi-band applications such as cable/
satellite TV distribution infrastruc-
ture, scanners, military applications 

frequency response. Furthermore, 
there is reasonable agreement be-
tween simulated and measured G and 
RL at mid-band, where the differenc-
es are less than 2 dB.

As shown in Figure 8, the simu-
lated F is ∼0.15 dB higher than the 
measured result at f0. A discrepancy of 
this magnitude is not unusual and has 
been ascribed to a system-repeatabil-
ity issue (an ATN source-pull system 
was used for device noise character- s Fig. 8  Simulated and measured noise 

figure vs. frequency TPHY = 27°C.
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the fundamental signal power (Pfund) 
and the IMD3 power theoretically in-
tersect. In the linear region, OIP3 can 
be calculated from the IMD3 ampli-
tude using

OIP P
IM

fund3
2

8= + Δ
( )

where ∆IM is the difference be-
tween the fundamental and the inter-
modulation product power in dB. Two 
input tones at 900 and 901 MHz were 
used for evaluating this design; how-
ever, a different frequency spacing 
is not expected to change the results 
much. In the linear operating region 
enclosed by Pi < -10 dBm, the OIP3 
is slightly above 37 dBm at nominal 
bias, as shown in Figure 11. The key 
to high linearity at low power (as given 
by the linearity figure of merit, OIP3/
PDC in Table 3; see page 66) is the 
processes’ high transconductance (gm 
= 600 mS/mm) because harmonic dis-

form clipping as Pi approached P1dB. 
This similarity with Class AB mode 
improved P1dB over current-limited 
designs, as shown in Figure 10.

Due to receiver components’ non-
linearity, adjacent-channel signals can 
create third-order intermodulation 
distortion (IMD3) such as 2f1-f2 or 
2f2-f1 that virtually overlaps with the 
wanted signal. A key measure of lin-
earity, the third-order intercept point, 
OIP3, is defined as the point where 

ity. Furthermore, the low knee volt-
age (0.3 V) of the selected process 
permits a larger voltage swing before 
clipping.39 The evaluation circuit’s 
gain dropped 1 dB from nominal at an 
RF input drive (Pi) of 5.3 dBm. This 
corresponds to an output 1 dB com-
pression point (P1dB) of 22.3 dBm. 
Due to the bias regulator’s constant-
voltage trait, the Idd rose exponen-
tially with overdrive. The up-shifted 
bias point prevented premature wave-

s Fig. 10  Output power, gain and Idd vs. 
input power.
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for almost zero input refl ection coeff-
cient and minimizing internally gener-
ated thermal noise by using high-con-
ductivity metallization. The resultant 
noise fi gure is comparable to that of 
ceramic devices. This design/device 
compares favorably with the prior art 
in key performance parameters, as 
shown in Table 3. Selecting a process 
with high gm can enable high linear-
ity and best-in-class linearity fi gure of 
merit (OIP3/PDC). The relative insen-
sitivity to input resonator Q can allow 
low-cost components to be used with-
out sacrifi cing noise performance. The 
benefi cial IRL over a wide bandwidth 
allows the isolator to be eliminated in 
most applications. Additionally, the 
low external component count makes 
possible a very compact LNA. 
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Part
Number Architecture 

Block
Diagrams

A, B, C
LO Freq
(MHz) 

Phase Noise
(dBc/Hz) 
at 2 GHz

Mixer
RF/IF Port
Freq Range

(MHz) 

Mixer 
IIP3

(dBm) 

Supply
Voltage

(V) 

Supply Current 
(mA)

with one
mixer active 

Multi-
Slice 
Mode 

1 kHz 10 kHz

RF2051 Frac-N PLL, VCO, 2 mixers A 300 to 2400 -85 -90 30 to 2500 18 2.7 to 3.6 55 to 75 —
RF2052 Frac-N PLL, VCO, 1 mixer B 300 to 2400 -85 -90 30 to 2500 18 2.7 to 3.6  55 to 75 — 
RF2053 Frac-N PLL,  1 mixer C external VCO -85 -90 30 to 2500 23 2.7 to 3.6 45 to 65 — 
RF2056 Frac-N PLL, VCO, 2 mixers A 50 to 500 — — 30 to 500 25 2.7 to 3.6 50 to 65 — 
RF2057 Frac-N PLL, VCO, 2 mixers A 1900 to 2400 -85 -90 30 to 2500 18 2.7 to 3.6 55 to 75 — 
RF2059 Frac-N PLL, VCO, 2 mixers A 1550 to 2050 -85 -90 30 to 2500 18 2.7 to 3.6 55 to 75 — 
RFFC2071 Frac-N PLL, VCO, 2 mixers A 85 to 2700 -95 -102 30 to 2700 23 2.7 to 3.3 100 to 130 P

RFFC2072 Frac-N PLL, VCO, 1 mixer B 85 to 2700 -95 -102 30 to 2700 23 2.7 to 3.3 100 to 130 P

RFFC5071 Frac-N PLL, VCO, 2 mixers A 85 to 4200 -95 -102 30 to 6000 23 2.7 to 3.3 100 to 135 P

RFFC5072 Frac-N PLL, VCO, 1 mixer B 85 to 4200 -95 -102 30 to 6000 23 2.7 to 3.3 100 to 135 P

A B C
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Cross Correlation in 
Phase noise analysis

Phase noise is a property of an oscillator 
that can extend in magnitude from the 
carrier of several volts down to a mere 

nano-volt far from the carrier. In many cases 
the lowest noise OCXOs, SAWs and other spe-
cialty oscillators have carrier to noise ratios 
in excess of -180 dBc/√Hz. The noise level of 
these oscillators often extends below that of 
even the mixers and low noise amplifiers at 
baseband. Cross correlation is a method used 
in phase noise analysis to extend the range of 
any single channel measurement by introduc-
ing a second channel and utilizing signal pro-
cessing to locate the noise that is common to 
the DUT, yet uncommon to each individual 
channel. With this method, a typical noise floor 
improvement of 20 dB is very realistic, allowing 
for high accuracy measurements of extremely 
low noise oscillators. This article presents the 
mathematics with an example of how cross cor-
relation can accurately identify signals or noise 
that is below the level of the measurement in-
strument.

Most phase noise measurement systems use 
what is called carrier cancellation. Phase noise 
is not measured directly, but down-converted 
to baseband. In an absolute phase noise mea-
surement, where the absolute noise level of an 
oscillator is being measured, two oscillators are 
phase locked to one another. Once the two sig-
nals are locked with a mixer, the phase noise 

of both channels is down-converted directly to 
baseband without the carrier which is at DC 
and cancelled.

In a residual or additive phase noise mea-
surement, whereby the additive noise of a com-
ponent such as an amplifier is to be measured, 
the oscillator is split into two parts. One path 
drives the LO port of the mixer while the other 
path goes through the DUT prior to going into 
the RF port of the mixer. Within the noise level 
and isolation of the mixer, the carrier and its 
noise are canceled, being common between 
the two paths, while the noise of the DUT is 
measured directly at an offset and its carrier 
frequency centered at DC.

In both cases, low noise, low frequency tech-
niques are then applied to amplify and sample 
this signal. However, in both cases, noise levels 
of system components may limit the measure-
ment dynamic range or noise floor. In absolute 
measurements, the reference oscillator typical-
ly is the limitation. In additive measurements, 
even a very good mixer can often contribute as 
much noise as a low noise DUT.

Cross correlation has been used by NIST for 
metrology level phase noise measurements for 
quite some time (see the references for more 
information or go to www.nist.gov). Through-

Jason Breitbarth
Holzworth Instrumentation, Boulder, CO
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   Ducommun  RF  Product  Group  is  an  
experienced   designer  and  manufacturer  of 
mmW ampliier.  Our  facility  offers  standard  
and custom  products covering  the  Ka to 
W-Bands.
      We  feature  ampliiers  speciically  for  
low noise  applications,  along  with  a  several  
interface  options  including  waveguide  and  
coax. 

Full Band Ampliiers

Low Noise Ampliiers
*Broadband Operation
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 Performance 
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 design
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*Custom design

*High gain and band width
*Single power supply
*Low DC power consumption

*Full waveguide band LNA 
 and PA
*Cover Ku & K, Ka, Q, U, V, E, 
 W bands
*Selection of various outlines

               
 General Purpose Ampliiers

      

  High Power Ampliier
                              

www.Ducommun.com/ rfproducts
233301 Wilmington Ave. Carson, CA 90745-6209

Contact our mmW engineers today 
to discuss speciic requirements at 

310.513.7200 or rfsales@ducommun.com

this leaves a dy-
namic range of -170 
dBc/Hz (about 10 
dB below that of 
the oscillator). A 
higher power mixer 
can increase this 
dynamic range, but 
shot noise and other 
effects can become 
more dominant 
(such as the com-

bined impedance of the mixer and the 
termination at the IF port). Table 1 
shows the voltage noise of several dif-
ferent resistance values, demonstrat-
ing that higher equivalent resistances 
can significantly degrade the signal to 
noise ratio. An equivalent port imped-
ance of 100 Ω can decrease the signal 
to noise ratio by 3 dB.

V kTBRn = 4 1( )

In an absolute phase noise mea-
surement, the reference oscillator 
will likely contribute significantly 
more noise than the mixer, especially 
at close to the carrier. In an additive 
measurement such as a low noise, sili-
con BJT-based RF amplifier, the RF 
amplifier may have noise that is on par 
with the silicon diodes used in a good 
phase detector. In both examples, it 
is clear that low noise devices require 
additional techniques to accurately 
measure them down to very low lev-
els.

CROSS CORRELATION
A diagram of a two-channel cross-

correlation system to measure noise 
or very small signals is shown in Fig-
ure 1. Signal S0 is common while each 
individual channel has its own inde-
pendent, and higher, noise. The re-
sultant time domain sampled signal is 
in the form of S1 and S2. The desired 
signal to be measured is S0 and has a 
small-signal component and broad-
band noise:

S f t v tn0 02 2= +α πsin( / ) ( ) ( )

The actual measured signal from 
channels 1 and 2 are defined as

S S v t

S S v t
n

n

1 0 1

2 0 2

3

4

= +
= +

( ) ( )

( ) ( )

MATHEMATICAL DEFINITIONS
Cross correlation can be computed 

via convolution or as a Fourier trans-

out this article noise is normalized to 
per root Hz from equation 1 where B 
= 1 Hz. Many times the reader may 
see per Hz, but usually that is an ar-
tifact of not having the proper symbol 
available. Since the square root of 1 
is 1, many just ignore this difference 
even if it is not correct.

NOISE SOURCES
The need for cross correlation is 

best illustrated via an example. As-
sume a very high quality oscillator 
having a phase noise floor of -180 
dBc/√Hz with +10 dBm output power. 
The white noise power of the oscilla-
tor is equal to 10 dBm (-180 dBc/√Hz) 
or -170 dBm/√Hz. A 50 Ω resistor ex-
hibits about 0.9 nV/√Hz of noise or 
-174 dBm/√Hz in terms of power. A 
noise power of -170 dBm/√Hz is only 
1.44 nVrms/√Hz. The best low noise 
amplifiers are near 1 nVrms/√Hz self 
noise, limiting both the accuracy and 
sensitivity of the measurement. This is 
assuming an ideal phase detector with 
no loss or noise itself.

To evaluate whether a ‘real’ mixer 
could deal with this level of noise, we 
continue with the example. A 13 dBm 
high quality mixer phase detector may 
be driven around 5 dBm at the RF 
port. At this level, the mixer is slightly 
in compression with a conversion loss 
of likely about 7 dB. The output phase 
conversion may be Kd=0.4 V/rad or 
about 0.282 Vrms/rad. With a 50 Ω re-
sistor exhibiting about 0.9 nVrms/√Hz, 

s Fig. 1  Block diagram of noise measure-
ment system where one signal with noise is 
measured simultaneously by two channels 
with their own independent and uncorrelated 
noise sources.

DUT

ADC

ADCLNA

LNA

S0

Vn1(t)

Vn2(t)

S1

S2

TABLE I
VOLTAgE NOISE IN TERMS OF Vrms/Hz AND dBV FOR 

VARIOUS RESISTANCES

Resistance () Voltage Noise 
@300k 

(91 nVrms/Hz)

dBV 
(dBVrms/Hz)

50 0.91 -180.8

100 1.29 -177.9

10K 4.07 -167.8
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achieve averaging. In a cross-correla-
tion system, both the magnitude and 
phase, or real and imaginary parts of 
the dot product from the cross cor-
relation are vector summed. The dot 
product of the random noise vectors 
will eventually achieve a vector sum of 
zero assuming they are truly random 
and uncorrelated. The dot product 
of the small common signal will be in 
phase and real and eventually be the 
only signal left.

Vector averaging yields a maximum 
improvement relative to the number 
of averages (N) in dB as 5log10(N). In 
other words, it takes an order of mag-
nitude increase in measurements for 
every 5 dB improvement. Table 2 lists 
the improvement for a number of cor-
relations.

EXAMPLE
To illustrate how cross correlation 

works, a mathematical equivalent of 
Figure 1 was defined in numerical 
computing software using the signals 
S0, S1 and S2. S0 represents a small-
signal above a broadband low noise 
level equivalent to just over a 50 Ω 
noise floor. S1 and S2 contain noise 
components vn1 and vn2, respectively, 
with noise levels that are above that 
of the small-signal of S0. The example 
demonstrates that a single channel 
system could never measure S0, given 

form. In the case of spectral analysis, 
it is easiest to deal with the Fourier 
transform version. Cross correlation 
in the time domain is defined by con-
volution as

( ) ( ) ( )S S S t S1 2 1 2 5 = − ∗∗

The star is representative of the 
mathematical function of convolution. 
The asterisk denotes the complex 
conjugates of signal S1. Rewritten in 
terms of a Fourier transform, the Fou-
rier transform of the cross correlation 
is the dot product of the complex con-
jugate of one Fourier transform to the 
other Fourier transform.

F S S F S F S{ } { } { } ( )1 2 1 2 6 = ⋅∗

It is shown here that cross corre-
lation makes use of the phase infor-
mation relative to the two channels. 
Figure 2 is a phasor diagram of the 
magnitude and phase of the Fourier 
transform for a given frequency com-
ponent. The red signal vector is the 
buried signal representative of S0
while the gray vectors are the random 
contributions of the whole system 
noise levels, S1 or S2. The gray vectors 
are unique and uncorrelated for each 
channel for each measurement while 
the red vector is common. Figure 2 
illustrates how a buried signal phasor 
relates to the overall random noise 
vectors. Two channels will measure 
the buried signal vector identically 
with uncorrelated and larger noise in 
sum with it. Vector averaging the dot 
product of the two channels (one as 
a complex conjugate) will reduce the 
uncorrelated noise proportional to the 
number of correlations. Vector aver-
aging a number of cross correlations 
is known as ‘cross correlating’ with a 
number of correlations.

The dot product of one signal with 
the complex conjugate of another for 
two identical signals results in just the 
magnitude squared of either signal 
and is real, having a phase of zero. The 
dot product of the complex conjugate 
of one uncorrelated signal to another 
will be random in both magnitude and 
phase.

VECTOR AVERAGING THE CROSS 
CORRELATION

In a single channel magnitude only 
system, each frequency bin magni-
tude is summed and then divided 
by the number of measurements to 

s Fig. 2  Phasor diagram of the vector Fou-
rier component of any given frequency.

RMS Vn0

RANDOM NOISE
VECTOR(S)

RAM Vn1

‘BURIED’
SIGNAL VECTOR

TABLE II
CROSS CORRELATIONS CAN 

IMPROVE THE SENSITIVITy IN dB Of 
IdENTIfyING A SMALL-SIGNAL By THE 
RELATION 5LOG10(N) wHERE N IS THE 

NuMBER Of CORRELATIONS

Correlations (N) Noise Floor 
Improvement (dB)

1 0

10 5

100 10

1000 15

10000 20
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for all applications

such as a 6- or 8-bit oscilloscope, this 
may not have much of an effect. How-
ever, with higher dynamic range sys-
tems (>60 dB), this can cause signifi-
cant problems. To overcome this, the 
input time domain signal is windowed 
with an additional function to reduce 
this effect. For this example, we use 
the Hann window shown in Figure 
3, one of the more common windows 
used with noise analysis. The Hann 
window is defined as

ω π
( ) cos ( )n

n
N

= −
−

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

1
2

1
2

1
7

where N is the number of time 
domain samples. In this example we 
use 1024 points. Windowing of the 
ideal signal S0 is shown in Figure 4. 
In a real (noisy) measurement system, 
with noise components vn1 and vn2 be-
ing greater than signal S0, the actual 
measurement is going to look more 
like Figure 5. For comparison, Fig-
ure 5 shows the ideal S0 superimposed 
with the measured system signal S1.

