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

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

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

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

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

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

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

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

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

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

RoHS Compliant 
Product availability is 
listed on our website. 

o S
C O M P L I A N T

POWER
SPLITTERS

COMBINERS

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

 as low as79 ¢
from2 kHz to18 GHzNOW!

®

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

        IF/RF MICROWAVE COMPONENTS

    ISO 9001   ISO 14001   AS 9100 
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!
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-
FREQUENCY GAIN NOISE NOMINAL PEAK

MODEL RANGE GAIN FLATNESS FIGURE VSWR P1dB Psat CURRENT @ 30V
NUMBER (GHz) (dB, Min.) (±dB, Max.) (dB, Max.) IN/OUT (dBm, Min.) (dBm, Min.) (mA)

AMFG-3F-00030300-60-33P 0.03-3 40 2 6 2:2.2 33 35.5 750
AMFG-3F-00030400-60-32P 0.03-4 40 2 6 2:2 32 35 750
AMFG-3F-00040250-60-33P 0.04-2.5 40 2 6 2:2.2 33 35.5 670
AMFG-3F-00050100-50-34P 0.5-1 40 1.5 5 1.8:1.8 34 37 750
AMFG-3F-00230025-30-37P 0.23-0.25 50 1 3 1.5:2 37 40 250
AMFG-3F-00700380-60-35P 0.7-3.8 40 2 6 2.5:2.5 35 39 1500
AMFG-3F-00800220-60-35P 0.8-2.2 40 1.5 6 2:2 35 38 900
AMFG-2F-01000300-60-35P 1-3 40 2 6 2:2.2 35 39 1500

Note: Psat is defined as the output power where a minimum of 3 dB gain compression takes place.

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

www.miteq.com

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

www.miteq.com
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Putting components together
shouldn’t be a puzzle

To make it easy for you, 

Aeroflex Control Components 

can solve your puzzle.  ACC

supplies high-performance

solid-state RF and microwave

components and sub-systems

to the military, aerospace, com-

mercial, and instrumentation

markets.  

ACC's new 47,000 square 

foot facility houses our Industry-

leading team of design 

engineers.  They have extensive 

experience and an impressive

track record in passive and

active component design and

subsystem integration up to 

40 GHz.  Using the latest and 

most advanced CAD software, 

we can solve the toughest

design puzzles with compre-

hensive solutions, including:
� Attentuators
� Detectors
� Limiters
� Switches and switch matrices
� Phase shifters
� Frequency converters
� Integrated assemblies

Let us put the pieces of the 

puzzle together for you!

732-460-0212

www.aeroflex.com/ACC

accsales@aeroflex.com
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	 22	Trends in SATCOM Technology Requirements and Market Opportunities
Steve Williams, RT Logic, an Integral Systems Company
Insight into several of the latest technology advancements, including channel simulation, RF interference detection and 
mitigation, geolocation, high efficiency, low cost power amplifiers and increased frequency and data rates for critical 
deployable communications systems
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Sonnet Software Inc.
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www.cobham.com

From Core Components to 
Integrated Solutions

The most important thing we build is trust

Product Technologies include:

• MMIC

• Filters

• Multipliers

• Amplifiers

Photo courtesy of U.S. DoD

• Control Systems

• Integrated Microwave Assemblies

• High Performance Antennas

• Composites and Radomes

• Precision Positioners

• RF Front-End Subsystems

For further infomation on Cobham capabilities, please contact us at sensorsales@cobham.com
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J. Alasalmi, Elektrobit (EB)
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signals for use in base station HPAs
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Cheng-yuan Liu, Ying-song Li, Tao Jang (also affiliated with Harbin Institute 
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Germany, and Martin Timm and Matthias Tröscher of CST, Munich, Germany.
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You work in all kinds of conditions, 
so should your spectrum analyzer.

Worst-case scenario: You’ve got minutes to 
troubleshoot RF interference that has shut 
down communications on the ground, at dusk, 
in the desert. 

Best-case scenario: You’ve got the only 
spectrum analyzer with benchtop performance 
in a lightweight MIL-PRF 28800F Class 2 
compliant handheld — with secure erase 
to keep classifi ed data classifi ed.

That’s thinking ahead.  That’s Agilent.

Handheld Spectrum Analyzers (HSA)

Key Specs N9344C N9343C N9342C

Frequency 1 MHz–20 GHz 1 MHz–13.6 GHz 100 kHz–7 GHz

DANL -155 dBm/Hz -155 dBm/Hz -164 dBm/Hz

Sweep time < 0.9 s < 0.7 s < 0.4 s

Weight with 
battery

3.6 kg 
(7.9 lbs)

3.6 kg 
(7.9 lbs)

3.6 kg 
(7.9 lbs)

View online HSA video demos
Download demonstration guides
www.metrictest.com/agilent/specan.jsp 

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

866-436-0887 
www.metrictest.com/agilent

© 2011 Agilent Technologies, Inc.  (U.S. Army photo by Spc. Patrick Tharpe) (Released)

MWJAGILENT0711.indd   13 7/27/11   8:07 AM
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Free Webinars
Agilent Innovations Webcast 
Optimizing Battery Operating Time of 
Wireless Devices
This webinar presents an Agilent feature 
called “seamless measurement ranging” 
that overcomes the limitations of traditional 
techniques for battery current drain testing. 
Available on demand after: 8/10/11
Sponsored by Agilent Technologies

CST: EMC/EMI Series
EMC/E3 Analysis: Rotorcraft Electrical 
System Exposed to Antenna Radiation and 
Incident EMP
The bi-directional interaction between 
electromagnetic fi elds and the complex cable 
system is examined, including direct time-domain 
analysis of voltages and currents induced in cable 
systems along with nonlinear components to 
assess the transient protection devices.
Available on demand after: 8/4/11
Sponsored by CST

CST: RF & Microwave Series
Optimization of a Refl ector Antenna System
This webinar will describe how the new smart 
assembly mode simulation system in CST 
STUDIO SUITE 2011 enables the engineer to 
model complex refl ector antenna and feed 
systems effi ciently and accurately.
Live webcast: 8/18/11, 11:30 am ET
Sponsored by CST

CST: EDA Series
EDA Workfl ow from Layout to Eye Diagram
This webinar will present 3D EM Signal Integrity 
simulation using CST MICROWAVE STUDIO. It 
will demonstrate the PCB layout import and the 
3D full wave simulation of a realistic multilayer 
PCB. Standard outputs like S-parameters, Time 
Domain Refl ection and Mode Conversion will 
be shown along with eye diagram and fi eld 
distribution. 
Live webcast: 8/25/11, 11:30 am ET
Sponsored by CST

Online Technical Papers
Application Guide to RF Coaxial 
Connectors and Cables 
Michael Hannon and Pat Malloy, AR Worldwide

Troubleshooting Passive Intermodulation 
in the Field
Presented by Anritsu

Solutions for Ultra-Wideband Radar 
System Design: Integrating Design with 
Ultra-Wideband Test for Flexible Radar 
Verifi cation
White Paper, Agilent Technologies

Creating a Radar Threat Simulator and 
Receiver Calibrator with Precise Angle of 
Arrival
White Paper, Agilent Technologies

Super-resolving Properties of 
Metallodielectric Stacks
Presented by COMSOL

Live Events
MWJ editors travel to Austin, TX for National 
Instruments Week (August 2-4) and IEEE 
EMC in Long Beach, CA (August 16-18). Both 
events draw large crowds of engineers in high 
speed and RF/microwave test and design. Read 
our web exclusive reports from both venues. 

Executive Interview
Scott Langdon, CTO and Co-
founder of Remcom, discusses 
the computational EM market, the 
state of simulation technology and 
the company’s recent contract with 
the U.S. Department of Homeland 
Security.

Online
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8dB Conversion Gain26.4dBm IIP3

RFIN
IFOUT

LO2

LO1
LTC5541

9.6dB NF
0dBm LO Drive LO

IF

Highest Dynamic Range
Mixers—Only 660mW

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

The pin-compatible LTC®5540 mixer family delivers outstanding linearity and noise figure, even in the presence of blocking
signals. These new 3.3V low power mixers provide the most robust receiver performance for all 4G, 3G and 2.5G cellular and
broadband wireless basestation standards, including LTE, WiMAX and other high performance infrastructure radios.

Info & Free Samples3.3V Passive Mixer Family

Parameters

Operating Frequency

Input IP3

Conversion Gain

Noise Figure (NF)

NF @ 5dBm Blocking

Power Consumption

LTC5540

600MHz to
1.3GHz

26dBm

8dB

9.9dB

16.2dB

0.66W

LTC5541

1.3GHz to
2.3GHz

26.4dBm

8dB

9.6dB

16.0dB

0.63W

LTC5542

1.6GHz to
2.7GHz

26.4dBm

8dB

9.9dB

17.3dB

0.65W

LTC5543

2.3GHz to
4.0GHz

24.5dBm

8dB

10.2dB

17.5dB

0.66W

www.linear.com/554X

1-800-4-LINEAR

3.3V Optimized Passive Mixers with +8dB Gain—No Compromise

554X Ad MWJ.qxd  1/22/10  11:14 AM  Page 1

MWJLINEAR0310.indd   15 7/27/11   8:08 AM

http://www.linear.com/554X
http://www.linear.com/wireless


 minicircuits.com   the New 

®

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

Quicker • Easier • More options with real VALUE

Just take a look at minicircuits.com...we’re redefining what VALUE is all about! 

493 Rev A

 3 ways to find the model you need 
 Scroll through our product lines, or enter a model number, or enter your performance 
 requirements and let Yoni2, our advanced search engine, find any models that match! 

  
 More new products, more often 
 All new products are listed on our home page, and updated every week. Just pick the product 
 line you’re interested in, click on any model for product highlights, and one more click takes you 
 straight to the data sheet! 
 

 More up-front information 
 For each model in our catalog, a single user-friendly page links you directly to all the details: 
 data sheets, S-parameters, environmental specifications, material declarations, export info, 
 technical notes, PCN history, engineering tools, PCB layouts, companion products, and more!

 More than just pricing—availability! 
 We list prices for every model, stratified by quantity. Our commitment is to keep every catalog model  
 in stock, and our production schedules are continuously updated to achieve this. So if your order   
 quantity exceeds current stock levels, but will be covered by planned production, we’ll give you a 
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Low Noise Amplifiers (LNAs)

Delivering low noise and high linearity performance
for cellular infrastructure receivers

M/A-COM Tech announces our new MAAL-01070X series
of low noise amplifiers (LNAs). These LNAs facilitate 
easy implementation in multiple RF and microwave 
front-end circuits, including GSM, CDMA, WCDMA, and 
LTE base stations and repeaters. The low noise figure 
coupled with high gain and OIP3 make them ideal for 
first and second stage 3G and 4G receivers.

M/A-COM Tech MAAL-01070X series LNAs feature:
• Ultra low noise figure
• Excellent input return loss and gain
• Integrated active bias circuit allowing direct connection

to 3 V voltage supply
• Adjustable gain and current

M/A-COM Tech Super LNAs 

©2011  M/A-COM Technology Solutions Inc.

To sign up for more news and
new product announcements,
visit macomtech.com

Scan here. Discover low noise.
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Aerospace primes rely on our Unicircuit team 
for the very toughest PCB challenges. Do you?

AESA manifolds, complex interconnect networks, IMAs… 
  When the job demands a high density, high 
reliability multilayer solution – Anaren’s Unicircuit 
subsidiary delivers:
>   Complex RF Microwave printed circuit boards – 

supporting a huge range of bands (L, S, C, X, Ku, Ka, 
V, and W), utilizing composite and hybrid organic-
based substrates, and deploying embedded passives in 
applications (from RC fi lters, power dividers, and DC 
lines – to loads, attenuators, and LVDS terminations) 

>  Vertical and/or horizontal 
launch sites for RF con-
nectors, MMICs, and fi lters 

  – using Unicircuit’s proprietary, multi-level cavity 
fabrication process and advanced manufacturing 
techniques (including Lased Direct Imaging, YAG 
Laser Etching, Precision Stub Length Removal, and 
Fusion Bonding)

 Even better, when you work with Unicircuit – indeed, 
any member of our vertically integrated Space & Defense 

Specializing in multiple layers 
of complex circuits – without 
multiple layers of bureaucracy.

800-411-6596  >  www.anaren.com

Ask Anaren about:

RF modules

Military-grade resistive components

Mil-spec, surface-mount couplers

Mil-spec and space-qualifi ed design-to-spec or
build-to-print RF module solutions now available.
Choose from LTCC or metal hermetic packaging –
and benefi t from our world-class microwave
engineering, testing resources, and a wide
range of advanced manufacturing techniques
(chip & wire, fl ip chip, BGA, more). Email
sales@mskennedy.com to learn more.

Broad offering of high-power handling, high-
reliability resistors and attenuators. Product line 
covers DC to 6.0GHz; choose from Chip, SMT, 
Flange less, and Flanged formats; BeO and AlN 
ceramic construction ensure high-power handling; 
proven product line and supplier; low, 50-piece 
minimum order quantity. Email ceramics@anaren.
com for more information, a quote, or free samples 
to qualifi ed parties.

3dB 90° hybrid and 20dB directional couplers
now available covering 0.25 to 6.0GHz in support
of military radio, counter-IED, and other defense
applications – from the company that introduced
the industry’s fi rst, Xinger®-brand multilayer
stripline coupler to the commercial wireless
market. Email space&defensemktg@anaren.com
to learn more.

Available from:
M.S. Kennedy subsidiary

Available from:
Anaren Ceramics, Inc.

Available from:
Anaren Microwave, Inc.

Group – you get direct, on-going 
access to the engineers, materials 
experts, and production/test 
professionals that make your project 
a success. No confounding layers 
of management: Just responsive 
service and optimum accessibility, 
from concept to shipment.
 Put Anaren’s Unicircuit team to 
work on your toughest, multi-layer 

challenges. Email, call, or visit our 
website for our free capabilities 
presentation.
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Trends in SATCOM 
Technology 
Requirements and 
Market Opportunities

Cost pressure, increasing SATCOM de-
pendence and a “do more with less” 
mantra coming from the halls of the 

Pentagon, government agencies and com-
mercial satellite owner/operators are leading 
to innovative thinking from vendors and users 
alike. Eric DeMarco, President and CEO of 
Kratos Defense & Security Solutions, has said, 
“In Operation Desert Storm 1991, the military 
used approximately 140 bits per second (bps) of 
satellite bandwidth per deployed person. Dur-
ing Operation Noble Anvil in Kosovo, the U.S. 
component of this mission increased to almost 
3000 bps. In operation Enduring Freedom in 
Afghanistan, bps usage per person increased to ap-

proximately 
8300, and by 
the launch 
of opera-
tion Iraqi 
F r e e d o m 
in 2004, bps 
per person 
had reached 
13,800.” In 
more re-
cent years, 
this sort of-
bandwidth 
increase by 

the U.S. military and National Security agen-
cies has only continued, with the same trends 
appearing in the commercial sectors as well.

The need to drive down costs, while at the 
same time increase efficiencies and system life- 
span is leading to designs that include redun-
dant, fault-tolerant systems with the ability to 
share network resources. Networks between 
satellites, for example, allow them to serve as 
backups for each other. Here, if the star tracker 
failed on one satellite, another in its constel-
lation could provide the necessary pointing 
data to allow all of them to continue perform-
ing their functions. Or, if one satellite failed 
completely, others could detect its loss, and its 
mission activities would automatically be par-
celed out to other functioning satellites until a 
replacement satellite could be injected into the 
affected constellation.

These trends, in addition to recent efforts in 
commercialization of space, affect everything 
from R&D to deployment, and from testing to 
training. In the R&D space, for example, the 
latest hardware-in-the-loop instruments and 
tools for RF link simulation and modeling are 

Steve Williams
RT Logic, an Integral Systems Company, 
Colorado Springs, CO
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s Fig. 1  Example Doppler shift curve for a LEO satellite signal 
received at an Earth terminal.
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83 Radio Circle, Mount Kisco, New York 10549  •  Tel: 914.241.1334  •  Fax: 914.241.1753

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

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

RLC manufactures a complete line of RF and
Microwave filters covering nearly every application
in the DC to 50 GHz frequency range. We offer
different filter types, each covering a specific
engineering need. 

In addition, our large engineering staff and high
volume production facility give RLC the ability to
develop and deliver both standard and custom
designed filters at competitive costs, within days or
a few weeks of order placement. 

For more detailed information, or to access RLC’s exclusive Filter Selection Software, visit our web site.

RLC has the customized filter
solutions you need.

� Band Pass, Low Pass, 
High Pass & Band Reject

� Connectorized, Surface Mount,
PCB Mount or Cable Filters

� Wave Guide Bandpass and
Band Reject

� 4th Order Bessel Filters

� Spurious Free, DC to 50 GHz,
Low Loss, High Rejection

� Custom Designs

ISO 9001:2000 CERTIFIED MasterCard
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Narda’s  Extensive 
Family of  In-S tock 
PIN Switches

Narda’s solid state PIN switches are 

field proven and currently being 

employed in many commercial and 

military applications.  The  Narda  P IN 

swi tch  produc t  l ine  features :

■    Ver y  Smal l  Package  S ize

■    SPST  – SP6T  Models

■   Fas t  Switch ing  Times 

■   Low Inser t ion  Noise

■   Integra l  T TL  D r ivers

■   Hermet ica l ly  S ea led  Packages

Model  SP143DHS
S olid S tate Switch

435 Moreland Road, Hauppauge, NY 11788
Tel: 631.231.1700 • Fax: 631.231.1711

e-mail: nardaeast@L-3com.com
w w w.nardamicrowave.com/eastEngineering, without compromise since 1954.
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CHANNEL SIMULATION
Satellite communication systems 

involve transmitters and receivers that 
are constantly moving with reference 
to one another, routinely operate in 
harsh environments and are separated 
by great distances. As a result, these 
radio signals undergo time-varying 
carrier and signal Doppler shift, path 
loss and path delay, as exemplifi ed in 
Figure 1. These signals are also sub-
ject to atmospheric noise and weath-
er-related perturbations, as well as ac-
cidental interference and intentional 
jamming.

Imperfect satellite transponders 
also impact SATCOM signals with 
frequency-dependent group delay, 
phase and amplitude performance, to 
name several. Multipath also plays an 
important role in signal quality, par-
ticularly where buildings and terrain 
may result in terrestrial vehicle mo-
tion- and position-dependent destruc-
tive and/or constructive interference 
at the receive end (e.g. Rayleigh and 
Rician fading).

Each of these factors, singly and 
in combination, must be rigorously 
simulated during SATCOM system 
design. To do so, engineers initially 
employ powerful, physics-compliant 
software-based simulation and mod-
eling of these signal effects against 
planned receiver and transmitter 
specifi cations, link budget require-
ments, antenna positions and gain pat-
terns and a wide variety of other key 
considerations.

As the development cycle pro-
ceeds, software-based simulation and 
modeling gives way to actual transmit-
ter and receiver hardware/fi rmware/
software testing in order to rigorously 
test these systems with actual RF sig-
nals. Physics-compliant RF channel 
simulator instruments that add deep 
hardware-in-the-loop test capability 
facilitate this testing. Typically, such 
simulators are inserted in the RF path 
between transmitters and receivers 
under test, and are driven by the same 
high fi delity simulation and modeling 
tools used earlier in the design.

In this way, channel simulators cre-
ate dynamic, nominal and worst-case 
RF paths in the lab for emulating sig-
nals between fi xed or moving terres-
trial assets and space platforms (satel-
lites, manned vehicles, rockets, etc.), 
inter-linkages between platforms, 

and lower costs. Also, they are easier 
to operate, manage and upgrade. The 
remainder of this article will briefl y 
summarize several of the latest tech-
nology advancements, including 
channel simulation, RF interference 
detection and mitigation, geolocation, 
high effi ciency, low cost power am-
plifi ers and increased frequency and 
data rates for critical deployable com-
munications systems.

enhancing traditional R&D methods. 
In deployment, interference detec-
tion, geolocation and mitigation tech-
niques are rapidly moving forward. 
Tools being employed in these areas 
are being designed for multi-purpose 
use, including test and training.

In response to these trends, ven-
dors are providing advanced, com-
mercially available technology solu-
tions that offer greater effi ciencies 
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CHANGING THE STANDARDS

 Y Get equipped with leading edge 
EM technology. CST’s tools enable you 
to characterize, design and optimize 
electromagnetic devices all before going into 
the lab or measurement chamber. This can 
help save substantial costs especially for new 
or cutting edge products, and also reduce 
design risk and improve overall performance 
and profitability.

Involved in biomedical applications? You 
can read about how CST technology was 
used to simulate biomedical devices at 
www.cst.com/biomed. If you’re more 
interested in filters, couplers, planar and 
multilayer structures, we’ve a wide variety 
of worked application examples live on our 
website at www.cst.com/apps.   

Explore the  
EM simulation universe

The extensive range of tools integrated 
in CST STUDIO SUITE enables numerous 
applications to be analyzed without leaving 
the familiar CST design environment. This 
complete technology approach enables 
unprecedented simulation reliability and 
additional security through cross verification.

 Y Learn more about CST STUDIO SUITE. 
Register for the CST Leading Technology 
webinars at www.cst.com/webinars.

Simulation of cancer treatment  
by RF thermoablation.
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State of the Art, Inc.
Resistive PRoducts

RF INTERFERENCE DETECTION
Satellite communication is criti-

cal to economic and national security. 
With the proliferation of satellites, 
aircraft, UAVs and other platforms 
requiring radio linkages, the skies are 
jam-packed with radio signals, each 
of which is increasingly compromised 
by natural, accidental and intentional 
interference. This interference threat-
ens the integrity, quality and speed of 
these links, and therefore, the very 
missions they support.

As a result, we have seen rapid de-
velopment and deployment of systems 
that continuously monitor SATCOM 
links for even the smallest signs of 
interference or channel abuse. These 
monitoring systems have moved well 
beyond spectrum analyzers running 
simple spectral masks that defi ne 
nominal frequency and amplitude 
characteristics. Instead, modern inter-
ference detection systems employ so-
phisticated DSP techniques to detect 
and characterize even the smallest and 
most transient anomalies, including 
unauthorized signals appearing below 
authorized signals as in Figure 2.

These interference detection sys-
tems also log results and instantly no-
tify appropriate automated systems 
and personnel when unauthorized 
signals appear, and when critical nom-
inal signal parameters, such as EIRP, 
C/No, Es/No, center frequency, oc-
cupied bandwidth, are violated. Often 
employing multiple remote sensors, 
today’s interference detection systems 
combine signal data from geographi-
cally dispersed fi xed and moving 
nodes into single displays for real-time 
overall RF situational awareness.

Further development of such sys-
tems is proceeding rapidly, with key 
focus on faster detection of a broader 

These advancements, as well as extend-
ed RF frequency coverage and wider 
instrument bandwidths, have caused 
a marked jump in channel simulator 
use in R&D, test and training activities 
worldwide in the past several years. 
RF channel simulators are increasingly 
fi nding their way into signals, interfer-
ence and operations situations because 
they create RF signals that precisely 
mimic those that will occur in nature 
under various conditions. 

links between space vehicles and at-
mospheric assets (UAVs, missiles, air-
craft, etc.) and atmospheric vehicle 
links to terrestrial assets.

Channel simulation technologies 
advance as the resolution and speed of 
ADCs and DACs emerge, and as DSP 
speeds and DSP resource availability 
climb. Intuitive visual user interfaces 
enable channel simulator users to fo-
cus on their jobs, not on eliciting de-
sired behavior from their instruments. 

 Fig. 2  Example interference detection 
plot showing authorized and unauthorized 
signals.

REF –30.00 dBm

ER 70.0296 MHz
RBW 8.7 kHz

SPAN 3
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mm-wave Converter

 www.siversima.com | info@siversima.com
SIVERS IMA IS AN ISO 9001:2008 CERTIFIED COMPANY

Sivers IMA is the industry leader in broadband VCOs and custom 
integrated assemblies covering 2.0 to 220 GHz. We custom design 
radio transmitters and receivers in many bands for wireless tele- 
communication. One example is the above illustrated high 
performance mm-wave transceiver module, that can help radio link 
manufactures slash time to market for next generation high capacity 
radio links.

Sivers IMA can supply all your broadband requirements, from discrete 
VCO components to entire subsystems including PLLs, synthesizers or 
FMCW frontends. We will design to your requirements and to the 
most demanding military/commercial specifications.

 is the industry leader in broadband VCOs and custom  is the industry leader in broadband VCOs and custom 

mm-wave Converter

the physical size of interference de-
tection systems will decrease. This 
will spawn “built-in” interference 
detection and mitigation capabilities, 
rendering communication system re-
ceivers, for example, self-aware of in-
terference and capable of taking link-
restoring corrective action without 
user intervention.

Geolocation
In addition to carrier monitoring 

and RF interference detection, the 
ability to accurately locate the source 
of interference is becoming more im-
portant. Interference incidents are on 
the rise, and will continue to grow due 
to the proliferation of satellite based 
services, such as VSAT networks, the 
emergence of personal satellite com-
munications and the ever-increasing 
congestion of the geostationary arc.

The most common use of geoloca-
tion tools is for locating the source of 
an interfering signal. More often than 
not, interference incidents are acci-
dental in nature. Equipment failure, a 
poorly pointed VSAT antenna, the use 
of an incorrect frequency or satellite, 
or RF spill-over from poorly specified 
ground station transmitting to an ad-
jacent satellite are some examples of 
how interference can be caused.

Increasingly though, geolocation 
tools are used to locate intentional 
jammers who aim to disrupt specific 
TV or radio broadcasts, or command 
and control or data communications. 
Geolocation systems can also be used 
to detect unauthorized users who pi-
rate bandwidth for their own use. Ge-
olocation technology has advanced a 
great deal, including improvements in 
usability, accuracy, processing speed 
and integration with other adjacent 
tools. New measurement techniques 
and analysis of more advanced sig-
nals also are being seen in the mar-
ket. Flexibility and scalability of these 
tools also continue to improve, allow-
ing for incorporation into widening 
applications including transportable 
and mobile systems.

Advancements in User 
Terminals

In recent years, increasing band-
width demands from remote users 
has spurred advances in VSAT tech-
nology. Improvements in satellite 
EIRP and G/T have enabled the use 
of smaller, low gain user terminal an-

purposed, and are applicable toward 
a broad range of operational, train-
ing and test requirements. This is 
achieved in part with integrated hard-
ware channel simulators and signal 
generators capable of injecting phys-
ics-compliant target and/or interfer-
ence signals indistinguishable from 
their real-world counterparts.

As interference detection system 
capabilities advance, and as automatic 
avoidance techniques are developed, 

range of interference types in wider 
frequency segments. Reductions in 
system size, complexity and price are 
anticipated, along with improved ease 
of use. Tighter integration with relat-
ed automatic functions, such as inter-
ference mitigation, traffic re-routing, 
and signal geolocation, are also on the 
horizon.

Addressing the continual need for 
economic efficiency, many interfer-
ence detection systems are multi-
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Improvements in RF amplifier size, 
weight and consumed power have 
created SSPA/BUC elements that 
provide significant available transmit 
power in a small form factor compat-
ible with battery-operated terminals 
and challenging user environments.

Figure 3 shows an airline carry-
on sized terminal package to show 
the significant performance improve-
ments gained in recent years. About 
10 years ago, the most efficient termi-
nals supported connection speeds of 
64 Kbps. A little more than five years 
ago, connection speeds increased sig-
nificantly, but only to about 492 Kbps. 
Today, due to the advancements dis-
cussed above, users can now access 
approximately 9 Mbps, resulting in 
a dramatic increase in capabilities to 
support the end user.

Power Amplifiers
To cut costs, the industry is relying 

on smaller antennas. Yet at the same 
time, users are demanding higher data 
rates and increased availability. Satis-
fying both requirements has been a 
problem in the past, due to available 
power limitations. Traditionally, en-
gineers had two choices: Solid-state 
Power Amplifiers (SSPA) or Travelling 
Wave Tube Amplifiers (TWTA). While 
older SSPAs offered many reliability 
and application advantages – better 
linearity, reliability, noise and lower 
cost-of-ownership – they provided 
poor efficiency for the size/weight of-
fered. On the other hand, relying on 
old, vacuum-based TWTAs was costly 
and difficult to manage.

In the last year, 25 to 200 W Ku-
band SSPAs have been introduced in 
the market. These products offer an 
unprecedented combination of small 
size and efficiency, equaling and/
or surpassing the efficiency of typi-
cal TWTAs. For example, these new, 

tity of information, whether fixed or 
mobile, that is available to the remote 
user. Solutions are being packaged in 
size, weight and power profiles that 
enable communications support that 
were previously underserved or not 
served at all. Advances in waveform 
and coding, embodied in standards 
such as DVB-S2/ACM, have served 
to decrease the amount of power re-
quired to close a link and have im-
proved link quality and availability. 

tennas. In conjunction with satellite 
performance improvements, these 
smaller antennas meet performance 
benchmarks that once required larger 
antennas. User terminals now provide 
significant throughput and availability 
in a compact form factor (MANPACK, 
aircraft mounted, vehicle mounted, 
etc.).

User terminal advances leverage 
these space segment performance 
gains to improve the quality and quan- s Fig. 3  Data service rates for airline 

carry-on satellite communications kits.

8.448 Mbps

492 Kbps
64 Kbps

2000
INMARSAT B

2005
INMARSAT BGAN

2010
Ku-BAND USAT
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3

Model

Noise
Figure Gain

Output
P1dB

Gain
Flatness

VSWR
In / Out Price

Start Stop (dB) Max. (dB) Min. (dBm) Min. (± dB) Max. Domestic, U.S.

