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Noisecom’s cutting edge technology will lead you down the road to success with 
our innovative and high-speed solutions.

• RF & Microwave AWGN

• Digital Noise Generation

• Satellite Communications 
(BER, Eb/No)

• Wireless (WiMAX & LTE)

• >60 GHz Noise Figure

• Serial Data Compliance
(Jitter, Rj)

• Wireless HD Testing

• Receiver & Antenna 
Calibration

As a global provider of noise generators, modules, diodes and 
specialized test solutions we are ready to meet your present 
needs, as well as address your future applications.

For more information visit: www.noisecom.com or call 
+1 973-386-9696.

MWJNOISECOM1110.indd   2 6/27/11   10:57 AM
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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.)

Ad563 7.8125x10.75:ad  5/13/11  1:51 PM  Page 1
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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 
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260

448 rev F

Miss out on MTT? 
Tour our booth at 
minicircuits.com!

pwrSplitsprd448revF.indd   1 6/22/11   2:49 PMMWJMC_448REVF_0711.indd   4 6/27/11   10:54 AM



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

U.S. patent 7739260

448 rev F

Miss out on MTT? 
Tour our booth at 
minicircuits.com!

pwrSplitsprd448revF.indd   1 6/22/11   2:49 PMMWJMC_448REVF_0711.indd   5 6/27/11   10:54 AM

http://minicircuits.com
http://minicircuits.com


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 

Aviation

Earth Station

Instrumentation

L, S, C, X, and Ku Bands

Microwave Radio

Mobile Satellite

Radar 

Telemetry

MWJMECA1210.indd   6 6/27/11   10:54 AM
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New Wave in Noise

NoiseWave
your supplier of high performance, precise equipment for AWGN

Ph. (973) 386-1119 • Fax (973) 386-1131 • info@noisewave.com • www.noisewave.com

MWJNOISEWAVE0111.indd   8 6/27/11   10:55 AM
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 Make the Connection with 
 

Trusted for over 25 years.
Offering over 100 different 
cable types to best suit 
your specific application 
including:

•	Lab-Flex® – Low-loss up to 46 GHz
•	Lab-Flex® S – Low-loss, stranded center conductor up to 40 GHz (NEW)

•	ASR – Precision test port assemblies (NEW)

•	Semi-Rigid – In both solid and microporous dielectrics
•	Semi-Flexible – Hand-formable
•	Various Flexibles – M17 and custom cable types up to 55 GHz

and an endless array of connector interfaces and configurations

The assemblies you need, when you need them!

 www.rflabs-emc.com      +1 772 286 9300

MWJFLORIDARF-EMC0711.indd   9 6/27/11   10:55 AM
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C O V E R  F E A T U R E
	 20	EMI by the Dashboard Light

David Vye, Microwave Journal Editor
Invited papers from leaders in the area of automotive EMI simulation and test systems – Ansys, CST and ETS-Lindgren 
– provide an update on the challenges for integrated wireless systems into the next generation of automobiles and recent 
changes to their tools that will help address EMI

		 24	 Automotive EMI/EMC Simulation
	 Markus Kopp, ANSYS Corp. and Juliano Fujioka Mologni, ESSS

		 34	 3D EMC/EMI Simulation of Automotive Multimedia Systems
	 Matthias Tröscher, CST

		 40	 An Update on Automotive EMC Testing
	 Kefeng Liu, ETS-Lindgren

M V P :  M o s t  valua     b le   P ro  d uct 
	 48	70 kHz to 110 GHz VNA Redefines Market 

Anritsu Co.
Introduction to broadband VNA system that provides single-sweep coverage from 70 kHz to 110 GHz with operation from  
40 kHz to 125 GHz utilizing an advanced design that eliminates the need for large, heavy mmWave modules and combiners

S P E C I A L  R E P O R T
	 52	The 60 GHz Radio Market and Technology

Hans O Johansson, Sivers IMA
Advantages and discussion of 60 GHz millimeter-wave technology presenting an optimal opportunity translating into reliable 
and affordable gigabit-plus wireless connections

T ec  h nical      feature       s
	 80	Accounting for Dynamic Behavior in FET Device Models

Graham Riley, Agilent EEsof EDA
Presentation of a simulation-based qualification method, offering designers a means of testing FET device models for critical 
large-signal, high frequency behavioral characteristics at the operating point required by an application

Microwave Journal (USPS 396-250) (ISSN 0192-6225) is published monthly by Horizon House Publications Inc., 685 Canton St., Norwood, MA 02062. Periodicals postage 
paid at Norwood, MA 02062 and additional mailing offices.

Photocopy Rights: Permission to photocopy for internal or personal use, or the internal or personal use of specific clients, is granted by Microwave Journal for users through 
Copyright Clearance Center provided that the base fee of $5.00 per copy of the article, plus $1.00 per page, is paid directly to the Copyright Clearance Center, 222 Rosewood 
Drive, Danvers, MA 01923 USA (978) 750-8400. For government and/or educational classroom use, the Copyright Clearance Center should be contacted. The rate for this use 
is 0.03 cents per page. Please specify ISSN 0192-6225 Microwave Journal International. Microwave Journal can also be purchased on 35 mm film from University Microfilms, 
Periodic Entry Department, 300 N. Zeeb Rd., Ann Arbor, MI 48106 (313) 761-4700. Reprints: For requests of 100 or more reprints, contact Barbara Walsh at (781) 769-9750. 

POSTMASTER: Send address corrections to Microwave Journal, PO Box 3256, Northbrook, IL 60065-3256 or e-mail mwj@omeda.com. Subscription information: (847) 291-5216. 
This journal is issued without charge upon written request to qualified persons working in that part of the electronics industry, including governmental and university installation, 
that deal with VHF through light frequencies. Other subscriptions are: domestic, $120.00 per year, two-year subscriptions, $185.00; foreign, $200.00 per year, 
two-year subscriptions, $370.00; back issues (if available) and single copies, $10.00 domestic and $20.00 foreign. Claims for missing issues must be filed within 90 days of date
of issue for complimentary replacement.

©2011 by Horizon House Publications Inc.

Posted under Canadian international publications mail agreement #PM40063731
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EM speed 
that will 

turbocharge 
your design 

creativity

AXIEM® 
3D PLANAR EM

Stop waiting and wishing for an 
EM tool that keeps pace with 
your own creative ideas. AXIEM 
is capable of solving big problems 
fast — typically 10 x faster than 
current alternatives for designs of 
10K unknowns or more. And now 
that it handles antennas, too, your 
creativity will know no bounds. For 
the most accurate EM results in 
minutes rather than hours, go with 
AXIEM. Grab a test copy today at 
www.awrcorp.com/AXIEM
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Stop waiting and start designing™
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	 88	Programming a Network Analyzer for Third-order Intercept 
Point Measurement
Zhaolong Li and Xuping Zhang, Nanjing University; Ke Wu and Xiaoping 
Chen, École Polytechnique de Montréal
Presentation of a measurement method for IP3 that provides the ability to 
measure the third-order IMD with two-tone frequency widely separated in the 
range of a few hundred megahertz

	 96	Analysis of 3G Noise to GPS in 3G Handsets
T. AlSharabati and Y. Chen, University of South Carolina
Analysis of the W-CDMA and GSM TX noise and their effects on GPS 
performance inside the 3G mobile handset

P R O D U C T  F E A T U R E s
	106	 Isolator/Circulator with Best-in-class Intermodulation Distortion 

Performance
Skyworks
Presentation of a new isolator/circulator featuring IMD performance better 
than -90 dBc

	110	 High Performance 20 GHz Microwave Signal Generator
AnaPico Ltd.
Introduction to a low cost, portable signal generator product line with 
frequency coverage to 20 GHz

	114	 Spectro VNATM Advances Vector Network Analyzer Capabilities
Constant Wave
Introduction of the Spectro VNA vector network analyzer software brings the 
power of joint time frequency domain processing to VNAs 

T E C H  B R I E F S
	118	 Time Domain Solver and High Frequency Modeling and Simulation

INTEGRATED Engineering Software
Introduction to a new time domain solver and high frequency tool for modeling 
and simulating 3D RF and microwave applications	

	120	 Affordable, High Performance Signal Generator
Stanford Research Systems

	 Introduction to a DC to 4 GHz high performance, affordable RF source

DEPARTMENTS
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1.866.282.4708            www.CarlisleIT.com            rf@CarlisleIT.com

Features:
•   Frequency range: DC to 27 GHz
•   Low VSWR to 27 GHz (1.15:1 max to 27 GHz)
•   2 Hole and 4 Hole flange field replaceable
     configurations
•   Low RF leakage (less than 90 dB)
•   Interface conforms to MIL-STD 348
•   Common  configurations in stock

Introducing our latest line of SMA connectors:
The EPSMA™ (Enhanced Performance) series of the 
Standard SMA  product line provides mode free 
performance to 27 GHz. In addition, these connectors 
are tuned to provide ultra low VSWR to 27 GHz 
(typically 1.15:1). The current product offering  consists 
of field replaceable styles with industry standard 
flange configurations and pin sizes.

CarlisleIT_EPsma_JulyAd.indd   1 6/24/2011   1:29:57 PMMWJCARLISLE0711.indd   13 6/27/11   11:43 AM

http://www.CarlisleIT.com
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Free Webinars
Innovations in EDA Series 
A Model Based Approach for System Level 
RFIC Verifi cation
Available for on demand viewing after 7/7/11
Sponsored by Agilent Technologies

RF/Microwave Training Series 
Presented by Besser Associates
LTE Broadband Wireless Access
Live webcast: 7/19/11, 11:00 AM EDT 
Sponsored by Anritsu Co.

Innovations in VSA Series
Custom OFDM:  Understanding Signal 
Generation and Analysis
Live webcast: 7/20/11, 1:00 PM EDT
Sponsored by Agilent Technologies

Innovations in LTE Series
Using Wireless Link Analysis to Verify Your 
LTE Radio Signals
Live webcast: 7/27/11, 1:00 PM EDT
Sponsored by Agilent Technologies

Innovations in EDA Series
How to Make Your Designs More Robust
Live webcast: 7/28/11, 1:00 PM EDT
Sponsored by Agilent Technologies

Coming in August
Optimizing Battery Operating Time of 
Wireless Devices
Most wireless devices operate between idle or 
sleep mode and short bursts of activity causing 
the battery current drain to go from nA’s to 
Amps. This wide dynamic range of current 
is very diffi cult to measure. This webinar 
presents an Agilent feature called “Seamless 
Measurement Ranging” which overcomes the 
limitations of traditional techniques for battery 
current drain testing. 
Live webcast: 8/10/11, 1:00 PM EDT
Sponsored by Agilent Technologies

Online Technical Papers
Using Modeling and Simulation to Assess 
Antenna Performance During Platform 
Integration
Greg Skidmore, Jamie Infantalino, Jim Stack, Remcom

Electronically Scanned Arrays for Fast 
Testing of Large Antennas
L. Durand, L. Duchesne, L.J. Foged, 
Microwave Vision Group

Implementation of the Perfectly Matched 
Layer to Determine the Quality Factor of 
Axisymmetric Resonators
Presented by COMSOL

Reduce EMC Product Verifi cation Time 
with Fast Scanning Techniques
White Paper, Agilent Technologies

Executive Interview
MWJ talks to Chuck Davo, Owner 
and CEO at MECA Electronics 
Inc., about his company’s 
products and engineering 
expertise, current trends for RF/
microwave components in both the 
commercial and military markets 
and the company’s 50-year history.

Online

Join Us (direct links at www.mwjournal.com)
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Copper
63.546

 More Q.  Less Cu
These tiny new air core inductors

have the highest Q and current handling
in the smallest footprint.

Coilcraft’s new SQ air core inductors have unmatched Q
factors: most are above 200 in the 1-2 GHz range! That’s 3
times higher than comparably sized 0805 chip coils.

And with their extremely low
DCR, they can handle 4 to 8 times
more current: up to 4.4 Arms.

SQ air core inductors are perfect
for your LC filter and RF impedance
matching applications. They come in
15 values ranging from 6 to 27.3 nH,
all with 5% tolerance.

These coils
are significantly smaller than exist-
ing air core inductors. We reduced
the footprint by using close-wound
construction and keeping the leads
close to the body. The square shape
cuts the height to as low as 1.5 mm
and creates flat top and bottom sur-

faces for easy automated handling
and stable mounting.

See how the ultra-high Q and
current handling of Coilcraft’s
new SQ air core inductors can
maximize the performance of

your next design. For complete specifications and free
evaluation samples, visit www.coilcraft.com/sq

www.coilcraft.com 800/322-2645

®

Q factors are 3X higher than
standard chip inductors

RoHS
COMPLIANT

The square shape and narrow footprint
reduce board space by 60-75% over

conventional air core inductors.

7.8125 x 10.75

MWJ-COILCRAFT AD 0908.indd   15 6/27/11   10:56 AM
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99¢
from ea. qty. 1000

    Choose any 8, LFCN, HFCN models.
Receive 5 of ea. model, for a total of 40 filters. 

Order your KWC-LHP FILTER KIT TODAY!

Wild Card KWC-LHP LTCC Filter Kits        
$98only

U.S. Patent 6, 943, 646RoHS compliant
o S

C O M P L I A N T

  CeramiC FiLT erS
Low Pass    bandPass    HigH Pass

Value Packed
  Recession Busters!

Over 160 models…DC to 13 GHz
Measuring only 0.12" x 0.06", these tiny hermetically sealed filters utilize 
our advanced Low Temperature Co-fired Ceramic (LTCC) technology to 
offer superior thermal stability, high reliability, and very low cost, making 
them a must for your system requirements. Visit our website to choose 
and view comprehensive performance curves, data sheets, pcb layouts, 
and environmental specifications. And you can even order direct from 
our web store and have a unit in your hands as early as tomorrow!
Mini-Circuits…we’re redefining what VALUE is all about! 

In today’s tough economic situation there is no choice: Reducing cost while 
improving value is a must. Mini-Circuits has the solution…pay less and get more 
for your purchases with our industry leading ultra small ceramic filters.

®

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

U.S. patent 7739260

432 rev N

Miss out on MTT? 
Tour our booth at 
minicircuits.com!

LFCN 432revN.indd   1 6/22/11   3:01 PMMWJMC_432REVN_0711.indd   16 6/27/11   1:07 PM
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AUGUST 2011

AUVSI Unmanned Systems N. America 2011
Washington DC

Webinar:
Optimizing Battery 

Operating Time

Call for Papers

Deadline

NIWEEK 2011
Austin, TX

IEEE International Symposium on Electromagnetic Compatibility
Long Beach, CA

7M12 FINAL Proof.indd   17 6/29/11   11:43 AM
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JULY

ASQED 2011 
ASIA  Symposium Quality Electronic Design
July 19–20, 2011 • Kuala Lumpur, Malaysia
www.asqed.com

AUGUST

NIWeek 2011
August 2–4, 2011 • Austin, TX
www.niweek.com

EMC 2011 
IEEE International Symposium on 
Electromagnetic Compatibility
August 14–19, 2011 • Long Beach, CA
www.emc2011.org

AUVSI Unmanned Systems N. America 2011 
August 16–19, 2011 • Washington D.C.
http://symposium.auvsi.org/auvsi11/public/
enter.aspx

SEPTEMBER

IPAC 2011                                                                                                                                             
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EMI by the 
Dashboard Light

As the automobile industry bounces back 
from the great recession, manufactur-
ers are designing their next generation 

of cars with an eye on fuel economy and tele-
matics (information and communication tech-
nologies). Increasingly, the cars being designed 
today represent the latest frontier in the wire-
less revolution. While luxury cars have been 
integrating RF/microwave sensors, navigation 
and communication systems for several years 
now, delivering enhanced safety, traffic man-
agement and in-car entertainment through car-
to-car and car-to-network communication is on 
the rise in cars of all prices.

At Mobile World Congress last February, 
chip maker Qualcomm announced a partner-
ship with Audi to develop capability that would 
provide a “bubble of connectivity” for travel-
ers, allowing them to access web-based ser-
vices at high speeds of travel. The Audi A8 will 
feature the Mobile Media Interface Plus in-car 
navigation system, which will act as a mobile 
“hotspot,” enabling passengers to connect Wi-
Fi enabled devices to the Internet.

The satellite navigation system will have 
Google Earth built-in, providing drivers with 
high resolution, three-dimensional satellite im-
agery. Audi has stated that the system, when 
combined with a street atlas and other online 
content, can provide real-time route planning, 
location-specific points of interest or local res-
taurant reviews, as well as up-to-the-minute 
traffic information. The system utilizes Qual-
comm’s UMTS technology to provide the high 
speed data network that will make it possible 
for Internet-enabled devices to connect to the 
web while moving at highway speeds. Audi said 

the first UMTS-enabled A8s would go on sale 
later this year.

Ford has also been at the forefront of de-
veloping market leading telematics and info-
tainment services for its vehicles. This wireless 
connectivity is being driven in part by the chal-
lenges of introducing a fleet of electric cars to 
a market that has evolved around petroleum-
fueled vehicles.   In March, Ford Motor Co. 
and AT&T announced their collaboration to 
wirelessly connect Ford’s first all-electric pas-
senger car. Using an embedded AT&T wireless 
connection and the “MyFord” mobile smart-
phone app, vehicle owners will be able to send 
and receive data about their electric car, pro-
viding command and control of vehicle settings 
remotely. This will enable owners to plan trips, 
monitor the vehicle’s state of charge, receive 
various alerts for vehicle charging, as well as 
other features designed to support electric ve-
hicle ownership.

Ford also unveiled a new range of special-
ized car-to-car WiFi networks intended to al-
low cars to automatically negotiate following 
distances and lane changes in an effort to avoid 
potential traffic hazards. According to the auto-
maker, the technology works over a short-range 
WiFi system on a secure channel allocated by 
the FCC and allows 360 degree traffic cover-
age even without direct line of sight. This latest 
implementation of “collision avoidance radar” 
includes predicting collision courses with un-
seen vehicles, seeing sudden stops, and spotting 

David Vye
Microwave Journal Editor
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traffic pattern changes.
With the introduction of wireless 

systems and the increase in the vehi-
cle electronics, electromagnetic inter-
ference (EMI) problems understand-
ably are on the rise. EMI issues range 
from on-board AM and FM radio in-
terference to catastrophic failure of an 
engine control module due to power 
transients. EMI has been considered 
a potential cause of the recent inex-
plicable acceleration of certain Toyota 
models. The problems are expected to 
get worse as system clock speeds and 
logic edge rates increase, due to in-
creased EMI emissions and decreased 
EMI immunity.

Vehicle electrical systems are a rich 
source of power transients. Seven of 
the most severe have been character-
ized and have become a suite of stan-
dard EMI test pulses, as described in 
SAE J1113, “Electromagnetic Suscep-
tibility Procedures for Vehicle Com-
ponents.’’ These transients include 
pulses that simulate both normal and 
abnormal conditions, including induc-
tive load switching, ignition interrup-
tion or turnoff, voltage sag during en-
gine starting, and the alternator “load 
dump’’ transient.

With vehicles acting as a platform 
for land mobile radio transmitters, the 
onboard electronics systems also may 
be exposed to very high radio frequen-
cy (RF) electromagnetic field levels 
and can even be exposed to high lev-
els from external threats, such as high 
powered radio stations or airport radar 
systems that can easily reach 50 ±100 
Volts/meter. Since typical failure levels 
for unprotected electronic systems are 
in the 1 ±10 Volt/meter range, substan-
tial RF protection must be provided 
for electronic systems operating in the 
automotive environment.

Designing the next generation of 
automotive telematics in such a hostile 
electrical environment requires engi-
neering tools and techniques that can 
help identify and mitigate EMI prob-
lems. This month’s cover feature in-
cludes three invited papers from a few 
leaders in the area of automotive EMI 
simulation and test systems – Ansys, 
CST and ETS-Lindgren. Each au-
thor was asked to provide an update 
on the challenges for integrated wire-
less systems into the next generation 
of automobiles and recent changes to 
their tools that will help address EMI 
by the dashboard light. 

19212 Orbit Drive
Gaithersburg, MD 20879
Voice: 877.948.8342
Fax: 301.963.8640
RF@WeinschelAssociates.com

A Tradition of Quality / A Commitment to Customer Service
www.WeinschelAssociates.com

DA Series Attenuators
• Broadband Coverage: DC - 13 GHz 
• 30, 60 and 90 dB units with 0.5 dB steps 
• USB-2.0 interface for power and control 
• Software driver/application included.
   Custom software solutions available
• High accuracy: ± 0.5dB typical
• Fast switching speed: <100ns
• Rugged Construction
• Applications: Base Station, Broadband Telecommunications, 
   Microwave & VSAT Radios and Military    

Not anymore. When you need 
programmable attenuation for 
your ATE, our digital attenuators
offer easy integration at a price
that won’t impact your budget.

Square Peg,
Round Hole?

It’s got everything…. 
including big challenges. 

We	
  have	
  the	
  filters	
  you	
  need	
  
for	
  the	
  700	
  MHz	
  LTE	
  and	
  	
  
2500	
  MHz	
  WiMAX	
  bands!	
  

LTE	
  and	
  WiMAX	
  deployments	
  are	
  coming	
  on	
  strong,	
  	
  
and	
  with	
  them	
  the	
  FCC	
  challenges	
  for	
  close	
  channel	
  
spacing	
  that	
  reIuire	
  extremely	
  sharp	
  filter	
  reKecLon	
  

close	
  to	
  the	
  passband.	
  

Anatech	
  Electronics	
  has	
  the	
  soluLons!	
  

Our	
  700	
  MHz	
  LTE	
  and	
  2500	
  MHz	
  WiMAX	
  bandpass	
  
filters	
  have	
  extremely	
  high	
  performance.	
  	
  In	
  fact,	
  our	
  
700	
  MHz	
  filters	
  have	
  reKecLon	
  greater	
  than	
  40	
  dQ	
  at	
  
700	
  kHz	
  from	
  the	
  passband	
  edges,	
  along	
  with	
  low	
  loss	
  

and	
  extremely	
  low	
  levels	
  of	
  PIM.	
  	
  	
  	
  

Bring	
  us	
  your	
  challenge,	
  we’ll	
  provide	
  the	
  answer	
  

       700 MHz cavity bandpass filter 
   Ultra-high rejection, low PIM, low 

loss, and extremely rugged. 

     Outdoor bandpass combiner 
Isolates transmit and receive 
signals in multiple bands and 

   sends them to a single antenna. 

Ruggedized duplexer 
Specially designed to meet 4G 
performance requirements in a 

compact package. 

	
  	
  	
  	
  	
  	
  	
  	
  	
  Please	
  check	
  out	
  our	
  Web	
  sites:	
  	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  www.AMCrf.com	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  www.anatechelectronics.com	
  

E-­‐mail:	
  sales@anatechelectronics.com	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Call	
  us	
  at	
  (973)	
  772-­‐4242	
  

It’s got everything…. It’s got everything…. 
including big challenges. 

We	
  have	
  the	
  filters	
  you	
  need	
  
for	
  the	
  700	
  MHz	
  LTE	
  and	
  	
  
2500	
  MHz	
  WiMAX	
  bands!	
  

LTE	
  and	
  WiMAX	
  deployments	
  are	
  coming	
  on	
  strong,	
  	
  
and	
  with	
  them	
  the	
  FCC	
  challenges	
  for	
  close	
  channel	
  
spacing	
  that	
  reIuire	
  extremely	
  sharp	
  filter	
  reKecLon	
  

close	
  to	
  the	
  passband.	
  

Anatech	
  Electronics	
  has	
  the	
  soluLons!	
  

Our	
  700	
  MHz	
  LTE	
  and	
  2500	
  MHz	
  WiMAX	
  bandpass	
  
filters	
  have	
  extremely	
  high	
  performance.	
  	
  In	
  fact,	
  our	
  
700	
  MHz	
  filters	
  have	
  reKecLon	
  greater	
  than	
  40	
  dQ	
  at	
  
700	
  kHz	
  from	
  the	
  passband	
  edges,	
  along	
  with	
  low	
  loss	
  

and	
  extremely	
  low	
  levels	
  of	
  PIM.	
  	
  	
  	
  

Bring	
  us	
  your	
  challenge,	
  we’ll	
  provide	
  the	
  answer	
  Bring	
  us	
  your	
  challenge,	
  we’ll	
  provide	
  the	
  answer	
  

       700 MHz cavity bandpass filter 

	
  	
  	
  	
  	
  	
  	
  	
  	
  Please	
  check	
  out	
  our	
  Web	
  sites:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  www.AMCrf.com	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  www.AMCrf.com	
  	
  	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  www.anatechelectronics.com	
  

       700 MHz cavity bandpass filter 
   Ultra-high rejection, low PIM, low 

loss, and extremely rugged.

     Outdoor bandpass combiner 
Isolates transmit and receive 
signals in multiple bands and

   sends them to a single antenna.   sends them to a single antenna.

Ruggedized duplexer 
Specially designed to meet 4G 
performance requirements in a 

compact package.

E-­‐mail:	
  sales@anatechelectronics.com	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Call	
  us	
  at	
  (973)	
  772-­‐4242	
  

  7M27 FINAL.indd   22 6/29/11   8:07 AM

http://www.WeinschelAssociates.com
mailto:RF@WeinschelAssociates.com
http://www.AMCrf.com
http://www.anatechelectronics.com
mailto:sales@anatechelectronics.com


Join us for the 
COMSOL Conference 2011
The premier event for 
multiphysics simulation

Sign up today! 
www.comsol.com/conference

DATE & LOCATION  
October 13-15
Boston Marriott Newton, MA 
    

• Discover new multiphysics modeling strategies
• Connect with key industrial and academic contacts
• Sharpen your simulation skills in minicourses
• Showcase your own modeling projects

© 2011 COMSOL. COMSOL and COMSOL Multiphysics are registered trademarks of COMSOL AB. 
Other product or brand names are trademarks or registered trademarks of their respective holders.

GOLD SPONSORS

MEDIA SPONSORS

MWJCOMSOL0711.indd   23 6/27/11   11:08 AM

http://www.comsol.com/conference


Cover Feature

24 	 MICROWAVE JOURNAL n JULY 2011

EMI by the
Dashboard

Light
Automotive EMI/EMC Simulation

Markus Kopp
ANSYS Corp.,  
Canonsburg, PA, and Juliano 
Fujioka Mologni, ESSS, Brazil

The term electromagnetic com-
patibility (EMC) often con-
jures up images of FCC test 

labs, computing and/or wireless de-
vices. However, in the automotive in-
dustry, the unintentional creation and 
reception of electromagnetic fields, 
a definition of electromagnetic inter-
ference (EMI), is becoming an ever 
greater concern. As automobiles be-
come mobile hotspots and as the elec-
tronic content (wireless links, multi-
media devices, electronic control 
modules, electric hybrid drives, etc.) 
of automobiles continues to increase, 
the control of and design for EMI and 
EMC become ever more important.

As a result of this rapid electrifi-
cation of automobiles, a number of 
applicable standards have come into 
existence. One of the earliest of the 
industry directives was issued in Eu-
rope in 1972 as Automotive Directive 
72/245/EEC. This directive was cre-
ated to deal with the electronic spark 
plug noise.  Since that time, the In-
ternational Standards Organization, 
the Society of Automotive Engineers, 
and CISPR have created a variety of 
standards specifically for the automo-
tive industry.

These standards are designed to 
ensure that all on-board systems con-
tinue to function properly during ex-
posure to EMI or automatically return 
back to normal operating conditions 

after exposure or by a manual reset 
operation.  A major concern for au-
tomotive EMI engineers is that a car 
can contain as much as five kilometers 
of wires. While cabling is an obvious 
source of EMI in a car, there are a 
number of other sources, especially in 
modern cars, which are packed with 
electronic devices. Lastly, it is impor-
tant to note that drivers also introduce 
potential EMI sources in the form of 
cell phones or smart phones, tablets 
and other Bluetooth-enabled devices.

For the above reasons, conven-
tional EMI/EMC procedures and 
techniques may not be appropriate 
for these new components and elec-
tronic devices. To address this, there 
are a few automotive standards trying 
to reduce the probability of EMI oc-
curring in vehicles by making use of 
one of several  laboratory tests. One of 
the most important of these standards 
is ISO 11451-2. This standard speci-
fies that the electical performance 
of all electronic subsystems remains 
unaffected by electromagnetic distur-
bances that are generated by a source 
antenna, radiating the vehicle-under-
test inside an anechoic chamber.

The international standard ISO 
11451-2 applies to road vehicles and 
is meant to  determine the immunity 
of private and commercial vehicles to 
electrical disturbances from off-vehi-
cle radiation sources, regardless of the 
vehicle propulsion system, including 
hybrid electric vehicles (HEV). The 
test procedure prescribes that the 
test be performed on a full vehicle 
in an absorber-lined shielded enclo-
sure, which is meant to create a test 
environment that simulates open field 
testing.  For this test, it is typical that 
the floor is not covered with absorb-
ing material, but such covering is al-
lowed.  An example of a rectangular 
shielded enclosure is shown in Figure 
1a. Figure 1b shows a virtual test 
chamber as modeled in a 3D electro-
magnetic simulation software package 
(i.e. HFSS).

Testing for the ISO 11451-2 stan-
dard consists of generating radiated 
electromagnetic fields using a source 
antenna with radio frequency (RF) 

sources capable of producing the de-
sired field strengths ranging from 25 
V/m to 100 V/m and beyond. The test 
covers the range of frequencies from 
10 kHz up to 18 GHz. During the test, 
all embedded electronic equipment 
must perform flawlessly. This flawless 
performance also applies to the fre-
quency sweep of the source antenna.

Performing the ISO 11451-2 stan-
dard test can be a very time consuming 
process, requiring expensive equipment 
and access to a very expensive test facil-
ity. Hence, numerical simulation can be 
a cost-effective means to reduce the de-
sign cycle of the product as well as its as-
sociated R&D costs.  Full vehicle Finite 
Element Method (FEM) simulation 
has become possible within the past few 
years  by using the domain decomposi-
tion method (DDM) that was pioneered 
by and available within the ANSYS 
HFSS product. The DDM process par-
allelizes the entire simulation domain 
by creating a number of sub-domains, 
each of which are solved on different 
computing cores or various comput-
ers connected to a network. While the 
DDM procedure allows engineers to 
simulate entire vehicles, recent develop-
ments in simulation technology offer a 
superior approach to solving large elec-
tromagnetic structures. The technique 
is called the hybrid Finite Element 
Boundary Integral (FE-BI) method-
ology and has been made available in  
the ANSYS HFSS product within the 
last year (featured as a technical article 
in the January 2011 issue of Microwave 
Journal).

FE-BI is a numerical method that 
uses an Integral Equation (IE) based 
solution as a truncation boundary for 
the FEM problem space. This com-
bination of solution paradigms allows 
users to dramatically reduce the solu-
tion volume that needs to be solved 
by the FEM method, resulting in a 
faster and more efficient simulation 
approach. Figure 2 shows how FE-

s Fig. 1  ISO 11451-2 test setup (a) and 
HFSS virtual test chamber (b).
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BI can be used to reduce the solution 
volume required by a simulation. It 
is important to note that the distance 
from radiator to FE-BI boundary can 
be arbitrarily small and is often less 
than lambda by 10. This reduced solu-
tion space then leads to a decrease in 
the simulation time and reduces the 
overall computational effort.

In order to demonstrate the capa-
bility of the FE-BI methodology, this 
article presents a full vehicle simula-
tion using the FE-BI capability applied 
to the ISO 11451-2 standard to deter-
mine the EMI of an electronic subsys-
tem. To prove the accuracy between 
the traditional and FE-BI methods, 
a comparison of previously validated 

far-field behavior is 
shown in Figure 3. 
The large air region 
that comprises the 
entire test chamber 
was reduced to two 
much smaller air 
boxes, which were 
very conformal to 
the structures they 
contained. The sur-
faces of the confor-
mal air regions are 
now extremely close 
to the antenna and 
the vehicle. The two 
sub-domains of the 
FE-BI models are 
shown in Figure 4.

The absorber 
elements of the 
anechoic chamber 
were not modeled in 
this simulation be-
cause the IE bound-
ary in FE-BI is 
equivalent to a free 
space simulation, 
which is equivalent 
to absorbing materi-
al used in a physical 
measurement. This 
reduction in volume 
reduces the size of 
the problem to be 
solved and thereby 
leads to a faster 
simulation. For this 
simulation, the total 
computation time 
was 28 minutes, 
which represents an 
11 reduction in 
time compared to 

s Fig. 4  Two sub-regions used to simultaneously solve using FE-BI 
solver.

s Fig. 3  Comparison of validated far-field behavior using three dif-
ferent methods.
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s Fig. 2  Comparison of FEM, IE and FE-
BI models.
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the FEM solution based on the simu-
lation of the entire anechoic chamber. 
The total amount of RAM for the FE-
BI simulation was 6.8 GB and, again, 
represents an almost 11 decrease in 
RAM requirements.

For reference, both the FE-BI and 
traditional FEM results are shown in 
Figures 5 and 6. As is clearly seen, 
the agreement between the two solu-
tion methods is excellent. The accu-
racy of the results can be observed in 
Figure 5, where the electric field on 
the surface of the vehicle and in the 
cross-section is very similar. Figure 6 
shows the total far-field pattern pre-
dicted by both FEM and FE-BI of 
the entire model, which indicates a 
very good agreement as well.

The same FE-BI approach can also 
be used to test the immunity of em-
bedded control unit (ECU) modules. 
In order to demonstrate this capabil-
ity, a printed circuit board (PCB) that 
is connected to the engine wiring har-
ness is introduced into the simulation. 
The transmitted signal travels from a 
sensor, located at the bottom of the en-
gine, to the PCB via a wiring harness. 
The wiring harness is routed from the 
PCB and around the engine as shown 
in Figure 7a. The sensor is located to 
the left of the graphic and the PCB is 
located to the right of the graphic.

The wiring harness end is at-
tached to the red four-way connec-
tor shown in Figure 7b. One of the 
four-way connector pins is soldered 
to a trace that begins in the top 
side of the PCB on the connector 

side and then goes 
through a via to the 
bottom side where 
it is connected to 
the microcontroller. 
For simplicity and 
clarity, only a single 
on-board diagnos-
tic (OBD) protocol 
CAN J1913 signal 
was analyzed.

Because conduc-
tors with any given 
length can act as a 
radiation source, the 
wiring harness plays 
a vital role in EMI. 
To better under-
stand the effect of 
the wiring harness, 
two simulations 
were performed. 

s Fig. 6  Antenna far-field pattern at  = 
90° comprising the whole model.
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s Fig. 7  Cable harness showing electric 
fields in wiring harness (a) and wiring har-
ness attachment to PCB (b).

s Fig. 8  S-matrix with the PCB alone and PCB connected to wire 
harness.
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fi elds as well as the scattering param-
eter of the two simulations (with and 
without wiring harness) are easily cal-
culated using the FE-BI solver and 
are plotted in Figure 8.

It is possible to observe a reso-
nance on the PCB when it is con-
nected to the wiring harness. The fre-
quency of this resonance is a function 
of the cable length that is attached to 
the PCB. Additionally it is seen that 
the coupling between source antenna 

The fi rst simulation contains all the 
above mentioned geometry as well as 
the car and source antenna. Figure 8 
shows the results of the fi rst simulation 
of the electric fi eld based on a confi g-
uration of three wiring harness cables. 
For the second simulation the wiring 
harness is removed and, the random 
CAN J1939 signal is applied directly 
into the connector on the PCB instead 
of at the sensor location at the bottom 
of the engine. The electromagnetic 

 Fig. 9  Compilation of results of both 
methods.
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frequency domain field results with 
time-based signals using the circuit 
simulator. This combination of field 
solver and circuit simulator makes 
it possible to specify all the various 
signals that excite the antenna and 
the wiring harness. For these simula-
tions, the antenna excitation was set 
to a constant 150 V sinusoidal signal, 
with a delay of 8 µs, and a frequency 
sweep varying from 10 to 500 MHz. 
The initial time delay was set in order 

and PCB is increased when the cable 
harness is attached to the PCB. In 
this case, the wire harness increases 
the coupling between source antenna 
and PCB by over 30 dB between 152 
and 191 MHz.

For further analysis, the electro-
magnetic model was dynamically 
linked to a circuit solver in order to 
simulate the CAN J1939 signal in the 
wiring harness and PCB. This allows 
engineers to seamlessly combine the 

to clearly see the effect of the EMI 
on the transmitted signal. The CAN 
J1939 signal is generated at the sen-
sor end of the harness for the first 
simulation, and injected directly at 
the connector (no wire harness pres-
ent) for the second simulation. Fig-
ure 9 is a compilation of results for 
both simulations. The electric field 
plot distribution on the surface of the 
PCB substrate and at the cable is ob-
served in Figure 9a.

The transient signal received by 
the microcontroller is detailed in Fig-
ure 9b. In this figure it is possible to 
observe the EMI from the source an-
tenna that occurs after 8 µs. The inter-
ference is most pronounced when the 
PCB is connected to the harness. This 
is in clear agreement with the previous 
S-Matrix frequency response results. 
Figure 9c shows the eye diagram of 
the received signal at the micropro-
cessor.  Lastly, the bathtub diagram 
for the signal being received at the 
microcontroller for both simulations is 
shown in Figure 9d. As is clearly seen, 
the bathtub curve is greatly affected by 
the EMI source having a final bit error 
rate of 1E-2. This implies that one bit 
out of every 200 will be incorrectly in-
terpreted by the microcontroller. This 
simulation indicates that the overall 
sensor system performance is going to 
be greatly affected by any incoming ra-
diation at a near band that goes from 
152 to 191 MHz.

With the introduction of electro-
magnetic numerical techniques such 
as HFSS FE-BI with an order of 
magnitude improvement in simula-
tion speed and reduction in compu-
tational effort, simulation of a full ve-
hicle according to automotive EMC 
standards is feasible. It is therefore, 
now possible for EMI/EMC engi-
neers to begin to simulate entire 
vehicles and their subsystems in vir-
tual anechoic chambers according to 
accepted EMC and EMI standards. 
Using simulations will also allow for 
accurate “what if” analysis and help 
engineers to determine potential 
EMI issues caused by driver or pas-
senger introduced EMI/EMC sourc-
es (cell phones, Bluetooth devices, 
etc.). It will also allow engineers to 
begin to understand transient noise 
issues caused by the myriad of mo-
tors that are part of every vehicle. 
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easily done by investigating the power 
balance, i.e. the relation of applied 
power and the power that is coupled 
out through all ports in the system. If 
the power balance is equal to 1, all the 
energy is kept in the system and there 
is no emission effect. If the power bal-
ance is smaller than 1, there is radia-
tion of EM fields by the structure. In 
case of the aluminum cooling brack-
et, there is actually an imbalance of 
power in frequency range above 200 
MHz. A maximum of about 60 per-
cent of the applied energy is radiated 
in frequency range between 800 MHz 
and 1 GHz as shown in Figure 2.

Since one weakness of the system 
is known, one can concentrate on this 
in more detail. All parts that are not 
relevant for the further investigations 
can be removed from the model to in-
crease simulation speed. Some probes 
are placed into the amplifier region in 

3D EMC/EMI Simulation of 
Automotive Multimedia Systems

Matthias Tröscher
CST, Darmstadt, Germany

A key challenge in automotive 
product design is the compli-
ance to electromagnetic com-

patibility (EMC) and interference 
(EMI) requirements in a cost-driven 
project environment. Traditionally, 
EMC and EMI issues are solved in 
the EMC lab, often without getting 
a full understanding of the underly-
ing effects. The adoption of 3D field 
simulation provides an insight into the 
root causes of electromagnetic reso-
nance effects occurring in the prod-
uct, enabling fast design cycles and 
high product quality.

The most sensitive electronic de-
vice from a customer point of view is 
the car radio. Any internal or external 
noise sources lead to unwanted distur-
bances. The automotive OEM’s spend 
a considerable amount of time and 
money to avoid such effects or reduce 
them to a minimum. Without special 
filtering, a significant disturbance sig-
nal in GSM D-net can be measured 
between 890 and 940 MHz.

This article shows an example of 
using 3D EM simulation with CST 
Microwave Studio for solving a GSM 
immunity issue. After setting up a 
model with the relevant electrical and 
mechanical components, a combina-
tion of several effects that introduce 
disturbances to the system has been 
found. The system could then be opti-
mized within a few days by simulating 
the whole device architecture, leading 
to a reliable and cost-effective solu-
tion.

These signals also propagate to the 
loudspeaker lines. The GSM pulse 
(217 Hz) from a GSM mobile phone 
is demodulated in the audio ampli-
fier. In the car, the GSM pulse can be 
heard clearly, which is not acceptable 
for the customer.

In order to investigate these effects 
and to come up with corresponding 
techniques, the device is simulated 
with 3D simulation software. The 
CAD model (e.g. from CATIA) is im-
ported and the material properties of 
the different parts are adjusted for 3D 
field calculation. As a first step, the 
bare electronic device (car radio) is 

illuminated with a plane wave in the 
frequency range of interest.

Figure 1 shows a 3D magnetic 
field plot at 920 MHz inside the radio 
enclosure. The red color highlights ar-
eas with high magnetic field strength; 
the blue color indicates regions with 
small or zero magnetic field strength. 
Shown by the red regions in Figure 
1, there is a resonance effect in the 
metallic enclose. Now the real work 
begins for EMC engineers: Why does 
this resonance occur at all?

Experience tells us that the reso-
nance effect might come from the au-
dio amplifier surround with its alumi-
num cooling bracket. There is a reso-
nance cavity, created by the amplifier 
holder, the electrolyte capacitors, the 
PCB structure and the cooling brack-
et (made of aluminum).

As a first step, it is interesting to 
check what happens if the aluminum 
cooling bracket is fed with a wideband 
signal and how much energy is lost 
due to emission effects. This can be 

EMI by the
Dashboard

Light

s Fig. 1  3D magnetic field plot at 920 MHz 
inside the radio enclosure.

s Fig. 2  Power balance plot for aluminum 
cooling bracket.
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@ 10 mA
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sults are shown in Figure 4. There 
is no resonance anymore at 917 MHz 
for all three geometrical E-field com-
ponents so this is an improvement.  
This information is quite helpful 
in order to tune the resonance cav-
ity. Instead of crimping the amplifier 
holder directly to the PCB (and to 
the PCB GND structure), the idea is 
to connect the holder by means of 5 
pF capacitors to PCB GND as shown 
in Figure 5a.

order to calculate the electric field in 
the cavity. The structure is illuminated 
with an electromagnetic plane wave 
again as shown in Figure 3a.

There is a strong resonance at 917 
MHz for all three geometrical E-field 
components x, y and z as shown in 
Figure 3b. What is causing the reso-
nance at 917 MHz? Maybe the elec-
trolyte capacitors?

One can try it again, removing 
them in a second simulation. The re-

s Fig. 4  E-field magnitude vs. frequency 
without electrolyte capacitors.
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As an effect, the capacitance be-
tween the crimp pad and PCB GND 
reduces the impedance between the 
housing and PCB GND around 900 
MHz and reduces the quality of the 
cavity as shown in Figure 5b. There is 
no resonance effect left. That had not 
been possible by isolating or soldering 
the holder to PCB GND.  The effect 
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fier/holder, cooling bracket, and 
electrolyte capacitors of the power 
supply act as resonance cavity at 
917 MHz and amplifies the dis-
turber

•	 �Contact of housing-GND to PCB-
GND has an impact on the cavity 
resonance quality and frequency

•	 �Capacitors placed in the resonance 
cavity pick up the disturber and 
feed it to the amplifier
It is important to note that only a 

deep understanding of all of these ef-
fects helped the engineers find a solu-
tion because every effect took part in 
the EMC problem. Without accurate 
simulation, it had not been possible to 
optimize the system. 

sults to be correct.  The loudspeaker 
spectrum of the original system is 
shown in Figure 7a compared to the 
loudspeaker spectrum after perform-
ing the changes shown in Figure 7b.

In summary, there were several 
problems that led to the EMC prob-
lems in the car radio:
•	 �Aluminum cooling bracket and 

amplifier holder act as 900 MHz 
broadband antenna

•	 �The space between audio ampli-

can be also seen in the 3D field plot at 
920 MHz, shown in Figure 6.

Removing the audio input filter 
capacitors from the floor of the cavity 
reduced the coupling from the mobile 
phone to the car radio tremendously. 
The basic idea of soldering the ampli-
fier holder to the PCB GND system 
by means of a 5 pF capacitor could be 
verified by a series of simulations. Fi-
nal measurements of the loudspeaker 
spectrum proved the simulation re-

s Fig. 7  The loudspeaker spectrum before 
changes (a) and after improvements (b).
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s Fig. 6  3D magnetic field plot at 920 MHz 
inside the radio enclosure after improvements.

Significantly reduced magnetic field
at the location of filter capacitors

2�C 5P (crimp pad without PCB-GND contact)
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Electronic components are in-
creasingly critical in the safety 
and functional features of 

automotive vehicles.  Moreover, the 
world is also increasingly connected 
through electromagnetic communica-
tions. Electromagnetic compatibility 
(EMC) of various electronic parts in-
ternal to automobiles as well as com-
patibility to the environment that they 
operate in are becoming more chal-
lenging to designers in automotive 
industries. EMC testing at both full 
vehicle and component levels serves 
as one of the critical links to the over-
all integrity and functional verification 
of automotive vehicle designs. This 
article provides an overview of the re-
cent trends in the industry and EMC 
testing requirements.

Introduction
Starting from the mid-1990s, 

electronic components had already 
outweighed their mechanical coun-
terparts in the overall content of a ve-
hicle. This trend continues and there 
is no reason that it will stop. “Today’s 
cars are 4-wheel vehicles with dozens 
of computer systems,” summarized 
Professor Todd Hubing of Clemson 
University at the 2011 Asia Pacific 
EMC (APEMC) Symposium. “To-
morrow’s cars will be computer sys-
tems with 4 wheels,” he added.1 Ow-
ing to the extensive design and testing 
efforts by the auto industries, today’s 
cars are safer than ever, but there is 
also room for further improvements.

A sharp increase of fossil fuel burn-
ing cars in the recent years has stressed 
the world’s limited supply of fossil fuels. 
Sparked by the rising cost of fossil fuels, 
green vehicles and related technological 
developments are increasingly desired. 
Hybrid and electric vehicles are strongly 
incentivized by governments and wel-
comed by consumers around the world. 
One of the most common approaches 
to increasing the energy efficiency is to 
recover kinetic energy and to convert 
it into electric energy to store in bat-
teries. The stored energy can then be 
converted to kinetic energy on demand. 
Throughout the process, a series AC/
DC, DC/DC, and DC/AC conversions 

will be required. To enhance the 
efficiency in the conversions, 
faster switching time is desired. 
However, abrupt switching dur-
ing the conversions will gener-
ate harmonic components that 
might emit unintentional elec-
tromagnetic energy through 
interface wires and/or through 
radiations. These may gener-
ate internal and external EMC 
problems in a vehicle design. 
Additional design effort and 
verification testing are required 
to ensure optimum balance is 
achieved.

On the other hand, vehicles 
with advanced safety features 
and intelligent cars are in de-
mand by consumers. These ad-
ditional safety and operational 
features are most commonly 
achieved through the use of 
electronic systems installed in 
the vehicle. EMC challenges for the 
critical safety and operational func-
tions are also new topics to designers 
in the auto industries.

Facing the increased complexity 
of the automotive EMC challenges, 
both system and component design-
ers of automotive vehicles are relying 
more and more on both signal integ-
rity planning on the PCB and module 
levels to reduce the risk level of EMC 
issues, and on testing for final verifi-
cations. Although EMC testing is not 
the final solution of the automotive 
EMC problems, it serves as an early 
warning system to detect system de-
sign EMC problems, and provides a 
means to simulate post-accident prob-
lems to aid the development of solu-
tions. Therefore, EMC testing also 
plays an increasingly important role in 
automotive system developments.