At this point, the cross-correlation 
algorithm is applied to signals S1 and 
S2 with vector averaging (cross corre-
lations) at 1, 100 and 10,000 for a max-
imum improvement of 0, 10 and 20 
dB, respectively. Figures 6, 7 and 8 
demonstrate the effectiveness of cross 
correlation for 1, 100 and 10k correla-
tions, respectively. Each plot contains 
three curves. The blue curve is the 

the noise levels of the receiver with 
resultant signal S1.

WINDOWING
Window filtering is an important 

step in noise analysis. Discontinuities 
that occur during the start and stop of 
the finite sampling of a signal can cause 
spectral-leakage from one frequency to 
another, once the Fourier transform is 
applied. In low dynamic range systems, 

s Fig. 3  Hann window filter to be applied 
to a 1024 point time domain sample.
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HMC924LC5 & HMC925LC5 I/Q Upconverters 
with VGAs Covering 5.5 to 16 GHz!

COMPACT SOLUTIONS FOR DEMANDING MICROWAVE TRANSCEIVERS!S F D M TF MS D MS

  High Conversion Gain: Up to 16.5 dB

  Excellent Sideband Rejection: -30 dBc

  LO / RF Rejection: Up to 22 dBc

  High Output IP3:  Up to +29 dBm

  32 Lead 5x5 mm SMT Package: 25mm2

NEW!

A SELECTION OF OUR I/Q TRANSMITTER & RECEIVER ICs
RF / LO

Frequency (GHz) Function IF Frequency
(GHz)

Conversion
Gain (dB)

Sideband
Rejection (dBc)

OIP3
(dBm) Package Part

Number

5.5 - 8.6 I/Q Upconverter / Transmitter
with VGA DC - 3 16.5 30 29 LC5 HMC925LC5

10 - 16 I/Q Upconverter / Transmitter
with VGA DC - 3 17 -30 14 LC5 HMC924LC5

17.7 - 23.6 I/Q Upconverter / Transmitter DC - 3.75 15 35 29 LC5 HMC819LC5

16 - 21 I/Q Upconverter / Transmitter DC - 3.5 12 20 30 LC5 HMC710LC5

21 - 27 I/Q Upconverter / Transmitter DC - 3.75 12 20 27 LC5 HMC815LC5

RF / LO
Frequency (GHz) Function IF Frequency

(GHz)
Conversion
Gain (dB)

Image
Rejection (dB)

IIP3
(dBm) Package Part

Number

5 - 9 I/Q Downconverter / Receiver DC - 3 12 20 2 LP4 HMC951LP4E

12 - 16 I/Q Downconverter / Receiver DC - 3.5 14 32 -1 LC5 HMC869LC5

21 - 25 I/Q Downconverter / Receiver DC - 3.5 10 20 5 LC5 HMC571LC5

24 - 28 I/Q Downconverter / Receiver DC - 3.5 8 18 5 LC5 HMC572LC5

 NEW!

 NEW!

 NEW!

See www.hittite.com for Our Complete 
Line of I/Q & Double-Balanced Mixers & Converters
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Technical FeaTure

ideal signal S0, having the number of 
correlations equal to the number of 
averages. The red curve is the signal 
S1 of the individual channel, having 
the number of correlations equal to 
the number of averages. The yellow 
curve is the resultant cross correlation 
after vector averaging the number of 
‘correlations’. The results are tabulat-
ed in Table 3, respective of the num-
ber of correlations.

CONCLUSION
Cross-correlation analysis trades 

measurement setup complexity and 

TABLE III
RESULTS Of ThE ExAmpLE ShOwINg AN ImpROvEmENT Of mEASUREmENT 

SENSITIvITy wITh A hIghER NUmBER Of CORRELATIONS

XCORR Input Noise 
(dBc/Hz)

LNA (dBV/Hz)
Noise

Measured Noise 
(dBV/Hz)

1 -179 -167 -167

100 -179 -167 -176

10k -179 -167 -178.5

time for increased sensitivity. In situ-
ations such as measuring phase noise 
where hardware can limit the mea-
surement sensitivity compared to the 
device under test, cross correlation 
may be applied to improve the sensitiv-
ity to acceptable levels. In cases where 
the measurement floor is still below 
the device under test, but very close, 
cross correlation will improve the over-
all accuracy of the measurement. For 
cross correlation to be most effective, 
each channel must be isolated as much 
as possible to reduce or eliminate com-
mon mode noise. Additionally, the 

lower the noise measurement capa-
bility of each individual channel, the 
fewer correlations will be required and 
the faster a measurement can occur. As 
shown in the example plots of Figures 
6-8, cross correlation has the ability to 
pick up noise and small signals that are 
otherwise invisible to traditional mea-
surement systems. 
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New Single-Ended RMS Detectors Span 75 dB Dynamic Range!

  75 dB Dynamic Range

  Single-Ended Input = No External Baluns!

  Integrated Linear Envelope Detector
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OUR COMPLETE LINE OF IN-STOCK POWER DETECTORS
Frequency

(GHz)
Function

Dynamic
Range (dB)

RSSI Slope
(mV / dB)

RF Threshold 
Level (dBm)

Bias
Supply

Package
Part

Number

DC - 3.9 RMS 60 ±1 37 -69 +5V @ 50mA LP4 HMC1010LP4E

DC - 3.9 RMS, Single-Ended 75 ±1 35 -68 +5V @ 50 mA LP4 HMC1020LP4E

DC - 3.9 RMS, Single-Ended 71 ±1 35 -68 +5V @ 70 mA LP4 HMC1021LP4E

DC - 5.8 RMS, Single-Ended 40 ±1 37 -69 +5V @ 42mA LP4 HMC909LP4E

50 Hz - 3.0 Log Detector / Controller 74 ±3 19 -66 +3.3V @ 29mA LP4 HMC612LP4E

0.001 - 8.0 Log Detector / Controller 70 ±3 -25 -61 +5V @ 113mA LP4 HMC602LP4E

0.001 - 10.0 Log Detector / Controller 73 ±3 -25 -65 +5V @ 103mA Chip HMC611

0.001 - 10.0 Log Detector / Controller 70 ±3 -25 -65 +5V @ 106mA LP4 HMC611LP4E

0.01 - 4.0 Log Detector / Controller 70 ±3 19 -68 +3.3V @ 30mA LP4 HMC601LP4E

0.05 - 4.0 Log Detector / Controller 70 ±3 19 -69 +3.3V @ 29mA LP4 HMC600LP4E

0.05 - 8.0 Log Detector / Controller 54 ±1 17.5 -55 +5V @ 17mA LP3 HMC713LP3E

0.1 - 2.7 Log Detector / Controller 54 ±1 17.5 -52 +5V @ 17mA MS8 HMC713MS8E

1 - 23 mmW Log Detector 54 ±3 14.2 -52 +3.3V @ 91mA LP3 HMC948LP3E

8 - 30 Log Detector 54 ±3 13.3 -55 +3.3V @ 88mA LP3 HMC662LP3E

0.1 - 20  SDLVA 59 14 -54 +3.3V @ 83mA LC4B HMC613LC4B

0.6 - 20 SDLVA 59 14 -54 +3.3V @ 80mA Chip HMC913

0.6 - 20 SDLVA 59 14 -54 +3.3V @ 80mA LC4B HMC913LC4B

1 - 20 SDLVA 59 14 -67 +12V @ 86mA C-10 / SMA HMC-C052

1 - 26 SDLVA 59 11 -52 +3.3V @ 135mA Chip HMC813

2 - 20 SDLVA 50 45 -45
+12V @ 370mA

-5V @ 20mA
C-21 / SMA HMC-C078
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Special RepoRt

Vector-receiVer  
Load PuLL MeasureMents
Editor’s note: This month’s RF/MW boards, components and systems issue 
considers all off-chip (non-MMIC/RFIC) circuit design. Since this type of 
design involves discrete component integration and component interconnect and 
matching circuit design, measurement-based characterization plays a key role in 
the design process. The following special report considers the improvements in 
large-signal device characterization brought on by a new class of vector receiver 
load pull systems compared to older scalar techniques using calibrated automated 
load pull tuners. Recent improvements to nonlinear device measurement 
systems have greatly enhanced load pull characterization, which in turn impacts 
RF board level circuit design, particularly power amplifiers using discrete 
transistors.

The automated load pull was introduced 
by Maury Microwave Corp. based on an 
automated slide-screw tuner in 1987. At 

least 20 years earlier, manual mechanical tun-
ers of various forms were used to match tran-
sistor impedances when characterizing and 
designing amplifiers. Today, the importance of 
properly matching a transistor module when 
designing an amplifier is common knowledge; 
it is essential to use impedance matching net-
works on the input and output of a transistor 
in order to maximize power transfer, output 
power, gain and efficiency. The technique used 
to determine ideal matching network imped-
ances is referred to as ‘load pull’. This paper 
looks at some of the shortcomings of the older 
traditional methods and the improved accuracy 
introduced by techniques developed around 

the new class of nonlinear-based 
vector analyzers.

The goal of load pull is to 
present a set of controlled 
source and load impedances to 
the device under test (DUT) 
while measuring a multitude of 
parameters at each point. By 
varying the impedance, it is pos-

sible to characterize the performance of a de-
vice and design the ideal matching network for 
optimum realistic large-signal operating condi-
tions.

The impedance presented to the DUT can 
be stated in various formats: Impedance Zload 
(consisting of R±jX), voltage standing wave 
ratio (VSWR) (as a complex number in mag-
nitude and phase) and reflection coefficient 
ΓL (as a complex number in magnitude and 
phase). Considering the DUT as a two-port 
device shown in Figure 1, the magnitude of 
reflection presented to the device, ΓL, is noth-
ing more than a2/b2, or the ratio between the 
reflected- and forward-traveling waves. The 
generalized formula can be written as

Γx n n
x n n

x n n

a

b,
,

,
( )

( )

( )
( )f

f

f
= 1

From a system perspective, there are four 
impedances that affect our load pull measure-
ments, as shown in Figure 2:

Steve Dudkiewicz
Maury Microwave Corp., Ontario, CA
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s Fig. 1  Two-port scattering parameter 
model.
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tics of the device itself and cannot be 
controlled directly, the load pull sys-
tem is used to vary Zsource and Zload.

TRADITIONAL AND VECTOR-
RECEIVER LOAD puLL SYSTEMS

A traditional load pull system (see 
Figure 3) comprises a signal input 
path consisting of signal source and 
amplifier, source and load impedance 
tuners, and scalar measurement in-
struments such as mandatory power 
meters and an optional spectrum ana-
lyzer. In this type of system, the input 
and output powers of the DUT are de-
termined by de-embedding the mea-
sured power from the power meters 
through the RF component chains 
and through the tuners.

Power meters are wideband in 
nature and measure the entire signal 
outputted from a transistor including 
fundamental and harmonic power. A 
highly compressed device can output 
significant second and third harmonic 
powers; however, there is no way of 
knowing the percentage of power al-
located from each frequency. There-
fore, the value read from the power 
meter is attributed entirely to the 
fundamental frequency and artificially 
increases the power assumed to come 
from the DUT. The only solution is to 
add a spectrum analyzer to the system 
which increases the cost and com-
plexity, and it still relies on accurate 
de-embedding from the DUT to the 
instrument. In addition, these meters 
require considerable settling time to 
acquire an accurate power reading.

A vector-receiver load pull system 
(see Figure 4) comprises a signal in-
put path consisting of a signal source 
and amplifier, source and load imped-
ance tuners, and a vector-receiver. 
The vector-receiver uses only the a- 
and b-waves calibrated at the DUT 
reference plane to determine mea-
surement parameters. In this case, 
the a- and b-waves are analyzed on a 
per-frequency basis, so that each fre-
quency component is accurately sepa-
rated and used to calculate indepen-
dent fundamental and harmonic pow-
ers. Additionally, a network analyzer 
is inherently a more accurate tool for 
measuring power than a power meter 
or spectrum analyzer.

By measuring a1, b1, a2, b2 and the 
instantaneous large-signal Zsource, Zin, 
Zout and Zload, we can more accurately 

ance of the DUT
Zout, the large-signal output im-

pedance of the DUT
Zload, the impedance looking from 

the DUT output 
into the load tuner 
and beyond

It is the value of 
these impedances 
that determine the 
amount of power 
delivered to and re-
flected from the de-
vice. While Zin and 
Zout are characteris-

Zsource, the impedance looking 
from the DUT input into the source 
tuner and beyond

Zin, the large-signal input imped-

s Fig. 2  Impedances of and presented to the DUT.

IMPEDANCE TUNERIMPEDANCE TUNER

Zsource Zin  Zout Zload

s Fig. 3  Traditional load pull block diagram.
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tween the source tuner and the device 
input impedance. The available input 
power used by the traditional system 
is represented as

P
P

Z Z

Z Z

in avail
in del

in source

in source

,
,=

−
−

+

∗

∗1

(( )4

It is easy to see that the available 
and delivered input powers converge 
as Zin = Z

source.
Likewise, the power gain measured 

in a vector-receiver load pull system is 
represented as
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whereas in a traditional load pull 
system the transducer gain is repre-
sented as
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Power-added efficiency measured 
in a vector-receiver load pull system is 
represented as

PAE
P P

P
out in del

DC
=

− , ( )7

whereas in a traditional load pull 
system the efficiency is represented as

E
P P

P
out in avail

DC
ff =

− , ( )8

As with input power, power and 
transducer gains converge and power-
added and standard efficiencies con-
verge as Zin = Z

source.

LARGE-SIGNAL INPUT 
IMPEDANCE AND GAIN

A common sequence for tradition-
al load pull is to apply a fixed signal-
source power and tune the source im-
pedance for maximum gain. The load 
impedance is then tuned for some 
maximum parameter, output power 
or efficiency, for example. Source and 
load tuning iterations continue until 
the optimal impedances are deter-
mined, after which, a power sweep is 

In a traditional load pull system, 
the input impedance of the DUT is 
not known and the source tuner will 
be used to best match the input of the 
device in order to maximize power 
transfer. However, unless the source 
tuner is exactly matched to the com-
plex conjugate of S11, which varies 
with input power, full power transfer 
will not occur. Therefore, the deliv-
ered power to the device will not be 
known and the available power will be 
used to determine parameters such as 
transducer gain and compression. The 
offset in the input power, gain and ef-
ficiency is caused by the mismatch be-

calculate delivered power, gain and ef-
ficiency. The output power delivered 
by the device is represented as

P b a

b

out

load

= −( ) =

∗ −( )
1
2

1
2

1 2

2
2

2
2

2
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The input power delivered to the 
DUT at the tuned source impedance is

P a b

a

in del

in

,

( )

= −( ) =

∗ −( )
1
2

1
2

1 3

1
2

1
2

1
2 2Γ

s Fig. 4  Vector-receiver load pull block diagram.
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capable of measuring available input 
power, the level of mismatch between 
the actual device input impedance 
and the tuned source impedance will 
affect the overall transducer gain of 
the device and differ at each power 
level.

Because the vector-receiver load 
pull system measures the a- and b-
waves in real time at the DUT refer-
ence plane, delivered input power is 
always known even if it is physically 
impossible to match the tuned source 
and DUT input impedances. The 
power gain Gp power sweep shows a 
significant improvement over trans-
ducer gain Gt power sweeps and gives 
a more realistic understanding of the 
capabilities of the DUT (see Figure 
7). Transducer gain can still be used to 
verify the performance of the device 
at specific source impedances.

SOURCE IMPEDANCE MATCHING
Whereas the traditional system re-

quires actual source pull in order to 
visualize source contours for power 
and gain, vector-receiver load pull is 
able to mathematically compute con-
tours. Knowing the large-signal input 
impedance of the device, it is possible 
to calculate source contours by com-
paring the mismatch between the pro-
posed source impedance and the real-
time large-signal input impedance, 
which changes as a function of power 
and tuned load impedance, as well 
as the actual input power drive (see 
Figure 8). Measured source-pull con-
tours and mathematically computed 
source contours have been compared 
with excellent agreement. The ability 
to virtually vary the source impedance 
seen by the DUT and compute con-
tours eliminates the need for multiple 
source pull load pull iterations there-
by significantly reducing measure-
ment time.