BZP540A 0.5 40 5.5 25 8 2.5 2.5:1 $985

BZ2640A 26 40 4.5 25 8 2.0 2.5:1 $985

BZ1826A 18 26 2.5 28 8 1.0 2.0:1 $875

BZP518A 0.5 18 2.7 30 10 1.8 2.5:1 $985

BZ0618B 6 18 1.8 30 10 1.5 2.0:1 $985

BZ0412B 4 12 1.6 28 10 1.5 2.0:1 $785

BZP506A 0.5 6 1.4 25 10 1.3 2.0:1 $875

BZP504F 0.5 4 1.3 30 17 1.0 2.0:1 $985

BZ0204F 2 4 1.0 30 17 0.5 2.0:1 $685

BZ0102F 1 2 1.0 30 17 0.5 2.0:1 $685

Frequency
Range (GHz)

TECHNOLOGIES 
INNOVATING TO EXCEL
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more efficient SSPAs achieve typical 
saturated efficiency ranging from 30 
percent for the lower power amplifiers 
to 24 percent for the 200 W offerings. 
These are dramatic improvements 
because, historically, SSPAs operated 
at 10 percent efficiency or lower. The 
weight of the new SSPAs range from 
three pounds for the 25 W SSPA to 23 
pounds for the 200 W SSPA. The more 
advanced SSPAs match TWTAs spec-
ification-for-specification in saturated 
efficiency and size/weight. However, 
SSPAs have much better linearity and 
superior size/weight and power con-
sumption for equivalent linear power, 
while bringing its traditional advan-
tages in reliability, power savings, 
noise and total cost-of-ownership.

SUMMARY
Increasing SATCOM dependence 

is driving many critical technology 
areas toward improved reliability, 
increased throughput, smaller size, 
lower cost and/or lower power re-
quirements. Channel simulation in lab 
and test applications enhances design 
quality and reliability, and results in 
designs that perform well even with 
accidental and intentional interfer-
ence.

RF Interference Detection sys-
tems monitor critical links and pro-
vide early warning of impending link 
degradation due to equipment failure, 
operator errors or intentional interfer-
ence. Geolocation systems then assist 
in mitigation steps and locating the 
source of interference for rapid link 
restoration.

Portable user terminals have im-
proved specifications and capabilities, 
many of which are the result of ad-
vancements in power amplifier tech-
nologies. These advancements, and 
many others, enable and are respon-
sive to steadily ramping SATCOM us-
age requirements. 
Steve Williams is an RT Logic Business Area 
Manager, responsible for R&D and business 
development activities for RT Logic’s RF 
Channel Simulator, Range Test System, UAV/
Target/Missile Test Systems, Spectral Warrior 
Interference Detection/Characterization 
Systems and high-rate digitizers. He is a 
frequent presenter and author on these and 
related subjects. His 30-year digital and 
RF engineering career has included R&D, 
management and business positions at RT 
Logic, Hewlett-Packard, Agilent Technologies 
and precisionWave Corp., which he co-
founded. Williams holds a BSEE from the 
University of Illinois.
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 Model  Freq. Gain Gain Flatness  Pout  (dBm) Dynamic Range Price
   No. (MHz) (dB) (±dB) @ Comp NF  IP3 $ ea.
     1 dB  3 dB dB  dBm Qty. 20
               fL-fU Typ. Typ. Typ.  Typ. Typ.     
 YSF-2151+ 900-2150 20.0 0.4 20.0 21.0 3.1 35 2.95
 YSF-122+ 800-1200 20.4 0.2 20.5 21.3 3.4 36 2.69 

 YSF-322+ 900-3200 17.0 2.2 20.0 21.0 2.5 35 2.85
 YSF-162+ 1200-1600 20.1 0.2 20.0 21.0 3.2 35 2.69

 YSF-232+ 1700-2300 20.0 0.2 20.0 21.0 2.8 35 2.69
 YSF-272+ 2300-2700 19.0 0.7 20.0 21.0 2.5 35 2.49
 YSF-382+ 3300-3800 14.5 0.9 20.0 21.0 2.5 36 2.49
  DC PWR. Voltage ( nom.) 5v  Current ( max.) 145 A

$179
ea. (  qty.1000 )from

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

TM

Mini-CirCuits systeM in PaCkage

NF as low as 2.5 dB,  Pout up to +20.5 dBm,  800 MHz to 3.8 GHz 

 Ultra flat gain, as low as ±0.2 dB across the entire frequency 
range, paves the way to all kinds of applications for our new YSF 
amplifiers. Together, these 7 models cover the 800-3200 MHz 
spectrum, from cellular and satellite L bands to GPS, PCS, 
UMTS, and WiMAX. Whenever gain flatness and repeatability are 
critical, and high dynamic range ( low NF and high IP3 ) are 
required, Mini-Circuits YSF amplifiers are an ideal solution.

Excellent combination  of  gain,  noise, and distortion parameters. 
These amplifiers meet or exceed other key performance 
criteria with 20 dB gains, noise factors as low as 2.5, a 20 dBm 
P1dB, and a 35 dBm IP3. 

They even simplify PCB configuration, with a small footprint 
(5 x 6 mm) and no external matching requirements. Our MSiP™ 
design provides the internal feedback, matching, bias, and DC 
blocking that make it all possible. So why wait? Place your order 
today, and we’ll have them in your hands as early as tomorrow. Model  Freq. Gain Gain Flatness  Pout  (dBm) Dynamic Range Price

   No. (MHz) (dB) (±dB ) @ Comp NF  IP3 $ ea.
     1 dB  3 dB dB  dBm Qty. 10
               fL-fU Typ. Typ. Typ.  Typ. Typ.     
 YSF-122+ 800-1200 20.4 0.2 20.5 21.3 3.4 36 2.69
 YSF-2151+ 900-2150 20.0 0.4 20.0 21.0 3.1 35 2.95 
 YSF-162+ 1200-1600 20.1 0.2 20.0 21.0 3.2 35 2.69
 YSF-232+ 1700-2300 20.0 0.2 20.0 21.0 2.8 35 2.69

 YSF-272+ 2300-2700 19.0 0.7 20.0 21.0 2.5 35 2.59 
 YSF-382+ 3300-3800 14.5 0.9 20.0 21.0 2.5 36 2.59 
  YSF-322+ 900-3200 17.0 2.2 20.0 21.0 2.5 35 2.85
  DC PWR. Voltage ( nom.) 5v  Current ( max.) 145 mA RoHS compliant

Miss MTT? 
Tour our booth at 
minicircuits.com!
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MOST VALUABLE PRODUCT

Fullwave electromagnetic (EM) model ex-
traction has become an essential part of 
high frequency IC design fl ows and has 

become invaluable for extracting highly accu-
rate models for inductors, baluns, MIM capaci-
tors, transmissions, coupled lines, interconnects 
and even on-chip grounding busses. However, 
EM model extraction based on full 3D volume 
meshing can be computationally prohibitive to 
apply to such processes because physical fea-
tures of these structures can vary by four orders 
of magnitude or more. The most stressing fea-
ture of this technology is the extremely thin di-
electrics in a multi-layer IC process, which may 
be on the order of 0.1 or even 0.01 microns sepa-
rating lateral conductors with dimensions on the 
order of 1000s of microns. It is in this area that 
3D planar high frequency EM simulators based 
on the 3D planar Method of Moments (MoM) fi nd 
a niche because they mesh only the conductor 
surfaces and not all of the volume. In this way, 
3D planar EM simulators are relatively immune 
to the diffi culties presented by fullwave EM 
analysis of today’s multi-layer silicon and CMOS 
process stackups.

Sonnet Software has released a new version 
of its high frequency 3D planar EM software, the 
Sonnet Suites. Prominent in this new release are 
features intended to streamline Sonnet’s capabil-
ity to effi ciently solve demanding microwave and 
mm-wave frequency structures on challenging IC 
processes and to become a more “push-button,” 

on-demand 3D planar EM extraction client to 
popular high frequency EDA design environment 
such as Cadence Virtuoso, Agilent EEsof EDA’s 
Advanced Design System (ADS) and the Micro-
wave Offi ce Suite from Applied Wave Research. 
Sonnet also announces a new MATLAB toolbox, 
SonnetLab, which is freely available to all Sonnet 
and Sonnet Lite customers.

FASTER FULLWAVE 3D PLANAR 
EM SIMULATION

In Release 13, Sonnet’s fl agship High Perfor-
mance Solver (HPS) engine increases CPU core 
utilization to up to 12 physical cores in parallel 
on high-end computation platforms, decreas-
ing solver run time by an order of 30 percent for 
workstations with dual hex core processors. 
The conservatively priced Desktop Solver (DTS) 
Engine has increased parallel CPU core utiliza-
tion from 2 to 3 cores – appropriate for the av-
erage single-CPU offi ce desktop PC. In addition, 
the Sonnet Professional matrix solvers have 
undergone further algorithm improvements for 
handling large jobs on 64-bit operating systems. 
Matrix fi ll is now fully parallelized for large jobs 
( 4 GB), and customers are reporting simulation 
time reductions by as much as a factor of seven 
for very large circuit analysis.

Sonnet Software Inc.
North Syracuse, NY
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RFMD®.
Integrated Synthesizer/IQ Modulator Solutions

The RFMD2080 and RFMD2081 are extremely broadband 

devices capable of transmitting from 45MHz to 2700MHz and 

are suitable for satellite, wireless point-to-point systems, software 

defined radio, digital repeaters, and other QPSK/QAM modulator 

applications. The integration of the local oscillator using an 

advanced fractional-N synthesizer, along with the broadband 

nature of the components, offers the industry’s most competitive 

combination of functionality, performance, versatility, and size.

The RFMD2081 has a baseband bandwidth of up to 100MHz. 

The RFMD2080 includes a baseband interface incorporating 

programmable filtering and gain control, with bandwidth 

programmable from 2MHz to 10MHz. Each part draws just 

150mA from a 3V supply.

FEATURES 
• RF output frequency range 45MHz to 2700MHz
• Fractional-N synthesizer with 1.5Hz resolution
• Fully integrated wideband VCOs and LO buffers
•	 -162dBm/Hz	modulator	noise	floor	(RFMD2081)
•	 Programmable	baseband	gain	and	filtering	(RFMD2080)
• Integrated Phase Noise <0.2° rms at 1GHz
• -40dBc unadjusted carrier suppression
• -45dBc unadjusted sideband suppression
• 5mm2 QFN package

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
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VCC
(V)

ICC 
(mA) Package

Part
Number

45 2700 18.0 -150.0 -45 -45 3.0 150 QFN RFMD2080
45 2700 17.0 -162.0 -40 -45 3.0 135 QFN RFMD2081

Order RFMD products online at www.rfmd.com/MWJ0811.
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Most Valuable Product

the Sonnet API by the EDA tool flow man-
ager for use in all structures simulated for 
a given process technology.

The Sonnet API for Virtuoso now in-
cludes the ability to display an internal 
simulation progress bar, implementa-
tion of Sonnet’s unique Co-calibrated 
Port technology for internal port group 
calibration and de-embedding, single-
click access to show circuit descritiza-
tion, “simulate and release” capabil-
ity to allow EM simulation to continue 
without locking out the Virtuoso frame-
work and the ability to automatically 
create a symbol for the Cadence Sche-
matic Composer in the form of a layout 
look alike instance. Sonnet provides 
both frequency domain model extrac-
tion in the form of S-, Y- or Z-parame-
ters, as well as the ability to provide a 
Spice model extraction using the Son-
net Broadband Model extractor.

Once the EDA tool flow manager 
has an optimal setup for Sonnet model 
extraction appropriate for a given pro-
cess technology, the settings can be 
saved in the form of an API State. State 
settings can include model simulation 
options, sub-sectioning control op-
tions, frequency plans, grid controls, 
layer mapping and process informa-
tion. By loading an API state, the user 
obtains an automated EM model ex-
traction starting from a Virtuoso PCell, 
without having to touch the EM project. 
This automation makes it possible for 
RFIC designers in the Cadence Virtuoso 
environment to generate a schematic 
symbol ready for use in downstream 
electrical simulation based on Sonnet’s 
fullwave EM modeling capability in an 
easy, one-step process (see Figure 2).

Sonnet’s APIs for both Agilent ADS 
and AWR Microwave Office have also 
been enhanced to result in a smoother, 
more tightly integrated use. Starting in 
Release 13, designers will find it less 
necessary to open the EM project in 
the Sonnet Project Editor in order to 
set advanced Sonnet options. Process 
technology for MMIC or RFIC design 
can be loaded directly from within ADS 
or MWO using existing process stackup 
or substrate definitions already located 
within the frameworks, often already in-
herited from a foundry PDK. The API for 
ADS and MWO will also have the ability 
to set States with full Sonnet transla-
tion and simulation settings for a given 
process technology, enabling one-click 
configuration of Sonnet EM model ex-
traction processes. As with the API for 

shift between rapid 
prototyping and min-
imum-error simula-
tions.

In Release 13, mi-
cro via array simpli-
fication technology 
is introduced to ac-
curately model via ar-
ray interconnects in a 
highly efficient com-
posite manner. The 
simplification comes 
in the form of a new 
via fill type defined 
for the EM solver. The 
simplification is au-
tomated and acces-
sible in its GDSII, DXF 
and Gerber imports, 
as well as in its RF 
EDA framework APIs. 
Multi-layer planar 
metal stacks (such 
as those used in sili-
con RFIC inductors, 
baluns and trans-
formers) can now be 
efficiently simulated 
in Sonnet without 
manual model adjust-
ments, providing ac-
curate simulation re-
sults for kHz through 
THz frequencies.

A Flexible EM Extraction Client 
for Custom High Frequency IC 
Design Flows

As independent high frequency 3D 
planar EM software, Sonnet is capable 
of standalone use, free of a larger frame-
work, or it can be used as an entirely in-
tegrated EM model extraction client for 
the abovementioned high frequency EDA 
RFIC and MMIC design environments. 
The Sonnet API for Cadence Virtuoso 
(see Figure 1) can now read process 
stackup and drawing layer map informa-
tion from a variety of sources, including 
Assura process files, Helic Veloce/RF 
technology files, Agilent technology (.tch) 
files as well as existing Sonnet Material 
(.matl) and pre-existing Sonnet project 
files. Complete process stackup and lay-
out-to-material associations can be im-
ported with a single import for any given 
structure within a process technology. 
Often these process files come with the 
technology PDK supported by the parent 
EDA framework. Alternatively, a stackup 
definition may be created and stored in 

New Via Modeling Features 
for Efficient RFIC and MMIC EM 
Model Extraction

Sonnet now provides separate metal 
definitions for vias, which are more ap-
propriate to the way in which via metals 
are typically specified in foundry pro-
cess design kits (PDK). Via metals may 
now be specified in terms of volume 
metal or surface impedance character-
istics and specified to have either a solid 
fill or a predefined wall thickness.

New via meshing controls are pro-
vided to achieve faster results with 
fewer descritizations. Vias can now be 
simulated using filled meshing through-
out the via cross-section, meshed with 
a ring definition for the outline of the 
via, use mesh elements at only the 
corners or a single mesh element in 
the middle of the via. In all cases, the 
metal loss computation is corrected 
in the simulator for the meshing that is 
employed. The mesh definition can be 
easily and quickly changed for via defi-
nitions when the designer wishes to 

Most Valuable Product

s Fig. 1  Sonnet Suites EM model extraction window in Cadence 
Virtuoso.

s Fig. 2  Example balun schematic.
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Virtuoso, these APIs can also help us-
ers who are not familiar with Sonnet to 
leverage Sonnet’s distinctive accuracy 
without expert-level tool knowledge.

The new SonnetLab toolbox makes 
it possible to use MATLAB scripts to 
automate the construction of a Sonnet 
project, launch the EM simulation and 
extract the resulting output model for 
further processing. It is possible also to 
use MATLAB for sophisticated control 
and optimization of Sonnet planar EM 
projects for a variety of design automa-

tion and analysis processes. The Son-
netLab toolbox is available for down-
load from the Sonnet website free of 
charge, and is compatible with all Son-
net Suites, including Sonnet Lite.

Expanded Capability for Entry-
Level Sonnet Suites

Sonnet offers a number of entry-
level suites, aimed at students and cus-
tomers with less demanding structures 
involving fewer circuit layers and ports. 
All of the Sonnet entry-level Suites – 

Lite, LitePlus, Level2 Basic, Level2 Silver 
and Level3 Gold – have received at least 
a doubling of allowed memory, making 
them able to simulate larger problems 
than before. The Sonnet Level3 Gold 
Suite has been expanded to allow un-
limited circuit ports and a memory use 
increase of a factor of eight.

Easier to fit to real circuitry
The Sonnet Release 13 environment 

has also received additional improve-
ments for flexibility and usability. Some 
of these features include:
•	 �Rotated edge ports and internal 

ports, enabling arbitrary entry direc-
tions with de-embedding.

•	 �Any port may have an independent 
reference plane or may share a 
reference plane with other parallel 
lines. Shared reference planes en-
able the de-embedding of parallel 
line coupling to the reference plane.

•	 �A new visual continuity checker in 
the user interface that shows DC 
continuity in the meshed model. This 
is an error-checking feature that is 
particularly useful in checking the 
simulation models for model trans-
lation errors prior to simulation.

•	 �A new Conductor Surface Rough-
ness loss model, developed in con-
junction with researchers from Rog-
ers Corp., has been introduced to 
provide loss and transmission line 
phase velocity changes due to the 
roughness of conductors on micro-
wave laminates and substrates.

•	 �Heat Flux computation and display for 
lossy conductors and planar resistors. 
The data may be exported for post-
processing in thermal analysis tools.

•	 �A new Example Browser makes it 
possible for learners to quickly and 
easily search for applicable exam-
ples and load them into the Sonnet 
Project Editor for personal observa-
tion and experimentation.
The Sonnet Suites Release 13 provides 

further capability and enhancements in 
Sonnet’s industry-leading 3D planar high 
frequency EM software and now enables 
a smooth integration of shielded domain 
method of moments (MoM) model inte-
gration within major high frequency EDA 
design environments.
Sonnet Software Inc.,  
North Syracuse, NY 
(877) 776-6638, 
info@sonnetsoftware.com, 
www.sonnetsoftware.com.
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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.

Most Valuable Product
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Boonton

Boonton’s Peak Power Meters…

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

If you measure extreme signals with:

• High peak to average ratio
• Ultra-low duty cycle
• Noise-like communication signals

Boonton delivers the fastest and most  
comprehensive results in the industry.  

The Future of Amplifier Testing.

For more information visit us at boonton.com or call  
+1 973-386-9696

Visit us at the IEEE Autotestcon show, Booth #838 & Sponsors of the Internet Café
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

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

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

time vessels during recent high speed, captive fl ight tests. 
The tests occurred in the Gulf of Mexico, off the shore of 
Eglin Air Force Base, FL, against multiple maritime tar-
gets, including a Revenge Advanced Composites (RAC) 
state-of-the-art, low-signature, high speed patrol craft. 
The RAC performed a series of evasive maneuvers against 
Lockheed Martin’s JAGM tri-mode seeker, mounted in the 
nose section of a Sabreliner Series 60 jet aircraft.

“These tests demonstrated the strong performance of 
our seeker design,” said Frank St. John, Vice President 
of Tactical Missiles at Lockheed Martin Missiles and Fire 
Control. “There are many variables in tracking a target at 
sea, especially a moving target. Lockheed Martin’s JAGM 
has clearly proven it fi lls all eight critical capability gaps 
identifi ed and revalidated twice in the Joint Capabilities 
Integration and Development System (JCIDS) process.”

The tests highlighted the robustness of the seeker on 
fi xed-wing aircraft, as well as its performance against one 
of the most challenging targets in JAGM’s target set. The 
tests also validated superior seeker performance in the 
demanding, high-humidity environment associated with 
contingency operations in the world’s littorals. The long-
range, high speed seeker tests were company funded. They 
collected data that validated the effectiveness of the seek-
er against sea targets at the maximum ranges of the fi re-
and-forget modes. Speeds during the test approached 400 
knots at 20,000 foot altitude.

Northrop Grumman Demonstrates
STARLite Radar PTDS

Northrop Grumman Corp.  announced the successful 
demonstration of its STARLite radar on a U.S. Army 
Persistent Threat Detection System (PTDS), an 

aerostat surveillance platform uniquely positioned to aid 
in the defense of ground troops. During the demonstration 
at Yuma Proving Ground 
in Yuma, AZ, the STAR-
Lite system, which car-
ries the military designa-
tion AN/ZPY-1, detected 
vehicles and individuals 
in the area of interest. 
STARLite cues the elec-
tro-optical infrared cam-
era to targets detected 
by the radar.

“STARLite per-
formed exceptionally 
well and exceeded our 
customer’s expecta-
tions,” said John Ja-
dik, Vice President of 
Weapons and Sensors for Northrop Grumman’s Land 
and Self Protection Systems Division. “The success of 
the STARLite demonstration clearly shows the versa-

Raytheon-Boeing Team Responds to Call 
for Joint Air-to-Ground Missile

Raytheon Co. submitted its proposal for the U.S. Army 
and Navy’s Joint Air-to-Ground Missile competition 
and responded as a prime contractor. Raytheon is 

teamed with The Boeing Co. for the JAGM program. Ray-
theon and Boeing have proven capabilities that were show-
cased in the JAGM technology demonstration phase. The 
team enters the competition with an unmatched 3-for-3 
record of success in the contractually required guided test 
vehicle fl ights. One of the reasons for the team’s success is 
the use of a proven, tri-mode seeker incorporating semiac-
tive laser, uncooled imaging infrared and millimeter-wave 
guidance.

“Instead of cobbling 
together bits and pieces 
of hardware from legacy 
programs, we offer a fully 
integrated tri-mode seek-
er that provides an ex-
ceptionally reliable, low-
risk path to engineering 
and manufacturing de-
velopment,” said Bob 
Francois, Raytheon Vice 
President of Advanced 
Missiles and Unmanned 
Systems. “Rather than 
complicating matters by 

using a cooled seeker, we worked in close concert with our 
customers to determine smarter and simpler ways to arrive 
at a superior system solution. The uncooled seeker on the 
Raytheon-Boeing JAGM is just one example of that, and 
our overall system solution integrates targeting information 
from powerful aircraft onboard sensors with our advanced 
seeker to provide exceptional capability.”

In addition to achieving a 3-for-3 success rate in govern-
ment-funded testing, the Raytheon-Boeing team also went 
3-for-3 in company-funded testing. Boeing executives at-
tribute part of that success to the team’s use of production-
ready hardware. “The team demonstrated that it is possible to 
give the warfi ghter a single rocket motor solution capable of 
withstanding the rigors of fi xed- and rotary-wing fl ight,” said 
Carl Avila, Director of Boeing’s Advanced Weapons and Mis-
sile Systems. “A single rocket motor and uncooled tri-mode 
seeker provide improved reliability and simplifi ed logistics, 
while saving the taxpayer money over the life of the program.”

Lockheed Martin Demonstrates JAGM 
Tri-Mode Seeker in Captive Flight Tests

In addition to the Raytheon-Boeing news, Lockheed 
Martin’s Joint Air-to-Ground (JAGM) tri-mode seeker 
successfully acquired and tracked multiple moving mari-

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

“A single rocket motor 
and uncooled tri-
mode seeker provide 
improved reliability 
and simplifi ed 
logistics, while saving 
the taxpayer money 
over the life of the 
program.”

 “The success 
of the STARLite 

demonstration 
clearly shows the 

versatility and 
technical capabilities 

of the system that 
will prove to be a 

critical asset to our 
nation’s warfi ghters.”
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Defense News

tility and technical capabilities of the system that will 
prove to be a critical asset to our nation’s warfighters.”

Northrop Grumman’s STARLite is a small, lightweight, 
radar used for supporting tactical operations. By provid-
ing precise battlefield intelligence in all types of weather 
and in battlefield obscurants, day and night, STARLite 
significantly improves battlefield situational awareness 
and optimizes force maneuver and engagement for mis-
sion success. Each STARLite radar comes equipped with a 
complete software package that enables easy operator con-
trol of all radar functions.  STARLite leverages Northrop 
Grumman’s experience from the development of the prov-
en Tactical Endurance Synthetic Aperture Radar and the 
Tactical Unmanned Aerial Vehicle Radar.

Raytheon Receives $51.6 M Contract  
for Satellite Communication Support

T he U.S. Navy has awarded Raytheon Co. a $51.6 M 
contract to provide logistics support for the commu-
nication terminals of the Navy’s Extremely High Fre-

quency Satellite Program (NESP). The performance-based 
logistics contract calls for Raytheon Technical Services 
Co. LLC (RTSC) to fulfill all requisitions; warehouse and 

track government-furnished material; resolve supply-obso-
lescence or source issues; and evaluate, test, repair and/or 
modify the communication equipment as needed. The pri-
mary work will be performed at the RTSC sites in Norfolk, 
VA, and Chula Vista, CA, 
with additional engineer-
ing support performed 
at the Raytheon sites in 
Marlborough, MA, and 
Largo, FL.

“NESP provides jam-
proof communications 
for submarines, major 
surface ships and sites on-
shore, as well as connec-
tivity with U.S. Army and 
Air Force communica-
tion systems,” said RTSC 
Customized Engineering 
and Depot Support Vice 
President Wayne Iurillo. 
“As such, it is extremely 
important that the communication terminals remain func-
tional and up to date. That’s our commitment, and this con-
tract will ensure that we continue to meet the Navy’s need.”
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Richard Mumford, International Editor
INTERNATIONAL REPORT
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cost effectiveness, service life and reliability in the opera-
tion of e-BRAINS applications.

Vast improvement in the performance of existing applica-
tions in fi elds, such as production monitoring, automotive or 
medical remote monitoring, can be expected, courtesy of the 
e-BRAINS research results. The deployment of nanotechnol-
ogy will allow great improvements in functionality and will 
open the door to a wide 
range of applications. 
Future e-BRAINS ap-
plications will require 
signifi cantly higher inte-
gration densities. 

The sizes of micro-
electronic components 
are continually shrink-
ing in order to reduce 
energy consumption or 
achieve higher switch-
ing speeds. However, 
as miniaturization continues its march of progress, the 
semiconductor industry is increasingly coming up against 
its physical limits. Growing system complexity is accompa-
nied by higher risk of compromising switching speed. This 
explains the key role played by the heterogeneous integra-
tion of subsystems using 3D technology in which different 
components are vertically stacked and interconnect length 
is minimized.

The e-BRAINS project aims at sharpening the competi-
tive edge of European companies by addressing a large va-
riety of applications, such as medical, security and safety. 
The 19 technology partners of the research project are 
manufacturers with European production sites, universi-
ties and research institutes in Germany, Norway, Austria, 
Ireland, France, Switzerland, Poland, Belgium and the 
UK. Infi neon is responsible for the overall coordination of 
the e-BRAINS activities. The total budget is approximately 
$15.8 M, of which $5.8 M is fi nanced by the partners from 
industry and research, with the major share, $10 M, funded 
under the EU’s Seventh Framework Program for Research 
and Technological Development (FP7). 

MBDA and ISL Sign International 
Partnering Agreement

MBDA and ISL (the Franco-German Research In-
stitute of St. Louis) have signed an international 
partnering agreement thereby extending the scope 

of the already existing cooperation between the two orga-
nizations. The aim of this agreement is to set up a common 
research framework between ISL, MBDA France and 
MBDA Germany. 

This agreement saw the signing of two national con-
tracts – a new contract between MBDA France and the 
ISL and the renewal of a previous contract signed in 2006 
between MBDA Germany and the ISL. These national 

ITU Teams Up with Leading Asian 
Standards Organizations

The International Telecommunications Union (ITU) 
has signed an agreement with key Asian standards 
developers that will mean new technologies come to 

market quicker and at lower cost. ARIB (Japan), CCSA 
(China), TTA (Korea) and TTC (Japan) have signed a 
Memorandum of Understanding with the ITU recogniz-
ing it as the pre-eminent global ICT standards body. The 
agreement seeks to smooth the way for regional standards, 
developed in these four key regional bodies, to be interna-
tionally recognized. 

The MoU will build on the good relationship ITU has 
built with all four bodies over many years, increase trans-
parency between the organizations, avoid duplication of 
work and increase effi ciency in the publication of stan-
dards. All of this means that product manufacturers will be 

able to more effi ciently 
incorporate globally 
standardized solutions in 
their products, leading 
to greater economies of 
scale and lower costs to 
consumers.

The agreement will 
bring better access for 
ARIB, CCSA, TTA and 
TTC to international 

standards-making activities, allowing all partners to profi t 
from information sharing on the standardization aspects 
of nascent technologies. The MoU will also encourage the 
identifi cation of topics for joint work programmes in order 
to avoid duplication. 

Dr. Hamadoun Touré, ITU Secretary-General, said, 
“China, Japan and Korea have been at the forefront of the 
development of many of the technologies that underpin 
the information society. At the same time, all three coun-
tries have shown a commitment to the development of the 
international standards that provide the interoperability 
needed to seamlessly connect the world. This agreement 
cements the relationship between ITU and four premier 
standards organizations in the region.”

European Partners Put e-BRAINS Together 

The European Best-Reliable Ambient Intelligent Nano 
Sensor Systems (e-BRAINS) research project will 
conduct research into the integration of heteroge-

neous systems using 3D and nanotechnology. Led by In-
fi neon and Fraunhofer Research Institution for Modular 
Solid State Technologies (Fraunhofer EMFT), the project 
will run until the end of 2013. Nano-sensors will be com-
bined with other components, such as ICs, power semi-
conductors, batteries or wireless communication modules, 
in such a way as to signifi cantly enhance energy effi ciency, 

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

between MBDA Germany and the ISL. These national 

Go to www.mwjournal.com for more international news items
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International Report
contracts relate to the preparation of future technologies 
applicable to missiles and weapons systems in the areas of 
aerodynamics, optronics, navigation systems, future weap-
ons systems and warheads. 