Auto EMC Testing 
Requirements Updates

Automotive EMC testing require-
ments can be separated into two dis-
tinctive categories, full vehicle or 
component levels. The full vehicle 
testing requirements are most com-
monly practiced by major automak-
ers, while the component level testing 

requirements are applied primarily by 
suppliers of electronic parts contract-
ed by the automakers. Most automo-
tive testing requirements are defined 
and issued by regional organizations, 
i.e. European Union (EC) and Ameri-
can (SAE), international (CISPR, IEC 
and ISO), and manufacturers (GM, 
Ford, VW, etc.). More detailed illus-
trations of these EMC test standards 
and their recent development can be 
found in articles and symposium di-
gests by Wiles2 and Shin.3

Among the standards shown in 
Table 1, recent development activi-
ties have focused on automatic EMC 
testing in the ISO, CISPR, and IEC 
standard bodies more than the other 
regional bodies. These standard bod-
ies are focused on EMC issues on 
electric vehicles and/or fossil fuel 
electric hybrid vehicles. The ISO-se-
ries of test standards are focused on 
the immunity issues while the CISPR-
series test standards are focused on 
the emission limits on these vehicles 
at charging modes. Also noted is that 
the European communities are faster 
in developing test standards address-
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EMI by the
Dashboard

Light
An Update on Automotive Emc Testing

Kefeng Liu
ETS-Lindgren, Cedar Park, TX

TABLE I
Automotive EMC TESt STandards

Standard Bodies Applied Testing

Vehicle Comp. EMI EMS

ISO

ISO-11451 Yes No No Yes

ISO-11452 Yes Yes No Yes

ISO-7637 No Yes No Yes

ISO-10605 Yes Yes No Yes

CISPR
CISPR 12 Yes Yes Yes No

CISPR 25 Yes Yes Yes No

EC
95/94/EC Yes Yes Yes Yes

ECE R.10.3 Yes No Yes Yes

IEC 61000/3/4/6 Yes Yes Yes Yes

SAE J551 Yes No Yes Yes

SAE J1113 No Yes Yes Yes

GM

GMW 3091 Yes No Yes Yes

GMW 3097 No Yes Yes Yes

GMW 3103 No Yes Yes Yes
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Select Switches Available from Stock for Prototype or High-Volume Production

General Purpose RF Switches

Description Frequency (GHz) Insertion Loss (dB) Isolation (dB) Input IP3 (dBm) Input P1 dB (dBm) Part Number

SPDT (R) 0.02–3.0 0.40 23.0 43 30 AS179-92LF

SPDT (R) 0.02–6.0 0.35 24.0 50 30 (0.5 dB) SKY13351-378LF

SPDT (R) 0.10–2.5 0.55 17.0 56 37           AS193-73LF

SPDT (A) 0.50–6.0 0.6–1.0 27–24 52     37 SKY13348-374LF

SPDT (A) 0.50–6.0 0.7–1.15 31–24 55 39 SKY13370-374LF

SP3T (R) 0.02–6.0 0.60 25.0 50 29 SKY13317-373LF

SP3T (R) 0.10–3.5 0.5–0.6 39–25 57 33 SKY13385-460LF

SP4T (R) 0.02–6.0 0.60 26.0 51 30 SKY13322-375LF

DPDT (R) LF–6.0 0.95 22.0 60 34 SKY13318-321LF

DPDT (R) 0.10–6.0 0.60 23.5 55 33 SKY13355-374LF

DPDT (R) 0.10–6.0 0.60 22.0 62 37 SKY13381-374LF

Description Frequency (GHz) Insertion Loss (dB) Isolation (dB) Input IP3 (dBm) Input P1 dB (dBm) Part Number

SPDT (R) 0.0003–2.5 0.3–0.4 25–24 48 30           AS169-73LF

SPDT (R) 0.1–2.5 0.3–0.55 30–17 56 37 (0.1 dB) SKY13270-92LF

SPDT (A) 0.1–6.0 0.8–1.5 62–42 46 30 SKY13286-359LF

SPDT (R) 3.0–8.0 0.7–0.9 25–22 47 26 SKY13298-360LF

SP3T (A) 0.5–2.5 0.9–1.2 62–55 43 30           SKY13277-355LF

SP4T (A) 0.5–3.0 0.4–0.9 45–25 40 26           AS204-80LF

Description

Insertion Loss   
f = 48 MHz 

(dB)

Isolation  
f = 48 MHz 

(dB)

Input P1 dB 
f = 48 MHz 

(dBm)

Insertion Loss 
f = 1 GHz 

(dB)

Isolation 
f = 1 GHz 

(dB)

Input P1 dB  
f = 1 GHz 

(dBm) Part Number

SPDT (R) 0.15 56 29 0.3 25 34 AS179-92LF

SPDT (R) 0.2 55 28 0.35 24 30 (0.5 dB) SKY13351-378LF

SPDT (R) 0.3 42 38.5 (0.1 dB) 0.4 29 38.5 (0.1 dB)           SKY13299-321LF

SPDT (R) 0.3 44 39.8 (0.8 dB) 0.45 23 40.5 (0.1 dB) SKY13290-313LF

SP3T (R) 0.3 49 26 0.45 27 29 SKY13317-373LF

SP4T (R) 0.3 49 26 0.6 28 30 SKY13322-375LF

SP4T (R) 0.3 54 41 0.45 24 38 (0.1 dB) SKY14151-350LF

Description Frequency (GHz) Insertion Loss (dB) Isolation (dB) Input P1 dB (dBm) Part Number

LNB/DBS (A) 0.25–2.15 7.5–8.5 40–31 15 SKY13272-340LF

Tx/Rx WLAN/Bluetooth® (802.11a,b,g,n)      

Smart Energy, Broadband, Cellular Infrastructure, Test & Measurement, Military (COTS) 

UHF/VHF (48–1000 MHz)         

DBS/LNB 4 x 2 Matrix Switch     

Skyworks Green™ products are compliant to all applicable materials legislation and are halogen-free. For additional information, refer to Skyworks Definition of Green™, document number SQ04-0074. 

Skyworks Solutions offers a select group of switches from our overall switch portfolio that are in stock and ready  
for immediate design into your demanding applications.
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absorber treatment only start at 80 
MHz and above. The specification 
assumes that the near-field coupling 
dominates the overall energy transfer 
between the test antenna and the test 
object in the frequency range below 
80 MHz. However, a simple electric 
field dipole coupling model analysis 
presented by Liu7 shows a different 
result. Figure 4a presents the ratio 
of the total amount of transferred en-
ergy to the energy from the radiating 
component of two electrically small 
dipoles at 1 m separation distance. 
As presented, the near-field coupling 
overwhelmingly dominates the energy 
transfer for test frequencies below 20 
MHz (greater than 10 dB). Above 200 
MHz, the radiating far-field compo-
nent dominates the energy ratio (by 
more than 10 dB since the ratio shows 
<-10 dB). To examine the transition 
frequency range between 20 and 200 
MHz, a ratio of reactive energy to the 
radiating components demonstrates 
an alternating variation of radiating 
energy in this frequency range with a 
peak at 50 MHz. Again, at above 100 
MHz, the near-field coupling dimin-
ishes to an insignificant amount.

Figure 4 (a and b) illustrates the 
importance of good ALSE boundary 
conditions in the overall measurement 
uncertainty component EMC testing 
in an ALSE in the frequency range 
of 20 to 200 MHz. Since most of the 
electric inverters and converters for 
electric and/or hybrid vehicles oper-
ate in lower MHz frequency range, a 
good ALSE room that provides good 
termination conditions of the shielded 
wall can be very important for improv-
ing the measurement uncertainty and 
the repeatability of the test results. 
Thus, an ALSE treated with ferrite 
tile-based hybrid absorbers can be a 
preferred choice for automotive com-
ponent test chambers, especially for 
testing such vehicles’ components be-
tween 20 to 80 MHz.

In addition to ALSE and anechoic 
chambers, reverberation chambers 
have also been introduced for auto-
motive EMC testing. The reverbera-
tion chambers, test method has been 
adopted into SAE J1113-27 and the 
IEC 61000-4-21:2011. The most com-
mon use of reverberation chambers is 
for radiated immunity testing because 
the reverberation chambers are capa-
ble of generating high field intensity 
level requiring much lower amplifier 

are most frequently used for EMS test-
ing, especially the safety features of the 
vehicles at most known test conditions. 
Therefore, efficiency in test setups for 
EMS test is often the most critical utili-
zation factors of the test facility.

The component test chambers 
are also often called Absorber Lined 
Shielded Enclosures (ALSE) and a 
detailed definition of ALSE dimen-
sions and absorber treatment require-
ments can also be found in the refer-
ences.4,5,6 To incorporate the EMC 
test capability on the electric motor/
generator module of the electric/hy-
brid vehicle, a shielded drive shaft will 
be needed to provide the drive/load 
simulation for testing the EMC of the 
control unit in the motor generator 
module. The shielded shaft must be 
designed to transfer and withstand the 
maximum torque output by the elec-
tric motor through ALSE

As shown in Figure 3, the ALSE 
room is generally setup for near-field test 
distance at 1 m separation between the 
antenna and the EUT interface cables.

The ALSE specifications for the 

ing the advent of the EMC problems 
presented by the electric vehicles and 
by their operating environment.

Automotive EMC Test 
Facilities

Full vehicle EMC test facilities 
are normally built by major automak-
ers and government agencies around 
the world. Figure 1 shows one of the 
General Motors’ full vehicle EMC 
test chambers with most of the vehicle 
electromagnetic immunity test setups 
released. The EC directive and some 
manufacturers’ internal standards also 
require that the vehicle’s Electromag-
netic Immunity (Susceptibility, EMS) 
be tested at simulated motion speed(s) 
and at braking mode. This will require 
that the full vehicle EMC test chamber 
be equipped with a chassis dynamom-
eter turntable. As shown in Figure 2, 
the chassis dynamometer and its driv-
ing system will add to a substantial 
amount of complexity of the overall 
facility construction. In addition, to ac-
commodate the required EMC testing 
on electrical and/or hybrid vehicles, 
the charging station and its interfaces 
to vehicle at charging mode will be 
needed to complete the full vehicle 
test capability. The full vehicle test 
chambers and its test instrumentation 

s Fig. 1  One of four General Motors’ Mil-
ford full vehicle EMC test chambers. (Image 
courtesy of ETS-Lindgren.) 

s Fig. 2  Chassis dynamometer turntable 
(a) and its support filtered AC/DC power sys-
tem (b). (Image courtesy of ETS-Lindgren.) 
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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.

Finding a better way

total space of the chamber can also be 
achieved through the introduction of 
one or more stirrers. Figure 5 shows 
typical configuration of automotive 
EMC testing utilizing reverberation 
methods for both component and full 
vehicle radiated immunity testing. 
Typical constructions of reverberation 
chambers are for testing frequencies 
above 80 MHz to be efficient in both 
cost and building space utilization.

Conclusion
Widespread use of computer and 

energy conversion systems present 
new EMC challenges in modern car 

using just 1 W of drive power at the 
antenna port at prior to EUT loading. 
Large test volume of up to 8 percent  

power than that of free space test set-
up. A well-built reverberation cham-
ber is capable of generating > 25 V/m 

s Fig. 3  Simplified component level ALSE test chamber with drive/load simulator interface.
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and radial components.
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RFMD®.
RFSA2013/RFSA2023
Voltage Controlled Attenuators, 50 to 4000MHz

RFMD® delivers a revolutionary new circuit architecture in the 
RFSA2013 and RFSA2023. Both products are fully monolithic 
analog voltage controlled attenuators (VCAs) that feature 
exceptional linearity over a typical temperature compensated 
30dB gain control range. Each of these VCAs is controlled by 
a single positive control voltage with on-chip DC conditioning 
circuitry. These game-changing products incorporate the 
complete solution in a small 3 x 3 mmQFN package that 
reduces the footprint by 20x in board area and reduces the 
DC power by 10x over conventional PIN diode approaches. 

Order RFMD products online at www.rfmd.com/rfmdExpress.
For sales or technical support, contact your authorized local sales representative (see www.rfmd.com/globalsales).
Register to receive RFMD’s latest product releases with our Email Component Alerts at www.rfmd.com/emailalert.
7628 Thorndike Rd., Greensboro, NC 27409-9421 USA • Phone 336.664.1233

RFMD® is a trademark of RFMD, LLC.  All other trade names, trademarks and registered trademarks are the property of their respective owners. ©2011 RFMD.
These products comply with RFMD’s green packaging standards.

SPECIFICATIONS

Freq Range
(MHz)

Minimum
Insertion Loss

(dB)

Gain Control
Range
(dB)

Input 1dB
Compression Point

(dBm)
IIP3

(dBm)

Supply
Voltage

(V)
Package

(mm) Part Number

50 to 4000 2.6 33.2 30 50 5.0 3 x 3 QFN RFSA2013
50 to 4000 2.6 33.2 30 50 3.3 3 x 3 QFN RFSA2023

FEATURES 
• Patent pending circuit architecture
• Broadband 50 to 4000MHz frequency range
• 30dB attenuation range
• +50dBm IIP3 typical
• +80dBm IIP2 typical
• High 1dB compression point >+30dBm
• Low supply current 1mA typical

• Power supply: 
  o 5V for RFSA2013
  o 3.3V for RFSA2023
• Linear in dB control characteristic
• Internal temperature compensation
• Class 1C ESD (1000V)
• Complete solution in small 3 x 3mm QFN package
• Applications include: cellular, 3G infrastructure; WiBro, WiMAX, 
 LTE; microwave radio; high-linearity power control
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safer and much more fuel efficient 
than before due to the introduction 
of electronic control systems. Our ef-
forts in automotive EMC are to aid the 
speedier introduction of more sophis-
ticated computer systems to the car for 
further improvement in the safety and 
efficiency of the future vehicles. 
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design. An efficient EMC test facil-
ity can provide fast-track design vali-
dation for faster completion of both 
component and full vehicle integrity. 
Just as traffic laws cannot avoid auto 
accidents, EMC design planning and 
testing cannot totally eliminate the 
automotive EMC problems as the 
electronic systems in the car get more 
and more complex. However, we can 
minimize automotive system malfunc-
tions due to EMC problems through 
our design and testing efforts. Having 
said that, it does not mean that the cars 
we drive are not safe because of EMC 
issues. On the contrary, cars are much 

s Fig. 5  Component (a) and full vehicle reverb test chambers (b). (Image courtesy of ETS-Lindgren.)
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MOST VALUABLE PRODUCT

Anritsu Co. has developed the ME7838A 
broadband vector network analyzer 
(VNA) system that provides single-

sweep coverage from 70 kHz to 110 GHz with 
operation from 40 kHz to 125 GHz, and utilizes 
an advanced design that eliminates the need for 
large, heavy millimeter-wave (mmWave) modules 
and coax combiners. The ME7838A provides en-
gineers, designers and researchers with a sys-
tem that conducts highly accurate and effi cient 
broadband device characterization of active and 
passive microwave/mmWave devices, including 
those designed into emerging 60 GHz wireless 
personal area networks (WPAN), 40 Gbps and 
higher optical networks, 77 and 94 GHz automotive 
radar, digital radio links, 94 GHz imaging mmWave 
radar, and Ka-band satellite communications. 

The ME7838A is also well suited for conduct-
ing signal integrity measurements on emerging 
high speed designs, such as 28 Gbps serializer/
deserializer (SerDes) transceivers used on serv-
ers, routers and other networking, computing 
and storage products. The ME7838A, equipped 
with the 3743A mmWave module, can accurate-
ly measure 28 Gbps SerDes transceivers at the 
higher frequencies required for proper analysis.

PERFORMANCE
Among the many advantages of the ME7838A 

is improved RF performance, due to an industry 
fi rst, real-time power leveling control that pro-
vides the industry-leading power accuracy and 
stability to power levels as low as -55 dBm in the 
millimeter-wave band. The approach employed 
in the ME7838A takes less time, is less tedious, 
and more accurate than the conventional meth-
od of adjusting power level in the millimeter 
band through the use of electronically controlled 
mechanical attenuators and power linearity cor-
rection tables. The VectorStar® broadband 
system provides an accurate and fast real-time 
method to sweep power for compression mea-
surements. The result is that the ME7838A per-
forms highly accurate gain compression mea-
surements of high frequency active devices. 

With the ME7838A design, mmWave modules 
can be mounted close to or directly on the wafer 
probe. The ME7838A offers the widest dynamic 
range in its class, 107 dB at 110 GHz and 92 dB 

Anritsu Co.
Morgan Hill, CA
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Most Valuable Product

 In addition to 
characterizing high 
frequency devices 
for communications 
designs, the overall 
performance of the 
ME7838A makes it 
well suited for many 
other applications. It 
is an excellent tool 
for analyzing devices 
used in spectrosco-
py-based homeland 

security systems, as well as radio as-
tronomy. The ME7838A is a highly ac-
curate tool for passive device designers 
in need of broadband coverage, such as 
connector and test fixture designers.

The ME7838A broadband VNA pro-
vides single-sweep coverage from 70 
kHz to 110 GHz with operation from 40 
kHz to 125 GHz and introduces real-
time power leveling control that pro-
vides the industry-leading power ac-
curacy and stability to power levels as 
low as -55 dBm. The ME7838 provides 
high performance for many applica-
tions from RF to microwave to mmWave 
and high speed electronics.

Anritsu Co.,  
Morgan Hill, CA  
800-ANRITSU,  
www.us.anritsu.com.

mmWave modules reduces the need 
for large bulky positioners that add 
expense. The modules are also more 
cost-efficient, and free bench space 
that can be used for other probes and 
devices necessary for wafer measure-
ments. The 3743A millimeter-wave 
module weighs less than 0.27 kg and is 
21.5 × 54 × 55.3 mm in size (total outer 
dimensions). 

Measurement Examples
Figure 1 shows the dynamic range of 

ME7838A system at the W1 1 mm coaxi-
al test port from 70 kHz to 125 GHz, dem-
onstrating the high dynamic range of the 
VNA over the entire frequency range. 

Figure 2 shows an example of power 
accuracy, power sensor measurement 
using thermal and waveguide sensors 
versus the ME7838A a1 reference receiv-
er also over the entire frequency range.

at 125 GHz. Table 1 shows the ME7838A 
performance over frequency. 

The ME7838A is the first broadband 
VNA to provide good raw directivity 
throughout the entire frequency range, 
due to its innovative design and elimi-
nation of the MUX combiners used in 
traditional systems. Best-in-class raw 
performance allows the ME7838A to of-
fer engineers and designers improved 
calibration and consistent measure-
ment stability of 0.1 dB magnitude and 
0.5° phase across the entire 70 kHz to 
110 GHz frequency range over a 24-
hour period. Measurement speed is 
55 ms for 201 points at 10 kHz IF band-
width, 10 times faster than comparable 
broadband VNA systems. 

The design of the ME7838A provides 
users with configuration advantages, 
as well. Its use of smaller, lighter RF and 

Most Valuable Product

s Fig. 1  Dynamic range of ME7838A sys-
tem at the W1 1 mm coaxial test port.
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TABLE I
Dynamic range and noise fLOOR performance versus frequency

Frequency Range System Dynamic Range (dB) Receiver Dynamic Range (dB) Noise Floor (dBm)

ME7838A ME7838A 
Option 062

ME7838A ME7838A 
Option 062

ME7838A ME7838A 
Option 062

70-300 kHz 93 90 89 86 -83 -80

0.3-2 MHz 103 100 103 102 -93 -90

2-10 MHz 115 112 115 114 -105 -102

0.01-2.5 GHz 120 117 121 122 -110 -109

2.5-24 GHz 110 105 121 121 -110 -108

24-54 GHz 110 107 124 123 -114 -113

54-60 GHz 108 108 122 122 -112 -112

60-67 GHz 108 108 117 117 -107 -107

67-80 GHz 108 108 120 120 -110 -110

80-85 GHz 107 107 123 123 -113 -113

85-90 GHz 107 107 121 121 -111 -111

90-105 GHz 107 107 117 117 -107 -107

105-110 GHz 107 107 122 122 -112 -112

110-120 GHz* 98 98 115 115 -110 -110

120-125 GHz* 92 92 112 112 -107 -107
* 110-125 GHz frequency range is available as operational
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Special Report

The 60 GHz Radio 
Market and Technology

The ever-increasing demand for high ca-
pacity data communication, in particular 
last mile communication, is asking seri-

ous questions of operators and the technology 
they employ. Radio bands allocated for data 
communication have restrictions and are, with 
few exceptions, subject to a national license. 
These licenses are in high demand, expensive 
and their attainment can often require a lot of 
paperwork and be subject to bureaucracy.

License-free bands, such as the 2.4 and 5 
GHz bands, see WLAN (IEEE 802.11 a/b/g/n) 
and PAN (Bluetooth) competing for the allo-
cated bandwidth and neither Quality of Ser-
vice (QoS) nor security can be guaranteed in 
this congested environment. All parties are on 
the same frequency band and are relying on 
Carrier Sense Multiple Access with Collision 
Avoidance (CSMA/CA). Many applications 
demand communication links to have a com-
bination of high speed and security, while also 
being license-free and inexpensive with instant 
set up.  All of this cannot be achieved via tradi-
tional wireless license exempt bands.

LICENSE-FREE V-BAND
There is a band that is just coming on 

stream that can meet all of these requirements 
– namely the worldwide license-free V-band at 

60 GHz. Radios operating in this 60 GHz band 
have unique characteristics that make them 
significantly different from radios operating 
in the traditional 2.4 and 5 GHz license free 
bands. These qualities give 60 GHz millimeter-
wave band radios operational advantages not 
found in other wireless systems.

This article provides an overview of these 
advantages and argues why 60 GHz millime-
ter-wave radio technology presents the optimal 
opportunity, which translates into reliable and 
affordable gigabit-plus wireless connections. 
The main advantages are:
•	 �Spectral availability to achieve gigabit-plus 

data rates
•	 �High transmit power for solid signal strength 

and range
•	 Worldwide availability and acceptance
•	 License exempt operation
•	 �Narrow beamwidth and oxygen absorption 

for interference immunity and highly secure 
operation.

SHANNON’S LAW
Large bandwidth coupled to high transmit 

power equals high data rates. Sufficient spec-

Hans O Johansson
Sivers Ima, Kista, Sweden
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Special Report

of continuous unlicensed spectrum 
at varying points between 57 and 66 
GHz. Figure 1 shows the 60 GHz 
frequency allocation in various coun-
tries/regions worldwide. Within these 
points, the countries have 5 GHz of 
continuous spectrum in common. 
Therefore, products that operate in 
this frequency will not encounter 
regulatory problems from country to 
country.

A major factor, which has commer-
cial ramifications, is that the spectrum 
is unlicensed. Therefore, 60 GHz links 
can be deployed without expensive 
permits, paperwork, public notices or 
license fees. This makes it easier for 
companies to launch worldwide prod-
ucts requiring minimal homologation. 
All of these factors allow companies 
to maintain operational efficiencies 
while delivering high performance 
wireless products.

INTERFERENCE-FREE  
AND SECURE

Let’s consider the technology – 
oxygen attenuates 60 GHz signals that 
travel over large distances, meaning 
that oxygen absorbs radio emissions 
– a property that is unique to the 60 
GHz spectrum. This absorption weak-
ens the 60 GHz signals over distance, 
so that signals cannot travel far beyond 
their intended recipient. While this 
limits distances that they can cover, it 
also offers interference and security 
advantages when compared to other 
wireless technologies.

Another consequence of oxygen 
absorption is that radiation from one 
particular 60 GHz radio link is quickly 
reduced to a level that will not inter-
fere with other 60 GHz links operat-
ing in the vicinity. This reduction of-
fers the opportunity for more 60 GHz 
radio enabled devices to successfully 
operate within one location.

Frequency re-use
The particular attenuation behav-

ior for 60 GHz signals (shown in Fig-
ure 2) can thus be used to define a 
primary usable range for the link in 
question. Of course, this range varies 
with the hardware parameters – EIRP, 
bandwidth, noise figure, modulation 
and acceptable QoS.

Beyond this range lies a zone that 
can be visualized as a spatial guard 
band. In this zone, the emitted power 

set aside a block of 7 GHz of license 
exempt spectrum between 57 and 64 
GHz. The majority of the globe has 
done the same at varying points be-
tween 57 and 66 GHz.

Partly because of oxygen’s absorp-
tion characteristics at 60 GHz, vari-
ous regulators across Asia, Europe 
and the Americas allow for 10s to 
100s of Watts of Equivalent Isotropic 
Radiated Power (EIRP) for wireless 
transmissions in this band. The wide 
bandwidth and high transmit power 
facilitate multi-gigabit wireless trans-
missions.

Shannon’s Law states that the max-
imum possible data rate is given by:

Shannon Capacity = (Channel Band-
width) [log(Power/Noise)]. Put simply, 
the maximum possible data rate increas-
es with increasing channel bandwidth 
and effective transmit power. So, the 
60 GHz band is capable of achieving 80 
times the maximum possible data rate 
of the 802.11a/b/g/n MAC layer.

WORLDWIDE AVAILABILITY
As previously stated, the major-

ity of the globe has allocated 7 GHz 

trum has been allocated in the 60 GHz 
band to make multi-gigabit wireless 
links possible. In the US, the Federal 
Communications Commission (FCC) 

s Fig. 1  The 60 GHz frequency allocation 
in various countries/regions worldwide.
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from a transmitter gradually falls off 
to a level where the received signal 
level no longer yields an acceptable 
QoS. As the distance is increased, 
the received signal will fall below the 
level for interference criteria, and as 
distance is further increased, the sig-
nal will virtually disappear below the 
noise floor.

Depending on how the system is 
configured, a safe operating range for 
frequency re-use can be calculated. 
This is efficient from a frequency al-
location perspective and is especially 
useful for dense high capacity links.

The most efficient frequency re-
use can be expected exactly where 
the atmospheric attenuation peaks 
and is concentrated in a fairly nar-
row band around 60 GHz. This is 
depicted in Figures 3 and 4, with 
typical figures for moderate data 
transfer rates.

The high antenna gains that are 
typical for 60 GHz systems come, 
in part, from the Friis Equation 
for Path Loss. This equation, also 
known as Friis’ Law, states that the 
gain possible from an antenna of any 
given size increases by the frequen-
cy squared.

60 GHZ MARKET OPPORTUNITY
The market for 60 GHz products is 

not readily defined and is only being 
populated with products from a hand-
ful of players. However, the market 
can be divided into three segments; 
Wireless Gigabit (WiGig) is an indoor-
embedded high capacity technology 
for household components like con-
sumer electronics, handheld devices 
and PCs.

The distance will be around 10 m, 
with speeds in the gigabit range; RF 
communication outdoors at high 
speed using highly directive antennas 
means that distances of up to several 
kilometers can be bridged; finally, oth-
er applications utilize a variety of user 
interfaces like video, telemetry, data, 
and radio.

The 60 GHz technique for out-
door communication is not in reach 
for all R&D departments of poten-
tial customers. But, there are many 
vendors of Wi-Fi products who 
would have a strong desire to get 
into the 60 GHz band and be able to 
offer a more complete license-free 
band product. 

CONCLUSION
The 60 GHz band is a good choice 

for wireless applications requiring 
gigabit-data rates, especially consid-
ering the large bandwidth and high 
transmit power. Out of all the avail-
able wireless technologies, millime-
ter-wave brings the world closer to the 
promise of gigabit and multi-gigabit 
wireless speeds at the longer range 
required for bandwidth intensive ap-
plications. 

Hans O Johansson has been in the data 
communication business for 30 years 
and in wireless communication since 
1996. He founded and ran GlobalCast 
Internetworking AB, which was the first 
to establish a public high speed wireless 
data network in Sweden. The company 
was sold to Telia, in 1998, forming Telia 
GlobalCast Internetworking AB, with 
Johansson as the company’s president. In 
2000, Johansson left Telia GlobalCast and 
founded Wireless Matrix AB to exploit 
the wireless networks on a European and 
worldwide basis and the introduction 
WiMAX in Europe. Since 2005, he has 
worked with a market leader in mobile 
communication with multiplexers and 
base station TMAs and is now acting as 
product manager of mm-wave products 
for Sivers IMA AB, Kista, Sweden.
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s Fig. 3  Illustration of frequency re-use 
and the spatial guard band.
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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
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Dan Massé, Associate Technical Editor
DEFENSE NEWS

Lockheed Martin Submits Proposal 
for Joint Air-to-Ground Missile

Lockheed Martin announced it submitted a proposal 
in response to the government’s Request for Proposal 
for the next phases of the Joint Air-to-Ground Missile 

(JAGM) program. “Lockheed Martin’s JAGM builds on 
HELLFIRE, LONGBOW and Javelin, three of the most 
trusted precision-guided weapons on the battlefi eld today,” 
said Frank St. John, Vice President of Tactical Missiles at 
Lockheed Martin Missiles and Fire Control. “Our JAGM 
offering will provide US Army, Navy and Marine Corps 
warfi ghters with the next product in that line, an affordable 
weapon that will offer the decisive edge in combat.”

The US Army Aviation and Missile Command issued 
the RFP for Engineering and Manufacturing and Low-
Rate Initial Production for the JAGM program on April 13, 
with a submittal deadline of June 6. “Our proposed JAGM 
weapon system can provide signifi cant performance advan-
tages to help save warf-
ighter lives,” St. John 
said. “And with hot, 
high volume production 
lines already in place 
for HELLFIRE, Javelin 
and the M299 launcher 
family, we can provide a 
critically needed capabil-
ity at an affordable price 
and with best value over 
program life.”

Lockheed Martin is partnered with some of the industry’s 
leading suppliers on the JAGM program. Aerojet, a Gen-
Corp company, will provide the JAGM rocket motor for all 
six threshold JAGM platforms. GenCorp is headquartered 
in Sacramento, CA, with production facilities in Camden, 
AR. Marvin Engineering, headquartered in Inglewood, CA, 
will provide launchers for all six threshold platforms. Gener-
al Dynamics Ordnance and Tactical Systems, a business unit 
of General Dynamics, will provide the multi-purpose war-
head with signifi cant HELLFIRE commonality. GD-OTS 
is headquartered in Saint Petersburg, FL, with production 
in Niceville, FL. Work on the JAGM program will be per-
formed in Orlando and Ocala, FL, and Troy, AL, as well at 
suppliers’ facilities across the US Contract award is expected 
during fourth quarter 2011.

Advanced Firefi nder Radar System 
Supporting US Troops

ThalesRaytheonSystems announced that advanced 
Firefi nder radars have been fi elded in theater sup-
porting and protecting US troops and allies. Reliabil-

ity and maintainability improvements have been added to 
the AN/TPQ-37 Firefi nder Weapon Locating Radar sys-

Northrop Grumman Receives 
Authorization from US Air Force to 
Begin Work on Defense Weather 
Satellite System

Northrop Grumman Corp. has received authorization 
and funding to proceed on a Department of Defense 
weather satellite system projected for launch in 2018. 

The Defense Weather Satellite System (DWSS) will lever-
age the accomplishments and momentum of the National 
Polar-orbiting Operational Environmental Satellite System 
(NPOESS) program. The company announced it received 
authorization from the US Air Force Space and Missile 
Systems Center (SMC) at Los Angeles Air Force Base, CA, 
to transition work from the NPOESS contract and proceed 
under the DWSS program. DWSS will provide enhanced 
weather information critical to battlefi eld operations, and 
deliver it more quickly to the warfi ghter than current sys-
tems.

“For DWSS, we have defi ned an effective program 
plan that leverages the high level of maturity achieved 
on the spacecraft and sensors that are already in produc-
tion, and we continually work closely with the Air Force 
to pursue effi ciencies throughout the program,” said Lin-
nie Haynesworth, Vice President and DWSS Program Di-
rector for Northrop Grumman Aerospace Systems. “Our 
team is prepared to immediately execute a successful and 
affordable program to bring this critical capability to the 
warfi ghter.”

The DWSS is a critical 
successor to the Defense 
Meteorological Satellite 
Program (DMSP), which 
has been delivering 
weather data for military 
use since the mid-1960s. 
Timely completion of 
DWSS is essential to 
maintain continuity with 
the current DMSP sat-
ellites and establish a 
backup in the event of a 
launch or satellite failure 
on orbit for the remain-
ing two DMSP satellites. 

Time-sensitive weather data delivered promptly is critical 
to military operations planning and warfi ghter and weap-
ons deployment.

The DWSS is required to provide reliable, high-fi del-
ity, near real time information about weather and envi-
ronmental conditions around the world to inform avia-
tion, naval, and coastal marine operations and land assets. 
DWSS will also provide information needed to protect 
space-based assets from solar and other space weather 
conditions.

Go to www.mwjournal.com for more defense news items

“Our team is 
prepared to 
immediately execute 
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affordable program 
to bring this critical 
capability to the 
warfi ghter.”
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performance 
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save warfi ghter 
lives...”
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Defense News

tem that supports an extended service life with reduced 
life-cycle costs. Currently fielded in Iraq, upgraded Fire-
finders are scheduled to be deployed into Afghanistan in 
the coming months. 

ThalesRaytheonSystems, in conjunction with Tobyhan-
na Army Depot, is delivering modernized radars that in-
clude a new modular, air-cooled transmitter; a new Opera-
tions Control shelter; and a new common radar processor 
applied across the US Army’s entire fleet of AN/TPQ-37 
Firefinder systems. It is known as the Reliability Maintain-
ability Improvement (RMI) program. Forty percent of de-
liveries are complete with final delivery scheduled in 2013.

“These RMI systems can be deployed with confidence 
for effective operations in challenging environmental condi-
tions,” said Kim Kerry, Chief Executive Officer, ThalesRay-
theonSystems, US Operations. “The Firefinder moderniza-
tion provides the US Army and allies around the world with 
the capabilities needed for detection and troop protection.”

Firefinders are precise detection and location systems 
designed to find enemy artillery, mortar and rocket firing 
positions. The radar also predicts impact zones and trans-
mits data to friendly forces, allowing time for effective 
counter-fire tactics. Nearly 400 Firefinders are deployed 
by 18 nations worldwide. Sized for easy transport, they are 
prized for their accuracy, mobility, reliability and low life-
cycle costs. Along with its Improved Sentinel Battlefield 
Air Defense Radar (AN/MPQ-64F1) and the AN/TPQ-36 

Firefinder Weapon Locating Radar, ThalesRaytheonSys-
tems’ radar capabilities are currently unmatched by proto-
types and other unproven technologies too costly and cum-
bersome to meet 21st century battlefield requirements.

Raytheon Receives Contract to Produce 
Additional APG-79 AESA Radars

Raytheon Co. has received a contract from Boeing for 
the second procurement in the four-year Multi-Year 
III program to produce and deliver APG-79 active 

electronically scanned array radars for F/A-18 Super Hor-
net tactical aircraft. The APG-79 AESA radar hardware has 
a 10 to 15 times greater reliability, compared to mechani-
cally scanned array radars. This reliability and easy main-
tainability makes AESA radars more affordable over the 
service life of the unit. 

“In addition to lower failure and maintenance rates, 
APG-79 AESA radars provide the US Navy leading-edge 
technology for situational awareness,” said Eric Ditmars, 
Raytheon’s F/A-18 Program Director, Tactical Airborne 
Systems. “The long-range capability allows aircrews more 
time to process, share and assess information.” 

This procurement contract is for the production of 42 APG-
79 AESA radars and will be completed at Raytheon facilities 
in El Segundo, CA; Andover, MA; Forest, MI; and Dallas, TX.
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Richard Mumford, International Editor
INTERNATIONAL REPORT
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The Galileo pro-
gramme is Europe’s 
initiative for a state-of-
the-art global satellite 
navigation system, pro-
viding a highly accu-
rate, guaranteed global 
positioning service 
under civil control. 
The fi rst two Galileo 
satellites will be deployed using a Soyuz launcher and the 
launch will mark the inaugural Soyuz fl ight from its new 
launch facilities in French Guyana.

Emphasising the signifi cance of the launch, Dordain 
said, “The October launch will be a perfect example of 
European and international cooperation. On one side we 
will have the fi rst operational Galileo satellites in orbit, re-
sulting from the cooperation between the European Union 
and ESA. On the other side, this is the fi rst launch of Soyuz 
from French Guyana, a programme made possible through 
the cooperation between ESA and Russia.”

“Arianespace is both proud and honoured to be contrib-
uting to this innovative project, refl ecting the innovative 
technologies that are constantly being developed in Eu-
rope for the benefi t of all citizens,” said Jean-Yves Le Gall, 
Chairman and CEO of Arianespace.

Cassidian Delivers Telecommunications 
Harmonisation for French Military

Cassidian has delivered the third phase of the Ré-
seaux de Desserte Terre et Marine (RDTM) proj-
ect as the military base in Toulon, France, enters 

operation. The objective of the RDTM project is to 
harmonise the voice systems currently in place at the 
French land army bases (MTGT system) and at the 
French naval bases (RVDM system), to create a single 
system in accordance 
with the new struc-
ture of Direction 
Interarmées des Ré-
seaux d’Infrastructure 
et des Systèmes 
d’Information de la 
défense (DIRISI), 
the operator of the 
RDTM system. A 
further objective of this measure is to reduce network 
maintenance costs. 

RDTM makes it possible to centralise the control 
and monitoring of the systems and networks at the new 
control centres and of the local maintenance facilities in 
France. The unifi cation of the telecommunication net-
works at all French army and navy bases covers a total of 
180,000 users at nearly 800 locations. 

EU Funds Action on the Development 
of Graphene 

T he use of graphene-based electronic devices for RF 
and microwave applications has become high profi le 
and the subject of cutting edge research, various as-

pects of which were outlined at the 2011 IEEE MTT-S 
IMS in June. Recognising the importance of the material, 
the European Commission is funding a coordinated ac-
tion on graphene to develop plans for a 10-year, €1,000 M
Future and Emerging Technology (FET) fl agship.

The research effort of 
individual European re-
search groups pioneered 
graphene science and 
technology, but a coor-
dinated European level 
approach is needed to 
secure a major role for 
EU in this ongoing tech-

nological revolution. The graphene fl agship aims to bring 
together a large, focused, interdisciplinary European re-
search community, acting as a sustainable incubator of new 
branches of ICT applications, ensuring that European in-
dustries will have a major role in this radical technology 
shift over the next 10 years. An effective transfer of knowl-
edge and technology to industries will enable product de-
velopment and production. 

The graphene fl agship already includes more than 130 
research groups, representing 80 academic and industrial 
partners in 21 European countries. The coordinated action 
is lead by a consortium of nine partners who pioneered 
graphene research, innovation and networking activities. 
It is being headed by Chalmers University of Technology, 
Sweden.

“We are convinced that exploiting the full potential of 
graphene will have huge impacts on society at large, and 
thrilled that the EU Commission shares our view and be-
lieves in our focused and open approach to moving for-
ward,” said Professor Jari Kinaret of Chalmers University 
of Technology.

Europe Prepares for October Launch 
of Galileo

The launch date for the fi rst two satellites of Europe’s 
Galileo global navigation satellite system will be 20 Oc-
tober 2011. This will be the fi rst of a series of Galileo 

satellite launches by Arianespace from Europe’s Spaceport 
in French Guyana. The announcement follows a detailed 
review, under the chairmanship of Jean-Jacques Dordain, 
the Director General of the European Space Agency (ESA), 
with the participation of Arianespace and industrial prime 
contractors, which concluded that the space and ground ele-
ments will be ready for a launch in October.

Go to www.mwjournal.com for more international news itemsGo to www.mwjournal.com for more international news items
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International Report
The third phase of the RDTM project, which is one of 

the most difficult to accomplish, covers the commission-
ing of the telecommunication network at the military base 
in Toulon. It affects 23,000 users distributed across a net-
work with 35 sites and many different operational units. A 
team of approximately 20 people worked for 14 months to 
deploy the system in order to meet the delivery deadlines 
agreed to in the contract. 

The next major phases of the project will involve updat-
ing the software at the land army bases (MTGT) and at the 
naval bases in Lorient and Paris, and the operational com-
missioning of the telecommunication networks at French 
overseas military bases in French Polynesia, Guadeloupe, 
Martinique, Réunion, Mayotte and French Guyana.

IET Urges UK Government to Think ‘Small’

The Institution of Engineering and Technology (IET), 
Europe’s largest engineering body is calling on the 
UK government to ensure its procurement policies 

are used to maximum effect to drive innovation through 
the use of the Small Business Research Initiative (SBRI). 
The call to action from the IET follows its hosting of a high 
level meeting, which brought together officials from across 
government to discuss the role of engineering companies 
in SBRI.

Tony Whitehead, Director of Policy at the IET said, “Al-
though SBRI has already been successful, more govern-
ment departments need to make use of the scheme if it is 
to expand and reach its full potential. The UK’s engineer-
ing sector includes many high-tech, innovative SMEs who 
can help government departments by creating technologi-
cal solutions to some of the challenges faced in delivering 
better, cost effective 
public services.

“SBRI provides a 
way for the govern-
ment to support high-
tech start-ups and 
SMEs which are key 
both for stimulating 
economic growth and 
rebalancing the econo-
my. The challenge now 
is to increase the extent to which government departments 
make use of SBRI.” 

SBRI is based on the US government’s National Science 
Foundation scheme, which has provided numerous new 
innovative solutions for public services as well as providing 
many companies with a financial basis on which they can 
then build. Companies involved in the schemes have gen-
erated cumulative total sales of $2.2 B directly and $6.9 B 
indirectly attributable to their involvement in the scheme.
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COMMERCIAL MARKET
Dan Massé, Associate Technical Editor
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introduced by vendors to leverage the fl exibility of packet 
transmission. “New features, such as support for upper pro-
tocol layer compression, service-aware routing and G.8032 
Ethernet resiliency, are now focusing the attention of ven-
dors,” said Maravedis Research Director Adlane Fellah.

Key Findings:
•  CALA was the only region where microwave shipments 

increased in 2010, while EMEA continued to represent 
the largest share of microwave shipments (48.8 per-
cent). 

•  Shipments of radios in the 15 to 28 GHz range have 
been the greatest in 2010. 

•  Shipments of hybrid radios accounted for 72 percent of 
the total shipments. 

•  Ericsson remained the market leader with 26 percent 
market share in 2010. 

•  Shipments of TDM radios increased 16 percent and 27 
percent in Q3 and Q4 2010, respectively, despite the IP 
migration trend. 

•  Pure packet will account for 90 percent of annual mi-
crowave radio shipments by 2016. 

•  Intensive integration efforts enable equipment vendors 
to double equipment reliability (measured by MTBF, 
mean time between failures). All the microwave ven-
dors will be forced to follow this strategy to remain price 
competitive.
The report provides a complete quantitative and quali-

tative analysis of the wireless backhaul market, including 
vendor SWOT analysis for Alcatel-Lucent, Aviat, Bridge-
Wave, Ceragon, DragonWave, E-Band Communications, 
ECI Telecom, Ericsson, Exalt, Huawei, Intracom, NEC, 
Nokia Siemens and Siklu. 

Microelectronic Revenues Continue 
Strong Growth

Recent fi nancial reports from companies in the micro-
electronics portion of the compound semiconductor 
industry indicate continued sharp revenue growth. 

The Strategy Analytics GaAs and Compound Semiconduc-
tor Technologies Service (GaAs) viewpoint, “Compound 
Semiconductor Industry Review April 2011: Microelec-
tronics,” reports the latest revenue results for leading 
companies in the microelectronics segment of the com-
pound semiconductor industry, such as RFMD, Skyworks 
Solutions, Fairchild, Fujitsu, Hittite Microwave, TriQuint 
Semiconductor, Soitech and WIN Semiconductors.

“The strong revenue reports which Strategy Analytics 
saw in April show continued compound semiconductor 
market expansion,” noted Eric Higham, Director of the 
Strategy Analytics GaAs and Compound Semiconductor 
Technologies Service. “Growth in this industry is broadly-
based as both gallium arsenide (GaAs) and silicon manu-
facturers are showing strong year-on-year revenue gains.”

Asif Anwar, Director, Strategy Analytics Strategic Tech-

In-Building Wireless Development Revenue 
to Approach $10 B in 2012

In-Building Wireless (IBW) systems are showing solid 
adoption rates and, according to the latest forecasts 
from ABI Research, should register almost $10 B worth 

of deployments next year. Corporate campuses, airports 
and railway stations, and retail shopping centers (in that 
order) are the leading verticals where the need for good in-
door cellular coverage and throughput is driving the IBW 
market. Healthcare facilities follow close behind. The eco-
nomic recovery now under way in many regions has meant 
the resumption of deployments that were shelved during 
the worst of the slump.  

The question “who’s buying?” may have different an-
swers from building to building, depending on who has 
most to gain: enterprises, building owners, transport au-
thorities, mobile operators, or others. There is also a role 
for managed service providers. The majority of deploy-
ments will continue to be found in the Asia-Pacifi c region, 
but while the Asia-Pacifi c region accounts for the major-
ity of IBW deployments, most innovation is coming from 
North America.

To learn more about the IBW, visit ABI Research’s 
“In-building Wireless Systems” study, which covers DAS 
(Distributed Antenna Systems both active and passive), 
repeaters, and the role currently played by picocells and 
femtocells in IBW. It includes a detailed breakdown of rev-
enue, deployments, and shipments by region, system type, 
vertical type and building size.

Microwave Backhaul Equipment Market to 
Surpass $12 B by 2016

T he microwave backhaul equipment market is expect-
ed to surpass US$12 B by 2016, according to the sec-
ond edition of Maravedis’ “Wireless Backhaul Market 

from an All-IP Perspective” report.
 During 2010 the PtP microwave backhaul market 

reached $4.74 B, representing an 18.9 percent decrease 
year-over-year. During the next fi ve years the microwave 
market will continuously grow, mainly driven by the need 
for operators to deploy new base stations to provide good 
quality of experience over LTE networks. Despite a recent 
slowdown in all-outdoor radio shipments, Maravedis be-
lieves those radios will see great market demand. “Com-
pact-size 60 GHz radios will become a key asset for back-
haul links between lampposts and the sides of buildings, 
where small cells will be installed,” said Esteban Montu-
rus, author of the report. “Assuming a growing percentage 
of the network will need the complement of several small 
cells per macrocell, the number of 60 GHz links is thus 
expected to grow to $792 M shipments by 2016.”

Now that the evolution toward pure packet microwave 
technology is maturing, multiple enhancements are being 

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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COMMERCIAL MARKET

nologies Practice, added, “Increasing data consumption is 
driving development in consumer electronics and networks.”

Hingham, author of  “Compound Semiconductor In-
dustry Review April 2011: Microelectronics,” told Micro-
wave Journal that a few trends are notable in the report.

“Most of the year-on-year revenue comparisons were 
positive and substantial, with GaAs manufacturers Hittite 
and TriQuint reporting 24 percent growth, Skyworks re-
porting 37 percent growth and Silicon manufacturer Mi-
crosemi leading them all with 73 percent quarterly revenue 
growth. This is important because it shows the growth is 
broadly based, with both Silicon and GaAs suppliers dem-
onstrating strong results,” Hingham said. “It is important to 
note that 2010 was a banner year for the compound semi-
conductor industry. Strategy Analytics believes revenue in 
the industry grew by 35 percent in 2010, so strong quar-
terly revenue gains in 2011 indicate continued strength in 
the compound semiconductor industry.” 

Another trend provides a cautionary note, however, 
Hingham said. “Two of the leading GaAs suppliers in the 
industry, RFMD and ANADIGICS both saw year-on-year 
declines in quarterly revenue. Both companies attribute 
this to challenges at major handset customers,” he said. 
“Previous reports from Strategy Analytics have captured 
how diligently compound semiconductor companies have 
been working to develop products for a variety of other 
market applications. This is certainly the case at RFMD 

and ANADIGICS, but it underscores how important the 
handset market segment is to the overall compound semi-
conductor industry.”