TUNER CHARACTERIZATION 
AND DE-EMBEDDING

In a traditional load pull system, 
the most important factor in system 
accuracy is the characterization of 
each tuner at every frequency of inter-
est. Characterization entails moving 
the tuner’s internal RF probe (slug) to 
a multitude of horizontal and vertical 
positions and recording the associated 
S-parameters. These S-parameters 
are then used to calculate the loss 
through the tuner for power de-em-

fore, the source impedance selected 
when performing source pull was op-
timal at only one specific power and 
not over the entire range of the power 

sweep, resulting in 
sub-optimal match-
ing under the ma-
jority of conditions.

To illustrate, 
Figure 5 shows 
the large-signal in-
put impedance of 
a GaAs FET plot-
ted as a function 
of power on the 
Smith Chart. In 
this case, the input 
impedance varies 
significantly with 
power. In the same 
e x a m p l e ,  t h r e e 
source impedances 
are tuned one at a 
time, and a power 
sweep is performed 
for each one (see 
Figure 6). Since 
the traditional load 
pull system is only 

often performed to measure the gain 
compression of the device.

A DUT’s large-signal input imped-
ance varies with source power; there-

s Fig. 5  Large-signal input impedance of DUT and three tuned 
source impedances.
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bedding and to calculate the imped-
ance presented to the DUT. In order 
to improve the tuning accuracy, hun-
dreds or thousands of individual tuner 
states are characterized. Interpolation 
is helpful in reducing the number of 
characterized states, but there are 
those who still insist on lengthy char-
acterization procedures. Long-term 
tuner repeatability is paramount, as 
the S-parameters associated with each 
state are not re-measured.

In a vector-receiver load pull sys-
tem, the impedances presented to 

the DUT are mea-
sured in real time. 
In this case, it is not 
important to fully 
pre-characterize the 
source and load tun-
ers and only a small 
selection of points 
is needed, if at all. 
Likewise, tuner re-
peatability does not 
play a role in system 
accuracy as the im-
pedances presented 
by the tuners to the 
DUT are constantly 
being measured. 
Power is determined 

from the a- and b-waves calibrated at 
the DUT reference plane, eliminating 
the need for tuner de-embedding.

SYSTEM VERIFICATION
In traditional load pull systems, 

post-calibration system verifi cation in 
the form of �Gt or complex conjugate 
matched verifi cation is critical. ∆Gt
compares the theoretical gain and the 
measured gain at any set of source and 
load impedances. For this measure-
ment, an ideal or lossy THRU with 
an associated S-parameter fi le is used 
as the DUT. The input and/or output 
impedances presented to the DUT 
are adjusted and the gain is both cal-
culated from known pre-characterized 
S-parameters and measured with the 
power meter and de-embedded to the 
DUT reference plane. Theoretically, 
the calculated and measured gains 
should match, resulting in a ∆Gt=0. 
However, a realistic variance up to ±0.4 
dB is common across the Smith Chart.

Complex conjugate matched veri-
fi cation involves tuning the source 
and load tuners to positions that will 

present a conjugate 
match to the DUT, 
and measuring the 
gain on a THRU. 
The theoretical gain 
should be Gt=0 
since the THRU is 
a lossless passive 
component, and the 
input and output im-
pedances presented 
to the DUT are con-
jugate matched to 
eliminate mismatch 
losses. However, a 

SPECIAL REPORT

 Fig. 7  Power sweep while matching large-
signal input impedance and source imped-
ance (one Gp sweep).
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nally, multiple source-pull load pull 
iterations are required to converge on 
the optimal matching network source 
and load impedances. Table 1 com-
pares the capabilities and achievable 
measurement parameters between 
traditional and vector-receiver load 
pull methods.

Vector-receiver load pull over-
comes these weaknesses by directly 
measuring the a- and b-waves of a de-
vice in real-time, thereby determin-
ing the large-signal input impedance 
at each input power and enabling 
the determination of delivered input 
power, power gain and power-added 
effi ciency. Since the system is cali-
brated at the DUT reference plane, 
inaccuracies arising from tuner de-
embedding, and possibly lengthy 
tuner characterizations are elimi-
nated. Additionally, overall measure-
ment time is greatly reduced by the 
system’s ability to mathematically 
compute source contours and elimi-
nate the multiple source-pull load 
pull iterations required by traditional 
load pull. 

realistic gain up to 
±0.4 dB is common 
across the Smith 
Chart.

In a vector-
receiver system, 
complex conjugate 
matched verifi ca-
tion may be per-
formed but is not 
essential since the 
impedances pre-
sented to the DUT 
and the powers 
measured from the 
DUT are calculated 
from the a- and b-
waves calibrated at 
the DUT reference 
plane and not de-
embedded through 
tuners. Verifi cation 
is achieved by tun-
ing the load tuner 
to some load im-
pedance Zload and 
comparing it to 
the measured Zin 
on a THRU. Since 
the THRU line is 
transparent, Zin of 
the THRU should 
be equal to Zload. 
Verifi cation is also achieved by mea-
suring the actual power gain at any 
combination of source and load im-
pedances on a THRU, with expectant 
power gain of Gp=0. Gain of up to 
±0.2 dB is possible at highest tuned 
gammas, and can be greatly reduced 
by increasing the directivity of the 
low-loss couplers placed between the 
tuners and DUT.

CONCLUSION
Traditional automated load pull 

has been used for over 20 years and 
is still a widely accepted method of a 
device characterization for amplifi er 
design; however, it comes with the in-
herent weakness of not being able to 
accurately measure a device’s large-
signal input impedance. Without this 
device characteristic, it is impossible 
to accurately measure delivered input 
power, power gain and power-added 
effi ciency. Because powers are mea-
sured from power meters and de-
embedded through tuners, extremely 
accurate tuner characterization and 
tuner repeatability are required. Fi-

TABLE I
COMPARISON OF TRADITIONAL AND VECTOR-RECEIVER 

LOAD PULL METHODS

Measurement 
Parameter

Traditional Load 
Pull

Vector-Receiver 
Load Pull 

Input Refl ection 
Coeffi cient (Zin)

 

Available Input Power 
(Pin,avail)

 

Delivered Input 
Power (Pin,del)

 

Output Power (Pout)  

Power Gain (Gp)  

Transducer Gain (Gt)  

Power Added 
Effi ciency (PAE)

 

Effi ciency (Eff)  

AM/PM  

Calibrated Harmonic 
Power

Spectrum analyzer 
required



Multi-tone 
Measurements

Spectrum analyzer 
required



Modulated 
Measurements

Spectrum analyzer 
required



Power Sweep Speed 
(for 25 power levels)

~20 seconds ~1 second

http://www.rfhic.com
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Product Feature

HFSS developers focus on product fea-
tures and new technology that deliver ex-
panded capability with accuracy, capacity 

and performance. HFSS 13.0 introduces a new 
3D full-wave transient field solver based on the 
discontinuous Galerkin method (DGTD). This fi-
nite element-based time domain solution provides 
engineers with an additional tool for analyzing 
electromagnetic phenomenon, while maintaining 
the same gold standard for accuracy, provided by 
HFSS through adaptive meshing. A new solver 
technology, finite element-boundary integral or 
FE-BI, enables a combination of finite element 
and method of moment solvers to be employed 
for efficient simulation of large radiating or scat-
tering problems. With FE-BI engineers can solve 
larger, more complex problems such as antenna 
placement analysis on an aircraft. Finally, simula-
tion productivity is addressed through algorithm 
improvements and application of multiprocessing 
to parts of the solution and data processing. This 
product feature discusses in detail two of the new-
est technologies being introduced in HFSS 13.0: 
Transient and Finite Element - Boundary Integral 
(see Table 1).

HFSS TranSienT
A new finite element-based transient or time 

domain field solver provides engineers with ad-
ditional insight to electromagnetic phenomenon. 
Most commercial time domain solvers are based on 
a non-conformal brick mesh, which has problems 
with respect to accuracy and reliability. A finite el-
ement mesh conforming to geometry and allowing 
for an inhomogeneously sized mesh provides accu-
racy and efficiency when transient electromagnetic 
field analysis is of interest. Key technologies imple-
mented in HFSS Transients such as local time step-
ping and a hybrid implicit/explicit solving scheme 
provides efficient and accurate solutions. This new 

solver complements the existing frequency domain 
solver technology in HFSS, allowing an engineer to 
investigate transient electromagnetic phenomenon 
in their designs.

Time Domain reFlecTomeTry
Time domain reflectometry or TDR is a stan-

dard design parameter for evaluating the perfor-
mance of devices in a high speed serial channel or 
data link. When designing to a TDR parameter 
the goal is to produce a flat response as close as 
possible to the nominal impedance of a system 
thereby minimizing signal reflection and loss in 
the system or channel.

As data rates for printed circuit board (PCB) ap-
plications have increased, a common practice for 
improving the performance of these “higher” speed 
channels has been the applications of a technique 
referred to as via back drilling. Back drilling elimi-
nates any open ended via stubs that may extend to 
the bottom layer of a PCB. 

Although relatively small, these stubs can act as 
resonating structures that can absorb, reflect and/or 
radiate energy of a digital signal carried by the chan-
nel. Their elimination means a high speed signal can 
propagate more easily with less reflection through 
the via geometry. Although very effective, back drill-
ing can add cost to the manufacturing of a PCB; the 
designer needs to understand the impact of such a 
technique to the channel’s performance. Figure 1a 
shows the image of a differential via design in a 10 
layer PCB with a stripline breakout layer at layer 
five, which results in via stubs extending to the bot-
tom of the PCB with lengths of ∼60 mils in FR4. A 
snapshot of the electric fields are taken in time at 
the moment when a pulse with a five picosecond rise 
time reflects at the end of these stubs. Much of this 

ANSYS Inc.
Canonsburg, PA
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Power
Division

Freq. Range
(GHz)

Insertion
 Loss (dB)

Isolation
(dB)

Amplitude
Balance

Model
Number

2 1.0-27.0 2.0 15 0.5 dB PS2-51
2 0.5-18.0 1.7 16 0.6 dB PS2-20

5-40 GHz 1-5 GHz
2 1.0-40.0 2.8 13 10 0.6 dB PS2-55
2 2.0-40.0 2.5 13 0.6 dB PS2-54
2 15.0-40.0 1.2 13 0.8 dB PS2-53
2 5.0-40.0 2.0 13 1.0 dB PS2-52
3 2.0-20.0 1.8 16 0.5 dB PS3-51
4 1.0-27.0 4.5 15 0.8 dB PS4-51
4 5.0-27.0 1.8 16 0.5 dB PS4-50
4 0.5-18.0 4.0 16 0.5 dB PS4-17
4 2.0-18.0 1.8 17 0.5 dB PS4-19
4 15.0-40.0 2.0 12 0.8 dB PS4-52
8 0.5-6.0 1.5 20 0.4 dB PS8-12
8 0.5-18.0 6.5 16 1.2 dB PS8-16
8 2.0-18.0 2.2 15 0.6 dB PS8-13
8 3.0-15.0 1.3 15 0.5 dB PS8-15

10 to 30 watts power handling, visit website for complete speci cations.
SMA and Type N connectors available to 18 GHz.

bounded radiation and scattering 
problems. This technique, more com-
monly referred to in the literature 
as finite element-boundary integral 
(FE-BI), effectively truncates a nomi-
nally bounded finite element solution 
with a boundary integral. In HFSS 
13.0 this new truncation is implement-
ed as a full-wave integral equation, i.e. 
method of moments solution that sat-
isfies the Sommerfeld radiation condi-
tion at infinity. This effectively utilizes 
the two simulation techniques, FEM 
and MoM, in their respective areas of 
strength; finite elements for handling 
complex geometries, materials and 
excitations and method of moments 
in solving directly for surface currents 
satisfying an open boundary problem. 
Engineers are able to model much 
larger systems such as antenna place-
ment or radar cross-section studies.

through the microstrip transmission 
line until reaching the stripline break-
out layer where the design without back 
drilling exhibits a sharp and undesirable 
capacitive response in the TDR.

Finite element – Boundary 
integral

Inspired by recent advancements 
in domain decomposition techniques, 
a new hybrid finite element/integral 
equation technique is introduced in 
HFSS 13.0 for modeling large un-

energy will undesirably reflect back to 
the differential microstrip input trans-
mission line on the top layer. Figure 1b 
shows the same image for a similar via 
design where back drilling has been im-
plemented to just short of the breakout 
layer. Significantly less energy has been 
reflected at this transition. 

In the lab this behavior is identified 
through the TDR measurement tech-
nique. Figure 2 shows the correspond-
ing TDR plot from the analyses de-
scribed in Figure 1. The responses align 

s Fig. 1  Electric field plot for differential 
via design without (a) and with back drill to 
stripline breakout layer (b).

(a)

(b)

s Fig. 2  TDR from design in Figure 1a  
(solid) and b (dashed).
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Separate Finite element 
VolumeS

An interesting aspect of the FE-BI 
technique is its ability to act as a two- 
way “field link” between two physically 
separate volumes. To demonstrate, see 
Figure 3, which shows a snapshot of 
the electric fields in a cut plane be-
tween a rectangular waveguide radia-
tor illuminating a composite dielectric 
microwave lens. An FEM only solution 
would require the simulation of the 
entire air volume contained between 
the horn and lens. For the system in 
Figure 3, however, only the air volume 
immediately surrounding the radiat-
ing horn and lens need to be included 
in the FEM portion of the simulation. 
The equivalent surface currents cap-
turing the coupling between these air 
volumes are computed via the integral 

s Fig. 3  Dielectric lens with rectangular 
waveguide feed with FE-BI and separate air 
volumes (left) and traditional PML with all 
surrounding air volume (right).

s Fig. 4  Field along line through center of 
feed antenna and lens for FE-BI model (blue 
circle) and PML model (red line). 
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Feature Comment

Transient, DGTD, full-wave solver Accuracy for transient electromagnetic phenomenon 
Finite Element – Boundary Integral technique for open boundary condition Accuracy and capacity for radiating and scattering problems

Faster meshing via multiprocessing Faster simulations for complex geometries
Faster solution field recovery via multiprocessing Faster simulations for large, complex simulations with large excitation 

counts
Faster far field post-processing via multi-processing, algorithm 

improvements and data management
Significant speed up in far field post-processing

Generalized, multi-pole Debye frequency dependent material input Ensures generation of causal S-parameter models

Automated settings for material properties DC thickness for 3D conductors 
Causal material models for lossy dielectrics
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equation solver. Thus, the overall com-
putational domain for this system can 
be significantly reduced through the 
application of the FE-BI technique. 
Also note that the separation between 
the horn and lens may be varied with-
out affecting the computational effort 
since the FEM volume and IE surface 
area will not change with separation. 
Figure 4 is a plot of the electric fields 
along the center connecting axis of the 
system in Figure 3. The line represents 
the fields for a full FEM solution with 
the entire air volume between horn 
and lens simulated; the data points rep-
resent the same system with the FE-BI 
technique coupling the fields between 
separate air volumes.

HFSS – Solver on DemanD
Ease of use and accessibility are two 

very critical aspects of simulation soft-
ware design. Many electrical engineers 
are familiar with layout-based design 
flows for chip package and board de-
sign. These designs, although 2D in the 
nature of their creation, are represen-
tations of 3D designs, which at higher 
frequencies and data rates require a 
rigorous full-wave 3D simulation. The 
HFSS Solver on Demand technology 
enables users to drive HFSS directly 
from the intuitive parametrically driv-
en stack-up based layout interface of 
Ansoft Designer (see Figure 5). With 
Solver on Demand technology, the ma-
terial properties, port definitions and 
boundary conditions are set automati-
cally within the Ansoft Designer lay-
out interface. Integration to Cadence 
Design Systems, Mentor Graphics, Al-
tium, Zuken, Autocad and GDSII sup-
port exists through AnsoftLinks.