They define the structure of the cooperation with re-
gard to information exchange, cooperative research, the 
development of prototypes for joint projects and the use of 
test facilities and the loan of equipment. 

According to ISL Directors, Christian de Villemagne 
and Wolfgang Förster, “This rapprochement between ISL 
and MBDA France and Germany will result naturally in 
the stimulation of French and German strengths and of 
our respective organisations. It also contributes to the 
emergence of new areas of European cooperation.”

ESA, EDA Sign Administrative Arrangement 

The European Space Agency (ESA) and the European 
Defence Agency (EDA) have signed an Administra-
tive Arrangement that aims to provide a structured re-

lationship and a mutually beneficial cooperation between 
the two agencies through the coordination of their respec-
tive activities. 

The cooperation will, in particular, aim to explore the 
added value and contribution of space assets to the devel-
opment of European capabilities in the area of crisis man-
agement and the Common Security and Defence Policy. 

“I am convinced that an increased dialogue and coor-

dination between the space and defence communities is 
of mutual interest and will allow European space pro-
grammes to better support Europe’s security and de-
fence needs,” said ESA Director General Jean-Jacques 
Dordain. “Reinforcing 
the cooperation be-
tween EDA and ESA 
will allow us to further 
develop the security 
dimension of the Eu-
ropean Space Policy in 
coordination with oth-
er EU stakeholders.”

“The signature of this 
Arrangement will allow 
us to consolidate our 
already close and fruitful working relations with the Eu-
ropean Space Agency,” said EDA Chief Executive Claude-
France Arnould. “I am looking forward to exploring further 
synergies between the needs of the defence community 
and ESA activities to the benefit of our respective Member 
States.”

Building on their specific complementary roles and 
activities, ESA and EDA are already cooperating on a va-
riety of subjects, including Intelligence, Surveillance and 
Reconnaissance, Satellite Communication in support of 
Unmanned Aerial Systems (UAS), and Space Situational 
Awareness, as well as critical space technologies.
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Microelectronics Component 
Manufacturers Increase Fiber-Optic 
Network Capacity

A s data consumption, driven by smartphones, video 
files and faster Internet service, continues to sky-
rocket, service providers respond by increasing the 

amount and capacity of high data rate fiber in their trans-
mission networks. The Strategy Analytics GaAs and Com-
pound Semiconductor Technologies Service (GaAs) view-
point, “Compound Semiconductor Industry Review March 
2011: Microelectronics,” illustrates product developments 
for Fiber to the Home (FTTH), Community Access Televi-
sion (CATV) and RF over Glass (RFoG) applications from 
industry leaders, TriQuint Semiconductor and Analog 
Devices. In addition, this viewpoint report captures prod-
uct, financial, contract and technology announcements 
for microelectronic companies such as RFMD, Skyworks 
Solutions, Hittite Microwave, ANADIGICS and NXP for 
March 2011.

“With the dramatic increase in mobile data consump-
tion, we tend to lose sight of the fact that landlines still 
transport the largest amount of data and most of the mo-
bile data,” noted Eric Higham, Director of the Strategy 
Analytics GaAs and Compound Semiconductor Technolo-

gies Service. “Product 
announcements show 
development activity 
from GaAs manufactur-
er TriQuint, as well as 
Silicon manufacturer, 
Analog Devices, which 
are aimed at CATV, fi-
ber and RF over Glass 
(RFoG). These applica-
tions will increase capac-
ity for operators provid-
ing voice, video and data services.”

Asif Anwar, Director, Strategy Analytics Strategic Tech-
nologies Practice, added, “While the largest portion of the 
compound semiconductor market revenue resides with 
handset applications, companies are also developing prod-
ucts for infrastructure, broadband, test and measurement, 
medical, fiber, CATV and military market applications.”

This Strategy Analytics viewpoint summarizes March 
2011 financial, product, contract and employment devel-
opments from major GaAs and silicon suppliers, address-
ing a variety of commercial and military applications that 
use gallium arsenide (GaAs), gallium nitride (GaN), silicon 
carbide (SiC) and complementary metal-oxide-semicon-
ductor (CMOS) technologies.
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AROUND THE CIRCUIT

 INDUSTRY NEWS

Skyworks Solutions Inc. closed its acquisition of SiGe 
Semiconductor Inc., a global supplier of radio frequency 
front-end solutions. The companies entered into a defi ni-
tive agreement on May 17, 2011. Skyworks paid cash for 
the acquisition, which was approved by Skyworks’ board 
and SiGe’s board of directors and stockholders.

RF Industries Ltd. has completed the acquisition of Long 
Island, NY-based Cables Unlimited Inc. (CUI), a seller 
of fi ber-optic cabling and connector products, for a total 
purchase price of $5.6 M, consisting of $2.8 M in cash and 
762,738 common shares. Privately owned CUI had reve-
nue of approximately $6.2 M and non-audited non-GAAP 
adjusted EBITDA of approximately $645,000 in its most 
recent 12 months ended December 31, 2010.

API Technologies Corp., a provider of electronic systems, 
subsystems, RF, and secure communications products and 
services for defense, aerospace, and commercial applica-
tions, announced the successful completion of its acquisi-
tion of Spectrum Control Inc. API completed the acqui-
sition through a merger of a wholly-owned subsidiary with 
and into Spectrum.  As a result of the merger, all outstand-
ing shares of Spectrum common stock were converted into 
the right to receive $20.00 per share in cash, without inter-
est and less any required withholding taxes.

CommScope has signed an agreement to acquire Argus 
Technologies, a producer of antenna solutions for wireless 
applications. Argus Technologies, headquartered in Bella 
Vista, New South Wales, Australia, provides a wide array of 
high performance, high technology antennas for base sta-
tions, stadiums and venues, and other wireless applications. 

GigOptix Inc., a supplier of semiconductor and optical 
components that enable high speed information streaming, 
announced Endwave Corp. stockholders voted to approve 
the acquisition of Endwave by GigOptix. 

Transline Technology Inc., which has been in the printed 
circuit board business for more than 20 years, broadened 
its scope of services signifi cantly by acquiring HI Elec-
tronics. HI Electronics, also 20-year industry veteran, was 
formerly located in Los Angeles, CA. All of its equipment 
and staff have now been relocated to the 20,000 square 
foot facility owned and occupied by Transline Technology 
in Anaheim, CA. Both companies will now operate under 
the fl agship company’s name, Transline Technology.

Renaissance Electronics Corp. of Harvard, MA, is cel-
ebrating its 20th anniversary in the RF/microwave industry. 
The company said its vision to be the preferred supplier of 
all frequency products is becoming a reality, especially with 
the acquisition of HXI millimeter-wave company. Renais-

sance now covers most components, integrated assemblies 
and other products in frequencies ranging from radio to 
microwave to millimeter.

RFMW Europe has added a new offi ce in France. In the 
past few months, RFMW Europe has opened offi ces in the 
UK, Germany, Italy and France to join with RFMW Israel 
in covering Europe, the Middle East and Africa (EMEA). 

TriQuint Semiconductor Inc. has been honored with 
awards recently. TriQuint earned the R&D award at the 
CS Europe Conference in Germany. Also, TriQuint was 
named a top ten Most Popular Semiconductor Brand In 
China at the Conference on Green Manufacturuing.  

Agilent Technologies Inc. has received this year’s Frost 
& Sullivan award for market-share leadership in global 
wireless test equipment. 

RF Micro Devices announced it has qualifi ed its GaN1 
power semiconductor process technology for 65 V opera-
tion. The high reliability power semiconductor process 
technology supports RFMD’s GaN-based power semicon-
ductor product designs and is also available to foundry cus-
tomers through RFMD’s Foundry Services business unit.

 CONTRACTS

Harris Corp. has been awarded several contracts recently, 
including a $9.4 M order from the U.S. Air Force and a 
$5 M order from the U.S. Marine Corps. The order from 
the Air Force is for additional Falcon® III AN/PRC-117G 
multiband manpack radio systems. The order from the 
Marines is for additional Harris Falcon III AN/PRC-117G 
wideband manpack tactical radios.

Custom MMIC Design Services Inc. (CMDS) has been 
awarded its second Small Business Innovative Research 
(SBIR) Phase II contract from the U.S. Army to develop 
millimeter-wave, high linearity, high power amplifi ers on 
Gallium Nitride (GaN) for satellite communication sys-
tems (SATCOM). CMDS is a fabless design company en-
gaged in the development of high frequency monolithic 
microwave integrated circuits. 

Crane Aerospace & Electronics Power Solutions was 
selected by ECE, a Zodiac Aerospace company, to sup-
ply its Transformer Rectifi er Units (TRU) on the Electri-
cal Power Distribution Systems (EPDS) for the Airbus 
A350XWB. There are seven TRUs within the Electrical 
Power Distribution System. The ECE Electrical Power 
Distribution Systems control and monitor the electrical 
DC power distribution to the loads on the aircraft. The 
Crane TRUs provide 230 VAC to 28 VDC conversion/fault 
protection and 115 VAC to 28 VDC conversion/fault pro-
tection within the EPDS. 

Kerri Germani, Staff Editor

For up-to-date news briefs, visit www.mwjournal.com
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is also a Commander in the U.S. Naval Reserve, with 17 
years of distinguished service. 

Centerline Technologies LLC ap-
pointed Susan Munyon to the position 
of Senior Sales Engineer. Having a 
bachelor’s degree in Ceramic Engineer-
ing from Alfred University gave her the 
materials background. And her exten-
sive experience, including 11 years at 
Kyocera America and five years at  
CoorsTek, has expanded her knowledge ss Susan Munyon
in the microelectronics area. She has 

been awarded a Fellow of IMAPS where she remains ac-
tive as well as with the American Ceramic Society.

ORBIT Communication Systems Ltd.
has appointed Carlo Rizzo as Director 
of Sales and Business Development to 
head the company’s Telemetry and 
Earth Observation business operations 
in Europe. Most recently, he served as 
Director of European Operations  
for a major U.S.-based antenna  

ss Carlo Rizzo
measurement system supplier.

	 REP APPOINTMENTS

Richardson RFPD announced three global distribution 
agreements. It has been selected by Amercian Techni-
cal Ceramics as the global exclusive distributor for the 
new 506WLC series of ultra-broadband inductors. Also, 
Richardson has been selected by W. L. Gore & Associ-
ates as the global distributor for its new 18 GHz GORE® 
PHASEFLEX® RF/microwave test assemblies. In addi-
tion, Richardson RFPD has entered into a global distri-
bution agreement with Kendeil S.r.l, a manufacturer of 
screw terminal and snap-in type aluminum electrolytic ca-
pacitors headquartered in Gallarate (VA), Italy. 

Microwave Components and Systems of Northborough, 
MA, announced the appointments of representatives for 
the company’s waveguide products. Disman-Bakner for 
northern CA; RT Associates for southern CA; SunTech 
Marketing for AZ, New Mexico and NV, and Trionic As-
sociates for NY, NJ and PA.

Reactel Inc., a manufacturer of RF and microwave filters, 
multiplexers and multifunction assemblies to the commer-
cial, military, industrial and medical industries, appointed 
El Technology as the company’s exclusive representative 
in southern NJ, eastern PA and Delaware.

PEI-Genesis Inc. announced an agreement with Emer-
son Network Power, in which PEI-Genesis will distrib-
ute and add value to power supply products from the Em-
bedded Power business of Emerson Network Power for 
customers in North and South America. PEI-Genesis now 
has the ability to help design engineers solve their power 
challenges using power supplies from Emerson Network 
Power.

Delta Microwave, a supplier of filters, filter/amplifiers, mul-
tiplexers and integrated microwave assemblies, announces 
its selection by NASA, Goddard Space Flight Center, to 
design and fabricate the Front-End Electronics (FEE) As-
semblies for the Magnetospheric Multiscale (MMS) Project. 
The FEEs are part of the GPS Navigation System that will 
be used to fly four identical instrumented observatories in a 
tetrahedral formation to unambiguously determine the ori-
entation of the Earth’s magnetic reconnection layer.

Pulse Electronics Corp., a provider of electronic com-
ponents, announced that its laser direct structuring (LDS) 
process was selected by Samsung Electronics Co. Ltd. 
for producing three-dimensional antennas to be incorpo-
rated into future Samsung products that use an antenna. 
Pulse’s LDS process creates an antenna pattern in three 
dimensions on a plastic part, giving Samsung’s mobile de-
vice product designers an almost unlimited ability to put 
the antenna anywhere and use almost zero volume.

	 NEW MARKET ENTRY

SW Tech Equipment sells and services advanced parallel 
gap welding machines. The SMAPRO series gap welders 
are based upon resistance or ohmic spot welding princi-
ples. The most salient feature of its products is that, in ad-
dition to welding gold and silver ribbons, SW Tech can also 
weld enameled wire directly to welding pads of PC boards 
without the stripping process.  

	 PERSONNEL

The Semiconductor Industry Associ-
ation (SIA), representing US leader-
ship in semiconductor manufacturing 
and design, announced that Steven 
Laub, President and CEO of Atmel 
Corp., and Tunc Doluca, President and 
CEO of Maxim Integrated Products 
Inc., have joined the SIA Board of  

ss Steven Laub
Directors. Laub and Doluca join a 
distinguished group of industry execu-
tives from Advanced Micro Devices 
(AMD), Altera Corp., Analog Devices, 
Fairchild Semiconductor, Freescale Semi-
conductor, GLOBALFOUNDRIES, IBM 
Corp., Intel Corp., Intersil Corp, Linear 
Technology Corp., LSI Corp., Micron 
Technology, ON Semiconductor, PMC-Si-
erra, Qualcomm CDMA Technologies and 

ss Tunc Doluca
Texas Instruments Inc.

M/A-COM Technology Solutions an-
nounced the appointment of Glen 
Fields as Director, Aerospace and 
Defense. A 10-year veteran at M/A-
COM Tech, Fields received a B.S. in 
Systems Engineering from the U.S. 
Merchant Marine Academy, and also an 

ss Glen Fields
MBA from University of San Diego. He 
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Special Report

GaN HEMT 
Technologies for Space 
and Radio Applications

GaN HEMTs have been considered to 
be the best option for realizing high 
performance in high power amplifiers 

(HPA), and now amplifiers based on GaN tech-
nology have started to become widely deployed 
in various applications. This article describes 
some development activities and performance 
results of GaN HPAs. The development of a 
high power added efficiency (PAE) process 
with a subsequent high output power amplifier 
for C-band space applications employing GaN 
HEMT technology is described. In this work, 
to boost the PAE, a newly introduced on-chip 
harmonic tuning for FETs is adopted. The 100 
W HPA achieves a 67 percent PAE (72.4 per-
cent drain efficiency) at 3.7 GHz, under CW 
operating conditions. To the best of the au-
thor’s knowledge, this is the highest reported 
efficiency of C-band HPAs with over 100 W of 
output power. In other areas of development 
at other frequency bands, a 360 W L-band 
HPA having 65 percent PAE, and a 60 W X-
band amplifier with 43 percent PAE are briefly 
described. The technologies, which have been 
developed for the 360 W L-band HPA, are par-
ticularly applicable for use in base station am-
plifiers suitable for the cellular phone network.

The GaN-based high electron mobility tran-
sistor (GaN HEMT) is generally considered to 
be the best choice in order to meet the require-
ments for many current HPA designs. HPAs 
have recently become desirable for high lin-
earity and wider bandwidth operation at lower 
power consumption. While GaAs HEMT or 
LDMOS have traditionally been widely used 
as the HPA devices, GaN HEMT offers the 
following advantages:
•	 �Higher PAE, which not only saves electrical 

power usage (OPEX), but also can reduce 
the size and cost of HPAs, due to the lower 
amount of heat dissipated (CAPEX).

•	 �High operating voltage – GaN HEMT oper-
ates with a power supply voltage of up to 50 
V, similar to the range of the power feeder 
voltage of 48 V, which is commonly used for 
communication equipment. Furthermore, 
for any given output power and supply volt-
age, the operating current can be reduced, 
when compared to other technologies.
In general, the amplifier design becomes 

more challenging as the transistor impedanc-
es become lower. GaN HEMT devices have 
a higher impedance than other technologies. 
Hence, the HPA design engineer can use the 
benefits of GaN to enhance HPA performance, 
such as wider frequency band coverage and 
higher PAE, depending on the required per-
formance of the HPA.

In space applications, the vacuum tube 
based traveling wave tube amplifier (TWTA) 
is still used, because of a high PAE. Howev-
er, because a TWTA needs an extremely high 
voltage, of the order of several thousands of 
volts, and reliability is considered not ideal due 
to the hot electrons in the vacuum tube, the 
solid-state power amplifier (SSPA) is often con-
sidered to be the favored solution. GaN based 
SSPAs are now in development, in order to re-
place TWTAs in many space applications and 
plans are in place to soon launch GaN SSPAs 
into space. In this article, a 67 percent PAE, 
100 W GaN HEMT for C-band space use is 
described in detail.

GaN HEMT
Although the GaN HEMT was originally 

expected to be an ideal device for HPAs, early 
transistor designs raised the issue that the drain 

Takao Ishida
Mitsubishi Electric Corp.  
Itami City, Hyogo, Japan
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Special Report

of 40 V and a frequency of 3.7 GHz. 
Each measurement was performed 
while keeping the other fundamen-
tal and second and third harmonic 
impedances fixed for the maximum 
PAE. The figure shows that not only 
does the second harmonic output im-
pedance have a substantial impact on 
PAE improvement, but so does the 
second harmonic input impedance. 
Moreover, the second harmonic in-
put impedance region of the highest 
achieved PAE of more than 82 per-
cent is near a short circuit and is a 
very small area when compared to the 
other impedance regions.

For the third harmonic, the contour 
of the high PAE is larger than that of the 
second harmonic. It is, therefore, im-
portant to precisely control the second 
harmonic input impedance to the short 
region. To achieve the high output pow-
er with higher PAE, many GaN-based 
amplifiers have adopted the harmonic 
impedance control technique, using 
resonance circuits such as open stubs 
formed on external matching circuits.4,9

However, this control is not easy to 
achieve, due to insufficient reflection 
of harmonic signals from the reso-
nance circuit and the inductance of 
the bonding wire to the die. Moreover, 
the bonding wire brings an additional 
difficulty when trying to precisely con-

trol the reflected 
harmonic phase, be-
cause of the fluctua-
tion in the bonding 
wire length at the 
second harmonic 
frequency.

Despite the higher 
impedance of a GaN 
HEMT compared to 
a LDMOS or GaAs 
HEMT, the above 
problem is more se-
vere, particularly for 
a large gate-width 
FET amplifier, which 
consists of FETs con-
nected in parallel. 
For this reason, it is 
not easy to realize a 
high PAE with the 
external harmonic 
matching circuits. 
In order to develop 
a 100 W GaN HPA 
for C-band space ap-
plications, an on-chip 
input second har-

3.7 to 4.2 GHz, are often used for sat-
ellite downlinks.

In spite of the tremendous merits 
of SSPAs, GaAs based amplifiers can-
not typically offer an acceptable PAE 
for many satellite applications and the 
GaN HEMT SSPA, with its higher 
PAE, is expected to be the best can-
didate for replacing TWTAs. Many 
organizations have recently developed 
GaN HPAs at C-band.4-8 However, 
there are very few reports for HPAs 
with more than 60 percent PAE.9

HPA with high PAE
Figure 2 shows the second and 

third harmonic load/source pull mea-
surements of a unit cell of a GaN 
HEMT (1.2 mm gate-width) with a 
PAE contour at an operating voltage 

current measured under pulsed con-
ditions was smaller than that observed 
under CW conditions. The phenom-
enon is called current collapse, and 
leads to a lower PAE and reduced 
output power. This was due to a less 
effective knee voltage, which reduced 
the maximum drain current. In order 
to suppress this current collapse, a 
SiN passivation film is deposited with 
a Cat-CVD process and NH3 treat-
ments.1 In addition, Si ion implanta-
tion under the source and drain elec-
trodes was employed to realize a low 
ohmic contact resistance.2 The GaN 
HEMT device structure employed in 
this work is shown in Figure 1. The 
gate-length is 0.6 µm and substrate 
via holes are used to produce higher 
power gain in the C-band.

Space Applications
In space applications, such as sat-

ellite communication systems, the 
RF power amplifier is one of the key 
components. In the amplifiers, a high 
PAE is important in order to reduce 
the launch cost of a satellite.3 C-band 
amplifiers, in the frequency range of 

s Fig. 1  GaN HEMT device structure 
cross-section.

G
S D
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SiC

PASSIVATION FILM
(CAT-CVD SiN)

s Fig. 2  Second and third harmonic load/source pull measurements 
of a unit cell GaN HEMT.
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and the on-chip harmonic tuned FET, 
respectively. In Figure 4b, the har-
monic resonance circuit consists of a 
MIM capacitor and a spiral inductor, 
which are connected to the gate of the 
FET.

In Figure 5, the PAE dependence 
on harmonic impedance is shown. The 
measurement conditions are the same 
as the conditions of Figure 2. When 
comparing performances of (a) the 
conventional FET and (b) the on-chip 
harmonic tuned FET, the on-chip 
harmonic tuned FET achieves the 
highest PAE of more than 82 percent 
at almost all second harmonic input 
impedances. Thus, this architecture 
is very effective for improving PAE, 
even in large gate-width FETs.

Fabricated Amplifier 
Performance

A 100 W amplifier was fabricated, 
using an on-chip harmonic tuned 
FET. The amplifier and FET chip are 
shown in Figure 6. The total gate-
width of a single chip is 9.6 mm, and 
the chip size is 2.90 by 0.78 mm. The 
package size is 15.2 by 14.3 mm. The 
output characteristics versus input 
power are shown in Figure 7. For 
comparison, the performance of the 
highest PAE amplifier ever reported 
at C-band is also plotted. Both ampli-
fiers were measured at 3.7 GHz un-
der CW operation. The drain voltage 
and the quiescent drain current were  
40 V and 2 A, respectively. As shown 
in the figure, a 67 percent PAE 
(72.4 percent drain efficiency) and a  
107.6 W output power were obtained. 
The PAE is increased by more than 
five percent, when compared to the 
conventional amplifier,9 by using an 
on-chip harmonic tuned FET. Over 
the frequency range 3.65 to 4 GHz, 
this amplifier achieves a high PAE, 
greater than 60 percent, and a high 
output power greater than 100 W.

But because of the lower PAE of 
GaAs-based SSPAs, satellites con-
tinue to be launched into space using 
TWTAs. The new generation of GaN 
devices eliminates the issue of low 
PAE in SSPAs. GaN HEMT technol-
ogy based SSPAs can now accelerate 
the replacement of the TWTA with 
the SSPA in these power ranges.

L-band GaN HEMT HPA
Considering other applications of 

GaN HEMTs, the HPA used in the 

trolled by the resonance circuit, such 
as open stubs, placed in the external 
matching circuit. As mentioned be-
fore, this configuration does not work 
well. In this study, the resonance cir-
cuit used for the second harmonic in-
put impedance control is integrated in 
each unit cell placed on a GaN chip. 
The photographs in Figure 4 show 
the unit cell of a conventional FET 

monic tuned FET technology for PAE 
improvement is introduced.

Circuit Design
The simplified schematic of the 

adopted configuration, compared to 
a conventional configuration, is il-
lustrated in Figure 3. In the case of 
the conventional amplifier, the second 
harmonic input impedance is con-

s Fig. 3  Comparison of an adopted and conventional configuration.
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base stations of the cellular phone 
network is well suited for the adoption 
of GaN. Currently, to improve the lin-
earity of a HPA, Class AB operation 
is widely used, but Class AB results 
in less PAE and, therefore, consumes 
more power. Many studies using satu-
rated amplifi er designs have been car-
ried out recently.10

The development results of a 65 
percent PAE, 360 W, L-band satura-
tion amplifi er will now be covered. The 
technologies, which enable an increase 
in the output power and PAE, can be 

applied to enhance 
the performance of 
the main amplifi er in 
a Doherty confi gu-
ration for cellular 
phone base station 
amplifi ers. A higher 
PAE is also important 
for the effi cient per-
formance of a remote 
radio head (RRH) 
scheme for base sta-
tion architecture.

Among the high 
PAE HPA designs, 
Class E operation 
is the most popular 
approach for L- or 
S-band.10 In Class E 
amplifi er design, the 
parasitic capacitance 
(Cp) of a transistor 
is used as the tank 
capacitance, which 
consists of an output 
matching network 
to achieve high ef-
fi ciency. From theo-
retical analysis, the 
product of operation 
frequency and out-
put power is inverse-
ly proportional to the 
Cp. In other words, 

the transistor technology with a smaller 
Cp can operate at a higher power or 
frequency.

As shown in Table 1, the Cp of a 
GaN HEMT is 23.6 times smaller than 
that of a LDMOS. Considering the cur-
rent density and the capability of high 
voltage operation, the advantage of 
GaN HEMT over LDMOS is very at-
tractive. Employing a modifi ed Class E 
amplifi er design, a 360 W L-band par-
tially impedance matched GaN HEMT 
has been successfully developed. The 
load impedance for maximum PAE is 
shown in Table 2. A partially matched 
GaN HEMT and an external match-
ing circuit for the 360 W L-band HPA 
were designed according to the best 
PAE points shown in the table. Fig-
ure 8 shows the GaN device and the 
external matching circuit. A packaged 
GaN HEMT with a partially matched 
circuit was attached to a heat sink by 
two screws. The GaN HEMT package 
can be seen between the external input 
and output matching circuits. The out-
put characteristic of the L-band HPA is 
shown in Figure 9. The performance 
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 Fig. 4  Comparison between a conventional FET (a) and an on-
chip harmonic tuned FET (b).
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 Fig. 5  Comparison of PAE dependence with harmonic impedance.
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70 percent. Extend-
ing this developed 
technology, a 160 W 
partially matched 
GaN HEMT for CW 
operation has been 
developed, which is 
suitable for base sta-
tion applications.

This technology 
is applicable to modern linear ampli-
fier design, which is needed in order 
to meet the high peak to average ratio 
(PAR) required by LTE. In satisfying 
the linearity requirement, GaN HEMT 
technology can offer a contribution to-
ward increasing the PAE as well as re-
ducing the amplifier size and cost. This 

is  due to a lower heat 
dissipation, which is 
strongly required by 
the RRH configura-
tion.

GaN HEMT HPA 
for X-band

A high PAE HPA 
employing GaN 
HEMT is also de-
sired for X-band. 

Therefore, an X-band amplifier has 
been designed and fabricated using a 
shorter gate length and narrow gate 
width in order to operate at a higher 
frequency. For X-band, the optimiza-
tion of higher order harmonic frequen-
cies is important, as it is for the lower 
bands. One advantage in designing for 
X-band is that harmonics are in the 
millimeter-wave region. Therefore, the 
harmonics have less influence on the 
PAE than for lower frequency bands, 
due to a relatively low emission output 
from GaN HEMT. However, due to 
the shorter wavelength, the difference 
in the path length between the match-
ing circuit and the unit cells of the tran-
sistor does become a problem. This dif-
ference disturbs the equal distribution 
or combination of input/output power 
to/from each unit cell. The non-unifor-
mity of power does not only result in a 
loss of power, but also necessitates an 
optimized unit cell impedance value. 
To overcome the problem, input/out-
put matching circuits were designed 
in an asymmetrical manner in order to 
keep the uniformity of the power dis-
tribution/combination as shown in Fig-
ure 10. Figure 11 shows the output 
characteristics of the X-band HPA. The 
saturated output power reaches 60 W 

was evaluated with Vd = 56 V under 
pulse operation. The maximum out-
put (Pout) was 360 W, with a PAE of 
65 percent, or with a drain efficiency of 

TABLE I
performance comparison of high frequency,  

high power transistors

Transistor
Current 
Density 

(mA/mm)
Cp (pF/mm) Breakdown 

Voltage (v)

Si LDMOS 400 3.3 50
GaAs HFET 300 0.185 15
GaN HEMT 600 0.14 200

TABLE II
load impedance for maximum PAE 

conditions
Real part 

()
Imaginary part 

()

Z1(f0) 42.3 9.0
Z1(2f0) 2.8 -0.7
Z1(3f0) 3.67 18.2

s Fig. 8  GaN device and external matching circuit.
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s Fig. 9  Output characteristics of the 
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of GaN HEMT will encourage ampli-
fier designers of RRH base stations, as 
used in the cellular phone network, to 
enhance amplifier performance in or-
der to meet LTE requirements. The 
successful development of an X-band, 
43 percent efficiency, 60 W HPA, 
shows the capability of GaN HEMT 
at high frequency bands. 
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power, together with a very high effi-
ciency of 67 percent. The performance 
improvements achieved in this devel-
opment will help to accelerate the re-
placement of TWTA amplifiers with 
GaN based SSPAs in this power range.

At L-band, a 65 percent PAE, 360 
W amplifier has been successfully de-
veloped. In this development, a modi-
fied Class E-amplifier technology has 
been applied for use in modern linear 
amplifier designs, such as in the main 
path of Doherty amplifiers. The use 

with a high PAE of 43.4 percent. These 
development results show that GaN 
HEMT is also well suited to operation 
at higher frequency bands.

Conclusion
GaN HEMT is the best transistor 

technology for producing high perfor-
mance HPAs in many applications, so 
it can satisfy the market demands for 
high power, high PAE devices. For 
space applications, an HPA was de-
veloped, which offers 100 W output 

s Fig. 11  Output characteristics of the 
X-band HPA.
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even when your DC power supply is fluctuating. Our 
manufacturing controls ensure that quality and reliability 
are built into every unit, to provide the truly robust 
amplifiers that our customers demand.