This viewpoint summarizes April 2011 fi nancial, prod-
uct, contract and employment developments from major 
GaAs and silicon suppliers, addressing a variety of com-
mercial and military applications that require gallium ar-
senide (GaAs), gallium nitride (GaN), silicon carbide (SiC) 
and complementary metal-oxide-semiconductor (CMOS) 
technologies.
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 INDUSTRY NEWS

Skyworks Solutions Inc. signed a defi nitive agreement 
to purchase Advanced Analogic Technologies Inc., 
an analog semiconductor company focused on enabling 
energy-effi cient devices for consumer electronics, com-
puting and communications markets. This acquisition 
expands Skyworks’ portfolio with highly complementary 
analog semiconductor products, including battery char-
gers, DC/DC converters, voltage regulators and LED 
drivers. Skyworks has entered into a defi nitive agreement 
to acquire Advanced Analogic Technologies for a nominal 
price of $6.13 per share, representing a 52 percent pre-
mium to Advanced Analogic Technologies’ 30-day trailing 
average. 

Integral Systems Inc. announced that it has entered into 
a defi nitive agreement under which it will be merged with 
a subsidiary of Kratos Defense & Security Solutions 
Inc. in a cash-and-stock transaction for an enterprise value 
of approximately $266 M. Kratos is a specialized national 
security technology business providing mission critical 
products, services and solutions for national security pri-
orities. The Boards of Directors of both companies have 
unanimously approved the combination. The combined 
company will provide differentiated, integrated technology 
that addresses the most critical national security priority 
areas. Combining the two highly complementary technol-
ogy and customer portfolios is designed to uniquely posi-
tion the merged company to bring advanced Command, 
Control, Communications, Computing, Combat Systems, 
Intelligence, Surveillance and Reconnaissance (C5ISR) 
platforms to market. 

API Technologies Corp. announced the successful com-
pletion of its acquisition of Spectrum Control Inc. API 
completed the acquisition through a merger of a wholly-
owned subsidiary with and into Spectrum. As a result of 
the merger, all outstanding shares of Spectrum common 
stock were converted into the right to receive $20.00 per 
share in cash, without interest and less any required with-
holding taxes. The closing of the acquisition of Spectrum 
allows API to gain signifi cant expertise in RF, sensors and 
measurement, and power systems management technol-
ogy. It also provides signifi cant scale, manufacturing capac-
ity and product diversity. 

AMETEK Inc. announced that it has acquired Coining 
Holding Co., a supplier of custom-shaped metal pre-
forms, microstampings and bonding wire solutions for in-
terconnect applications in microelectronics packaging and 
assembly, for $148 M in cash. Coining, acquired from an 
investor group led by Chattanooga, TN-based River As-
sociates Investments LLC, has estimated annual sales of 
approximately $65 M.

Vanguard EMS and Tektronix Component Solutions 
have signed a joint marketing agreement to formalize their 
collaboration and the joint offering of their capabilities to 
customers in the defense, aerospace, medical and industri-
al equipment markets. While companies in these markets 
frequently seek to control costs through outsourced manu-
facturing, fi nding suitable suppliers can be challenging due 
to the high-complexity and high-reliability requirements of 
their products. Through the collaboration of Vanguard and 
Tektronix, customers now have access to the engineering, 
manufacturing and test services needed to support their 
assembly requirements from the microelectronics level to 
fi nal system build and test.

Rosenberger of North America LLC and Toth Tech-
nologies have formed a strategic alliance. Under the 
agreement, Toth will do business as Rosenberger TOTH 
and will operate from TOTH’s Pennsauken, NJ headquar-
ters. Founded in 1958, TOTH Technologies is a technol-
ogy leader in custom machining, complex electromechani-
cal “contract assembly” and hermetics to the military, aero-
space and instrumentation markets.

Litron, an Agawam, MA supplier to the aerospace and 
medical industries for services in laser welding, laser sys-
tems, hermetic sealing, and electronic packaging, has in-
vested more than $1 M to purchase a 9500-square-foot fa-
cility just four doors down from its existing 23,500-square-
foot facility and to upgrade and expand upon its equipment 
and service offerings. The new 45 Bowles Road facility will 
allow Litron to break out its service offerings based on its 
two most prominent industries, medical and aerospace. 
The existing 207 Bowles Road facility will service the medi-
cal clientele, while the new 45 Bowles Road building will 
service the aerospace clientele.

M2 Global Technology Ltd. was presented with the 
US Small Business Administration (SBA) 2011 Region 
VI Subcontractor of the Year award during the SBA’s Na-
tional Small Business Week events in Washington, DC in 
May. This award is given to companies in recognition of the 
small-business sector’s contributions as subcontractors for 
large federal prime contracts that provide vital products and 
services to military and civilian customers. The award was 
presented by SBA Administrator, Karen Mills, to Douglas 
Carlberg, M2 Global’s President and CEO, at the National 
Awards Breakfast on May 19. In the SBA event informa-
tion, M2 Global was lauded for rising above challenges and 
expanding its customer base to include companies such as 
Lockheed Martin, General Dynamics and Raytheon. 

TriQuint Semiconductor Inc. announced its Chief Fi-
nancial Offi cer, Steve Buhaly, was named “CFO of the 
Year” at The Portland Business Journal’s annual awards 
program. Buhaly received the honor in the public company 
category. Buhaly is a consultant to TriQuint’s business units 

Kerri Germani, Staff Editor

For up-to-date news briefs, visit www.mwjournal.com
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sidiaries, Tektronix, Fluke and Keithley, have joined the 
Higher Engineering Education Alliance Program (HEE-
AP) with a $300,000 donation of laboratory test equipment 
and cash scholarships for faculty training. The goal is to 
help provide increased opportunities for engineering stu-
dents to obtain practical, hands-on experience using elec-
trical and electronic testing and measurement in manufac-
turing and research and development applications.  Tek-
tronix, Fluke and Keithley are global leaders in the test and 
measurement industry and have a long history of working 
with universities and vocational schools to help develop the 
next generation of highly skilled engineers.

Australia’s Minister for Innovation, Industry, Science and 
Research, Senator Kim Carr, announced funding for Ni-
tero, a company formed by researchers from National ICT 
Australia (NICTA). The AU$1.43 M grant is part of an ef-
fort to bring Nitero’s high speed gigabit wireless commu-
nications technology (‘GiFi’) to market. Intended for use 
in a wide range of devices, including personal computers, 
tablets and smart phones, the gigabit wireless chipset has 
been in development for five years. Led by NICTA and 
the Victoria Research Laboratory, the chipset could even-
tually replace HDMI cables and is potentially up to 10 
times faster than current Wi-Fi chips, with speeds of up to 
7 Gbps. The AU$1.43 M grant comes from Commerciali-
sation Australia, a government initiative to accelerate the 
business building process for Australian companies, entre-
preneurs, researchers and inventors. 

Pinnacle Quality Assurance announced that another one of 
its clients, ESM Cable Corp., is in the process of achieving 
compliance to the AS9100 Rev C Standard. The company 
expects to achieve full certification within 2011. ESM is 
one of a select few firms in the industry to have taken this 
step. The certification is a program of the International 
Organization for Standardization. The AS9100 Rev C stan-
dard provides a framework for an organization’s structure, 
management and operational systems and procedures.

Automotive safety is evolving from passive systems such 
as seat belts, airbags and crash detection to active sens-
ing networks capable of collision avoidance and accident 
prevention. Radar is an especially promising active safety 
improvement and has the potential to significantly reduce 
the number and severity of distracted driving accidents. 
Analog Devices Inc., whose integrated inertial sensing 
iMEMS® technology helped make airbags a standard 
automotive safety feature more than 15 years ago, is in-
troducing an affordable, high performance, radar analog 
front-end (AFE) IC. ADI’s highly integrated AD8283 au-
tomotive radar AFE IC includes the receive path signal 
conditioning and data capture circuitry to enable end sys-
tems for adaptive cruise control, blind spot detection and 
other radar-based detection and avoidance applications.

Tektronix Inc. announced that validation of ASICs de-
signed in IBM’s 8HP silicon germanium (SiGe) BiCMOS 
Specialty Foundry technology are exceeding target speci-
fications for a planned new performance oscilloscope ca-
pable of greater than 30 GHz bandwidth across multiple 
channels while minimizing noise found in older chip sets. 
The new oscilloscope platform will meet electronic design-
ers’ needs for more accurate characterization of high speed 
serial data beyond 10 Gb/s, and enhance optical modula-

and functional departments. His responsibilities include 
investor relations, corporate accounting and legal, to infor-
mation technology, tax and treasury services. Since joining 
the company in September 2007, he has inspired opera-
tional improvements and empowered his senior managers 
with skill and thoughtfulness.

Mark Holm of Selex, an experienced user of AWR’s Mi-
crowave OfficeTM, AXIEM® and Visual System Simula-
torTM software, is the first winner of AWR’s ‘stop waiting 
and start designingTM ad campaign’. The challenge runs 
through March 31, 2012 and winners of the iPad2 will be 
chosen monthly. To be eligible for the challenge and the 
chance to win an iPad2, current customers must share a 
story of their design success with AWR by way of an online 
survey while prospective customers must download and ac-
tivate a free 30-day trial.

TriQuint Semiconductor and Agilent Technologies 
Inc. announced results for building next-generation RF 
solutions. This includes enhanced TriQuint process design 
kits with support for Agilent’s Advanced Design System 
2011 EDA software and the development of an ADS RF 
module PDK for TriQuint’s RFIC/MMIC and RF module 
integrated design flow. The upgraded ADS Foundry PDKs 
enable both TriQuint’s foundry customers and in-house 
design engineers to take advantage of new capabilities 
in ADS 2011. Specifically, the PDKs provide a fully inte-
grated front-to-back product design flow with customized 
DRC and LVS solutions. This offers the design engineer a 
unified suite of EDA software for schematic capture, simu-
lation, layout and layout verification.

A.T. Wall Co., a supplier of superior precision tubing and 
fabricated metal components, announced that it is cele-
brating its 125th anniversary in business. From its founding 
in 1886 as a jewelry finding manufacturer, A.T. Wall has 
grown and expanded to become a global supplier of seam-
less cold drawn specialty tubing, high quality waveguide 
tubing, and metal stampings that include drawn and coined 
products, to the medical, aerospace, telecommunications, 
electronics and automotive industries. 

Modelithics Inc., a provider of high-precision measure-
ments and models for RF/microwave design simulation, is 
celebrating its 10-year anniversary.  Entrepreneurs Tom 
Weller and Larry Dunleavy founded Modelithics in 2001 
to better address the industry-wide need for improved 
simulation models for RF and microwave circuit design. 
What started as an incubator company on the University of 
South Florida campus now provides characterization ser-
vices and models across the globe.  Their premier product 
– The Modelithics COMPLETE Library – is a software 
compilation of linear and nonlinear models for electron-
ic design automation software like the Agilent Advanced 
Design System and Genesys suites and AWR’s Microwave 
Office.   The Modelithics COMPLETE Library now repre-
sents more than 6500 active and passive devices. 

Danaher, a Washington, DC based science and technology 
company, announced that its test and measurement sub-
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tion analysis of 100GbE where complex signaling requires 
accurate bit capture.

Nitronex announced that it has shipped more than 500,000 
production devices since introducing its fi rst production-
qualifi ed products in 2006. Nitronex’s patented SIGAN-
TIC® GaN-on-Si process is the only production-qualifed 
GaN process using an industry standard silicon substrate.

 CONTRACTS

Raytheon Co. has been awarded a $58.3 M contract for 
Patriot Guidance Enhanced Missile-Tactical, or GEM-T, 
missiles. The US Army Aviation and Missile Command 
(AMCOM), Redstone Arsenal, AL, issued the contract to 
upgrade 131 Patriot Advanced Capability-2 missiles to the 
GEM-T confi guration. This is a follow-on contract as part 
of AMCOM’s Patriot missile continuous technology re-
freshment program initiated in 2000. The Patriot GEM-T 
missile upgrades include the replacement of select compo-
nents that increase reliability and extend the service life of 
the missile.

Harris Corp. announced three big contract awards in May. 
It has received a $19.9 M order from the US Army for Fal-
con II® AN/VRC-104(V)(3) radio systems to provide high 
frequency communications in multiple variants of Mine 
Resistant Ambush Protected vehicles (MRAP). Also, Har-
ris received a $10 M order to provide RF-310M-HH mul-
tiband handheld software-defi ned radios to a central Asian 
nation in support of interoperable secure communications 
with coalition partners. In addition, Harris has received a 
$5.9 M order from the US Navy for its KIK-11 Tactical 
Key Loader – a new lightweight device that simplifi es the 
process of loading classifi ed key fi ll material into military 
radios and other end cryptographic units. The initial de-
livery order was placed against a recently signed $59.7 M 
indifi nite delivery, indefi nite quantity contract.

The Joint Program Executive Offi ce, Joint Tactical Radio 
System (JPEO JTRS) of the Department of Defense an-
nounced a contract award to Scalable Network Technol-
ogies Inc. (SNT), Los Angeles, CA. The $11 M contract is 
for a product called JNE (JTRS Network Emulator) to be 
used by numerous DoD programs/agencies. JNE is a vir-
tual laboratory that supports real-time emulation of large-
scale communication networks of current and future force 
radios and associated waveforms. Based on SNT’s EXata 
emulation engine, JNE is used to create "hybrid" networks 
that can emulate the intensity and distribution of traffi c 
typical of battlefi eld deployments, and perform with all the 
complexity and realism of an actual large-scale network. 
This high degree of fi delity makes it possible to integrate a 
JNE network into live exercises using real hardware, real 
users and real applications connected to operational net-
works.

VTI Instruments Corp. announced that it has been se-
lected to deliver the high-fi delity core switching solution 
for Custom Systems Integration’s (CSI) semiconductor www.picotech.com/scope902
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manufacturing test system. VTI’s 3U high power switching 
mainframe (EX1208) and 72-channel multiplexer (EX1200-
3072) provides 556 channels of core switching capability for 
CSI’s Multi-Core Tester (MCT). Proven repeatability and 
reliability were key switch system characteristics that en-
abled uninterrupted testing, ultimately resulting in lower 
development costs, faster time-to-market, and a sustained 
competitive advantage. CSI’s MCT is a high performance 
test system used by leading global semiconductor manufac-
turers to perform device temperature profiling. 

Aeroflex Ltd.  has received orders from 4G chipmaker 
Sequans Communications for a significant number of its 
7100 LTE Digital Radio Test Sets. The initial order has 
been shipped and will be used across a range of applica-
tions in research and development of Sequans LTE chips 
and software, in LTE TDD pre-conformance testing, and 
by the company’s field applications engineers to give tech-
nical support to its customers.

	 PERSONNEL

M/A-COM Technology Solutions an-
nounced that Michael Dys joined the 
company as Corporate Controller, re-
porting to Conrad Gagnon, Chief Fi-
nancial Officer. Dys will be responsible 
for all global accounting functions, bud-
geting and forecasting, as well as finan-
cial planning and analysis.  He will also 

ss Michael Dys
provide financial perspective to other 

business leaders toward optimizing M/A-COM Tech’s op-
erational efficiency. Dys most recently served as Controller 
at Aeroflex/Micro-Metrics. He previously served as Vice 
President and Corporate Controller at Skyworks Solutions. 

TRM Microwave has announced the 
addition of Bill Dolloff, who will serve 
as the company’s dedicated Boeing Pro-
gram Manager. He brings extensive ex-
perience in implementing quality sys-
tems, customer support and aftermarket 
sales in commercial aviation products, 
along with government contract admin-
istration. Dolloff will play a strategic ss Bill Dolloff

role in supporting the demands of 
TRM’s growth. He retired after 20 years of service in the 
US Marine Corps and received a BS in Management from 
Park College and an MS in Management from Central 
Michigan University.

The National Association of Broad-
casters announced that Kevin Gage, a 
20-year veteran with experience devel-
oping digital platforms in television and 
music, has been selected as the new ex-
ecutive vice president and chief tech-
nology officer for the association. Gage, 
49, will lead NAB’s technology efforts, ss Kevin Gage
including oversight of the staff that rep-

resents NAB on a variety of standard-setting organizations, 
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and which serves as the liaison to the engineering and tech-
nology community. Gage’s career includes stints at Warner 
Bros. Studios, where he helped develop the DVD Specifi-
cation and production facilities at the film studio. While at 
Warner Bros., Gage helped launch The WB Network, and 
was a founding member of the Advanced Television En-
hancement Forum, a cross-industry initiative that devel-
oped standards for interactive TV. Gage later became head 
technologist at Warner Music Group, where he oversaw 
creation of new digital platforms and standards for prod-
ucts that included iTunes. 

Giga-tronics an-
nounced the addition 
of two new Regional 
Sales Managers cov-
ering the USA, Asia 
and EMEA. Henry 
Hu will focus on the 
Western US and 

ss Henry Hu ss Nick Weidick
Asia, and Nick Wei-

dick will focus on the Eastern US and EMEA. Hu has 
more than 10 years of experience in the industry with a 
strong background in RF and microwave engineering. His 
career started in engineering and marketing at Kulicke and 
Soffa, a semiconductor equipment company, and most re-
cently, Hu was the Asia Sales Manager for Aeroflex/Me-
telics. Nick Weidick has more than 20 years of experience 
in the industry with a strong background in RF and micro-
wave test and measurement. His career started in wired 
and wireless communications working for such companies 
as Anritsu, Tektronix and AT&T. Most recently, Weidick 
was a Business Development Manager for MI Technology.

	 REP APPOINTMENTS

RFMW Ltd. and RFaxis Inc. announced a distribution 
agreement for the Americas, Europe, the Middle East, 
and Africa. RFaxis is a semiconductor company with focus 
on developing highly integrated, silicon-based single-chip, 
single-die RF front-end integrated circuits (RFeIC) that 
significantly simplify the design task and substantially im-
prove the range, receive sensitivity and data throughput for 
all major wireless communications protocols.

TRM Microwave announced Bradford RF Sales has been 
named to represent the TRM lines in the New England 
territory. With this latest addition, the company continues 
to affirm its strategic initiative to provide customers with 
local design and engineering support, and easy access to its 
broad offering of custom power dividers, couplers, hybrids, 
beamformers and integrated assemblies. 

	 WEBSITE

East Coast Microwave Distributors has launched a new 
online website (www.adaptercity.com) to locate nearly ev-
ery RF/microwave coax adapter. The website allows you to 
choose from a wide range of manufacturer’s adapters, by 
separating commercial-grade adapters from mil-grade ones.

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

Using Modeling & Simulation to Assess Antenna 
Performance During Platform Integration
Greg Skidmore, Jamie Infantalino, Jim Stack, Remcom

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 .

Electronically Scanned Arrays for Fast Testing of 
Large Antennas
L. Durand, L. Duchesne, L.J. Foged , Microwave Vision Group

 
Implementation of the Perfectly Matched Layer 
to Determine the Quality Factor of Axisymmetric 
Resonators
Presented by COMSOL

 
Reduce EMC Product Verification Time with Fast 
Scanning Techniques
White Paper, Agilent Technologies
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deliver as high as 40 dB attenuation control over the 
10 MHz through 7.0 GHz range. Offered in both 50 
and 75 Ω models these surface-mount and coaxial 
low-cost V VAs require no external components 
and maintain a good impedance match over the 
entire frequency and attenuation range, typically 
20 dB return loss at input and output ports. These 
high performance units offer insertion loss as low as 
1.5 dB, typical IP3 performance as high as 
+56 dBm, and minimal phase variation low as 7°. 

Mini-Circuits V VAs are enclosed in shielded 
surface-mount cases as small as 0.3” x 0.3” x 
0.1”. Coaxial models are available with unibody 
case with SMA connectors. Applications include 
automatic-level-control (ALC) circuits, gain and 
power level control, and leveling in feedforward 
amplifiers. Visit the Mini-Circuits website at www.
minicircuits.com for comprehensive performance 
data, circuit layouts, environmental specifications 
and real-time price and availability.
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Technical Feature

Accounting for  
Dynamic Behavior  
in FET Device Models 

Today’s engineer faces a range of chal-
lenges, including inadequate nonlinear 
device models that contribute heav-

ily to inaccurate large-signal high frequency 
simulation. Because of this, designers need to 
know if a model they are given is suitable for 
their application before they commit a design 
to manufacture. Unfortunately, the hurdle for 
pre-qualifying a nonlinear model is often per-
ceived as high, so few engineers will even ask 
the question: “Is my model good enough?” 
Failure to accurately take into account the 
dynamic behavior of a device in its electrical 
model can have a detrimental effect on an ap-
plication. Therefore, modeling such behavior is 
essential to accurate nonlinear simulation.

A powerful simulation-based qualification 
method now offers designers a viable means 
of testing field-effect transistor (FET) device 
models for critical large-signal, high frequen-
cy behavioral characteristics at the operating 
point required by an application. This early in-
sight is critical in allowing designers to avoid 
costly and time consuming design iterations 
and their consequences.

Understanding Dynamic Behavior
To better understand why taking a device’s 

dynamic behavior into account is so critical, it is 
first important to understand exactly what this 
behavior is. Dynamic behavior occurs when an 
object gives measured results that are a func-
tion of when a change started (implying mem-

ory of past conditions) and/or for how long the 
change was applied (process/mechanism time 
constants). It may be exhibited by all semi-
conductor devices in response to appropriate 
changes in electrical stimuli, but is particularly 
prevalent in applications where large-signal, 
high frequency signals are present (that is RF 
power amplifiers, mixers, oscillators and high 
speed digital circuits). Device technology and 
size do impact a device’s dynamic behavior, but 
it is unreasonable to assume that an application 
employing the latest deep sub-micron silicon 
process will be any less likely to exhibit dynam-
ic behavior than a 50 W GaN device.

Essentially, when a device in a quiescent 
(steady) state experiences a change in electri-
cal conditions, that change does not instantly 
result in a new steady-state condition. Rather, 
physical processes, each with differing time 
constants, begin to respond. The observed re-
sult is a time variant change in the electrical 
conditions observed at the device terminals.

Consider the case shown in Figure 1, which 
depicts an Id(t) response of a FET to a step 
change in applied voltage. After t = 0, the mo-
bile charge in the channel responds rapidly 
and then I(t) settles down to the “Ifast Plateau” 
current region. Next, the change in conditions 
affect the channel temperature and, in some 
device technologies, the charge state of traps 

Graham Riley
Agilent EEsof EDA, West Lake Village, CA
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Offer Lowest Power Consumption for Best SNR!

IN-STOCK ANALOG-TO-DIGITAL CONVERTERS
Part Number Resolution

Maximum 

Sample Rate 

# of 

Channels

Power 

Dissipation [2][3] SNR (dBFS) SFDR (dBc) Package
EasySuite™ 

Evaluation Kit P/N

HMCAD1520 12-Bit  640 MSPS 1, 2, 4 490 mW 70 60 / 75 [1] LP7D EKIT01-HMCAD1520

HMCAD1511 8-Bit 1 GSPS 1, 2, 4 710 mW 49.8 49 / 64 [1] LP7D EKIT01-HMCAD1511

HMCAD1510 8-Bit 500 MSPS 1, 2, 4 295 mW 49.8 49 / 65 [1] LP7D EKIT01-HMCAD1510

HMCAD1102 13 / 12-Bit 80 MSPS 8 59 mW / Channel 70.1 77 LP9 EKIT01-HMCAD1102

HMCAD1101 13 / 12-Bit 65 MSPS 8 51 mW / Channel 72.2 82 LP9 EKIT01-HMCAD1101

HMCAD1100 13 / 12-Bit 50 MSPS 8 41 mW / Channel 72.2 82 LP9 EKIT01-HMCAD1100

HMCAD1050-80 13 / 12-Bit 80 MSPS 2 102 mW 72 77 LP9 EKIT01-HMCAD1050-80

HMCAD1050-40 13 / 12-Bit 40 MSPS 2 55 mW 72.7 81 LP9 EKIT01-HMCAD1050-40

HMCAD1051-80 13 / 12-Bit 80 MSPS 1 60 mW 72 77 LP6H EKIT01-HMCAD1051-80

HMCAD1051-40 13 / 12-Bit 40 MSPS 1 33 mW 72.7 81 LP6H EKIT01-HMCAD1051-40

HMCAD1040-80 10-Bit 80 MSPS 2 78 mW 61.6 75 LP9 EKIT01-HMCAD1040-80

HMCAD1040-40 10-Bit 40 MSPS 2 43 mW 61.6 81 LP9 EKIT01-HMCAD1040-40

HMCAD1041-80 10-Bit 80 MSPS 1 46 mW 61.6 75 LP6H EKIT01-HMCAD1041-80

HMCAD1041-40 10-Bit 40 MSPS 1 25 mW 61.6 81 LP6H EKIT01-HMCAD1041-40

Our Analog-to-Digital Converter (ADC) products provide ultra low power dissipation per channel, ease of use and cost 
efficiency while maintaining high SNR / SFDR performance. When coupled with Hittite’s RF & microwave IC solutions these 
new ADCs will optimize your system performance.

[1] Excluding Interleaving Spurs. [2] Supply Voltage (Vdd): +1.8 Vdc Analog Supply (AVdd) and +1.8 Vdc Digital Supply (DVdd). [3] Output Supply Voltage (OVdd): +1.7 to +3.6 Vdc.
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(dislocations/imperfections in device 
material lattice that show up as dis-
crete energy levels in the material 
band gap). In turn, changes in channel 
temperature and trap states affect the 
apparent mobility of carriers in the 
channel and cause the current fl ow to 
adjust until it reaches equilibrium (Is-
low). This change over time can also be 
viewed as the device responding in a 
different way to different applied fre-
quencies or dispersion.

The relationship between I(V), tak-
en at different effective pulse lengths, 
and the step response in Figure 1 is 
shown in Figure 2. Note that the de-
vice I(V) characteristic measured at 
“DC” is not the same I(V) character-
istic seen by a high frequency signal.

From the I(V) curves in Figure 2, 
it is possible to infer that derivatives 
of I with respect to V are time depen-
dant. Consider the partial derivative 

∂id/∂vg, or gm. Clearly the gain will be 
different for a high frequency signal 
compared to a slow moving one. Like-
wise, harmonic generation and inter-
modulation products are dependent 
on I-V derivatives and so are other key 
quantities like ACPR, AM-PM, EVM 
and PAE. An inappropriate model de-
scription for the rate dependence of 
the I-V plane will produce incorrect 
answers for these critical metrics.

MODELING DYNAMIC BEHAVIOR
While several approaches have 

been developed to allow the inclusion 
of dynamic behavior in semiconductor 
device models, determining if a model 
is well fi tted to appropriate measured 
data remains challenging. A model 
only fi tted to DC I(V) and quasi-static 
S-parameters is highly unlikely to give 
accurate large-signal, high frequency 
performance. Large-signal high fre-

quency information 
must be used as part 
of model fi tting. 
Moreover, large-sig-
nal high frequency 
simulated tests are 
needed to evaluate 
how well a model 
has been fi tted.

Simulated test-
ing of a FET device 
model for large-sig-
nal, high frequency 
behavior, can be 
carried out in many 

ways. The easiest, quickest and most 
insightful method is to test the dy-
namic capabilities and fi t of a model 
by comparing DC I(V) with fast-pulse 
i(v). Examining critical areas of a fast-
pulse i(v) characteristic can yield vital 
information on the general suitability 
of a model for a given task. For ex-
ample, it can determine if appropriate 
dynamic behavior is modeled, if the 
model is well fi tted for large-signal 
high frequency use in a specifi c appli-
cation, and examine the model’s valid 
range of use.

It may also be useful to look at the 
device’s step response characteris-
tic i(t) to see if it behaves rationally. 
Pre-confi gured simulation testers and 
measurements, like those available 
for Agilent Technologies’ Advanced 
Design System software, make it pos-
sible to quickly and comprehensively 
look at a device’s time-dependant be-
havior. Three such tests are the single 
shot pulse i(v), continuous time pulse 
i(v) and step i(t). With the single shot 
pulse i(v), equal length pulses, starting 
from the Q-point, are sent simultane-
ously to both gate and drain terminals. 
Terminal currents are then measured 
at a user defi ned intra-pulse sample 
point to provide the fast-pulse i(v) 
values for plotting. Continuous time 
pulse i(v) uses the same basic meth-
odology except that each pulse is ap-
plied as part of a single time sweep, 
rather than individual per pulse time 
sweeps. In a step i(t) tester, terminal 
voltages are simultaneously changed 
from the Q-point to a desired “step-
to” point and held for the duration of 
the test with terminal currents moni-
tored over time.

TESTING A MODEL USING 
FAST-PULSE SIMULATION

A number of qualitative tests can 
be used to check the primary char-
acteristics of a model related to dy-
namic behavior. While these tests 
do not guarantee accurate circuit 
simulation results, they will quickly 
identify suspect model behaviors that 
require further investigation. These 
tests include:

Output Conductance
The I-V plot in Figure 3 shows 

differences between the DC I(V) 
(red) and pulsed i(v) (blue) and DC 
power (green) curves. Examining the 
pulsed i(v) set above the knee shows 

 Fig. 1  I(t) changing response to a step change in voltage at t = 0.
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Linear Voltage Regulator for Demanding Low Phase Noise VCO/PLL Applications!

HMC976LP3E, 400 mA Low Noise
High PSRR Linear Voltage RegulatorNEW!

 Low Noise Spectral Density:
 3nV/√Hz at 10 kHz, 6nV/√Hz at 1 kHz

 High PSRR: >60 dB at 1 kHz, >30 dB at 1 MHz

 Adjustable Voltage Output:
 VR 1.8V to 5.1V @ 400mA

Ideal for Powering Hittite’s Broad Line of Frequency Generation Products
Including Our Low Noise PLLs with Integrated VCOs!

1μA Power Down Current

BAND
GAP 400mA

Vdd

ENABLE

REF

VCO with Fo/2,
6.65 - 7.65 GHz

+5.5V System
Power Rail

HMC976LP3E

Vdd

RFOUT

+5V

HV

Low Noise Regulator

HMC507LP5E

Vtune

RFOUT/2

HIGH PSRR - QUAD LINEAR VOLTAGE REGULATOR

Input 
Voltage (V)

Function
Output 

Voltage (V)
Output 

Current (mA)

Power Supply Rejection 
Ratio (PSRR) (dB)

Output Noise Spectral 
Density (nV/√Hz) Regulated 

Outputs
Part

Number
1 kHz 1 MHz 1 kHz 10 kHz

3.35 - 5.6 Quad High PSRR 2.5 - 5.2 15 - 100 80 60 7 3 4  HMC860LP3E

3.3 - 5.5
Low Noise, 
High PSRR

1.8 to 5.1 400 60 30 6 3 1  HMC976LP3E NEW!
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ADVANCED SIGNAL ANALYSIS 
TOOLKITS

Turn Back the Hands of Time

• Exceptionally powerful tools for visualizing, analyzing and 
   supporting detailed analysis of large signal captures of 
   unlimited size

• Analyze large signal captures using vibrant, high-resolution 

   
three-dimensional displays

• Start, stop, slow down, speed up and reverse signals to examine

   
recorded data

• Extract and identify signals of interest from large fi les

www.xcomsystems.com • 703.390.1087

INNOVATIVE RF SOLUTIONS
X-COM Systems engineers custom RF test solutions in 
signal storage, generation and software for waveform 
creation and analysis for the DoD and worldwide 
technology firms.

BIRD ELECTRONIC

TX RX SYSTEMS

X-COM SYSTEMS
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EM
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Overall Shape of i(v) Curves 
(Q-Point Dependence)

For any given bias Q-point, the 
combination of power dissipation and 
the charge state of traps is unique. 
The shape of the pulsed i(v) curves 
will vary according to that Q-point. 
The ability to track this critical behav-
ior is a major challenge for a device 
model. Some models are fitted to data 
for a specific characterization Q-point 
and only accurately replicate the de-
vice’s dispersive behavior when oper-
ated at that Q-point. Using the model 
at an operating point away from that 
Q-point usually leads to a degraded 
characteristic. How important this 
degradation is to overall accuracy is 
application dependant. Few, if any, 
empirical models are able to accurate-
ly cover the general case and, if not fit-
ted using data from multiple Q-points, 
will be inaccurate.

Pinch-Off
As with the DC I(V) characteristics, 

the pulsed i(v) results should show the 
device pinch-off as a function of gate 
voltage. Generally speaking, while the 
values of Vg at pinch-off may differ, 
and the shape of the curves may be 
different approaching this region, the 
device model should still pinch-off to 
Id = 0 for both DC and pulsed data.

Drain Current Offset at the Origin
Some device models cannot accu-

rately predict behavior away from their 
pulsed i(v) characterization bias. This 
can be seen in an offset at the origin of 
the pulsed i(v) curves. In cases where 
an obvious offset can be seen, the de-
signer must examine the effect of this 
artifact on the target application. 

Bias Point
The coincident nature of the bias 

point on both DC I(V) and pulsed i(v) 
characteristics is a given. This condi-
tion is both logical and necessary be-
cause the DC I(V) characteristic is 
effectively the set of quiescent bias 
points from which any pulse measure-
ment can be taken.

Transconductance – Gm
The differences between DC and 

pulsed measurement values of Gm 
are readily apparent in Figure 4, 
and highlight the importance of cor-
rectly modeling the dispersive nature 
of a device. Higher order derivatives, 
which give indications as to intermod-

a relatively constant positive 
value of output conductance 
for all constant vg traces. The 
DC I(V) set shows differing 
values of output conductance 
across the plane, with nega-
tive values at higher power 
dissipation. This difference 
is the result of the DC I(V) 
curves containing a “hidden” 
dependence on channel tem-
perature and trap state.s Fig. 3  I-V plane showing DC I(V), pulsed i (v) and 

DC power curves.
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HMC935LP5E
Analog Phase Shifter, 2 to 20 GHz

Ideal for Beamforming & Error Correction Applications to 20 GHz!

Contact Us with Your Custom Analog & Digital Phase Shifter Requirements!

  Low RMS Phase Error: as Low as 1.2°

  Low Insertion Loss as Low as 4 dB 

  High Linearity: +54 dBm Input IP3

  Positive Control: 0 / +5V & 0 to +13V

  Die & SMT Versions Available From Stock

NEW!

IN-STOCK ANALOG PHASE SHIFTERS
Frequency

(GHz)
Function

Insertion
Loss (dB)

Phase
Range (deg)

2nd Harmonic
Pin = -10 dBm (dBc)

Control Voltage
Range (Vdc)

Package
Part

Number

2 - 4 Analog 3.5
480° @ 2 GHz
450° @ 4 GHz

-40 0V to +13V LP5  HMC928LP5E

2 - 20 Analog 4
270° @ 2 GHz
180° @ 20 GHz

-45 0.5 to +11V LP5  HMC935LP5E

4 - 8 Analog 4
450° @ 4 GHz
430° @ 8 GHz

-40 0V to +13V LP4  HMC929LP4E

5 - 18 Analog 4
500° @ 5 GHz
100° @ 18 GHz

-80 0V to +10V Chip  HMC247

6 - 15 Analog 7
750° @ 6 GHz

500° @ 15 GHz
-40 0V to +5V LP4  HMC538LP4E

8 - 12 Analog 3.5
425° @ 8 GHz
405° @ 12 GHz

-35 0 to +13V LP4  HMC931LP4E

12 - 18 Analog 4
405° @ 12 GHz
385° @ 18 GHz

-40 0 to +13V LP4  HMC932LP4E

18 - 24 Analog 4.5
495° @ 18 GHz
460° @ 24 GHz

-37 0 to +13V LP4  HMC933LP4E

IN-STOCK 4, 5 & 6-BIT DIGITAL PHASE SHIFTERS
Frequency

(GHz)
Function

Insertion
Loss (dB)

Phase
Range (deg)

IIP3
(dBm)

Control
Input (Vdc)

Package
Part

Number

8 - 12 4-Bit Digital 6.5 22.5 to 360 37 0 / -3V LC4B  HMC543LC4B

15 - 18.5 5-Bit Digital 7 11.25 to 360 40 0 / -3 LC5  HMC644LC5

1.2 - 1.4 6-Bit Digital 4 5.625 to 360 45 0 / +5V LP6  HMC936LP6E

2.5 - 3.1 6-Bit Digital 4 5.625 to 360 54 0 / +5 LP6  HMC647LP6E

2.9 - 3.9 6-Bit Digital 5 5.625 to 360 45 0 / +5 LP6  HMC648LP6E

3 - 6 6-Bit Digital 8 5.625 to 360 44 0 / +5 LP6  HMC649LP6E

9 - 12 6-Bit Digital 7 5.625 to 360 38 0 / -3 LC5  HMC643LC5

9 - 12.5 6-Bit Digital 7 5.625 to 360 41 0 / +5 LC5  HMC642LC5

 NEW!
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correctly characterize the high fre-
quency plateau described in Figure 1.

Conclusion
Taking into account the dynamic 

nature and behavior of a FET device 
in any electrical model is essential for 
accurate nonlinear simulations. Fortu-
nately, designers can now use a pow-
erful simulation-based qualification 
method to test FET device models for 
critical, large-signal high frequency 
behavioral characteristics at an oper-
ating point required by their appli-
cation. Additionally, straightforward 
qualitative simulated tests can be used 
to quickly test the “goodness” and fit 
of the dispersive behavior of a given 
FET model. Such early insight is criti-
cal to avoiding costly, time-consuming 
problems at a later date. 

Graham Riley received 
his B.S. in Communication 
Engineering from 
Plymouth University and 
a M.S. in Microwaves and 
Modern Optics from 
University College 
London. He is an 
Application Engineer for 
Agilent Technologies’ 

EEsof EDA organization, with more than 20 years of 
experience in the use and application of analog, RF 
and microwave EDA software.

I-V plane. This is not true for a device 
exhibiting memory, where the same 
pulse stimulus conditions can result in 
different responses. 

Step Response
This test looks for the behavior 

shown in Figure 1. It also tests the 
time constants associated with a par-
ticular device or its model. This test 
is often performed to make sure the 
simulated fast-pulse i(v) measure-
ments use a sufficiently fast pulse to 

ulation products and harmonic gen-
eration, also behave in similar ways.

Memory Effects
When a device’s response is depen-

dent on its operating history, it is said 
to “remember” the past and hence, 
has memory effects. For a device 
model without any memory capabil-
ity, simulation results will be identi-
cal for a given point on the pulse i(v) 
plane, irrespective of the number of 
pulses, their order or coverage of the 

s Fig. 4  Gm curves from DC and pulsed 
simulations.
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  ±1 dB Detection Accuracy to 3.9 GHz
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A SELECTION OF OUR 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 72 ±1 35 -68 +5V @ 50 mA LP4 HMC1020LP4E
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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 55 14.5 -53 +3.3V @ 135mA Chip HMC813

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

-5V @ 20mA
C-21 / SMA HMC-C078
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Programming   a 
Network Analyzer for 
Third-order Intercept 
Point Measurement

A third-order intercept point (IP3) meas-
urement technique using a network 
analyzer is proposed in this work. Using 

network analyzers to measure IP3 is becom-
ing a trend for modern measurement instru-
ments.1-3 Generally speaking, extra sources 
and controlling programs are needed to fulfill 
this measurement task. The novelty of the pro-
posed measurement method rests upon its abil-
ity to perform IP3 measurements, employing 
a two-tone excitation with a wide frequency  
spacing in the range of a few hundred mega-
hertz, which, for example, is used in power 
amplifier memory effects related research and 
development.4,5 Plus, the industry bandwidth 
drive potentially demands an IP3 measure-
ment with wide two-tone separations, for fu-
ture wideband devices. The two-tone ampli-
tude imbalance related to this method is cali-
brated out based upon arithmetic average. The 
detailed multiple external sources and network 
analyzer receiver programming techniques 
are presented in this article. The agreement 
between the measured results of an ampli-
fier using this method and the conventional 
method using a spectrum analyzer confirms the 
functionality and effectiveness of the proposed 
method. With extra power level calibrations at 
different frequency bands, this programming 
technique also can be extended to mixer IP3 
points measurement.

Recent research on power amplifiers and 
their memory effects requires the measure-

ment of intermodulation distortion (IMD) 
products as a function of the modulation band-
width. Consequently, a common measurement 
adopted in this field is to measure the amplifier 
outputs, including fundamentals and IMDs, 
with different tone spacings for a two-tone 
input excitation.4-5 Using a conventional meas-
urement approach, with a spectrum analyzer 
plus two sources, can provide the required 
measurement,6 but it is inefficient and tedious 
to get the third-order intercept point (IP3) in-
formation over a band of frequencies. This is 
because the lack of certain automation of the 
two external sources, which should sweep fre-
quency synchronously. Using network analyz-
ers can provide the control of external sources 
without extra controlling computers. Previous-
ly, a third-order IMD measurement method 
using a network analyzer has been available. 
This uses a network analyzer as a controller to 
control two external sources, providing a certain 
amount of automation.2 The reported method 
makes use of a network analyzer to control two 
external sources as well as a tuned receiver of 
the network analyzer to measure IMD prod-
ucts, therefore offering a scheme for IP3 meas-
urement over a band of frequency. This method 
performs best, when the two tones are spaced 

Zhaolong Li and Xuping Zhang
Nanjing University, Nanjing, P. R. China
Ke Wu and Xiaoping Chen
École Polytechnique de Montréal, Canada
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while minimizing the interference be-
tween them, as shown in Figure 1.

Two external sources are controlled 
by the network analyzer through a gen-
eral-purpose-interface-bus (GPIB). The 
detailed network analyzer calibration 
and multiple source console program-
ming techniques are explained step by 
step as follows.

The first step is to establish a 0 
dBm power calibration line. This is es-
sential because while the two sources 
are swept simultaneously, the network 
analyzer receiver response shows a 
different absolute power value at the 
same frequency. Therefore, the cali-
bration is aimed to establish an inter-
pretable power reading based upon 
the input of a known source power 
level. To do this, the two sources are 
set to sweep simultaneously with a fre-
quency span of 2∆F and a power level 
of 0 dBm, while the network analyzer 
receiver is programmed to receive the 
input signal consecutively, where ∆F 
is the desired two-tone excitation fre-
quency spacing. By doing so, the net-
work analyzer receiver real response 
to a known power level at different 
frequencies, including the two upper 
and lower IMD bands and two fun-
damental output bands, is accurately 
recorded. A 0 dBm power calibration 
line can be established by normalizing 
the recorded data to themselves.

The second step is to program the 
network analyzer into four different, 
consecutive frequency bands. This 
way, the network analyzer is pro-
grammed as a receiver, which is oper-
ated on four consecutive bands, F1 to 
F4. Each band is used to measure a 
different frequency component at the 
amplifier output, such as IMD1, OUT 
1 (tone 1 output), OUT 2 (tone 2 out-
put), IMD2. The complete multiple 
source programming details are listed 
in Table 1, where Bandi is a frequency 
band of interest, with a width of two 
interested products; Fi is a frequency 
band of interest, with a width of one in-
terested product; ΔF is the frequency 
span separated by two tones.

In order to measure two funda-
mental output signals and two IMD 
products through one sweep, two 
external sources are programmed to 
sweep across the desired bandwidth 
synchronously, while the network 
analyzer receiver is programmed to 
receive four equal bandwidth output 
products (equal Fi), namely IMD1 

separated in the 
range of a few hun-
dred megahertz. 
The introduced 
amplitude imbal-
ance is calibrated 
out based on an 
arithmetic average. 
Plus, compared 
with the conven-
tional method,2 the 
proposed method 
can obtain IP3 in-
formation with 
only one frequency 
sweep instead of 
two sweeps, which 
could potentially 

reduce measurement time and be of 
interest to manufacturers with a large 
volume of measurement tasks.

Network Analyzer 
Calibration and Multiple 
Source Console

The measurement instruments 
hardware setup is similar to the one 
published in Anritsu Application 
Note,2 where a power combiner is 
used to combine the two input tones, 

not very far away from each other, that 
is in the range of a few megahertz.2 
This is because amplitude imbalance 
will be inevitable, if the two tones are 
widely spaced. Therefore, inaccuracy 
could be generated if this method is 
applied to the measurement of IMD 
with a wide two-tone spacing. In this 
work, a novel measurement method 
for IP3 is presented, which provides 
the ability to measure the third-order 
IMD with two-tone frequency widely 

s Fig. 1  An IP3 measurement setup for an amplifier, using a net-
work analyzer.

F1

F2

PORT 1 PORT 2

RECEIVER CALIBRATION

MEASUREMENT

GPIB CONTROL
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arithmetic average used assumes that 
the outputs of the fundamental tones 
and IMD products are increased lin-
early with the inputs (when evaluated 
in dB). Because the datasheet sug-
gests that the amplifi er has an input 1 
dB saturation point at approximately 
2.5 dBm, the two input fundamental 
excitations are set to -5 dBm and 100 
MHz spaced apart. The insertion loss 
of the power combining network is 
calibrated out during the 0 dBm ab-
solute power calibration. It can also 
be measured in advance with the net-
work analyzer following a standard S-
parameter measurement and deduct-
ed in data post processing.

The individual power levels of the 
output signals and IMD products are 
extracted to perform the amplitude 
imbalance calibration.7 The measured 
amplifi er gain, third-order IMD and 
the extrapolated input IP3 (IIP3) are 
plotted in Figure 3.

(with frequency 2f1-f2), OUT1 (f1), 
OUT2 (f2), and IMD2 (2f2-f1) consec-
utively. This is signifi cantly different 
from the measurement method pub-
lished by Anritsu.2 This way, the am-
plifi er gain, IMD level as well as the 
signal-to-IMD ratio are all measured 
and can be displayed at the same time.

The third step is to extract the relat-
ed data segment, which represents the 
amplifi er’s different outputs and per-
forms post processing. Because the two 
tones are widely separated in frequen-
cy, their amplitudes will inevitably have 
differences as shown in Figure 2. As 
suggested by P. Vizmuller,7 the ampli-
tude imbalance can be calibrated out, 
based on arithmetic average. There-
fore, the two different intermodulation 
distortion ratios are averaged and the 
amplifi er input IP3 is calculated based 
on this averaged number.

MEASUREMENT RESULTS
Anritsu network analyzer 37397C 

is used in this work. In fact, the above 
mentioned method applies both to 
Anritsu 37×××C and 37×××D series 
analyzers. The two external sources 
are Anritsu 68177C and 68037C. The 
amplifi er used in this work is a pack-
aged microwave integrated circuit 
(IC) HMC482 from Hittite Micro-
wave Corp., which is biased at +7.0 
V, 83 mA. The selection of input ex-
citation tones power level should be 
high enough to be able to excite the 
third-order IMD products, and low 
enough not to reach the amplifi er in-
put P1dB point. This is because the 

TABLE I
PROGRAMMING MULTIPLE SOURCE CONTROL 

FOR IIP3 MEASUREMENT OF AN AMPLIFIER

Frequency 
band setup

External 
Source No. 1

External
Source No. 2

Receiver Physical Meaning

0 dBm power calibration

Band1
Band2

Band1
Band2-2�F

Band1+2�F
Band2

Band1
Band2

Receiver tuned to 
measure absolute power 

level (including two 
fundamentals and two 

IMDs)

Sources and receiver programming for measurement

F1=IMD1 F1+�F F1+2�F F1 Receiver tuned to 
measure IMD1 level

F2=OUT1 F2 F2+�F F2 Receiver tuned to 
measure Tone1 output

F3=OUT2 F3-�F F3 F3 Receiver tuned to 
measure Tone2 output

F4=IMD2 F4-2�F F4-�F F4 Receiver tuned to 
measure IMD2 level

 Fig. 2  Four consecutive bands used to 
measure four products of an amplifi er output.
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RF/LO Conversion LO-to-RF
Model Frequency Loss Image Rejection Isolation
Number (GHz) (dB) Max. (dB) Min. (dB) Min.

IMAGE REJECTION MIXERS
IRM0204(*)C2(**) 2 - 4 7.5 18 20
IRM0408(*)C2(**) 4 - 8 8 18 20
IRM0812(*)C2(**) 8 - 12 8 18 20
IRM1218(*)C2(**) 12 - 18 10 18 20
IRM0208(*)C2(**) 2 - 8 9 18 18
IRM0618(*)C2(**) 6 - 18 10 18 18
IR1826NI7(**) 18 - 26 10.5 18 20
IR2640NI7(**) 26 - 40 12 18 20

RF/LO Conversion Balance LO-to-RF
Model Frequency Loss Phase (±Deg.) Amplitude (±dB) Isolation
Number (GHz) (dB) Max. Typ./Max. Typ./Max. (dB) Min.