HFSS version 13.0 introduces new 
solver technologies and integrated de-
sign flows to allow engineers to solve 
large, more complex designs. HFSS 
Transient and the new hybrid finite 
element – boundary integral solvers 
provide additional insight and higher 
solution capacity for the toughest elec-
trical design challenges. HFSS Solver 
on Demand in Designer provides an 
easy to use layout driven interface for 
the HFSS solver technology to en-
able simulation of chip, package and 
printed circuit board designs gener-
ated from layout.
anSYS Inc., Canonsburg, Pa  
(724) 746-3304, 
ansysinfo@ansys.com,  
www.ansys.com.

s Fig. 5  Backplane in Designer layout interface solved with HFSS SoD.

mailto:ansysinfo@ansys.com
http://www.ansys.com
http://www.spaceklabs.com
mailto:sales@spaceklabs.com
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Product Feature

The Linear Technology LTC5583 is a 40 
MHz to 6 GHz dual-channel, matched 
RMS power detector, offering over 55 

dB isolation at 2.14 GHz. In RF power am-
plifier (PA) applications, the LTC5583 pro-
vides a simple solution for accurately mea-
suring forward power, reverse power and 
voltage standing wave ratio (VSWR). The de-
vice comprises a pair of 60 dB dynamic range 
RMS detectors that are matched to 1.25 
dB. This provides accurate RF power mea-
surement of high crest-factor signals such 
as those used in LTE, WiMAX, W-CDMA, 
TD-SCDMA and CDMA2000 3G or 4G base 
stations and other high-performance radios 
employing complex modulation waveforms. 
Each channel can detect signals accurately 
from as small as -58 to 2 dBm in a log-linear 
response with a typical linearity of better 
than 0.5 dB covering all cellular frequency 
bands. At higher frequencies, the device is 
capable of providing 47 dB of useful dynamic 
range up to 6 GHz. Unique to the LTC5583, 
each detector simultaneously tracks the en-

velope of the modulated input waveform, 
providing on-chip capability to measure both 
peak and average signal power.

The LTC5583 has best-in-class channel-
to-channel isolation of over 55 dB at 2.14 
GHz when driven differentially. Unlike 
other detectors, the LTC5583 can operate 
single-ended for RF input frequencies up to 
2.14 GHz, requiring no external balun trans-
formers. This configuration greatly reduces 
costs without trading off dynamic range and 
provides isolation better than 40 dB. An in-
tegrated amplifier measures the difference 
between the two detector outputs. For appli-
cations where one RF input is measuring the 
forward power and the other the reflected 
power, the difference output provides real 
time VSWR results. The two matched de-
tectors are also useful in applications such 
as monitoring and controlling RF amplifier 

Linear Technology
Milpitas, CA
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Matched dual-
channel 6 Ghz 
RMS PoweR 
detectoR



Performance and flexibility. SV’s latest multiport contacts and cable
assemblies deliver shielded connections up to 40 GHz while offering
the benefits of our robust blindmate contacts and innovative float mount
technology. Choose from D38999, ARINC and Micro-D styles and select
the perfect tension in the float for your application.

D38999 contacts are available in Size 8, 12, and 16 configurations and
are interchangeable with any D38999 insert. So now you can expand the
use of your assemblies into the microwave range without the need for a
custom connector.

A little wiggle room never felt so good. To learn more about our RF Multiport
contacts and assemblies visit www.svmicrowave.com/multiportcontacts

Electrical

Frequency Range:
Size 8 standard interface: DC-18 GHz
Size 8 custom interface: DC-40 GHz
Size 12 and 16: DC-40 GHz

Nominal Impedance: 50 ohms

VSWR: 1.07 + .01 (f) GHz

Insertion Loss: .06 x square root (f) GHz

Insulation Resistance: 10,000 Mohms

Materials and Finishes:

Body: Stainless steel per AMS-5640,
UNS-S30300, Type 1

Gold plated per ASTM-B-488 over nickel
per SAE AMS-QQ-N-290, or passivated

Contacts: Beryllium copper per ASTM-B-195

Gold plated per ASTM-B-488 over
nickel per SAE AMS-QQ-N-290

Insulators: PTFE per ASTM D-1710

www.svmicrowave.com | 561-840-1800 x128

Varoom to move

MWJ/SV/VAROOM/1108

http://www.svmicrowave.com
http://www.svmicrowave.com/multiportcontacts
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Phone: (973) 772-4242
Fax:       (973) 772-4646

Selecting and buying RF and microwave filters
just became a snap!

Two new Web sites from Anatech Electronics…

Anatechelectronics.com
For custom filters

Specifying custom filters has never 
been easier with our simple new 
intuitive interface that guides you 
along the way. Technical documents 
and an interactive design wizard are 
there to help you too.

AMCrf.com
Buy thousands of our

standard products online
It’s as easy as one, two, three, thanks 
to our new step-by-step process that 
leads you to the right product every 
time – and lets you buy it directly 
from the site!

E-mail:  sales@anatechelectronics.com

stage gain. The LTC5583’s matching 
and isolation performance minimize 
calibration requirements, thus sim-
plifying designs and reducing costs.

The detectors exhibit outstanding 
temperature performance. Each de-
tector maintains accuracy of �1 dB 
error over a 53 dB dynamic range 
over its specifi ed operating tempera-
ture range of -40° to 85°C (see Fig-
ure 1). This enables the LTC5583 to 
be used in rugged environments such 
as Remote Radio Units (RRU) or 
Outdoor Units (ODU) deployed on 
cellular towers. Moreover, the device 
has on-chip provisions for fi rst- and 
second-order temperature compen-
sation, which enable easy calibration 
for improved temperature perfor-
mance. Typical applications include 
VSWR monitor, MIMO transmit 
power control, base station PA con-
trol, transmit and gain control, and 
RF instrumentation.

The LTC5583 operates on a single 
3.3 V supply with total current con-
sumption of 80.5 mA. This 266 mW 
is 25 percent lower power than other 
available solutions. The device has an 
enable pin, allowing the chip to power 
down. In shutdown mode, the device 
draws a maximum current of 10 uA. 
The LTC5583 is available in a 4 � 4 
mm 24-pin QFN package.

Linear Technology, 
Milpitas, CA 
(408) 432-1900, 
www.linear.com.
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Why Gamble with the Others?

You ALWAYS WIN!

Why Gamble with the Others?

With

IMS is your optimal source for passive components!

Get Samples and See More www.ims-resistors.com

Chip Attenuators- DC-40GHz
IAX Series, V-Series & A-Series
• Power Ratings to 100W

• 12 Sizes- 0402 to 3725

• Values to 70dB 
   1/2dB Steps to 16.5dB

• Accuracy to ±0.3dB

• Millions in Stock!

Therma-Bridge™
Thermal Management Chip
• Electrically Isolated  

• High Thermal Conductivity

• Moves Heat from One Area to Another

• Many Sizes and Thicknesses Available

• See Thermal Image Application 
   Examples Online!

Resistors • RF Loads • Attenuators • Splitters • Couplers
 Dividers • Filters • Thermal Management • Customs

 Fig. 1  Output voltage and linear error 
vs. RF input power at 2140 MHz (CW inputs, 
single-ended drive).
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www.coilcraft.com 800/322-2645

®

RoHS
COMPLIANT

Their sites have search engines.
Ours has a find engine.

®

On most inductor web sites, their search engine
results in more aggravation than answers.

But Coilcraft’s web site is different.
In seconds, our Inductor Finder will show

you all the parts that meet your electrical and
size requirements. You can sort the results
by your most important parameters. Compare

pricing. Even analyze the core and winding
losses of up to four different power inductors!

You’ll find lots of other design tools to help
you choose the perfect part. And then request
free samples with just a few clicks.

So quit searching for magnetics and start
finding them at www.coilcraft.com!

7.875 x 10.75

MWJ/XXXXXXXX/XXXXXXX/0509

http://www.coilcraft.com
http://www.coilcraft.com


Product Feature

Hittite has developed five new wide-
band analog phase shifters that are 
designed to deliver superior perfor-

mance and innovative features, all within a 
miniature surface-mount package. These phase 
shifters—HMC928LP5E, HMC929LP4E, 

HMC931LP4E, HMC932LP4E and  
HMC933LP4E—are appropriate for radar sys-
tems, satellite communications, EW receivers, 
amplifier linearization applications and beam-
forming modules from 2 to 24 GHz.

A primary application of these phase shift-
ers is in radar systems where transmit/receive 
beamforming modules contain one or more 
phase shifters in the T/R circuit. The phase 
shifter supplies the incremental phases to each 
antenna element, which adjusts the beam in 
different directions. The reciprocal nature 
of the phase shifter allows it to be placed in 
a common path, as illustrated in Figure 1. 
Therefore, a key requirement for a good phase 
shifter is reduced phase error and good input/
output matching. Given that the phase shifter 
matching does influence the relative phase shift 
error, a flat insertion loss curve across the tun-
ing range is essential for accurate phase shift 
across the 360-degree of phase shift range. The 
insertion loss curves for the new line of Hittite 

Hittite Microwave Corp.
Chelmsford, MA
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Wideband analog 
Phase shifters 
Cover 2 to 24 ghz

s Fig. 1  Typical T/R module diagram.
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Innovative design and meticulous machining make Santron 

7/16s the only choice for critical signal transmissions. Our 7/16s 

consistently deliver passive 

intermodulation performance

below -168 dBc. And we use

the highest quality materials

to ensure our 7/16s perform

for a lifetime on towers in even the harshest environments. Compare 

our 7/16 prices by requesting a quote from our Web site today.

Santron 7/16s are the answer when every dB counts

Popular Panel Receptacles 
Under $6.00

Specialized Reduced Flange
Receptacles

Right Angle Receptacles for Medical
and Base Station Applications

Male Receptacles Featuring Single
Piece Construction

Rugged and Reliable Within Series
Adapters

Between Series Adapters Engineered 
to Maintain Signal Integrity

Quality Dust Caps for Secure
Protection From the Elements

Professionally Built and Competitively
Priced Cable Assemblies 

Performance
Frequency Range: DC-7.5 GHz

Voltage Rating: 2700 V RMS (sea level)

Nominal Impedance: 50 ohms

DWV: 4000 V RMS @ 60 Hz (sea level)

Insulation Resistance: 10,000 megohms

Temperature Range: -55ºC to +155ºC

Materials
Dielectrics: PTFE Fluorocarbon, 

Type 1, GR1, CLA

Contacts (Female): Phosphor bronze 

Male Outer Contacts: Phosphor bronze 

Gaskets: Silicone rubber, 
Class II, GR 50-60

Other Metal Parts: Brass per ASTM-B-16

Plating
Center Contacts: Silver or gold

Metal Parts: Albaloy or silver

Delivery
Standard Models: 2 to 3 weeks (average)

Custom designs a specialty

-140

-150

-160

-170

-180

-190

1870 1876 1880 1884 1888 1892 1896 1900 1904 1910

www.santron.com  

978-356-1585

Always Thinking

MWJ/SANTRON/CONNECTORS/0211

http://www.santron.com
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erwise result in relatively high heat 
dissipation as well as low power ef-
ficiency. These phase shifters can be 
used to add a variable delay in the 
feed-forward linearization circuit, as 
illustrated in Figure 3.

The HMC928LP5E provides a 
continuously variable phase shift 
of 0 to 450 degrees from 2 to 4 
GHz, with extremely low insertion 
loss variation versus tuning voltage 
and frequency. The high accuracy 

phase shifters are given in Figure 2.
Another application where these 

phase shifters are useful is in the 
area of feed-forward amplifier lin-
earization. Highly linear amplifiers 
are needed in order to generate the 
higher data rates and increased spec-
tral efficiency required by microwave 
radio modulation techniques, such as 
QPSK, 64 QAM, etc. Linearization is 
a desirable alternative to backing off 
a Class A amplifier that would oth-

HMC928LP5E is monotonic with 
respect to control voltage and fea-
tures very low phase error of ±5 de-
grees over an octave bandwidth. The 
HMC928LP5E exhibits typical 3.5 dB 
insertion loss, accepts an analog control 
voltage from 0 to +13 V and is housed 
in a leadless surface-mount QFN 
5  5 mm package.

The HMC929LP4E provides a 
continuously variable phase shift of 0 
to 430 degrees from 4 to 8 GHz, with 
extremely consistent insertion loss 
versus tuning voltage and frequency. 
The high accuracy HMC929LP4E is 
monotonic with respect to control volt-
age and features very low phase error 
of ±10 degrees across all phase shift 
ranges over the rated bandwidth. The 
HMC929LP4E demonstrates a rela-
tively linear phase response as a func-
tion of input control voltage, as illustrat-
ed in Figure 3. A phase shift range of 
up to 360 degrees can be achieved with 
0 to +9.5 V tuning; a range of up to 430 
degrees can be achieved with 0 to +13 V 
tuning. The HMC929LP4E is housed 
in a leadless surface-mount QFN 
4  4 mm package.

The HMC931LP4E is an analog 
phase shifter that is controlled via an 
analog control voltage from 0 to +13 
V. The HMC931LP4E provides a con-
tinuously variable phase shift of 0 to 
410 degrees from 8 to 12 GHz, with 

s Fig. 2  Insertion loss vs. control voltage.
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®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260

LAVI

  VERY LOW DISTORTION

 MIXERS 
 +36 dBm IP3     2 to 3100 MHz

Mini-Circuits shielded LAVI frequency mixers deliver the breakthrough combination of very high 
IP3 and IP2, ultra-wideband operation, and outstanding electrical performance. By combining our 
advanced ceramic, core & wire, and semi-conductor technologies, we’ve created these evolutionary 
patented broadband mixers that are specially designed to help improve overall dynamic range.
With a wide selection of models, you’ll find a LAVI mixer optimized for your down converter and 
up converter requirements. Visit the Mini-Circuits website at www.minicircuits.com for comprehensive 
performance data, circuit layouts, and environmental specifications. Price & availability for on-line 
ordering is provided for your convenience.

Mini-Circuits...Your partners for success since 1969

U.S. Patent Number 6,807,407       RoHS complianto S

      
• Very wide band, 2 to 3100 MHz
• Ultra high IP2 (+60 dBm) and IP3 (+36 dBm)
• -73 dBc harmonic rejection 2LO-2RF, 2RF-LO

• Super high isolation, up to 52 dB
• High 1 dB compression, up to +23 dBm
• Extremely low conversion loss, from 6.3 dB

Check these LAVI Mixer outstanding features!

qty. 1000from995        
$ ea.

451 Rev G

451 Rev G.indd   1 6/25/10   1:56:27 PM
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390 degrees from 12 to 18 GHz, with 
extremely consistent low insertion 
loss versus phase shift and frequency. 
The high accuracy HMC932LP4E 
is monotonic with respect to control 
voltage and features a typical low 
phase error of ±10 degrees over a 
wide bandwidth. The HMC932LP4E 
is housed in a RoHS compliant 4  4 
mm QFN leadless package.

The HMC933LP4E is an analog 
phase shifter that is controlled via an 
analog control voltage from 0 to +13 
V. The HMC933LP4E provides a con-

extremely consistent low insertion 
loss versus phase shift and frequency. 
The high accuracy HMC931LP4E 
is monotonic with respect to control 
voltage and features a typical low 
phase error of +12/-7 degrees over a 
wide bandwidth. The HMC931LP4E 
is housed in a RoHS compliant 4  4 
mm QFN leadless package.

The HMC932LP4E is an analog 
phase shifter that is controlled via an 
analog control voltage from 0 to +13 
V. The HMC932LP4E provides a con-
tinuously variable phase shift of 0 to 

TABLE I
A sELEcTIon of HITTITE’s AnALog pHAsE sHIfTEr Ics - TypIcAL pErformAncE

Part Number Freq. 
(GHz)

Insertion 
Loss (dB)

Phase 
Range 
(deg)

2nd 
Harmonic 

Pin=  -10dBm 
(dBc)

Control 
Voltage 
Range 

(V)

Package

HMC928LP5E 2-4 3.5 450 -40 0 to +13 LP5

HMC929LP4E 4-8 4 400 -42 0 to +13 LP4

HMC931LP4E 8-12 3.5 410 -35 0 to +13 LP4

HMC932LP4E 12-18 4 390 -40 0 to +13 LP4

HMC933LP4E 18-24 4.5 470 -37 0 to +13 LP4

tinuously variable phase shift of 0 to 
470 degrees from 18 to 24 GHz, with 
extremely consistent low insertion 
loss versus phase shift and frequency. 
The high accuracy HMC933LP4E 
is monotonic with respect to control 
voltage and features a typical low 
phase error of ±10 degrees over a 
wide bandwidth. The HMC933LP4E 
is housed in a RoHS compliant 4  4 
mm QFN leadless package.

A summary of the newly released 
Hittite phase shifters is given in Ta-
ble 1. Released data sheets for the 
HMC928LP5E, HMC929LP4E, 
HMC931LP4E, HMC932LP4E and 
HMC933LP4E may be found at www.
hittite.com. Samples and evaluation 
PC boards are available from stock 
and can be ordered via the company’s 
e-commerce site or via direct pur-
chase order.