IN STOCK! FAST DELIVERY!
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 ZHL-30W-252+ 700-2500 50 +44.0 +46.0 5.5 +52 28 6.3 2995 2920
 ZHL-30W-262+ 2300-2550 50 +43.0 +45.0 7.0 +50 28 4.3 1995 1920
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 ZVE-3W-183+ 5900-18000 35 +34.0 +35.0 5.5 +44 15 2.2 1295 1220
 ZVE-3W-83+ 2000-8000 36 +33.0 +35.0 5.8 +42 15 1.5 1295 1220

NEW

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

•
•
•

•

ampsAd416revZ___.indd   1 7/21/11   10:00 AMMWJMC_F416REVX_0811.indd   67 7/27/11   8:29 AM

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


Special Report

IEEE MTT-S IMS2011: 
Busy in Baltimore

The energy and activity levels of a large 
crowd are hard to quantify, but by the ac-
counts of most observers, there was plenty 

of both at the International Microwave Sympo-
sium 2011 in Baltimore, MD, June 5-10. Event 
managers said the official attendance was more 
than 8600 participants. This number is larger 
than the previous year in Anaheim, CA. “Final at-
tendance was actually 7981 after all the numbers 
were in…lower than the preliminary estimate of 
9500,” IMS2010 organizers reported.

This year, technical registration was 2491 
and preliminary exhibit-only registration num-
bers showed 1882 participants. These numbers 
combined and subtracted from the total indi-
cates that the exhibition staff itself probably ac-
counted for about half of all the attendees. If the 
health of the industry is based on the number of 
companies in attendance, this year showed im-
pressive growth with 601 individual exhibiting 
companies compared to 556 companies in 2010. 
If you did not submit an accepted technical pa-
per to the conference or you were assigned to 
work in your company’s booth or you traveled to 
the show at your own expense or your company’s 
expense in the past few years, then you may be 
wondering what kind of companies are repre-
senting the industry these days at IMS.

This year, the Journal produced a series of 
Microwave Flash Focus: IMS Exhibitor Pre-
view newsletters to help attendees get a jump 
on what they would see in Baltimore. We di-
vided this list of exhibitors (select advertisers 
from our May IMS show issue) into several ma-
jor product categories, namely Components, 
Semiconductors, Subassemblies/Materi-
als, Cables/Connectors and Test Equipment/
Design Software. These are the bulk of com-

panies at IMS. The companies that are miss-
ing from IMS are the major commercial and 
defense system integrators and consumer 
electronics giants – Raytheon, BAE, Lockheed 
Martin, Alcatel Lucent, Ericsson, Huawei, 
Nokia, etc. Those companies are to be found at 
shows such as MILCOM, CTIA, Mobile World 
Congress or electronica. IMS is a completely 
different show – for and about microwave 
semiconductors and components.

Test equipment and design software ven-
dors sell the bulk of their RF products to all 
other categories represented in the MWJ 
exhibitor preview list, so they are generally 
among the largest exhibitors (based on booth 
size and staffing). Year after year, semiconduc-
tor vendors also tend to make their presence 
known with the largest booths and staff on the 
exhibition floor. The remaining small to mid-
size companies, those that design and manu-
facture passive components, materials, cables, 
connectors, subassemblies and related ser-
vices, make up the bulk of the exhibition floor 
space. This is the fabric (and strength) of our 
industry, an impressive number of innovators 
and entrepreneurs developing new and cre-
ative solutions – forming start-ups, growing or-
ganically or through mergers and acquisitions, 
being acquired and/or spun-off.

In our annual wrap-up article of past IMS ex-
hibitions, we attempted to summarize the major 
product news. As the show and the number of 
exhibitors and released products have grown, 
this task is becoming increasingly challenging 
to do in a single article. Our main coverage is 
now addressed online (www.mwjournal.com/
ims2011), with show related articles, product re-
leases, news, Twitter feed, videos, pictures and 
through our Microwave Flash: IMS Show Daily 
newsletter. This article will instead focus on in-
dustry trends and offer data and perspectives on 
the conference and exhibition.

Conferences
IMS or Microwave Week actually combines 

three conferences (IMS, RFIC and ARFTG). 

Microwave Journal Staff
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This year, the steering committee 
implemented a “double-blind” review 
process for submitted papers, mean-
ing that the authors’ names and affili-
ations were kept from reviewers. This 
new policy was designed to eliminate 
any conflicts of interest or bias in the 
review process. It is unclear if the 
policy had an impact on the quality 
of the chosen papers, although there 
was a sizeable increase this year. The 
Technical Paper Review Committee 
selected 444 papers out of 841 sub-
mitted, with 348 podium presented 
papers and 96 interactive forum pa-
pers. In addition, the program was 
supplemented by 33 workshops, six 
short courses, four panel sessions, 
one rump session and seven student 
design competitions, plus a graduate 
student challenge. By comparison, 
the 2010 IMS program included 250 
technical papers presented orally and 
122 papers presented in an interactive 
forum, so there was a net gain in pre-
sented material this year (444 vs. 372). 
Altogether, the conferences were well 
attended (2491) however, they were 
somewhat down from the numbers 
reported in 2010 (2793). This could be 
a reflection of tighter travel budgets 
more than a reflection on the techni-
cal program itself.

Company and Product 
Highlights

The acquisitions of AWR and Phase 
Matrix by National Instruments, API 
Technologies’ acquisition of Spectrum 
Control and Skyworks’ acquisition of 
SiGe and Advanced Analogic Tech-
nologies in the weeks before IMS, 
created a pre-show buzz for the indus-
try and no doubt attracted the media 
and attendees to visit these exhibitors. 
A number of companies announced 
interesting milestones, expanded 
product lines and portfolios via press 

from 31 to 35, dividing the conference 
into four focus tracks including: 1. Mi-
crowave Fields and Circuit Techniques 
2. Passive RF and Microwave Compo-
nents 3. Active RF Components and 
Systems and 4. RF Microwave Sys-
tems and Applications. New topics in 
current technical areas, such as RFID 
Technologies, Industrial Applications 
of High Power Microwaves, RF Nano-
technologies, and Emerging Technolo-
gies, were added to the program.

The technical program is comprised 
of more than 165 technical sessions, 
workshops and panel sessions cover-
ing wireless communication, radar, 
RF technologies, high frequency 
semiconductors and electromagnetics 
for a variety of commercial and mili-
tary applications.

The IMS2011 Technical Program 
Committee, under the leadership of 
TPC Chair Ramesh Gupta, increased 
the number of IMS2011 topic areas 
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www.nardamicrowave.com

L3

Narda knows the in and 
outs of SATCOM SWaP.

Innovative     | Multifunction      | Adaptable
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IMAgine.

Can a SATCOM system really be SWaP-compliant, ruggedized and 
cost-effective? Narda’s can. By combining the capabilities—and benefits—of
both our Ultimate MIC and Ultimate SMT technologies, our 80000 series
Transceivers seriously outperform traditional assemblies. We pack a BDC,
BUC, SSPA, microprocessor and all necessary control functions into these little
marvels, and still manage to significantly reduce their size, weight, power
requirements—and price. 

• Small and lightweight
• High dynamic range
• Ethernet or RS-485 interface
• Low power consumption
• X, Ku or Ka band models

For those who’d rather use an external SSPA, 
there’s our 85000 series Up/Down Convertors. They 
give you all the rest of the 80000 series’ functions, in an 
even smaller package. But whichever you choose, choose Narda. 
To learn more, call 631-231-1700 or visit www.nardamicrowave.com.

No one goes to greater lengths 
for smaller wavelengths.
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noise amps), Endwave (mixers and 
upconverters), Linear Technol-
ogy (RF mixers), Murata (Bluetooth 
FEMs), APA Wireless (VCOs), 
Valpey Fisher (Hi-Rel/COTS oscil-
lators, passive CMOS discretes), and 
TowerJazz (SOI switch process).

•	 �Components from K&L (low PIM 
filters), Synergy (wideband, low 
noise VCOs), AVX (High Q induc-
tors), MDL (WR90 rotary joints), 
Sangshin (WiMAX filter), IMS (thin 
film attenuators, couplers, chip 
resistors), RLC (adjustable delay 
lines), Florida RF (high power ter-
minations), Gowanda (conical in-
ductors), Reactel (discrete filters), 
AMC (switch matrix), Anaren (new 
Xinger), Crystek (SAW bandpass 
filters), JFW (variable attenua-
tors), AML (GaN amps), and Crane 
(switch matrix, POL converters, fil-
ters, MultiMix Technology).

•	 �Cables and Connectors from W. L. 
Gore (18 GHz rugged cable assem-
bly), P1dB (coax adaptors), Delta 
(cable assemblies), Corning Gilbert 
(push-on connector), Frontlynk 
(cables up to 110 GHz), GigaLane 
(SMA type switch), San-tron  
(eSeries connectors), Rosenberger 
(high density interconnects), South-
west Microwave (miniature treaded 
coupling coax assemblies), SPIN-
NER (rotary joints, calibration kits), 
Times (TFlex cable), and TRU (high 
performance connectors).

•	 �Materials and PCB Processing 
from Rogers (RT/duroid 6035HTC, 
RO4360), Dielectric Labs (high Q 
substrates), A.T. Wall (waveguide 
tubing), Laser Services (cutting 
EMI/bonding materials), T-Tech 
(mill path generation), LPKF (la-
ser PCB prototyping), UltraSource 
(prototyping software), Arlon (ce-
ramic-filled composite materials), 
RJR Polymers (liquid crystal poly-
mer packages), Transline (fusion 
bonding of PTFE), and Westbond 
(bonders of all types).

•	 �Subassemblies, Modules from Pas-
call (low noise sources), Telemakus 
(mm-wave synthesized source), 
EM Power (GaN amp modules), 
Herotek (harmonic generators), 
IMST (FRAC-N synthesizer), Pow-
er Module Technology (SSPAs), 
Scintera (linearizer modules), Mi-
cro Lambda (synthesizers), Mini-
Circuits (you name it, they have it), 
Phase Matrix (high performance 

ucts including high power GaN 
devices), NXP (GaN and LDMOS 
transistors and related products, RF 
DACs), Peregrine (digitally tuned 
capacitors, UltraCMOS switch-
es), ADI (differential RF/IF amp, 
RF driver amps), Cree (GaN PAs), 
Aeroflex-Metelics (100 W SP3T 
switches), Freescale (77 GHz chip 
sets, improved LDMOS), Infineon  
(LDMOS, LNA modules for  
GPS/GLNOSS), Mitsubishi (GaN 
Amps), Ciao Wireless (ultra low 

releases and booth demos throughout 
the week including:
•	 �MMICs, RFICs and Discrete 

Semiconductors from RFMD 
(Narrowband VCOs, VCAs, 
GaN devices/foundry processes),  
OMMIC (10 new MMICS), UMS 
(X-band chip set, GaN power 
transistors), Hittite (33 new prod-
ucts), Skyworks (low power LNAs), 
Avago (mobile FEMs), TriQuint  
(base station RFICs, K-band amps), 
M/A-COM Tech (50 new prod-
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Remcom Consulting is an ideal solution for those organizations that need 
electromagnetic expertise without an ongoing need for in-house EM 
simulation software. Remcom provides EM modeling experts, software 
developers, and high performance computational resources to meet your 
most challenging EM simulation analysis needs. 

Remcom Consulting delivers immediate benefits:

�  Electromagnetic expertise without adding internal resources
�  Simulation results without the software investment
�  Reduced time to market, lower costs, and a more reliable product

Commercial Consulting  |  Government Contracting  |  Custom Software Development

Learn more at: www.remcom.com/consulting

Are You Missing Some

Let Remcom Consulting Complete It

Are You Missing Some

Let Remcom Consulting Complete It

Pieces to the Puzzle?
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www.remcom.comElectromagnetic Simulation Solutions
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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!

signer updates), Remcom (EM soft-
ware), SPEAG (SEMCAD X), Inte-
grated (CHRONOS), Mician (μWave 
Wizard), and MIG (WASP-NET).
For detailed product news go to 

www.mwjournal.com/ims2011.

OTHER HIGHLIGHTS FROM 
THE EXHIBITION

Over the past few years, organizers 
and several key exhibitors have been 
giving the MicroApps sessions a “face-
lift” in order to draw larger crowds, 
thus making them more attractive to 
potential participants. MicroApps are 
generally mini-tutorials on a variety 
of applications. The short talks (typi-
cally 20 minutes) are reviewed and 
approved by the MicroApps steering 
committee (made up of IMS volun-
teers) and representatives from the ex-
hibitor community. This event-within-
an-event takes place in a sectioned off 
area of the exhibition fl oor with speak-
er presenting to an audience seated in 
an area for up to 100 attendees. This 
year, the event was sponsored by Agi-
lent, with additional support (distribu-
tion of program CDs) from AWR and 
organizers from K&L Microwave. The 
Journal also participated as the orga-
nizer of the MicroApps keynote panel 
on Wednesday. The Nonlinear Char-
acterization Forum drew a standing-
room only crowd and had more than 
200 people off-site join via a webinar 
simulcast.

Other show fl oor attractions includ-
ed a grand prize award ceremony for 
NXP’s fi rst high performance RF de-
sign challenge, on-site training courses 
at Sonnet and CST (with bonus mas-
sage station), design demonstrations 
for the new digitally tunable capaci-
tors at Peregrine, the many partnering 
companies on display along Agilent Av-
enue, and Cobham displaying its Ku-
band UAS (drone) lightweight gimbal 
assembly. One hidden jewel was wear-
able antennas by Octane Wireless that 
fi t about any form factor using fl exible 
antenna technology. Another jewel was 
DaisyRF’s wireless portable power 
meters featuring a wireless interface 
between the remote power meter and 
handheld display unit. With more than 
600 exhibitors, it has become impos-
sible to see them all, especially if one 
gets into a deep technical discussion. It 
was precisely the kind of engagement a 
trade show like the IMS exhibition was 
designed to be. 

analyzers, AWGs), Heuermann and 
Rosenberger (full vector PIM tester), 
Rohde & Schwarz (two new VNAs), 
Wireless Telecom Group (Amplifi er 
Test bench software), Maury (noise 
measurement, load-pull), Modelith-
ics (X-parameter measurement ser-
vices), and SPEAG (SEMCAD X 
Microwave).

•  Design Software from Agilent (EM-
Pro, SystemVue), CST (HPC to Stu-
dio 2011), Sonnet (v13), AWR (2011 
Design suite), ANSYS (HFSS/De-

synthesizers), Teledyne MEC (new 
SSPA line).

•  Test Equipment from Agilent (ENA/
PNA network analyzers,) Aerofl ex 
(SGA signal generators for avionics, 
LTE digital radio test set), Anritsu 
(broadband VNA, DRM test for 
LMR Master), NMDG (DC pulsers, 
pulsed DC receivers), Hittite (20 
GHz signal genrerators), AMCAD 
(load-pull), Holzworth (non-PLL 
synthesizers), Planar LLC (vector 
refl ectometer), Tektronix (signal 
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microwave components, connectors and 
cable assemblies are widely used on 
many high reliability programs
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MTT-STORIES
Volunteer?

Wait a minute
We’re not getting

paid for
this?

Nearly 9000 people “sailed” 
into Baltimore’s inner harbor 
to participate in Microwave Week

Following the technical 
sessions, which began 
Sunday, spectacular 
fanfare kicks off the 
plenary session…..

… and the IMS reception 
on Monday night

Working many hours throughout 
the year,  the IMS2011 steering committee 

members selflessly donate their 
personal time to ensure the event 

is a success.

Which way to 
registration?

It takes a full day, lots of sweat and a 
miracle or two to ”pretty up” the 
industry for SHOW TIME. But in the end...

 

ARRRGH!
It be at the
Convention

Center, matey.

and George is the “George 
Hamilton” of the MTT-S.

As the conference 
continues, marketing 
staff are preparing 
for Tuesday morning 
“SHOW TIME” 

This is NOT 
helping the
hangover

76  

and the adventures continue...

Hey the booth looks 
great. Thank goodness 

for duct tape.

Ramesh is the 
mastermind 
behind this 

year’s technical 
program.
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about 600 exhibitors are ready to 
demo their latest RF/microwave 
products and answer customer 
questions  

MICROWAVE JOURNAL  AUGUST 2011  77

There’s a packed 
reception as Women of 
Microwaves gather to 
network and relax  

Playing off the local 
cuisine, many vendors 
adopted crab-themes
 in their marketing 

Professional 
education has 
expanded from 
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G/T for a Satellite-
Terrestrial Handset 
with Internal and 
External Antennas
In this paper, the figures of merit for a satellite-terrestrial handset with internal 
and external antennas are extracted, based on the antenna measurements with 
the handset mechanics in free space. The gain statistics are derived from the 
measured antenna patterns. The antenna noise temperature is calculated from  
the sky brightness, the antenna efficiency and loss, and a few critical conclusions 
are obtained.

The figure of merit (G/T) for a satellite-
terrestrial handset is a critical parameter 
for the link budget calculations, where G 

is antenna gain, which varies with elevation and 
azimuth angles, and T is the system noise tem-
perature, which is the sum of the handset re-
ceiver and its antenna noise temperatures. For 
the Terrestar GENUS smart phone, an internal 
Planar Inverse F Antenna (PIFA) is used1 for 
satellite communication in the primary service 
area. In addition, a novel external helix-octafilar 
antenna has also been designed as the accessory 
to support secondary service areas.

In the GMR-1 3G Specification,2 the figures 
of merit for several types of satellite receivers 
are available with only external antennas. The 
G/T ratio of the various packet data terminals 
in the direction of the peak antenna gain under 
clear sky conditions, with the antenna fully de-
ployed and with no conducting objects in the 
vicinity of the unit, at 20°C, will exceed the 
tabulated G/T values at elevations over 20°. 
For a similar terminal as the GENUSTM smart 
phone with external antenna (terminal E), the 
given G/T is −30 dB/K in which the given an-
tenna gain is −1 dB, the antenna noise temper-
ature is 150 K, and the receiver noise figure is 5 
dB. The G/T definition2 has caused ambiguity 
when deriving it using the actual antenna mea-
surements with the handset mechanics, espe-
cially about how to define the antenna gain G. 
It appears that G is a peak antenna gain, but it 
is unclear which elevation to use, because the 
peak gain varies with the pointing elevation. If 

the peak gain is taken at a 20° elevation, the 
G/T is underestimated, while if the peak gain 
is taken at a 90° elevation, then the G/T is over 
estimated. For an internal PIFA, the gain pat-
tern and noise temperature are affected more 
by the other components around the antenna.

In the following section, it can be found that 
the PIFA radiation pattern is more random in 
the preferred elevations, that is 20° to 90° and 
in the whole azimuth plane. In the GMR-1 3G 
Specification,2 no terminals with an internal an-
tenna are available and it is hard to determine 
the antenna gain and noise temperature to de-
rive the corresponding G/T. In this article, the 
work is based on free space antenna measure-
ments with approximately 3° angular steps for 
both the internal PIFA and the external helix-
octafilar antenna. The gain G in G/T is proposed 
to be a statistical value derived in the preferred 
elevations from 20° to 90°. The antenna noise 
temperature is derived by considering the an-
tenna efficiency, loss and the brightness seen by 
the antenna. Then some proposals are offered, 
regarding the derivation of the G/T.

Antenna Gain Measurements and 
Gain Statistics

In the GENUS smart phone, the internal 
PIFA is located in the upper right corner seen 

�X. Zhao, T. Haarakangas, �
J. Katajisto, M. Niemi, P. Myllylä, 
J. Inget and J. Alasalmi
Elektrobit (EB), Oulu, Finland
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the statistical gain is also extracted and 
shown in Table 2. From Table 1, it can 
be seen that the gain repeatability is 
extremely good for the three PIFA and 
octafilar prototypes, respectively. The 
helix-octafilar has better gain statistics 
than the PIFA, especially in a small 
Cumulative Distribution Function 
(CDF), that is approximately 8.6 and 
4.7 dB more gain at 1 and 10 percent 
CDF, respectively.

The System Noise 
Temperature and G/T

The G/T (dB/K) can be calculated 
from G -10 log (T), where G is the an-
tenna gain and T is the noise tempera-
ture of the system, which is the sum 
of the antenna and the handset noise 
temperatures. The antenna noise tem-
perature is derived by considering the 
antenna efficiency, loss and the bright-
ness seen by the antenna. The sky 
brightness and how it is seen by the 

larization (LHCP). The first row shows 
the PIFA patterns, while the second 
row is for the helix-octafilar prototypes. 
For both the internal and external an-
tennas, the design objective is to have 
a good and stable gain pattern in the 
preferred elevations and also in the 
azimuth plane. Obviously, the helix-
octafilar (being a larger antenna) has 
better gains in 20° to 90° elevations. 
Figure 3 shows the gain pattern cuts 
for Antenna #1 in specific elevations 
for the PIFA and the helix-octafilar. 
From the figures, it can be seen that 
the PIFA gain varies considerably, es-
pecially at low elevations. The gain for 
the helix-octafilar is more stable for a 
fixed elevation, but the instant gains 
show a big difference at the low and 
high elevations. Therefore, from the 
random PIFA gains, a statistical gain is 
extracted and listed in Table 1. Then, a 
reasonable gain is chosen for use in its 
G/T calculation. For the helix-octafilar, 

from the back cover. There is an RF 
port available in the upper right cor-
ner as well for using an external anten-
na. Only one of the antenna ports is 
available at a time. A user must select 
the preferred antenna from the hand-
set operating system menus. The gain 
measurements are done using the co-
ordinates shown in Figure 1.

Figure 2 shows the gain patterns 
(θ = 90°− elevation°) in free space for 
the forward link (from the satellite to 
handset) with the left hand circular po-

s Fig. 1  Measurement coordinate system.

TABLE I
PIFA gain statistics and G/ts

PIFA
Gain Statistics (LHCP)(elev. 2090 degree)

Min. CDF 1% CDF 10% Mean Median CDF 90% Max.

Ant#1 -14.2 -13.3 -7.2 -3.1 -2.1 -0.6 0.1

Ant#2 -14.7 -13.6 -7.7 -3.3 -2.2 -0.7 0.0

Ant#3 -15.0 -13.8 -7.7 -3.3 -2.2 -0.6 0.2

Mininum gain -15.0 -13.8 -7.7 -3.3 -2.2 -0.7 0.0

G/T (dB/K) -50.0 -42.8 -36.7 -32.3 -31.2 -29.7 -29.0

s Fig. 2  Gain patterns for the PIFA and helix-octafilar prototypes, forward link (LHCP at 
2190 MHz).
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Where Gmeas is the measured to-
tal gain pattern. Finally, the antenna 
noise temperature can be calculated 
from:
T T TA refl tot B tot= −( ) +0 2η η η ( )

Where T0 is the physical tempera-
ture, which is 290 K. ηtot is the mea-
sured antenna total radiation efficiency 
(total power). ηrefl = 1−|Γ|2 is the reflec-
tion efficiency, where Γ is the reflection 
coefficient, which is calculated by the 
measured return loss. The total radia-
tion efficiencies4 of the antenna proto-
types are calculated and listed in Table 
3, from which very good repeatability of 
the efficiencies for the PIFA and helix-
octafilar prototypes can be observed. 
The total efficiencies for the internal 
and external antennas are very close. 
Figures 4 and 5 show the measured 
return loss of the three PIFA and helix-
octafilar prototypes, respectively, used 
in the calculation of ηrefl. The frequen-
cy ranges are 2000 to 2020 MHz and 
2180 to 2200 MHz for the return link 
and forward link, respectively. From 
Figures 4 and 5, the return losses are 
very low in the frequency range of the 
forward link. The return loss at the mid-
dle frequency 2190 MHz is selected in 
the calculations. The final antenna noise 
temperatures for the prototypes are 
extracted and shown in Table 3. In the 

antenna are based on the following as-
sumptions and equations.
•	 Calculation of the sky brightness 
(Tsky) by considering:

•	 �Temperature of atmosphere emis-
sion: 270 K

•	 Cosmic background noise: 3 K
•	 Atmosphere attenuation: 

–– �Oxygen absorption: 0.007 dB/
km  
at 2 GHz

–– Height of atmosphere: 10 km. 
–– Vapor and cloud attenuation 

are not significant.
•	 Sky brightness seen by the antenna:3

TABLE Iii
antenna efficiency and noise temperature

PIFA Helix-octafilar

Total Efficiency Ant. Noise Temp. 
(K)

Total Efficiency Ant. Noise 
Temp. (K)

Ant#1 0.575 166.60 0.569 201.40
Ant#2 0.581 167.10 0.577 200.70
Ant#3 0.590 165.50 0.562 202.70

max: 167.1 max: 202.7

s Fig. 3  Gain patterns for the PIFA #1 and 
the helix-octafilar #1 at specific elevations, 
forward link (LHCP at 2190 MHz).
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TABLE Ii
HELIX-octafilar gain statistics and G/ts

Helix-
octafilar

Gain Statistics (LHCP)(elev. 2090 degree)

Min. CDF 1% CDF 10% Mean Median CDF 90% Max.

Ant#1 -5.7 -4.8 -3.0 -0.3 0.3 1.4 2.0
Ant#2 -6.1 -5.2 -2.9 -0.4 0.2 1.2 1.7
Ant#3 -6.2 -5.2 -2.9 -0.4 0.3 1.0 1.4
Mininum gain -6.2 -5.2 -3.0 -0.4 0.2 1.0 1.4
G/T (dB/K) -35.4 -34.4 -32.1 -29.6 -29.0 -28.2 -27.8
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CONCLUSION
The method and steps for extract-

ing the G/Ts of a satellite handset, 
with both internal and external anten-
nas, are introduced in this article. The 
receiver G/Ts, with both an internal 
and external antennas, were analyzed 
statistically, while the G/T of the re-
ceiver with the external antenna was 
compared with the result for a similar 
type of terminal,2 where the -30 dB/K 
G/T is recommended but with vague 
defi nition about how to get this value. 
In the case of the satellite smart phone 
with the external antennas, the average 
G/T is −29.6 dB/K, which is very close 
to what is suggested.2 For the handset 
with internal PIFAs, the average G/T is 
−32.3 dB/K, which is a reasonable val-
ue compared to the case with the exter-
nal antennas. Therefore, the average 
G/Ts in the preferred elevations can 
give the better estimations. However, it 
is good to show the other G/Ts at differ-
ent CDF points to meet with different 
system reliabilities. Note that a linear 
gain should be taken into account in 
the sky brightness calculations, due to 
random noise. The suggested antenna 
noise only has the average sense in the 
whole 3D space. 
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following calculations, the worst 167.1 
K and 202.7 K antenna noise tempera-
tures are taken for the PIFA and the 
helix-octafi lar, respectively. The handset 
receiver noise temperature is 627.06 
K using a 5 dB noise fi gure. The sys-
tem noise temperatures are therefore 
794.16 K and 829.76 K, respectively, for 
the handset with the PIFA and the helix. 
In Table 1, the minimum gain G at each 
column is taken and the fi nal statistical 
G/Ts are derived and listed in the last 
row of the tables for the internal and 
external antennas. The system G/T de-
pends strongly on the antenna gain. The 
receiver NF is slightly better than 5 dB, 
based on the measurements conducted 
on the handset; here a 5 dB NF is taken 
as proposed.2 From Figures 2 and 3 and 
Table 1, it is seen that the antenna gains 
vary with the elevations and the azimuth 
angles for both the PIFA and the helix-
octafi lar. For the helix-octafi lar, the av-
erage G/T (-29.6 dB/K) might be more 
meaningful, in which the mean antenna 
gain is -0.4 dB and the antenna noise 
temperature is 202.7 K.

The G/T is proposed to be ana-
lyzed statistically as shown in Table 1. 
It is good to say, for instance, what are 
the minimum, average, and maximum 
G/Ts, what is the G/T for a specifi c CDF 
point according to the system reliabil-
ity requirement. However, in practice, 
one can always ask what is the G/T for 
the handset, and then the average G/T 
might be a good value. It should be 
noted that the G/Ts listed in Table 1 are 
taken directly from the gain measure-
ments of the three antenna prototypes.

 Fig. 5  Measured return loss for the helix-
octafi lar prototypes.

0
–5.0

–10.0
–15.0
–20.0
–25.0

23002200210020001900

� S
11

 � 
(d

B
)

FREQUENCY (MHz)

HELIX-OCTAFILAR #1
HELIX-OCTAFILAR #2
HELIX-OCTAFILAR #3
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Design of a Fifth-order 
Analog Predistorter 
for Base Station HPA of 
Cellular Mobile Systems
This article presents the design of a fifth-order analog predistorter for use 
in base station high power amplifiers (HPA). The predistorter employs two 
intermodulation (IM) signal generators with identical configuration, to 
individually generate the third- and fifth-order (IM3 and IM5) signals. The 
amplitudes and phases of the two IM signals generated are adjusted separately 
for cancellation of the third- and fifth-order intermodulation distortion 
products (IMDP3 and IMDP5) at the HPA output, making the tuning process of 
predistortion much easier. The predistorter is designed and studied by computer 
simulation, using two-tone and /4-DQPSK signals, centered at 2.2 GHz in a 
practical base station 100 W HPA. For verification of the design, measurements 
are carried out on a prototyped-predistorter. Both simulation and measurement 
results show that very good agreement and excellent linearity improvement of the 
HPA can be achieved at an output power of 65.6 W.

The high power amplifier is an important 
building block in wireless communica-
tion systems, but is inherently nonlinear. 