I/Q DEMODULATORS
IRM0204(*)C2Q 2 - 4 10.5 7.5/10 1.0/1.5 20
IRM0408(*)C2Q 4 - 8 11 7.5/10 1.0/1.5 20
IRM0812(*)C2Q 8 - 12 11 5/7.5 .75/1.0 20
IRM1218(*)C2Q 12 - 18 13 10/15 1.0/1.5 20
IRM0208(*)C2Q 2 - 8 12 7.5/10 1.0/1.5 18
IRM0618(*)C2Q 6 - 18 13 10/15 1.0/1.5 18
IR1826NI7Q 18 - 26 13.5 10/15 1.0/1.5 20
IR2640NI7Q 26 - 40 15 10/15 1.0/1.5 20

RF Conversion Carrier Carrier Suppression
Model Frequency Loss Suppression Carrier - Fundamental IF
Number (GHz) (dB) Max. (dBc) Min. (dBc) Min.

IF DRIVEN MODULATORS
SSM0204(*)C2MD(**) 2 - 4 9 20 20
SSM0408(*)C2MD(**) 4 - 8 9 20 18
SSM0812(*)C2MD(**) 8 - 12 9 20 20
SSM1218(*)C2MD(**) 12 - 18 10 20 18
SSM0208(*)C2MD(**) 2 - 8 9 20 18
SSM0618(*)C2MD(**) 6 - 18 12 20 18

MODEL NUMBER OPTION TABLE
(*) LO/IF P1 dB C.P.

Add Letter Power Range (dBm) (Typ.)
L 10 - 13 dBm +6
M 13 - 16 dBm +10
H 17 - 20 dBm +15

For Carrier Driven Modulators, please contact MITEQ.

(**) IF FREQUENCY
Add Letter OPTION (MHz)

A 20 - 40
B 40 - 80
C 100 - 200
Q DC - 500 (I/Q)
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of the proposed method, the classic 
spectrum analyzer approach is used 
as a comparison. The agreement be-
tween these two measurement meth-
ods confi rms the effectiveness of the 
proposed method. 
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In order to verify the functionality 
of the proposed measurement tech-
nique, a spectrum analyzer is used to 
make the measurement with the same 
amplifi er and power combining net-
work setup. It is observed from Figure 
3 that the results obtained from these 
two measurement methods generally 
agree, which confi rms the functionality 
of the proposed method in this work.

Meanwhile, the network analyzer 
measurement setup can also be used 
to perform a swept power measure-
ment at a fi xed frequency point. For 
the same amplifi er, the measured re-
sults are shown in Figure 4 with the 
input power swept from -10 dBm to 
0 dBm. The extracted IP3 number is 
approximately 15 dBm, which gen-
erally agrees with the results of the 
sweep frequency measurement and 
verifi es the robustness of the pro-
posed method.

It is worth pointing out that if 
extra 0 dBm absolute power line 
calibrations are done both at a radio-
frequency band and an intermediate-
frequency band, the same multiple 
source programming technique can 
also be used in a three-port mixer in-
put IP3 measurement.

CONCLUSION
This article presents a network ana-

lyzer programming technique for IP3 
measurement, using Anritsu network 
analyzer 37×××C, which is featured 
with the ability to perform a two-tone 
measurement with a wide frequency 
spacing in the range of a few hundred 
megahertz. The detailed network ana-
lyzer calibration and multiple source 
console programming procedures 
are given. To verify the functionality 

 Fig. 3  Measured results of an amplifi er 
using a network analyzer and a spectrum 
analyzer.
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Analysis of 3G Noise to 
GPS in 3G Handsets
In this article, an analysis of W-CDMA and GSM TX noises and their effects 
on global positioning system (GPS) performance inside a 3G mobile handset is 
introduced. The existence of GPS and other services and features in a mobile 
handset present a challenge to GPS performance. Particularly challenging are 
carriers like GSM and W-CDMA. The transmitter (TX) of the cellular service 
interferes with the performance of GPS, due to high TX power and TX band noise 
leaking into the GPS band. The degradation will be in the form of an increase 
in the total system noise figure (~5.5 dB). The total system noise figure will 
contribute a dB-for-dB in sensitivity degradation that is an approximately 5.5 
dB loss in received signal strength. The loss in the received signal power leads to 
loss of reliable and accurate service and most importantly loss of service in areas 
where it is needed most.

Radio frequency (RF) interference in a 
mobile handset has many causes. Close-
ness of band spectrum, less spatial isola-

tion due to smaller phone size, transmit power 
and transmitter noise due to filter characteris-
tics are some of the elements that lead to un-
intentional interference. Because GPS service 
and cellular carriers exist in most phones, cel-
lular interference affects GPS performance in 
the following ways:

Blocker interference: this type of inter-
ference can overload (saturate) the RF front-
end of the GPS by driving it into compression. 
Table 1 shows the services, with their TX fre-
quency bands in MHz that could co-exist with 
the GPS service on the same phone. Any TX 
frequency or its harmonic generation with oth-
er frequencies could fall in the frequency band 
of GPS. The front-end filter will not be able to 
block it because its bandwidth is wide enough 
to let these types of frequencies go through.

Noise Floor (NF): From the Table, it can 
be seen that the DCS/W-CDMA B4 are the 

closest spectrum to the GPS band and there-
fore represent the major source of TX band 
noise due to their closeness to the GPS band 
with non-ideal transmit filter characteristics. 
The increased noise floor results from the fact 
that a W-CDMA transmitter is always on in a 
cell phone, which results in a rise in the noise 
floor of the total system that will have a one to 
one effect on the overall sensitivity. Since the 
GPS signal operates below the thermal noise 
floor within the given bandwidth, any increase 
in noise floor (Equation 1) due to out-of-band 
wideband noise (W-CDMA TX) would result 
in GPS performance degradation.

NoiseFloor=-174+10log(2.046 MHz)

111 dBm (≅ − 11)

The number -174 (in dBm-Hz) is the ther-
mal noise power, which is the kT product of 
Boltzmann’s constant and the absolute temper-
ature in degrees Kelvin in a 1 Hz bandwidth: k 
= 1.38 × 10-23 J/K, T = 290K.

kT( .1 38 10 23× − J/K)290 K=-204 dBW (2)

and -204 dBW = -174 dBm.
2.046 MHz is the typical GPS coarse ac-

T. AlSharabati and Y. Chen
University of South Carolina, Columbia, SC
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TABLE I
services that could exist on the same phone

GSM 
850

GSM900/
W-CDMA 

B8

GPS (L1) DCS/W-
CDMA B4

PCS W-CDMA 
B1

ISM 
Bluetooth 
2.4 GHz

824-849 880-915 1575 1710-1785 1850-1910 1920-1980 2400-2483
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quisition (C/A) code bandwidth. The 
specification for a GPS C/A code sig-
nal strength at the GPS antenna is 
-160 dBW = -130 dBm, well below the 
noise floor as shown in Figure 1.

When pulsed interference pen-
etrates through the front-end within 
the GPS band, nonlinear gain stages 
(such as the LNA) could very well be 
driven into saturation (nonlinear op-
eration). This situation is not desired, 
because of the fact that not only does 
the LNA stop providing constant gain, 
but intermodulation frequency prod-
ucts could be generated and hence 
provide more sources of interference 
to the GPS receiver. Depending on 
how strong the pulsed interference 
is, the LNA could be so deep in the 
saturation region that it will take it a 
longer time to go back and establish 
the linear operation again. As a conse-
quence, one of the receiver nonlinear 
subsystem parameters is its recovery 
time, which is the time it takes the ac-
tive stage in the receiver to go back to 
its linear operation after it was driven 
into saturation by an input power. For 
example, the recovery time specifica-
tion of the internal LNA of the SiGe 
SE4120S GNSS Receiver IC is 1.3 µs, 
while it is 2 ms for the whole receiver 
system, based on some criteria such as 
the input overload signal level for the 
LNA and the initial value of the rms 
level of the analog to digital converter 
for the receiver system.1

Other potential interference sourc-
es are the second harmonic input in-
tercept point (IIP2) of the W-CDMA 
transmitter and the receiver phase 
noise. The IIP2 frequency could fall 
within the intermediate frequency 
bandwidth (IF) of the GPS receiver. 
Also, the phase noise frequency could 
mix with the interferer frequency and 
fall in the IF band.

NF has many sources. One source 
of contribution is the transmitter’s 
noise, TX noise. The transmitter, 
which has a power amplifier (PA) as 
the major component, does not trans-

mit only in the frequency (or bands of 
frequencies) it is designed for, but it 
transmits part of its power into other 
bands (in the form of spurious emis-
sions, due to non-ideal transmit filter 
characteristics). Based on specifica-
tions or measurements, the PA would 
have tabulated numbers of TX band 
noise for each band such as GPS or 
L1 band. For example, 3G B4 (TX 
frequency: 1710 to 1755 MHz) PA. 
Its transmit frequency band is 1710 
to 1755 MHz at approximately 28 
dBm. But the transmitted signal goes 
through a bandpass filter with a realis-
tic spectrum that does not stop the TX 
power infinitely at 1710 or 1755 MHz. 
Instead, part of the power will spill 
into other bands like GPS band (L1: 
1575.42 MHz). As an example, the 
amount of power that goes into the L1 
band, due to a 3G band 2 PA, is -141 
dBm/Hz minimum and -138 dBm/
Hz maximum.2 This is the amount of 
noise of a band 2 PA that affects the 
system noise figure of the GPS receiv-
er. Another example is the 3G B4 PA; 
-137 dBm/Hz typical and -134 dBm/
Hz maximum3 and so on.

Another source to the NF is the 
GPS receiver chain. It is known that 
each element in the chain has a power 
loss, which reduces the amount of 
power (Pin) that goes into the element 
to a power out (Pout). The total loss 
across the chain translates into a noise 
figure. Figure 2 depicts a general 
representation of a 3G TX system and 
a GPS RX system.

Analysis and Background
In the following, the background 

and analysis behind some of NF 
sources is presented.

NF Due to GPS RX System Hardware
The GPS RX hardware is made up 

of a chain of components and trans-
mission lines (starting with the an-
tenna match) that will have insertion 
loss and/or mismatch loss between 
two consecutive matching stages. By 
looking at the figure, let us denote the 
GPS RX filter (BPF is actually called 

Blocker filter) insertion loss as IL1. 
Let us denote the total noise figure of 
the RFIC as NF. The NF for the RX 
system, without the effect of 3G TX, 
is RX_NF (excluding the antenna and 
antenna match):

RX NF IL NF IL_ ( ) / ( )= + −⎡⎣ ⎤⎦1 1 1 3

As an example, typical numbers for 
IL1 is 1 dB and NF = 2 dB. First, all 
the dB numbers have to be converted to 
ratios. Then, RX_NF = 10 log (2) = 3 dB

3G TX Power and Noise 
Contribution to NF

3G maximum TX power is usu-
ally specified at the antenna connec-
tor to be 24 dBm; let us denote the 
maximum TX power by PWTX. The an-
tenna to antenna isolation is denoted 
as I. The antenna to antenna isolation 
figure includes the gains/losses of both 
the 3G TX system and GPS RX sys-
tem antennas, respectively. Denote 
the noise of the 3G TX into the GPS 
band as NWTX. Then the NF due to 
TX noise into the GPS band (NFTX-
Noise) is calculated as follows:

NFTXNoise =

+10 1 10log( (174+P +N -I-A-RX_NWTX WTX FF)/10))

( )4

where RX_NF is the receive noise 
figure, as shown above, a denotes the 
duplexer attenuation. In most 3G 
PA modules, the specified TX power 
includes the effect of the duplexer. 
Then a = 0. As an example, typical 
numbers for PWTX is 24 dBm, NWTX 
= -190 dBc/Hz, I = 15 dB and RX_
NF = 3 dB, then NFTXNoise = 10log  
(1+10(174+ 24 -190-15-0- 3)/10)) = 0.41 dB

Based on the above two examples, 
the total noise figure (NF) of the whole 
system (due to TX band noise + RX_
NF):Total NF = 3 + 0.41 = 3.41 dB

A typical number for a total NF, 
due to 3G TX noise and hardware 
chain, into L1 Band is 4 to 5 dB of NF, 
embodied in a rise in noise floor of 
the GPS RX system. That means the 

s Fig. 1  GPS signal is below the noise floor 
(reprinted with permission4).
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In this case Equation 3 needs to in-
corporate the effect of ML:

RX NF

IL
ML

IL
NF

IL ML

_

( )

=

+ − + −
∗

1
1

1
1

1
5

Mitigation Techniques
The above analysis shows that once 

the 3G transmitter is on, there is no 
way of suppressing its noise effect, un-
less a 3G PA is designed that has very 
stringent requirements on its TX noise 
NWTX into the GPS band; say -200 dB/
Hz, and reduce the 3G power PWTX to 
a lower level, say 15 dBm, whenever 
an unsatisfactory level of sensitivity 
degradation is detected due to 3G TX 
noise. A third way is to reduce the RF 
front-end system noise figure by add-
ing an LNA in the lineup, as shown in 
Figure 4. Based on the architecture 
and analysis shown and Equation 6, 
there is approximately 2.5 dB of im-
provement due to adding the LNA in 
the front-end lineup.

RX NF IL
NF

IL
IL

IL GainLNA
ML

I

_

( ) (

= + − +

− + −

1
1 1

1
2 1

1
1

LL IL GainLNA
NF

ML IL IL GainL

2 1
1

2 1

)( )( )

( )( )( )(
+ −

NNA)
( )6

Conclusion
The above analysis and results 

show that if a mobile handset prod-
uct is chosen to offer both GPS and 
3G services at the same time to its 
customers, design decisions have 
to be made and sacrifices have to 
be made. These sacrifices could be 
based on performance or cost. If 
loss of GPS service or sensitivity 
degradation is acceptable during a 
3G call, then one might want the 
cheaper solution with no LNA in the 
lineup. If, on other hand, one would 
like to maintain a 3G call along with 
a better GPS performance, then 
one might want to make a cost and 
complexity decision, by adding the 

LNA in the front-
end lineup. But the 
LNA is not the only 
component added. 
Its associated bias 
circuitry, matching 
circuitry and anoth-
er bandpass filter in 

desired signal is 4 to 5 dB lower than 
the noise floor. That would be a dB-
for-dB of sensitivity degradation. The 
effect of raising the noise floor reflects 
on the tracking capability of the GPS 
receiver.

NF Due to Mismatch Loss (Return 
Loss)

Another source of NF is the mis-
match loss. This is due to impedance 
mismatch between the source of the 
signal and the destination. These are 
usually assessed through measure-
ments and/or simulations and then in-
corporated into the system NF equa-
tion. This could be incorporated in 
Equation 3 as well.

This discussion assumes a 50 Ω in-
put impedance into the RF input of 
the RFIC. Usually, the RF input of 
the RFIC is the input impedance of 
the internal LNA of the RFIC, which 
changes based on its bias point con-
ditions. This input impedance is sel-
dom a 50 Ω system. Instead, most 
of the time, it falls way down in the 
capacitive region of the Smith chart, 
as shown in Figure 3. On the other 
hand, a BPF is a 50 Ω input and out-
put system. This dictates a matching 
circuit between the output of BPF 
(50 Ω in and out) and the input of the 
RFIC and the existence of a mismatch 
loss (ML), due to reflection. When 
the reflection is converted to dB, it is 
called return loss (RL).

s Fig. 3  Current GPS RFICs have a built-
in internal LNA.
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Freq. Range
(MHz)

Isolation
(dB) min.

Insertion Loss 
(dB) max.

Current
(mA) max.

VSWR
max.

Model
Number

50-800 25 0.6 6000 1.20:1 BT-10-E
10-1000 25 0.5 1000 1.20:1 BT-20
800-1000 30 0.5 5000 1.50:1 BT-21
1700-2000 30 0.5 5000 1.50:1 BT-22
500-2500 25 1.0 200 1.20:1 BT-02
10-3000 25 1.8 3000 1.50:1 BT-06-411
500-3000 25 1.0 500 1.20:1 BT-05
500-3000 30 1.8 2000 1.50:1 BT-23
10-4200 25 1.2 200 1.20:1 BT-03

1000-5000 35 1.0 1000 1.50:1 BT-04
100-6000 30 1.5 500 1.50:1 BT-07
500-10000 30 1.0 200 1.50:1 BT-26
0.1-12400 35 1.5 700 1.60:1 BT-52-400S
0.1-12400 40 1.5 700 1.60:1 BT-52-400D
0.1-18000 35 2.0 700 1.60:1 BT-53-400S
0.1-18000 40 2.0 700 1.60:1 BT-53-400D
300-18000 25 1.5 500 1.60:1 BT-29
0.03-27000 40 2.2 500 1.80:1 BT-51
0.03-40000 40 3.0 500 1.80:1 BT-50

See website for complete speci cations and our complete line of bias tees.

Amplifier Module,” Datasheet, 2009.
3.		 Avago Technologies, “UTMS1700/2100 

(1710 to 1755 MHz) and UMTS1700 
(1750 to 1785 MHz),” Datasheet, 2009.

4.		 K. Borre, D.M. Akos, N. Bertelsen, P. 
Rinder and S.H. Jensen, A Software 
Defined GPS and Galileo Receiver, 
Birkhauser Boston, MA, 2007, p. 66.

5.		 C. Hegarty, A.J. Van Dierendonck, 
D. Bobyn, M. Tran, T. Kim and J. 
Grabowski, “Suppression of Pulsed 
Interference Through Blanking,” Pro-
ceedings of the IAIN World Congress, 
June 26-28, 2000, San Diego, CA.

Appendix: Measurement 
Procedure

Figure A1 shows an outline of the 
proposed measurement procedure 
and equipment needed.

interfering pulse signal but also sup-
presses the desired GPS signal for 
the duration of the pulse. In some 
designs, pulse blanking leads to ap-
proximately 1 to 3 dB in signal to 
noise ratio degradation. 

References
1.		 SiGe Semiconductor, “SE4120S 

GNSS Receiver IC,” 2008.
2.		 Avago Technologies, “UMTS Band2 

(1850 to 1910 MHz) 4×4 mm Power 

the lineup are needed in addition to 
dealing with board layout headaches 
to make sure the LNA is stable and 
performing to system level speci-
fications. GPS performance, these 
days, is extremely important, where 
in some situations it is a safety issue. 
It should be mentioned, however, 
that other techniques such as pulse 
blanking offer a suboptimal solu-
tion to mitigate pulse interference.5 
Blanking does not only suppress the 

s Fig. A1  Proposed measurement proce-
dure and equipment.
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5.	 The signal out of the combiner 
goes in the GPS SMA pig tail coax.

There is a 15 dB of isolation rep-
resenting spatial isolation, I, b/w the 
GSM/W-CDMA antenna and the 
GPS antenna.

Results:
The results are shown in Figure 

A2 for the case of 3G TX set to W-
CDMA band 4 (W-CDMA B4) with 
the following observations:

Plot colors:
•	 �The purple color is the theoretical 

(ideal) sensitivity (one-to-one); no 
losses whatsoever. This is without the 
presence of NF due to line up inser-
tion loss (IL) or mismatch loss (ML).

•	 �The blue color is sensitivity charac-
terization, no W-CDMA TX noise. 
This is only due to hardware lineup.

•	 �The orange color is sensitivity 
characterization due to TX Band 4 
noise and hardware lineup.

•	 �The green color is with external 
LNA place in the front-end lineup-
equation (6).

•	 �The GPS receiver stopped tracking 
satellites at input power levels of 
-156 dBm and lower.

•	 �Worst case in loss of sensitivity is 
approximately 5.4 dB at -156 dBm 
of input power, which agrees with 
the sample calculations made. In 
other words, due to the presence 
of W-CDMA TX noise, the sensi-
tivity of the GPS receiver dropped 
approximately 2.5 dB.

•	 �One can use typical numbers of 
their system lineup in the equa-
tions above that would correlate 
with their measurements.

Taher AlSharabati is a faculty member at Al-
Ahlyah Amman University–Amman, Jordan, and a 
PhD student at the University of South Carolina, 
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of Electrical Engineering, University of South 
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published over 200 international publications. He 
is a co-author of the book, Multiresolution Time 
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editor of two books.

Procedure (see Figure A1):
1.	 The PC controls the GPS simulator 
to run at a certain power level.
2.	 The GSM/W-CDMA transmit 
source will transmit signal at the low-
est channel (W-CDMA B4: Chan 
1312 to 1712.4 MHz).
3.	 The fundamental in 2 gets attenu-
ated by approximately 40 dB repre-
sented by the notch filter so it does not 
overload the front-end of the receiver.
4.	 The signals from 1 and 3 are com-
bined using a power combiner.

Apparatus needed:
1) A PC controlling the GPS device. 

2) USB connection. 3) Any device with 
GPS service. 4) A GPS antenna. 5) A 3G 
transmit source. 6) A tunable notch filter 
that stops the fundamental. This filter 
will act as the selectivity of the GPS an-
tenna. It should be set to approximately 
40 dB of rejection. 7) A combiner that 
combines the GPS (desired) signal and 
3G (Jammer) signal and feeds them into 
the input port SMA connector of the 
GPS device. 8) RF cables and connectors.
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Product Feature

The increased use of multi-carrier radios 
in cellular infrastructure systems is driv-
ing the requirement for high linearity 

components, especially in the power amplifier 
chain. Isolators and circulators have histori-
cally been known to impact the overall inter-
modulation distortion (IMD) performance of a 

wireless transmission system and are therefore 
critical to specify. Engineering teams from Sky-
works Solutions and Trans-Tech (a subsidiary 
of Skyworks Solutions) have successfully devel-
oped new materials/device designs for isolators 
and circulators that are optimized for IMD 
performance and offer the industry very low 
IMD specifications. The new SKYFR-000700 
circulator has IMD performance better than 
−90 dBc with two +47 dBm tones.

IMD is a nonlinear effect of two or more 
signals mixing within a device to produce unde-
sirable higher-order products. These unwanted 
signals may fall within the transmitting or re-
ceiving bands, causing interference as a result. 
These relationships are illustrated in Figure 1, 
where f1 and f2 are two frequency tones.

As the odd-numbered products occur at fre-
quencies close to the fundamentals, they are 
the ones of greatest concern, with the third-
order being the most dominant. An industry-
standard test to measure the IMD performance 

Skyworks
Cork, Ireland
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Isolator/
Circulator with 
Best-in-class 
Intermodulation 
Distortion 
Performance

s Fig. 1  IMD products for a two tone signal with frequencies f1 and f2.
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PEAK PERFORMANCE
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Slash time-to-market with Sivers IMA’s 
performance enhancing E and V-band 
converter platforms. Our flexible platform 
enables next-generation radio links to 
provide transfer rates of up to 10 Gb/s - 
at radically reduced cost!

unit is designed for maximum IMD 
performance using industry-standard 
magnetic material. The competitive 
unit achieves IMD performance of 
−73 dBc versus the Skyworks unit 
that is better than −90 dBc. The 
actual performance is shown in 
Figure 3.

The signifi cant improvement, 
around 10 dB, in IMD performance 
of the SKYFR-000700 is the result 
of unique material selection and im-
proved magnetic and electrical design 
in the circulator junction. This new 
approach to non linearity allows the 
circulator designer to achieve IMD 
performance of more than 10 dB im-
provement over existing products. It 
is expected that additional improve-
ments will be offered in the future by 
further optimizing combinations of 
device and materials.

Skyworks, 
Cork, Ireland, 
www.skyworksinc.com.

operate in the standard GSM band of 
925 to 960 MHz. This circulator can 
achieve IMD performance of better 
than −90 dBc with two CW tones of 
+47 dBm, spaced 5 MHz apart. Two 
test conditions were used, f1 = 925 
MHz and f2 = 930 MHz, and f1 = 960 
MHz and f2 = 965 MHz, with each 
frequency tone at +47 dBm.

The IMD performance of the 
SKYFR-000700 is compared to a 
competitive unit. The competitor’s 

of a device uses two continuous wave 
(CW) tones, f1 and f2. These signals, 
separated by 5 MHz, are combined 
and input to the device. At the output, 
the third-order and fi fth-order prod-
ucts are measured. The third-order 
products are at 2xf1 – f2 and 2xf2 – f1 
and the fi fth-order products at 3xf1 – 
2xf2 and 3xf2 – 2xf1.

The SKYFR-000700 is a single 
junction circulator in a 25 � 25 mm 
housing (see Figure 2), designed to 

 Fig. 2  SKYFR-000700 image.

 Fig. 3  SKYFR-000700 two tone IMD 
measurement at 925 MHz.
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Want a miniature surface mount, shielded plug-in, or rugged 
coaxial voltage controlled oscillator with the right stuff 
for your project? Contact Mini-Circuits! From custom 
designs to standard catalog models always in stock, 
we’ll supply extra robust, 100% tested VCO solutions 
you need at a price you can afford. Choose from narrow to 
broad to octave band widths. Select linear tuning, low 
phase noise, and 5 V models optimized for PLLs and 
synthesizers. And pick from an innovative array of 
miniature SM packages as small as 0.370” square 
for a variety of designs and applications. You can 
quickly find the model you need using “The YONI2 
Search Engine” at the Mini-Circuits web site. Just enter 
your specifications into YONI2...click...and immediately 

start evaluating suggested VCO solutions using the 
actual measured performance data displayed. But 
perhaps you need a custom design. Not a problem! 
Contact us for our lightning fast response, low prices, and 
quick turnaround. Give the competition real competition... 
specify Mini-Circuits VCOs!
            
        

W O R L D ’ S  W I D E S T  S E L E C T I O N

VCOsVCOs

10 to 6840 MHz from $1195
ea. (qty. 5)
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consult factory. 
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Product Feature

In order to provide customers with a light-
weight, compact, low cost alternative to 
high-end laboratory-grade instruments, 

AnaPico has developed the APSIN signal gen-
erator product line. The latest addition is the 
APSIN20G, which is a portable instrument that 
completes the product family with an instru-
ment that extends the frequency coverage to 20 
GHz. The APSIN20G is available with an op-
tional internal rechargeable battery that makes 
it suitable for applications outside the lab, with-
out any compromise in RF performance.

The microwave signal generator’s key per-
formance characteristics are summarized 

in Table 1. With this instru-
ment, users are able to benefit 
from leading-edge phase noise, 
fine frequency resolution, wide 
dynamic range, fast switching 
speeds and good analog modu-
lation capabilities. Another key 
feature is ease of operation in a 
variety of applications, especially 
mobile or airborne applications, 
automated testing and manufac-
turing, military communications 
and radar, education and research 
labs and field testing.

SIGNAL PURITY
The instrument produces a 

signal with excellent phase noise 
and low spurious and harmonic 
content. The measured phase 
noise is shown in Figure 1. Sin-
gle-sideband phase noise of -110 
dBc/Hz at 10 GHz carrier and 20 

kHz offset is measured, along with low spu-
rious and good harmonic suppression. This 
makes the signal generator attractive for all ap-
plications that require spectrally pure signals.

The APSIN20G’s analog modulation capa-
bilities cover AM, FM, ΦM and pulse modu-
lation. Multiple modulations can be combined 
with up to three internal modulation sources 
available. External modulation signals are pro-
vided through the rear panel connectors that 
are shown in Figure 2. Wideband low-distor-
tion DC-coupled FM, frequency chirps and 
user programmable pulse trains complete the 
instrument’s key features.

The APSIN20G uses a temperature com-
pensated ultra-stable 100 MHz OCXO as in-
ternal reference. This is divided up to provide 
a 10 MHz signal at the rear panel output. An 
exclusive feature, the internal reference can be 
programmed to phase lock to any external refer-
ence frequency from 1 to 250 MHz.

FAST SWITCHING
Today, most ATE applications require fast 

switching of power and frequency to maximize 
throughput in manufacturing and testing, and 
special care has be taken to minimize transients 
during switching from one frequency to anoth-
er. With switching speeds of less than 200 µs, the 
APSIN20G provides a suitable solution. Even 
faster switching can be achieved with dedicat-
ed frequency and list sweeps.

List sweeps can be run with individual dwell 

AnaPico Ltd.
Zurich, Switzerland
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High Performance 
20 GHz 
Microwave Signal 
Generator

TABLE I
 Key performance specifications 

for APSIN20G

Parameter Value

Frequency Range 
Resolution 

9 kHz to 20 GHz 
0.001 Hz

Level 
Resolution 
Accuracy

–90 to +13 dBm  
0.05 dB 
±1.3 dB

Harmonics < –30 dBc

SSB Phase Noise 
at 10 GHz (20 kHz 
offset)

–110 dBc/Hz

Switching speed < 200 microsec

Modulation 
(internal/external)

AM, DC/AC FM, 
PM, Pulse, Freq. 

Chips

Control Front Panel, USB-
TMC, LAN VXI-11, 

optionally GPIB, 
SCPI 1999
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the instrument – level uncertainty typi-
cally <  0.5 dB – provides users with tem-
perature stabilized signal amplitudes.

REMOTE CONTROL
Another key feature of the new in-

strument is that its ease of use helps to 
ensure that lab staff and manufacturers 
can use it very efficiently. User-friendly 
features include an intuitive front panel 
with an LCD display and a Windows-
based graphical user interface (GUI). 
In addition to the front-panel controls, 
the APSIN20G includes Ethernet 
VXI-11, USB-TMC, and optionally 
GPIB interfaces for flexibility in setting 
up a test system with remote control. 
The USB device port may be used to 
attach a USB-powered power meter 
for on-site level calibration.

Setting up the APSIN20G in an au-
tomatic-test-equipment (ATE) appli-
cation is straightforward. Each signal 
generator is supplied with instrument 
drivers, programming examples, as 
well as graphical-user-interface soft-
ware. The low power and fan-less de-
sign is ideal for applications in space-
limited and thermal-constraint ATE 
systems. Also, an optional rack-mount 
kit is available to simplify integration.

HANDHELD APPLICATIONS
The internal rechargeable battery 

and a handy soft bag make it a truly 
portable instrument, which is particu-
larly attractive for service installation 
and maintenance applications. At just 
3 kg, the APSIN20G is light enough to 
be easily carried around a laboratory 
or production facility for spot testing. 
Its good performance, combined with 
ease-of-use and broad functionality, 
makes it suitable for field environ-
ments and applications that require 
mobility such as site surveys, on-site 
system test or base station receive 
level calibration.

The APSIN20G provides state-
of-the-art performance, a complete 
feature set for modulation, sweeping 
and triggering and extra features like 
battery operation. There is no noisy 
fan and a key feature is flexible refer-
ence locking. All of which come at an 
affordable price.
AnaPico Ltd.,  
Zurich, Switzerland  
+41 44 440 00 51,  
sales@anapico.com,  
www.anapico.com.

time, off time and power level for 
each frequency. Even long lists can be 
loaded and executed with high timing 
accuracy because transients are taken 
into account and external triggering 
(via rear panel input or SCPI) allows 
full synchronization with the test en-
vironment.

In many applications (such as mix-
ers with a high LO drive level), a high 
RF power is desirable to avoid com-
plicated and costly setups with ex-
ternal power amplifiers. As standard, 
the APSIN20G provides high output 
power with low harmonic content. 
The level setting range is −90 to +13 
dBm over the entire frequency range, 
with typical over-range greater than 
+15 dBm (see Figure 3).

For applications requiring a level set-
ting range not exceeding 35 dB, the out-
put step attenuator can be omitted. The 
good level accuracy and repeatability of 

s Fig. 1  Measured phase noise.
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s Fig. 2  External modulation signals are 
provided through the rear panel connectors.

s Fig. 3  Measured maximum output power 
vs. frequency.
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Product Feature

Spectro VNATM vector network analyzer 
software brings the power of joint time-
frequency domain processing to vector 

network analyzers (VNA). Many microwave 
engineers are familiar with joint time-frequen-
cy domain processing from spectrogram dis-
plays on vector signal analyzers. Spectrograms 
display the magnitude of a signal as a function 

of both time and fre-
quency simultane-
ously. Figure 1 shows 
a spectrogram of an 
802.11g waveform.

Visualization of 
S-Parameters

Introducing this 
technology to the 
VNA world enhances 
the visualization of 
S-parameters and in-
creases the processing 
capabilities of VNAs. 
For VNAs, the data 

being visualized is not a signal, but a transfer 
function of a device. Traditional VNA views of 
S‑parameters in the frequency domain show 
magnitude versus frequency. Time domain 
processing shows magnitude versus time. A 
joint time-frequency domain plot shows the 
frequency dependent behavior of individual 
responses.

Figure 2 shows a spectrogram for the S11 
of a device. The horizontal scale is time; the 
vertical scale is frequency. The color represents 
the magnitude of S11 at a particular moment in 
time and at a particular frequency. The vertical 
stripe at 2 nsec shows a variation in color from 
lower frequency to higher frequency, indicat-
ing that the reflection is greater at higher fre-
quencies. This is one of the principal values of 
joint time-frequency processing as applied to 
VNAs, namely, the ability to see the frequency 
response of a part of the device.

Constant Wave
Colorado Springs, CO
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Spectro VNATM 
Advances Vector 
Network Analyzer 
Capabilities

s Fig. 1  Spectrogram of an 802.11g signal 
created with Spectro VSA™.
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data measured at the SMA input to 
one pin of the device, and the de-
embedded value of S11 for the chip. 
The de-embedded trace (b) has the 
ripple associated with the interaction 
of the device and the SMA launch re-
moved, as well as the line loss from 
the transmission line. Extracting the 
device response from a measurement 
of a PC board with a mounted device 
is quick and easy using Time Domain 
Substitution. For this example, the 
measurements were all performed 
with the device soldered to the board; 
no socket was needed for additional 
calibration standards.

Although the example shown 
here is for one port de-embedding, 
Time Domain Substitution can be 
used to de-embed two port mea-
surements. It can also be applied to 
n-port devices. A particular advan-
tage for multi-port devices is that 
Time Domain Substitution does not 
require port-to-port standards to be 
able to de-embed multi-port mea-
surements.

Applications
Spectro VNA is useful when de-

bugging device or measurement is-
sues as it shows S-parameter values 
simultaneously in time and frequency. 
The de-embedding method, called 
Time Domain Substitution, is helpful 
for removing the effects of PC boards 
or other circuit elements that lie be-
tween the calibration reference plane 
of a VNA and the DUT.

Availability
Spectro VNA is available as 

a purchase or subscription on a 
monthly basis. Using the subscrip-
tion model, users only pay for the 
software when they need it. They 
can discontinue use for an arbitrary 
period of time and then resume 
later when the need arises. Spectro 
VNA can retrieve data directly from 
many brands and models of VNAs. 
The data can also be input from files 
using the S1P, S2P, S3P and S4P 
formats. It runs under Windows XP, 
Vista, or 7. No additional hardware 
or software is required.

Constant Wave, 
Colorado Springs, CO  
(719) 331-2442,  
www.constantwave.com.

De-embedding with Time Domain 
Substitution is accomplished by mak-
ing two measurements of each port. 
One measurement is performed on 
the device and the second is per-
formed on a temporarily placed stan-
dard. Typically, it will be convenient 
to create a temporary short circuit 
near the device, as high quality short 
circuits are relatively easy to create. 
Once the two measurements have 
been obtained, Spectro VNA pro-
cesses the results to remove undesir-
able effects, such as connectors and 
launches.

As an example, consider the PC 
board shown in Figure 3. When 
measuring the input match of a pin 
of the device, the SMA launch cor-
rupts the measurement. Using Time 
Domain Substitution, the effects of 
the launch and the loss of the trans-
mission line between the launch and 
the device can be removed, leav-
ing just the input match of the chip. 
Figure 4 shows the measured S11 

S-Parameter Workspace
While the visualization of a S-

parameter in this way is valuable, a 
spectrogram is not merely a static 
image. It is a workspace that can be 
used to explore the characteristics 
of a device as both a function of fre-
quency and time. The mathematics of 
joint time-frequency processing is not 
impaired by the problems associated 
with frequency gated by time math-
ematics typically found in VNA time 
domain processing. Individual points 
in the time-frequency space can be 
examined simply by clicking on the 
spectrogram. Individual slices can be 
taken across the frequency domain 
or time domain. Specific responses 
can be mathematically isolated and 
reconstructed using a tool that selects 
regions of the time-frequency space.

Time Domain Substitution
In addition to generating powerful 

images, the mathematics of joint time-
frequency domain processing enables 
simplified de-embedding. Time Do-
main Substitution is a technique for 
simplified de-embedding using a sin-
gle standard. That standard can be a 
short or an open, depending on which 
standard is easiest to fabricate in the 
desired environment.

s Fig. 2  Spectrogram of S11 produced with 
Spectro VNA™.
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s Fig. 3  PC board with SMA launches, 
lossy transmission lines and a device to be 
measured.

s Fig. 4  | S11 | as measured (a), and de-em-
bedded (b) using time domain substitution.
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European Microwave Week continues its series of successful events, with its 14th at
Manchester Central, Manchester, UK. EuMW2011 returns to this wonderful city for
what promises to be an important and unforgettable event. Bringing industry,
academia and commerce together, European Microwave Week 2011 is a SIX day
event, including cutting edge conferences and one dynamic trade and technology
exhibition featuring leading players from across the globe.

THE CONFERENCES
Spanning the length of the week, starting from Sunday 9th October 2011, the 3
separate but complementary conferences plus workshops are scheduled as follows:
• European Microwave Integrated Circuits Conference (EuMIC)
- 10-11 October 2011
• European Microwave Conference (EuMC)
- 11-13 October 2011
• European Radar Conference (EuRAD)
- 13-14 October 2011
Workshops and Short Courses – 9, 10 & 12 October 2011

In addition, Exhibitor Workshops and Seminars will be provided by several top
organisations with superior expertise in Microwave, RF, Wireless or Radar.

REGISTER NOW!

EuMW2011 - THE ONLY EUROPEAN
EVENT DEDICATED TO THE
MICROWAVE AND RF INDUSTRY

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: European Microwave
Association

Co-sponsored by:

R

To register and for full information on attending European Microwave Week visit 

www.eumweek.com

Co-sponsored by:
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Tech Brief

Time Domain Solver and  
High Frequency Modeling  
and Simulation

INTEGRATED Engineering Soft-
ware has released CHRONOS, its 
new time domain solver and high fre-

quency tool for modeling and simulat-
ing 3D RF and microwave applications. 
Its easy-to-use interface enables design 
engineers to model the geometry and 
assigns its physical properties, providing 
fast and accurate results in both time 
domain and frequency domain. Time 
domain results can be transformed and 
displayed with different parameters in 
the frequency domain using the power-
ful automatic post processing tools.

By adding CHRONOS, INTE-
GRATED now proudly offers a com-
plete suite of electromagnetic tools, 

ranging from low frequency to light 
waves, from static to complete tran-
sient solutions. INTEGRATED’s 
software programs can be seamlessly 
coupled to thermal analysis for an 
even-more thorough development.

In terms of variety of solvers, IN-
TEGRATED now has added the Fi-
nite Difference Time Domain meth-
od; this is an addition to the Boundary 
Element and Finite Element solvers 
currently available in the company’s 
software packages.

CHRONOS is ideal for the analysis 
and design of RF and antenna appli-
cations including:
•	 Near-field and far-field applications

•	 �Planar microwave and antenna 
structures.

•	 Wire antennas
•	 UWB antennas
•	 �Microwave circuits, waveguides and 

coaxial structures
The move from Frequency Do-

main techniques into the Finite Dif-
ference Time-Domain (FDTD), com-
bined with the parallelization of the 
program, brings significant time sav-
ings.

INTEGRATED Engineering Software, 
Winnipeg, MB, Canada  
(204) 632-5636,  
www.integratedsoft.com.

You can enhance your professional prestige and earn 
substantial royalties by writing a book or software package. 
With over 500 titles in print, Artech House is a leading pub- 
lisher of professional-level books in microwave, radar, com- 
munications and related subjects.  We are seeking to pub- 
lish new microwave engineering books and software in 
areas such as microwave and RF device design, wireless 
communications, advanced radar and antenna design, elec- 
tromagnetic analysis, RF MEMS, and more. 

We are currently seeking potential authors among engi- 
neers and managers who believe that they can make a con- 
tribution to the literature in their areas of expertise.  If you 
have published technical papers, conducted professional 
seminars or solved important real-world problems, then you 
are an excellent candidate for authorship. 

We invite you to submit your manuscript or software 
proposal for review.  For a complete publications catalog 
and Author’s Questionnaire please contact: 

 
Mark Walsh 
E ditor 
Artech House 
685 Canton St. 
Norwood, MA 02062 

1-800-225-9977 
mwalsh@artechhouse.com 

Call for Book and  
Software Authors 

www.artechhouse.com 
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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

        IF/RF MICROWAVE COMPONENTS

   ISO 9001 ISO 9001 ISO 9001   ISO 14001ISO 14001ISO 14001   AS 9100 AS 9100 AS 9100 

484 Rev A

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

Miss out on MTT? 
Tour our booth at 
minicircuits.com!
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Tech Brief

Affordable,  
High performance 
Signal Generator

Stanford Research has developed 
a DC to 4 GHz high perfor-
mance, affordable RF source, 

the SG384 4 GHz RF signal generator. 
The SG384 uses a unique, innovative 
architecture (Rational Approximation 
Frequency Synthesis) to deliver ultra-
high frequency resolution (1 µHz), 
excellent phase noise (−116 dBc/Hz 
SSB phase noise at 20 kHz offset at 1 
GHz), versatile modulation capabilities 
(AM, FM, ΦM, pulse modulation and 
sweeps) at a fraction of the cost of com-
peting designs. The standard model 
SG384 produces sine waves from DC 
to 4.05 GHz. There is an optional fre-
quency doubler (Opt. 02) that extends 
the frequency range to 8.10 GHz. 

Low-jitter differential clock outputs 
(Opt. 01) are available, and an external 
I/Q modulation input (Opt. 03) is also 
offered. For demanding applications, 
the SG384 can be ordered with a ru-
bidium timebase (Opt. 04).

The SG384 is based on a new fre-
quency synthesis technique called 
Rational Approximation Frequency 
Synthesis (RAFS). RAFS uses small 
integer divisors in a conventional 
phase-locked loop (PLL) to synthe-
size a frequency that would be close 
to the desired frequency (typically 
within 6100 ppm) using the nominal 
PLL reference frequency. The PLL 
reference frequency, which is sourced 
by a voltage-controlled crystal oscilla-

tor that is phase-locked to a dithered 
direct digital synthesizer, is adjusted 
so that the PLL generates the exact 
frequency. Doing so provides a high 
phase comparison frequency (typi-
cally 25 MHz) yielding low phase 
noise while moving the PLL refer-
ence spurs far from the carrier where 
they can be easily removed. The end 
result is an agile RF source with low 
phase noise, essentially infinite fre-
quency resolution, without the spurs 
of fractional-N synthesis or the cost of 
a YIG oscillator.

Stanford Research Systems,  
Sunnyvale, CA 
(408) 744-9040,  
www.thinkSRS.com.

ISBN: 978-1-60807-057-2 
$139/£92

Introduction to RF Design 
Using EM Simulators
Hiroaki Kogure, Yoshie Kogure, 
and James Rautio
Hardcover. 310 pp. 2011
ISBN: 978-1-60807-155-5 
$109/£75

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

For complete descriptions and to order, visit 
ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

Q Factor Measurements 
Using MATLAB®

Darko Kajfez
DVD/Spiral-Bound User’s Guide. 
190 pp. 2011
ISBN: 978-1-60807-161-6  
$249/£159

ARTECH HOUSE

ARTECH HOUSE

Klystrons, Traveling 
Wave Tubes, Magnetrons, 
Crossed-Field Amplifiers, 
and Gyrotrons
A.S. Gilmour, Jr.
Hardcover. 882 pp.
ISBN: 978-1-60807-184-5  
$159/£109

Microwave Materials for 
Wireless Applications
David B. Cruickshank
Hardcover. 248 pp. 2011
ISBN: 978-1-60807-092-3 
$99/£66

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

The Newest, Practical Resources 
for RF & Microwave Engineers
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ZVA-213X

          super ultra wideband

AMPLIFIERS
Calling these amplifiers “wideband” doesn’t begin to describe them.  
Consider that both the ZVA-183X and ZVA-213X amplifiers are 
unconditionally stable and deliver typical +24 dBm output power at 1dB 
compression, 26 dB gain with +/- 1 dB flatness, noise figure of 3 dB 
and IP3 +33 dBm. What’s more, they are so rugged they can even 
withstand full reflective output power when the output load is open or 
short. In addition to broadband military and commercial applications, 
these super wideband amplifiers are ideal as workhorses for a 
wide number of narrow band applications in your lab or in a 
production environment.

Visit our website for comprehensive performance data and 
specifications for our ZVAs or any of our over 10,000 catalog items. 
You can even order on-line for next day shipment.
         Mini-Circuits...Your partners for success since 1969

       RoHS compliant

  MODEL   FREQ. GAIN   POUT     NOISE FIG. PRICE 
  (GHz)   (dB) ( dBm) (dB)  (1-9)
    @ 1 dB Comp.       
 ZVA-183X+ 0.7-18 26 +24 3.0 845.00
 ZVA-213X+ 0.8-21 26 +24 3.0 945.00

 
 ZVA-183+ 0.7-18 26 +24 3.0 895.00
 ZVA-213+ 0.8-21 26 +24 3.0 995.00

                            

TYPICAL SPECIFICATIONS

Note: Alternative heat-sink must be provided to limit maximum base plate temperature.

All models IN STOCK!

 from

$845ea. +24 dBm output... 0.7 to 21 GHz 

®

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

U.S. patent 7739260

440 rev G

Miss out on MTT? 
Tour our booth at 
minicircuits.com!
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Guide to Multiphysics 
Simulation Tools  

The COMSOL Product Booklet 
2011 is now available free of charge 
at www.comsol.com/activity/us_
mjlist_mar11/1. It is a comprehen-

sive guide to multiphysics simulation tools. This valuable resource provides 
an inside look at a technology that allows you to simulate designs in a quick, 
precise way. Highlights include multiphysics simulation, solvers and perfor-
mance, specifications, and applications (CFD, structural mechanics, chemi-
cal engineering, electromagnetics).

Build-to-Print Design 
Guide
DLI offers Build-to-Print services 
designed to facilitate thin film 
product design, manufacturing 
and testing from prototype to high 
volume production. DLI’s custom 
ceramics offer significantly bet-
ter thermal performance than the 
majority of industry standard ce-
ramics and have an added benefit 
of a sufficiently higher dielectric 
constant allowing miniaturization 
opportunities and temperature 
stable performance. Convert your 
Build-to-Print design to a Build-to-
Performance specification where 

DLI can provide 100 percent tested products that guarantee performance.

COMSOL,
Burlington, MA (781) 273-3322, www.comsol.com.

Dielectric Laboratories Inc., 
Cazenovia, NY (315) 655-8710, www.dilabs.com.

Orange Book of 
Knowledge 

AR has recently released the 
fourth edition of The Orange Book 
of Knowledge. The book contains 
articles and application notes on a 
wide range of topics and applica-
tions, including a reference guide 
for coaxial connectors and cables 
and harmonic measurement for 

IEC 61000-4-3. Visit www.arworld.us to download your copy today or re-
quest one from your local sales associate.

ATE Switching Catalog
This catalog highlights Giga-tron-
ics ASCOR Common-Core based 
signal switching solutions. The Se-
ries 8800 provides a modular RF/
LF/DC switching platform that 
is scalable and reconfigurable to 
meet existing and emerging test 
requirements, covering the DC to 
50 GHz frequency range. Down-

load the ASCOR Series 8800 Brochure at www.gigatronics.com/down-
loads/datasheets/ASCOR_Series8800_Brochure.pdf.

AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181, www.arworld.us. 