Hittite microwave corp.,  
chelmsford, mA  
(978) 250-3343,  
sales@hittite.com,  
www.hittite.com.

mailto:sales@hittite.com
http://www.hittite.com
http://mwjournal.com
http://www.mwjournal.com/resources
http://www.hittite.com
http://www.hittite.com
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Understanding MIMO 
OTA Testing: 
Simple Solution to a 
Complex Test

The MIMO Expert Forum
at CTIA Wireless 2011 
Thursday, March 24th 
10:30 – 12:30 AM

MIMO Over-the-Air (OTA) testing is an accurate 
and cost-effective solution for complex MIMO  
device testing. This MIMO Expert Forum explains 
the fundamentals of MIMO OTA testing, provid-
ing an understanding of system performance and 
the core elements that facilitate systematic and  
repeatable performance measurement of MIMO  
devices. The Forum highlights the technical  
features of the test system, including the chamber, 
software and instrumentation. A panel discussion 
with the speakers concludes the Forum.

Speakers include: 
Moderator - Bryan Sayler, Vice President and 
General Manager, ETS-Lindgren 
•  Moray Romney, Lead Technologist, Agilent 

Technologies 
•  Jukka-Pekka Nuutinen, Research Manager, 

Elektrobit 
•  Michael Foegelle, Director of Technology  

Development, ETS-Lindgren
•  Doug Reed, Solutions Architect, Spirent  

Communications

Sponsored by:

Organized by:

MWJ/HOUSE/MIMI/0211



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.

EuMW2011 will provide:
• 7,500 sqm of gross exhibition space 
• 5,000 key visitors from around the globe
• 1,700 - 2,000 conference delegates
• In excess of 250 exhibitors

Running alongside the exhibition are 3 separate, but
complementary Conferences:
• European Microwave Integrated Circuits Conference (EuMIC)
• European Microwave Conference (EuMC)
• European Radar Conference (EuRAD)
Plus a one day Defence and Security Conference

EUROPE’S PREMIER
MICROWAVE, RF, WIRELESS

AND RADAR EVENT

The 8th European Radar Conference 

The 41st European Microwave Conference 

The 6th European Microwave
Integrated Circuits Conference

Official Publication:

Supported by:

Organised by:

Co-sponsored by:

Co-sponsored by:

European Microwave
Association

Co-sponsored by:

R

Supported by:

Interested in exhibiting? Book online NOW!

www.eumweek.com
For further information, please contact:

Richard Vaughan
Horizon House Publications Ltd.

16 Sussex Street London SW1V 4RW, UK
E:rvaughan@horizonhouse.co.uk

Tel: +44 20 7596 8742
Fax: +44 20 7596 8749

Kristen Anderson
Horizon House Publications Inc.

685 Canton Street Norwood, MA 02062, USA
E:kanderson@mwjournal.com

Tel: +1 781 769 9750
Fax: +1 781 769 5037

Co-sponsored by:
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RF PoweR DetectoR 
SimultaneouSly 
DeliveRS rms anD 
enveloPe outPutS

Next-generation WiMAX systems and LTE mobile 
data and voice systems are adopting OFDM modu-
lation that supports a large number of subcarriers. 

The high peak-to-average ratio of these modulated signals 
causes PAs to be significantly backed off from their maxi-
mum transmit powers, thereby making the PA less efficient. 
To improve PA efficiency, an envelope detector has become 
increasing popular.
  Analog Devices has introduced a highly integrated, high-per-
formance RF detector for use in wireless, instrumentation, de-
fense and other broadband applications. ADI’s new ADL5511 
TruPwr RMs and envelope detector offers a high level of 
integration and functionality by combining two RF functions 
into one small chip, thereby simplifying designs and reducing 
BOM cost.

Operating within the 1 MHz to 4 GHz frequency range, 
ADI’s new ADL5511 TruPwr RMs and envelope detec-
tor provides a unique approach to improving PAE with a 
smaller footprint and reduced cost. It is a highly accurate, 
easy-to-use means of extracting the envelope of a modu-
lated signal. The envelope output is presented as a voltage 
that is proportional to the envelope of the input signal. The 
RMs output is a linear in V/V output voltage that is inde-
pendent of the peak-to-average ratio of the input signal. 
The extracted envelope can be used for power amplifier 
linearization and efficiency enhancements; the RMs out-
put can be used for true power measurement.

The ADL5511 offers best-in-class performance including 
±0.25 dB RMs detection accuracy versus temperature, ±0.25 
dB envelope detection accuracy versus temperature and a ± 1 
dB dynamic range of 40 dB. The ADL5511 is specified across 
the industry’s widest temperature range of -40° to +125°C, 
making it ideal for high-temperature environments found in 
remote radio heads and power amplifiers.

Analog Devices Inc.,  
Norwood, mA, 
(800) 262-5645  
www.analog.com.
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www.wamicon.org

Exhibit and Sponsorship 
Opportunities Available! 

Email: general.chair@WAMICON2011.com

JOIN US!
The 12th annual IEEE Wireless and Microwave 
Technology (WAMI) Conference will be held on 
April 18 &19, 2011 at the Hilton Clearwater Beach 
Resort in beautiful Clearwater, Florida. This year 
the conference technical program will include 
three tracks over two days consisting of tutorials 
and authors presenting state-of-the-art 
multidisciplinary research covering wireless, RF 
and microwave technologies. The WAMICON 
technical program and conference structure 
promotes networking opportunities and focused 
technical discussions with peers on an 
international level. The program includes an 
outstanding combination of keynote speakers, 
oral presentations, poster presentation, tutorials 
and an exhibit area.

IEEE Wireless and Microwave  Technology Conference
WAMICON 2011

Hilton Clearwater Beach
Clearwater, FL

April  18-19, 2011

http://www.wamicon.org
mailto:general.chair@WAMICON2011.com
http://www.analog.com


MWJ/WIN/HIGH/0111

http://www.winfoundry.com
mailto:sales@winfoundry.com


122  MICROWAVE JOURNAL n FEBRUARY 2011

Tech Brief

Thin Film Technology 
PlaTForm SoluTionS

For nearly 20 years, UltraSource has developed a so-
phisticated collection of thin film design solutions and 
modular processes that include basic single layer com-

ponents for chip and wire design, integrated multilevel pas-
sives, and complex, high density, multilayer circuits. The col-
lection of these design families and modular processes have 
now been organized into the UltraSource Technology Plat-
form to provide designers with the most comprehensive suite 
of customizable thin film solutions available anywhere. Ul-
traSource’s Technology Platform provides designers with the 
opportunity to pursue innovative ideas for solving the most 
challenging design problems.

The platform starts with BASIC solutions consisting of 
conventional single and double sided 2D designs. The BA-
SIC product family can incorporate all classic thin film sub-
strate materials, plated through holes, sheet resistors, high 
conductivity traces, pre-deposited AuSn solder and solder 
damming options. The INTEGRATED solutions allow se-
lection from the UltraVia®, UltraBridge, UltraCapacitor, 
or UltraInductor suite of solid state passive elements to 
provide higher levels of passive integration and perfor-
mance. Conductor traces, resistors, capacitors, inductors, 
multilevel connections and filled vias can be integrated 
onto a single microcircuit. The MULTILAYER solution 
provides a five layer system that includes three layers of 
custom patterned gold conductors separated by two layers 
of polyimide dielectric. The ADVANCED solution is the 
ultimate in miniaturization and integrated performance. 
It combines the BASIC or INTEGRATED platform on 
one side of the device and the MULTILAYER features on 
the other side of the circuit. Front to back connections are 
made using UltraVia® filled vias. These modular processes 
can be tailored to meet precise specifications and provide 
cost-effective and versatile thin film solutions.

UltraSource Inc.,  
Hollis, NH 
(800) 742-9410,  
sales@ultrasource.com,  
www.ultrasource.com.

The information you need, from the 
technology leaders you trust.

Comsol’s Finite Element Modeling of  
Electromagnetic Scattering for Microwave 
Breast Cancer Detection 
Reza Firoozabadi, Airvana Network Solutions and  
Eric Miller, Tufts University

 

What is Phase Noise?
Tutorial, Peregrine Semiconductor

 

Characteristics of E-pHEMTvs. HBTs 
for PA Applications 
White Paper, Avago

Time Matters —  
How Power Meters Measure Fast Signals
Wolfgang Damm, Wireless Telecom Group

 

Check out these new online Technical Papers featured 
on the home page of  Microwave Journal and the 
MWJ white paper archive in our new Technical 
Library (www.mwjournal.com/resources)

Frequency Matters .

http://www.mwjournal.com/resources
mailto:sales@ultrasource.com
http://www.ultrasource.com


Cavity Filters

Ceramic Resonator

Microstrip

             LTCC 
Low Temperature
  Cofired Ceramic

Lumped-Element

Slab Line 

®®®

P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661• For detailed performance specs & shopping online see
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FILTER SOLUTIONS
DC to15 GHz

Over 300 Models IN STOCK ... Immediate Delivery!   from      ea.10-49

$
  199

Different needs demand different technologies, and the 
Mini-Circuits RF/microwave filter lineup delivers. Over 300 
proven solutions, from DC to 15 GHz, are standing by, ready 
to ship. High-pass or low-pass, band-pass or band-stop, 
in coaxial, surface-mount, or plug-in packages. Across the 
board, our filters achieve low insertion loss and low VSWR 
in the passband and high attenuation in the rejection band. 
Just go to minicircuits.com for more information. If you need 
a specific performance and want to search our entire model 
database, including engineering models, click on Yoni2, our 
exclusive search engine.

 In Yoni2, you can enter the response type, connection 
option, frequency, insertion loss, or any other specifications 
you have. If a model cannot be found, we understand the 
sense of urgency. So contact us, and our engineers will find 
a quick, cost-effective, custom solution and deliver simulation 
results within a few days.

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

The Design Engineers Search Engine… 
    finds the model you need, Instantly. 

®

U.S. patent 7739260

484RevOrg.indd   1 11/19/10   9:31:44 AM
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SOFTWARE UPDATE

SYSTEM SIMULATION SOFTWARE
ACS has recently released a new version of the LINC2 Visual System 
Architect (VSA) system simulation software. Version 1.10 adds a new 
mixer model to the VSA’s components menu for enhanced modeling 
of mixer spur generation. Also included in this version of the VSA is 
a new Accumulate Spectrum mode in the Spectrum Analysis display 
that captures and holds the output spectrum from multiple simulation 
runs. This new feature works like the Max Hold function on an actual 
spectrum analyzer. The Visual System Architect offers the fl exibility and 
ease of use of schematic-based RF system simulation combined with a 
comprehensive array of analysis methods and graphic displays for de-
signing at the system level.  

Applied Computational Sciences (ACS) LLC, 
Escondido, CA (760) 612-6988, 
www.appliedmicrowave.com.

MU-EPSLN™ SOFTWARE
MU-EPSLN™ software has been upgraded so that it can be used over 
a wider range of frequencies extending from sub kHz to over 100 GHz. 
Instrument drivers are available for all of the major vector network ana-
lyzers. The program has many data reduction algorithms that can be 
used to enhance the quality of measurements in different parts of the 
frequency spectrum. It offers a variety of graphical and digital output. 
Damaskos provides coax, waveguide, free-space and parallel plate fi x-
turing for measuring liquids, solids, soils, absorber and shielding materi-
als that can be used with this program.

Damaskos Inc., 
Concordville, PA (610) 358-0200, 

www.damaskosinc.com.

SOFTWARE FOR COMPLIANT TESTING

AR’s SW1007 software is a standalone program that combines con-
ducted immunity test software and radiated susceptibility test software 
into one user-friendly package suitable for corporate to professional test 
lab users. The software automatically performs both calibration and im-
munity testing in full compliance with IEC 61000-4-3, 4-6; MIL STD 
461/462 RS103, CS114 and RTCA/DO160 Section 20 specifi cations. 
The new version has an updated user interface including a tab system 
and organizes all the features for quick, easy access and makes selecting 
test standards much easier. The SW1007 also has the ability to control 
more equipment and the report generating feature has been enhanced 
to offer more control and customization. 

AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, 

www.ar-worldwide.com. 

CAPACITOR MODELING SOFTWARE
DLI’s web-based CapCad™ capacitor modeling software was de-
veloped to provide customers with an easy to use and readily acces-
sible comparison tool for choosing the best single-layer, multi-layer or 
broadband blocking capacitor to suit customer needs. CapCad includes 
SPICE models with values that refl ect typical performance at the cho-
sen frequencies and temperatures that are of importance to an applica-
tion. The user also has the ability to plot two-port S-parameters, imped-
ance, Q factor or equivalent capacitance over any frequency span from 
1 MHz to 40 GHz while maintaining the ability to adjust the tempera-
ture and note how it may affect the performance. CapCad also includes 
a Smith Chart utility and the ability to copy the S-parameter data in 
touchtone format (s2p).

Dielectric Labs, 
Cazenovia, NY (315) 655-8710, 

www.dilabs.com.

http://www.appliedmicrowave.com
http://www.damaskosinc.com
http://www.ar-worldwide.com
http://www.dilabs.com
http://appliedmicrowave.com


USA: 781-376-3000  •  Asia: 886-2-2735 0399  •  Europe: 33 (0)1 43548542  •  Email: sales@skyworksinc.com

www.skyworksinc.com  •  NASDAQ: SWKS

New Designer Kits
Select products and sample/designer 
kits available for purchase online.

www.skyworksinc.com

Discrete and Integrated RF Solutions

Skyworks Solutions is an innovator of 
high reliability analog and mixed signal 
semiconductors enabling a broad range of 
end markets. The Company’s solutions are 
increasingly at the heart of smart phone, 
broadband access, network infrastructure  
and smart grid applications.

Broad Product Portfolio:
■ Amplifiers – Cellular, WLAN, Infrastructure, LNA, General Purpose

■ Front-End Modules – Cellular, WLAN / WiMAX, ZigBee® and ISM

■ Switches – SP2T to SP10T and Antenna Switch Modules for Cellular, WCDMA, 
LTE, Embedded WiFi, WiMAX

■■ MixersMixers – Demodulators/Modulators, Single Channel, Diversity, Up/Down Converters – Demodulators/Modulators, Single Channel, Diversity, Up/Down Converters 

■ Synthesizers – High Performance Integer-N, Fractional-N

■ Attenuators – Fixed, Digital, Voltage Variable

■ Technical Ceramics – Magnetic Materials, Dielectric Resonators, RF Components, 
Advanced Materials

■ Diodes – Limiter, PIN, Schottky, Varactor

Innovation to GoTM BUY 
NOW 
BUY 
NOW 

™
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Software UpdateSoftware Update

EM SiMulation SoftwarE

Remcom’s XFdtd® (XF7) is the market’s most modern 3D electromag-
netic simulation software for FDTD-based modeling and simulation. 
XF7 simplifies workflow with a streamlined user inferface, cross-plat-
form functionality and several unique time-saving features. XF7 in-
cludes XStream, Remcom’s GPU acceleration technology, for free. Us-
ing the power and flexibility of NVIDIA’s CUDA architecture, XStream 
improves EM simulation performance with ultra-fast FDTD numerical 
computations — from 30 to 300 times faster than a modern 64-bit CPU. 
Other notable features include XACT Accurate Cell Technology for re-
solving the most intricate designs with fewer computational resources 
and the XTend Script Library, a suite of pre-loaded and customizable 
scripts for creating custom features.

Remcom Inc.,  
State College, PA (814) 861-1299, www.remcom.com.

wEb-baSEd rf/MicrowavE filtEr SElEction
 

Filter Select+Plus, Web Edition™ is designed to guide users through 
the selection process of Lorch Microwave’s standard bandpass, high pass 
and low pass filters. Upon entering filter specifications, the application 
displays a specification sheet that includes electrical performance data 
and a mechanical outline. Additional links will lead to the interactive 
electrical plot, a download of the filter documentation in PDF format 
and addition of the filter to the RFQ queue for quotation. A quotation 
request form may be followed to generate an RFQ electronically. Avail-
able filter topologies are ceramic filters, tubular filters, discrete filters, 
cavity filters and waveguide filters. Visit www.lorch.com today to select 
the filter best suited for your application. 

Lorch Microwave,  
Salisbury, MD (410) 860-5100,  

www.lorch.com. 

iMpEdancE calculator

Rogers Corp. is offering its MWI-2010 Microwave Impedance Cal-
culator software free to RF/microwave designers. The utility program 
calculates transmission-line parameters for a variety of high-frequency 
circuits, including microstrip and stripline, based on conductor dimen-
sions and substrate characteristics. The easy-to-use software runs on 
Windows-based computers. Users enter parameters specific to their 
circuit application, including target frequency and RF power level, and 
generate transmission-line parameters, such as conductor width and 
spacing for a desired impedance. Results can be saved and reused in 
other programs. A free 22-page user manual is available on the Rogers’ 
site in PDF form. 