The nonlinearity results in intermodulation of 
the input signals, causing intermodulation dis-
tortion products at the output of the HPA and 
hence adjacent channel interference.1 Thus, 
linearization methods are usually employed in 
base station HPAs of wireless communications 
systems to minimize the IMDPs. Many analog 
predistortion methods have been reported in 
recent years.2-12 Analog predistortion (APD), 
with the merits of simple structure and accept-
able linearity improvement, is one of the popu-
lar linearization techniques used. Generally, 
in analog predistortion, a predistorted signal 
(which could be the difference-frequency sig-
nals, the harmonic-frequency signals and the 
in-band intermodulation (IM) signals of the 

fundamental signals) is generated and then, to-
gether with the fundamental signal, fed to the 
HPA to reduce the IMDPs at the output.6-12 
The difference-frequency and harmonic-fre-
quency signals are at much lower and higher 
frequencies, respectively, from the funda-
mental signal and so are likely to be blocked 
by the limited bandwidths of the HPAs. Thus, 
the method using the in-band IM signals for 
suppressing the IMDPs is more practical and 
realistic.

In this article, the design of a fifth-order 
analog predistorter is proposed, which employs 
the in-band IM signals for the predistortion of 

X.L. Sun, S.W. Cheung and  
T.I. Yuk
University of Hong Kong, Hong Kong, China
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the HPA. Two IM signal generators with identical configu-
ration are designed to generate the third- and fifth-order 
intermodulation (IM3 and IM5) signals. In the previous 
design of a third-order analog predistorter,8,9 the IM3 sig-
nal and fundamental signal had to be adjusted together, 
making the tuning process to suppress the IMDP3 very 
difficult to do. In this proposed design, the IM3 and IM5 
signals are generated individually and can be adjusted in-
dependently to suppress the IMDP3 and IMDP5, respec-
tively, making the tuning process much easier to do. The 
fifth-order analog predistorter is designed by computer 
simulation and studied using a two-tone and p/4-DQPSK 
signals centered at 2.2 GHz in a practical base station 100 
W HPA, HPA2100-085-SW01, manufactured by Bravo-
tech Inc., China, for use in cellular mobile systems. The 
final design of the predistorter is implemented and the 
performance is measured for verification. The simulation 
and measured results show very good agreement, and ex-
cellent performance on predistortion of the HPA at an out-
put power of 65.5 W.

Theory and Configuration of  
the Predistorter
Predistortion Principle

The nonlinear characteristic of a HPA can be represent-
ed in the form of a power series expression:1

v a v a v a v

a v a v a v

o i i i
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= + + +

+ + +
1 2
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3
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where vo and vi are the output and input signals, respec-
tively, and a1, ..., an are the coefficients used to curve-fit the 
actual HPA characteristic. Consider an input signal consist-
ing of two tones with equal amplitude and small frequency 
spacing:

v A t A ti = +cos( ) cos( ) ( )ω ω1 2 2

The output signal from the HPA is:
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Each of the terms, except the first-order term, in Equa-
tion 3 will generate a number of distortion products. For ex-
ample, the second-order term generates the second-order 
distortion products at frequencies 2v1, 2v2 and v1±v2; the 
third-order term generates the third-order distortion prod-
ucts at frequencies v1, v2, 3v1, 3v2, 2v1±v2 and 2v2±v1. 
It can be shown that the even-order terms in Equation 3 
generate the distortion products that are out of band, so 
the distortion products of most concern are the ones close 
to the two-tone signal, such as the IMDP3 at frequencies 
2v1-v2 and 2v2-v1 generated in the third-order term of 
Equation 3.

Figure 1 shows the basic principle of the proposed 
fifth-order predistorter. To simplify the description, as-

sume the input signal, vin, to the predistorter is a two-tone 
signal and the HPA can be modeled using only the first 
three odd-number terms in Equation 3. Assume that the 
IM3 and IM5 signals are generated and add them to the 
two-tone signal in the predistorter to produce an HPA in-
put signal vp:

v A t t

A t
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where A1, A3, A5 and 1, 3, 5 are the amplitudes and 
phases of the fundamental (two-tone) signals, IM3 and 
IM5 signals, respectively. The amplitudes and phases of 
the IM3 and IM5 signals are adjustable in the predistorter. 
The output signal from the HPA is:

v a v a v a vout p p p= + +1 3
3

5
5 5( )

Expansions of the third- and fifth-order terms of Equa-
tion 5 are very difficult and complicated. To simplify the 
expansions, consider only the IMDP3 and IMDP5, which 
have the most power. It can be readily shown that the 
IMDP3 and IMDP5, respectively, are given by:
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s Fig. 1  Block diagram of the fifth-order distortion using in-band 
IM signals.
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reflected from the anti-parallel Schottky diode circuit, 
thus cancelling each other at the Port #4 and leaving only 
a strong IM3 signal.

IM5 Generation
The same configuration in Figure 3 can be used as an 

IM5 signal generator. Here, the IM3 signals generated 
from the IM3 generator is combined with the fundamental 
signal to produce an input signal:

V t a t t

b t
2 1 2

1 22

( ) cos( ) cos( )

cos( )

= +⎡⎣ ⎤⎦
+ − +

ω ω

ω ω ccos( ) ( )2 122 1ω ω−⎡⎣ ⎤⎦t

At port #3 of the coupler, the signal across the anti-par-
allel Schottky-diode circuit has only half of the power in 
Equation 12 and can be written as:
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Substituting Equation 13 into Equation 10 yields the 
mixing product consisting of the fundamental signal, IM3, 
IM5, IM7 and IM9 signals given, respectively, by:
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From Equations 16 to 18, it can be seen that, if a is 
much larger than b, say 5 dB, the IM5 signal in Equation 
16 will be much larger than the IM7 signal and the IM9 
signal, which therefore can be neglected. Same as in the 
IM3 signal generator, where the resistor and the DC volt-
age Vc can be adjusted to cancel either the fundamental 
in Equation 14 or the IM3 signal in Equation 15 at port 
RFout. Note that both the fundamental and IM3 signals 
cannot be cancelled simultaneously because these two 
conditions have different requirements to satisfy. In this 
design, the IM3 signal is chosen to be cancelled, leaving 
the fundamental signal uncancelled at port #4. In fact, as 
explained here, there is no need to cancel the fundamental 
signal, because the output signal from the IM5 generator 
is eventually combined with a much stronger fundamental 
signal from Path #1 (see Figure 2) and then fed to the HPA 
for predistortion. Thus, as far as the design is concerned, 
the generator in Figure 3 can be used as an IM5 signal 
generator.

Experimental Results
The fifth-order predistorter of Figure 2 has been studied 

and designed using the computer simulation tool ADS2009 
and the final design has been implemented on a Roger’s 
RO4005C substrate with an area of 16×12 cm, as shown in 
Figure 4. In the implementation, the linear low power am-
plifiers Amp #1 to Amp #4 used are RFMD’s SBB5089, the 
attenuators A #1 to A #3 are Skyworks’ AV103, the phase 
shifters PS #1 to PS #3 are Skyworks’ PS214-315, the two-
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way splitters and combiners are Sky-
works’ PD-22 and the resistors in the 
π-resistive attenuators Ap #1 to Ap #4 
are 0603 mounting resistors. The IM3 
and IM5 signal generators have the 
same configuration as shown in Fig-
ure 3, where the 3 dB, 90° hybrid cou-
plers are Anaren’s JP503, the Schottky 
diodes are Avago’s HSMS 282X, the 
varactors are Skyworks’ SMV1245-
011, and the resistors and inductor are 
0603 mounting components.

To study the performances of the 
IM3 and IM5 signal generators, a 
two-tone signal, centered at 2.2 GHz 
and having a 2 MHz spacing has been 
used as the input signal. The simu-
lated and measured results of the 
IM3 and IM5 generator are shown in 
Figures 5 and 6, respectively. It can 
be seen that the simulated and mea-
sured results agree very well. Figure 
5 shows that the IM3 signal is more 
than 20 dB larger than the fundamen-
tal signal and the other IM signals. 

Figure 6 shows that the IM5 signal is 
more than 10 dB larger than the other 
IM signals and slightly smaller than 
the fundamental signal for the reason 
described previously. However, mea-
surement results have shown that, in 
normal operation of the predistorter, 
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s Fig. 4  Photograph of the fifth-order 
predistorter.
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s Fig. 5  Output signal spectra from the 
IM3 signal generator: (a) simulated and (b) 
measured.
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s Fig. 6  Output signal spectra from the 
IM5 signal generator: (a) simulated and (b) 
measured.
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the required level for the fundamen-
tal signal in the main path (that is Path 
#1 of Figure 2) is more than 20 dB 
higher than that of the fundamental 
signal from the IM5 generator, thus 
the fundamental signal generated by 
the IM5 generator can be neglected 
and need not be cancelled.
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 Fig. 7  Simulated (left) and measured (right) two-tone spectra for an HPA output power of 65.6 W: (a) without predistortion, (b) with third-
order predistortion and (c) with fi fth-order predistortion.
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It should be noted that, in the proposed predistorter, the 
IM3 and IM5 signals are generated by using two separate IM 
signal generators and their amplitudes and phases are adjusted 

independently to reduce the IMDP3 and IMDP5 at the HPA 
output. As a result, the adjusting process in the predistorer is 
much easier, which is a signifi cant advantage of this design.
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A practical base station 100 W HPA, HPA2100-085-
SW01, manufactured by Bravotech Inc., China, for cellular 
mobile systems was used to study the performance of the 
fifth-order predistorter. In the simulation studies, a com-
plex polynomial was used to approximate the measured 
data of the HPA and hence model the characteristic. To 
study the improvements of fifth-order predistortion over 
third-order predistortion, studies on the performance of 
third-order predistortion were also carried out. In these 
studies, the attenuator A #3 in Figure 2 was set to maxi-
mum to stop any IM5 signal from going through and then 
the attenuator A #2 and phase shifter PS #2 at the output 
of IM3 generator were adjusted to reduce the regrowth of 
the signal spectrum.

When the predistorter was tested using a two-tone sig-
nal centered at 2.2 GHz with 2 MHz spacing as the input 
signal, the simulated and measured spectra at an HPA out-
put power of 65.6 W are shown in Figure 7. The signal 
spectrum from the HPA was obtained via a 45 dB coupler 
in the HPA module. It can be seen that the simulated and 
measured results agree very well. Without predistortion, 
the measured power levels of the IMD3 and IMD5 are 
-29.5 dBm and -41.67 dBm, respectively. With third-order 
predistortion, the measured power levels of the IMD3 and 
IMD5 are reduced to -50.67 and -45.5 dBm, respectively. 
The use of fifth-order predistortion can further reduce the 
IMD3 and IMD5 to -50.67 and -52.33 dBm, achieving to-
tal reductions of 21.17 and 10.66 dB, respectively. Results 
have also shown that the power levels of the IMD3 and 
IMD5 could be reduced to the noise level by increasing the 
amplitudes and adjusting the phases of the IM3 and IM5 
signals from the generators. However, by doing this, the 
IM3 and IM5 signals would intermodulate with the strong 
fundamental signal from Path #1 in the HPA, producing 
other high-order IMDPs, such as IMDP7, IMDP9…etc., 
with increased power levels. Thus, a compromise of mini-
mizing all IMDPs has to be reached in adjusting the pre-
distorter.

Figure 8 shows the simulated and measured spec-
tra at the HPA output power of 65.6 W, when the pre-
distorter was tested with a p/4-DQPSK signal centered 
at 2.2 GHz. Simulation and measurement results agree 
quite well. Without predistortion, the measured adja-
cent channel leakage ratio (ACLR) at ± 20 kHz from 
the center frequency is -48.67 dBm. With third-order 
predistortion, the ACLR at the same frequency is re-
duced to -56.5 dBm, leading to a reduction of 7.83 dB. 
With fifth-order predistortion, the measured ACLR is 
further reduced to -63.83 dBm, achieving a reduction 
of 15.16 dB.

Conclusion
A fifth-order analog predistorter using the in-band 

IM signals for predistortion of base station HPAs has 
been designed. Two IM signal generators, using identi-
cal configuration to generate the IM3 and IM5 signals, 
have been proposed. The amplitudes and phases of the 
IM3 and IM5 signals can be adjusted independently 
to reduce the IMPD3 and IMPD5, making the adjust-
ing process of the predistorter much easier. A two-tone 
and p/4-DQPSK signals have been used to study the 
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performances on suppressing the IMPD3 and IMPD5 
for the two-tone signal and ACLR for the p/4-DQPSK 
signal. 

performance of the predistorter in a practical base sta-
tion 100 W HPA at an output power of 65.6 W. Both the 
simulated and measured results have shown excellent 

s Fig. 8  Simulated (left) and measured (right) /4 - DQPSK spectra at one HPA output power of 65.6 W: (a) without predistortion, (b) with third-
order predistortion and (c) with fifth-order predistortion.
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Compact CPW-Fed UWB 
Antenna with a Notched 
Band Characteristic
A CPW-fed, ultra-wideband, antenna with a band-notch characteristic is 
presented. The antenna consists of a CPW ground with a wide slot, a fork-like 
radiation patch, a tuning stub and a 50  CPW-fed structure. The notched band 
frequency is obtained by inserting a tuning stub in the middle of the fork-like 
patch. The notched band frequency can be controlled by adjusting the length of 
the stub. Experimental and numerical results show that the proposed antenna, 
with a compact size of 21×28 mm, has an impedance bandwidth range from  
3.1 to 10.9 GHz for a VSWR less than 2, with the expected notch band frequency 
of 5 to 6 GHz for WLAN.

With the development of modern wire-
less communications, the ultra-wide-
band (UWB) systems have attracted 

much attention recently because of their ad-
vantages, including high speed data, small size, 
low cost and low complexity. The antenna of 
the ultra-wideband systems plays an impor-
tant role in the receiving and transmitting of 
ultra-wideband radiation.� Many types of UWB 
antennas have been presented for these ap-
plications, such as a spline-shaped antenna,1 
diamond antennas,2,3 annular ring antenna,4 
bow-tie antennas,5,6 triangular patch antennas7 
and wide slot antennas.8,9 However, a narrow 
band used by WLAN operating at 5 to 6 GHz 
coexists within the required UWB bandwidth. 
A UWB antenna, with a notched band in the 
5 to 6 GHz range is desired to reduce the po-
tential interference. Recently, several UWB 
antennas with frequency band-rejection func-
tion have been proposed.10-12 Most of the pro-
posed antennas have a complex structure and 
the notched bands are not tunable. In another 
design, a small square monopole antenna, 
with two inverted U-shaped slots in the radia-

tion patch and an H-shaped slot in the ground 
plane,13 is realized with a dual notched band 
characteristic. However, the structure is com-
plex and is difficult to design. A good design of 
the notched band characteristic with a stub14 
is investigated, with an operating bandwidth 
range from 3.1 GHz to more than 10.6 GHz for 
a voltage standing-wave ratio (VSWR) less than 
2, �and a notch band at the expected frequency 
of 5.12 to 6.08 GHz for WLAN applications. 
The dimension of the antenna is large and has 
a non-tunable rejection band. In addition, the 
previously proposed antenna has always various 
slots cut in the radiation patch or the ground.

��In this article, a CPW-fed ultra-wideband 
antenna with a tunable band-notch and good 
characteristics is proposed and investigated in 

Cheng-yuan Liu, Ying-song Li,  
Tao Jang (also affiliated 
with Harbin Institute of 
Technology) and Xiao-dong Yang
Harbin Engineering University,  
Harbin, P.R. China
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gent of 0.002 and a thickness of 1.6 mm. 
The size of the antenna is 21×28 mm, 
and a 50 Ω CPW feeding structure is 
employed. It consists of a CPW ground 
with a wide slot, which has a length L1 
= 15 mm and width W1 = 16.8 mm, a 
fork-like radiation element where the 
distance between the two branches of 
the fork is 8 mm, a stub with a length 
L2 = 7 mm and width W2 = 1 mm and 
a 50 Ω CPW feeding structure. The 50 
Ω CPW feeding structure consists of 
a microstrip signal strip with a width 
W4 = 1.4 mm and the CPW ground, 
which has a gap s = 0.3 mm from the 
microstrip signal strip. All the dimen-
sions have been obtained using Ansoft 
High Frequency Structure Simulator 
(HFSS) v.11.0 based on the fi nite ele-
ment method (FEM).

PARAMETERS STUDY
  In the design, the distance be-

tween the CPW ground and the fork-
like radiation element and the dimen-
sion of the stub play an important role 
in the notched band frequency and 
the impedance. Then, the length L2 
and the width W2 of the stub and the 
distance between the CPW ground 
and the fork-like radiation element g 
are considered to optimize the pro-
posed UWB antenna. Figure 2 shows 
the simulated results of VSWR vs. fre-
quency with various values of L2. The 
length L2 of stub has an obvious effect 
on the center frequency of the notch 
band. By increasing the length of the 
stub, the center of the resonance fre-
quency moves to a lower frequency. 
The bandwidth of the notched band 
is also broadened by increasing the 
length of the stub. This is due to the 
coupling between the fork-like ra-
diation element and the stub and the 
resonance of the stub. In this design, 
the resonance frequency can be pos-

detail. The antenna consists of a CPW 
ground with a wide slot, a fork-like 
radiation patch, a stub and the 50 Ω
CPW-fed structure.   By inserting a 
stub between the two branches of the 
fork-like radiation patch, a notched 
band, which is variable with frequen-
cy, is achieved.     The proposed an-
tenna has an impedance bandwidth of 
111.4 percent range from 3.06 to 10.9 
GHz with good impedance matching 
and an approximately constant gain is 
achieved. It also has a notch band fre-
quency of 5 to 6 GHz for WLAN ap-
plications. The proposed antenna has 
been manufactured and measured. 
Numerical and experimental results 
for the frequency characteristics, cur-
rent distributions, radiation patterns 
and gain of the proposed UWB anten-
na are also presented and discussed.

ANTENNA DESIGN
  Figure 1 illustrates the geometry 

and the confi guration of the proposed 
band notch antenna with a fork-like 
radiation patch and a tuning stub. The 
antenna is printed on a substrate with a 
relative permittivity of 2.65, a loss tan-

 Fig. 1  Geometry of the proposed antenna 
(a) and photograph of the antenna (b).
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 Fig. 2  VSWR vs. frequency as a function 
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Frequency Gain Gain Noise VSWR VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure Input Output @ 1 dB Comp. DC Power

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

OCTAVE BAND AMPLIFIERS

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

MULTIOCTAVE BAND AMPLIFIERS

AFS3-00300140-09-10P-4 0.3-1.4 38 1.00 0.9 2.0:1 2.0:1 +10 125
AFS2-00400350-12-10P-4 0.4-3.5 22 1.50 1.2 2.0:1 2.0:1 +10 80
AFS3-00500200-08-15P-4 0.5-2 38 1.00 0.8 2.0:1 2.0:1 +15 125
AFS3-01000400-10-10P-4 1-4 30 1.50 1.0 2.0:1 2.0:1 +10 125
AFS3-02000800-09-10P-4 2-8 26 1.00 0.9 2.0:1 2.0:1 +10 125
AFS4-02001800-24-10P-4 2-18 35 2.00 2.4 2.5:1 2.5:1 +10 175
AFS4-06001800-22-10P-4 6-18 25 2.00 2.2 2.0:1 2.0:1 +10 125
AFS4-08001800-22-10P-4 8-18 28 2.00 2.2 2.0:1 2.0:1 +10 125

ULTRA WIDEBAND AMPLIFIERS

AFS3-00100100-09-10P-4 0.1-1 38 1.00 0.9 2.0:1 2.0:1 +10 125
AFS3-00100200-10-15P-4 0.1-2 38 1.00 1.0 2.0:1 2.0:1 +15 150
AFS1-00040200-12-10P-4 0.04-2 15 1.50 1.2 2.0:1 2.0:1 +10 50
AFS3-00100300-12-10P-4 0.1-3 32 1.00 1.2 2.0:1 2.0:1 +10 125
AFS3-00100400-13-10P-4 0.1-4 30 1.00 1.3 2.0:1 2.0:1 +10 125
AFS3-00100600-13-10P-4 0.1-6 30 1.25 1.3 2.0:1 2.0:1 +10 125
AFS3-00100800-14-10P-4 0.1-8 28 1.50 1.4 2.0:1 2.0:1 +10 125
AFS4-00101200-22-10P-4 0.1-12 34 1.50 2.2 2.0:1 2.0:1 +10 150
AFS4-00101400-23-10P-4 0.1-14 24 2.00 2.3 2.5:1 2.5:1 +10 200
AFS4-00101800-25-S-4 0.1-18 25 2.00 2.5 2.5:1 2.5:1 +10 175
AFS4-00102000-30-10P-4 0.1-20 20 2.50 3.0 2.5:1 2.5:1 +10 125
AFS4-00102650-42-8P-4 0.1-26.5 24 2.50 4.2 2.5:1 2.5:1 +8 135

Note: Noise figure increases below 500 MHz.
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Figure 4   shows 
the effect of the dis-
tance g between the 
CPW ground and 
the fork-like radia-
tion element. The 
impedance of the 
antenna is getting 
wider and the band-
width of the notched 
band is broadened, 
while center of the 
notched band is 
changed slightly. 
This is due to the 
coupling effect and 
the capacitive and 
inductive changes 
between the CPW 
ground and the 
fork-like radiation 
element.

  The simulated 
current distribution 
of the proposed an-

tenna without the tuning stub at 5.5 
GHz and with the tuning stub at 3.5, 
5.5 and 9 GHz are calculated and 
shown in Figures 5a, 5b, 5c and 5d, 
respectively. It can be seen from Fig-
ure 5a that the current fl ows mainly on 
the CPW-fed structure and the fork-
like patch, while around the ground 
it is small. The current distribution at 
3.5 and 9 GHz, shown in Figures 5b 
and d, is mainly along the wide slot in 
the CPW ground, CPW-fed structure 
and the fork-like radiation patch. On 
the contrary, in Figure 5c, the cur-
rent distribution around the tuning 
stub and the CPW-fed structure is ob-
tained. Therefore, the surface current 
can excite the notch band frequency.

RESULTS AND DISCUSSIONS
  In order to estimate the design an-

tenna, the proposed antenna is opti-
mized. The optimized parameters are 

tulated from Equation 1:13

f
c

L
notch

re

=
2

1
ε

( )

Where L is the total length of the 
stub, which here is described as L2, εre
is the effective dielectric constant, and 
c is the speed of light. Taking Equa-
tion 1 into consideration, the length of 
the stub at the beginning of the design 
is determined and then later adjusted 
for the fi nal design.

    The effect of the width W2 of the 
stub is illustrated in Figure 3. With 
the width of the stub increasing, the 
center of the notched band frequency 
is moved slightly and the bandwidth 
of the notched band is almost invari-
able, while the impedance bandwidth 
of the antenna is increased, which is 
caused by the capacitive and inductive 
changes between the fork-like radia-
tion patch and the stub.

 Fig. 4  VSWR vs. frequency as a function 
of g.
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 Fig. 3  VSWR vs. frequency as a function 
of W2.

10
9
8
7
6
5
4
3
2
1 12111098765432

FREQUENCY (GHz)

V
SW

R

W2 = 0.5 mm
W2 = 1.0 mm
W2 = 2.0 mm

 Fig. 5  Current distribution in the proposed antenna.
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the above param-
eters. The ��mea-
sured results were 
obtained with an 
HP8757D network 
analyzer with the 
antenna placed in an 
anechoic chamber. 
The VSWR of the 
proposed antenna 
with and without the 
tuning stub is shown 
in Figure 6. The 
proposed antenna 
can cover the whole 
UWB band without 
the tuning stub. It 
also appears that 
the antenna can sat-
isfy the UWB (3.1 
to 10.6 GHz) appli-
cations for a VSWR  
< 2, �while rejecting 
the 5 to 6 GHz used 
in WLAN applica-
tions. �The differ-
ences between the 
simulated and mea-
sured values may be 
due to dimensional 
errors in the manu-
factured antenna 
and the SMA con-
nector to the CPW-
fed transition, which 
is included in the 
measurements but 

not taken into account in the calcu-
lated results. The measured radiation 
patterns at 3.5, 6.5 and 9.5 GHz are 
shown in Figure 7. It shows that the 
antenna can give a nearly omni-direc-
tional characteristic in the H-plane 
and quasi omni-directional pattern 
in the E-plane. The gain of the pro-

as follows: L = 28 mm, W = 21 mm, L1 
= 15 mm, W1 = 16.8 mm, L2 = 7 mm, 
W2 = 1 mm, W3 = 1.4 mm, m = 10.8 
mm, g = 1.2 mm, W4 = 1.4 mm, s = 
0.3 mm, h = 1.6 mm and the distance 
between the two branches of the fork 
is 8 mm. The proposed antenna has 
been manufactured and tested, using 

s Fig. 7  Radiation patterns of the proposed antennas.
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s Fig. 6  VSWR vs. frequency for the pro-
posed antenna.
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s Fig. 8  Gain of the proposed antenna vs. 
frequency.
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Polygon-like Wide-slot Antenna with a Fork-
like Stub,” Microwave Journal, Vol. 53, No. 3, 
March 2010, pp. 118-126.

10.		  E. Antonino-Daviu, M. Cabedo-Fabrés, M. 
Ferrando-Bataller, V.M.R. Peñarrocha, “Mod-
al Analysis and Design of Band-notched UWB 
Planar Monopole Antennas,” IEEE Transac-
tions on Antennas and Propagation, Vol. 58, 
No. 5, May 2010, pp. 1457-1467.

11.		  M. Ojaroudi, G. Ghanbari, N. Ojaroudi and 
C. Ghobadi, “Small Square Monopole An-
tenna for UWB Applications with Variable 
Frequency Band-notch Function,” IEEE An-
tennas and Wireless Propagation Letters, Vol. 
8, No. 1, 2009, pp. 1061-1064.

12.		  H.W. Liu, C.H. Ku, T.S. Wang and C.F. Yang, 
“Compact Monopole Antenna with Band-
notched Characteristic for UWB applica-
tions,” IEEE Antennas and Wireless Propaga-
tion Letters, Vol. 9, No. 1, 2010, pp. 397-400.

13.		  Y.S. Li, X.D. Yang, C.Y. Liu and T. Jiang, 
“Compact CPW-fed Ultra-wideband Antenna 
with Dual Band-notched Characteristics,” 
Electronics Letters, Vol. 46, No. 14, 2010, pp. 
967-968.

14.		  S. Ghosh, “Band Notched Modified Circular 
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Applications,” IEEE Antennas and Wireless 
Propagation Letters, Vol. 9, No. 1, 2010, pp. 
276-279.
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posed antenna, with and without the 
tuning stub, is shown in Figure 8. As 
desired, the gain sharply decreases in 
the vicinity of 5.5 GHz and the gain of 
the notch band drops to -4.6 dBi.

Conclusion
A CPW-fed ultra-wideband anten-

na with a band-notch characteristic is 
proposed for UWB applications. The 
band notch frequency is obtained by 
using a tuning stub in the middle of 
the fork-like radiation patch. The an-
tenna is successfully optimized, fab-
ricated and tested. The results show 
that the antenna not only has a band 
notch characteristic, but also has a 
good radiation pattern. The antenna 
also has compact dimensions of 28 × 
21 × 1.6 mm, which makes it attractive 
for UWB applications. 
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Product Feature

The RF power market possesses a healthy 
share of competitive suppliers, all eager 
to grab market share from one another.  

In order to lead the market, one must constant-
ly innovate to offer the best-in-class products, 
optimized for the cellular infrastructure mar-
ket space.  In the past, customers were con-
tent to utilize devices that achieved the highest 
basic RF performance numbers based on gain, 
efficiency and linearity. Now customers are de-
manding those basic RF performance require-
ments and the ability of the devices to be easily 
Digital Pre-Distortion (DPD) error corrected.

One of the latest innovations for improved 
DPD capability is the concept of improved in-
stantaneous bandwidth. By improving the in-
package output matching structure and adding 
DC bias decoupling inside of the RF power de-
vice itself, one can significantly improve the abil-
ity of the device to amplify very wide bandwidth 
signals or multiple wideband modulated signals.

The instantaneous bandwidth capability of 
a device is limited by two controlling factors. 
One is the internal resonant frequency of the 
internal device output matching structure. 
This is easily controlled and set to very high 
frequencies, well above the 100 MHz range. 
The other limiting factor is the ability of the 
external circuit DC bias decoupling capacitors 
to supply enough current to the device at the 
high peak power demand of in phase, multiple 
carrier signals. The problem is that most of the 

decoupling capacitance is on the DC side of 
the RF blocking choke and that RF choke in-
ductance limits the current delivery capability 
of the capacitors. The solution is to place some 
of that decoupling capacitance inside of the de-
vice on the RF side of the circuits’ RF choke. 
Enhanced video bandwidth parts, or eVBW 
devices, have this technology installed and are 
capable of instantaneous bandwidths in the 100 
to 140 MHz range.

Two of the newest enhanced video band-
width devices released from Freescale are the 
MRF8P20140WH and the MRF8P20165WH. 
Both of these devices are presented in the 
symmetrical Doherty configuration in a  
NI780-4 air cavity ceramic package and are de-
signed for the 2000 MHz LTE market space.

The MRF8P20165WH has approximately 
16 dB gain, 46 percent efficiency and −33 dBc 
adjacent channel power ratio at the 37 W out-
put level with a single carrier wideband CDMA 
test signal at 1995 MHz. Its video bandwidth 
capability is on the order of 100 MHz, which 
is a 50 percent greater improvement over con-
ventional designs.

The MRF8P20140WH has ap-
proximately 16 dB gain, 43 percent  
efficiency and −31 dBc adjacent channel power 

Freescale Semiconductor
Austin, TX
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ratio at the 24 W output level with a 
single carrier wideband CDMA test 
signal at 1995 MHz. Its video band-
width capability is on the order of 140 
MHz, which is a 2 greater improve-
ment over conventional designs.