Giga-tronics,
San Ramon, CA (925) 328-4650, www.gigatronics.com.
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Catalog Update

Product Guide 

Hittite Microwave Corp., the world 
class supplier of complete MMIC- 
based solutions for communication 
and military markets, is pleased to 
announce the release of the June 
2011 Product Selection Guide, 
summarizing more than 925 prod-
ucts, including 17 new products. 
This selection guide organizes Hit-
tite’s portfolio by product line as 
well as by market applications. Full 
specifications for each product are 
available at www.hittite.com. Click 
on “My Subscription” to receive 
the latest product releases.

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

Passive Components 
International Manufacturing Ser-
vices Inc. (IMS) has released its 
new, comprehensive, color cata-
log of passive components, show-
ing the full range of IMS’ product 
line in an easy-to-navigate format. 
The 16-page catalog contains  
information for IMS’ resistors, 
thermal management devices, 
terminations, attenuators, power 
splitters and couplers, RF and 
microwave dividers, and low pass 
filters products groups. Applica-
tions charts, performance graphs 
and other specifications can be 
viewed online or downloaded and 
saved as a PDF. 

International Manufacturing Services Inc.,
Portsmouth, RI (401) 683-9700, www.ims-resistors.com.
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Six Days Three Conferences One Exhibition

European Microwave Week 2011

EXHIBITION &
CONFERENCE
REGISTRATION
INFORMATION
October 9th – 14th 2011
Manchester Central, Manchester, UK
Register Online at www.eumweek.com

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

European Microwave Association

Wave To The Future

Official Publication:

Supported by:

Organised by:

Co-sponsored by:

Co-sponsored by:

R

Co-sponsored by:
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EUROPEAN MICROWAVE WEEK 2011
THE ONLY EUROPEAN EVENT DEDICATED TO THE MICROWAVE AND RF INDUSTRY

European Microwave Week continues its series of successful events, with its 14th at Manchester Central, Manchester, UK. EuMW2011 returns
to this wonderful city for what promises to be an important and unforgettable event. Bringing industry, academia and commerce together,
European Microwave Week 2011 is a SIX day event, including THREE cutting edge conferences and ONE dynamic trade and technology
exhibition featuring leading players from across the globe.

THE EXHIBITION
Concentrating on the needs of engineers the event showcases the latest trends and developments that are widening the field of application of
microwaves. Pivotal to the week is the European Microwave Exhibition, which offers YOU the opportunity to see, first hand, the latest
technological developments from global leaders in microwave technology, complemented by demonstrations and industrial workshops.
Registration to the Exhibition is FREE!
• International Companies - meet the industry's biggest names and network on a global scale
• Cutting-edge Technology - exhibitors showcase the latest product innovations, offer hands-on demonstrations and provide the opportunity 

to talk technical with the experts
• Technical Workshops - get first hand technical advice and guidance from some of the industry's leading innovators
• Three Conferences - European Microwave Integrated Circuits Conference (EuMIC), European Microwave Conference (EuMC), 

European Radar Conference (EuRAD) 

BE THERE
Exhibition Dates Opening Times
Tuesday 11th October  09.30 - 17.30
Wednesday 12th October 09.30 - 17.30
Thursday 13th October 09.30 - 16.30

New for EuMW2011
Fast Track Badge Retrieval

VISITORS
Registering for the Exhibition

• Register as an Exhibition Visitor online at www.eumweek.com
• Receive a confirmation email with barcode
• Bring your barcode with you to the Exhibition
• Go to the Fast Track Check In Desk and print out your visitors badge
• Alternatively, you can register Onsite at the self service terminals during the Exhibition opening times.

Please note NO visitor badges will be mailed out prior to the Exhibition.

www.eumweek.com

Entrance to the Exhibition is FREE and attending couldn’t be easier.
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Register online and print out your badge in seconds onsite at the Fast Track Check In Desk

Conference Prices
There are TWO different rates available for the EuMW conferences:

• ADVANCE DISCOUNTED RATE – for all registrations made online before 9th September
• STANDARD RATE – for all registrations made online after 9th September and onsite.

Please see the Conference Registration Rates table on the back page for complete pricing information. 
All payments must be in £ sterling – cards will be debited in £ sterling. 

Online registration is open now, up to and during the event until 14th October 2011. 

DELEGATES
Registering for the Conference 

• Register online at www.eumweek.com
• Receive a confirmation email receipt with barcode
• Bring your email, barcode and photo ID with you to the Event
• Go to the Fast Track Check In Desk and print out your delegates badge
• Alternatively, you can register Onsite at the self service terminals during the registration opening times 

below:
- from 4pm on Saturday 8th October 2011 - Tuesday 11th October (07.30 – 17.00)
- Saturday 8th October (16.00 – 19.00) - Wednesday 12th October (07.30 – 17.00)
- Sunday 9th October (07.30 – 17.00) - Thursday 13th October (07.30 – 17.00)
- Monday 10th October (07.30 – 17.00) - Friday 14th October (07.30 – 10.00)

Once you have collected your badge, you can collect the conference proceedings on CD-ROM and delegate
bag for the conferences from the specified delegate bag area by scanning your badge.

EUROPEAN MICROWAVE WEEK 2011
THE CONFERENCES

Don't miss Europe's premier microwave conference event. The 2011 week consists of three conferences and associated workshops:
• The European Microwave Integrated Circuits Conference (EuMIC) - Monday & Tuesday
• The European Microwave Conference (EuMC) - Tuesday, Wednesday, Thursday
• The European Radar Conference (EuRAD) - Thursday & Friday
The three conferences specifically target ground breaking innovation in microwave research through a call for papers explicitly
inviting the submission of presentations on the latest trends in the field, driven by industry roadmaps. The result is three superb
conferences created from the very best papers, carefully selected from close to 1,000 submissions from all over the world.
Special rates are available for EuMW delegates. For a detailed description of the conferences, workshops and short courses
please visit www.eumweek.com. The full conference programme can be downloaded from there.

New for EuMW2011
Fast Track Badge Retrieval
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CONFERENCE PRICING AND INFORMATION
EUROPEAN MICROWAVE WEEK 2011, 9th - 14th October, Manchester, UK

Register Online at www.eumweek.com
ONLINE Registration is open from 6th June, 2011 up to and during the event until 14 October 2011. 

ONSITE registration is open from 4pm on 8 October 2011
ADVANCE DISCOUNTED RATE (before 9 Sept), STANDARD RATE (after 9 Sept & Onsite) 

Reduced rates are offered if you have society membership to any of the following: EuMA, GAAS, IET or IEEE
EuMA membership costs: Professional: £17/year - Student: £12/year
Reduced rates are also offered if you are a Student/Senior (Full-time students less than 30 yrs of age and Seniors 65 or older as 14 October 2011)

ADVANCE REGISTRATION CONFERENCE FEES (BEFORE 9 SEPT)

CONFERENCE FEES ADVANCE DISCOUNTED RATE
Society Member (*any of above) Non-member

1 Conference Standard Student/Sr. Standard Student/Sr.
EuMC £350.00 £87.00 £455.00 £113.00
EuMIC £268.00 £78.00 £348.00 £101.00
EuRAD  £209.00 £76.00 £271.00 £98.00
2 Conferences
EuMC + EuMIC £556.00 £165.00 £723.00 £214.00
EuMC + EuRAD £503.00 £163.00 £654.00 £211.00
EuMIC + EuRAD £429.00 £154.00 £558.00 £199.00
3 Conferences
EuMC + EuMIC + EuRAD £661.00 £241.00 £860.00 £312.00

STANDARD REGISTRATION CONFERENCE FEES (AFTER 9 SEPT AND ONSITE)

CONFERENCE FEES ADVANCE DISCOUNTED RATE
Society Member (*any of above) Non-member

1 Conference Standard Student/Sr. Standard Student/Sr.
EuMC £455.00 £113.00 £591.00 £146.00
EuMIC £348.00 £101.00 £452.00 £131.00
EuRAD £271.00 £98.00 £352.00 £127.00
2 Conferences
EuMC + EuMIC £722.00 £214.00 £939.00 £277.00
EuMC + EuRAD £653.00 £211.00 £849.00 £273.00
EuMIC + EuRAD £557.00 £199.00 £724.00 £258.00
3 Conferences
EuMC + EuMIC + EuRAD £859.00 £312.00 £1,116.00 £404.00

WORKSHOP AND SHORT COURSE FEES (ONE STANDARD RATE THROUGHOUT)
For full details & titles of Workshops & Short Courses, visit www.eumweek.com
FEES ADVANCE DISCOUNTED RATE

Society Member (*any of above) Non-member
Standard Student/Sr. Standard Student/Sr.

1/2 day WITH Conference registration £70.00 £50.00 £95.00 £70.00
1/2 day WITHOUT Conference registration £95.00 £70.00 £125.00 £95.00
Full day WITH Conference registration £100.00 £75.00 £135.00 £95.00
Full day WITHOUT Conference registration £135.00 £100.00 £175.00 £125.00

Other Items

Proceedings on CD-ROM

All papers published for presentation at each conference will be on a
CD-ROM, given out FREE with the delegate bags to those attending
conferences. For additional CD-ROMS the cost is £42

Partner Programme and Social Events

For information on and registration to any of these events, please visit
www.hotelzon.com/en/uk/events-eumw-pp or email:
sally.garland@hotelzon.co.uk. 

DVD Archive EuMC EuMA 
Members

Non EuMA
Members

DVD Archive EuMC 1969-2003 £8.00 £34.00

DVD Archive EuMC  2004-2008 £30.00 £106.00

FREE SPECIAL FORUMS & SESSIONS

Date Time Title Location

Weds 12th 09:00 - 19:00 The 2011 Defence & Security Forum  Charter 1

Thurs 13 &
Fri 14th 

08:30 - 17:00 Doctoral School of Microwaves Central
Meeting Rm 8
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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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IF/RF Microwave Signal 
Processing Components 
Guide 

Mini-Circuits’ new 164-page 
catalog includes over 750 new 
products and the industry’s most 
comprehensive listing of RF/
IF and microwave components 
and subsystems with more than 
4100 products and more than 25 
product lines, including state-of-
the-art amplifiers, mixers, VCOs, 
synthesizers, filters, test acces-
sories and USB Power Sensors. 
Mini-Circuits’ website provides 
additional data, application notes, 

design tools and its powerful YONI search engine, which searches actual 
test data on thousands of units.

Catalog Update

RF/Microwave 
Semiconductors Product 
Guide
Massachusetts Bay Technologies, 
an ISO-9001:2008 certified manu-
facturer of RF/microwave silicon 
diodes, has released a new RF/mi-
crowave Semiconductors Product 
Guide. This guide features new 
products, new part numbers and 
the company’s  complete line of 
silicon diode and thin film prod-
ucts. Please contact MBT sales 
or your local representative for 
a copy of the new MBT product 
guide. 

Massachusetts Bay Technologies (MBT),
Stoughton, MA (781) 344-8809, www.massbaytech.com.

M/A-COM Technology Solutions,
Lowell, MA (978) 656-2500, www.macomtech.com.

Mini-Circuits, 
Brooklyn, NY (718) 934-4500, www.minicircuits.com.

Product Selection Guide 

M/A-COM Technology Solutions 
Product Selection Guide (PSG) 
summarizes more than 3000 stan-
dard products that serve diverse 
markets,  including cable TV, cel-
lular backhaul, fiber optics, aero-
space and defense, automotive, 
industrial, medical, and mobile 
devices. This latest edition fea-
tures newly released products, 
including the Optomai Optoelec-
tronics product line. In addition, 
you will find block diagrams that 
illustrate how M/A-COM Tech’s 
products are integrated within 

major system architectures across various applications. For a print copy, 
visit www.macomtech.com/content/contactus. 

MITEQ,
Hauppauge, NY (631) 439-9220, www.miteq.com.

Component CD Catalog 

MITEQ recently released its 
Spring 2011 full-line CD Compo-
nents Catalog (CD-02M), which 
offers one of the most compre-
hensive displays of standard and 
custom capabilities in the indus-
try.  The CD includes thousands 
of pages of product specifications, 
outline drawings, test data, manu-
facturing flow diagrams, and a 
wide assortment of technical ap-
plication notes.

Product Catalog 

Narda has a new catalog dedi-
cated to its Series 80000 and 
Series 85000 satellite communi-
cations transceivers and up- and-
downconverters. The Series 8000 
includes the Model 81000 and 
82000 transceivers that convert an 
L-band intermediate frequency to 
X- and Ku- or Ka-bands and are 
based on Narda’s Ultimate SMT 
Integrated Microwave Assembly 
(IMA) technology. The Series 
85000 downconverter subsystems 
include all of the conversion func-
tions of the Series 8000 but are 

designed for applications in which an external RF power amplifier is de-
sired, resulting in smaller, lighter enclosures. 
Narda,
Hauppauge, NY (631) 231-1700, www.nardamicrowave.com/east.

Directional Couplers
Pulsar Microwave’s directional 
couplers include lump element, 
microstrip, stripline and airline 
techniques in surface-mount, 
drop-in and connectorized con-
figurations. The enormous library 
of designs makes it practical to of-
fer modifications of catalog items 
quickly and as cost-effective as 
standard parts.

Pulsar Microwave Corp., 
Clifton, NJ (973) 779-6262, www.pulsarmicrowave.com.
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Prototyping Systems 
Guide
T-Tech offers a full line of Quick 
Circuit prototyping systems.  With 
clients in more than 46 countries, 
and thousands of systems in the 
field, T-Tech’s customers range 
from some of the world’s largest 
corporations and research institu-
tions, to academic institutions and 
small businesses. T-Tech’s premier 
prototyping system, the QCJ5, 
features third axis motion control, 
up to 32 automatic tool change po-
sitions, automatic depth control, 
four-zone selectable precision vac-
uum table, and front-panel control 
of common system commands.

Portable Signal 
Generators and Digital 
Attenuators Brochure 

Vaunix’s six-page brochure details 
features and specifications of the 
Lab Brick Signal Generator, Lab 
Brick Digital Attenuator, and pow-
ered USB Hub product lines. Ap-
plications include use with auto-
mated test equipment (ATE) and 
in the engineering or production 

test labs.  All Lab Brick signal generators and digital attenuators are USB 
powered and controlled with an easy-to-install-and-use graphical user in-
terface (GUI) software. They are portable, light-weight, and are ideal for 
use on the bench and in the field. 

Product Brochure 

Since 1965, Werlatone has supplied 
a full range of high power combin-
ers, dividers, 90° hybrid couplers 
and directional couplers. This bro-
chure introduces a few of the com-
pany’s newest products, while also 
providing tabular data on another 
100 popular models. Werlatone’s 
full library contains more than 2000 
models, so please contact Werla-
tone at www.werlatone.com with 
your full specification. More than 
65 percent of Werlatone’s deliver-
ies are custom in nature. Support-
ing the RF industry from 9 kHz to 	

	 6 GHz at 5 W to 20 kW.

T-Tech Inc.,
Norcross, GA (770) 455-0676, www.t-tech.com.

Vaunix Technology Corp.,
Haverhill, MA (978) 662-7839, www.vaunix.com.

Werlatone Inc.,
Patterson, NY (845) 278-2220, www.werlatone.com.

RF & Microwave Coaxial 
Connectors and Cable 
Assemblies Brochure 

San-tron’s brochure features 
New S292 connectors offering 
VSWR of < 1.18 through 40 GHz; 
improved Type N T connectors; 
solder-free Type N right angle 
adapters that perform up to 11 
GHz; Type N panel receptacles 
that feature rugged single piece 
body construction; new eSMA ca-
ble assemblies that replace semi-
rigid assemblies; field-replaceable 
SMAs that minimize loss from DC 

to 26.5 GHz; new Type N connectors that offer smooth electrical perfor-
mance from DC to 18 GHz; and a 7/16 panel receptacle featuring -175 
dBc intermodulation performance.  

San-tron Inc., 
Ipswich, MA (978) 356-1585, www.santron.com.

Antennas and Assemblies 
Brochure
The antennas & assemblies bro-
chure from Spectrum Advanced 
Specialty Products outlines 
Spectrum’s complete vertical in-
tegration and extensive custom 
capabilities for antennas and an-
tenna assemblies. The superior 
performance, high frequency and 
broadest bandwidth of Spectrum’s 
antennas make them ideal for mis-
sion-critical applications. Antenna 
types include aperture, spiral, 
slot, planar, beam-forming static, 
switched array and more. 

Richardson RFPD Inc.,
LaFox, IL (630) 208-2700, www.richardsonrfpd.com.

Spectrum Advanced Specialty Products,
Fairview, PA (814) 474-1571, www.specemc.com.
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Catalog Update

Supplier Line Card
Richardson RFPD Inc.’s 2011 
supplier line card is a 16-page 
booklet that includes listings for 
more than 220 product categories 
from 78 of the industry’s suppliers 
of discrete devices, components 
and assemblies used in RF and 
wireless infrastructure, network-
ing, digital broadcasting, defense, 
microwave and power conversion. 

It lists Richardson RFPD suppliers of RF active component solutions, 
RF passive and electromechanical solutions, RF interconnect solutions, 
high power conversion passive products and power semiconductors for 
renewable energy and high power applications. The Richardson RFPD 
line card is available as a downloadable PDF from the company’s website. 
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The resounding success of the inaugural EuMW Defence/Security Executive Forum 
at EuMW 2010 in Paris has prompted expansion of the event into a 

full-day Forum at European Microwave Week 2011

The 2011 Defence and Security Forum
At European Microwave Week, Manchester, UK

Wednesday, October 12th

A limited number of sponsorships are available
Contact your sales representative or Carl Sheffres at csheffres@mwjournal.com for more information or to reserve your sponsorship

The 2011 EuMW Defence and Security Forum will feature:

MORNING SESSIONS
Safety and Security - considering the application of the microwave technology that is being 

developed to increase security and address safety issues. 

LUNCH AND LEARN
Provided to all attendees, courtesy of Strategy Analytics, who will present market data and 

analysis on the global defence market. 

AFTERNOON SESSIONS 
Radar and EW - focusing on the challenges and solutions for modern systems.

NETWORK RECEPTION
A brief reception will take place following the afternoon sessions and preceding the 

Executive Forum.

EXECUTIVE FORUM
Executives from government defence agencies and leading defence/security OEM contractors 
will consider how their organizations view future threats to global safety, security and defence 
and the role of technology in addressing these risks.  A Q & A session will conclude the event.

Attendance is FREE
Register at www.eumweek.com
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Components
100 W SP3T Switches

Aeroflex intro-
duces the 
MSW3200-320 
and MSW3201-
320 SP3Ts, cover-
ing frequencies of 
10 to 1500 MHz 
and 200 to 4500 

MHz, respectively. Both switches handle up to 
100 W of CW input RF with an IIP3 of 65 dBm. 
Insertion loss is approximately 0.5 dB. For 
pulsed applications, these switches handle up to 
500 W at 10  sec pulse and 1 percent duty cy-
cle. Designed for durable, reliable use in mili-
tary IED jammers and radar, applications also 
include military, commercial and industrial ra-
dios. Typical switching speed is 1 to 2  sec. 
Aeroflex/Metelics,  
Londonderry, NH (888) 641-7364,  
www.aeroflex.com/metelics.

Coaxial Test Cables 

Available in 0.5 
m increments 
from 0.5 m 
through to 5.0 m, 
the new ARC-
CA18 series of 

coaxial test cables are designed for general purpose 
laboratory and equipment applications where dura-
bility, performance and affordability are key fea-
tures. With velocity of propagation at 70 percent 
and a frequency range of DC to 18 GHz, the test 
cables feature the choice of either SMA or type N 
stainless steel connectors to MIL-C-39012 and 
achieve phase stability of ±2 degrees.
AtlanTecRF,  
Braintree, UK +44 1376 550220, 
www.atlantecrf.com.

SMA Coaxial Attenuator
The 42XXF is a 
high perfor-
mance, preci-
sion SMA coaxi-
al attenuator 
value priced for 

high volume applications. This new and im-
proved version of the 42XX series of SMA co-
axial attenuators is offered in commercial or 
high reliability versions for a wide range of ap-
plications. EMC coaxial attenuators are manu-
factured with a stainless steel body and a stan-
dard SMA male/female interface, and are 
smaller and lighter weight than those on the 
market. This product is available in values from 
0 to 20 dB in one dB increments and up to a 
maximum frequency range of 12.4 GHz. 
EMC Technology,  
Stuart, FL (772) 600-1620,  
www.emc-rflabs.com.

Surface-mount Switch
The 50S-1887 SMT is a surface-mount switch 
that can handle up to 100 W (average RF input 
power) and is capable of hot-switching 20 W. 

The 50S-1887 is 
designed to op-
erate from 225 
to 400 MHz, but 
other frequency 
ranges may be 
available upon 
request. 

JFW Industries,  
Indianapolis, IN (317) 887-1340, 
www.jfwindustries.com.

2 mmWave Range Magnetron
This 2 mmWave range 
magnetron has a lifetime 
of 1000 hours. Having a 
forced-air cooling system 
rather than fluid cooling 
means that the input  
power is significantly re-
duced and that the di-
mensions of the radar sta-
tion can be decreased. 

The magnetron’s small dimensions and weight 
of only 2.6 kg mean that its applications are not 
just limited to land-based systems. Its pulsed 
output power is 4 kW. However, the company 
claims to be able to provide 10 kW output pow-
er at the customer’s request, alongside other 
customization options. 
JSC Pluton,  
Moscow, Russia +7 (495) 916 87 01,  
www.pluton.msk.ru.

Quadrature Hybrid Coupler
Model 3017360 
is a multi-pur-
pose, quadrature 
hybrid stripline 
design with ap-
plications includ-
ing monopulse 

comparators, power combining/dividing, mix-
ers, modulators and phased array antenna systems. 
KRYTAR’s technological advances have extended 
the frequency range of this four-port unit from 1.7 
to 36 GHz with coupling loss of 3 dB, greater than 
12 dB isolation, ±1.7 dB amplitude imbalance and 
±12-degrees of phase imbalance. The hybrid cou-
pler exhibits insertion loss of less than 3.2 dB across 
the frequency range. Maximum VSWR is 1.85 and 
power rating is 20 W average and 3 kW peak. Mod-
el 3017360 is a compact package measuring  
2.6 "(L) × 0.625" (W) × 0.50" (H), weighs only 1.6 
ounces, and comes with 2.92 mm coaxial female 
connectors. Operating temperature is -54° to 85°C. 
KRYTAR Inc.,  
Sunnyvale, CA (408) 734-5999,  
www.krytar.com.

Solid-state Attenuator

The PMI model DTA-30M6G-60-CD-1 is a sol-
id-state attenuator that operates in a frequency 
range from 30 MHz to 6 GHz. Features include 
mean attenuation range of 60 dB; insertion loss 
of 4.0 dB maximum; return loss of  8.5 dB maxi-
mum; minimum attenuation step is 0.25 dB; 
switching time is 5.0 usec maximium; control is 
8-bit TTL; DC voltage is +12 VDC; connectors 
are SMA(F) 2 and 15 Pin Micro-D. Size 2.0"L 

× 1.8"W × 0.5"H.
Planar Monolithics Industries Inc., 
Frederick, MD (301) 662-5019,  
www.pmi-rf.com.

Directional Coupler
Pulsar model 
CS20-52-436-9 
is a new 20 dB 
coupler cover-
ing the frequen-
cy range of 2 to 
40 GHz with 1.6 
dB insertion 

loss. Directivity is greater than 10 dB and flat-
ness is ±0.5 dB, 2 to 20 GHz and ±1.0 dB, 2 to 
40 GHz. The VSWR is 1.80:1 maximum and the 
unit can handle 20 W into a 1.20:1 load. Con-
nectors are 2.92 mm female. 
Pulsar Microwave Corp.,  
Clifton, NJ (973) 779-6262,  
www.pulsarmicrowave.com.

Miniature Discrete Component 
Filters

Reactel offers 
its miniature 
discrete compo-
nent filters in 
lowpass, high-
pass, bandpass, 
notch and di-

plexer configurations operating in a frequency 
range of 10 to 5000 MHz. These little power-
houses are perfect for mobile or man-pack sys-
tems, and are rugged enough to withstand the 
harshest of environments. 
Reactel Inc.,  
Gaithersburg, MD  
(301) 519-3660,  
www.reactel.com. 

High Power Coaxial Coupler
R&D Micro-
wave is intro-
ducing its new 1 
to 18 GHz high 
power taperline 
coaxial couplers, 

featuring a combination of high performance 
specifications that are excellent for instrumen-
tation test or system applications. Model C1-
B12 covers the full frequency range with ±1 dB 
accuracy, including frequency flatness, in 20 or 
30 dB coupling values. The unique tapered co-
axial air dielectric structure has minimal inser-
tion loss of typically 0.2 dB and is capable of 
handling power levels up to 600 W. Input return 
loss and directivity is better than 15 dB over the 
full frequency range, and typically 25 dB over 
most of the frequency range. 
R&D Microwaves LLC,  
East Hanover, NJ  
(908) 212-1696,  
www.rdmicrowaves.com.

Octave Band Drop-in Circulator

Renaissance has designed a new octave band 
drop-in circulator, model 3G7BH, that  

New Waves
For more new products, visit www.mwjournal.com/buyersguide  
featuring V  storefronts
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covers a band-
width of 5.2 to 
11 GHz over 
-20° to +85°C. 
With insertion 
loss less than 
0.95 dB over the 
entire band, the 

circulator is robust to handle 20 W of incident 
RF power. Return loss and isolation of 13 dB 
ensures better match to the RF circuitry where 
it is being placed. It is housed in a 0.75" square 
stainless steel housing for temperature stable 
performance. For more information, contact 
sales at 978-772-7774, sales@recusa.com or 
visit www.rec-usa.com.
Renaissance Electronics,  
Harvard, MA  
(978) 772-7774,  
www.rec-usa.com.

RF323x Quad-band Transmit 
Module Family 
RFMD’s new RF3232, RF3233 and RF3234 
quad-band transmit modules are ideal for the 

final portion of the 
transmitter section in 
multi-mode 3G entry 
handsets and connected 
devices. These modules 
are the core of RFMD’s 
RF323x Power Platform 
and include 50 Ω 

matched input and output ports, eliminating 
the need for external PA-to-antenna switch 
module matching components. The RF323x 
quad-band transmit module family is for 
UMTS/WCDMA/TD-SCDMA applications.
RFMD, 
Greensboro, NC  
(336) 664-1233,  
www.rfmd.com.

STR-2 Series Expansion
RLC Electron-
ics Inc. has ex-
panded the  
terminated sin-
gle-pole double 
throw switch 
(STR-2 series) 
with a new 50 

GHz version using 2.4 mm connectors. This 
model is optimized for excellent RF perfor-
mance with an insertion loss of 1.1 dB maxi-
mum, VSWR 2:1 and an isolation of 50 dB. 
Standard operating modes are failsafe and 
latching with self cut-off; other options include 
TTL driver and indicators. Applications for this 
switch include high frequency test and mea-
surement where excellent RF performance is 
necessary. 
RLC Electronics Inc.,  
Mount Kisco, NY  
(914) 241-1334,  
www.rlcelectronics.com.

Two-way Power Dividers

The VFPD200 series of miniature monolithic 
two-way zero degree power dividers consists of 
seven models spanning the frequency range of 
700 MHz to 3.8 GHz and are offered 

in a miniature 
1.5 × 2.0 mm 
leadless pack-
age. Valpey 
Fisher’s RF/mi-
crowave passive 
products utilize 
a custom design 

and monolithic manufacturing process, which 
offer outstanding electrical performance and 
part-to-part repeatability when compared to to-
day’s existing solutions. Samples are available 
upon request. 
Valpey Fisher Corp.,  
Hopkinton, MA  
(800) 982-5737,  
www.vapleyfisher.com.

Two-way Combiner, 20 to 1000 MHz

Model D8300, 
rated at 100 W 
at the sum port, 
is also rated for 
10 W/input in a 
non-coherent 
combing appli-
cation provided 
it is mounted to 

a proper heat dissipation surface. Designed for 
military and commercial applications, this unit 
will tolerate a full input failure, at rated power. 
Werlatone Inc.,  
Patterson, NY (845) 278-2220,  
www.werlatone.com.

Amplifiers
26 to 40 GHz Power Amplifier

Model L2640 is 
a Ka-band high 
power amplifier 
operating over 
the 26 to 40 
GHz band-
width. This am-
plifier delivers 2 

W minimum of output power across the entire 
bandwidth with greater than 35 dB of small sig-
nal gain. Package size is 3.60" × 4.31" × 0.65", or 
the unit can be provided in an industry standard 
19" rack-mount chassis. RF connectors are K 
input and waveguide WR28 output, and the DC 
supply is +12 V at 5 amps. Many options can be 
specified, including very fast on/off switching 
(35 ns typical, 50 ns maximum) via standard 
TTL command. 
AML Communications,  
Santa Clara, CA (408) 727-6666,  
www.amlj.com.

High Power Pulsed Broadband 
Amplifier
Model BPHED27457-400 is a new high power 
pulsed broadband amplifier for Synthetic Aper-
ture Radar (SAR) applications covering the fre-
quency range of 25 to 450 MHz. This amplifier 
provides a high power pulsed RF output 

into one of three 
selectable an-
tenna ports. The 
amplifier is de-
signed to oper-
ate in an air-
borne Foliage 

Penetration (FOPEN) or Ground Penetrating 
Radar (GPR) SAR application. The amplifier is 
packaged in a single mountable assembly, which 
includes integrated T/R switches, a dummy 
load, harmonic filtering, and DC-to-DC con-
verters. It is suited for payloads with limitations 
in size, weight and power. The entire assembly 
is just 12" × 12" × 24", weighs less than 60 
pounds, and requires less than 700 W. 
Comtech PST,  
Melville, NY (631) 777-8900,  
www.comtechpst.com.

Compact SSPA
CTT Inc. announces a new compact, solid-state 
power amplifier (SSPA) operating in the 6 to 18 
GHz frequency range. This SSPA is a GaN-
based MMIC design that offers 40 W of 

output power in 
a compact pack-
age. Additional 
specifications 
include a mini-
mum of +46 dB 
of gain, maxi-

mum, gain flatness of ±2.5 dB, noise figure of 8.0 
dB. Power saturation (Psat) performance is 
+44.5 dBm, minimum and +46.0 dBm. Typical 
applications include wideband jamming for both 
ship-based and airborne usage. The new SSPA is 
also suitable for next generation jamming de-
signs. CTT model AGM/180-4646 is based on 
GaN MMIC technology with operating require-
ments of +36 V, DC and 6.6 A, typical of DC cur-
rent. The package measures 4.14" × 3.0" × 0.68".
CTT Inc.,  
Sunnyvale, CA (408) 541-0596,  
www.cttinc.com.

High Power Amplifier

The 500 to 2500 MHz/100 W broadband high 
power amplifier module (SKU # 1189) model 
1189 is a recent addition to the company’s port-
folio of building block designs incorporating 

the latest GaN 
device technol-
ogies and con-
trol functional-
ity. The module 
delivers 100 W 
minimum, 125 

W typical Psat over 500 to 2500 MHz at typical 
efficiencies of 45 percent.  An industry leading, 
small form factor package (7.4 × 3.6 × 1.06) allows 
for easy integration in compact system designs. 
This building block module is well suited for use 
in defense, communications and test applications.
Empower RF Systems Inc.,  
Inglewood, CA (310) 412-8100,  
www.empowerrf.com.

Compact, Ka-band Gain 
Controlled Amplifier

AMF-3F-20002600-68-20P-GC is an amplifier 
that has over 23 dB of gain from 20 GHz to 26 
GHz, in a one-inch long housing. Application of 
+5 V on the gain control pin decreases gain 

by 10 dB while 
maintaining flat-
ness, which is a 
maximum of 
±1.5 dB. This 
amplifier has a 
maximum noise 
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Smarter is better.
Looking for better IMA performance?

Incorporating a microcontroller turns an IMA into a smart IMA —
which gives you a number of big benefits:

• Reduced setup and tune time
• Greater precision
• Adaptive adjustments that 

compensate for system 
dynamics and 
environmental extremes

• Compensation for lot-to-lot 
semiconductor variances

Narda’s Ka Band 8W linear power output SSPA 
is a excellent example.  Its microcontroller 
uses data from its temperature sensors, 
power monitors and calibration look-up 
tables to deliver greater linear power 
output with lower DC power consumption 
over a broader  temperature range.  

Smarter is better. To learn more 
about the benefits of adding 
microcontrollers to IMAs, 
call 631-231-1700, or 
visit www.nardamicrowave.com.

Innovative     | Multifunction      | Adaptable

I n t e g r a t e d  M i c r o w a v e  A s s e m b l i e s

IMAgine.

No one goes to greater lengths 
for smaller wavelengths.

narda
435 Moreland Road, Hauppauge, NY 11788
Tel: 631.231.1700 • Fax: 631.231.1711
e-mail: nardaeast@L-3com.com

www.nardamicrowave.com
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a GaN/SiC HEMT that operates over the in-
stantaneous bandwidth covering 5.4  to 5.9 GHz 
in the C-band frequency range. The  
IGN5459M40 is characterized under 300 µs 
pulse width and 10% duty cycle pulsing condi-
tions and typically supplies a minimum of 40 W 
of peak output power and 50 % efficiency. This 
device is housed in a ceramic flanged package 
with partial impedance matching circuitry.
Integra Technologies Inc.,  
El Segundo, CA (310) 606-0855,  
www.integratech.com.

Hyperabrupt Varactor Diode

Skyworks introduces a hyperabrupt varactor di-
ode with a wide tuning range and low phase 
noise for VCO and voltage tuned filter  

tear strength. Additionally, 92TS1 products pro-
vide good protection against impact.
Rogers Corp.,  
Rogers, CT (860) 774-9605,  
www.rogerscorp.com.

Semiconductor/ICs
C-band GaN RF Power Device

Intended for 
commercial C-
band radar appli-
cations including 
weather radars, 
part number  
IGN5459M40 is 

figure of 6.8 dB in the full band. It operates 
from -40° to +75°C of base temperature, has a 
P1dB of minimum of 20 dBm and a 500 output. 
Composite metal body with a CuW base pro-
vides excellent thermal characteristics while 
hermetic sealing is optional if required.
MITEQ Inc.,  
Hauppauge, NY (631) 439-9469,  
www.miteq.com.

Connectorized Push-Pull 
Wideband Amplifier

Zx60-23LM+ 
offers ultra-low 
second harmon-
ic (high IP2), 
built-in reverse-
bias protection 

and a cost-effective design. This wideband am-
plifier is a very low-cost, high performance  
500 MHz to 2 GHz device based upon a 50 Ω 
push-pull design. Built within Mini-Circuits’ 
patented unibody construction, this amplifier 
features exceptionally low second-order har-
monic distortion and is unconditionally stable. 
It is ideal for a wide range of wireless, small-
signal, and lab and test equipment designs.
Mini-Circuits,  
Brooklyn, NY (718) 934-4500,  
www.minicircuits.com.

4.4 to 5 GHz Low Noise Amplifier

NIC introduces 
a wideband 
LNA operating 
over the fre-
quency range of 
4.4 to 5 GHz, 
designed for use 
in C-band, radar 

and Satcom applications. This LNA offers a 
high gain of 30 dB, sub 1 dB noise figure, low cur-
rent consumption and input power protection, 
built in a small package size of 1.0" × 0.9" ×0.41". 
Custom designs are available up to Ku-band.
Networks International Corp.,  
Overland Park, KS (913) 685-3400,  
www.nickc.com.

Material
Self-adhesive Foams

Rogers has introduced two new self-adhesive 
foams. PORON T h i n - S t i k  ShockSeal 
Foam: 79TS1-09021  s u c c e s s f u l l y  com-
bines the compressibility of the ThinStik family 
of foams with the impact protection of the 

ShockSeal se-
ries. Additional-
ly, this offering 
exhibits high  
z-ax is  tear 
strength and ex-
cellent sealing 
properties. PO-

RON ThinStik Foam: 92TS1-09020 provides a 
winning combination of compressibility and 
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New Products

app l i ca t ions . 
This general 
market diode 
targets WLAN, 
CATV LNB, en-
ergy manage-
ment, wireless 

infrastructure and military applications. The new 
diode is designed for high-volume commercial 
and industrial OEMs, ODMs and contract manu-
facturers who also manufacture voltage-controlled 
phase shifters and tunable bandpass filters.
Skyworks Solutions Inc.,  
Woburn, MA (781) 376-3000,  
www.skyworksinc.com. 

RF Power Transistor

TriQuint’s new packaged 
GaN discrete RF power 
transistor offers high PAE, 
gain and s u b s t a n t i a l 
wideband coverage. The 
T1G6001528-Q3 delivers 
more than 18 W of output 

power and greater than 50 percent efficiency 
across an exceptionally wide bandwidth (DC to 
6 GHz). The innovative new T1G6001528-Q3 
is ideal for narrow and wideband applications. 
The T1G6001528-Q3 offers >10 dB gain at 6 
GHz and operates at 28 V; it is available in an 
earless ceramic package. 
TriQuint Semiconductor,  
Hillsboro, OR (503) 615-9000,  
www.triquint.com. 

Software
EM Software

Remcom announces an updated version of its 
electromagnetic simulation software, XFdtd Re-
lease 7 (XF7), which includes several geometric 
modeling additions and new performance ef-
ficiencies. The upgrade, which updates the soft-
ware to Release 7.2, contains enhancements that 
simplify and speed overall usability including ad-
ditional modeling capabilities that enable more 
precise control over cut geometries when sketch-
ing complex models. The upgrade also contains 
simplified sampling interval settings for Frequen-
cies of Interest (DFT), simulations using averaged 
materials now exploit XStream GPU acceleration 
technology, and XFSolver intelligently records 
which XStream devices are being used for simu-
lations, allowing multiple simultaneous XStream 
simulations on a single machine. 
Remcom Inc.,  
State College, PA (814) 861-1299,  
www.remcom.com.

Sources
CVCO55CC-0827-0840 VCO
Crystek’s CVCO55CC-0827-0840 VCO oper-
ates from 827 to 840 MHz with a control volt-
age range of 0.2 to 4.7 V. This VCO features a 
typical phase noise of -124 dBc/Hz at 10 KHz 
offset and has excellent linearity. Output  
power is typically -6.5 dBm. The model  
CVCO55CC-0827-0840 is packaged in the 

industry-stan-
dard 0.5" × 0.5" 
SMD package. 
Input voltage is 
5 V, with a maxi-
mum current 
consumption of 
30 mA. Pulling 

and pushing are minimized to 0.05 MHz and 
0.05 MHz/V, respectively. Second harmonic 
suppression is -18 dBc typical. The CV-
CO55CC-0827-0840 is ideal for use in applica-
tions such as digital radio equipment, fixed 
wireless access satellite communications sys-
tems, and base stations.
Crystek Corp.,  
Ft. Myers, FL (800) 237-3061,  
www.crystek.com. 

Surface-mount Clock Oscillators
The PLXO se-
ries surface-
mount phase-
locked crystal 
oscillators are 
designed to op-
erate at select 
custom fre-

quencies from 5 to 500 MHz as reference 
clocks in military and commercial RF/micro-
wave systems. Locked to an external frequency 
reference (or optional internal reference), the 
PLXO units feature very low RMS jitter (< 0.05 
pSec, typical), excellent phase noise (Fout = 
155 MHz, < -120 dBc/Hz at 1 KHz, typical) and 
low power consumption at +3.3, +5, +8 or +12 
VDC. Housed in a miniature surface-mount 
package (0.9" × 0.9" × 0.15"), the PLXO units 
also feature no sub-harmonics and operate over 

an optional wide temperature range (-40° to 
+85°C). 
EM Research Inc.,  
Reno, NV (775) 345-2411,  
www.emresearch.com.

Phase-locked Reference Source
The new PLOC10-10, a 10 MHz clean-up 
phase-locked reference source, is 

a small profile, 
low cost mod-
ule. It is ideal 
for turning a 
marginal refer-
ence signal into 
a high quality 
extremely low 

phase noise reference for critical system appli-
cations. It is designed to phase-lock its internal 
10 MHz OCXO to the input reference signal. 
The internal 10 MHz OCXO has exceptionally 
good phase noise performance [L(100Hz) = 
-145 dBc/Hz]. When phase-locked to a source 
with outstanding long term stability, such as an 
atomic standard or GPS, this module is an ideal 
10 MHz frequency source. 
Luff Research Inc.,  
Floral Park, NY (516) 358-2880,  
www.luffresearch.com.

CXOs with Timer Functionality 
The RFPT200 is a 7 × 5 mm surface-mount 
DC-TCXO (digitally-controlled, temperature- 
compensated crystal oscillator), which brings 
together unrivalled frequency stability, 

digital frequen-
cy control, a 
separate low 
frequency out-
put and embed-
ded timer and 
alarm function-
ality, all con-

trolled via a standard SPI interface. Its en-
hanced functionality allows the system it is used 
in to be switched off when not required and 
then switched on again at a predetermined time 
in the future. The RFPT200 uses Rakon’s pat-
ented Pluto technology to provide a high sta-
bility reference frequency for use during re-
ceive and transmit. 
Rakon Ltd.,  
Auckland, New Zealand +64 9 571 9216, 
www.rakon.com.

Voltage-controlled Oscillator
Z-Communica-
tions Inc.’s 
RoHS compli-
ant VCO model 
SMV3727A-LF 
in S-band oper-
ates at 3710 to 

3744 MHz with a tuning voltage range of 0.5 to 
3 VDC. This VCO features a typical phase noise 
of -83 dBc/Hz at 10 KHz offset and a typical 
tuning sensitivity of 142 MHz/V. The 
SMV3727A-LF is designed to deliver a typical 
output power of 3 dBm at 2.7 VDC supply 
while drawing 10 mA (typical) over the tem-
perature range of -40º to 85ºC. This VCO fea-
tures typical second harmonic suppression of 
-15 dBc and comes in Z-Comm’s standard SUB-
L package, measuring 0.3" × 0.3" × 0.08".
Z-Communications Inc.,  
Poway, CA (858) 621-2700,  
www.zcomm.com. 
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Test Equipment
8 GHz VNA Calibration Kit 

This EcoCal 
calibration kit 
for SMA-fe-
male-connectors 
supports broad-
band VNA-
measurements 
of microwave 
devices up to 8 

GHz. This is achieved with three SMA-compo-
nents for the four calibration measurements short 
(S), open (O), load (L) and thru (T). It is suitable 
for industrial departments and laboratories.
Heuermann HF-Technik GmbH,  
Aachen, Germany +49 2408/9379019, 
www.hhft.de.

Portable Signal Generator

Designed to fulfill signal 
generation needs in the 
field or on the bench, and 
priced at $14,998, the 
HMC-T2220B provides 
the highest output power, 
lowest harmonic levels 
and broadest frequency 
range compared with por-
table signal generators of 

similar size and cost. Ideal for use in automated 
test and measurement environments and in re-
search and development laboratories, the 
HMC-T2220B is a compact and lightweight fre-
quency generator that delivers up to +28 dBm 
of CW output power in 0.1 dB steps over a bet-
ter than 60 dB dynamic range. Harmonic rejec-
tion is better than -43 dBc at 2 GHz and spuri-
ous products are better than -65 dBc at 10 GHz. 
Phase noise is -119 dBc/Hz at 100 kHz offset 
from 1 GHz with insignificant deviation over 
the temperature range of 0° to +35°C. 
Hittite Microwave Corp.,  
Chelmsford, MA (978) 250-3343,  
www.hittite.com.
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Westford, MA 
978-692-6180
LaserServicesUSA.com
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Modco MCR840-870MC covers 
840MHz to 870MHz with a Tuning 
Voltage of 1.0Vdc to 12Vdc. It has 
exceptionally low Phase Noise of 
-130dBc @ 10kHz offset. Package is 
industry standard 0.500 inch square 
and height of 0.235 inch

www.modcoinc.com

Converters

3 - 5 WEEKS ARO
*Most Products

3 - 5 WEEKS ARO

Product Options:
• Temp Compensated / AGC Control
• TTL Controlled / Bit Detection
• Multi-port Switching / Monitoring
• Phase / Amplitude Tracking
• Custom Filter / Amp Design
•• Environmentally Screened / Tested
• Compliant to MIL-STD-883
3 - 5 WEEKS ARO

Military Grade at  Commercial Pricing
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SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 – WILTON – NH – 03086
(603) 654-2002 – Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com

S HP

REVOLUTIONARY 
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of 
MIL-STD-348, but utilize unique housing 

interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package materials

MODPAK RF ENCLOSURES use a unique 
connector design that supports and allows 
access to both sides of your PC board.  
The enclosures are offered in 27 standard  
models with BNC, TNC, N or SMA 50 ohm 
female connectors. Custom enclosures 
fabricated to your specs. Contact us today.

Ph: 207.884.8285 • Fax: 207.884.8712
www.modpak.com

Access 
BOTH 
SIDES 
of your 
PC board
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Introduction 
to RF Design 
Using EM 
Simulators

Hiroaki Kogure, 
Yoshie Kogure and 

James Rautio
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THE BOOK END

computer has increased in speed by 
about 300 million times as applied to 
matrix inversion since then. With the 
huge increases in speed, the industry 
has also seen huge increases in the 
numbers of engineers who need to 
solve microwave problems.

The Kogures have been addressing 
this need for the last quarter-century 
in Japan by giving innumerable cours-
es to help bring engineers new to our 
fi eld up to speed quickly. While these 
students were eager and motivated, 
and very skilled in other areas, their 
knowledge of microwaves was often 
nearly nonexistent. This book, along 
with the companion antenna book, is 
the culmination of all those years of 
training Japan’s new-found micro-
wave engineers. It is intended for any-
one who fi nds themselves in the same 
situation as the Kogures’ Japanese 
students – lots of motivation, but little 
knowledge in this highly specialized 
fi eld. It is for those who will go on to 
immerse themselves in equation-fi lled 
college text books but would like a 
quick, easy read to get the big picture, 
to get a fundamental understanding 
of what is happening before dealing 
with massive amounts of technical de-
tail. It is also for those who deal with 
microwave designers, who would like 
to have a deeper understanding of ex-
actly what is going on, rather than just 
trying to memorize a few impressive-
sounding technical terms.

The Kogures performed the initial 
translation of this book, and then Rau-
tio provided some polish to the prose 
and added a few points. The original 
content of the book is due to work 
performed by all three authors.  The 
DVD included with this book includes 
a copy of Sonnet Lite and various fi les 
used for the examples in the book.  It 
is highly recommended for beginners 
in this area of study.

James Rautio is well known as the 
founder of Sonnet and his collabo-
ration with the Kogures goes back 

to 1985.  At the time, he had writ-
ten an antenna analysis program for 
amateur radio operators that Aki and 
Yoshie promoted and sold in Japan.  
They have been working together 
ever since.  As described in this book, 
a typical moderately high-end desktop 

To order this book, contact:
Artech House, 

685 Canton St., Norwood, MA 02062
800-225-9977; 

or 
6 Sussex St., London, SW1V 4RW, UK 

+44 (0)20 7596 8750

Pages: 290, $109, £75
ISBN: 978-1-60807-155-5

The Complete
Antenna Design and 
Placement Solution

Global sales and technical support network:
Local distributors in Europe, North America, South America, Japan, China, South Korea, Singapore, India, Israel, 

Taiwan, South Africa

FEKO includes several 

computational methods, each 

optimised for different problem 

types.

The Method of Moments and the 

Finite Element Method allow the 

analysis of a wide range of 

complex antennas. Hybridisation of these with asymptotic high 

frequency techniques allows the simulation of an antenna in their 

operating environment.

Additional Applications: Waveguide, RF components, Microstrip 

Circuits, EMC, Cable Coupling, Radomes, RCS, Bio-EM.