Rogers Corp.,  
Chandler, AZ (480) 961-1382,  

www.rogerscorp.com.

uSb dESignEr’S Kit  

The HMC-DK008 Serial/Parallel USB Interface Designer’s kit has been 
expanded to provide a user friendly interface for programming Hittite’s 
family of interface driver/controllers, digital attenuators and variable 
gain amplifiers. This kit allows the designer to set desired attenuation 
and gain states, toggle between serial and parallel control modes, and 
construct custom serially clocked input signals. The HMC-DK008 De-
signer’s Kit includes a Serial/Parallel USB Interface Board, custom USB 
and ribbon cable assemblies, and software CD-ROM.

Hittite Microwave Corp.,  
Chelmsford, MA (978) 250-3343,  

www.hittite.com.

http://www.hittite.com
http://www.remcom.com
http://www.lorch.com
http://www.lorch.com
http://www.rogerscorp.com


Well connected
Rosenberger
Coaxial Connectors
and Cable Assemblies
play a key role in many high-tech-applica-
tions – such as telecommunications, radio 
base stations, automotive electronics, 
test & measurement applications, aerospace 
engi nee ring, modern data networks, medical 
electronics etc.

Our comprehensive product range covers 
RF-coaxial connectors, automotive con-
nectors, adaptors or test & measurement 
products such as high-precision connectors, 
calibration kits, test cables and many more.

New:
l  Multiport coax connections –

for semiconductor test equipment 
applications

l  Passive intermodulation analyzers – 
rack and portable types, site analyzers.

North America:

Rosenberger of North America, LLC
P.O.Box 309 . 309 Colonial Drive . USA – Akron, PA 17501
Phone: + 1-717-290-8000 . Fax: + 1-717-399-9885
info@rosenbergerna.com . www.rosenbergerna.com

Europe:

Rosenberger Hochfrequenztechnik GmbH & Co. KG
P.O.Box 1260
D-84526 Tittmoning
Phone: + 49-86 84-18-0 . Fax: + 49-86 84-18-499
info@rosenberger.de . www.rosenberger.com

Exploring new directions
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Low Phase Noise Assembly

This integrated microwave assembly (IMA) is 
an example of AML’s capabilities to design, test 
and deliver physically small multi-functional as-
semblies. These application specific designs of-
fer the system designer complex functions 
housed in a high-density package. The illustrat-
ed product comprises a 4 W low residual phase 
noise amplifier, a digitally-controlled attenuator, 
detector, drain pulser switch function, power 
supply conditioning and gain temperature com-
pensation. Performance characteristics of this 
design include fast rise/fall time (< 50 ns) and 
minimum pulse droop (< 0.5 dB). Product is 
hermetically sealed and fully supports wide 
temperature operation in military environ-
ments.
AML Communications Inc.,  
Camarillo, CA (805) 388-1345,  
www.amlj.com. 

High Pass Filters

Encased in a rugged SMA housing, this new 
line of high pass filters, the CHPFL series, is 
designed for test equipment and general lab 
use. Five models, with frequency ranges from 
DC to 100 MHz through 1 GHz, compose the 
CHPFL line. The Crystek CHPFL high pass 
filter line has excellent out-of-band rejection, 
and features seventh order Butterworth re-
sponse and 50 ohm SMA connectors. All filters 
in the CHPFL family are rated at +36 dBm (4 
W), with an operating temperature of -40° to 
85°C and storage temperature of -55° to 100°C.
Crystek Corp., 
Fort Myers, FL (239) 561-3311,  
www.crystek.com.

High Q Porcelain Capacitors
DLI introduced 
the new C18 se-
ries of enhanced 
voltage high-Q 
porcelain capac-
itors. With volt-
age ratings up to 
2000 V, the C18 
is designed to be 
the most robust 

“1111” high-Q capacitor available today. The 

C18 is available in both ultra stable (0±15 
ppm/°C) CF and temperature compensating 
(+90 ppm/°C) AH dielectrics, and is form-fac-
tor compatible with its existing line of C17 
“1111” capacitors. 
Dielectric Labs,  
Cazenovia, NY (315) 655-8710,  
www.dilabs.com.

Chip Termination
IMS announced 
the availability 
of its compact 
0505 size chip 
termination rat-
ed at 25 W char-
acterized for 
DC to 40 GHz 
operation. The 

NDX-0505SG features Aluminum Nitride (AlN) 
substrate material that is an environmentally-safe 
alternative to BeO and has demonstrated return 
loss better than 20 dB over DC to 40 GHz. Ter-
minal finishes for the NDX-0505SG can be 
RoHS compliant Platinum Silver or Sn62 solder 
fused over Platinum Silver. Applications for the 
NDX-0505SG chip termination include, but are 
not limited to, handheld radio terminals, RF test 
and measurement instrumentation, amplifier cir-
cuits and power converters. 
International Manufacturing Services Inc., 
Portsmouth, RI (401) 683-9700,  
www.ims-resistors.com.

Unbalanced to Unbalanced RF 
Transformer

The Mini-Circuits TRS2-252+ is a 4 to 2500 
MHz, unbalanced to unbalanced RF transform-
er featuring good return loss, 20 dB typical at 1 
dB band. These transformers offer high IP2 of 
105 dBm typical and high IP3 of 53 dBm typi-
cal. This 100 to 50 ohm RF transformer is small 
in size and aqueous washable. Applications in-
clude VHF/UHF, receivers/transmitters, im-
pedance matching and push-pull amplifiers. 
This transformer is RoHS compliant in accor-
dance with EU Directive (2002/95/EC). Price: 
$2.75 each (Qty. 100).
Mini-Circuits,  
Brooklyn, NY (718) 934-4500,  
www.minicircuits.com.

L-band to Ka-band or Ka-band to 
L-band Mixer

MITEQ is offering a new line of mixers designed 
specifically for satellite applications. The 

TBS2731LW1 is 
ideally suited for 
converting from 
L-band to Ka-
band or Ka-
band to L-band. 
The mixer has 
superb conver-
sion loss and 
VSWRs as well 

as excellent spurious response and outstanding 
LO isolations. This device meets rugged envi-
ronmental MIL specs, operates over a -54° to 
+85°C temperature range and is ideal for rug-
ged military and commercial system applica-
tions.
MITEQ Inc.,  
Hauppauge, NY (631) 436-7400,  
www.miteq.com.

63 dB Attenuator

The model DA64-63B switched-bit attenuator 
offers the high level of performance required in 
electronic warfare and radar systems as well as 
precision automated test equipment. Model 
DA64-63B is a 6-bit device that provides atten-
uation of 0 to 63 dB in 1 dB steps, and operates 
from 2 to 6 GHz with a switching speed of 30 ns 
(50 percent TTL to 90 percent RF) and rise and 
fall times of 10 ns. It has insertion loss of 4.3 dB 
or less, VSWR of less than 2:1, and attenuation 
flatness of ±0.5 dB to 31 dB and ±1 dB to 63 dB. 
The model DA64-63B will handle up to +23 
dBm RF input power, operates from +5 VDC at 
350 mA, and measures 1" × 0.75" × 0.24". Con-
trol is provided by TTL.
Narda Microwave-East,  
Hauppauge, NY (631) 231-1700,  
www.nardamicrowave.com/east.

Two-way Power Divider
Pulsar model 
PS2-54-450/18S 
covers the fre-
quency range of 
2 to 40 GHz 
with 2.5 dB in-
sertion loss, 13 
dB isolation and 

a maximum VSWR of 1.90:1. Amplitude and 
phase balance are 0.6 dB and ±8 degrees, re-
spectively. Maximum input power is 10 W. 2.92 
female connectors are utilized in a housing with 
dimensions 1.25" × 1.0" × 0.40".
Pulsar Microwave Corp.,  
Clifton, NJ  
(973) 779-6262,  
www.pulsarmicrowave.com.

Size 22 Socket Contacts 
The NSX series Size 22 socket contact helps re-
duce the cost of ARINC 600 connectors. The 
contact combines a stamped and rolled clip in-

New waves: cOmpOnents, BOArds And systems
For more new products, visit www.mwjournal.com/buyersguide  
Featuring V  storeFronts
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$945ea. qty. (1-9)from

Heavy duty, ruggedness and reliable operation to meet 
your demanding communication applications describe 
Mini-Circuits collection of 3, 5,10,16, 20, 30, 32, 50  
and 100 Watt high power amplifiers ! Covering 5 MHz 
up to 18.0 GHz, these broadband solutions are available 
with or without integrated heat sink/fan to fit your system 
requirements. Each amplifier operates with low current 
consumption and is designed to work off a single DC 
supply, including the fan! Plus, each model can withstand 
open or short output load without damage under full CW 
output power. They also offer built-in protection against 
over-voltage, thermal overloads, and an internal regulated 
power supply to handle fluctuations from the supply source 
and still deliver high performance. Need a robust power 
amplifier solution? Then come to Mini-Circuits where quality  
& reliability is built into every unit.

IN STOCK! FAST DELIVERY!
 

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

    For models without heat sink, add X suffix to model No.
 Example: (LZY-1+   LZY-1X+)

LZY-1+
LZY-2+
ZHL-10W-2G
ZHL-16W-43+
ZHL-30W-252+
ZHL-50W-52
ZHL-100W-52
ZHL-100W-GAN+
ZHL-30W-262+

ZHL-5W-2G
ZHL-5W-1

                                   Up to 100 Watt

AMPLIFIERS
5 MHz to18 GHz

ZHL-20W-13

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260

416 rev V

LZY-1X+
LZY-2X+

ZHL-16W-43X
ZHL-30W-262X     

ZHL-10W-2GX
ZHL-50W-52X
ZHL-100W-52X
ZHL-100W-GAN+
 

ZHL-5W-2GX                        ZHL-20W-13X   ZVE-3W-83+
                    ZVE-3W-183+

 Freq. Gain  Pout  (dBm) Dynamic Range DC Pwr. Price Price
 (MHz) (dB) @Comp NF IP3 Volt Current $ ea. X
    1dB 3 dB (dB) (dBm) (V ) (A) Qty. 1-9 suffix
 Model fL-fU Typ. Typ. Typ. Typ. Typ. Nom. Max
 With Heat Sink/Fan 
 LZY-1+ 20-512 43 +45.7 +47.0 8.6 +54 26 7.3 1995 1895
 LZY-2+ 500-1000 46 +45.0 +45.8 8.0 +54 28 8.0 1995 1895
 ZHL-5W-1 5-500 44 +39.5 +40.5 4.0 +49 25 3.3 995 970
 ZHL-5W-2G+ 800-2000 45 +37.0 +38.0 8.0 +44 24 2.0 995 945
 ZHL-10W-2G+ 800-2000 43 +40.0 +41.0 7.0 +50 24 5.0 1295 1220
 ZHL-16W-43+ 1800-4000 45 +41.0 +42.0 6.0 +47 28 4.3 1595 1545
 ZHL-20W-13 20-1000 50 +41.0 +43.0 3.5 +50 24 2.8 1395 1320
 ZHL-30W-252+ 700-2500 50 +44.0 +46.0 5.5 +52 28 6.3 2995 2920
 ZHL-50W-52 50-500 50 +46.0 +48.0 6.0 +55 24 9.3 1395 1320
 ZHL-100W-52 50-500 50 +47.0 +48.5 6.5 +57 24 10.5 1995 1920

 ZVE-3W-183+ 5900-18000 35 +34.0 +35.0 5.5 +44 15 2.2 1295 1220
 ZVE-3W-83+ 2000-8000 36 +33.0 +35.0 5.8 +42 15 1.5 1295 1220
 ZHL-100W-GAN+ 20-500 42 +49.0 +50.0 7.0 +60 30 9.5 2395 2320
 ZHL-30W-262+ 2300-2550 50 +43.0 +45.0 7.0 +50 28 4.3 1995 1920
 

NEW

•

•
•

•

•
 

Protected under U.S. Patent 7,348,854

NOW!
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COMCAS 2011 continues the tradition of providing a multidisciplinary forum for the exchange of 
ideas in the areas of microwaves, antennas, communications, solid state integrated circuits, sensing and 
electronic systems engineering. The conference re-visits the venue which has proven to be attractive 
and enjoyable, with many opportunities for networking, candid exchange of ideas and the building 
of a strong sense of community. This year we will continue to expand the program to include RF and 
microwave photonics, biomedical technologies, cognitive radios and networks, radio frequency 
identification, electron devices and photonic means for IC inspection among other topics. 
A diverse assembly of researchers, engineers and scientists will be invited to present their ideas and 
discuss new results, providing a unique opportunity for attendees to view a variety of interesting and 
innovative technologies in one location. Invited papers and tutorial talks from international experts will 
be presented in key topical areas. 

Technical Topics:
• Antennas (components, modeling, phased array, etc.)
• Biomedical Technologies
• Circuit Modeling / Theory
• Cognitive and Software-Defined Radios
• Communications Systems Modeling, Simulation and Analysis
• Electromagnetic Compatibility
• Energy Harvesting
• MEMS Modeling, Devices, Applications
• Mixed Signal Analog/RF/Digital Circuits and Systems
• Microwave and MM-Wave Circuit Technologies
• RF/Microwave Photonics
• Power Amplifiers and Devices
• Power Management of Integrated Circuits and Devices
• Plasmonics
• Radar and Electronic Systems
• Remote Sensing
• RFID Devices, Technologies and Systems
• Solid State Devices, RFICs, Circuits and Modeling
• Terahertz and Applications
• New and Emerging Technologies

Regular oral presentations will be 20 min. in length; there will also be Poster sessions. All submitted 
papers will be peer reviewed and assessed on key accomplishments, technical contribution, advancement 
of the state-of-the-art, originality and interest to the attendees. Accepted papers will be published in the 
COMCAS 2011 Proceedings which will be available through IEEE Xplore® after the conference. 

Papers should first be submitted as a 1 to 2 page summary to 
http://www.mtt-tpms.org/symposia_v6/COMCAS2011/start.html

Please refer to the detailed author instructions provided on the conference web site 
www.comcas.org

The official language of the Conference is English

The technical program will be complemented with a technical Exhibition, which will be held on 
November 7-8, offering companies and agencies a unique opportunity to visit Israel and present 
related products and services in display and printed advertisement. 
For further details please contact the Conference Secretariat.

COMCAS 2011 continues the tradition of providing a multidisciplinary forum for the exchange of 

Call for Papers

Deadline for summary submission: 15 June 2011 
Final manuscript submission: 1 September 2011

Secretariat: (all inquiries)

Ortra Ltd.
1 Nirim Street, P. O. Box 9352
Tel-Aviv 61092, Israel
Tel:  +972 - 3 - 6384444
Fax: +972 - 3 - 6384455
comcas@ortra.com

Steering Committee

Conference Chairman: 
Shmuel Auster 
Elta Systems Ltd. 
IEEE AP/MTT Chapter Chair, Israel 

Technical Program Committee 
Co-Chairmen: 
Barry S. Perlman 
US Army CERDEC, USA 
IEEE MTT-S President 2009  

Roger Pollard 
University of Leeds, UK 
IEEE VP-TAB 2010 
comcas2011.tpc@gmail.com 

Publications Chairman: 
Benjamin Epstein 
OpCoast LLC, USA 

Global Administration: 
Charlotte Blair 
AWR, USA

Awards and Sponsorship: 
Barry M. Alexia 
Rockwell Collins, USA 

Members-at-Large: 
Richard (Dick) Sparks 
IEEE MTT Society

Douglas N. Zuckerman 
Telcordia Technologies, USA 
IEEE ComSoc President 2008-9 

Elya Joffe 
 IEEE PSES President Elected 2011
IEEE EMCS President 2008-9

Exhibition: 
Oren Hagai 
Interlligent, Israel 

Finance: 
Ruth Rotman 
Elta Systems Ltd., Israel 

www.comcas.org
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side a screw ma-
chined body. 
This clip pro-
vides low inser-
tion force and 
low electrical re-
sistance through 
the use of three 
points of electri-
cal contact. The 
new design also 
avoids stubbing 
since the three 
springs center 
the pin during 
mating. The PC 

tail contacts are completely intermateable with 
existing ARINC 600 plug connectors, are com-
patible with existing PC board layouts and are 
fully qualified under ARINC 600 specifications. 
The clip members are plated with 50 microinch-
es of gold, with flash gold on the contact body to 
eliminate tin-lead and achieve RoHS compatibil-
ity. The contacts are also available in a removable 
version for use with existing two-piece inserts.
Radiall USA Inc.,  
Chandler, AZ (480) 682-9400,  
www.radiall.com.