Figure 1 shows a comparison of 
the two-tone intermodulation distor-
tion products across various tone spac-
ings for both a conventional device 
and an enhanced VBW capable part. 
With the conventional design, the 
third order imtermodulation product 
tends to start falling apart at about 55 
MHz.  The same devices with the pat-
ented Freescale matching structure 
are capable of maintaining good IMD 
numbers at tone spacings greater than 
100 MHz.

These are just the latest improve-
ments in a series of innovations that 
continuously add value for customers. 
The existence of multiple suppliers in-
centivizes competition. This forces a 
healthy amount of continuous innova-
tion and development, which of course, 
always benefits the designer of cellular 
infrastructure power amplifiers.

Freescale Semiconductor,  
Austin, TX (800) 521-6274,  
www.freescale.com.
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www.anatechelectronics.com
The industry’s largest selection

of standard and custom RF & MW  lters

70 Outwater Lane, Garreld, NJ 07026 

rlters@anatechelectronics.com
973-772-4242

Ceramic

    A subsidiary of Anatech Electronics

Product FeatureSAW�for
Defense�&�Space

90�Wolcott�Rd.��Simsbury,�CT�06070�� � �(860)�651-0211

0.3�-�2.5�GHz

10�ppm�-40C�to�85C

-170dBc/Hz�noise�floor

0.5�ppb/g�vib�sensitivity

-30�dBc�harmonics

20�ppm/20�yrs�aging

NNo�spurious

0.5W�max�oven�power

1x1x.2”�hermetic�flatpack

s Fig. 1  Two-tone IMD comparison be-
tween standard and eVBW devices.
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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:
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To register and for full information on attending European Microwave Week visit 

www.eumweek.com
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Product Feature

SATIMO has integrated the Anritsu 
MT8820C One-Box Tester into its OTA 
measurement systems for LTE measure-

ments (see Figure 1). The combination of 
SATIMO multi-probe measurement technol-
ogy with Anritsu LTE measurement solutions 
enables device developers and manufacturers 
to perform LTE OTA measurements in both 
single input, single output (SISO) and multi-
ple-input, multiple-output (MIMO) modes in 
record times (up to 10 times faster, depending 
on measurements).

Multiple antenna techniques are a central 
concept to LTE, and they are used to increase 
coverage and system capacity (see Table 1). 
LTE Over-The-Air (OTA) testing can be split 
into SISO and MIMO testing. The former uses 
Total Radiated Power (TRP) and Total Isotro-

pic Sensi-
tivity (TIS) 
as figures 
of merit 
(FOM), in 
order to 
character-
ize a trans-
mitter and 
receiver, re-
spectively. 
This meth-
odology is 
not suitable 

for MIMO testing, creating the need for a new 
testing methodology.

The SATIMO StarMIMO is a commercial 
solution based on the Spatial Fading Emu-
lation (Technique Alessandro Scannavini,  
et. al. “OTA Throughput Measurement by Using 
Spatial Fading Emulation Technique,” EuCap 
2010, Barcelona 2010) in which a spatial-tempo-
ral characteristics environment (multipath plus 
fading) is simulated at the device location.

LTE SISO TRP and TIS testing
SATIMO has offered traditional SISO OTA 

testing with its SG64, 32, 24 series, as well as 
its compact StarLab, which are suitable for 
2G, 2.5G and 3G SISO OTA testing. With the 
recent interest in LTE OTA testing, SATIMO 
worked with Anritsu to integrate the MT8820C 
into its SW package. SATIMO’s automated 
software SAM 2 for OTA measurement (latest 
software release SAM 2.17.2) is now compat-
ible with Anritsu’s MT8820C One-Box Tes-
ter, which supports measurement of transmit 
power and receive throughput for multimode 
LTE devices when incorporated into the SA-
TIMO system. Additional capabilities provided 
by the MT8820C include high speed RF cali-
bration; RF parametric tests in either signaling 

SATIMO Industries
Villebon-sur-Yvette, France
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LTE Measurement 
Solution Improves 
Measurement Test 
Times

TABLE I
Peak data rate (20 MHz bandwidth) for UE categories

UE Category Peak 
Downlink 
Data Rate 

[Mbps]

Antenna 
Configuration 
[eNodeB TX x 

UE RX]

Peak Uplink 
Data Rate 

[Mbps]

1 10.296 12 5.16

2 51.024 22 25.456

3 102.048 22 51.024

4 150.752 22 51.024

5 302.752 42 75.376
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data rate. Manufacturers are designing 
optimization algorithms into their de-
vices’ chipset to improve performances 
in low signal, high interference and oth-
er challenging environments.

With multiple antennas, improve-
ment of performance is made by clus-
tering signal paths in the most effec-
tive way. Indeed, even if the chip is 
working properly – for instance two 
receiving antennas – the same signal 
can be received twice. The diversity 
of the received signals (Rx diversity 
testing) can be used to improve the 
sensitivity of the device in challeng-
ing conditions. With SATIMO’s multi-
probe approach, 4-32 probes can be 
selected to form clusters of direct sig-
nals, scatterers and interferers. Using  
SATIMO’s MV-CalTM technology, cali-
bration of all the emulated channels 
can be performed almost instanta-
neously, drastically reducing the mea-
surement time by 15 to 20 percent.

With SATIMO’s MIMO testing so-
lution and Anritsu’s MT8820C One-
Box Tester, measurement of multiple 
antennas terminals can be performed 
in a fully RF controlled environment. 
The MT8820C supports a 22 MIMO 
mode, so it can generate two data 
streams in downlink mode. The gener-
ated signals are then transformed, and 
mapped to eight dual polarized probes 
(16 outputs) in the channel emulator 
in order to emulate specific propaga-
tion models at the device location. The 
emulations of multi-path signal include 
Cross Polar Ratio (XPR), delay spread, 
fading profiles and Doppler shift. They 
are compliant with 3GPP standardized 
Channel Propagation Models for con-
formance testing of HSPA and LTE 
MIMO capable devices.

SATIMO Industries,  
Villebon-sur-Yvette, France, 
www.satimo.com, 
sales@microwavevision.com.

The integration of the MT8820C 
enables the SATIMO solution to 
conduct OTA measurements for two 
recent protocols: LTE and the TD-
SCDMA/HSPA. The MT8820C One-
Box Tester also includes additional 
2G/3G protocols, such as W-CDMA/
HSPA and HSPA Evolved, CDMA2K 
to 1xEV-DO rel. A, TD-SCDMA and 
GSM/GPRS/E-GPRS. OTA-tested 
performances include all declination 
of TRP and TIS measurements (up-
per hemisphere, near-horizon, total 
and effective, intermediate channel).

The MT8820C makes the test-
ing of LTE physical layer parameters 
quick and simple, including the mea-
surement of both TX and RX param-
eters in accordance with 3GPP test 
standards. Parameter setups and pass/
fail limits for tests defined in 3GPP 
36.521-1 are pre-programmed, in-
cluding automatic setup of uplink and 
downlink Resource Block (RB) alloca-
tions. Further improving test times 
and efficiency is the Parallel Phone 
Measurement (PPM) function of the 
MT8820C, which allows two UEs to 
be tested simultaneously and inde-
pendently (see Figure 2).

LTE MIMO OTA testing
Testing the performance of LTE 

MIMO capable devices Over-The-Air is 
fundamental for manufacturers. MIMO 
OTA testing is designed for receiver 
performance testing such as downlink 

or non-signaling mode; and functional 
tests, including voice calls, video calls, 
end-to-end throughput and current 
consumption.

s Fig. 1  Standard LTE MIMO testing solution with Anritsu One-Box Tester.
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s Fig. 2  Throughput as a function of chan-
nel model power in two environments–Urban 
Micro (Umi) and Urban Macro (Uma).
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The 2011 Defence and Security Forum
At European Microwave Week, Manchester, UK

Wednesday, October 12th

The 2011 EuMW Defence and Security Forum will feature:

MORNING SESSIONS

Safety and Security - Several presentations consider 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 Challenges for the 21st Century
Keynote: Technological Convergence Between Radar, EW and Communications Against a 

Reducing Budget Background.  Presented by Barry Trimmer of Thales

Through-wall Radar Design for Covert Surveillance. Presented by Cambridge Consultants

Featured Panel Session: Radar Challenges and Solutions: an Industry Perspective

EXECUTIVE FORUM

 Executives from government defence agencies and leading defence/security 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 follows.

Attendance is FREE. Register at ww.eumweek.com

SPONSORED BY

ORGANIZED BY
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Software Update

SYSTEM SIMULATION SOFTWARE
ACS says its LINC2 Pro RF and microwave circuit design and analysis 
software suite is the industry’s price-performance leader. Now with the 
new Visual System Architect (VSA) as an integral part of the LINC2 
software suite, performance over cost has been extensively multiplied.  
The LINC2 VSA adds system-level simulation while LINC2 Pro adds 
circuit synthesis and circuit-level simulation to the LINC2 software 
suite. The latest version of the LINC2 VSA and LINC2 Pro (V2.72 re-
lease K) both offer enhanced support for multiple project data folders.  
The LINC2 simulator will now automatically search for project data 
within the user specified project folder or across different project fold-
ers for shared component data files as needed.

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

SOFTWARE FOR COMPLIANT TESTING 
 

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

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

www.ar-worldwide.com.

AMPLIFIER TEST BENCH
Amplifier Test Bench supports analysis of pulsed and linear amplifiers. It 
also measures gain over frequency and gain over input power. The soft-
ware supports both fast Boonton peak power meters 4540 and 4500B and 
a variety of standard generators. No programming knowledge is required. 
Amplifier Test Bench also has the capability to measure VSWR and re-
turn loss over time. With this feature, it is a powerful tool for measuring 
long-term stability of RF systems. Analyzing the quality and wear of rotat-
ing radar joints is just one example. For this application, the shaft position 
pulse provides the 0 degree starting point, which triggers repeating mea-
surement cycles of Amplifier Test Bench. Time is correlated to angle and 
based on that, the software plots return loss over angle. Possible problems 
that are related to the position angle of the radar system can now be pin-
pointed easily. Amplifier Test Bench is offered as single user package, 
with the option of obtaining multi-user licenses. 

Boonton,  
Parisippany, NJ (973) 386-9696, www.boonton.com.

SOFTWARE FOR DC PARAMETRIC TESTING 

Agilent U2942A Parametric Measurement Manager Pro is designed for 
DC parametric testing on component devices. The software works with 
Agilent U2722A and U2723A USB modular source measure units to 
analyze discrete semiconductor devices, without the need for prior pro-
gramming experience. It also lets users define and customize test pro-
files and includes built-in math functions to reduce testing time. PMM 
Pro provides high measurement sensitivity of 100 pA and four-quadrant 
operation on a three-channel unit. PMM Pro also gives users the ability 
to make parametric measurements with automated test sequencing and 
predefined test profiles for diode, bipolar junction transistors and field-
effect transistors. After taking the required parametric measurement, 
the software plots, displays and logs the results in an IV curve. 

Agilent Technologies Inc.,  
Santa Clara, CA (800) 829-4444, www.agilent.com.
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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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Software UpdateSoftware Update

TIME DOMAIN SOLVER AND HIGH  
FREQUENCY TOOL

Integrated Engineering Software has released CHRONOS, its new 
time domain solver and high frequency tool for modeling and simulat-
ing 3D RF and microwave applications. The software has been intro-
duced to address the challenge of the modeling and simulation of many 
RF applications and antennas in terms of speed, required memory, and 
accuracy. CHRONOS is ideal for the analysis and design of RF and an-
tenna applications, including near field and far field applications; planar 
microwave and antenna structures; wire antennas; UWB antennas; and 
microwave circuits, waveguides and coaxial structures.

Integrated Engineering Software,  
Winnipeg, Manitoba, Canada 

(204) 632-5636,
www.integratedsoft.com.

ADC Evaluation kit 

Hittite’s ADC Evaluation Kit features EasySuite™ software, allowing 
users to configure Hittite ADC Evaluation Boards, and capture & ana-
lyze data. It consists of a Xilinx© Spartan-6 development kit, an FMC 
evaluation board with Hittite’s ADC mounted, and a software tool for 
configuring the ADC and analyzing the resultant data. EasySuite™ also 
includes EasyStack™ FPGA firmware for capturing data from the ADC 
and parsing configuration commands to the ADC, including all control 
functionality.

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

www.hittite.com.

IMPEDANCE CALCULATOR 

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

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

 www.rogerscorp.com.

SOFTWARE EXPANDS MULTIPHYSICS 
APPLICATIONS 

Comsol Inc. has released the latest version of COMSOL Multiphysics, 
its award-winning simulation environment. Version 4.2, which expands 
the scope of applications covered by COMSOL, is now available and 
will be shipped to all customers with current subscriptions. Version 4.2 
expands the applications covered by COMSOL with three new applica-
tion modules – Microfluidics, Geomechanics, and Electrodeposition – 
and new LiveLink interfaces for AutoCAD® and SpaceClaim®. 

Comsol Inc.,  
Burlington, MA (781) 273-3322, 

www.comsol.com.
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RF/Microwave Training Series
Presented by Besser Associates
•	LTE	Broadband	Wireless	Access
•	RF	Power	Amplifiers
•	Mixers	and	Frequency	Conversion
•	Electrically	Small	Antennas

Innovations in EDA Series
Presented by Agilent  EESof EDA
•	A	Model	Based	Approach	for	System	Level	RFIC	Verification
•		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	

Innovations in RF Test Series
Presented by Agilent Technologies
•	Custom	OFDM:	Understanding	Signal	Generation	and	Analysis
•		Use	Capture,	Playback	&	Triggering	to	Completely	Analyze	a	

Signal	
•	See	the	Future	of	Arbitrary	Waveform	Generators	
•		Three	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 by COMSOL 
•		LNA	Design	and	Characterization	Using	Modern	RF/Microwave	

Software	Together	with	T&M	Instrument	
Sponsored by AWR Corp. and Rohde & Schwarz

•		Make	Your	LTE	Call	Now!	
Sponsored by Rohde & Schwarz

•		Creating	Real	World	Electromagnetic	Simulations		
Sponsored by COMSOL

Frequency Matters .

Past Webinars On Demand

Register to attend at  
mwjournal.com/webinars

August Short Course Webinars
Agilent Innovations Webcast 
Optimizing Battery Operating Time of Wireless Devices
This	 webinar	 presents	 an	 Agilent	 feature	 called	 “seamless	 mea-
surement	ranging”	which	overcomes	the	 limitations	of	 traditional	
techniques	for	battery	current	drain	testing.
Available	on	Demand	after:	8/10/11
Sponsored by Agilent Technologies

CST: EMC/EMI Series
EMC/E3 Analysis: Rotorcraft Electrical System Exposed  
to Antenna Radiation and Incident EMP
The	 bi-directional	 interaction	 between	 electromagnetic	 fields	 and	
the	complex	cable	system	is	examined	including	direct	time-domain	
analysis	of	voltages	and	currents	induced	in	cable	systems	along	with	
non-linear	components	to	assess	the	transient	protection	devices.
Available	on	Demand	after:	8/4/11
Sponsored by CST

CST: RF & Microwave Series
Optimization of a Reflector Antenna System
This	 webinar	 will	 describe	 how	 the	 new	 smart	 assembly	 mode	
simulation	system	in	CST	STUDIO	SUITE	2011	enables	 the	engi-
neer	 to	 model	 complex	 reflector	 antenna	 and	 feed	 systems	 effi-
ciently	and	accurately.
Live	webcast:	8/18/11,	11:30	am	ET
Sponsored by CST

CST: EDA Series
EDA Workflow - from Layout to Eye Diagram
This	webinar	will	present	3D	EM	Signal	Integrity	simulation	using	
CST	MICROWAVE	STUDIO.	It	will	demonstrate	the	PCB	layout	im-
port	and	the	3D	full	wave	simulation	of	a	realistic	multilayer	PCB.	
Standard	outputs	like	S-Parameters,	Time	Domain	Reflection	and	
Mode	Conversion	will	be	shown	along	with	eye	diagram	and	field	
distribution.	
Live	webcast:	8/25/11,	11:30	am	ET
Sponsored by CST
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FAST BANDPASS FILTER DESIGNS
FilterXpress from Spectrum Microwave is a free software program that 
delivers thousands of real bandpass filter designs, real fast. FilterXpress 
does not deliver simulated filters like other programs. Spectrum Mi-
crowave’s database of thousands of cavity, lumped element and coaxial-
tubular filters lays the groundwork for matching a company’s unique 
requirements with a real bandpass filter design. By entering specific  
filter requirements, including the passband and rejection points, Fil-
terXpress responds with up to 12 designs from Spectrum Microwave’s 
huge library of filters.  

Spectrum Microwave,  
Philadelphia, PA (888) 553-7531,  
www.spectrummicrowave.com.
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Software Update

CAD EDITING SOFTWARE
T-Tech Inc. has released IsoPro® 3.1, Mill Path Generation and CAD 
editing software for Quick Circuit users. IsoPro® 3.1 newly added 
features include: CheckByTouch® broken bit detection, ContactBy-
Touch® automatic depth sensing, Automatic Tool Change, Tool Man-
agement, including Linking, Improved mill/drill path optimization, 
Multilingual help files with graphics, Live Machine Status Bar, Win-
dows 2000 - Windows 7 and Mac 10.X compatible, 32/64 bit compatibil-
ity, Layer tool list options, Tool Pod dialogue bar, Select entities options.

T-Tech Inc.  
Norcross, GA  

(770) 455-0676,  
www.t-tech.com. 

 	
®

For over 25 years our name has been  
practically synonymous with RF and Wireless training. 
With over 100 courses on topics covering the spectrum 
of radio and communications system design, we are 

a single source solution for all of your training needs. 
Whether you are just entering the RF/Wireless field 
or need to learn the latest advanced techniques, rely 

on Besser Associates – the most trusted brand for 
your essential skills development. 

“Take a Besser Course...”

Take these upcoming courses without leaving your work:
September, 2011:  Power Amplifier ABC’s 
Sep 12-Sep 16, 2011 Course 216-4398 
Register by 9/5/2011 and pay $449, otherwise pay $495  

October, 2011: Phase Noise and Jitter 
Oct 18-Oct 20, 2011 Course 220-4420 
Register by 10/12/11 and pay $449, otherwise pay $495  

Public courses coming to:
Dallas, TX  November  14-18, 2011
San Jose, CA December 5-9, 2011

Visit our website for more information:
www.besserassociates.com

All courses are also available for delivery on-site.
info@besserassociates.com

+1-650-949-3300

Besser Associates
Web ClassroomSM
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New Waves: Amplifiers and Oscillators
For more new products, visit www.mwjournal.com/buyersguide  
featuring V  storefronts
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Components
X-band Tx and Rx Filters 

The company 
claims to have 
released the 
world’s smallest 
waveguide X- 

band Tx and Rx filters for military satcom 
applications. The filters have less than 0.3 dB 
insertion loss and have greater than 90 dB rejec-
tion in the complementary frequency bands. 
They are said to be shorter and lighter than 
equivalent filters, which makes them suitable 
for portable solutions. 
A1 Microwave Ltd.,  
Pickering, UK  +44 (0)1751 476600,  
www.a1microwave.com.

110 GHz 1.0 mm Connectors
The new 1.0 mm 
connector series 
is designed for 
semi-rigid and 
low-loss flexible 
cable and adap-
tors for custom 
appl ica t ions . 

They are designed for 50  and are said to ex-
hibit excellent performance up to 110 GHz. 
The connector’s outer conductor ID is 1.0 mm; 
the interface is air dielectric and the contact is 
supported by a short dielectric bead. The con-
nectors can operate in a temperature range 
from -55°C to 125°C and other features include 
low insertion loss, low reflection loss and good 
VSWR performance.
Frontlynk Technologies Inc.,  
Tainan, Taiwan +886 6 356 2626,  
www.frontlynk.com.

Automatic Gain Control 
Product Line

Hittite’s first IF 
automatic gain 
c o n t r o l l e r ,  
HMC992LP5E, 
is composed of 
two identical 
voltage variable 

attenuators in combination with an InGaP HBT 
gain block MMIC amplifier and operates from 
0.1 to 0.8 GHz. The HMC992LP5E features 
superior gain control range from -10 to +38 dB, 
and delivers noise figure of 6 dB in its maximum 
gain state, with output IP3 up to +40 dBm. 
Housed in a RoHS compliant 5 × 5 mm QFN 
leadless package, the HMC992LP5E requires 
no external matching components.
Hittite Microwave Corp.,  
Chelmsford, MA (978) 250-3343,  
www.hittite.com.

Wideband KABUC-ODUs
Jersey Microwave introduces its new outdoor 
package for its high performance, production 
Ka-band phase-locked block up converters 
(KABUC). These outdoor units  
(ODU) translate L-band signals (950 to  

2450 MHz) to 
Ka-band (24 to 
31 GHz in up to 
1500 MHz band 
segments). Fea-
tures include 

phase-locked to an external (5 MHz/10 MHz) 
or an internal reference (auto-switchover when 
external reference is removed). Superior per-
formance over temperature, excellent phase 
noise (exceeds IESS 308/309 and MIL-STD-
188-164A), low output spurious, LO leakage, 
output power up to 4 W, operates from 90 to 
260 VAC, 25 dB gain adjustment, full M&C 
functionality via Ethernet, and RS485/422 are 
available. Block down converters are also avail-
able. Multiband solutions are available in C-, 
X-, Ku- and Ka-bands.  
Jersey Microwave,  
Flanders, NJ (908) 684-2390,  
www.jerseymicrowave.com.

Miniature Fixed 3 dB Attenuator

Model 4772-3 
miniature fixed 
3 dB attenuator 
has flat frequen-
cy response, low 
VSWR, and 

meets environmental requirements for  
MIL-A-3933. The attenuator measures only 
1.24"  0.38" and weighs 0.5 oz. It handles 2 W 
average and 200 W peak RF input power, has a 
VSWR of 1.4:1 or less, and attenuation devia-
tion of  ±  0.3 dB or less. Connectors are stain-
less steel SMA female. The model 4772-3 at-
tenuator is in stock for immediate delivery.
Narda Microwave-East,  
Hauppauge, NY (631) 231-1700,  
www.nardamicrowave.com/east.

200 MHz Crystal Filter

NIC introduces 
a 200 MHz fun-
damental fre-
quency Crystal 
filter used to 
achieve spectral 

purity and noise reduction in clock/timing chain 
applications. Some of the features include a 
hermetically-sealed package, low insertion loss 
of < 6 dB, rejection of > 40 dB at Fc  ±100 KHz 
and ultimate rejection of > 75 dB, built in a 
small package size of 1.0" × 0.5" × 0.28."  Cus-
tom designs are available up to 250 MHz. 
Networks International Corp.,  
Overland Park, KS (913) 685-3400,  
www.nickc.com.

Solid-state Attenuator

The PMI model DTA-50M2D5G-CD-SFF is 
a solid-state attenuator that operates in a fre-
quency range from 50 MHz to 2.5 GHz. Fea-
tures include mean attenuation range of 60 dB; 
insertion loss of 4.5 dB maximum; VSWR of 
2.0:1 maximum, minimum attentuation step of 
0.06 dB; switching time of 1.0 usec maximum; 

control is 10-bit TTL; DC voltage is ±15 VDC; 
connectors are SMA(F)2 and 15 Pin D-Sub. 
Size is 2.0"L  1.81"W  0.88"H.
Planar Monolithics Industries Inc., 
Frederick, MD (301) 662-5019,  
www.pmi-rf.com.

30 W Switch
Pulsar model PS4-52-452/13S covers the fre-
quency range of 15 to 40 GHz with 12 dB  

minimum isola-
tion, 2 dB maxi-
mum insertion 
loss and 1.90:1 
maximum VSWR. 
Amplitude and 
phase balance 
are, respective-
ly, 0.8 and 12 

degrees maximum input power is 30 W maximun.
Pulsar Microwave Corp.,  
Clifton, NJ (973) 779-6262,  
www.pulsarmicrowave.com.

Low Frequency, High Power 
Notch Filter

6R10-434-X7N11 is a low frequency, high pow-
er notch filter perfect for co-site interference 

app l i ca t i ons .  
While this unit 
is centered at 
434 MHz, there 
are many other 

center frequency and passband configurations 
available.  Please contact the factory with your 
exact requirement.
Reactel Inc.,  
Gaithersburg, MD (301) 519-3660,  
www.reactel.com. 

Universal Adapter Kit 
RF Connectors is offer-
ing its 30-piece Uni-
daptTM kit with white 
bronze plating, RFA-
4 0 2 4 - W B .  W h i t e 
bronze provides a tar-
nish-free, non-magnet-
ic solution with electri-
c a l  p e r f o r m a n c e 
rivaling silver plated 
products. In addition, 

white bronze is corrosion resistant, lead-free, 
and has low intermodulation distortion. Uni-
daptTM system adapters come with gold-plated 
contacts and DuPont TeflonTM insulation. Sim-
ply mix or match any male-to-male, female-to- 
female, or male-to-female adapter components. 
Literally hundreds of different adapters can be 
made instantly using the N, BNC, TNC, SMA, 
UHF or M-UHF components contained within 
the RFA-4024 UnidaptTM kit. The universal 
center adapter is the key.
RF Industries,  
San Diego, CA (800) 233-1728,  
www.rfindustries.com.

DW-2 Broadband Detector
Spacek Labs model DW-2 is a full-band, 75 to 
110 GHz detector. This detector is a very cost-

New Waves
For more new products, visit www.mwjournal.com/buyersguide  
featuring V storefronts
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See minicircuits.com for technical specifications, performance data, pricing, and real-time, in-stock availability!

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

Rugged, repeatable performance. 
At Mini-Circuits, we’re passionate about transformers. We even 
make own transmission line wire under tight manufacturing 
control, and utilize all-welded connections to maximize 
performance, reliability, and repeatability. And for signals up 
to 6 GHz, our rugged LTCC ceramic models feature wrap-
around terminations for your visual solder inspection, and 
they are even offered in packages as small as 0805!

Continued innovation: Top Hat. 
A Mini-Circuits exclusive, this new feature is now available on 
every open-core transformer we sell. Top Hat speeds 
customer pick-and-place throughput in four distinct ways: 
(1) faster set-up times, (2) fewer missed components, 

(3) better placement accuracy and consistency, 
and (4) high-visibility markings for quicker visual 
identification and inspection. 

More models, to meet more needs 
Mini-Circuits has a variety of over 200 SMT models in 
stock. So for RF or microwave baluns and transformers, 
with or without center taps or DC isolation, you can 
probably find what you need at minicircuits.com. Enter 
your requirements, and Yoni2, our patented search 
engine, can identify a match in seconds. And new custom 
designs are just a phone call away, with surprisingly 
quick turnaround times gained from over 40 years of 
manufacturing experience!

¢
as low as99 each (qty. 1000)0.15-6200 MHz RoHS compliant.

TC
0.15"x 0.15"

NC
0.08" x 0.05"

Wideband

Transformers
         

TOP HAT
TINY         

TM

377 rev Wrf

Miss MTT? 
Tour our booth at 
minicircuits.com!
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NEW PRODUCTS
Dual-band Solid-state Amplifi ers

With AR’s dual-band amplifi ers, you have free-
dom like never before. You pick the power from 

5 to 80 W. You 
pick the band-
width from 0.8 
to 8 GHz, 0.8 to 
10.6 GHz or 0.8 
to 18 GHz. AR 
RF/Microwave 

puts it together for you in one package that 
costs less, weighs less, and takes less space than 
two separate amplifi ers.
AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, 
www.arworld.us. 

400 W Ku-Band TWTA
The XTD-400KHE high power amplifi er (HPA) 
is a compact, antenna mountable TWTA de-
signed for high linear power with high 
effi ciency. The new amplifi er is in 

a compact, rug-
ged package 
weighing only 
32 pounds. 
Drawing only 
960 W at 200 W 
of linear RF 
output power, 
the amplifi er is 

ideal for transportable applications where high 
effi ciency, light weight, and high ambient tem-
perature operation are required. The high effi -
ciency 400 W Ku-band traveling wave tube am-
plifi er (TWTA) has the size, weight and 
prime-power requirements of traditional 200 W 
products.
Comtech Xicom Technology Inc., 
Santa Clara, CA (408) 213-3300, 
www.xicomtech.com.

L-Band Power Amplifi er

The GCM5C5DHO (SKU 3114) is a 2110 to 
2170 MHz, 47 dBm, GaN, multi-function, mi-
croprocessor controlled amplifi er. This amplifi -
er is small (2" × 6") and lightweight (< 0.5 
pounds) providing 50 W over the entire -40˚ to 
+85˚C temperature range. Effi ciency is > 50 
percent and is designed for rugged operating 
conditions. It operates unconditionally stable 
into open and short circuits. The amplifi er En-
able On/Off is ultrafast < 5 µsec and has a low 
standby power consumption of < 5 W. This 
compact, fully integrated amplifi er module is 
designed for high volume manufacturing.
Empower RF Systems Inc., 
Inglewood, CA (310) 412-8100, 
www.empowerrf.com.

GaN Broadband PA
The new broadband power amplifi ers – models 
KUPABB322A and KUPABB325A – based on 
GaN-technology are claimed to provide 
excellent gain fl atness and constant output 

effective way of measuring power in the W-
band spectrum. The RF input is WR-10 
(UG387/UM) and the output is SMA (F).  These  
detectors can be used as fast data rate receivers, 
with up to 3 GHz bandwidth at the 3 dB point 
into a 50 Ω load. Typical input sensitivity is 1500 
mV/mW at -20 dBm input power.  Using a 10 
megohm load the sensitivity is 1500 mV/mW at 
-20 dBm input power.  Flatness across the band 
is ±2 dB with a typical tangential sensitivity of 
-45 dBm in a 1 MHz video bandwidth.  Maxi-
mum input power is +18 dBm.  This detector is 
available with positive (P) or negative (N) out-
put polarity. 
Spacek Labs Inc., 
Santa Barbara, CA (805) 564-4404, 
www.spaceklabs.com.