Antenna Design: The combination of FEKO 

and Antenna Magus, with its huge 

database of antennas, provides a smooth 

design and analysis workflow.

www.feko.info

 7M18 FINAL.indd   134 6/29/11   11:06 AM

http://www.feko.info


RF/Microwave Training Series
Presented by Besser Associates
•	RF	Power	Amplifiers
•	Mixers	and	Frequency	Conversion
•	Electrically	Small	Antennas
•	RF	Oscillators

Innovations in EDA Series
Presented by Agilent EESof EDA
•		LTE-Advanced:	Overcoming	Design	Challenges	for	4G	PHY	

Architectures
•	Direct	Filter	Synthesis	for	Customized	Response
•	Opto-Electronic	Signal	Integrity	on	Optical	Fiber	Chip-to-Chip	Links	
•	Multi-Technology	RF	Design	Using	the	New	Advances	in	ADS	2011

Innovations in RF Test Series
Presented by Agilent Technologies
•		Use	Capture,	Playback	&	Triggering	to	Completely	Analyze	a	

Signal	
•	See	the	Future	of	Arbitrary	Waveform	Generators	
•	T	hree	Steps	to	Successful	Modulation	Analysis	with	a	Vector	

Signal	Analyzer

Market Research Series
Presented by Strategy Analytics
•	RF	and	Power	Electronics	Opportunities	for	GaN	Market	Growth
•	Fundamentals	and	Applications	of	AESA	Radar
•	MilSatcom	Electronic	Market	Trends	Through	2020

Technical Education Series
•	Nonlinear	Characterization	Expert	Forum
Sponsored by Agilent Technologies, Anritsu, Rohde & Schwarz, 
Tektronix
•	RF	and	Microwave	Heating	
Sponsored and Presented by COMSOL 
•		LNA	Design	and	Characterization	Using	Modern	RF/Microwave	

Software	Together	with	T&M	Instruments
Sponsored and Presented by AWR Corp. and Rohde & Schwarz
•	Make	Your	LTE	Call	Now!
Sponsored and Presented by Rohde & Schwarz
•	Creating	Real	World	Electromagnetic	Simulations
Sponsored and Presented by COMSOL

Frequency Matters .

Past Webinars On Demand

Register to attend at  
mwjournal.com/webinars

July Short Course Webinars
Innovations in EDA Series 
A Model Based Approach for System Level RFIC Verification
This	 webcast	 will	 introduce	 a	 unique	 system/circuit	 verification	
flow	that	leverages	the	nonlinear	behavioral	models	with	memory	
effects	using	GoldenGate’s	Fast	Circuit	Envelope	simulation	solu-
tion	for	system	level	verification	with	SystemVue.
Available	for	on	demand	viewing	after:	7/7/11
Sponsored by Agilent Technologies

RF/Microwave Training Series 
Presented by Besser Associates 
LTE Broadband Wireless Access 
UMTS	evolution	and	several	Long	Term	Evolution	(LTE)	technologies	
that	 are	 shaping	 4G	 wireless	 networks	 are	 presented,	 including	
OFDMA	 and	 SC-FDMA.	 3GPP	 LTE	 and	 Mobile	 WiMAX	 standards	
are	reviewed	and	compared.
Live	webcast:	7/19/11,	11:00	AM	EDT	
Sponsored by Anritsu

Innovations in VSA Series
Custom OFDM:  Understanding Signal Generation and Analysis
An	overview	of	OFDM	basics	and	typical	impairments,	illustrated	
with	examples	 from	several	 commercial	OFDM	standards	 cover-
ing	algorithmic,	design,	and	measurement	challenges	along	with	
specific	design	techniques	and	tools.
Live	webcast:	7/20/11,	1:00	PM	EDT
Sponsored by Agilent Technologies

Innovations in LTE Series
Using Wireless Link Analysis to Verify Your LTE Radio Signals
This	webcast	looks	at	LTE	signals	and	how	to	decode	them,	verify-
ing	the	detailed	content	of	both	downlink	and	uplink	signals.
Live	webcast:	7/27/11,	1:00	PM	EDT
Sponsored by Agilent Technologies

Bonus Webcast 
Innovations in EDA Series
How to Make Your Existing Designs More Robust
Live	webcast:	7/28/11,	1:00	PM	EDT
Sponsored by Agilent Technologies
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http://mwjournal.com/webinars


136  MICROWAVE JOURNAL  JULY 2011

A
D

V
E

R
T
IS

IN
G
 I

N
D

E
X ADVERTISER PAGE NO.

Advanced Switch Technology 133
Agilent Technologies 35,77,111
American Technical Ceramics 36
AML Communications, Inc. (see Microsemi below) 73
Anadigics 56
Analog Devices 43
Anatech Electronics, Inc. 22
Ansys, Inc. 25
AR RF/Microwave Instrumentation 29
Artech House 118,120
AWR 11
B&Z Technologies, LLC 31
Carlisle Interconnect Technologies 13
Cernex, Inc. 100
Ciao Wireless, Inc. 58
Cobham Defense Electronic Systems 39
Coilcraft 15
COMSOL, Inc. 23
CPI Beverly Microwave Division 47
CST of America, Inc. 21
dBm, LLC 32
Dielectric Laboratories Inc. 101
Eastern Wireless TeleComm, Inc. 37
EMC Technology Inc. 9
Empower RF Systems, Inc. 97
ES Microwave, LLC 56
EuMW 2011 117,123
Fairview Microwave 99
Feko 134
Florida RF Labs Inc. 9
Frontlynk Technologies Inc. 104
G.T. Microwave Inc. 38
Herotek, Inc. 18
Hittite Microwave Corporation 81,83,85,87
Huber + Suhner AG 75
K&L Microwave, Inc. 7
Laser Services 133
Linear Technology Corporation 69
Lorch Microwave 61
M/A-COM Technology Solutions 26,27
Maury Microwave Corporation 54,90
MECA Electronics, Inc. 6
MiCIAN GmbH 86
Micro-Coax Components 55
Microsemi (Formerly AML Communications, Inc.) 73
Microtool, Inc. 68

Microwave Journal 76,78,127,135
Mini-Circuits 4-5,16,65,
  66,79,95,
  105,109,113,
  119,121,129,137
MITEQ Inc. 3,93,125
Modco, Inc. 133
Modpak, Inc. 133
Narda Microwave-East, an L3 Communications Co. 30,131
Noisecom COV 2
NoiseWave Corp. 8
Norden Millimeter Inc. 28
OML Inc. 107
Paciwave, Inc. 68
Pascall Electronics Limited 64
Pico Technology 74
Programmed Test Sources, Inc. COV 3
Pulsar Microwave Corporation 102
R&K Company Limited 132
Reactel, Incorporated 62
Remcom 103
Res-Net Microwave Inc. 60
RFHIC 92,94
RFMD 45
Rogers Corporation 33
Rosenberger 51
RT Logic 53
Sector Microwave Industries, Inc. 133
Sivers IMA AB 108
Skyworks Solutions, Inc. 41
Sonnet Software, Inc. 19
Special Hermetic Products, Inc. 133
Spectrum Elektrotechnik GmbH 91
Stanford Research Systems 49
Synergy Microwave Corporation 71,115
T-Tech, Inc. 118
Taconic 44
United Monolithic Semiconductors 89
Universal Microwave Components Corporation 112
Waveline Inc. 46
Weinschel Associates 22
Werlatone, Inc. COV 4
Win Semiconductors Corp. 57
Wright Technologies 133
X-Com Systems 84

Eastern and
Central Time Zones
Chuck Boyd
Northeast Reg. Sales Mgr.
(New England, New York, 
Eastern Canada)
685 Canton Street
Norwood, MA 02062
Tel: (781) 769-9750
FAX: (781) 769-5037
cboyd@mwjournal.com

Michael Hallman
Eastern Reg. Sales Mgr.
(Mid-Atlantic, Southeast, Midwest)
4 Valley View Court
Middletown, MD 21769
Tel: (301) 371-8830
FAX: (301) 371-8832
mhallman@mwjournal.com

Pacifi c and
Mountain Time Zones
Wynn Cook
Western Reg. Sales Mgr.
208 Colibri Court
San Jose, CA 95119
Tel: (408) 224-9060
FAX: (408) 224-6106
wcook@mwjournal.com

International Sales
Richard Vaughan
International Sales Manager
16 Sussex Street
London SW1V 4RW, England
Tel: +44 207 596 8742
FAX: +44 207 596 8749
rvaughan@horizonhouse.co.uk

Germany, Austria, 
and Switzerland
(German-speaking)
WMS.Werbe- und Media Service
Brigitte Beranek
Gerhart-Hauptmann-Street 33, 
D-72574 Bad Urach
Germany
Tel: +49 7125 407 31 18
FAX: +49 7125 407 31 08
bberanek@horizonhouse.com

Israel
Oreet Ben Yaacov
Oreet International Media
15 Kineret Street
51201 Bene-Berak, Israel
Tel: +972 3 570 6527
FAX: +972 3 570 6526
obenyaacov@horizonhouse.com

Korea
Young-Seoh Chinn
JES Media International
2nd Floor, ANA Bldg.
257-1, Myungil-Dong
Kangdong-Gu
Seoul, 134-070 Korea
Tel: +82 2 481-3411
FAX: +82 2 481-3414
yschinn@horizonhouse.com

Japan
Katsuhiro Ishii
Ace Media Service Inc.
12-6, 4-Chome, 
Nishiiko, Adachi-Ku
Tokyo 121-0824, Japan
Tel: +81 3 5691 3335
FAX: +81 3 5691 3336
amskatsu@dream.com

China
Michael Tsui
ACT International
Tel: 86-755-25988571
Tel: 86-21-62511200
FAX: 86-10-58607751
michaelT@actintl.com.hk

Hong Kong
Mark Mak
ACT International
Tel: 852-28386298
markm@actintl.com.hk

CARL SHEFFRES, PUBLISHER      ED KIESSLING, TRAFFIC MANAGER

SALES REPRESENTATIVES

ADVERTISER PAGE NO.

   COMING IN AUGUST:   COMING IN AUGUST

• THE CHANGING FACE OF THE SATELLITE INTERFACE 

• GROUP DELAY MEASUREMENTS 

• GAN FOR SPACE APPLICATIONS 

• MILITARY MICROWAVES SUPPLEMENT
SATELLITE AND RADIO COMMUNICATIONS

 7M02 FINAL.indd   136 6/28/11   3:40 PM

mailto:cboyd@mwjournal.com
mailto:mhallman@mwjournal.com
mailto:wcook@mwjournal.com
mailto:rvaughan@horizonhouse.co.uk
mailto:bberanek@horizonhouse.com
mailto:obenyaacov@horizonhouse.com
mailto:yschinn@horizonhouse.com
mailto:amskatsu@dream.com
mailto:michaelT@actintl.com.hk
mailto:markm@actintl.com.hk


o S
C O M P L I A N T

TM

LTCC COUPLER FAMILY
IN STOCK

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!

Directional/Bi-Directional

®

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

U.S. patent 7739260

396 rev N

Miss out on MTT? 
Tour our booth at 
minicircuits.com!
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MWJ Puzzler

Math, Science and Logic Puzzles 
for the  enginerd’ in all of us

(re-printed with permission from pzzls - www.pzzls.com) 

Einstein as a speed devil

How fast should you drive toward a red 
traffic light to see it appear as green?    

Hint:  Use Einstein’s Theory of Relativity with standard 
wavelengths for red and green light

WiggleZ Project

The results from a major astronomical survey, project  
WiggleZ, which uses a cutting-edge technique, appears to 
have confirmed the existence of mysterious dark energy.

According to the study, what percentage of the universe 
is made up of dark energy, dark matter (does not reflect 
or emit detectable light) and ordinary matter?

Find the way to freedom

A serial killer is convicted and gets the death penalty. 
The judge allows him to say one last sentence in order 
to determine the way the penalty will be carried out. If 
he lies, he will be hanged; if he speaks the truth, he will 
be beheaded. The killer speaks one last sentence and to 
everybody’s surprise, he is set free because the judge 
cannot determine his penalty. 

What did the killer say?

’  

answers available online at www.mwjournal.com

Divisible from 1 to 9
Find a number consisting of 9 digits in which each of the digits from 1 to 9 appear only once. This number should 
satisfy the following requirements:
a. The number should be divisible by 9
b. If the most-right digit is removed, the remaining number should be divisible by 8
c. If then again the most-right digit is removed, the remaining number should be divisible by 7
d. Etc., until the last remaining number of one digit which should be divisible by 1

What is the number?

Congratulations to MECA on its 50th Anniversary

 7M07 FINAL Proof.indd   138 6/27/11   1:39 PM
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As good as PTS synthesizers
look on paper...

...they look even better
in your system.

www.programmedtest.com
1-978-486-3400

Value
Configure a system to 
fit your needs with our vast 
selection of options

Fast Switching
20 µs frequency 
switching broadband

Selection
Over a dozen models from 
0.1 MHz to 6.4 GHz; custom 
configurations available

Reliability
3-year warranty, 
first in the industry

Low Spurious, 
Low Noise
As low as -152 dBc/Hz 
(100 MHz output, 
100 KHz offset)

For years, engineers and OEMS alike have relied on PTS
frequency synthesizers for unmatched stability, speed, and
spectral purity. With the most complete line of frequency
synthesizers available in the industry, PTS produces fast
switching, low noise synthesizers with the best

performance-to-price ratio on the market. Choose from
over a dozen different models or design your own custom
configuration to meet your testing needs. Visit our website
for complete product specifications and to download a
catalog, or call today to request a printed catalog.
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Mobile communications are changing the way industries and individuals manage their 
lives, homes, o�  ces and businesses. Avago Technologies is at the forefront of the wireless 
revolution, o� ering a broad range of mobile connectivity and wireless solutions, and is 
the partner of choice for leading wireless manufacturers and service providers around the 
globe. Avago products add value to every stage in the wireless production cycle.

Accelerating Progress in 
Wireless Communications

RF Component Solutions
Avago Technologies RF component innovations have been instrumental in driving the 
wireless revolution. Avago CoolPAMTM power ampli� ers, Film Bulk Acoustic Resonator 
(FBAR) � lters, and Enhancement-mode pHEMT low noise ampli� ers have set new 
benchmarks for performance, size and battery life. Avago products combine innovative 
technology, three decades of microwave and RF design experience, and expertise 
in system, protocol and regulatory understanding to create solutions that can help 
customers meet the most demanding technical speci� cations and the most di�  cult 
regulatory tests around the world.

Avago Technologies’ 
tiny RFICs have 
helped lead to 

smaller wireless 
products with 

increased battery life. 

Manufacturing Technologies

• Film Bulk Acoustic Resonator 

• Gallium Arsenide Heterojunction 
Bipolar Transistor

• Pseudomorphic High Electron 
Mobility Transistor 

• Enhancement Mode 
Pseudomorphic High Electron 
Mobility Transistor

• Silicon

 

Product Off erings

• Filters, Duplexers, and Multiplexers

• Power Amplifi er Modules for many standards, 
including GSM, CDMA, W-CDMA, TD-SCDMA, LTE, 
and WiMAX

• Low Noise Amplifi ers

• Front End Modules including Power Amplifi er – 
Duplexers and Filter-LNAs

• RFICs

• Schottky and PIN Diodes

• Field Eff ect and Bipolar Transistors

• Millimeter Wave MMICs
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Film Bulk Acoustic Resonator (FBAR) Filters, Duplexers, Multiplexers 
and GPS Front-end Modules
Today’s smartphones face many challenges, including support for di�  cult band plans and 
the need for coexistence between multiple radio systems. The exceptional performance 
of Avago FBAR � ltering technology helps designers meet these challenges by providing 
low loss fi ltering with steep rejection characteristics. Microcap wafer-to-wafer bonding 
technology enables fl exible, miniature packaging, including true chip-scale WaferCap fi lters.  
FBAR fi lters are also combined with EpHEMT LNAs to create a line of high performance 
modules that support demanding GPS applications.

Features 

• Steep roll-off 
• Low insertion loss
• High Isolation
• Excellent power handling
• Low temperature coeffi  cient

Avago Technologies 
created a new fi lter 
technology with FBAR 
that helps designers 
solve tough fi ltering 
problems.

Benefi ts

• Supports more effi  cient use of spectrum
• Extends battery life
• Supports coexistence of simultaneously operating 

radio systems
• Improves phones sensitivity, enhancing data rate 

and network performance
• Can support multiple standards

FBAR Duplexer (Package size: 2 x 2.5 x 0.95 mm)

UMTS Band 1 UMTS Band 2 / CDMA PCS UMTS/LTE Band 3 LTE/UMTS Band 4/CDMA AWS-1 LTE Band 7 UMTS Band 8

ACDM-7614 ACMD-7407 ACMD-6003 ACMD-7609 ACMD-6007 ACMD-7606
ACMD-7617 ACMD-7410 ACMD-7610

ACMD-4102 (2 x 2.5 x 1.05 mm)

FBAR Quadplexer

Part No. Standard Package Size

ACFM-7109 CDMA PCS & Cellular 3.0x5.0x1.05 mm
ACFM-7110 CDMA PCS & Cellular 3.0x5.0x1.05 mm
ACFM-7107 CDMA PCS & Cellular 4.0x7.0x1.2 mm
ACFM-7325 Extended PCS & Cellular (BC10/BC14) 4.0x7.0x1.2 mm

FBAR Filters

Part No. Standard Passband Package Size

ACPF-7005 CDMA PCS+BC14/B25 1850-1915 MHz 1.6 x 2.0 x 1.1mm
ACPF-7024 ISM/WLAN/BT 2401-2482 MHz 1.6 x 2.0 x 0.95 mm
ACPF-7025 WiMAX B41 2496-2690 MHz 2.5 x 2.5 x 1.0 mm

GPS & GLONASS Front-End-Modules

Part No. Passband Confi guration Package Size

ALM-2712 1574.42-1576.42 MHz Filter-LNA-Filter 3.0x2.5x1.0 mm
ALM-1712 1574.42-1576.42 MHz Filter-LNA-Filter 4.5x2.2x1.1 mm
ALM-1912 1574.42-1576.42 MHz Filter-LNA 2.9x2.0x1.0 mm
ALM-1412 1574.42-1576.42 MHz LNA-Filter 3.3x2.1x1.1 mm
ALM-2412 1574.42-1576.42 MHz LNA-Filter 3.3x2.1x1.1 mm
MGA-310G 1565-1606 MHz LNA only 1.1x1.13x0.5 mm
MGA-24106 1565-1606 MHz LNA only 1.5x1.2x0.5 mm
MGA-231T6 1565-1606 MHz LNA only 2.0x1.3x0.4 mm

problems.

Filters

2002

2004

Duplexers

Multiplexers

2005

2008
2011



44

Power Amplifi er Modules and PA-Duplexer Front End Modules

Battery life is one of the most important issues facing designers of next-generation mobile
handsets. Not only is it inconvenient to frequently recharge the battery, but lower power 
consumption in the power ampli� er frees more energy for other features like large displays.  
Avago has developed a technology called CoolPAMTM that helps to optimize battery life by 
only turning on as much of the power ampli� er as is needed, thus greatly enhancing e�  ciency.  
Avago has over 15 years of design and manufacturing expertise in power products, and o� ers 
power ampli� er modules for many di� erent applications.  Additionally, Avago has combined 
its industry-leading FBAR and CoolPAM. technologies to o� er a range of integrated modules  
By combine multiple “best in class” technologies and optimizing partitioning and device 
interfaces, these devices can provide superior electrical performance, allowing designers get 
their products to market faster, with less risk and higher yields.

Avago Technologies 
CoolPAM and FEM 
technologies off er 
superior performance.

Features 

• High Effi  ciency

• Integrated high directivity coupling

• Support for multiple standards, including CDMA, 
W-CDMA, GSM/EDGE, LTE, TD-SCDMA, and WiMAX

• Support for most major bands in a common footprint

Benefi ts

• Extends battery life

• Excellent power control

• Supports complex 3G and 4G architectures

• Can support multiple standards

1992

1998

2004

2005

2008

Avago Technologies has 
more than 15 years of 
design and manufacturing 
expertise in power 
products resulting in 
smaller size and higher 
effi  ciency.
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CDMA and TD-SCDMA Power Amplifi ers

CDMA Cell CDMA PCS CDMA Japan TD-SCDMA Package Size

Single Band WS1105 WS1405 ACPM-5201 3 x 3mm PA

WS1106 ACPM-2001

ACPM-7822 ACPM-7887 4 x 4 mm PA

AFEM-7750 AFEM-7758 4 x 7mm FEM

AFEM-7751

Multi-Band ACPM-7353 ACPM-7353 4 x 5mm PA

ACPM-7351 ACPM-7351

ACPM-7354 ACPM-7354 3 x 5mm PA

UMTS and GSM/EDGE Power Amplifi ers

UMTS Band 1 UMTS Band 2 UMTS Band 4 UMTS Band 5 UMTS Band 8 GSM/EDGE Package Size

Single Band ACPM-5001 ACPM-5002 ACPM-5004 ACPM-5005 ACPM-5008 3 x 3mm PA

ACPM-5201 ACPM-5202 ACPM-5204 ACPM-5205 ACPM-5208

ACPM-5501 ACPM-5502 ACPM-5504 ACPM-5505 ACPM-5508

ACPM-2001 ACPM-2002 ACPM-2005 ACPM-2008

ACPM-2101 ACPM-2102 ACPM-2105 ACPM-2108

ACPM-7868 5 x 5mm PA

ACPM-7870

Multi-Band ACPM-5251 ACPM-5251 4 x 5mm PA

ACPM-5281 ACPM-5281

ACPM-5252 ACPM-5252

ACPM-5552 ACPM-5552 3 x 5mm PA

ACPM-5551 ACPM-5551

ACPM-5581 ACPM-5581

Multi-Mode,
Multi-Band
CDMA
LTE
UMTS

ACPM-7281 ACPM-7281 ACPM-7281 5 x 7.5mm PA

ACPM-7051 ACPM-7051 ACPM-7051

ACPM-7081 ACPM-7081 ACPM-7081

ACPM-7251 ACPM-7251 ACPM-7251

LTE Power Amplifi ers

LTE Band 1 LTE Band 3/4 LTE Band 7 LTE Band 11 LTE Band 13 LTE Band 17 LTE Band 20 LTE Band 38 LTE Band 40 Package Size

Single Band ACPM-5601 ACPM-5004 ACPM-5007 ACPM-5011 ACPM-5013 ACPM-5017 ACPM-5020 ACPM-5038 ACPM-5040 3x3mm PA
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Wireless Infrastructure

• Basestation Radio Card  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7

• Basestation Low Noise Amplifi er (LNA)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

• Basestation Tower Mounted Amplifi er (TMA). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

• Basestation Multi-carrier Power Amplifi er (MCPA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
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Wireless Infrastructure 

Radiocard Suggested Components 

LNA                                   Mixer                       IF Amp                                  IF Amp   Atten. IF Amp

RF Driver Atten. RF Amp                        Mixer            IF Amp        IF Amp

Bu
er-LP   VCO

Bu
er-HPBu
er-HP

Bu
er-LP

Bu
er-HP

Bu
er-LP   VCO

Bu
er-HP

Bu
er-LPDetector

Rx main

Rx diversity

Tx

Basestation Radiocard

 Application Part Number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@ 2GHz
P1dB/dBm1

@ 2GHz
OIP3/dBm
@ 2GHz

NF/dB2

@ 2GHz
Device Type and Package  
(mm)

LNA MGA-13116 5/55 0.4 - 1.5 38 23.3 41.4 0.51 QFN 4x4x0.85

MGA-13216 5/53 1.5 - 2.5 35.8 23.6 40.5 0.61 QFN 4x4x0.85

MGA-14516 5/45 1.4 - 2.7 31.7 – 23.5 0.66 QFN 4x4x0.85

MGA-165168 5/50 0.7 - 1.7 17.5 18.0 11.5 (IIP3) 0.45 QFN 4x4x0.85

MGA-17516 5/50 1.7 - 2.7 17.2 21.5 13.7 (IIP3) 0.52 QFN 4x4x0.85

MGA-53543 5/54 0.4 - 6 15.4 18.6 39.1 1.5 E-pHEMT MMIC, SOT343

MGA-53589 5/52 0.05 - 3.0 15.8 18.2 37 1.7 SOT-89

MGA-631P8 5 4/60 0.4 - 1.5 17.5 18.0 33.1 0.53 E-pHEMT MMIC, LPCC 2x2

MGA-632P8 5 4/60 1.4 - 3 17.6 19.2 34.8 0.62 E-pHEMT MMIC, LPCC 2x2

MGA-633P8 5/54 0.45 - 2 18 – 37 0.37 QFN 2x2x0.75

MGA-634P8 5/48 1.5 - 2.3 17.4 22 36 0.37 QFN 2x2x0.75 

MGA-635P8 5/56 2.3 - 4.0 18 21.9 35.9 0.56 QFN 2x2x0.75 

MGA-636P8 4.8/105 0.45 - 1.5 18.5 23 41.5 0.5 QFN 2x2x0.75 

MGA-637P8 4.8/70 1.5 - 2.5 17.5 22 41.5 0.6 QFN 2x2x0.75 

MGA-638P8 4.8/90 2.5 - 4 17.5 22 39.5 0.8 QFN 2x2x0.75 

ATF-58143 3/30  0.45 - 6 16.5 19 30.5 0.5 E-pHEMT FET, SOT343

ATF-54143 3/60  0.45 - 6 16.6 20 36.2 0.5 E-pHEMT FET, SOT343

ALM-12124 5/227.7 1.880-2.025 39 23.5 36.5 0.85 MCOB 8.0x8.0x1.2

ALM-12224 5/228.7  2.30-2.40 36.8 22.7 38.5 0.99 MCOB 8.0x8.0x1.2

ALM-1222 5/280 1.8 - 2.2 31.0 27.5 43.7 0.62 MCOB 5.0x6.0x1.1

ALM-1322 5/100 1.8 - 2.2 29.9 17 35.6 0.57 MCOB 5.0x6.0x1.1

ALM-15229 5/240 0.7 - 1.1 31 27.7 43 0.60 MCOB 5.0x6.0x1.1

Recommended Parts in Bold.
Notes:
1.  Gain and P1dB performance for discrete FETs when matched 

for best IP3.
2.  NFmin figures for discrete FETs.
3.  High reverse isolation: 50dB typical.

4.  Current adjustable: 20-60mA. 
5.  Both MGA-631P8 and MGA-632P8 come with integrated  

active bias circuit. MGA-631P8 data tested at 900MHz.
6.  MGA-30116, ALM-31122 and ALM-32120 data tested  

at 900MHz. 
7.  MGA-30316, ALM-31322 and ALM-32320 data tested  

at 3.5GHz. 

8.  MGA-16516 data tested at 850MHz
9.  ALM-1522 and ALM-80110 data tested at 900MHz
10. ALM-12124 data tested at 2018MHz
11. ALM-12224 data tested at 2400MHz
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Wireless Infrastructure 

Radiocard Suggested Components 

Basestation Radiocard

 Application Part Number Typ. Bias  
V/mA

Frequency
Range/GHz

Gain/dB1

@ 2GHz
P1dB/dBm1

@ 2GHz
OIP3/dBm
@ 2GHz

NF/dB2

@ 2GHz
Device Type and Package  
(mm)

RF Amplifier MGA-301166 5/202.8 0.75 - 1 17 – 44.1 2 QFN 3x3
MGA-30216 5/206 1.7 - 2.7 14.2 – 45.3 2.8 QFN 3x3
MGA-303167 5/198 3.3 - 3.9 12.8 – 44.4 2.7 QFN 3x3
MGA-30489 5/97 0.25 - 3.0 13.3 23.3 39 3 SOT-89
MGA-30689 5/104 0.04 - 2.6 14.6 22.5 40 3.3 SOT-89
MGA-30789 5/100 2 - 6 11.7 – 41.8 3.3 SMT 4.5x4.1x1.5
MGA-30889 5/65 0.04 - 2.6 15.5 – 38 1.9 SMT 4.5x4.1x1.5
MGA-30989 5/51 2 - 6 12 – 36.8 2 SMT 4.5x4.1x1.5
MGA-31189 5/111 0.05 - 2 21 24 42 3 SOT-89 
MGA-31289 5/124 1.5 - 3 18.7 24 41.8 3 SOT-89 
MGA-31389 5/73 0.05 - 2 21.3 22.2 38.6 2 SOT-89 
MGA-31489 5/69 1.5 - 3 19.5 21.9 37.3 1.9 SOT-89 
MGA-31589 5/146 0.45 - 1.5 20.4 27.2 45.3 1.9 SOT-89 
MGA-31689 5/168 1.5 - 3 18.1 27.6 44.9 1.9 SOT-89 
MGA-53543 5/54  0.4 - 6 15.4 18.6 39.1 1.5 E-pHEMT MMIC, SOT343
MGA-53589 5/52 0.05 - 3.0 15.8 18.2 37 1.7 SOT-89
MGA-545P8 3.3/127 0.05 - 7 18.6 21.7 34 2.7 E-pHEMT MMIC, LPCC
MGA-615634 3/41 0.5 - 4 15.5 15.1 31.7 1 E-pHEMT MMIC, SOT363
ATF-52189 4.5/200 0.05 - 6 16 27 42 1.21 E-pHEMT FET, SOT89
ATF-521P8 4.5/200 0.05 - 6 17 26.5 42 0.96 E-pHEMT FET, LPCC
ATF-53189 4/135 0.05 - 6 15.5 23 40 0.62 E-pHEMT FET, SOT89
ATF-531P8 4/135 0.05 - 6 20 24.5 38 0.6 E-pHEMT FET, LPCC
ADA-4789 4.1/80 DC - 2.5 16.3 16.9 29 4.5 Si MMIC, SOT89

Variable Gain 
Amplifier

ALM-801109 5/110 0.4 - 1.6 (-27) to 13.6 23.3 40.3 4.8 MCOB 5.0x5.0x1.1
ALM-80210 5/110 1.6 - 2.6 (-25.5) to 9.8 23.6 40.8 5.3 MCOB 5.0x5.0x1.1

RF Driver MGA-30489 5/97 0.25 - 3.0 13.3 23.3 39 3 SOT-89
MGA-30689 5/104 0.04 - 2.6 14.6 22.5 40 3.3 SOT-89
MGA-30789 5/100 2 - 6 11.7 – 41.8 3.3 SMT 4.5x4.1x1.5
MGA-30889 5/65 0.04 - 2.6 15.5 – 38 1.9 SMT 4.5x4.1x1.5
MGA-30989 5/51 2 - 6 12 – 36.8 2 SMT 4.5x4.1x1.5
MGA-31189 5/111 0.05 - 2 21 24 42 3 SOT-89 
MGA-31289 5/124 1.5 - 3 18.7 24 41.8 3 SOT-89 
MGA-31389 5/73 0.05 - 2 21.3 22.2 38.6 2 SOT-89 
MGA-31489 5/69 1.5 - 3 19.5 21.9 37.3 1.9 SOT-89 
MGA-31589 5/146 0.45 - 1.5 20.4 27.2 45.3 1.9 SOT-89 
MGA-31689 5/168 1.5 - 3 18.1 27.6 44.9 1.9 SOT-89 
MGA-53589 5/52 0.05 - 3.0 15.8 18.2 37 1.7 SOT-89
ATF-50189 4.5/280 0.05 - 6 15.5 29 45 1.1 E-pHEMT FET, SOT89
ATF-501P8 4.5/280 0.05 - 6 14.7 28 45 – E-pHEMT FET, LPCC
ATF-511P8 4.5/200 0.05 - 6 14.8 30 41.7 1.4 E-pHEMT FET, LPCC
ALM-311226 5/394 0.7 - 1 15.6 – 47.6 2 MCOB 5.0x6.0x1.1
ALM-31222 5/415 1.7 - 2.7 14.9 – 47.9 2.7 MCOB 5.0x6.0x1.1
ALM-313227 5/413 3.3 - 3.9 13.2 – 47.7 2.8 MCOB 5.0x6.0x1.1
ALM-321206 5/800 0.7 -1.0 14 – 52 2.5 MCOB 7.0x10.0x1.1
ALM-32220 5/800 1.7 - 2.7 14.8 – 50 3.5 MCOB 7.0x10.0x1.1
ALM-323207 5/800 3.3 - 3.9 12.5 – 50 2.5 MCOB 7.0x10.0x1.1

Recommended Parts in Bold.
Notes:
1.  Gain and P1dB performance for discrete FETs when matched 

for best IP3.
2.  NFmin figures for discrete FETs.
3.  High reverse isolation: 50dB typical.

4.  Current adjustable: 20-60mA. 
5.  Both MGA-631P8 and MGA-632P8 come with integrated  

active bias circuit. MGA-631P8 data tested at 900MHz.
6.  MGA-30116, ALM-31122 and ALM-32120 data tested  

at 900MHz. 

7.  MGA-30316, ALM-31322 and ALM-32320 data tested  
at 3.5GHz. 

8.  MGA-16516 data tested at 850MHz
9.  ALM-1522 and ALM-80110 data tested at 900MHz
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Wireless Infrastructure 

Radiocard Suggested Components 

Basestation Radiocard

Application Part Number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@2GHz
P1dB/dBm1

@2GHz
OIP3/dBm
@2GHz

NF/dB2

@2GHz
Device Type and Package  
(mm)

Mixer IAM-92516 5/26 0.4 - 3.5 6 (CL) 9 27 (IIP3) 12.5 E-pHEMT MMIC, LPCC(3x3)
Buffer-High Power MGA-565P83 5/67 0.1 - 3.5 21.8 20 (Psat) – – E-pHEMT MMIC, LPCC

ABA-54563 5/79 DC - 3.4 23 16.1 27.3 4.4 Si MMIC, SOT363
Buffer-Low Power ABA-31563 3/14 DC - 3 21.5 2.2 13.1 3.8 Si MMIC, SOT363

ABA-32563 3/37 DC - 3 19 8.4 19.5 3.5 Si MMIC, SOT363
ABA-51563 5/18 DC - 3.5 21.5 1.8 11.4 3.7 Si MMIC, SOT363
ABA-52563 5/35 DC - 3.5 21.5 9.8 19.9 3.3 Si MMIC, SOT363
ABA-53563 5/46 DC - 3.5 21.5 12.7 22.9 3.5 Si MMIC, SOT363
AVT-50663 5/36 DC-6000 15.3 12.5 25 4 SOT-363 (SC70)
AVT-51663 5/37 DC-6000 19.6 12.9 25.1 3.2 SOT-363 (SC70)
AVT-52663 5/45 DC-6000 15.3 12.7 27 4 SOT-363 (SC70)
AVT-53663 5/48 DC-6000 19.6 15.1 26.5 3.2 SOT-363 (SC70)
AVT-54689 5/48 0.05 - 6 17.1 17.4 29.6 4.1 SOT-89 
AVT-55689 5/75 0.05 - 6 17.2 19.5 32.5 4.3 SOT-89 

Application Part Number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@500MHz
P1dB/dBm1

@500MHz
OIP3/dBm
@500MHz

NF/dB2

@500MHz
Device Type and Package  
(mm)

IF Amplifier MGA-30489 5/97 0.25 - 3.0 18.8 22.7 37 3.3 SOT-89
MGA-30689 5/104 0.04 - 2.6 14.4 22.2 44 3.0 SOT-89
MGA-30789 5/100 2 - 6 11.7 – 41.8 3.3 SMT 4.5x4.1x1.5
MGA-30889 5/65 0.04 - 2.6 15.5 – 38 1.9 SMT 4.5x4.1x1.5
MGA-30989 5/51 2 - 6 12 – 36.8 2 SMT 4.5x4.1x1.5
MGA-31189 5/111 0.05 - 2 21 24 42 3 SOT-89 
MGA-31289 5/124 1.5 - 3 18.7 24 41.8 3 SOT-89 
MGA-31389 5/73 0.05 - 2 21.3 22.2 38.6 2 SOT-89 
MGA-31489 5/69 1.5 - 3 19.5 21.9 37.3 1.9 SOT-89 
MGA-31589 5/146 0.45 - 1.5 20.4 27.2 45.3 1.9 SOT-89 
MGA-31689 5/168 1.5 - 3 18.1 27.6 44.9 1.9 SOT-89 
MGA-625634 3/55 0.1 - 3 22 18 35 0.8 E-pHEMT MMIC, SOT363
MGA-545P8 3.3/135 0.1 - 7 22 19 36 2 E-pHEMT MMIC, LPCC
ADA-4789 4.1/80 DC - 2.5 17 18.8 35 4.2 Si MMIC, SOT89
ADA-4743 (3.8)/60 DC - 2.5 16.5 17.1 34 4.2 Si MMIC, SOT343
ADA-4643 (3.5)/35 DC - 2.5 17.3 14 29 4 Si MMIC, SOT343
ADA-4543 (3.4)/15 DC - 2.5 15.5 2.4 15 3.7 Si MMIC, SOT343
ABA-54563 5/81 DC - 3 23 18 32 3 Si MMIC, SOT363
ABA-53563 5/46 DC - 3.5 21.5 15 27.5 2.9 Si MMIC, SOT363
ABA-52563 5/35 DC - 3.5 21.8 12.5 28 2.7 Si MMIC, SOT363

Detector  
- Schottky Diodes

HSMS-282x Ct max = 1pF @0V SOT323/363/23/143
HSMS-286x Ct max = 0.3pF @0V SOT323/363/23/143

Attenuator
- PIN Diodes

HSMP-381x Very low distortion, Ct typ. = 0.2pF @0V, see AN1048 & AN5262 pi-attenuator design SOT323/23/25/SOD-323
HSMP-386x Lower current, low cost, Ct typ. = 0.2pF @0V, see AN1048 pi-attenuator design SOT323/363/23/25/SOD-323

Attenuator - Module ALM-38140 Low distortion, high dynamic range attenuator module MCOB 3.8x3.8x1.0
Switch - Module ALM-40220 High Power 10W SPDT switch for TD-SCDMA MCOB 5.0x5.0x1.0

Recommended Parts in Bold. Notes:
1.  Gain and P1dB performance for discrete FETs when matched for best IP3.
2.  NFmin figures for discrete FETs.
3.  High reverse isolation: 50dB typical.
4.  Current adjustable: 20-60mA. 

5.  Both MGA-631P8 and MGA-632P8 come with integrated active bias 
circuit. MGA-631P8 data tested at 900MHz.

6.  MGA-30116, ALM-31122 and ALM-32120 data tested at 900MHz. 
7.  MGA-30316, ALM-31322 and ALM-32320 data tested at 3.5GHz.
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Wireless Infrastructure 

Q1Q1 Q1Q2 Q3

Atten.

Bypass Switch

LNA/multicoupler TMA (with bypass)TMA/duplex

LNA & TMA Suggested Components

Application Part Number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@ 2GHz
P1dB/dBm1

@ 2GHz
OIP3/dBm
@ 2GHz

NF/dB2

@ 2GHz
Device Type and Package  
(mm)

Q1 MGA-13116 5/55 0.4 - 1.5 38 23.3 41.4 0.51 QFN 4x4x0.85
MGA-13216 5/53 1.5 - 2.5 35.8 23.6 40.5 0.61 QFN 4x4x0.85
MGA-14516 5/45 1.4 - 2.7 31.7 – 23.5 0.66 QFN 4x4x0.85
MGA-165166 5/50 0.7 - 1.7 17.5 18.0 11.5 (IIP3) 0.45 QFN 4x4x0.85
MGA-17516 5/50 1.7 - 2.7 17.2 21.5 13.7 (IIP3) 0.52 QFN 4x4x0.85
MGA-631P8 3 4/60 0.4 - 1.5 17.5 18.0 33.1 0.53 E-pHEMT MMIC, LPCC 2x2
MGA-632P8 3 4/60 1.4 - 3 17.6 19.2 34.8 0.62 E-pHEMT MMIC, LPCC 2x2
MGA-633P8 5/54 0.45 - 2 18 – 37 0.37 QFN 2x2x0.75
MGA-634P8 5/48 1.5 - 2.3 17.4 22 36 0.37 QFN 2x2x0.75 
MGA-635P8 5/56 2.3 - 4.0 18 21.9 35.9 0.56 QFN 2x2x0.75 
ALM-11036 5/92 0.776 - 0.87 15.6 4 37.6 0.78 SMT 7x10
ALM-11136 5/92 0.87 - 0.915 15.4 4.5 38.2 0.76 SMT 7x10
ALM-11236 5/99 1.71 - 1.85 15.9 3.5 32.3 0.67 SMT 7x10
ALM-11336 5/100 1.85 - 1.98 15.3 3.8 35.5 0.72 SMT 7x10
ATF-58143 3/30 0.45 - 6 16.5 19 30.5 0.5 E-pHEMT FET, SOT343
ATF-54143 3/60 0.45 - 6 16.6 20 36.2 0.5 E-pHEMT FET, SOT343
ATF-55143 2.7/10 0.45 - 6 17.7 14 24.2 0.6 E-pHEMT FET, SOT343
ATF-53189 4/135 0.05 - 6 15.5 23 40 0.62 E-pHEMT FET, SOT89
ATF-531P8 4/135 0.05 - 6 20 24.5 38 0.6 E-pHEMT FET, LPCC
ALM-1222 5/280 1.8 - 2.2 31.0 27.5 43.7 0.62 MCOB 5.0x6.0x1.1
ALM-1322 5/100 1.8 - 2.2 29.9 17 35.6 0.57 MCOB 5.0x6.0x1.1
ALM-15227 5/240 0.7 - 1.1 31.0 27.7 43.0 0.60 MCOB 5.0x6.0x1.1

Q2/Q3 MGA-301164 5/202.8 0.75 - 1 17 - 44.1 2 QFN 3x3
MGA-30216 5/206 1.7 - 2.7 14.2 - 45.3 2.8 QFN 3x3
MGA-303165 5/198 3.3 - 3.9 12.8 - 44.4 2.7 QFN 3x3
MGA-53543 5/54 0.4 - 6 15.4 18.6 39.1 1.5 E-pHEMT MMIC, SOT343
MGA-53589 5/52 0.05 - 3.0 15.8 18.2 37 1.7 SOT-89
MGA-636P8 4.8/105 0.45 - 1.5 18.5 23 41.5 0.5 QFN 2x2x0.75 
MGA-637P8 4.8/70 1.5 - 2.5 17.5 22 41.5 0.6 QFN 2x2x0.75 
MGA-638P8 4.8/90 2.5 - 4 17.5 22 39.5 0.8 QFN 2x2x0.75 
ATF-50189 4.5/280 0.05 - 6 15.5 29 45 1.1 E-pHEMT FET, SOT89
ATF-501P8 4.5/280 0.05 - 6 14.7 28 45 – E-pHEMT FET, LPCC
ATF-511P8 4.5/200 0.05 - 6 14.8 30 41.7 1.4 E-pHEMT FET, LPCC
ATF-52189 4.5/200 0.05 - 6 16 27 42 1.21 E-pHEMT FET, SOT89
ATF-521P8 4.5/200 0.05 - 6 17 26.5 42 0.96 E-pHEMT FET, LPCC
ATF-53189 4/135 0.05 - 6 15.5 23 40 0.62 E-pHEMT FET, SOT89
ATF-531P8 4/135 0.05 - 6 20 24.5 38 0.6 E-pHEMT FET, LPCC

Bypass Switch
- PIN Diodes

HSMP-389x General purpose switch, Ct typ. = 0.4pF @0V SOT-323/363/23/143/SOD-323
HSMP-489x Low inductance, shunt, Ct typ. = 0.4pF @0V SOT323/23
HSMP-386x Higher linearity switch, Ct typ = 0.2pF @0V SOT323/363/23/25/SOD-323

Attenuator
- PIN Diodes

HSMP-381x Very low distortion, Ct typ. = 0.2pF @0V, see AN1048 & AN5262 pi-attenuator design SOT323/23/25/SOD-323
HSMP-386x Lower current, low cost, Ct typ. = 0.2pF @0V, see AN1048 pi-attenuator design SOT323/363/23/25/SOD-323

Attenuator-Module ALM-38140 Low distortion, high dynamic range attenuator module MCOB 3.8x3.8x1.0

Basestation Low Noise Amplifier (LNA)
Basestation Tower Mounted Amplifiers (TMA)

Recommended Parts in Bold. Notes:
1.  Gain and P1dB performance for discrete FETs when matched for best IP3.
2.  NFmin figures for discrete FETs. 
3.  Both MGA-631P8 and MGA-632P8 come with integrated active bias circuit.  

MGA-631P8 data tested at 900MHz.

4.  MGA-30116 data tested at 900MHz. 
5.  MGA-30316 data tested at 3.5GHz. 
6. MGA-16516 data tested at 850MHz
7. ALM-1522 data tested at 900MHz
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Wireless Infrastructure 

delay
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vector correction
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Pre-Driver

Pre-Driver

Pre-Driver

Driver

Driver

Driver Driver

Det

Det

Feedforward example

Pre-distortion example

Basestation Multi-carrier Power Amplifier (MCPA)

Application Part Number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@ 2GHz
P1dB/dBm1

@ 2GHz
OIP3/dBm
@ 2GHz

NF/dB2

@ 2GHz
Device Type and Package  
(mm)

Pre-Driver MGA-301163 5/202.8 0.75 - 1 17 – 44.1 2 QFN 3x3
MGA-30216 5/206 1.7 - 2.7 14.2 – 45.3 2.8 QFN 3x3
MGA-303164 5/198 3.3 - 3.9 12.8 – 44.4 2.7 QFN 3x3
MGA-30489 5/97 0.25 - 3.0 13.3 23.3 39 3 SOT-89
MGA-30689 5/104 0.04 - 2.6 14.6 22.5 40 3.3 SOT-89
MGA-30789 5/100 2 - 6 11.7 – 41.8 3.3 SMT 4.5x4.1x1.5
MGA-30889 5/65 0.04 - 2.6 15.5 – 38 1.9 SMT 4.5x4.1x1.5
MGA-30989 5/51 2 - 6 12 – 36.8 2 SMT 4.5x4.1x1.5
MGA-31189 5/111 0.05 - 2 21 24 42 3 SOT-89 
MGA-31289 5/124 1.5 - 3 18.7 24 41.8 3 SOT-89 
MGA-31389 5/73 0.05 - 2 21.3 22.2 38.6 2 SOT-89 
MGA-31489 5/69 1.5 - 3 19.5 21.9 37.3 1.9 SOT-89 
MGA-31589 5/146 0.45 - 1.5 20.4 27.2 45.3 1.9 SOT-89 
MGA-31689 5/168 1.5 - 3 18.1 27.6 44.9 1.9 SOT-89 
MGA-53543 5/54 0.4 - 6 15.4 18.6 39.1 1.5 E-pHEMT MMIC, SOT343
MGA-53589 5/52 0.05 - 3.0 15.8 18.2 37 1.7 SOT-89
MGA-545P8 3.3/127 0.05 - 7 18.6 21.7 34 2.7 E-pHEMT MMIC, LPCC
ATF-52189 4.5/200 0.05 - 6 16 27 42 1.21 E-pHEMT FET, SOT89
ATF-521P8 4.5/200 0.05 - 6 17 26.5 42 0.96 E-pHEMT FET, LPCC
ATF-53189 4/135 0.05 - 6 15.5 23 40 0.62 E-pHEMT FET, SOT89
ATF-531P8 4/135 0.05 - 6 20 24.5 38 0.6 E-pHEMT FET, LPCC
ADA-4789 4.1/80 DC - 2.5 16.3 16.9 29 4.5 Si MMIC, SOT89

Driver ATF-50189 4.5/280 0.05 - 6 15.5 29 45 1.1 E-pHEMT FET, SOT89
ATF-501P8 4.5/280 0.05 - 6 14.7 28 45 – E-pHEMT FET, LPCC
ATF-511P8 4.5/200 0.05 - 6 14.8 30 41.7 1.4 E-pHEMT FET, LPCC
ALM-311223 5/394 0.7 - 1 15.6 – 47.6 2 MCOB 5.0x6.0x1.1
ALM-31222 5/415 1.7 - 2.7 14.9 – 47.9 2.7 MCOB 5.0x6.0x1.1
ALM-313224 5/413 3.3 - 3.9 13.2 – 47.7 2.8 MCOB 5.0x6.0x1.1
ALM-321203 5/800 0.7 -1.0 14 – 52 2.5 MCOB 7.0x10.0x1.1
ALM-32220 5/800 1.7 - 2.7 14.8 – 50 3.5 MCOB 7.0x10.0x1.1
ALM-323204 5/800 3.3 - 3.9 12.5 – 50 2.5 MCOB 7.0x10.0x1.1

Detector
- Schottky Diodes

HSMS-282x Ct max = 1pF @0V SOT323/363/23/143
HSMS-286x Ct max = 0.3pF @0V SOT323/363/23/143

Vector Correction
- PIN Diodes

HSMP-481x Low inductance, shunt, very low distortion, Ct typ. = 0.2pF @0V SOT323/23
HSMP-381x Very low distortion, Ct typ. = 0.2pF @0V SOT323/23/SOD-323

MCPA Suggested Compoments

Recommended Parts in Bold. Notes:
1.  Gain and P1dB performance for discrete FETs when matched for best IP3.
2.  NFmin figures for discrete FETs.
3. MGA-30116, ALM-31122 and ALM-32120 data tested at 900MHz. 