Low Pass Filters
RLC Electron-
ics now offers 
fourth order tu-
bular Bessel low 
pass filters with 

3 dB cutoffs from 1 to 22 GHz. Computer de-
sign and tubular construction allow RLC to 
maintain excellent group delay characteristics 
with reasonable rejection while extending its 3 
dB cutoff approaching 30 Giga bits. These fil-
ters should be regarded as compromise designs 
for pulsed systems where truthful reproduction 
of the pulse shape is important. Primarily used 
on lightwave receivers to reduce the impact of 
higher order distortion and noise, these high 
frequency filters are essential for today’s high 
bit rate applications.
RLC Electronics Inc.,  
Mount Kisco, NY  
(914) 241-1334,  
www.rlcelectronics.com.

Digital Attenuators

Skyworks intro-
duced two digi-
tal attenuators 
with superior at-
tenuation accu-
racy for base 
station, cellular-
head end, re-

peater, test equipment and femtocell manufac-
turers. The 6 bit device has a 0.5 dB least 
significant bit (LSB) and the 7 bit device has a 
0.25 dB LSB. These attenuators provide precise 
control over multi-standard radio transmitters 
and receivers, allow the user to configure the 
device for serial or parallel control, and do not 
utilize blocking capacitors so that low frequency 
operation is possible.

Skyworks Solutions Inc.,  
Woburn, MA  
(781) 376-3000,  
www.skyworksinc.com.

Lightning Protection Products
The new LP-
STRL series is 
part of its 
Times-Protect™ 
line of RF light-
ning and surge 
protection prod-
ucts. The LP-
STRL series is 
an exceptional 

DC blocked design with outstanding surge per-
formance designed for the new Long Term 
Evolution (LTE) and Public Safety require-
ments in the 680 to 2200 MHz range. With its 
excellent PIM performance, low insertion loss 
and low return loss over the entire operating 
band and superior surge performance, the 
Times-Protect™ LP-STRL product family is 
unequaled. Its fully weatherized construction 
meeting IP67 standard allows for outdoor as 
well as indoor installation. The LP-STRL series 
has high power handling capability and will 
withstand multiple strikes.
Times Microwave Systems,  
Wallingford, CT  
(203) 949-8400,  
www.timesmicrowave.com. 

L-band Space-qualified Isolator
The model FMP145 is a new space qualified L-
band high power isolator. The device offers 
400 W peak/150 W CW operation over 

critical altitude 
with no multi-
paction break-
down events. 
Integrated with 
custom high 
power TNC 
connectors and 

termination screened to MIL-PRF-55342, the 
isolator provides superior voltage breakdown 
performance and low insertion loss over harsh 
thermal and dynamic environments.
TRAK Microwave Corp.,  
Tampa, FL  
(813) 901-7200,  
www.trak.com.

Next-gen Cable Technology

W.L. Gore & Associates has introduced the next 
generation in cable technology for high data-
rate applications. This technology consists of a 
new differential cable design with lower SCD21 
(differential-to-common-mode conversion) and 
a very high level of signal fidelity. Additionally, it 
provides the only cable solution that addresses 
the degradation in performance caused by 
SCD21. Engineered for InfiniBand® and other 
high data-rate applications, this new design has 
yielded SCD21 values that are typically below 
-40 dB and consistently well below -25 dB 
across a 20 GHz bandwidth. 
W.L. Gore & Associates,  
Newark, DE  
(410) 506-7787,  
www.gore.com.

Amplifiers
Power Amplifiers

These two new 
gain block solu-
tions expand its 
high perfor-
mance power 
amplifier family 
targeting cellu-
lar infrastruc-
ture applica-
tions. The new 

MGA-31589 and MGA-31689 0.5 W gain 
blocks feature high linearity, high gain, superior 
gain flatness and low power dissipation. The 
MGA-31589 gain block addresses cellular and 
WiMAX wireless base station and other wireless 
systems operating between 450 to 1500 MHz, 
while the MGA-31689 device addresses these 
applications operating between 1500 to 3000 
MHz. The MGA-31x89 power amplifier family 
is optimized for frequency in order to deliver 
improved performance across all the major cel-
lular bands—GSM, CDMA and UMTS—plus 
next-generation LTE bands. 
Avago Technologies,  
San Jose, CA (800) 235-0312,  
www.avagotech.com.

Compact Communications 
Amplifier

The PCM3R3SCO (SKU 7091) is one of a se-
ries of communications amplifiers. This 900 
MHz compact linear power amplifier is one of a 
series that covers 450, 700, 800, 900, 1800, 1900 

and 2100 MHz 
bands and is 
suitable for use 
in commercial 
LTE networks 
and public safe-
ty wireless com-
munication ap-
plications. The 

amplifier employs latest generation LDMOS 
device technology and is highly efficient. The 
amplifier has an advanced built-in predistortion 
engine with wide instantaneous correction 
bandwidth, which ensures low distortion and 
wide dynamic range operation. Efficiency of up 
to 40 percent is possible in this series where the 
high performance is achieved by employing ad-
vanced RF design techniques. 
Empower RF Systems Inc.,  
Inglewood, CA (310) 412-8100,  
www.empowerrf.com.

MMIC Distributed PA

The model EWH2001ZZ distributed power 
amplifier (PA) is designed for commercial, in-
dustrial and military applications from DC to 20 
GHz. Based on GaAs pseudomorphic high-
electron-mobility-transistor (PHEMT) technol-
ogy, the monolithic-microwave-integrated-cir-
cuit (MMIC) distributed PA delivers +26 dBm 
typical output power at 1 dB compression 
(P1dB) through 12 GHz and typically +23 

New waves
New Products
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Power up with PIN diode switches
and replace those sensitive MMICs

New, surface mount 

PIN diode switches from

Aeroflex / Metelics are 

the preferred alternative 

to lower power QFN 

packaged MMICs. These

SP2T T-R and symmetrical

SP2T and SP3T switches 

provide: 

• 158 W C.W. incident power
handling @ +25° C

•  630 W @ 10 μS, 1% duty
incident power handling 
@ +25° C 

• 0.2 dB insertion loss
• 57 dB isolation
• Class 1C HBM ESD rating

Compare this superior 

performance to the 

average QFN MMIC switch,

which offers just 20 W C.W.

or 100 W peak input power,

and see how your military

radio, WiMAX, IED and MRI

designs excel.

These devices are RoHS

compliant. RF and PIN diode

driver evaluation boards are

readily available.

Call 888-641-7364 or visit our

website for datasheets,

quotes, and samples:

www.aeroflex.com/metelicsMJPart Number Configuration DC Power F (MHz)* Loss (dB) VSWR Isolation 
(dB)

C.W. Incident
Power (dBm)

MSW2000–200 SP2T T-R Switch +V Only 20–1000 0.2 1.2:1 57 + 51

MSW2001–200 SP2T T-R Switch +V Only 200–4000 0.3 1.3:1 45 + 51

MSW2002–200 SP2T T-R Switch +V Only 2000–6000 0.4 1.5:1 40 + 51

MSW2022–200 SP2T T-R Switch +V & -V 10–1000 0.2 1.2:1 52 + 52

MSW2050–205 SP2T T-R Switch +V Only 20–1000 0.2 1.2:1 52 + 52

MSW2051–205 SP2T T-R Switch +V Only 200–4000 0.3 1.3:1 40 + 52

MSW2030–203 Symmetrical SP2T +V Only 20–1000 0.2 1.2:1 55 + 51

MSW2031–203 Symmetrical SP2T +V Only 200–4000 0.4 1.3:1 45 + 51

MSW2032–203 Symmetrical SP2T +V Only 2000–6000 0.5 1.5:1 40 + 51

MSW2040–204 Symmetrical SP2T +V Only 20–1000 0.2 1.2:1 54 + 52

MSW2041–204 Symmetrical SP2T +V Only 200–4000 0.3 1.3:1 44 + 52

MSW2060–206 Symmetrical SP2T +V & -V 20–1000 0.2 1.2:1 55 + 51

MSW2061–206 Symmetrical SP2T +V & -V 400–4000 0.4 1.3:1 45 + 51

MSW2062–206 Symmetrical SP2T +V & -V 2000-6000 0.5 1.5:1 40 + 51

MSW3100–310 Symmetrical SP3T +V Only 20–1000 0.3 1.2:1 57 + 51

MSW3101–310 Symmetrical SP3T +V Only 200–4000 0.5 1.4:1 43 + 51

MSW3200–310 Symmetrical SP3T +V & -V 20–1000 0.3 1.2:1 57 + 51

MSW3201–310 Symmetrical SP3T +V & -V 400–4000 0.5 1.4:1 43 + 51

PIN Diode Surface Mount Switches

* 20-1,000 MHz specs at 500 MHz, 400 – 4,000 MHz specs at 2000 MHz, 2000 – 6,000 Specs at 4,000 MHz

AeroflexMetelics_PinSwitch 8-17-10:MJ  8/23/2010  3:52 PM  Page 1
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New Products
Solid-state Amplifiers 

AR RF/Micro-
wave Instru-
mentation has 
introduced a 
family of new 
solid-state am-

plifiers that are more compact, more efficient, 
and more powerful than previous models. The 
new “S” Series covers 0.8 to 4.2 GHz and pow-
ers up to 1200 W. These models employ a new 
design that delivers more than twice the power 
of older models. With these improvements, AR 
has maintained the superior rugged design for 
mismatch tolerance and excellent linearity.
AR RF/Microwave Instrumentation, 
Souderton, PA  
(215) 723-8181,  
www.ar-worldwide.com. 

Detector Log Video Amplifier
PMI model SDLVA-218-71-70MV is a CW Im-
mune, extended range detection log video am-
plifier (ERDLVA) that offers 71 dB dynamic 
range over the frequency range of 2 to 18 GHz. 

This model of-
fers a maximum 
rise time of 35 
nsec and a re-
covery time of 
less than 350 
nsec. The unit is 

temperature compensated such that log linear-
ity over temperature remains less than ±1.5 dB 
over the full operating temperature range of 
-20° to +85°C. This model is supplied in a 
compact housing measuring only 3.5" × 2.5" 
× 0.5".
Planar Monolithics Industries,  
Frederick, MD  
(301) 662-5019,  
www.pmi-rf.com.

GaN Power Amplifier

TriQuint’s new 30 W GaN power amplifier, 
TGA2576, supports C-IED and general EW 

a p p l i c a t i o n s 
across a 2.5 to 6 
GHz frequency 
range. The new 
device is fabri-
cated using Tri-
Quint’s produc-
t ion-re leased 
GaN on SiC 

process; it typically offers 30 percent PAE and 
25 dBm of small-signal gain. Die-level samples 
were available beginning November 2010; pack-
aged samples are expected to be available in 
early 2011.
TriQuint Semiconductor Inc.,  
Hillsboro, OR  
(503) 615-9000,  
www.triquint.com.

Semiconductor/IC
High Power Pulsed Transistor
The high power pulsed transistor part number 
ILD2735M120 is designed for S-band radar ap-
plications operating over the 2.7 to 3.5 GHz in-
stantaneous frequency band. Under 300 us/ 

dBm through 20 
GHz. The am-
plifier features 
impressive gain 
and gain flatness 
over its broad 
bandwidth, with 
s m a l l - s i g n a l 
gain of typically 

19 dB at 2 GHz and typically 18 dB at 20 GHz, 
with gain flatness of ±2 dB from DC to 20 GHz. 
In fact, the broadband amplifier provides usable 
gain of 10 dB through 30 GHz. In addition, gain 
remains flat with temperature, with typical tem-
perature-dependent gain variations of only 0.03 
dB/°C from DC to 20 GHz and at operating 
temperatures from -55° to +85°C.
Endwave Corp.,  
San Jose, CA (408) 522-3100,  
www.endwave.com.

MMIC Power Amplifier

The HMC930 is 
a GaAs PHEMT 
MMIC distrib-
uted power am-
plifier die that 

operates between DC and 40 GHz, and delivers 
up to 13 dB of gain, +33.5 dBm output IP3 and 
+22 dBm of output power at 1 dB gain com-
pression. The input and output return losses of 
the HMC930 are better than 12 and 16 dB re-
spectively, across the band. The gain flatness is 
excellent at ±0.3 dB from 12 to 32 GHz, while a 
slightly positive gain slope in this same band 
makes the HMC930 ideal for microwave radio, 
and military EW and ECM applications. This 
compact power amplifier die occupies less than 
4.25 mm2, consumes only 175 mA from a +10 V 
supply, and is specified for operation over the 
-55° to +85°C temperature range.  
Hittite Microwave Corp.,  
Chelmsford, MA (978) 250-3343,  
www.hittite.com.

RF Driver Amplifier

M/A-COM Technology Solutions Inc. intro-
duced the MAAM-009563, a two-stage HBT 
driver amplifier for cellular and WiMAX infra-
structure applications. This driver amplifier cov-
ers a broad frequency range of 250 to 3000 

MHz with excel-
lent linearity of 
47 dBm output 
IP3 and typical 
gain of 19.5 dB. 
The broad oper-
ation is achieved 
using external 
matching com-
ponents, where 

component values are selected to center the 200 
MHz instantaneous bandwidth within the overall 
frequency range. The lead-free SOIC-8EP sur-
face-mount plastic package is RoHS compliant 
and compatible with solder reflow temperatures 
up to 260°C. The ESD susceptibility achieves a 
class 2 ESD rating.
M/A-COM Technology Solutions Inc., 
Lowell, MA (978) 656-2539,  
www.macomtech.com.

http://www.endwave.com
http://www.hittite.com
http://www.macomtech.com
http://www.ar-worldwide.com
http://www.pmi-rf.com
http://www.triquint.com
http://www.cernex.com
mailto:cernex@cernex.com
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New Products
cillator (DCTCXO) designed and specified to 
bring together the highest stability TCXO per-
formance with digital frequency control, sepa-
rate low frequency output, timer and alarm 

funct ional i ty. 
Serial Peripher-
al Interface 
(SPI) controlled 
high accuracy 
TCXO with em-
bedded timer 
and alarm func-

tion. Using Rakon’s advanced Pluto™ analogue 
frequency compensation system, the DCTCXO 
achieves unrivalled frequency stability. A cus-
tom ASIC, Charon (Pluto’s moon) has been de-
signed to closely interface with the Pluto ASIC 
to provide the extra enhanced functionality in a 
miniature 7×5 SMD package. In addition to 
market leading stability, the Charon device fea-
tures integrated timing and control functions. 
RAKON Ltd.,  
Auckland, New Zealand  
+64 9 571 9216,  
www.rakon.com.

Voltage-controlled Oscillator
Z-Communica-
tions announces a 
new RoHS com-
pliant VCO mod-
el CRO2595A-LF 
in S-band. The 
CRO2595A-LF 
operates at 2570 

to 2620 MHz with a tuning voltage range of 0.5 
to 4.5 VDC. This VCO features a typical phase 
noise of -110 dBc/Hz at 10 KHz offset and a 
typical tuning sensitivity of 21 MHz/V. The 
CRO2595A-LF is designed to deliver a typical 
output power of 9 dBm at 5 VDC supply while 
drawing 27 mA (typical) over the temperature 
range of -40° to 85°C. This VCO features  
typical second harmonic suppression of -20 dBc 
and comes in Z-Comm’s standard MINI-16-SM 
package measuring 0.5" × 0.5" × 0.22". It is available 
in tape and reel packaging for production require-
ments. The CRO2595A-LF is also ideal for auto-
mated surface-mount assembly and reflow.
Z-Communications Inc.,  
San Diego, CA  
(858) 621-2700,  
www.zcomm.com.

Test Equipment
RF Signal Generator

Introducing the 
SG384, a 4 GHz 
RF signal gener-
ator from SRS. 
It offers a DC to 
4 GHz frequen-

cy range with 1 µHz resolution, AM, FM, M 
and PM, with -116 dBc/Hz phase noise at 20 kHz 
offset from 1 GHz, full octave frequency sweeps, 
an OCXO timebase and standard RS232, GPIB 
and Ethernet interfaces. Options include clock 
outputs, analog I/Q inputs and a rubidium time-
base. US list price $4,600.
Stanford Research Systems Inc., 
Sunnyvale, CA  
(408) 744-9040,  
www.thinkSRS.com.

10 percent puls-
ing conditions, 
it supplies a 
minimum of 
120 W of peak 

output power with 8 to 9 dB gain typically. Max-
imum reliability is achieved through all-gold 
metal contacts, wire-bonding and package.  
Integra Technologies Inc. 
El Segundo, CA (310) 606-0855,  
www.integratech.com.