Two-way Combiner, 20 to 1000 MHz

The model 
D8682 is a high 
power combiner 
designed spe-
c i f ica l ly  for 
mult i -octave, 
commercial and 
military solid-
state amplifi er 

applications. This model is only one of several 
Werlatone combiners available with full 20 to 
1000 MHz bandwidth, at power levels ranging 
from 25 to 500 W CW. D8682 is rated at 
500 W CW and will tolerate a full input failure 
at rated power with forced air cooling and 300 
W CW without forced air cooling. 
Werlatone Inc., 
Patterson, NY (845) 278-2220, 
www.werlatone.com.

Amplifi ers
X-Band Amplifi er

AML announces 
the availability of 
a low noise X-
band amplifi er, 
model number 
AML812L3003.  
This LNA oper-
ates in the fre-

quency range of 8 to 12 GHz with small signal 
gain over 30 dB and a noise fi gure of 1.1 dB 
typical.  Output P1dB is +10 dBm minimum.  
This amplifi er is available in a SMA connector-
ized housing with internal voltage regulation 
and reverse voltage protection.  
AML Communications, 
Santa Clara, CA (408) 727-6666, 
www.amlj.com.

  8M05 FINAL.indd   130 7/28/11   2:52 PM

http://www.spaceklabs.com
http://www.werlatone.com
http://www.amlj.com
http://www.arworld.us
http://www.xicomtech.com
http://www.empowerrf.com
http://www.rfcore.com
mailto:sales@rfcore.com


MICROWAVE JOURNAL  AUGUST 2011  	 131

New Products

WWW.TECDIA.COM

ULTRA Hi-K SLC

*RoHS Compliant

Sales Offices

JAPAN 46th F, Sunshine60, Higashi Ikebukuro 3-1-1, Toshima-ku, Tokyo, 
Japan 170-6046
TEL.  +81-3-3988-3500      E-MAIL.  sales@tecdia.co.jp

USA 2700 Augustine Drive, Suite 110, Santa Clara, CA 95054, U.S.A
TEL.  +1-408-748-0100      E-MAIL.  sales@tecdia.com

TAIWAN 9F-2, No. 207, Fu Shing Rd, Tao Yuan City 330, Taiwan
TEL.  +886-3-337-0550      E-MAIL.  sales_tw@tecdia.com

KOREA Room 517, Samho Park Tower, Ingye-Dong Suwon, Gyunggi-Do, 
Korea, 442-070
TEL.  +82-31-308-6500      E-MAIL.  csm@tecdia.co.kr

CHINA Tower A #910 City Center of Shanghai, 100 ZunYi Road, Shanghai 
P.R.C.200051
TEL.  +86-21-6237-2208    E-MAIL.  sales_ch@tecdia.com

`̀ Heroic selection of values packed 
   in 10 to 100 mils wide chips.˝

ule, covering 14 to 15.35 GHz and delivering 
over 10 W at P1dB. The connectorized alumi-
num housing is 1" high, including the top fins, 
2.8" wide × 4.6" long, excluding the connectors, 

heatsink with 
fan pack and the 
standard field 
replaceable iso-
lator in addition 
to the 28 V op-
tion shown in 

the picture.  It is intended for bolting to a flat 
cooling surface.  This module has internal regu-
lation, over voltage, temperature and reverse 
polarity protection.  Single +12 to +15 V supply 
is required and 28 V is optional.  The power am-
plifier is fully compliant over a base tempera-
ture range of -30˚ to +60°C. Nominal small-sig-
nal gain is near 40 dB with a gain flatness of less 
than ±1.5 dB.  RF port VSWRs are less than 
1:1.5 at input and 1:2 at output and noise figure 
is less than 5 dB.  Output IP3 is typically 47 
dBm.  Current draw from +15 V is nominally 7A 
and 7.5A at P1dB.  
MITEQ Inc.,  
Hauppauge, NY (631) 439-9469,  
www.miteq.com.

Power Amplifier

The HRAD6.5-005 power amplifier/upconvert-
er covers the frequency range from 5.5 to 7 
GHz and is usable to 7.2 GHz. MMIC technol-
ogy is used to achieve high reliability and re-
peatability. An output level of 3.5 W 

saturated has 
been achieved. 
The SSG is  
40 dB at 6.5 
GHz. Multiple 
devices buff-
ered by ferrite 

junctions used to achieve the best circuitry al-
lowing the use of a single bias to power the am-
plifier. This component can be integrated with 
the onboard DSB upconverters and other com-
ponents to form custom subassemblies for spe-
cific applications. The upconverter is housed in 
a separate enclosure to prevent leakage and so 
that external filters can be used. The amplifier/
upconverter can be used in transmitters for 
communication and radar systems and also as 
part of test equipment suites.
Renaissance Electronics,  
Harvard, MA (978) 772-7774,  
www.rec-usa.com.

PtP Power Solution
TriQuint has re-
leased the 
TGA2524-SM 
(12 to 16 GHz) 
amplifier for 
point-to-point 
microwave ra-
dio and Ku-
band VSAT ap-

plications. TriQuint’s TGA2524-SM offers 35 
percent lower power consumption and surface- 
mount convenience in a 3 × 3 mm-QFN pack-
age. TGA2524-SM allows for gain regulation 
with gate and voltage adjustment; it requires no 
external PCB matching and typically provides 
26.5 dBm of saturated output power with 23 dB 
of small signal gain. 
TriQuint Semiconductor,  
Hillsboro, OR (503) 615-9000,  
www.triquint.com. 

power over the 
specified fre-
quency range. 
Compact size 
(124  80  25 
mm) and low 
supply voltage 
(+28 V DC) 

make the modules suitable for any broadband 
application including, CW/pulsed systems, lab-
oratory equipment and radar. 
Kuhne electronic GmbH,  
Berg, Germany +49 (0) 9293 800 939, 
www.kuhne-electronic.de.

Low Noise Amplifiers

The MAAL-010705 and MAAL-010706 are 
highly linear LNAs with low noise figure, high 
gain and excellent input and output return loss 
designed for operation from 0.5 to 1.6 GHz and 
1.4 to 4 GHz, respectively. These two amplifiers 
share the same pin out and are packaged 

in an RoHS 
compliant lead-
less 2  2 mm 
DFN package. 
The bias current 
and gain can be 

set with external resistors allowing the user to 
customize the current consumption and gain 
value to fit the application. The MAAL-010704 
is a versatile broadband LNA that operates in 
the frequency range of 0.1 to 3.5 GHz and is 
packaged in SOT-363. Its bias current can also 
be set externally via the use of a resistor. The 
LNAs all feature an integrated active bias cir-
cuit allowing direct connection to 3 V voltage 
supply while minimizing variation over temper-
ature and process. 
M/A-COM Technology Solutions Inc., 
Lowell, MA (800) 366-2266,  
www.macomtech.com.

Coaxial High Power Amplifier

The LZY-22+ is 
a ruggedized 
high power am-
plifier capable 
of delivering 30 
W output sig-
nals across its 
entire operating 
bandwidth, from 
0.1 to 200 MHz. 
Extensive safety 

features to prevent amplifier damage include 
over-temperature protection and the ability to 
handle short and open loads. It offers digitally 
controlled blanking, isolation of 70 dB typical, 
and high gain, 43 dB typical. The LZY-22+, in-
cluding heat-sink and cooling fan, is designed 
for a 24 V/5.5A DC power supply.
Mini-Circuits,  
Brooklyn, NY (718) 934-4500,  
www.minicircuits.com.

High Power Linear Ku-Band PA

The AMF-6B-14001535-50-40P is a connector-
ized Ku-band high power linear amplifier/mod-
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trary waveform generator, mask limit testing, 
switchable bandwidth limiting on each channel, 
and switchable 1 megohm and 50 Ω inputs. 
Pico Technology,  
St. Neots, UK   
+44 (0) 1480 396 395,  
www.picotech.com.

Surface-mount XOs and VCXOs 
Rakon has launched two new 7 × 5 mm surface-
mount XO and VCXO products. The  
RXO7050R (XO) and RVX7050R (VCXO) offer 
high performance at low cost, with fast lead 
times. The RXO7050R and RVX7050R offer 
wide frequency ranges from 10 MHz to  

1500 MHz and 
CMOS, LVPECL 
or LVDS output 
options.  The se-
ries is available 
with 2.5 or 3.3 V 
operation and 
<1 ps RMS 

phase jitter integrated from 12 kHz to 20 MHz 
for the XO. The RVX7050R offers excellent 
close-in phase noise. A distinct feature for both 
the XO and VCXO products is an optional “fre-
quency select” pin enabling the output frequen-
cy to be selected from two or four pre-defined 
alternatives. The pin enables maximum design 
flexibility while reducing design time and low-
ering inventory costs. Sample turnaround is less 
than two weeks on more than 200 of the most 
commonly used frequencies.  The RXO/
RVX7050R series is ideally suited for many high 
speed serial data communications, networking 
and telecom applications.
Rakon Ltd.,  
Auckland, New Zealand  
+64 9 571 9216, www.rakon.com.

VCO with Low Phase Noise 

Z-Communications Inc. announces a new 
RoHS compliant voltage-controlled oscillator 
(VCO) model CRO3262B-LF in S-band. The 
CRO3262B-LF operates at 3261 to 3263 MHz 
with a tuning voltage range of 0.5 to 4.5 Vdc. 
This VCO features a typical phase noise of -113 
dBc/Hz at 10 KHz offset and a typical tuning 
sensitivity of 5 MHz/V. The CRO3262B-LF is 
designed to deliver a typical output power of 8 
dBm at 5 Vdc supply while drawing 25 mA 
(typical) over the temperature range of -40º to 
85ºC. This VCO features typical second har-
monic suppression of -15 dBc and comes in Z-
Comm’s standard MINI-16-SM package mea-
suring 0.5" × 0.5" × 0.22." It is available in tape 
and reel packaging for production require-
ments. The CRO3262B-LF is also ideal for au-
tomated surface-mount assembly and reflow. 
CRO3262B-LF is well suited for fixed wireless 
applications that require ultra low phase noise 
performance. 
Z-Communications Inc.,  
Poway, CA  
(858) 621-2700,  
www.zcomm.com. 

Sources
IEEE 1588 OCXO 

Connor-Win-
field’s new high 
stability SMD 
OH300 series of 
OCXOs provide 
an excellent ca-
pability to sup-
port IEEE 1588 
system require-
ments. This SC 
crystal based 

design maximizes short term stability, frequen-
cy stability over temperature and extremely low 
aging rates. Offering standard frequencies like 
5M, 10M, 12.8M, 13M, 19.44M, 20M and 
20.48M, this model can be configured to pro-
vide exceptional performance for short term 
stability to the level 5  10-12, stability over 
temperature of 1  10-9 and daily aging rates of 
5  10-10. Package size is 22  25  12.7 mm.
Connor-Winfield Corp.,  
Aurora, IL (630) 851-4722,  
www.conwin.com.

Phase-locked Clock Oscillator
The XLT-129 
ultra-miniature, 
low noise clock 
oscillator oper-
ates at a fixed 
frequency of 
129 MHz as ref-
erence clocks in 

military and commercial RF/microwave sys-
tems. Locked to an external frequency refer-
ence, the XLT-129 features instantaneous turn-
on, excellent phase noise (Fout = 129 MHz, 
< -130 dBc/Hz at 10 KHz, typical), high vibra-
tion tolerance (12 g’s RMS, operating) and low 
power consumption at +3.3, +5, +8 or +12 
VDC. The XLT is housed in a miniature con-
nectorized package (1.3" × 1.1" × 0.4") to with-
stand harsh environments, and operates over 
the standard temperature range of -30° to 
+70°C.  Optionally available features include 
operating over the MIL-SPEC temperature 
range (-40° to +85°C) and optional hermetic 
sealing per MIL-STD-883.
EM Research Inc.,  
Reno, NV (775) 345-2411,  
www.emresearch.com.

Four-channel Oscilloscope 
The four-chan-
nel PicoScope 
6404 PC Oscil-
loscope has an 
analog band-
width of 500 
MHz, matched 
by a real-time 
sampling rate of 

5 GS/s, which guarantees accurate representa-
tion of signals up to the full bandwidth. The 
scope features an ultra-deep 1 gigasample buf-
fer memory that allows capture and analysis of 
complex waveforms, even when sampling at full 
speed. It connects to any Windows XP, Vista or 
Windows 7 computer with a USB 2.0 port and 
also offers a built-in function generator, arbi-
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OeXO’s

from Pletronics

OCXO accuracy and

precision is now available

with the new OeXO™

Series (OCXO equivalent

Crystal Oscillators).

 • ±50 ppb

          over 0°C to +70°C

 • ±100 ppb

         over -40°C to +85°C

.

DIP/DIL OCXO

legacy replacement

5x7 mm

3.2x5 mm

For samples or to find

more about the OeXO

Series and the complete

line of superior frequency

control products, visit

www.pletronics.com or

call 1-425-776-1880.

• Ideal for battery powered

   devices

• Fast stabilization time

• HCMOS output

• From 10 to 40 MHz

• No turn on surge warm

   up current

• Small sizes available

• Price competitive

space. Also included are RF Congestion 
ScaleTM to gauge the severity of local RF and 
RF Level AlertTM to warn when any cataloged 
signals fall below assigned thresholds. Other 
new features are an RF Event/Alarm RecorderTM 
and Logger, and insta-save and recall custom 
profiles and screen images. The IWX analyzers 
are sold as complete kits, which include AC 
adaptor/charger, multiple antennas and a quick 
USB to PC connection, all enclosed in a pre-
configured, laptop-sized, high-impact carrying 
case. The analyzers also have very intuitive and 
easy to use sweep analysis display for simultane-
ous broad span sweeps and docking on-screen 
control panels.
Kaltman Creations LLC,  
Suwanee, GA  
(678) 714-2000,  
www.kaltmancreationsllc.com.

Compact Signal Generator

The R&S SGS100A 
signal generator 
has been opti-
mized for use in 
automated test. 

It offers a very high output level of typically +22 
dBm as standard and has an electronic step at-
tenuator covering the entire frequency range. 
Its low non-harmonics of –76 dBc up to 1.5 GHz 
make the generator a suitable signal source for con-
verter tests. Two versions are available. The CW 
model generates frequencies up to 12.75 GHz 
and can be used as a local oscillator as well as for 
interference testing against mobile radio stan-
dards. The vector signal generator version with 
integrated I/Q modulator offers a maximum 
frequency of 6 GHz and covers the most impor-
tant frequency bands for digital communica-
tions standards. The R&S SGS100A’s compact 
size enables it to fit in one-half the width of a 
19" rack as a single height unit, so that four RF 
sources can be installed in the space previously 
needed for one. 
Rohde & Schwarz,  
Munich, Germany  
+49 89 4129 12345,  
www.rohde-schwarz.com.

Cross Domain Analyzer Series
Advantest Corp. 
announced the 
availability of its 
new Cross Do-
main Analyz-

er™ family, the U3800 series. The U3800 is the 
industry’s first metrology tool to offer phase 
measurement of two high-frequency signals in a 
single instrument, allowing operators to deter-
mine the phase difference. This new functional-
ity enables quick and accurate detection of re-
ception problems caused by inter-circuit 
interference or radio wave reflection, making 
the U3800 ideal for applications ranging from 
electromagnetic interference (EMI) challeng-
es, to broadcasting and communications. The 
U3800 series utilizes a new “X math” function 
for comparative analysis of inputs from two 
channels. This function displays the waveforms 
of both signals on a single coordinate plain, en-
abling operators to see the phase difference be-
tween the signals at a glance. The U3800 is 
available in three configurations with varying 
frequency ranges and price points.
Advantest Corp.,  
Tokyo, Japan +81-3-3214-7502,  
www.advantest.com.

Processing 
Equipment
Parallel Gap Welder

Resis tance 
or ohmic 
welding is 
widely used 
in the auto-
motive, elec-
tronics, medi-
cal, aerospace, 

RF and microwave industries. The model 
SMAPRO100 parallel gap welding machine 
cannot only weld gold and silver ribbons, but 
also enameled wires without additional coating 
layer stripping steps. Thus, it eliminates the ex-
pensive and difficult stripping process and pro-
duces more reliable joints. Welded products are 
inherently RoHS-compliant because there is no 
toxic soldering material involved. The flagship 
SMAPRO100 can weld ribbon sizes up to 40 × 
2 mils and enameled wire up to gage #26. Two 
output power levels, 400 W and 800 W, are of-
fered as Type S and Type L models. Various 
electrodes and optical devices are offered for 
selection. The control unit measures 13"(W) × 
7.0"(H) × 8"(D) and weighs 35 lbs.
SW Tech Equipment Inc.,  
Torrance, CA (424) 757-0117,  
www.swtechequipment.com.

Test Equipment
DC to 14 GHz Evaluation Board

Electro-Photon-
ics LLC is ex-
panding its 
product offer-
ings, and an-
nounces the 
availability of a 

high performance RF/microwave evaluation 
(eval) board for easy characterization of SMT 
attenuators. It can accommodate many SMT at-
tenuators with chip sizes 0.150" × 0.125" (.XXX 
± 0.010). Optimized end launches and through 
line is included for quick de-embedding. Every-
thing you need to evaluate attenuators in min-
utes on one easy-to-use board with excellent 
performance up to 14 GHz. 
Electro-Photonics LLC,  
Palm City, FL (772) 485-0927,  
www.electro-photonics.com.

IWX Analyzers
The Invisible 
Waves XTM cap-
italizes on the 
successes of its 
predecessor by 
adding a suite of 
controls provid-
ing “world-first” 

RF analys is .  Highlighting the array of new 
features are Alert Unidentified Frequency Ob-
jects (UFO) to warn of rogue interference, 
Click to ListenTM (listen-in to all RF space) and 
RF CoordinatorTM to identify usable open RF 
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THE BOOK END

to high speed wireless networking in 
the local area (i.e., hot spots) and soon 
we will become used to high speed 
mobile networking in the wide area.

This book is designed as a broad 
examination of orthogonal frequency 
division multiplexing (OFDM) and 
orthogonal frequency division mul-
tiple access (OFDMA), which are fast 
becoming the de facto methods of 
transmission at the physical layer in 
broadband mobile systems. The asso-
ciated functions necessary to support 
OFDM and OFDMA at layer 2 are 
also addressed. This book focuses on 
system analysis, design and engineer-
ing of an OFDMA-based system. It 
also deals with both the theory and 
the application of OFDMA in the 
context of a broadband mobile wire-
less network.  Based on the analysis of 
OFDMA, this book tries to develop 
and present applicable design frame-
works in different areas of treatment.

This book uses the case of the IEEE 
802.16 standard to exemplify the gen-
eral concepts of OFDMA. It does not 
attempt to encompass all details of the 
standard, but covers those points that 
are important to a system-level under-
standing of the technology. Given that 
IEEE 802.16 is a well-understood 
implementation of OFDMA, it serves 
as a solid foundation from which to in-
vestigate the relevant subject matters.

Instead of making the chapters 
modular so that they can be consid-
ered individually, the author struc-
tured this book so that the best result 
can be obtained when a reader pro-
ceeds through the chapters sequen-
tially. This organization is due to the 
intertwined nature of OFDMA and 
IEEE 802.16 standard, so it is recom-
mended that it be read in its arranged 
sequence of chapters.  The book is 
appropriate for practicing engineers, 
students and anyone interested in 
OFDMA.

Most of us today cannot imag-
ine working (and living) with-
out 802.11-based wireless 

networks, popularly known as Wi-Fi. 
Traveling professionals who really 
needed to send an e-mail and who had 
to drive around town looking for a hot 
spot can attest to the technology’s im-
portance. People have become used 

OFDMA System 
Analysis and 
Design

Samuel C. Yang

To order this book, contact:
Artech House

685 Canton St., Norwood, MA 02062
(800) 225-9977

or 
16 Sussex St., London, SW1V 4RW, UK 

+44 (0)20 7596 8750

Pages: 300, $129, £65
ISBN: 978-1-60807-077-0

212 East Gutierrez Street, Santa Barbara CA 93101
e-mail: sales@spaceklabs.com   |   tel (805) 564-4404   |   fax (805) 966-3249
www.spaceklabs.com

Contact Us for Solutions 
to All Your mm-Wave Needs

Stock or Custom Designed
Components and Systems
from 10 to 110 GHz

Exceeding the Highest
Industry Standards for 
Performance and Quality

Serving the 
mm-Wave Industry 
for Over 30 Years
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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

First Vector PIM‐Tester
Heuermann  offers  the  first measurement  set‐up with 
vector  error  correction  to  fulfill  cost‐efficient  and 
accurate  PIM‐tests  including  the measurement  of  the 
distance to the IM‐obstacle. 

www.hhft.de Phone:  +49 2408 9379019
info@hhft.de FAX:       +49 2408 9379952

MICRO-ADS

Westford, MA 
978-692-6180
LaserServicesUSA.com

Solder dams, tight tolerances a specialty.

Avtech offers over 500 standard models 
of high-speed pulse generators, drivers, 
amplifiers and accessories ideal for both 
R&D and automated factory-floor testing. 
Some of our standard models include:

FAST PULSE TEST SOLUTIONS

AVR-EB4-B: for reverse-recovery time tests
AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests
AV-151J-B: for piezoelectric tests
AVOZ-D2-B: for production testing attenuators
AVR-DV1-B: for phototriac dV/dt tests

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/ 
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MWJ Puzzler

Math, Science and Logic Puzzles 
for the  enginerd’ in all of us

(re-printed with permission from pzzls - www.pzzls.com) 
’  

answers available online at www.mwjournal.com

The Smith Jones Robinson Riddle

On a train, Smith, Robinson and Jones are the fireman, brakeman and the engineer, but NOT respec-
tively. Also aboard the train are three businessmen who have the same names: a Mr. Smith, a Mr. 
Robinson and a Mr. Jones. Using the clues below, determine the identity of the engineer.

1. Mr. Robinson lives in Detroit.
2. The brakeman lives exactly halfway between Chicago and Detroit.
3. Mr. Jones earns exactly $20,000 per year.
4. The brakeman’s nearest neighbor, one of the passengers, earns exactly three times as much as the 
brakeman.
5. Smith beats the fireman in billiards.
6. The passenger whose name is the same as the brakeman’s lives in Chicago.

Apple

Eric has a perfect spherical shaped apple. With a cylindrically shaped drill bit, he removes the core of 
the apple. A cylindrically shaped hole remains — the center of this hole is exactly at the center of the 
apple. Eric measures the length of the hole with a piece of rope. It turns out to be exactly 8 cm. What 
is the volume of the remaining apple? 	  

Eiffel tower

The Eiffel tower in Paris, has including the TV antenna, a height of 321 meters. It is made out of 7 
million kg steel. Somebody would like to build a scale model of this tower with a weight of 1 kg. How 
tall will this scale model be? 	  
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Overhaul of U.S. Export Control
The Obama Administration has launched a 

very comprehensive and well thought-out game 
plan to modernize the complex and often con-
fusing United States Export Control System’s 
set of Rules and Regulations. The administra-
tion’s plan for Export Control Reform (ECR) 
— to make the system work for us as part of 
our national security strategy, not against us – is 
indeed a visionary approach for those of us who 
have been involved in this bureaucratic night-
mare for many years. The administration’s ef-
fort is to create an export control system that is 
responsive to the national security, technology 
and commercial imperatives of the 21st centu-
ry. The goal is also to be better able to monitor 
and enforce controls on technology transfers 
with real security implications while helping 
to speed the provision of equipment to allies 
and partners who fight alongside us in coalition 
operations.

The Game Has Changed
The Cold War is over and so are most of 

the assumptions that led us to this point in the 
evolution of Export Control Laws and Regula-
tions. We now have to look at Export Controls 

in the context of a new reality and recast them 
to support how we globally engage our enemies 
and our friends. Today, we fight in “cyberspace 
domains at the speed of light.” And our Export 
Control Systems must be brought up to new 
standards and be re-evaluated in that context. 
It should reflect how we deal with our closest 
allies internationally, both as close friends and 
as military coalition partners. We must protect 
the critical technology in the U.S. in the proper 
fashion from all the “bad guys.” But our Ex-
port Control laws must reflect the world we 
live in today. The context for this discussion is 
clear – our laws need to keep pace with advanc-
ing technology in a globally connected world 
economy. U.S. military supremacy depends 
on our warfighters having a clear technologi-
cal advantage. Technology is the critical factor 
that determines support for our national mili-
tary strategy, and most importantly, is the key 
underpinning used to protect and support our 
warfighters on the battlefield.

Jim Fallon
Fallon and Associates LLC,  
Hingham, MA
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THE ADMINISTRATION’S EXPORT 
CONTROL REFORM (ECR)

Let’s explore some of the critical 
issues surrounding Export Control 
Reform, focus on some of the real 
problems companies face every day 
and take a closer look at what’s be-
ing proposed to fi x Export Control 
by our government leaders. What are 
President Obama, the Administration, 
Secretary of Defense Gates and oth-
ers doing to attack this problem? The 
good news is that they have been at 
this task for more than a year. The 
better news is I think they are mak-
ing signifi cant progress and are on the 
right track. The not so good news is 
the toughest part of the work still lies 
ahead. This whole discussion is really 
all about one thing – “a big reset” that 
is coming – on how we will come to-
gether and implement Export Control 
Reform. And this issue is very serious 
for all of us in the microwave indus-
try, and we need to understand what 
is happening. Make no mistake about 
it, dismissing this issue as “not your 
problem and somebody else’s to worry 
about” is not good. This is a critical 
business issue that has direct implica-
tions on our business plans.

THE PLAYERS, PLAYGROUNDS 
AND PROBLEMS

Responsibility for U.S. Technology 
Export Controls are scattered across 
four major agencies and several lesser 
ones. The Department of Commerce’s 
Bureau of Industry and Security (BIS) 
is responsible for implementing and 
enforcing Export Administration 
regulations, which pertain to the ex-
port and re-export of “dual use” com-
mercial items. There are also several 
lists associated with this effort. The 
U.S. Munitions List (USML) and the 
Commerce Control/Critical Com-
modities List (CCL) are the most 
prominent ones. The Department of 
State is technically responsible for ap-
proving military sales. It enforces the 
ITAR sales, which are governed by the 
Arms Export Control Act (22 U.S.C. 
2778). Items governed by ITAR re-
late to the USML. These two agencies 
(and how these two lists are used) are 
the main players involved with regu-
lating American technology and mili-
tary exports. And the DoD, along with 
Department of Homeland Security 
(DHS), the U.S. Treasury and other 
departments, are involved in most of 

The U.S. Takes Violations Seriously – BAE Systems and ITT
Recently the U.K.-based military con-

tractor BAE Systems PLC recently agreed 
to pay $79 M, the largest fi ne in the history 
of the U.S. Department of State, to settle 
civil allegations of export control violations, 
a year after the company pled guilty in re-
lated criminal cases. This was reported in 
the press and covered in several news re-
leases from the company. According to the 
U.S. State Department, BAE, the largest mil-
itary contractor in Europe, committed more 
than 2591 violations of the Arms Export Con-
trol Act and the International Traffi c in Arms 
Regulations (ITAR), including unauthorized 
brokering of U.S. defense articles and fail-
ure to maintain proper records. It ends a 
long-running corruption investigation into 
the company, Europe’s biggest arms maker 
by sales, on both sides of the Atlantic. The 
department cleared BAE’s fast-growing 
U.S. unit and its subsidiaries of all charges 
against the parent company, based in Farn-
borough, outside London. But it said a lack 
of full cooperation from the parent had left it 
“unable to assess fully the potential harm to 
U.S. national security” from the unauthor-
ized resale of U.S. weapons and technology 
know-how to more than a dozen countries.

The U.S. subsidiary,   BAE Systems  Inc., 
accounts for about 52 percent of the com-
pany’s worldwide sales and is among the 
Pentagon’s top 10 suppliers. It operates a 
separate export compliance program un-
der a special security pact that governs 
its dealings inside and outside the U.S. 
BAE also failed to cooperate fully for the 
14 months since the criminal pleadings set 
the stage for the parallel civil investigation, 
the department said. It followed the global 
settlement announced in February 2010 of 
criminal cases brought by the U.S. Depart-
ment of Justice and Britain’s Serious Fraud 
Offi ce. Under its agreement last year with 
the   Justice Department , the company 
pleaded guilty to one charge of conspiring 
to make false statements to the U.S. gov-
ernment and paid a fi ne of $400 M.

In London, BAE pleaded guilty to one 
charge of failing to keep records of pay-
ments made to a marketing advisor in 
Tanzania and paid about $50 M. The cases 
grew from criminal investigations into arms 
deals in Saudi Arabia, Tanzania, Sweden, 
the Czech Republic and Hungary. The State 
Department said it is releasing an admin-
istrative hold it imposed, after the criminal 
conviction, on license applications by the 
parent company to export U.S.-origin arms 
and services. But it declared a policy of 
presumptive denial on three BAE subsidiar-
ies “because of their substantial involve-
ment in activities related to the conviction.” 
The units’ export license requests would be 
approved only if they were determined to 
be in the U.S. national interest.