4.  MGA-30316, ALM-31322 and ALM-32320 data tested at 3.5GHz. 
5.  ALM-1522 data tested at 900MHz
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Wireless Infrastructure 

Application Part Number Bias V/mA Freq Range 
GHz

Typical Performance Package  
(mm)Gain dB P1dB dBm OIP3 dBm NF dB

Power Amplifiers AMMP-6408 5/650 6 -18 18 28 38 4.5 SM 5x5
AMMC-6408 5/650 6 -18 19 29 38 4.3 chip
AMMC-6425 5/900 - 0.6 18 - 28 18.5 28.5 38 / chip
AMMC-6431 5/0.65 25-33 19 28.5 38 / chip
AMMP-6441 5/450 36 - 40 20 26 32 / SM 5x5
AMMC-6442 5/0.7 37-40 23 30 18 / chip

Driver/Buffer Amps1 AMMP-5618 5/107 6 - 20 13 19 30 4.4 SM 5x5
AMMC-5618 5/107 6 - 20 14.5 19.5 26 4.4 chip
AMMP-5620 5/95 6 - 20 17.5 15 22.5 5.1 SM 5x5
AMMC-5620 5/95 6 - 20 19 15 23.5 4.2 chip
AMMC-5040 4.5/300 - 0.45 20 - 45 25 19.5 30 / chip
AMMP-6333 5/230 18-33 22 23 30 / SM 5x5
AMMC-6333 5/230 18-33 22 23 30 / chip
AMMC-6345 5/480 - 0.7 20 - 45 20 24 32 / chip
AMMP-6421 5/600 13 -16 26 29 36 5 SM 5x5

Low Noise Amplifiers VMMK-1225 2/20 0.5 - 26 11 8 23 1 SM
VMMK-1218 3/20 0.5 - 18 10.7 12 12 0.81 SM 1x0.5
AMMP-6220 3/55 6 - 20 22 10 20 2.5 SM 5x5
AMMC-6220 3/55 6 - 20 23 9 19 2 chip
AMMP-6222 4/120 7 -21 24 15.5 29 2.3 SM 5x5
AMMC-6222 4/120 7 -21 25 16 29 2.1 chip
AMMP-6232 4/138 18 - 32 23 18 29 3 SM 5x5
AMMC-6232 4/138 18 - 32 24 19 29 2.8 chip
AMMP-6233 3/65 18 - 32 23 8 19 2.6 SM 5x5
AMMC-6241 3/60 26 - 43 20 10 20 2.7 chip

Travelling Wave Amplifiers AMMP-5024 7/200 (30k) - 40 15 22 30 4.4 SM 5x5
AMMC-5024 7/200 - 3 (30k) - 40 16 22.5 30 4.6 chip
AMMC-5026 7/150 - 1 2 - 35 10.5 24 31 3.6 chip

Microwave Link (Point-point/point-multipoint)

Microwave Link MMICs Suggested Components

Recommended Parts in Bold.
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Mixer

Mixer

IF/RF µW/mmW

Notes:
1.  Also see Low Noise Amplifiers.
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Wireless Infrastructure 

Application Part Number Description Package  

Detector  - Schottky diodes HSCH-5310/5330 Si single, Ct=0.1pF, med. barrier/low barrier Beamlead 
HSCH-5312/5332 Si single Ct=0.15pF, med. barrier/low barrier Beamlead 

Mixers - Schottky diodes HSCH-5310/5330  Si single, Ct=0.1pF, med. barrier/low barrier Beamlead 
HSCH-5312/5332 Si single Ct=0.15pF, med. barrier/low barrier Beamlead 
HSCH-5531 Si series pair, Ct=0.15pF, low barrier/ Ct=0.1pF, med. barrier Beamlead 

Multiplier  - Schottky diodes HSCH-5310/5330  Si single, Ct=0.1pF, med. barrier/low barrier Beamlead 
HSCH-5312/5332  Si single Ct=0.15pF, med. barrier/low barrier Beamlead 
HSCH-5531 Si series pair, Ct=0.15pF, low barrier/ Ct=0.1pF, med. barrier Beamlead 

Attenuator  - PIN diodes HPND-4005  Si single, Ct=17fF, t=100ns Beamlead
Switch - PIN diodes HPND-4005  Si single, Ct=17fF, t=100ns Beamlead 

HPND-4028/4038  Si single. Ct=45fF, t=36ns / Ct=65ns, t=45ns Beamlead 

Microwave/Millimeter Wave Diode Suggested Components

Recommended Parts in Bold.

Microwave Link (Point-point/point-multipoint)

Application Part Number Typ. Bias  
V/mA

Frequency  
Range/GHz

Gain (dB)  
@ 2GHz

P1dB (dBm) 
@ 2GHz

OIP3 (dBm) 
@ 2GHz

NF (dB) 
@ 2GHz

Device Type and Package  
(mm)

RF Amplifier MGA-30489 5/97 0.25 - 3.0 13.3 23.3 39 3 SOT-89
MGA-30689 5/104 0.04 - 2.6 14.6 22.5 40 3.3 SOT-89
MGA-30789 5/100 2 - 6 11.7 – 41.8 3.3 SMT 4.5x4.1x1.5
MGA-30889 5/65 0.04 - 2.6 15.5 – 38 1.9 SMT 4.5x4.1x1.5
MGA-30989 5/51 2 - 6 12 – 36.8 2 SMT 4.5x4.1x1.5
MGA-31189 5/111 0.05 - 2 21 24 42 3 SOT-89 
MGA-31289 5/124 1.5 - 3 18.7 24 41.8 3 SOT-89 
MGA-31389 5/73 0.05 - 2 21.3 22.2 38.6 2 SOT-89 
MGA-31489 5/69 1.5 - 3 19.5 21.9 37.3 1.9 SOT-89 
MGA-31589 5/146 0.45 - 1.5 20.4 27.2 45.3 1.9 SOT-89 
MGA-31689 5/168 1.5 - 3 18.1 27.6 44.9 1.9 SOT-89 
MGA-53543 5/54 0.4 - 6 15.4 18.6 39.1 1.5 E-pHEMT MMIC, SOT343 
MGA-53589 5/52 0.05 - 3.0 15.8 18.2 37 1.7 SOT-89
MGA-545P8 3.3/127 0.05 - 7 18.6 21.7 34 2.7 E-pHEMT MMIC, LPCC 
MGA-615631 3/41.6 0.1 - 6 15.5 15.1 31.7 1 E-pHEMT MMIC, SOT363 
ABA-53563 5/35 DC - 3.5 21.5 12.7 22.9 3.5 Si MMIC, SOT363 
ABA-54563 5/81 DC - 3 22.5 16 26 4.2 Si MMIC, SOT363
ADA-4789 4.1/80 DC - 2.5 16.3 16.9 29 4.5 Si MMIC, SOT89

Mixer IAM-92516 5/26 0.4 - 3.5 6 (CL) 9 27 (IIP3) 12.5 E-pHEMT MMIC, LPCC(3x3)
Buffer-High Power MGA-565P82 5/67 0.1 - 3.5 21.8 20 (Psat) – – E-pHEMT MMIC, LPCC 

ABA-54563 5/81 DC - 3 22.5 16 27.3 4.4 Si MMIC, SOT363
Buffer-Low Power ABA-31563 3/14 DC - 3 21.5 2.2 13.1 3.8 Si MMIC, SOT363 

ABA-32563 3/37 DC - 3 19 8.4 19.5 3.5 Si MMIC, SOT363 
ABA-51563 5/18 DC - 3.5 21.5 1.8 11.4 3.7 Si MMIC, SOT363 
ABA-52563 5/35 DC - 3.5 21.5 9.8 19.9 3.3 Si MMIC, SOT363 
ABA-53563 5/35 DC - 3.5 21.5 12.7 22.9 3.5 Si MMIC, SOT363
AVT-50663 5/36 DC-6000 15.3 12.5 25 4 SOT-363 (SC70)
AVT-51663 5/37 DC-6000 19.6 12.9 25.1 3.2 SOT-363 (SC70)
AVT-52663 5/45 DC-6000 15.3 12.7 27 4 SOT-363 (SC70)
AVT-53663 5/48 DC-6000 19.6 15.1 26.5 3.2 SOT-363 (SC70)
AVT-54689 5/48 0.05 - 6 17.1 17.4 29.6 4.1 SOT-89 
AVT-55689 5/75 0.05 - 6 17.2 19.5 32.5 4.3 SOT-89 

Recommended Parts in Bold. Notes:
1. Current Adjustable: 20-60mA.
2. High Reverse Isolation: 50dB typical.

Microwave Link - RF Component Suggestions
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Microwave Link - RF Component Suggestions

Application Part Number Features Device Type and Package

Detector  - Schottky Diodes HSMS-282x Ct max = 1pF @0V SOT323/363/23/143 
HSMS-286x Ct max = 0.3pF @0V SOT323/363/23/143

RF Attenuator  - PIN Diodes HSMP-381x Very low distortion, Ct typ. = 0.2pF @0V, see AN1048 & AN5262 pi-attenuator design SOT323/23/25/SOD-323 
HSMP-386x Lower current, low cost, Ct typ. = 0.2pF @0V, see AN1048 pi-attenuator design SOT323/363/23/25/SOD-323

Attenuator - Module ALM-38140 Low distortion, high dynamic range attenuator module MCOB 3.8x3.8x1.0mm

Microwave Link (Point-point/point-multipoint)

Application Part Number Typ. Bias V/mA Frequency 
Range/GHz

Gain (dB)
@ 500MHz

P1dB (dBm) 
@ 500MHz

OIP3 (dBm)  
@ 500MHz

NF (dB)  
@ 500MHz

Device Type and Package

IF Amplifier MGA-625631 3/55 0.1 - 3 22 18 35 0.8 E-pHEMT MMIC, SOT363 
MGA-545P8 3.3/135 0.1 - 7 22 19 36 2 E-pHEMT MMIC, LPCC 
MGA-30489 5/97 0.25 - 3.0 18.8 22.7 37 3.3 SOT-89
MGA-30689 5/104 0.04 - 2.6 14.4 22.2 44 3.0 SOT-89
MGA-30889 5/65 0.04 - 2.6 15.5 – 38 1.9 SMT 4.5x4.1x1.5
MGA-31189 5/111 0.05 - 2 21 24 42 3 SOT-89 
MGA-31389 5/73 0.05 - 2 21.3 22.2 38.6 2 SOT-89 
ADA-4789 4.1/80 DC - 2.5 17 18.8 35 4.2 Si MMIC, SOT89
ADA-4743 (3.8)/60 DC - 2.5 16.5 17.1 34 4.2 Si MMIC, SOT343 
ADA-4643 (3.5)/35 DC - 2.5 17.3 14 29 4 Si MMIC, SOT343 
ADA-4543 (3.4)/15 DC - 2.5 15.5 2.4 15 3.7 Si MMIC, SOT343 
ABA-54563 5/81 DC - 3 23 18 32 3 Si MMIC, SOT363 
ABA-53563 5/46 DC - 3.5 21.5 15 27.5 2.9 Si MMIC, SOT363 
ABA-52563 5/35 DC - 3.5 21.8 12.5 28 2.7 Si MMIC, SOT363
AVT-50663 5/36 DC-6000 15.3 12.5 25 4 SOT-363 (SC70)
AVT-51663 5/37 DC-6000 19.6 12.9 25.1 3.2 SOT-363 (SC70)
AVT-52663 5/45 DC-6000 15.3 12.7 27 4 SOT-363 (SC70)
AVT-53663 5/48 DC-6000 19.6 15.1 26.5 3.2 SOT-363 (SC70)
AVT-54689 5/48 0.05 - 6 17.1 17.4 29.6 4.1 SOT-89 
AVT-55689 5/75 0.05 - 6 17.2 19.5 32.5 4.3 SOT-89 

Application Part Number Features Package

Attenuator 
- PIN Diodes

HSMP-381x Very low distortion, Ct typ. = 0.2pF @0V, see AN1048 & AN5262 pi-attenuator design SOT323/23/25/SOD-323 

HSMP-386x Lower current, low cost, Ct typ. = 0.2pF @0V, see AN1048 pi-attenuator design SOT323/363/23/25/SOD-323

Attenuator 
- Module

ALM-38140 Low distortion, high dynamic range attenuator module MCOB 3.8x3.8x1.0mm

Recommended Parts in Bold.
Notes:
1. Current Adjustable: 20-60mA
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  Application Part number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB
@ 2GHz

P1dB/dBm
@ 2GHz

OIP3/dBm
@ 2GHz

NF/dB
@ 2GHz

Device Type and Package

  IF Amplifier ABA-31563 3/14 DC - 3 21.5 2.2 13.1 3.8 Si MMIC, SOT363

ABA-32563 3/37 DC - 3 19 8.4 19.5 3.5 Si MMIC, SOT363

ABA-51563 5/18 DC - 3.5 21.5 1.8 11.4 3.7 Si MMIC, SOT363

ABA-52563 5/35 DC - 3.5 21.5 9.8 19.9 3.3 Si MMIC, SOT363

ABA-53563 5/46 DC - 3.5 21.5 12.7 22.9 3.5 Si MMIC, SOT363

ABA-54563 5/79 DC - 3.4 23 16.1 27.8 4.4 Si MMIC, SOT363

AT-41511 5/25 10GHz ft 12.5 (MAG) 14.5 25 2.5 Si BJT, SOT143

AVT-50663 5/36 DC-6000 15.3 12.5 25 4 SOT-363 (SC70)

AVT-51663 5/37 DC-6000 19.6 12.9 25.1 3.2 SOT-363 (SC70)

AVT-52663 5/45 DC-6000 15.3 12.7 27 4 SOT-363 (SC70)

AVT-53663 5/48 DC-6000 19.6 15.1 26.5 3.2 SOT-363 (SC70)

AVT-54689 5/48 0.05 - 6 17.1 17.4 29.6 4.1 SOT-89 

AVT-55689 5/75 0.05 - 6 17.2 19.5 32.5 4.3 SOT-89 

MGA-61563 3/41 0.1 - 6 15.5 15.1 31.7 1.0 E-pHEMT MMIC, SOT363

  IF Switch HSMP-386x Higher linearity switch, Ct typ = 0.2pF @0V SOT323/363/23/SOD-323

HSMP-389x General purpose switch, Ct typ. = 0.4pF @0V SOT323/23/SOD-323

HMPS-389x General purpose switch, Ct typ. = 0.4pF @0V Minipak

  Mixer  - Schottky Diodes HSMS-8202 Ct max = 0.26pF @0V SOT23

RD max = 14W @ IF=5Ma

Recommended Parts in Bold.

DBS Satellite TV System Suggested Components

DBS Satellite TV System

out1

IF AmpIF AmpMixer

out2

IF: 950 - 2150 MHz

9.75 GHz

10.6 GHz

IF Switch

Universal Twin Output LNB

Low band: 10.7 – 11.8 GHz 
High band: 11.6 – 12.7 GHz 
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Mobile DAB/SDARS/DMB-S Digital Receivers

Mobile DAB/SDARS/DMB-S Digital Receivers Suggested Components

LNA Q1 Mixer

VCO

LNA Q2

LNA Q3

LO Bu�er

IF Amp

DAB:      1452 - 1492 MHz
SDARS: 2320 - 2345 MHz
DMB:     2.6 GHz

  Application Part number Typ. Bias V/
mA

Gain/dB1

DAB   SDARS   DMB-S
OIP3/dBm
DAB   SDARS   DMB-S

NF/dB2

DAB   SDARS   DMB-S
Device Type and Package 
(mm)

  LNA Q1/Q2 ATF-55143 2.7/10 20.0   17.0   16.0 23.0   24.0   24.0 0.3   0.45   0.5 E-pHEMT FET, SOT343

ATF-551M4 2.7/10 20.0   16.5   16.0 23.0   24.2   24.2 0.3   0.45   0.5 E-pHEMT FET, MiniPak

MGA-21108 1.4/17 12.5   12.0   13.0 (-2)      0      1.0 (IIP3) 2.8   2.2   1.8 STSLP 2.5x2.5x0.55

MGA-635T6 2.85/4.9 14.6    12.0    – 3.5    4.5    – 0.86   0.96    – E-pHEMT, UTSLP 2x1.3x0.4

  LNA Q3 MGA-645T6 3/7   –   15.0   14.2   –      7     7.8    –    1.1    1.15 E-pHEMT, UTSLP 2x1.3x0.4	

MGA-715433 3/104 16.5   15.2   14.6 19.5   18.2   17.6 0.7   0.8   0.85 GaAs MMIC, SOT343

MGA-725433 3/204 14.3   13.2   12.8 24.8   23.7   23.3 1.4   1.45   1.45 GaAs MMIC, SOT343

MGA-725M43 3/204 16.6   15.3   14.6 26.5   25.2   24.5 1.2   1.3   1.3 GaAS MMIC, MiniPak

  Mixer IAM-91563 3/9 to 15 9.5   7.5   7.0 3.0 to 4.5 7.5   11.0   11.5 GaAs MMIC, SOT363

  Application Part number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB
@ 2GHz

P1dB/dBm
@ 2GHz

OIP3/dBm
@ 2GHz

NF/dB
@ 2GHz

Device Type and Package

  LO Buffer ABA-31563 3/14.5 DC - 3 21 2 13 3.8 Si MMIC, SOT363

ABA-32563 3/38 DC - 2.5 18.5 8 19 3.4 Si MMIC, SOT363

Recommended Parts in Bold.

Notes:
1.  Gain for discrete FETs when matched for best IP3.
2.  NFmin figures for LNA parts.

3.  LNA bypass switch included.
4.  Current adjustable to set linearity performance

  Application Part number Typ. Bias V/mA Gain/dB
@ 500MHz

OIP3/dBm
@ 500MHz

NF/dB
@ 500MHz

Device Type and Package  
(mm)

LNA Q1/Q2 MGA-685T6 3.0/10 18.9 18.7 0.93 E-pHEMT, UTSLP 2x1.3x0.4

MGA-68563 3.0/10 19.7 20.0 1.0 E-pHEMT MMIC, SOT363

LNA Q3 MGA-785T6 3.0/10 15.7 16.8 1.5 E-pHEMT, UTSLP 2x1.3x0.4

MGA-725M4 3.0/9 14 16.5 1.7 GaAs MMIC, MiniPak

DMB-T/ISDB-T Receivers Suggested Components
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GPS Receivers

LNA Q1

Pre-Filter Post-Filter

LNA Q2
(Optional)

Baseband
Chipset

Mobile GPS Receivers Suggested Components

Application Part Number Typ. Bias V/
mA

NF/dB Gain/dB IIP3/dBm Device Type and Package 
(mm)

LNA Q1/Q2 ALM-1106 2.85/8 0.8 14.3 4.7 E-pHEMT MMIC, MCOB 2 x 2

ALM-2506 2.85/8 0.8 14.3 4.7 E-pHEMTF, MCOB 2x2x1.1

MGA-231T6 2.85/6 0.9 18.5 2.0 E-pHEMT, UTSLP 2x1.3x0.4

MGA-24106 2.7/3.3 0.97 17.9 -2.0 uDFN 1.5x1.3x0.5

MGA-61563 3.0/9 1.18 16 -3 E-pHEMT MMIC, SOT-363

MGA-635T6 2.85/4.9 0.86 14.6 3.5 E-pHEMT, UTSLP 2x1.3x0.4

MGA-665P8 3.0/21 1.22 20.8 -0.5 E-pHEMT MMIC, LPCC 2 x 2

*ATF-55143 2.0/10 0.6 17.4 -0.6 E-pHEMT FET, SOT343

Note:
*Refer to Application Note 1376.

Application Part Number Typ. Bias V/
mA

NF/dB Gain/dB IIP3/dBm Cell-Band  
Rejection/dBc

PCS-Band  
Rejection/dBc

Device Type and Package 
(mm)

LNA Q1 with 
Integrated Post 
Filter

ALM-1412 2.85/8 0.82 13.5 7 54 63 MCOB 3.3x2.1x1.1

ALM-1612 2.7/6 0.95 18.2 2 69 67 MCOB 3.3x2.1x1.0

ALM-2412 2.85/9 0.85 13.5 6.1 63 65 MCOB 3.3x2.1x1.1

ALM-2712 2.7/7.5 12.6 14.2 2 – – MCOB 3x2.5x1

LNA Q1 with 
Integrated Pre and 
Post Filters

ALM-1712 2.7/8 1.65 12.8 3 104 92.6 E-pHEMT & FBAR, MCOB 
4.5x2.2x1.0

ALM-1812 2.8/6 1.9 18.5 2 95 90 E-pHEMT & FBAR, MCOB 
4.5x2.2x1.0

ALM-1912 2.7/6 1.62 19.3 1.5 >57 >53 MCOB 2.9x2x1
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Notes:
1.  Gain and P1dB performance for discrete FETs when matched for best IP3.
2.  Current adjustable: 10 - 80mA.

2-6 GHz Systems (including 802.11 a/b/g and 802.16)

2-6 GHz Systems Suggested Components

Detector

Mixer PA Driver PARF AmpIF Amp

Mixer LNAIF Amp

Tx IF

Rx IF

Atten.

Bu�er VCOBu�er

Bu�er VCOBu�er

Sw
itc

h 
or

 D
up

le
xe

r

IF frequency typically:
<500 MHz for DC-2 GHZ
<2 GHz for 2-6 GHz

Application Part Number Typical Performance Package  
(mm)Test Bias V/mA Test Freq GHz Gain1 dB Linear Pout 

dBm
EVM %

PA MGA-22003 – 2.5 35 – – Small Size 3x3x1
MGA-23003 – 3.5 35 – – Small Size 3x3x1
MGA-25203 – 5.4 30 – – Small Size 3x3x1
MGA-412P8 3.3/95 2.452 25.5 19 3.0 E-pHEMT MMIC. LPCC
MGA-425P82 3.3/58 5.25 16.0 12 3.0 E-pHEMT MMIC. LPCC
MGA-43228 5 /500 2.4 38.5 29.2 2.5 QFN 5x5x0.85
MGA-43328 5 /470 2.6 37.3 29.3 2.5 QFN 5x5x0.85
MGA-545P8 3.3/127 5.825 11.5 16 5.6 E-pHEMT MMIC, LPCC
ALM-42216 3.3/240 2.5 30 23.5 2.5 MCOB 5.0x5.0x1.1
ALM-42316 3.3/240 3.5 30 23 2.5 MCOB 5.0x5.0x1.1
ALM-31222 5/415 2 14.9 – – MCOB 5.0x6.0x1.1
ALM-31322 5/413 3.5 13.2 – – MCOB 5.0x6.0x1.1
ALM-32220 5/800 2 14.8 – – MCOB 7.0x10.0x1.1
ALM-32320 5/800 3.5 12 – – MCOB 7.0x10.0x1.1

Application Part Number Typical Performance Package 
(mm)Test Bias V/mA Test Freq GHz Gain1 dB P1dB1 dBm OIP3 dBm NF dB

PA Driver MGA-30216 5/206 2 14.2 – 45.3 2.8 QFN 3x3
MGA-30316 5/198 3.5 12.8 – 44.4 2.7 QFN 3x3
MGA-53543 5/54 1.9 15.4 18.6 39.1 1.5 E-pHEMT MMIC. SOT343
ATF-501P8 4.5/280 2 15 29 45.5 1 E-pHEMT FET, LPCC
ATF-511P8 4.5/200 2 14.8 30 41.7 1.4 E-pHEMT FET, LPCC
ATF-521P8 4.5/200 2 17 26.5 42 1.5 E-pHEMT FET, LPCC
ATF-531P8 4/135 2 20 24.5 38 0.6 E-pHEMT FET, LPCC
ATF-541M4 3/60 2 17.5 21.4 35.8 0.5 E-pHEMT FET, MiniPak
ATF-54143 3/60 2 16.6 20.4 36.2 0.5 E-pHEMT FET, SOT343

WiFi/WiMAX AFEM-S257 2.5 - 2.7 16 QAM WiMAX EVM <-30dB min. (2.5%) at 24dBm MCOB 5x7x1
AFEM-S102 2.4 - 2.5 SP3T Switch 2.5GHz WiFi/Bluetooth Fem Small Size 2.2x2.2x0.55
AFEM-S105 5.1 - 5.9 EVM <-32.5dB at 15dBm, <-35dB at 12dBm Small Size 3.2x3.2x0.6
MGA-22103  2.5-2.7 16 QAM WiMAX EVM <-32dB (2.5%) at 25 dBm Small Size 3x3x1

3.  Current adjustable 10 - 60mA.
4.  High reverse isolation: 50dB typical.
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2-6 GHz Systems (including 802.11 a/b/g and 802.16)

Application Part Number Typical Performance Package
Test Bias V/
mA

Test Freq 
GHz

Gain1 dB P1dB1 dBm OIP3 dBm NF dB

RF Amplifier MGA-615633 3/41 2 15.5 15.1 31.7 1 E-pHEMT MMIC, SOT363
Buffer Amplifier ABA-31563 3/14 2 21.5 2.2 13.1 3.8 Si MMIC, SOT363

ABA-32563 3/37 2 19 8.4 19.5 3.5 Si MMIC, SOT363
ABA-51563 5/18 2 21.5 1.8 11.4 3.7 Si MMIC, SOT363
ABA-52563 5/35 2 21.5 9.8 19.9 3.3 Si MMIC, SOT363
ABA-53563 5/46 2 21.5 12.7 22.9 3.5 Si MMIC, SOT363
ABA-54563 5/79 2 23 16.1 27.8 4.4 Si MMIC, SOT363
MGA-565P84 5/67 2 21.8 20 (Psat) E-pHEMT MMIC, LPCC
MGA-615633 3/41 2 15.5 15.1 31.7 1 E-pHEMT MMIC, SOT363

Application Part Number High Isolation, High Linearity switch with Detector Package
Switch Deªtector Module AFEM-S260 2 - 4 MCOB 3x4x1

Notes:
1.  Gain and P1dB performance for discrete FETs when matched for best IP3.
2.  Current adjustable: 10 - 80mA.

3.  Current adjustable 10 - 60mA.
4.  High reverse isolation: 50dB typical.

Application Part Number Test Bias Test Freq Gain1 P1dB1 OIP3 NF Package (mm)

Low Noise Amplifiers MGA-14516 5.0/45 1.95 31.7 23.5 38 0.68 QFN 4x4x0.85
MGA-21108 1.4/17 3.5 17.6 5.3 20.9 1.4 STSLP 2.5x2.5x0.55
MGA-615632 3/41 2 15.5 15.1 31.7 1 E-pHEMT MMIC, SOT363
MGA-632P8 4/60 1.95 17.6 18.3 35.4 0.6 LPCC 2x2
MGA-645T6 3/7 2.4 15 9.0 22 1.1 E-pHEMT, UTSLP 2x1.3x0.4
MGA-655T6 3/10 3.5 14.7 12.0 20.2 1.17 E-pHEMT, UTSLP 2x1.3x0.4
MGA-665P8 3/20.5 5.25 16 11.4 18.2 1.45 E-pHEMT MMIC, LPCC
MGA-675T6 3.0/10 5.5 17.8 (-10) IP1dB (-3) IIP3 1.75 E-pHEMT, UTSLP 2x1.3x0.4
MGA-64606 3/7 2.4 15.3 -3.0 (IP1dB) 20.3 0.95 UTSLP 2.0x1.3
MGA-65606 3/7 3.5 15.3 -2.4 (IP1dB) 21 1.05 UTSLP 2.0x1.3
MGA-715433 2.4/10 2.01 15.9 7.4 18.9 1.1 pHEMT MMIC, SOT343
MGA-85563 3/15 2 19 0.9 11.5 1.85 pHEMT MMIC, SOT363
MGA-87563 3/4.5 2 14 -2 8 1.8 pHEMT MMIC, SOT363
ATF-36077 1.5/10 12 12 5 0.5 pHEMT FET, ceramic
ATF-36163 1.5 12 10 5 1.2 pHEMT FET, SOT363
ATF-551M4 2.7/10 2 17.5 14.6 24.1 0.5 E-pHEMT FET, MiniPak
ATF-55143 2.7/10 2 17.7 14.4 24.2 0.6 E-pHEMT FET, SOT343
ALM-2812 3.3/15 2.45 16.7 (-5.8) IP1dB 6.1 IIP3 0.8 MCOB 3x3x1.1

3.3/23.4 5.5 23.2 (-12.8) IP1dB (-2.1) IIP3 1.4 MCOB 3x3x1.1
VMMK-1218 3/20 10 10.7 12 12 0.7 SM 1x0.5
VMMK-1225 2/20 12 11 8 23 0.9 SM 1x0.5

Mixers IAM-91563 3/9 1.89 9 -8 -6 8.5 pHEMT MMIC, SOT363

2-6 GHz Systems Suggested Components

Notes
1.  Gain and P1dB performance for discrete FETs when matched for best IP3
2.  Current adjustable 10 - 60mA
3.  Source grounded configuration
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2-6 GHz Systems (including 802.11 a/b/g and 802.16)

Application Part Number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB
@ 2GHz

P1dB/dBm
@ 2GHz

OIP3/dBm 
@ 2GHz

NF/dB 
@ 2GHz

Device Type and Package

IF Amplifier MGA-625631 3/55 0.1 - 3 22 18 35 0.8 E-pHEMT MMIC, SOT363

MGA-545P8 3.3/135 0.1 - 7 22 19 36 2 E-pHEMT MMIC, LPCC

ADA-4789 4.1/80 DC - 2.5 16.3 16.9 29 4.5 Si MMIC, SOT89

ADA-4743 (3.8)/60 DC - 2.5 16.5 17.1 34 4.2 Si MMIC, SOT343

ADA-4643 (3.5)/35 DC - 2.5 17.3 14 29 4 Si MMIC, SOT343

ADA-4543 (3.4)/15 DC - 2.5 15.5 2.4 15 3.7 Si MMIC, SOT343

ABA-54563 5/81 DC - 3 23 18 32 3 Si MMIC, SOT363

ABA-53563 5/46 DC - 3.5 21.5 15 27.5 2.9 Si MMIC, SOT363

ABA-52563 5/35 DC - 3.5 21.8 12.5 28 2.7 Si MMIC, SOT363

AVT-50663 5/36 DC-6000 15.3 12.5 25 4 SOT-363 (SC70)

AVT-51663 5/37 DC-6000 19.6 12.9 25.1 3.2 SOT-363 (SC70)

AVT-52663 5/45 DC-6000 15.3 12.7 27 4 SOT-363 (SC70)

AVT-53663 5/48 DC-6000 19.6 15.1 26.5 3.2 SOT-363 (SC70)

Application Part Number Ct max @0V Package

Detector HMPS-282x 1pF Schottky, MiniPak

HSMS-282x 1pF Schottky, SOT323/363/23/143

HSMS-286x 0.3pF Schottky, SOT323/363/23/143

Switch HMPP-389x 0.35pF PIN, MiniPak

HSMP-389x/489x 0.4pF SOT323/363/23/143/SOD-323

HMPP-386x 0.2pF PIN, MiniPak

HSMP-386x 0.2pF SOT323/363/23/SOD-323

2-6 GHz Systems Suggested Components

Recommended Parts in Bold.
Notes
1.  Current adjustable 20 - 60mA
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VSAT 

C-Band

VSAT  Suggested Components

Application Part number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB
@ 500MHz

P1dB/dBm
@ 500MHz

OIP3/dBm
@ 500MHz

NF/dB
@ 500MHz

Device Type and Package

IF Amplifier MGA-625631 3/55 0.1 - 3 22 18 34.8 0.8 E-pHEMT MMIC, SOT363
MGA-545P8 3.3/135 0.1 - 7 22 19 36 2 E-pHEMT MMIC, LPCC
ADA-4789 4.1/80 DC - 2.5 17 18.8 35 4.2 Si MMIC, SOT89
ADA-4743 (3.8)/60 DC - 2.5 16.6 17.1 34 4.2 Si MMIC, SOT343
ABA-53563 5/46 DC - 3.5 21.5 15 27.5 2.9 Si MMIC, SOT363
ABA-52563 5/35 DC - 3.5 21.8 12.5 28 2.7 Si MMIC, SOT363

Application Part number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB
@ 2GHz

P1dB/dBm
@ 2GHz

OIP3/dBm
@ 2GHz

NF/dB
@ 2GHz

Device Type and Package

L-band Amplifier MGA-53543 5/54 0.4 - 6 15.4 18.6 39.1 1.5 E-pHEMT MMIC, SOT343
L-band Buffer - Low 
Power

MGA-615631 3/41.6 0.1 - 6 15.5 15.1 31.7 1 E-pHEMT MMIC, SOT363
MGA-82563 3/84 0.1 - 6 13.2 17.3 31 2.2 GaAs MMIC, SOT363
MGA-81563 3/42 0.1 - 6 12.4 14.8 27 2.8 GaAs MMIC, SOT363
ABA-53563 5/46 DC - 3.5 21.5 12.7 22.9 3.5 Si MMIC, SOT363
ABA-52563 5/35 DC - 3.5 21.5 9.8 19.9 3.3 Si MMIC, SOT363
ABA-51563 5/18 DC - 3.5 21.5 1.8 11.4 3.7 Si MMIC, SOT363
MGA-855633 3/15 to 30 0.8 - 6 19 1 to 8 12 to 17 1.9 GaAs MMIC, SOT363

L-band Buffer-High 
Power

MGA-565P82 5/67 0.1 - 3.5 21.8 20 (Psat) – – E-pHEMT MMIC, LPCC
MGA-82563 3/84 0.1 - 6 13.2 17.3 31 2.2 GaAs MMIC, SOT363

Recommended Parts in Bold.
Notes:
1.  Current adjustable 10-60mA.
2.  High reverse isolation: 50dB typical.
3.  Reverse Isolation 40dB typical.

/n

PLL

70/140 MHz

70/140 MHz

SSPA

L-band

VCO

VCO

IF Amp

IF Amp

Prescaler

L-band Amp

L-band Amp C-band AmpRF Atten

RF Atten

L-band Amp L-band Amp

L-band Bu�ers

LNA

C-band Bu�ers

Mixer

Mixer

C-band LNA
C-band LNA

Det L-band Det C-band

C-band

Tx/GHz: 5.880-6.425, 5.725-6.275, 6.725-7.025, 6.425-6.725
Rx/GHz: 3.625-4.200, 3.400-3.950, 4.500-4.800, 3.400-3.700
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VSAT

C-Band

Application Part Number Description Package

L-band/C-band Detector
 - Schottky Diodes

HSMS-282x Ct max = 1pF @0V SOT323/363/23/143

HSMS-286x Ct max = 0.3pF @0V SOT323/363/23/143

RF Attenuator
 - PIN Diodes

HSMP-381x Very low distortion, Ct typ. = 0.2pF @0V, see AN1048 pi-attenuator design SOT323/23/25/SOD-323

HSMP-386x Lower current, low cost, Ct typ. = 0.2pF @0V, see AN1048 pi-attenuator design SOT323/363/23/25/SOD-323

RF Attenuator - Module ALM-38140 Low distortion, high dynamic range attenuator module MCOB 3.8x3.8x1.0mm

Application Part number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@ 5GHz
P1dB/dBm1

@ 5GHz
OIP3/dBm
@ 5GHz

NF/dB2

@ 5GHz
Device Type and Package

C-band LNA ATF-36077 1.5/10 2 - 18 16 5 – 0.3 PHEMT FET, ceramic

ATF-36163 1.5/10 1.5 - 18 15 5 – 0.61 PHEMT FET, SOT363

ATF-551M4 2.7/10 0.5 - 6 12 14.5 24.5 0.75  E-pHEMT FET, MiniPak

ATF-55143 2.7/10 0.5 - 6 12 13.5 24 0.9 E-pHEMT FET, SOT343

C-band Amplifier
C-band Buffer

MGA-545P8 3.3/135 0.1 - 6 12 21 34 3.6 E-pHEMT MMIC, LPCC

MGA-82563 3/84 0.1 - 6 9.5 17 31 2.6 GaAs MMIC, SOT363

MGA-81563 3/42 0.1 - 6 10.5 14.5 27 3.2 GaAs MMIC, SOT363

MGA-85563 3/15 to 30 0.8 - 6 16 1 to 8 12 to 18 1.6 GaAs MMIC, SOT363

ATF-541M4 3/60 0.5 - 8 11 19.5 37.5 1.02 E-pHEMT FET, MiniPak

ATF-54143 3/60 0.5 - 6 11 18 36 0.93 E-pHEMT FET, SOT343

ATF-521P8 4.5/200 0.5 - 6 10 27 39 1.75 E-pHEMT FET, LPCC

VSAT Suggested Components

Recommended Parts in Bold.

Recommended Parts in Bold.
Notes:
1.  Gain and P1dB performance for discrete FETs when matched for best IP3
2.  NFmin figures for discrete FETs
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VSAT 

Ku-Band

VSAT Suggested Components

Application Part number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@ 12GHz
P1dB/dBm1

@ 12GHz
OIP3/dBm
@ 12GHz

NF/dB2

@ 12GHz
Device Type and Package 
(mm)

Ku-band LNA ATF-36077 1.5/10 2 - 18 12 5 – 0.5 PHEMT FET, Ceramic

ATF-36163 1.5/10 1.5 - 18 9.4 5 – 1 PHEMT FET, SOT363

AMMP-6220 3/60 6 - 20 23 10 23 2.2 SM 5x5

VMMK-1225 2/20 0.5 - 26 11 8 23 0.9 SM 1x0.5

VMMK-1218 3/20 0.5 - 18 10.7 12 12 0.7 SM 1x0.5

Ku-band Amplifier AMMP-5618 5/107 6 - 20 13 19 30 4.4 SM 5x5

Ku-band Buffer AMMP-6408 5/650 6 - 18 18 28 38 4.5 SM 5x5

Ku-band Mixer (IRM) AMMP-6530 -1/0 5 - 30 -10 8 18 10 SM 5x5

Recommended Parts in Bold.
Notes:
1. Gain and P1dB performance for discrete FETs when matched for best noise.
2. NFmin figures for discretes FETs.

/n

PLL
/n

PLL

/n

PLL

70/140 MHz

70/140 MHz

Tx/GHz: 13.75-14.00, 14.00-14.50
Rx/GHz: 10.95-11.70, 11.20-11.70, 11.70-12.20, 12.25-12.75

950-1450MHz
900-1700MHz

LNB

SSPA

L-band

Ku-band

VCO

VCO

IF Amp

IF Amp

Prescaler

Prescaler

L-band Amp

L-band Amp L-band AmpRF Atten

RF Atten

L-band Amp L-band Amp L-band
Amp

L-band Amp

L-band Bu�ers

Ku-band Amp

Ku-band Bu�ers

Ku-band Bu�ers

Ku-band LNA

L-band Bu�ers

Mixer

MixerMixer

Mixer

Det L-band

Prescaler

Det Ku-band

L-band

Ku-band
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VSAT

Ku-Band

Application Part Number Description Package

Ku-band Detector
 - Schottky diodes

HSMS-286x Ct max = 0.3pF @0V SOT323/363/23/143

HSCH-5310/5330 Si single, Ct=0.1pF, med. barrier/low barrier beamlead

HSCH-5312/5332 Si single Ct=0.15pF, med. barrier/low barrier beamlead

Ku-band Mixer
 - Schottky diodes

HSMS-8202 Si series pair, Ct=0.26pF, low-cost SOT23

HSCH-5312/5332 Si single Ct=0.15pF, med. barrier/low barrier beamlead

HSCH-5531 Si series pair, Ct=0.15pF, low barrier/ Ct=0.1pF, med. barrier beamlead

VSAT Suggested Components

Recommended Parts in Bold.
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RFID 

Driver PA

LNA

Bu�er

Bu�er

VCO

Modulator

Demodulator

RFID
Tag

EPC encoded

illumination

Detector

Application Part number Typ. Bias V/
mA

Frequency
Range/GHz

Gain/dB1

@ 0.9GHz
P1dB/dBm1

@ 0.9GHz
OIP3/dBm
@ 0.9GHz

NF/dB2

@ 0.9GHz
Device Type and Package  
(mm)

LNA MGA-53543 5/54 0.4 - 6 17.4 19.3 39.7 1.3 E-pHEMT MMIC, SOT343
MGA-725435 3/20 0.1 - 6 14.8 12 23 1.35 E-pHEMT MMIC, SOT343
ATF-54143 3/60 0.45 - 6 23.4 18.4 35.5 0.3 E-pHEMT FET, SOT343
ATF-58143 3/30 0.45 - 6 23.1 18.1 28.6 0.3 E-pHEMT FET, SOT343

Driver Amplifier MGA-53543 5/54 0.4 - 6 17.4 19.3 39.7 1.3 E-pHEMT MMIC, SOT343
MGA-545P8 3.3/127 0.05 - 7 22.4 21.5 34 2.6 E-pHEMT MMIC, LPCC
MGA-615634 3/41 0.1 - 6 19.3 15.4 30.5 0.9 E-pHEMT MMIC, SOT363
ATF-52189 4.5/200 0.05 - 6 16.5 27.2 42 1 E-pHEMT FET, SOT89
ATF-521P8 4.5/200 0.05 - 6 17.2 26.5 42.5 0.7 E-pHEMT FET, LPCC
ATF-53189 4/135 0.05 - 6 17.2 21.7 42 0.41 E-pHEMT FET, SOT89
ATF-531P8 4/135 0.05 - 6 25 23 37 0.26 E-pHEMT FET, LPCC
ADA-4789 4.1/80 DC - 2.5 16.9 18.8 33.2 4.3 Si MMIC, SOT89
ADA-4743 3.8/60 DC - 2.5 16.5 17.1 32.6 4.2 Si MMIC, SOT343

Power Amplifier ATF-50189 4.5/280 0.05 - 6 21.5 28.5 44 1 E-pHEMT FET, SOT89
ATF-501P8 4.5/280 0.05 - 6 16.6 27.3 42 1 E-pHEMT FET, LPCC
ATF-511P8 4.5/200 0.05 - 6 17.8 29.6 43 1.2 E-pHEMT FET, LPCC

Mixer IAM-92516 5/26 0.4 - 3.5 6.5 (CL) 16 (IP1dB) 29.3 (IIP3) 7.1 E-pHEMT MMIC, LPCC(3x3)
Buffer-High Power MGA-565P83 5/67 0.1 - 3.5 28 22 (Psat) – – E-pHEMT MMIC, LPCC

ABA-54563 5/79 DC - 3.4 23 18 34 4.2 Si MMIC, SOT363
Buffer-Low Power ABA-31563 3/14 DC - 3.5 21.3 3 15 3.8 Si MMIC, SOT363

ABA-32563 3/37 DC - 2.5 20.5 9.5 22.5 3.1 Si MMIC, SOT363
ABA-51563 5/18 DC - 3.5 21 3.5 15 3.4 Si MMIC, SOT363
ABA-52563 5/35 DC - 3.5 21.3 12 26 2.9 Si MMIC, SOT363
ABA-53563 5/46 DC - 3.5 21.5 14.5 26.5 3.1 Si MMIC, SOT363

Detector HSMS-282x Ct max = 1pF @0V SOT323/363/23/143

RFID 900 MHz Reader

Notes:
1.  Gain and P1dB performance for discrete FETs when matched for best IP3.
2.  NFmin figures for discrete FETs.
3.  High reverse isolation: 50dB typical.
4.  Current adjustable: 20-60mA.
5.  Includes integral bypass function. Current adjustable between 5 – 60mA.