Software
Electromagnetic Analysis Software

Remcom announces a new version of XGtd®, a 
tool for far zone radiation, RCS and EMI/EMC 
for electrically large platforms. The most impor-
tant benefits of XGtd Release 2.5 are performance 
enhancements that shorten run times and increase 
customer productivity. A new 64-bit version and 
the inclusion of an optimized ray engine (ORE) 
make even complex ray-tracing computations 
faster. Improvements to graphical displays also 
eliminate steps in workflow and shorten the time 
it takes to achieve results. New enhancements in 
XGtd 2.5 include: 64-bit version supports larger, 
more complex models and factor of 1.5 to 2 times 
speedup; and Optimized Ray Engine increases 
speed for large or complicated models. 
Remcom,  
State College, PA (814) 861-1299,  
www.remcom.com. 

Sources
Ultra-miniature SMT Synthesizer 
The SLX-1350 is an ultra-miniature SMT syn-
thesizer that operates over the frequency range 
675 to 1350 MHz in 1 MHz steps, features low 
spurs (<-60 dBc), low harmonics (<-15 dBc),

 0 dBm nominal 
output power 
and low phase 
noise (<-85 dBc/
Hz at 10 KHz 
(Fout at 675 
MHz)). Because 
of exceptional 
performance and 
its small (0.5" sq 
× 0.15") size, 

this low-cost unit is ideally suited for use in 
SWaP-C applications. The SLX Series is avail-
able in designs from 50 MHz to 6 GHz, in 
fixed-frequency or serially-programmable 
bandwidths to an octave. Custom units utilize 
external references from 5 to 125 MHz, select 
supply voltages (+3, +3.3, +5 or +8 VDC), 10 
KHz to 10 MHz step sizes and temperature 
range (-40° to +85°C).
EM Research Inc.,  
Reno, NV (775) 345-2411,  
www.emresearch.com.

High Accuracy TCXO
The Charon is a high stability 7×5 SMD digital-
ly-controlled temperature controlled crystal os-

http://www.integratech.com
http://www.remcom.com
http://www.emresearch.com
http://www.rakon.com
http://www.zcomm.com
http://www.thinkSRS.com
http://www.umcc111.com
mailto:sales@umcc111.com


MWJ/SYNERGY/POWER/1210

http://WWW.SYNERGYMWAVE.COM
mailto:sales@synergymwave.com


New Products

138  MICROWAVE JOURNAL  FEBRUARY 2011

Passive Intermodulation Analyzer

Anritsu introduces the MW8219A PIM Mas-
ter, a field test solution that can accurately and 
quickly locate the source of passive intermodu-
lation (PIM), whether it is at the base station 
or in the surrounding environment. Covering 
the PCS and AWS cellular frequency ranges, 
the MW8219A provides field personnel with a 
test system that can help ensure optimum net-
work performance and also locate PIM faults 
before intermodulation distortion adversely 
affects signal transmission. PIM Master has 
been designed to work with Anritsu’s S332E/
S362E Site Master™, MS2712E/MS2713E 
Spectrum Master™ and MT8212E/MT8213E 
Cell Master™ handheld analyzers, as well as 
the MT8221B/MT8222A/MT8222B BTS Mas-
ter™ handheld analyzers. 
Anritsu Co.,  
Morgan Hill, CA  
(800) 267-4878,  
www.us.anritsu.com.

Signal Analyzer
Tektronix Inc. announced a significant expan-
sion of its spectrum and vector signal analysis 
offerings with the introduction of the new 
RSA5000 Series Signal Analyzer. The new 
instruments raise the price-performance bar 
for mid-range signal analyzers by offering 
more than double currently available acquisi-
tion bandwidth and the world’s best real time 
capabilities. By combining reduced time-to-
insight and lower cost, the new series is ideal 
for numerous design and operations applica-
tions including spectrum management, radar, 
electronic warfare, radio communications and 
EMI/EMC. Featuring advanced time, ampli-
tude and DPX™ trigger functions combined 
with swept DPX, the RSA5000 Series delivers 
discovery and capture of these intermittent 
and rapidly changing signals and up to 85 MHz 
bandwidth. 
Tektronix Inc.,  
Beaverton, OR  
(800) 833-9200,  
www.tek.com.
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Modco offers a low-noise general purpose 
amplifier. Model Number WB100-6000DJ 
covers a frequency range of 100MHz 
through 6000MHz. The amplifier is housed 
in an Iridite Gold finished aluminum hous-
ing measuring 1.25” x 1.25” x 0.60”. It is  
supplied with three SMA F Connectors. The 
device operates from a single +5V supply 
and consumes 60mA

www.modcoinc.com

Avtech offers over 500 standard models 
of high-speed pulse generators, drivers, 
amplifiers and accessories ideal for both 
R&D and automated factory-floor testing. 
Some of our standard models include:

FAST PULSE TEST SOLUTIONS

AVR-EB4-B: for reverse-recovery time tests
AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests
AV-151J-B: for piezoelectric tests
AVOZ-D2-B: for production testing attenuators
AVR-DV1-B: for phototriac dV/dt tests

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/ 
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RF/Microwave Training Series
Presented by Besser Associates
•	Radar	System	Fundamentals	
•	Passive	Component	Modeling
•		Communication	System	Design:	RF/Wireless	Signal		

Propagation

Innovations in EDA Series
Presented by Agilent  EESof EDA
•		X-Parameter	Case	Study:	GaN	High	Power	Amplifier		

(HPA)	Design
•	Accurate	Modeling	of	Packages	and	Interconnects
•	Applying	the	Latest	Technologies	to	MMIC	Design
•		A	Practical	Approach	to	Verifying	RFICs	with	Fast	Mismatch	

Analysis

Innovations in Signal Analysis Series
Presented by Agilent Technologies
•	Three	Steps	to	Successful	Modulation	Analysis

Market Research Series
Presented by Strategy Analytics
•	Fundamentals	and	Applications	of	AESA	Radar
•	MilSatcom	Electronic	Market	Trends	Through	2020

Technical Education Series
•		Make	Your	LTE	Call	Now!
 Sponsored and Presented by Rohde & Schwarz
•		GaAs	Low	Noise	Amplifier	Design	Trade-offs	in	the		

Working	World
 Sponsored and Presented by Freescale Semiconductor
•	Transient	FEM	solvers	and	Hybrid	FE/IE	Methods	in	HFSS	13
 Sponsored and Presented by Ansoft (ANSYS Product Portfolio)
•	Integrating	Simulation	Technology	in	CST	Studio	2011
 Sponsored and Presented by CST
•	Creating	Real-World	EM	Simulations
 presented by COMSOL

Full Listing at: mwjournal.com/webinars

Frequency Matters .

Past Webinars On Demand

Register to attend at  
mwjournal.com/webinars

February Short Course Webinars

What’s This?

This	QR	Code	will	 take	you	 to	our	
webinar	 registrations	 site	 using	
your	 Smartphone.	 Download	 the	
software	 from	 your	 phone’s	 App	
store	today.

RF/Microwave Training Series 
Presented by Besser Associates
RF Power Amplifiers - Digital Pre-Distortion Techniques:	
This	webinar,	presented	by	Dr.	John	Wood,	discusses	modern	com-
munications	signals	and	the	impact	of	RF	power	amplifier	design	on	
linearity	 and	 efficiency.	 Topics	 include:	 linearizer	 basics,	 memory	
effects,	digital	pre-distortion	 techniques,	system	architecture	and	
linearization	results.
Live	webcast:	2/15/11.	11:00	AM	EST	
Sponsored by Scintera Networks, Inc.

Innovations in EDA Series 
Presented by Agilent Technologies
Memory Effects in RF Circuits: Manifestations and Simula-
tion: This	Webcast	defines	memory	effects	in	RF	circuits	commonly	
used	in	various	radio	blocks	and	demonstrates	how	these	effects	
can	adversely	impact	the	accuracy	of	simulations	using	traditional	
behavioral	approaches.	Finally,	new	techniques	are	presented	 for	
sufficient	simulation	speed	and	accuracy.
Available for on demand viewing after 2/3/11 
Sponsored by Agilent Technologies

Technical Education Series - March Installment
Presented by Rohde & Schwarz and AWR Corp.
LNA design and characterization using modern RF/micro-
wave software together with T&M instruments:	In	this	web-
cast,	Microwave	Office	is	used	to	develop	a	prototype	of	an	LNA	
design,	 applying	 the	 simulator	 to	 reveal	 and	 quantify	 sensitive	
circuit	parameters.	The	ZVA,	a	R&S	Vector	Network	Analyzer,	 is	
used	to	characterize	the	LNA	design	built	according	to	the	simula-
tion	results.	Microwave	Office	and	the	ZVA	are	plugged	together	
to	bring	the	measured	and	simulated	results	together	for	instanta-
neous	comparison	and	virtual	model	verification.
Live	webcast:	3/8/11.	12:00	PM	EST	
Sponsored by Rohde & Schwarz and AWR Corp.
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The Latest “Words” in RF & Microwave Design

Microwave Network 
Design Using the 
Scattering Matrix
Janusz A. Dobrowolski
ISBN: 978-1-60807-129-6
$129/£86

Frequency 
Synthesizers: From 
Concept to Product
Alexander Chenakin
ISBN: 978-1-59693-230-2
$129/£86

Electromagnetic 
Scattering and Material 
Characterization
Abbas Omar
ISBN: 978-1-59693-216-6
$139/£89

685 Canton Street, Norwood, MA  02062  USA
16 Sussex Street, London SW1V 4RW UK

B O S T O N   L O N D O N

Understanding Signal 
Integrity
Stephen C. Thierauf
ISBN: 978-1-59693-981-3
$139/£92

US:	 				Call   1-800-225-9977 (in the U.S. or Canada), 
or 1-781-769-9750, ext. 4030

	 Fax to: 1-781-769-6334
	 E-mail to: artech@ArtechHouse.com

UK:  Call +44 (0)20 7596 8750
 Fax to: +44 (0)20 7630-0166
 E-mail to: artech-uk@ArtechHouse.com

Visit ArtechHouse.com for complete descriptions and to order
All orders plus shipping/handling and applicable taxes.

THE BOOK END

Substrate noise coupling—the 
coupling of signals from one 
node to another via a substrate—

is a frequent problem that occurs in 
integrated circuits especially where 
digital circuits or several analog device 
types are integrated on the same die. 
It is critical that today’s engineers ad-
dress this issue, as analog circuits are 
widely used to interface with the out-
side world and wireless applications 

to simulate noise sources and how to 
analyze the effectiveness of the design 
measures that they should take. In this 
way, they will be able to design bet-
ter and more robust mixed-signal sys-
tems. Substrate Noise Coupling in An-
alog/RF Circuits is a practical and well 
organized book that should be useful 
to practicing engineers and designers.

are used pervasively. Substrate Noise 
Coupling in Analog/RF Circuits of-
fers detailed guidance on the impact 
of substrate noise on a wide range of 
circuits operating from baseband fre-
quencies up to millimeter-wave fre-
quencies.

This book investigates in detail the 
mechanisms of creation and propaga-
tion of substrate noise and analyzes 
its impact on analog circuits. Empha-
sis is on the modeling and simulation 
of the effects, as needed by circuit 
designers during their designs, as 
well as on design measures to alle-
viate the problems. It presents case 
studies to illustrate that careful mod-
eling of the assembly characteristics 
and layout details are required to 
bring simulations and measurements 
into agreement.

Practitioners will learn how to use a 
proper combination of isolation struc-
tures and circuit techniques to make 
analog/RF circuits more immune to 
substrate noise. They will learn how 

Substrate Noise Coupling 
in Analog/RF Circuits

Stephane Bronckers, Geert Van der 
Plas, Gerd Vandersteen and Yves Rolain

To order this book, contact:
Artech House 

685 Canton St., Norwood, MA 02062 
(781) 769-9750 ext. 4030; 

or 
16 Sussex St., London SW1V 4RW, UK 

+44 (0) 20 7596-8750

240 pages; $99, £66
ISBN: 978-1-59693-271-5

mailto:artech-uk@ArtechHouse.com
http://ArtechHouse.com
mailto:artech@ArtechHouse.com
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89600B VSA Software 

Up to 20 traces, 20 markers each

> 70 signal standards and modulations

Advanced time, frequency and modulation tools

> 30 supported measurement platforms 

NEW!

U.S. 1-800-829-4444     Canada 1-877-894-4414© 2010 Agilent Technologies, Inc.

Make successful VSA measurements: watch 
demo videos and download an application note
www.agilent.com/fi nd/Agilent89600B

See into the future of wireless technology 
with tools that stay ahead of it. 
Agilent 89600B vector signal analysis (VSA) software enables more 
simultaneous views of virtually every aspect of complex wireless signals. 
The result is an unprecedented ability to understand signal problem root 
causes today and in the future. That’s clarity. That’s Agilent.
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From ea. Qty. 1000169$

Mini-Circuits LTCC coupler family offers versatile, low cost 
solutions for your 5 kHz to 6 GHz needs with rugged 
connectorized models from .74”x.50” to surface mount 
couplers from .12”x.06”, the smallest in the world! Choose 
from our 50 &75 Ω directional and bi-directional couplers with 
coupling ranging from 6-22 dB and with capability to pass 
DC. Mini-Circuits offers the world’s most highly evolved LTCC 

technology delivering both minimal insertion loss and high 
directivity with models handling up to 65 W. All of our couplers 
are ESD compliant and available as RoHS compliant. For full 
product details and specifications for all our couplers, go to 
Mini-Circuits web site and select the best couplers for your 
commercial, industrial and military requirements.

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

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see
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P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260
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MWJ Puzzler

Across
2 The technique used to determine ideal matching network impedances is referred to 
as _____________ (2 words)
6 A ___________ load-pull system has a signal input path consisting of a signal 
source and amplifier, source and load impedance tuners, and a vector receiver  
(2 words)
8 SNR (4 words)
12 Most phase noise measurement systems use what is called ____________ 
(2 words)
15 PTFE
17 Microwave monolithic integrated circuit
18 The weakest signal that a wireless receiver can recover is defined by its 
__________
19 Third-order intermodulation distortion
20 A popular glass fabric and epoxy resin laminate material widely used in the printed 
circuit board industry

Down
1 MIC (3 words)
3 Short-term random frequency fluctuations of a signal (2 words)
4 Low temperature co-fired ceramic
5 PCB (3 words)
7 Method used in phase noise analysis to extend the range of any single channel measure-
ment by introducing a second channel and utilizing signal processing to locate the noise that is 
common to the DUT (2 words)
9 LNA (3 words)
10 Enhancement-mode, pseudomorphic high electron mobility transistor
11 Digital instantaneous frequency measurement
13 Commercial off-the-shelf
14 One of the more common windows used with noise analysis
16 _________ equation shows that the noise figure of the first amplifying stage in the 
receiver chain has a predominant effect

HigH Frequency 
components, BoArDs 

AnD systems
Answers AvAilABle online At 

www.mwjournAl.com

www.AeroFlex.com
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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) 439-9220 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

This is only a small sample of our extensive list of standard catalog items.
Please contact our Sales Department at (631) 439-9220 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

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

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 32 1.00 0.7 2.0:1 2.0:1 +10 125
AFS3-08001200-09-10P-4 8-12 28 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 0.9 2.0:1 2.0:1 +10 125
AFS4-02001800-24-10P-4 2-18 35 2.00 2.4 2.5:1 2.5:1 +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 30 1.00 1.3 2.0:1 2.0:1 +10 125
AFS3-00100600-13-10P-4 0.1-6 30 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 34 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 24 2.50 4.2 2.5:1 2.5:1 +8 135

Note: Noise figure increases below 500 MHz.

AD-445 7.8125x10.75:AD-474  12/20/10  2:02 PM  Page 1
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SOPHISTICATED APPLICATIONS

• JAMMING

• COMMUNICATIONS

• CO-SITE MANAGEMENT

REQUIRE,

SOPHISTICATED SOLUTIONS

• MORE POWER

• GREATER BANDWIDTH

• LESS LOSS

• SMALLER PACKAGES

- POWER COMBINERS/DIVIDERS

- 90° HYBRID COUPLERS

- 0°/180° HYBRID JUNCTIONS

- DIRECTIONAL COUPLERS

DESIGNED TO MEET THE MOST STRINGENT 

OPERATING CONDITIONS. 

Werlatone, Inc.
17 Jon Barrett Road
Patterson, New York 12563
Main 845.278.2220
Fax 845.278.3440
sales@werlatone.com
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