RFID 900MHz Reader Suggested Components
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Product Selection Guides 
RFICs (GaAs and Silicon)

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idq
(mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package

GaAs Fixed Gain Amplifiers MGA-52543 0.4 - 6 1.9 5 53 1.9 14.2  +17.4 +32 SOT-343 (SC-70)
MGA-53543 0.4 - 6 1.9 5 54 1.5 15.4  +18.6 +39 SOT-343 (SC-70)

MGA-53589 0.05 - 6 1.9 5 52 1.66 15.8  +18.5 +37 SOT-89

MGA-81563 0.1 - 6 2.0 3 42 2.8 12.4 +14.8 +27 SOT-363 (SC-70)
MGA-82563 0.1 - 6 2.0 3 84 2.2 13.2 +17.3 +31 SOT-363 (SC-70)
MGA-85563 0.8 - 6 2.0 3 15 to 30 1.9 18.0 +1 to +8 +12 to +17 SOT-363 (SC-70)
MGA-86563 0.5 - 6 2.0 5 14 1.5 22.7 +4.1 +15 SOT-363 (SC-70)
MGA-86576 1.5 - 8 4.0 5 16 1.6 23.1 +6.3 +16 SM Ceramic
MGA-87563 0.5 - 4 2.0 3 4.5 1.6 14.0 -2 +8 SOT-363 (SC-70)

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idsat
(mA)

PAE
(%)

Gain
(dB)

PSAT
(dBm)

OIP3
(dBm)

Package  
(mm)

GaAs Medium Power 
Amplifiers

MGA-30789 2 - 6 3.5 5 100 11.7 – 41.8 SMT 4.5x4.1x1.5
MGA-30889 0.04 - 2.6 0.9 5 65 15.5 – 38 SMT 4.5x4.1x1.5
MGA-30989 2 - 6 3.5 5 51 12 – 36.8 SMT 4.5x4.1x1.5
MGA-412P8 2.4 - 2.5 2.4 3.3 95 NA 25.5 +25.3 38 LPCC 2X2
MGA-425P8  2 - 10 5.25 3.3 65 47.0 16.0 +20.3 32.9 LPCC 2x2
MGA-545P8 0.05 - 7 5.825 3.3 92 46.0 11.5 +22 +34 LPCC 2x2
MGA-83563 0.5 - 6 2.4 3 152 37.0 22.0 +22 +29 SOT-363 (SC-70)

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idq
(mA)

NF
(dB)

Gain
(dB)

OP1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

GaAs Match-Pair Dual LNA MGA-16516 0.7 - 1.7 0.85 5 50 0.45 17.5 18 11.5 (IIP3) QFN 4x4x0.85
MGA-17516 1.7 - 2.7 1.95 5 50 0.52 17.2 21.5 13.7 (IIP3) QFN 4x4x0.85

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idq
(mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

GaAs Smart Bias Amplifier MGA-14516 1.4 - 2.7 1.95 5 45 0.66 31.7 23.5 38 QFN 4x4x0.85
MGA-61563 0.1 - 6 2 3 41 1.2 16.6 +15.8 +28.5 SOT-363 (SC-70)
MGA-62563 0.1 - 3 0.5 3 60 0.9 22.0 +17.8 +32.9 SOT-363 (SC-70)
MGA-631P8 0.4 - 1.5 0.9 4 60 0.5 17.5 18 32.8 LPCC2x2
MGA-632P8 1.4 - 3 1.95 4 60 0.6 17.6 18.3 35.4 LPCC2x2
MGA-685T6 0.1 - 1.5 0.5 3 10 0.9 18.9 17.3 +18.7 UTSLP 2.0x1.3x0.4
MGA-68563 0.1 - 1.5 0.5 3 11 1 19.7 17.5 20.7 SOT-363

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idq
(mA)

NF
(dB)

Gain
(dB)

PAE 
(%)

OIP3
(dBm)

Package  
(mm)

GaAs High Linearity 
Amplifier

ALM-31122 0.7 - 1 0.9 5 394 2 15.6 52.5 47.6 MCOB 5.0x6.0x1.1
ALM-31222 1.7 - 2.7 2 5 415 2.7 14.9 52.6 47.9 MCOB 5.0x6.0x1.1
ALM-31322 3.3 - 3.9 3.5 5 413 2.8 13.2 51.5 47.7 MCOB 5.0x6.0x1.1
ALM-32120 0.7 - 1.0 0.9 5 800 2.5 14 47 52 MCOB 7.0x10.0x1.1
ALM-32220 1.7 - 2.7 2 5 800 3.5 14.8 47.5 50 MCOB 7.0x10.0x1.1
ALM-32320 3.3 - 3.9 3.5 5 800 2.5 12 43 49 MCOB 7.0x10.0x1.1
MGA-30116 0.75 - 1 0.9 5 202.8 2 17 47 44.1 QFN 3x3
MGA-30216 1.7 - 2.7 2 5 206 2.8 14.2 48.9 45.3 QFN 3x3
MGA-30316 3.3 - 3.9 3.5 5 198 2.7 12.8 51.3 44.4 QFN 3x3
MGA-30489 0.25 - 3.0 1.9 5 97 3 13.3 – 39 SOT-89
MGA-30689 0.04 - 2.6 1.95 5 104 3.3 14.6 – 40 SOT-89
MGA-31189 0.05 - 2 0.9 5 111 3 21 42.5 42 SOT-89 
MGA-31289 1.5 - 3 1.9 5 124 2 18.7 36.4 41.8 SOT-89 
MGA-31389 0.05 - 2 0.9 5 73 2 21.3 41.2 38.6 SOT-89 
MGA-31489 1.5 - 3 1.9 5 69 1.9 19.5 39.1 37.3 SOT-89 
MGA-31589 0.45 - 1.5 0.9 5 146 1.9 20.4 45 45.3 SOT-89 
MGA-31689 1.5 - 3 1.9 5 168 1.9 18.1 48 44.9 SOT-89 
MGA-53589 50MHz - 6GHz 1.9 5 54 1.66 18.6 – 37 SOT-89

GaAs  RFICs 
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Component Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idsat
(mA)

Isolation
(dB)

Gain
(dB)

Psat
(dBm)

Package  
(mm)

GaAs LO Buffer Amplifier MGA-565P8 0.1 - 3 2 5 67 50.0 21.8 +20 LPCC2x2

Component  Part Number Freq. 
Range
(GHz)

Test Freq.
(GHz)

Vd/Id
(V/mA)

Switch Inser-
tion Loss (dB)

NF
(dB)

Gain
(dB)

P1dB
(dBm @ mA)

IIP3
(dBm @mA)

Package  
(mm)

GaAs Amplifier with  
Bypass Switch

MGA-645T6 1.7 - 3 2.4 3/7 4.5 1.1 15.0 +9 @ 7 +7 @ 7 UTSLP 2.0x1.3x0.4
MGA-64606 1.5 -3 2.4 3/7 4.5 0.95 15.3 -3.0(IP1dB) +5@7 UTSLP 2.0x1.3
MGA-655T6 2.5 - 4 3.5 3/10 4.2 1.17 14.7 +12 @ 10 +5.5 @ 10 UTSLP 2.0x1.3x0.4
MGA-65606 2.5 - 4 3.5 3/7 4.2 1.05 15.3 -2.4(IP1dB) +5.7@7 UTSLP 2.0x1.3
MGA-71543 0.1 - 6 2 2.7/10 5.6 0.8 15.4 +7.4 @ 10 +3 @ 10 SOT-343 (SC-70)
MGA-72543 0.1 - 6 2 2.7/20 2.5 1.4 13.6 +11.2 @ 20 +10.5 @ 20 SOT-343 (SC-70)
MGA-725M4 0.1 - 6 2 2.7/20 1.6 1.3 15.7 +13.1 @ 20 +9.9 @ 20 MiniPak Package
MGA-785T6 0.1 - 1.5 0.6 3/10 2.6 1.5 15.7 3.2 @ 10 +1.10 @ 10 UTSLP 2.0x1.3x0.4

Component Part Number Freq. Range
(GHz)

Test Freq. 
(GHz)

Vd
(V)

Id
(mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

GaAs LNA with Power 
Down

MGA-665P8 0.5 - 6 5.25 3 21 1.5 16.5 11.1 15.4 LPCC2x2

GaAs LNA Module MGA-13116 0.4 - 1.5 0.9 5 55 0.51 38 23.3 41.4 QFN 4x4x0.85
MGA-13216 1.5 - 2.5 1.95 5 53 0.61 35.8 23.6 40.5 QFN 4x4x0.85
MGA-21108 1.5 - 8.0 3.5 1.4 17 1.4 17.6 5.3 20.9 STSLP 2.5x2.5x0.55
MGA-231T6 0.9 - 3.5 1.575 2.7 6 0.9 18.5 (-8) IP1dB 2 (IIP3) E-pHEMT, UTSLP 

2x1.3x.04
MGA-24106 0.9 - 3.5 1.575 2.7 3.3 0.97 17.9 -9.7 (IP1dB) -2.0 (IIP3) uDFN 1.5x1.3x0.5
MGA-633P8 0.45 - 2 0.9 5 54 0.37 18 22 37 QFN 2x2x0.75
MGA-634P8 1.5 - 2.3 1.9 5 48 0.44 17.4 36 QFN 2x2x0.75 
MGA-635P8 2.3 - 4 2.5 5 56 0.56 18 21.9 35.9 QFN 2x2x0.75 
MGA-636P8 0.45 - 1.5 0.7 4.8 105 0.5 18.5 23 41.5 QFN 2x2x0.75 
MGA-637P8 1.5 - 2.5 1.7 4.8 70 0.6 17.5 22 41.5 QFN 2x2x0.75 
MGA-638P8 2.5 - 4 2.5 4.8 90 0.8 17.5 22 39.5 QFN 2x2x0.75 
MGA-635T6 0.9 - 2.4 1.575 2.85 4.9 0.86 14.6 1 (IP1dB) 3.5 (IIP3) UTSLP 2.0x1.3x0.4
MGA-675T6 4.9 - 6.0 5.5 2.7 5 0.9 16.3 NA 14.7 UTSLP
ALM-11036 0.776  -  0.87 0.849 5 92 0.78 15.6 4 37.6 SMT 7x10
ALM-1106 0.9 - 2.5 1.575 2.85 8 0.8 14.3 1.8 (IP1dB) 4.7 (IIP3) MCOB 2x2x1.1
ALM-11136 0.87 - 0.915 0.915 5 92 0.76 15.4 4.5 38.2 SMT 7x10
ALM-11236 1.71 - 1.85 1.785 5 99 0.67 15.9 3.5 32.3 SMT 7x10
ALM-11336 1.85 - 1.98 1.98 5 100 0.72 15.3 3.8 35.5 SMT 7x10
ALM-2506 0.9 - 2.5 1.575 2.85 8 0.8 14.3 1.9 (IP1dB) 4.7 (IIP3) MCOB 2x2x1.1

Component Part Number Test Freq.
(GHz)

Vd/Id
(V/mA)

NF 
(dB)

Gain
(dB)

IP1dB
(dBm)

IIP3
(dBm)

Cell-Band 
Rejection

PCS-Band 
Rejection

Package  
(mm)

GPS LNA/Filter Module ALM-1412 1.575 2.85/8 0.82 13.5 2.7 7 54 63 MCOB 3.3x2.1x1.1
ALM-1612 1.575 2.7/6 0.95 18.2 -8 2 69 67 MCOB 3.3x2.1x1.0
ALM-2412 1.575 2.85/9 0.85 13.5 2.2 6.1 63 65 MCOB 3.3x2.1x1.1
ALM-2712 1.575 2.7/7.5 12.6 14.2 5 2 – – MCOB 3x2.5x1

GPS Filter/LNA/Filter 
Module

ALM-1712 1.575 2.7/8 1.65 12.8 3 3 104 92.6 E-pHEMT & FBAR, 
MCOB 4.5x2.2x1.0

ALM-1812 1.575 2.8/6 1.9 18.5 -8 2 95 90 E-pHEMT & FBAR, 
MCOB 4.5x2.2x1.0

ALM-1912 1.575 2.7/6 1.62 19.3 -8 1.5 >57 >53 MCOB 2.9x2x1

Component Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vd  
(V)

Id  
(mA)

NF
(dB)

Gain
(dB)

OIP3  
(dBm)

P1dB  
(dBm)

Package  
(mm)

Variable Gain Amplifier ALM-80110 0.4 - 1.6 0.9 5 110 4.8 (-27) to 13.6 40.3 23.3 MCOB 5.0x5.0x1.1
ALM-80210 1.6 - 2.6 1.9 5 110 5.3 (-25.5) to 9.8 40.8 23.6 MCOB 5.0x5.0x1.1

RFICs (GaAs and Silicon)

GaAs RFICs 
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Component Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vd  
(V)

Id  
(mA)

NF
(dB)

Gain
(dB)

OIP3  
(dBm)

P1dB  
(dBm)

Package  
(mm)

WaferCap Amplifier VMMK-2103 0.5 - 6.0 3 5 24 1.7 13.9 8 (IIP3) 0 (IP1dB) 1x0.5x0.25
VMMK-2203 0.9 - 11 6 5 25 1.9 16.5 14 5 1x0.5x0.25
VMMK-2303 0.5 - 6.0 6 1.8 20 1.9 14.1 22 9 1x0.5x0.25
VMMK-2403 1.5 - 4.0 3 3 38 1.8 15 29 16.5 1x0.5x0.25
VMMK-2503 1.0 - 12 6 5 65 3.3 14 27 17 1x0.5x0.25
VMMK-3503 0.5 - 18 – 5 30 3.6 12 10 – 1x0.5x0.25
VMMK-3603 1 - 6 – 5 35 1.5 17 25 9 1x0.5x0.25
VMMK-3803 3 - 10 – 3 20 1.7 18.5 18 4.5 1x0.5x0.25

Component Part Number Freq. Range
(GHz)

Bias
(V@mA)

IRL  
(dB)

ORL
(dB)

Insertion Loss
(dB)

Directivity  
(dB)

Package  
(mm)

WaferCap Detector VMMK-3113 2 - 6 1.5V@0.15mA 20 20 0.2 - 0.35 15 1x0.5x0.25
VMMK-3213 6 - 18 1.5V@0.15mA 20 20 0.15 - 0.5 15 1x0.5x0.25
VMMK-3313 15 - 33 1.5V@0.15mA 20 20 0.25 - 0.7 15 1x0.5x0.25
VMMK-3413 25 - 45 1.5V@0.15mA 20 20 0.4 - 0.8 18 - 7 1x0.5x0.25

Component Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Voltage
(Vdg)

Current
(mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

Mixers- 
Downconverter

IAM-91563 0.8 - 6 1.9 3 9 8.5 9.0 -8 -6 SOT-363 (SC-70)
IAM-92516 0.4 - 3.5 1.9 5 26 12.5 -6.0 9 27 (IIP3) LPCC 3x3

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idq
(mA)

Gain
(dB)

P1dB
(dB)

Pout @ 
2.5% EVM

Atten
(dB)

Package  
(mm)

GaAs WiMAX Power 
Amplifier Module

ALM-42216 2.3 - 2.7 2.5 3.3 240 30 30 23.5 20 MCOB 5.0x5.0x1.1
ALM-42316 3.3 - 3.8 3.5 3.3 240 30 30.5 23 18 MCOB 5.0x5.0x1.1
MGA-43128 0.7 - 0.8 0.75 5 780 33.4 36 29.2 1.8 QFN 5x5
MGA-43228 2.3 - 2.5 2.4 5 1023 38.5 36 29.1 23.8 QFN 5x5
MGA-43328 2.5 - 2.7 2.6 5 1017 37.4 36 29.3 24.5 QFN 5x5
MGA-43428 0.86 - 0.97 0.85 5 800 >30 36 28dBm@ 

50dBc  
ACLR

– MCOB 5x5
MGA-43528 1.8 - 2.0 1.9 5 1000 >30 35 – MCOB 5x5
MGA-43628 2.0 - 2.2 2.1 5 1000 >30 35 – MCOB 5x5

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

BCTRL Gain
(dB)

PAE of 19% IP1dB
(dBm)

Package  
(mm)

WiMAX/WiFi Amplifier 
Module

MGA-22003 2.3 - 2.7 2.5 2.8 35 19 31 Small Size 3x3x1
MGA-22103 2.5 - 2.7 16 QAM WiMAX EVM <-32dB (2.5%) at 25 dBm Small Size 3x3x1
MGA-23003 3.3 - 3.8 3.5 2.8 35 18 31 Small Size 3x3x1
MGA-25203 5.1 - 5.9 5.4 2.8 30 13 30 Small Size 3x3x1
AFEM-S257 2.5 - 2.7 16 QAM WiMAX EVM <-30dB min. (2.5%) at 24dBm MCOB 5x7x1
AFEM-S102 2.4 - 2.5 SP3T Switch 2.5GHz WiFi/Bluetooth Fem Small Size 2.2x2.2x0.55
AFEM-S105 5.1 - 5.9 EVM <-32.5dB at 15dBm, <-35dB at 12dBm Small Size 3.2x3.2x0.6

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd
(V)

Idq
(mA)

NF
(dB)

Gain
(dB)

IIP3
(dBm)

IP1dB
(dBm)

Package  
(mm)

WiFi Dual Band LNA 
Module

ALM-2812 2.4 - 2.5 2.45 3.3 15 0.8 16.7 6.1 5.8 MCOB 3.0x3.0x1.1
4.9 - 6.0 5.5 3.3 23.4 1.4 23.2 2.2 12.8 MCOB 3.0x3.0x1.1

RFICs (GaAs and Silicon)

GaAs RFICs 

InGap HBT 

Component  Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vd
(V)

Id
(mA)

Gain
(dB)

NF
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

Gain Block AVT-50663 DC-6000 2 5 36 15.3 4 12.5 25 SOT-363 (SC70)
AVT-51663 DC-6000 2 5 37 19.6 3.2 12.9 25.1 SOT-363 (SC70)
AVT-52663 DC-6000 2 5 45 15.3 4 12.7 27 SOT-363 (SC70)
AVT-53663 DC-6000 2 5 48 19.6 3.2 15.1 26.5 SOT-363 (SC70)
AVT-54689 0.05 - 6 2 5 58 4.1 17.1 17.4 29.6 SOT-89 
AVT-55689 0.05 - 6 2 5 75 4.3 17.2 19.5 32.5 SOT-89 
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Component Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Voltage
(Vdg)

Current
(mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package

Silicon Broadband 
Amplifiers

ABA-31563 DC - 3.5 2.0 3 14.5 3.8 21.0 +2.0 13.0 SOT-363 (SC-70)
ABA-32563 DC - 2.5 2.0 3 38 3.4 18.5 +8.0 19.0 SOT-363 (SC-70)
ABA-51563 DC - 3.5 2.0 5 18 3.7 21.5  +1.8 11.4 SOT-363 (SC-70)
ABA-52563 DC - 3.5 2.0 5 35 3.3 21.5  +9.8 19.9 SOT-363 (SC-70)
ABA-53563 DC - 3.5 2.0 5 46 3.5 21.5  +12.7 22.9 SOT-363 (SC-70)
ABA-54563 DC - 3 2.0 5 79 4.4 23.0 +16.1 27.8 SOT-363 (SC-70)

Silicon Darlington 
Amplifiers

ADA-4543 DC - 2.5 0.9 3.4 15 3.7 15.1 +1.9 15.0 SOT-343 (SC-70)
ADA-4643 DC - 2.5 0.9 3.5 35 4.0 17.0 +13.4 28.3 SOT-343 (SC-70)
ADA-4743 DC - 2.5 0.9 3.8 60 4.2 16.5 +17.1 32.6 SOT-343 (SC-70)
ADA-4789 DC - 2.5 0.9 3.8 60 4.2 16.5 +17.1 32.6 SOT-89

Silicon Fixed Gain 
Amplifiers

MSA-0300 DC - 2.8 1 Typ 5 35 6 12.5 10 23 Chip
MSA-0600 DC - 1 0.5 Typ 3.5 16 2.8 19.5 2 14.5 Chip
MSA-0836 DC - 4 1.0 7.8 36 3.0 23.0 +12.5 27.0 35 Micro-X
MSA-0870 DC - 4 1.0 7.8 36 3.0 23.5 +12.5 27.0 70 mil
MSA-0886 DC - 4 1.0 7.8 36 3.3 22.5 +12.5 27.0 86 Plastic
MSA-3111 DC - 0.5 1.0 4.5 29 3.5 18.4 +9 23.0 SOT-143
MSA-3186 DC - 0.5 1.0 4.7 29 3.5 18.7 +9 21.0 86 Plastic
MSA-2011 DC - 1.0 1.0 5 32 4.3 16.2 +9 22.0 SOT-143
MSA-2086 DC - 1.1 1.0 5 32 3.7 16.6 +9 22.0 86 Plastic
MSA-0711 DC - 1.9 1.0 3.8 22 5.0 12.0 +5.5 18.0 SOT-143
MSA-0736 DC - 2.4 1.0 4 22 4.5 13.0 +5.5 19.0 35 Micro-X
MSA-0770 DC - 2.5 1.0 4 22 4.5 13.0 +5.5 19.0 70 mil
MSA-0786 DC - 2.0 1.0 4 22 5.0 12.5 +5.5 19.0 86 Plastic
MSA-0986 0.1 - 5.5 2.0 7.8 35 6.2 7.2 +10.5 23.0 86 Plastic
MSA-0236 DC - 2.7 1.0 5 25 6.5 12.0 +4.5 17.0 35 Micro-X
MSA-0270 DC - 2.8 1.0 5 25 6.5 12.0 +4.5 17.0 70 mil
MSA-0286 DC - 2.5 1.0 5 25 6.5 12.0 +4.5 17.0 86 Plastic
MSA-0420 DC - 4.0 1.0 6.3 90 6.5 8.5 16 30.0 200 mil BeO
MSA-0436 DC - 3.8 1.0 5.25 50 6.5 8.5 +12.5 25.5 35 Micro-X
MSA-0470 DC - 4.0 1.0 5.25 50 6.5 8.5 +12.5 25.5 70 mil
MSA-0486 DC - 3.2 1.0 5.25 50 7.0 8.0 +12.5 25.5 86 Plastic
MSA-0505 0.02 - 2.3 1.0 8.4 80 6.5 7.0 18 29.0 05 Plastic
MSA-0520 0.02 - 2.8 1.0 12 165 6.5 8.5 +23 33.0 200 mil BeO
MSA-9970 DC - 2.0 1.0 7.8 35 16.0 +14.5 25.0 70 mil
MSA-0311 DC - 2.3 1.0 4.7 35 6.0 11.0 +9 22.0 SOT-143
MSA-0336 DC - 2.7 1.0 5 35 6.0 12.0 +10 23.0 35 Micro-X
MSA-0370 DC - 2.8 1.0 5 35 6.0 12.0 +10 23.0 70 mil
MSA-0386 DC - 2.4 1.0 5 35 6.0 12.0 +10 23.0 86 Plastic
MSA-0611 DC - 0.7 0.5 3.3 16 3.0 18.0 +2 14.0 SOT-143
MSA-0636 DC - 0.9 0.5 3.5 16 2.8 19.0 +2 14.5 35 Micro-X
MSA-0670 DC - 1.0 0.5 3.5 16 2.8 19.5 +2 14.5 70 mil
MSA-0686 DC - 0.8 0.5 3.5 16 3.0 18.5 +2 14.5 86 Plastic
MSA-1105 0.05 - 1.3 0.5 5.5. 60 3.6 12.0 +17.5 30.0 05 Plastic
MSA-1110 0.05 - 1.6 0.5 5.5 60 3.5 12.0 +17.5 30.0 100 mil
MSA-1120 0.05 - 1.6 0.5 5.5 60 3.5 12.0 +17.5 30.0 200 mil BeO
MSA-2111 DC - 0.5 0.9 3.6 29 3.3 17.5 10 20.0 SOT-143

RFICs (GaAs and Silicon)

Silicon RFICs 
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Transistors

Component Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Voltage
(V)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

S21E
(dB)

OIP3
(dBm)

Package

Silicon Bipolar 
Transistor

AT-30511 DC - 5 0.9 2.7 1.1 16.0 +7.0 17.9 17.0 SOT-143

AT-30533 DC - 5 0.9 2.7 1.1 13.0 +7.0 15.2 17.0 SOT-23

AT-31011 DC - 5 0.9 2.7 0.9 13.0 +9.0 19.1 20.0 SOT-143

AT-31033 DC - 5 0.9 2.7 0.9 11.0 +9.0 15.8 20.0 SOT-23

AT-32011 DC - 5 0.9 2.7 1.0 14.0 +13.0 18.9 24.0 SOT-143

AT-32032 DC - 6 0.9 2.7 1.0 15.0 +13.0 11.5 23.0 SOT-323

AT-32033 DC - 5 0.9 2.7 1.0 12.5 +13.0 15.1 24.0 SOT-23

AT-32063 DC - 5 0.9 2.7 1.1 14.5 +12.0 17.0 24.0 SOT-363 (SC-70)

AT-41435 DC - 6 2.0 8.0 1.7 14.0 +19.0 17.2 35 micro-X  

AT-41486 DC - 6 1.0 8.0 1.4 18.0 +18.0 17.5 86 mil Plastic 

AT-41535 DC - 6 2.0 8.0 1.7 14.0 19.0 11.0 – 35 micro-X

AT-41500 DC - 6 2.0 8.0 1.7 12.5 18 11.0 – Chip

AT-41511 DC - 5 0.9 5.0 1.0 15.5 +14.5 15.8 25.0 SOT-143

AT-41532 DC - 6 0.9 5.0 1.0 15.5 +14.5 13.3 25.0 SOT-323

AT-41533 DC - 5 0.9 5.0 1.0 14.5 +14.5 13.9 25.0 SOT-23

AT-41586 DC - 6 1.0 8.0 1.4 17.0 +18.0 17.0 86 mil Plastic 

AT-42000 DC - 6 2 Typ 8.0 1.9 14.0 21 11.5 Chip

AT-42010 DC - 6 2.0 8.0 1.9 13.5 21 11.5 – 100 mil

AT-42035 DC - 6 2.0 8.0 2.0 13.5 +21.0 11.0 35 micro-X  

AT-42036 DC - 6 2.0 8.0 1.9 13.5 +21.0 16.6 36 micro-X  

AT-42070 DC - 6 2.0 8.0 1.9 14.0 +21.0 17.3 70 mil stripline

AT-42085 DC - 6 2.0 8.0 1.9 13.5 +20.5 17.0 85 mil Plastic

AT-42086 DC - 6 2.0 8.0 1.9 13.0 +20.5 16.5 86 mil Plastic 

Transistors 

Component  Part Number Freq. Range (GHz) Voltage (V) Test Freq. (GHz) P1dB (dBm) G1dB (dBm) Package

Medium Power  
Si Transistor

AT-64020 DC - 4 16 2 +28 10 200 mil BeO disk

AT-64023 DC - 4 16 4 26.5 9.5 230 mil Be0 disk

AT-64000 DC - 4 16 4 26.5 9.5 Chip
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Component Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vdd / Idq
(V)

NF
(dB)

Ga
(dB)

P1dB
(dBm)

OIP3
(dBm)

Gate Width
(um)

 Package  
(mm)

Single Voltage  
Low Noise 
GaAs E-pHEMTs

ATF-501P8 .05 - 6 2 4.5/280 1.8 14.6 +28 +47 6400 LPCC 2x2

ATF-50189 .05 - 6 2 4.5/280 1.1 15.5 +29.1 +45.3 6400 SOT-89

ATF-511P8 .05 - 6 2 4.5/200 1.4 14.8 +30 +42 6400 LPCC 2x2

ATF-521P8 05 - 6 2 4.5/200 1.5 17.0 +26.5 +42 3200 LPCC 2x2

ATF-52189 05 - 6 2 4.5/200 1.5 16.0 +27.0 +42 3200 SOT-89

ATF-531P8 05 - 6 2 4.0/135 0.6 20.0 +24.5 +38 1600 LPCC 2x2

ATF-53189 05 - 6 2 4.0/135 0.85 15.5 +23.0 +40 1600 SOT-89

ATF-54143 .45 - 6 2 3.0/60 0.5 16.6 +20.4 +36 800 SOT-343 (SC-70)

ATF-541M4 .45 - 10 2 3.0/60 0.5 17.5 +21.4 +36 800 MiniPak Package

ATF-55143 .45 - 6 2 2.7/10 0.6 17.7 +14.4 +24 400 SOT-343 (SC-70)

ATF-551M4 .45 - 10 2 2.7/10 0.5 17.5 +14.6 +24 400 MiniPak Package

ATF-58143 .45 - 6 2 3.0/30 0.5 16.5 +19 +30.5 800 SOT-343 (SC-70)

Low Noise  
GaAs pHEMTS

ATF-33143 .45 - 6 2 4.0/80 0.5 15.0 +22 +33.5 1600 SOT-343 (SC-70)

ATF-331M4 .45 - 6 2 4.0/80 0.6 15.0 +19 +31 1600 MiniPak Package

ATF-34143 .45 - 6 2 4.0/60 0.5 17.5 +20 +31.5 800 SOT-343 (SC-70)

ATF-35143 .45 - 6 2 2.0/15 0.4 18.0 +11 +21 400 SOT-343 (SC-70)

ATF-38143 .45 - 6 2 2.0/10 0.4 16.0 +12 +22 800 SOT-343 (SC-70)

ATF-36077 1.5 - 18 12 1.5 0.5 12.0 +5 – 200 70 mil SM

ATF-36163 1.5 - 18 12 1.5 1.2 10.0 +5 – 200 SOT-363 (SC-70)

VMMK-1218 0.5 - 18 – 3/20 0.7 10.7 12 12 – SM 1x0.5

VMMK-1225 0.5 - 26 – 2/20 0.9 11 8 23 – SM 1x0.5

Transistors

Transistors 
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MiniPak

Single Anti-parallel Parallel Shunt Switch

Configuration

PIN HMPP-3860 HMPP-3862 HMPP-3865

HMPP-3890 HMPP-3892 HMPP-3895 HMPP-389T

Diodes — PIN

3 Lead Diodes SOT-3223 (SC-70)

Single Dual Anode Dual Cathode Series Pair Common Anode Common Cathode

Configuration

PIN HSMP-381B HSMP-481B HSMP-381C HSMP-381E HSMP-381F

HSMP-386B HSMP-386C HSMP-386E HSMP-386F

HSMP-389B HSMP-489B HSMP-389C HSMP-389E HSMP-389F

HSMP-482B
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Diodes — PIN

3 Lead Diodes SOT-23

Single Dual Anode Dual Cathode Series Pair Common Anode Common Cathode

Configuration

PIN HSMP-3810 HSMP-4810 HSMP-3812 HSMP-3813 HSMP-3814

HSMP-3860 HSMP-3862 HSMP-3863 HSMP-3864

HSMP-3890 HSMP-4890 HSMP-3892 HSMP-3893 HSMP-3894

HSMP-3820 HSMP-4820 HSMP-3822 HSMP-3823 HSMP-3824

HSMP-3830 HSMP-3832 HSMP-3833 HSMP-3834

ASML-5822

ASML-5829

4 Lead Diodes SOT-143

Unconnected Pair

Configuration

PIN HSMP-386D

HSMP-389D

5 Lead Diodes SOT-25

Pi Quad

Configuration

PIN HSMP-3816

HSMP-3866

6 Lead Diodes SOT-363 (SC-70)

Unconnected Trio Dual Mode Switch Low Inductance Series Shunt Pair High Frequency 
Series Shunt Pair

Configuration

PIN HSMP-386L

HSMP-389L HSMP-389R HSMP-389T HSMP-389U HSMP-389V
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Diodes — PIN

PIN Diodes

Application Part Number C
t
 (pF)

(max/typ)
RS (Ω)
(max)

V
BR

 (V)
(min)

T
rr

 (nS)
(typ)

Lifetime (nS) 
(typ)

Low Distortion Attenuator HSMP-381x 0.35/0.27 3.0 100 300 1500

Low Distortion/Low Inductance Attenuator HSMP-481x 0.40/0.35 3.0 100 300 1500

Low Resistance Limiter HSMP-382x 0.8/0.6 0.6 50 7 70

Low Inductance Limiter HSMP-482x 1.0/0.75 0.6 50 7 70

Low Current Switch/ Attenuator HSMP-383x 0.3/0.2 1.5 200 80 500

Low Current Switch/ Attenuator HMPP/HSMP-386x - / 0.2 1.5 typ 50 80 500

Low Resistance Switch HMPP/HSMP-389x 0.30/0.20 2.5 50 – 200

Low Resistance/Low Inductance Switch HSMP-489X 0.38/0.33 2.5 50 – 200

Component Part  
Number

Freq Range 
(MHz)

TX-ANT IL 
(dB)

ANT-RX 
IL (dB)

TX RL 
(dB)

RX RL 
(dB)

TX-ANT 
ISO (dB)

ANT-RX 
ISO (dB)

TX-RX 
ISO 
(dB)

RX-TX 
ISO 
(dB)

TX 
P0.1dB 
(dBm)

TX IIP3 
(dBm)

Package  
(mm)

TD-SCDMA SPDT 
Switch 

ALM-40220 2010-2025 0.45 0.6 25 25 27 40 40 26 41 60 5.0x5.0x1.0 5-PIN MCOB

Component Part  
Number

Freq Range 
(MHz)

IIP3 
(dBm)

IP1dB 
(dBm)

Dynamic Range 
(dB)

IL 
(dB)

VSWR 
(dB)

Package  
(mm)

50MHz – 4GHz PIN Diode 
Variable Attenuator 
Module

ALM-38140 50-1000 50 28.8 38 2.8 1.4 3.8x3.8x1.0  
MCOB1000-2000 48.9 35.6 36 3.2 1.4

Component Part  
Number

Freq Range 
(MHz)

IIP3 
(dBm)

IP1dB 
(dBm)

ISO 
(dB)

IL 
(dB)

RL 
(dB)

Package  

PIN Diode Diversity 
Switch

HSMP-386D 900 56.8 47.4 25.4 0.35 27.0 SOT-143

HSMP-389D 900 55.4 46.3 25.7 0.36 28.0

Component Part  
Number

Freq Range 
(MHz)

OP1dB 
(dBm)

IL 
(dB)

RL 
(dB)

Package  

Schottky Assisted 
PIN Diode Low Power 
Limiter

ASML-5822 900 2.85 0.85 10.9 SOT-323

ASML-5829 900 6.05 0.33 15.6

Beam Lead PIN Diodes

Part Number C
t

(pF)
RS
(Ω)

V
BR

(V)
T

rr
(nS)

Lifetime
(nS)

Configuration Package

HPND-4005 0.017 4.7 120 n/a 100 Single Beam Lead

HPND-4028 0.045 2.3 60 3 36 Single Beam Lead

HPND-4038 0.065 1.5 60 2 45 Single Beam Lead
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Diodes — Schottky Diode

MiniPak

Single Anti-parallel Parallel

Configuration

Schottky HMPS-2820 HMPS-2822 HMPS-2825

3 Lead Diodes SOT-323 (SC-70)

Single Series Pair Common Anode Common Cathode

Configuration

Schottky HBAT-540B HBAT-540C
HSMS-270B HSMS-270C
HSMS-280B HSMS-280C HSMS-280E HSMS-280F
HSMS-281B HSMS-281C HSMS-281E HSMS-281F
HSMS-282B HSMS-282C HSMS-282E HSMS-282F
HSMS-285B HSMS-285C
HSMS-286B HSMS-286C HSMS-286E HSMS-286F

12

43

(0)

12

43

(2)

12

43

(5)

3 Lead Diodes SOT-23

Single Series Pair Common Anode Common Cathode

Configuration

Schottky HBAT-5400 HBAT-5402

HSMS-2700 HSMS-2702

HSMS-2800 HSMS-2802 HSMS-2803 HSMS-2804

HSMS-2810 HSMS-2812 HSMS-2813 HSMS-2814

HSMS-2820 HSMS-2822 HSMS-2823 HSMS-2824

HSMS-2860 HSMS-2862 HSMS-2863 HSMS-2864

HSMS-2850 HSMS-2852

HSMS-8101 HSMS-8202
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Diodes — Schottky Diode

4 Lead Diodes SOT-143

Unconnected Pair Ring Quad Bridge Quad Crossover Quad

Configuration

Schottky HSMS-2805 HSMS-2808

HSMS-2815 HSMS-2817 HSMS-2818

HSMS-2825 HSMS-2827 HSMS-2828 HSMS-2829

HSMS-2865

HSMS-8207 HSMS-8209

HSMS-2855

6 Lead Diodes SOT-363 (SC-70)

High Isolation 
Unconnected Pair

Unconnected Trio Common  
Cathode Quad

Common  
Anode Quad

Bridge Quad Ring Quad

Configuration

Schottky HSMS-280K HSMS-280L HSMS-280M HSMS-280N HSMS-280P HSMS-280R

HSMS-281K HSMS-281L

HSMS-282K HSMS-282L HSMS-282M HSMS-282N HSMS-282P HSMS-282R

HSMS-285L HSMS-285P

HSMS-286K HSMS-286L HSMS-286P HSMS-286R
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Schottky-Barrier Diodes

Application Part Number V
BR 

(V) 
(min)

V
F
 (mV) 

(max) 
IF

 
= 1 mA

V
F
 @ I

F
 (V @ mA) 

(max)
C

t
 (pF) 

(typ)
R

D
 (Ω) 

(typ)
Volt. Sens. (Υ) (mV/mW) Rv (KΩ)  

(typ)900 MHz 2.45 GHz 5.8 GHz

General Purpose Detector HMPS/HSMS-282x 15 340 0.7 @ 30 1.0 12.0 – – – –

Clipping/Clamping HBAT-540x 30 – 800 @ 100 3.0 2.4 – – – –

High Current Clipping/
Clamping

HSMS-270x 15 – 550 @ 100 6.7 0.65 – – – –

Lowest flicker noise HSMS-281x 20 400 1.0 @ 35 1.2 15.0 – – – –

High VBR HSMS-280x 70 400 1.0 @ 35 2.0 35 – – – –

Zero bias detector HSMS-285x – 250 0.15 @ 0.1 0.3 – 40 30 22 8

High frequency up to 
14 GHz

HSMS-286x 4 350 0.25 @ 0.1 0.3 – 50 35 25 5

Mixer HSMS-8x0x 4 350 0.25 @ 0.1 0.26 11.0 – 35 25 5

Beam Lead Schottky Diodes   

 Part Number V
BR

(V)
V

F
(mV)

C
t

(pF)
R

D
(Ω)

Configuration Package

HSCH-5310 4 500 0.1 20.0 Medium Barrier Beam-Lead

HSCH-5312 4 500 0.15 16.0 Medium Barrier Beam-Lead

HSCH-5314 4 500 0.15 16.0 Medium Barrier Beam-Lead

HSCH-5330 4 375 0.1 20.0 Low Barrier Beam-Lead

HSCH-5331 4 375 0.1 20.0 Batch Match Beam-Lead

HSCH-5332 4 375 0.15 16.0 Series Pair Beam-Lead

HSCH-5340 4 375 0.1 20.0 Low Barrier Beam-Lead

HSCH-5531 4 375 0.1 20.0 Low Barrier Dual Beam Lead

Diodes — Schottky Diode
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mmW MMICs

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

GaAs MMIC Low Noise 
Amplifier

AMMC-5024 30Khz - 40 4V @ 160 3.7 17.5 17.3 22.5 Chip

AMMC-5026 2 - 35 7V @ 150 3.6 10.0 +24 31 Chip

AMMC-6220 6 - 20 3V @ 55 1.8 23.0 9 19 Chip

AMMC-6222 7-21 4V @ 120 2.4 25.0 16 29 Chip

AMMC-6232 18 - 32 4V @ 135 2.8 27.0 18 29 Chip

AMMC-6241 26 - 43 3V @ 60 2.7 20.0 10 20 Chip

AMMP-6220 6 - 20 3V @ 55 1.9 23.0 10 21 SM 5x5

AMMP-6222 7 - 21 4V @ 120 2.3 24 15.5 29 SM 5x5

AMMP-6232 18 - 32 4V @ 138 3.0 23 18 29 SM 5x5

AMMP-6233 18 - 32 3V @ 65 2.6 23 8 19 SM 5x5

VMMK-1218 0.5 - 18 3/20 0.7 10.7 12 12 SM 1x0.5

VMMK-1225 0.5 - 26 2/20 0.9 11 8 23 SM 1x0.5

GaAs MMIC  
Broadband Medium Power 
Amplifiers

AMMC-5040 20 - 45 4.5V @ 300 8 24 22 23 Chip

AMMC-5618 6 - 20 5V @ 107 4.4 14.5 +19.5 26 Chip

AMMC-5620 6 - 20 5V @ 95 4.2 19 +15 23.5 Chip

AMMC-6333 18 - 33 5V@230mA 5 20 23 30 Chip 

AMMC-6345 20 - 45 5V @ 480 9.0 20.0 24 32 Chip

AMMC-6408 6 - 18 5V @ 650 4.3 19.0 29 38 Chip

AMMC-6425 18 - 28 5V @ 900 9.0 20.0 28 38 Chip

AMMC-6431 25 - 33 5V@650mA 8.5 19 28.5 37 Chip 

AMMC-6442 37 - 40 5V@700mA 7.5 23 30 36.5 Chip 

AMMP-5618 6 - 20 5V @ 107 4.4 14.5 +19.5 30 SM 5x5

AMMP-5620 6 - 20 5V @ 95 5.1 17.5 15 22.5 SM 5x5

AMMP-6333 18 - 33 5V@230mA 5.5 20 23 30 SMT 5X5 

AMMP-6408 6 - 18 5V @ 650 4.5 18.0 28 38 SM 5x5

AMMP-6442 37 - 40 5V@700mA 8 23 30 36 SMT 5X5 

Component Part Number Freq. Range
(GHz)

Insertion Loss
(dBm)

Isolation  
dB

Input 
P1dB
(dBm)

Control  
Input  
(Vdc)

Package

GaAs MMIC SPDT Switch AMMC-2008 DC - 50 2.3 25 14 0 / -5 Chip

Component Part Number RF Freq. 
(GHz)

IF Freq. 
(GHz)

Conversion 
Gain (dB)

LO/RF Iso
(dB)

IIP3
(dBm)

Image Reject Package  
(mm)

GaAs MMIC Mixers AMMC-3040 18 - 36 DC - 3 -9.5 31 23 – Chip

AMMC-6530 5 - 30 DC - 5 -10 22 18 15 Chip

AMMP-6522 7 - 20 DC - 3.5 13 -4 15 SM 5x5

AMMP-6530 5 - 30 DC - 5 -8 22 18 15 SM 5x5

AMMP-6545 18-45 DC - 3.5 -11 30 11 – SM 5x5

Component Part Number Input Freq. 
(GHz)

Output Freq. 
(GHz)

IP1dB
(dBm)

Pout
(dBm)

Fo
(dBc)

Package  
(mm)

GaAs MMIC Doublers AMMC-6120 4 - 12 8 - 24 2.0 15 25 Chip

AMMC-6140 10 - 20 20 - 40 5.0 -1 30 Chip

AMMP-6120 4 - 12 8 - 24 2.0 15 25 SM 5x5

Millimeter Wave MMICs Selection Guide
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Microwave Radio Link Application Circuit

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

Microwave Link Packaged Suggested Solution 7-8 GHz 

IRM Driver PADriverBu�er
VCO

Synth.

Atten. Atten.

IRM LNABu�er
VCO

Synth.

IRM LNA

Microwave Link Packaged Suggested Solution 7-8 GHz 
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Microwave Radio Link Application Circuit

IRM Driver PADriverBu�er

x2

Atten. Atten.

IRM LNABu�er

Doubler

Doubler

x2

VCO
Synth.

VCO
Synth.

IRM LNA

Microwave Link Packaged Suggested Solution 10-18 GHz 

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

AMMP-6232 18-32 4V @135 3.0 23 +18.0 5x5

AMMP-6233 18-32 3V @ 65 2.6 23 +8.0 5x5

Microwave Link Packaged Suggested Solution 10-11 GHz 

Microwave Link Packaged Suggested Solution 13-15 GHz 

Microwave Link Packaged Suggested Solution 18 GHz 
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Microwave Radio Link Application Circuit

IRM Driver PADriverBu�er

x2

Atten. Atten.

SHMBu�er IRM LNABu�er

Doubler

Doubler

x2

VCO
Synth.

VCO
Synth.

IRM LNA

Microwave Link Packaged Suggested Solution 23-26 GHz 

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

AMMP-6232 18-32 4V @135 3.0 23 +18.0 5x5

AMMP-6233 18-32 3V @ 65 2.6 23 +8.0 5x5

AMMP-6333 18-33 5V@230mA 5.5 20 23 30 5X5 

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

AMMP-6232 18-32 4V @135 3.0 23 +18.0 5x5

AMMP-6233 18-32 3V @ 65 2.6 23 +8.0 5x5

AMMP-6333 18-33 5V@230mA 5.5 20 23 30 5X5 

Microwave Link Packaged Suggested Solution 23 GHz 

Microwave Link Packaged Suggested Solution 26 GHz 
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Microwave Radio Link Application Circuit

IRM Driver PADriverBu�er

x2

Atten. Atten.

IRM LNABu�er

Doubler

Doubler

x2

VCO
Synth.

VCO
Synth.

IRM LNA

Microwave Link Packaged Suggested Solution 28-32 GHz 

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

AMMP-6232 18-32 4V @135 3.0 23 +18.0 5x5

AMMP-6425 18-28 5V @ 650 -– 22 +28.0 5X5

AMMP-6233 18-32 3V @ 65 2.6 23 +8.0 5x5

AMMP-6333 18-33 5V@230mA 5.5 20 23 30 5X5 

Component Part Number Freq. Range
(GHz)

Bias condition
(V @ mA)

NF
(dB)

Gain
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

AMMP-5618 6-20 5V @ 107 4.4 14.5 +19 5x5

AMMP-5620 6-20 5V @ 95 5.1 17.5 +15 5x5

AMMP-6220 6-20 3V @ 55 2.5 22 +10.0 5x5

AMMP-6222 7-21 4V @120 2.3 24 +15.5 5x5

AMMP-6232 18-32 4V @135 3.0 23 +18.0 5x5

AMMP-6233 18-32 3V @ 65 2.6 23 +8.0 5x5

AMMP-6333 18-33 5V@230mA 5.5 20 23 30 5X5 

Microwave Link Packaged Suggested Solution 28 GHz 

Microwave Link Packaged Suggested Solution 32 GHz 
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Microwave Radio Link Application Circuit

AmpAmpAmp Atten. SHMAtten.Amp

Bu�er

VCO 
Synth.

x2

IF 1st and 2nd Stage Radio Link Suggested Solution

Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

Vd
(V)

Id
(mA)

Gain
(dB)

NF
(dB)

P1dB
(dBm)

OIP3
(dBm)

Package  
(mm)

ABA-53563 DC - 3.5 2 5 46 21.5 3.5 12.7 22.9 SOT-363 (SC70)

ABA-54563 DC - 3 2 5 79 23 4.4 16.1 27.8 SOT-363 (SC70)

ADA-4789 DC - 2.5 0.9 3.8 60 16.5 4.2 17.1 32.6 SOT-89

ATF-54143 0.45 - 6 2 3 60 16.6 0.5 20.4 36 SOT-363 (SC70)

ATF-541M4 0.45 - 10 2 3 60 17.5 0.5 21.4 36 MiniPak Package

AVT-50663 DC-6000 2 5 36 15.3 4 12.5 25 SOT-363 (SC70)

AVT-52663 DC-6000 2 5 45 15.3 4 12.7 27 SOT-363 (SC70)

AVT-53663 DC-6000 2 5 48 19.5 3.2 15.1 26.5 SOT-363 (SC70)

MGA-30489 0.25 - 3.0 1.9 5 97 13.3 3 – 39 SOT-89

MGA-30689 0.04 - 2.6 1.95 5 104 14.6 3.3 – 40 SOT-89

MGA-30889 0.04 - 2.6 0.9 5 65 15.5 – – 38 SMT 4.5x4.1x1.5

MGA-565P8 0.1 - 3 2 5 67 21.8 – – – LPCC2x2

MGA-62563 0.1 - 3 0.5 3 60 22 0.9 17.8 32.9 SOT-363 (SC70)

VMMK-2403 1.5 - 4.0 3 3 38 15 1.8 16.5 29 1x0.5x0.25

VMMK-2503 1.0 - 1.2 6 5 65 14 3.3 17 27 1x0.5x0.25

Part Number Freq. Range
(GHz)

IIP3
(dBm)

IP1dB
(dBm)

Dynamic Range
(dB)

IL
(dB)

VSWR
(dB)

Package  
(mm)

ALM-38140 50 - 1000 50 28.8 38 2.8 1.4 3.8x3.8x1.0 MCOB

1000 - 2000 48.9 35.6 36 3.2 1.4

Part Number Freq. Range
(GHz)

Test Freq.
(GHz)

IIP3
(dBm)

Attenuation
(dB)

Insertion Loss
(dB)

Return Loss
(dB)

Package  
(mm)

HSMP-3816 0.3 - 4 1 45 38 -3 -22 SOT - 25

HSMP-3866 0.3 - 4 1 30 36 -2.5 -18 SOT - 25
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From the smartphone that keeps you in 
touch, to the � ber optic network that keeps 
a $10-billion corporation connected, we 
get our information these days through 
an ever-increasing array of sophisticated 
device technologies. And behind it all, are 
semiconductors that sense, illuminate, and 
connect the signals in order to process that 
digital data.

Avago Technologies is a leading supplier in 
III-V compound and silicon semiconductors 
providing an extensive range of analog, 
mixed signal and optoelectronics 
components that are backed by over 5,000 
patents to approximately 40,000 end 
customers. 

Our heritage of technical innovation dates 
back 45 years, and includes over 1,000 
talented design and product engineers. 
We believe in strong customer service 
support and intense collaboration to create 
leading-edge proprietary technologies to 
solve customers’ technical bottlenecks. In 
that way - Our innovation helps bring your 
imagination to market.

Your Imagination. Our Innovation

Avago products serve four diverse end markets 

Wireless Communications serving the 
smartphone/handset and Base Station 
infrastructure markets with over 250 patents 
and leading-edge products that include: 
• Power Amplifi ers

• Front End Modules 

• Film Bulk Acoustic Resonator (FBAR) Filters

• GPS LNAs

• Optical Finger Navigation

• LED Backlighting, Screen Illumination

• Ambient Light and Proximity Sensors

Wired Infrastructure for switches/routers, 
data centers, supercomputers and storage/
servers with over 200 patents in parallel optics 
alone and products that include:
• 120Gb Parallel Optic Arrays

• 20Gb SerDes ASICs in 40nm

• Storage Fibre Channel Transceivers

• QSFP/SFP Sonet Transceivers

Industrial and Automotive Electronics 
for alternative energy power generation, 
electronic sign and signals, automated 
manufacturing, automotive lighting, GPS 
navigation, motor inverter system, battery 
charging and management, infotainment 
systems and vehicle safety systems with 
products that include:
• Inverters 

• Isolation and Digital Optocouplers

• Optical Encoders

• Polymer Optical Fiber

• PLCC-2/4 LEDs, 0.5W LEDs

Consumer and Computing peripherals for 
Optical/Laser mice, printers, white goods, DVD 
players, netbooks, Tablet PCs and laptops with 
over 100 patents and products that include:
• Optical and Laser Mouse Sensors

• Motion Control Optical Encoders

• Paper Level/Edge Proximity Sensors

• Display LEDs

• Status Indicator and Backlighting LEDs

• Ambient Light Photo Sensors

• Auto Focus Auxiliary Flash LED

http://www.avagotech.com
http://www.avagotech.com/rf
mailto:support@avagotech.com
mailto:info@promotionteam.de
mailto:pacrim.components@avagotech.com
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