ITT Corp. several years ago revealed in 
a news release that it had agreed to a fi -
nal settlement relating to an investigation 
that began in 2001 regarding ITT Night Vi-
sion’s compliance with ITAR. As part of the 
agreement, the company paid a $50 M fi ne 
and pleaded guilty to one ITAR violation 
relating to the improper handling of sensi-
tive documents, and one ITAR violation of 
making misleading statements. The govern-
ment has agreed to defer action regarding 
a third count of ITAR violations pending 
ITT’s implementation of remedial actions.  
ITT agreed to cooperate with the govern-
ment to continue to invest in research and 
development and capital improvements for 
its Night Vision products so it can continue 
to provide the most advanced night vision 
technology to the U.S. military and its allies.

The value of these investments is 
$50 M over the next fi ve years. In addition, 
the company has been engaged in a com-
prehensive review of its policies, practices, 
training programs and procedures, includ-
ing complete audits of all business units. 
New monitoring approaches, communica-
tions and training initiatives have already 
begun as a result of this review and more 
are expected.  ITT’s CEO said at the time, 
“We have been cooperating with the gov-
ernment in this investigation and we have 
voluntarily disclosed all discrepancies that 
our internal reviews revealed.” And, he 
said, “while this settlement relates to the 
actions of a few individuals in one of our 
15 business units, we regret very much that 
these serious violations occurred.” He add-
ed, “Our renewed commitment to a culture 
of integrity and compliance applies to the 
entire company. ITT has a long track record 
as a trusted employer, supplier and partner, 
and we are fi rmly committed to ensuring 
that this will not happen again. These viola-
tions have made it clear that we had gaps 
in our compliance programs. The steps we 
are taking now will address these issues in 
a comprehensive way.” The company has 
already begun implementing stricter new 
measures such as: Insuring that all per-
sonnel understand and follow applicable 
regulations governing the export of critical 
technology, naming a new compliance of-
fi cer, instituting a required ethics and com-
pliance training program for all employees 
worldwide, developing a comprehensive 
computer tracking program to monitor all 
packages sent from ITT facilities and work-
ing with independent experts to refi ne and 
enhance the effectiveness of these mea-
sures. In a related action, the Department 
of State has placed restrictions on certain 
exports of night vision equipment and tech-
nical data and ITT Night Vision will not be 
allowed to ship devices to specifi c parties 
for a period of not less than one year.
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transistor requires approval. It is con-
trolled at that level, right down to the 
performance characteristics of the 
transistor. We are now letting govern-
ment regulators into controlling ac-
cess via the S-parameter data. And, it 
gets worse. Suppliers are not allowed 
to transfer parts to another U.S. ally 
whose F-16s are operating from the 
same base to support an American-led 
operation. This makes the problem 
more complex. Bottom line – compo-
nent suppliers are not covered by the 
platform’s OEM export license.

Protectionism and Politics
Export control regulations are 

even affecting weapons development 
programs around the world, which is 
of great concern to many American 
defense firms. The ITAR processes 
make it difficult for firms like Ray-
theon, Northrop Grumman, General 
Dynamics, Boeing and many others 
to share information around the world 
with their own international subsid-
iaries. This inhibits the inclusion of 
American technology into bids for 
foreign contracts in foreign countries 
or to even explore collaboration with 
foreign firms in allied nations. And, 
they cannot talk to their own company 
employees outside the U.S. without 
first getting a Marketing or Techni-
cal License for the U.S. government 
to approve the contact. This can shut 
American firms out of foreign weap-
ons programs at the earliest stages, 
which is not good. What is even more 
troubling is that many people outside 
the U.S. have a perception that the 
U.S. export policy and regulations are 
a very high “self-imposed hurdle” 
to overcome, fueling 
s p e c u l a t i o n 
on motives 
a b o u t 
t h e 

these activities. As you see and may 
surmise, there are “way too many 
cooks” in this Export Control kitchen.

How the System Is Supposed 
to Work and Does

The idea behind the existing orga-
nizational approach to Export Con-
trols was that various agencies with 
their different agendas and perspec-
tives would create a system of “checks 
and balances” that would be more 
difficult to defeat by those trying to 
game the system. However, it has not 
worked out that way, and the associ-
ated costs of all these redundant activ-
ities are very high and are becoming 
administratively prohibitive. There 
were several obvious problems with 
these arrangements and some that are 
not so obvious. The most obvious one 
involves overlapping jurisdictions. It 
is not always clear for example where 
a specific item falls on one of these 
“lists” or to which agencies that should 
possibly be involved in an Export Li-
cense application.

For example, a company that wants 
to act ethically may not be clear about 
where to submit its export license ap-
plication, or may end up going to one 
agency to be subsequently told they 
must now go to a different agency. 
Yet, no agency has the legal authority 
(nor will they formally or informally) 
to actually interpret the Export Con-
trol laws and regulations. You are re-
sponsible for any action taken, and are 
criminally liable if you proceed in an 
illegal fashion. You can see the “Catch 
22” situation.

It has been reported that some 
export license applications can be ap-
proved by one agency and denied by 
another. The flip side is that savvy 
companies can “shop their applica-
tions” by picking the regulator they 
believe is most likely to say yes. The 
problem of multiple forms to mul-
tiple agencies is made worse by long 
processing times. These departments 
have limited funds from which to sup-
port staff to review applications, and 
the State Department is reportedly 
still mostly paper based. Commerce 
is only slightly ahead with an IT sys-
tem that needs to be updated. The net 
effect for industry is potentially long 
processing times – four to six months 
is not unusual for an application. In 
that time frame it is very possible 

for the American company to find that 
the foreign bid competition that it was 
trying to enter is now closed and the 
order placed with a competitor.

Having a System Export 
License Does Not Equal 
Having a License for the 
Sum of its Parts

The next difficulty builds on the 
others, and is a vexing problem for 
the microwave industry. The U.S. Ex-
port Control system makes more work 
for itself by requiring approval at the 
level of individual components. Think 
about how many parts are in a Fight-
er with all its avionics and associated 
equipment. In addition, it has Radar 
Guided Missiles, Electronic Warfare 
Suites, and RF Communication Sys-
tems, among many other systems. It is 
absurd to control things at that low a 
component level.

For example, a foreign country was 
approved to buy an F-16 Fighter Air-
craft from Lockheed Martin without 
having any apparent difficulty in ob-
taining the license through appropri-
ately filling out all the required export 
paperwork. Now, according to U.S. 
Export Control Policy, that does not 
mean that suppliers to that weapons 
platform or system are approved to 
export anything that they supply to it. 
In addition, suppliers are not autho-
rized under US Export Control Laws 
to respond even when asked to bid 
parts to that foreign country to help 
maintain that F-16 Fighter Aircraft. 
And as a supplier, one must apply 
for a Marketing License before they 
can even talk with a foreign company 
representative or they are in 
violation of the law. For t h e 
microwave industry, it is a non-
starter to do any business with 
a foreign F-16 operator that 
may ask them to bid 
for a spare radar 
power ampli-
fier or that EW 
beamforming 
n e t w o r k . 
Or for that 
m a t t e r , 
even any 
q u e s -
tions on 
an RF 
p o w e r 
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dia. It had been reported in the press 
that the love affair with the Indian Air 
Force and the Russian Fighter com-
munity was becoming a strained re-
lationship at best. And the Indians 
were requiring that industry in their 
country participate fully as partners in 
all technology and hardware manufac-
ture. This implied direct manufacture 
of critical electronic subsystems, in-
cluding Advanced Electronic Warfare 
Self-Protection suites, Electronically 
Scanned Active Arrays (including all 
transmit receive modules) and covert 
RF communications systems. It has 
been reported in the Defense press 
that the U.S. government would not 
approve the license to allow that to hap-
pen. So while the U.S. political and Ad-
ministrative levels of government said 
they would support the sale, the cold 
hard facts when it got to the regula-
tors of ITAR/Export Controls was they 
said absolutely not. There would not 
be any export on the “jewels of defense 
electronics” on board these advanced 
Indian fighters. So the two remaining 
contenders still in the competition are 
the Eurofighter and the Rafelle, who 
have reported “full and complete coop-
eration” with Indian industry on the lo-
cal manufacture of their fighter aircraft 
with the U.S. losing out on a chance to 
win these large contracts.

The Basics of Reform
Fundamental reform needs to be 

carried out in a half dozen government 
agencies and the final set of updated 
Export Control rules will need to 1) 
achieve consistency of purpose and 
direction, 2) have a well thought-out 
strategy on the various technologies 
and approaches to controls that are re-
alistic and 3) put in place specific reg-
ulations that will have clear and unam-
biguous objectives. The government 
needs to fix all the conflicts and put in 
place crisp guidance to be followed by 
everyone. The government’s intent on 
what technology needs to be protected 
must be crystal clear. And the Export 
Control Regulations should support 
those findings. Export Control rules 
need to be an enabler for national 
security, not used as a gatekeeper to 
hold back on everything. And once 
they have vetted these new rules and 
effectively challenged themselves that 
they have done it correctly, they will 
then need to roll it out and plan to im-
plement it. It now has to stand on its 

offshore, “eroding our defense indus-
trial base” as well as “undermining our 
control regimes.”

The Export Control/ITAR 
Conundrum on the Indian 
Fighter Competition

It was no surprise to some of us that 
all U.S. Fighter entries in the ongo-
ing Indian Fighter competition were 
down-selected out of the Tender to 
supply advanced fighter aircraft to In-

U.S. government hiding behind “the 
rules,” and acting very protectionist 
and partisan in defense of U.S. tech-
nology and product dealings. In some 
instances, foreign governments and 
countries have accused the U.S. of 
trying to stop foreign business com-
petitors, and this activity has actually 
encouraged these negative percep-
tions. The current system encourages 
multinational companies to move re-
search, development and production 
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For Suppliers?

cies play in the game of Export Con-
trols, ITAR and the licensing process. 
Government organizations have a 
unique ability to “wrap themselves in 
a warm and fuzzy blanket” of agency 
and procedural “do’s and don’ts” that 
are derived solely from their own 
agency’s perspective. When operat-
ing in this fashion, a specific agency’s 
procedural approach is somehow 
called upon and used ceremoniously 
to justify their specific regulatory or 
decision process. But this logic con-
founds the average business person 
who has to deal with the many agen-
cies involved – each seeming to have 
their own rules, laws and regulations. 
And business folks have to also fill out 
application forms and, as such, need 
to be accountable to their sharehold-
ers – who expect lawful behavior tied 
to good business practices. To deal 
with a group of government agencies 
that each have their own point of view, 
which sometimes are contradictory, at 
best, and indeed not even understand-
able, at worst, is not good. The busi-
ness person is caught in the middle of 
this, with the added burden that they 
are legally bound to comply with all 
regulations under the penalty of law.

Highlights of the 
Administration’s Plans  
for ECR

Last spring, Defense Secretary 
Gates set out the Administration’s 
conclusion that fundamental reform 
is needed. “If the application of con-
trols on key items and technologies 
is to have any meaning,” he said, “we 
need a system that dispenses with 95 
percent of ‘easy’ cases and lets us con-
centrate our resources on the remain-
ing five percent. By doing so, we will 
be better able to monitor and enforce 
controls on technology transfers with 
real security implications while helping 
to speed the provision of equipment 
to allies and partners who fight along-
side us in coalition operations.” The 
President, Secretary of Commerce 
Locke and others discussed how the 
end result of addressing these critical 
questions would be a single control 
list administered by a single licensing 
agency operating on a single informa-
tion technology platform and enforced 
by a single primary export enforcement 
coordination agency. The structural 
reforms require congressional action 
for a single control list and a single IT 

parate agency rules and regulations. 
Mistakes will be made and lessons 
will be learned in this effort. But the 
old system is broken, and needs to be 
upgraded to today’s standards of coali-
tion warfare and global alliances.

Getting to the ECR  
Final Outcome —  
Is it Even Possible?

To achieve this goal will be a monu-
mental task given how many different 
entrenched government bureaucra-

own as an effective U.S. government 
policy directive, specifically designed 
for protecting critical technology for 
the warfighter. The government must 
transform this process into a unified 
business-like methodology. And it 
has to communicate it clearly to the 
stakeholders – our citizens, the busi-
ness and government community and 
our global allies. Make no bones about 
this task, it will be arduous, painful 
and time consuming to upgrade and 
make common sense of all these dis-

Military Microwaves Supplement
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use, or enhancement of a Tier 1, 2, or 
3 item, or are other items controlled 
for national security, foreign policy, or 
human rights reasons.

Compliance and 
Enforcement

Enforcement activities have a high 
priority in the Administrations reform 
program in at least three important re-
spects. The government will establish 
an Export Enforcement Coordination 
Center comprising representatives 
from Department of Commerce/BIS, 
the Federal Bureau of Investigation, 
Immigration and Customs Enforce-
ment, the Intelligence Community, 
and military security agencies. Agen-
cies will share information and lever-
age their resources to enhance com-
pliance with export control laws and 
regulations. To enhance coordination 
among export control enforcement 
agencies, Commerce/BIS will contin-
ue to make use of specific compliance 
tools to prevent the unauthorized ex-
port of technologies to end users of 
concern. Third, BIS is adjusting how 
we penalize those who violate U.S. 
export controls. In the past, BIS typi-
cally has imposed penalties on com-
panies involved in export violations. 
Going forward, where a violation is 
the deliberate action of an individual, 
the Administration will consider seek-
ing penalties against that individual 
including heavy fines, imprisonment 
and the denial of export privileges – 
as well as against the company. The 
same will be true for supervisors who 
are complicit in deliberate violations 
by their subordinates.

At the same time, the Administra-
tion will recognize that even compa-
nies that have good intentions can 
make mistakes. The Administration 
promotes the submission of voluntary 
self-disclosures (VSD) in these and 
other instances. And the Administra-
tion views VSDs, along with robust 
internal compliance programs, as im-
portant mitigating factors. Given the 
volume of exports and re-exports that 
are subject to the EAR-BIS (more 
than 20,000 license applications dur-
ing 2010), we rely on industry for the 
bulk of compliance as their knowledge 
of the products, their end users, and 
their customers makes them the front 
line troops in this important effort.

with the “see through” rule, which 
make certain items manufactured off-
shore subject to U.S. re-export control 
requirements if they incorporate U.S. 
origin ITAR parts and components, 
regardless of value or importance. 
Third, there would be far fewer trans-
actions requiring U.S. exporters to en-
ter into and obtain complex Manufac-
turing Licensing Agreements or Tech-
nical Assistance Agreement to share 
data and services. Finally, there could 
be a significant reduction in the time 
required to determine the jurisdiction 
of parts and components.

The USML is not the only focus of 
the Administration’s attention. The ex-
isting CCL is largely a “positive” list that 
describes items using objective criteria, 
but it is not wholly so. The Adminis-
tration will seek to make it sufficiently 
positive, clear and precise so that some-
one who is not an expert on U.S. export 
controls, but understands the technical 
characteristics and capabilities of an 
item, can accurately determine its juris-
dictional status and classification.

The Parallel-Tiered  
Control Lists

The government’s plan involves 
converting the USML and CCL into 
parallel constructed, three-tiered lists 
that allow the U.S. government to fo-
cus control on the most sensitive items 
while establishing cascading controls 
on more mature and widely avail-
able items. The government would 
then apply licensing policies associ-
ated with the tiers. To implement this 
tiered construct, the U.S. government 
has developed control list criteria:

1) Tier 1 items are weapons of mass 
destruction or are almost exclusively 
available from the U.S. that provide a 
critical military or intelligence advan-
tage. These are what Secretary Gates 
has termed our “crown jewels.”

2) Tier 2 items are almost exclu-
sively available from regime partners 
or adherents and provide a substantial 
military or intelligence advantage, or 
make a substantial contribution to the 
indigenous development, production, 
use, or enhancement of a Tier 1 or Tier 
2 item. These are what the U.S. gov-
ernment has termed “precious metals.”

3) Tier 3 items are more broadly 
available and provide a significant 
military or intelligence advantage or 
make a significant contribution to the 
indigenous development, production, 

system. This past December, the De-
partments of State and Commerce is-
sued proposed regulations to achieve 
two fundamental reform objectives: 
controlling items based on transparent 
technical parameters, which translates 
in export control parlance to “positive 
lists” that do not overlap; and separat-
ing items by tier, to focus controls on 
the most sensitive items while allow-
ing for more flexible authorizations for 
relatively mature technologies that are 
more widely available.

The U.S. Munitions List 
(USML) and The Commerce 
Control List (CCL)

The most important aspect of control 
list reform may be making the USML 
a “positive” list. Currently, the USML 
controls many defense articles based 
on “design intent,” in part because, at 
one time, the majority of items used 
by the military were produced specifi-
cally for the military. Today, however, 
many technologies used by the mili-
tary are developed and manufactured 
by the commercial sector. Moreover, 
the design-intent nature of the USML 
is inconsistent with a predictable and 
transparent regulatory process – one 
where industry and government alike 
readily and objectively can determine 
what is controlled. The existing setup 
has fueled an increase in commodity 
jurisdiction disputes. This has resulted 
in many commercial systems being 
ruled subject to ITAR control or ju-
risdictional decisions being delayed, 
thereby impeding the competitiveness 
of U.S. items or, even worse, resulting 
in their being “designed out” of foreign 
end products.

This “design intent” approach 
would focus the category’s controls on 
truly significant military items, while 
moving less significant items – par-
ticularly parts and components that 
do not serve an inherently military 
function to the Commerce Control 
List. For many of the low level parts, 
widely available items will be trans-
ferred from the USML to the CCL; 
Commerce jurisdiction will provide 
greater flexibility and a simpler struc-
ture of controls. First, ITAR registra-
tion would be eliminated for many 
small and medium-sized exporters if 
their sole ITAR items are minor ele-
ments of Defense products. Second, 
the change in jurisdiction should 
eliminate many problems associated 
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THE OUTCOME: GETTING IT 
RIGHT THIS TIME
•  When the Administration has im-

plemented these actions, its goal 
will be what they call the three 
greater effi ciencies. It will control 
and investigate those items that 
are the most signifi cant in terms of 
providing the United States with a 
military or intelligence advantage, 
while facilitating exports to coali-
tion partners in order to improve 
our interoperability.

•  Increased education to ensure that 
everyone subject to our regula-
tions knows of their existence and 
requirements. The effort also will 
help exporters understand how the 
changes will affect their compli-
ance responsibilities. The Admin-
istration will also be emphasizing 
the adoption of internal export 
management and compliance pro-
grams.

•  Enhanced enforcement to ensure 
that exporters, re-exporters and 
end users comply with our regu-
lations and use U.S.-origin items 
responsibly. Administration com-
pliance personnel will evaluate ex-
ports made under license or license 
exception to ensure they comply 
with the Export Regulations. Gov-
ernment agents are increasing their 
presence domestically and abroad. 
They will have new export control 
offi cers in China and Singapore, 
and will leverage the resources of 
the FBI and Immigration, Customs 
Enforcement (ICE) as participants 
in the Export Enforcement Coor-
dination Center. 

Jim Fallon is President and CEO of Fallon and 
Associates LLC, a management and consulting fi rm 
that focuses on corporate strategy, marketing and 
business development, capture planning and proposal 
leadership. A 38-year veteran of the microwave industry, 
Fallon has held senior executive positions in numerous 
organizations, focused on defense electronics subsystems 
in electronic warfare, missiles and munitions, radar, and 
military communications markets. He has lobbied in 
Washington and represented many companies’ interests 
in the defense budget deliberations on Capitol Hill.   
He has been a speaker at many national technology 
conferences and symposia, ran the Electronic Industries 
Association’s (EIA) Microwave Division as Chairman 
representing the Industry, and authored many technical 
articles in professional journals. He has run a national 
technical conference on electronic warfare and been 
involved in many professional organizations, such as 
AFCEA, AUSA, AOC, Navy League and AFA.  He 
has won numerous industry awards recognizing his 
contributions to protecting the Warfi ghters, including 
a Lifetime Achievement Award (LAA) from the 
Association of Old Crows (AOC), the Electronic Warfare 
Professionals Association for a career of achievements 
in protecting the Warfi ghter and winner of the Business 
Development Award from AOC.

exporter to go online to fi le and quickly 
obtain a personal or corporate informa-
tion number that allows the exporter to 
fi le licenses and other requests. This 
approach also transfers to the exporter 
the responsibility to manage its ac-
count and add or remove persons au-
thorized to have access to the system. 
This move will eliminate the manual 
and sometimes untimely processing of 
more than 6500 annual requests for ac-
cess to the licensing system.

INFORMATION TECHNOLOGY 
SYSTEMS FOR ECR

The government has a plan in place 
to upgrade its IT systems to make 
them more user-friendly for exporters 
and to leverage the resources and in-
formation of agencies across the U.S. 
government. One of the fi rst steps it 
will take to improve customer service 
through expansion of IT capabilities is 
to establish online registration for the 
export licensing system. This allows an 
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Satellite and radio waveforms can utilize 
custom/proprietary formats with modu-
lation bandwidths beyond 1 GHz for 

increased data rates. Generating custom wave-
forms with wide modulation bandwidths can 
present challenges, especially when excellent 
signal fidelity is required and when distortions 
must be kept to a minimum. Traditional signal 
generators can provide the required signal pu-
rity, but are limited in modulation bandwidths. 
In addition, wide bandwidth signal analysis 
requires a new approach for waveform de-
modulation relative to a traditional RF signal 
analyzer approach.

These challenges highlight the need for an 
improved wideband waveform generation and 
analysis methodology. This article will show 
a new waveform generation solution, using a 
wide bandwidth, high precision arbitrary wave-
form generator (AWG), combined with a vector 
RF/microwave signal generator with wideband 
IQ inputs to generate a 16QAM waveform at 
X-band with a 1.76 GHz symbol rate. Simula-
tion will provide the flexibility needed to cre-
ate custom/proprietary AWG waveforms. A 
32 GHz high performance digital oscilloscope 
with vector signal analysis (VSA) software will 
be used to demodulate the waveform to mea-
sure the error vector magnitude (EVM).

A Paradigm Shift for Wide 
Bandwidth Applications

RF signal generators have traditionally 
been used for wireless applications. They typi-
cally offer good signal purity and performance 
and the convenience of software applications, 
which can be used to generate parameterized 
and pre-configured waveforms, such as Mo-
bile WiMAX and LTE. However, RF signal 
generator AWG modulation bandwidths are 
typically limited to approximately 100 MHz, 
which can limit their ability to address emerg-
ing applications, such as wide bandwidth satel-
lite and radio communications. In these com-
munication systems, modulation bandwidths 
may significantly exceed 100 MHz and possibly 
even approach 1 to 2 GHz of modulation band-
width. In addition, military radio applications, 
such as software defined radio (SDR), may re-
quire custom waveforms to be generated, such 
as a custom orthogonal frequency division mul-
tiple access (OFDMA) waveforms. Flexibility 
is needed in the waveform generation process 

Greg Jue
Agilent Technologies, Santa Clara, CA
Thomas Dippon
Agilent Technologies, Boeblingen, Germany
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to facilitate custom proprietary wave-
form creation, in addition to wide 
modulation bandwidths.

A similar situation exists for RF 
signal analysis. Today’s RF signal 
analyzers have IF bandwidths of ap-
proximately 140 MHz, which can limit 
modulation domain analysis, or wave-
form demodulation, to applications 
where the modulation bandwidth is 
within 140 MHz. A new approach is 
needed for RF/microwave modulation 
domain signal analysis applications, 
which exceed 1 to 2 GHz of modu-
lation bandwidth at X-, Ku- and Ka-
band carrier frequencies.

High performance commercial-
off-the-shelf (COTS) AWGs and digi-
tal oscilloscopes are an enabler for 
wide bandwidth RF/microwave appli-
cations. Recent breakthroughs in their 
performance present a paradigm shift 
in the way RF engineers think about 
creating and analyzing wideband sat-
ellite and radio waveforms over tradi-
tional approaches.

For example, take the spectral pu-
rity of a high performance AWG, as 
shown in Figure 1. The AWG is used 
to generate a simple single tone at 
555 MHz with a sampling rate of 7.2 
giga samples per second (GSa/s). The 
spectral purity is clean, with spurious 
down to approximately −86 dB. Of 
course, although this CW case shows 
the performance that can be achieved 
with a wideband AWG, it is not rep-
resentative of the modulated signal 
formats used for satellite and radio 
applications.

The next section of this article will 
show the waveform creation and anal-
ysis of a 16QAM waveform at X-band 
with a 1.76 GHz modulation band-
width. The residual error vector mag-
nitude (EVM) will be used as the met-
ric, to show the high performance that  

can be achieved with today’s AWG 
and oscilloscope COTS technology.

A 16QAM Example Using  
a Wide Bandwidth COTS  
Test Setup

Figure 2 shows the high perfor-
mance wide bandwidth COTS test 
equipment used to generate and ana-
lyze a 16QAM waveform at X-band 
with a 1.76 GHz modulation band-
width. The upper left is a precision 
wide bandwidth AWG with a DAC 
resolution of 14 bits up to 8 GSa/s, or 
12 bits up to 12 GSa/s. The AWG has 
2 GSa of arbitrary waveform memo-
ry per channel and 5 GHz of analog 
bandwidth per channel. This is the 
AWG used to generate the CW tone 
in Figure 1, but here it is being used 
to generate a wideband 16QAM wave-
form. A vector signal generator with 
wideband IQ inputs is shown on the 
lower left. This is used to modulate 
the IQ waveform on an X-band carrier 
centered at 10 GHz.

A high performance 32 GHz digi-
tal oscilloscope, with VSA software, 
is connected to the signal generator 
output to demodulate the wideband 
16QAM waveform at the RF/micro-
wave carrier fre-
quency. Although 
oscilloscopes are 
traditionally used 
for time-domain 
m e a s u r e m e n t s , 
here it is being used 
for RF/microwave 
frequency modula-
tion domain analy-
sis.

Figure 3 shows the setup diagram 
of the test equipment shown in Figure 
2. Waveform creation software or sim-
ulation software, such as MATLAB, 
can reside on an external PC and 
downloaded to the AWG. However, in 
this example, it is installed in the os-
cilloscope and downloaded from the 
oscilloscope to the AWG via LAN.

The differential analog IQ out-
puts of the AWG are fed into a vec-
tor RF/microwave signal generator 
with external wideband IQ inputs, to 
modulate the IQ waveforms onto a  
10 GHz carrier. The output of the 
vector signal generator is connected 
to channel 1 on the high performance 
digital oscilloscope to demodulate the 
waveform. However, before generat-
ing the 16QAM waveform, a MAT-
LAB utility is first used in the digital 
oscilloscope to create and download 
a wideband multi-tone waveform 
for flatness corrections (see Figure 
4). The complex frequency response 
(magnitude and phase) of the AWG 
output path, in combination with the 
I/Q modulator in the vector PSG, 
are analyzed using the VSA software 
in the oscilloscope. This information 
is fed back into the MATLAB script, 

s Fig. 1  Spectral purity of high perfor-
mance arbitrary waveform generator.

s Fig. 2  COTS test equipment setup to generate and analyze wide-
band satellite communications and radio waveforms.

s Fig. 3  Diagram of the test equipment setup.

DIFFERENTIAL I/Q SIGNALS

E8267D,
OPT. 016,

H18 MODULATED
RF/uWAVE OUT

90000X-SERIES SCOPE
UP TO 32 GHz OF BANDWIDTH

AND 2GSa OF MEMORY

MODULATION BW
UP TO 2 GHz RF UP TO 44 GHz

M8190A AWG

UP TO 12 GSa/s IN
12 bit MODE,

2 GSa MEMORY

UP TO 8 GSa/s IN
14 bit MODE,

1.5 Gsa MEMORY

I/Q DATA VIA
LAN, USB
OR GPIB

  8M32 FINAL.indd   22 7/21/11   3:20 PM



MWCARLILSE_SUPP0811.indd   23 7/21/11   4:44 PM

http://www.CarlisleIT.com
mailto:hdrfi@carlisleit.com


24 	 MILITARY MICROWAVES SUPPLEMENT n AUGUST 2011

Military Microwaves Supplement
wide bandwidth waveforms for satel-
lite and radio applications was shown. 
High performance precision AWGs, 
combined with RF/microwave vector 
signal generators with external wide-
band IQ inputs, enable RF engineers 
to generate wideband waveforms with 
excellent signal fidelity.  Simulation 
tools, such as MATLAB, facilitate 
creating and downloading custom/
proprietary waveforms using COTS 
equipment. High performance digi-
tal oscilloscopes, combined with VSA 
software, enable wide bandwidth RF/
microwave waveforms to be analyzed 
at X-, Ku- and Ka-band, up to 32 GHz, 
without the need for external down-
conversion. Exceptional residual 
EVM performance was demonstrated 
with the AWG, vector signal generator 
and digital oscilloscope on a 10 GHz 
X-band waveform modulated at a 1.76 
GHz symbol rate. 
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the RF modulated spectrum centered 
at 10 GHz is shown on the lower left, 
the EVM vs. symbol (time) is shown 
on the upper right, and the EVM 
summary table is shown on the lower 
right. The residual EVM is measured 
at approximately 1.17 percent, which 
is quite impressive for a modulation 
bandwidth of 1.76 GHz at a 10 GHz 
carrier frequency. Using the VSA 
software with wide bandwidth high 
performance digital oscilloscopes en-
ables RF engineers to analyze wide 
bandwidth modulated waveforms at 
X-, Ku- and Ka-band (up to 32 GHz) 
directly, without the need for external 
down-conversion. In addition, multiple 
phase coherent inputs enable multi-
ple-input multiple-output (MIMO)  

OFDMA waveforms 
to be analyzed and 
demodulated,1 us-
ing the digital oscil-
loscope with VSA 
software. Although 
not shown in this 
example, MATLAB 
can also be used as a 
custom user defined 
function (UDF) 
in digital oscillo-
scopes.2

Summary
An improved ap-

proach for generat-
ing and analyzing s Fig. 4  Configuring a MATLAB utility to generate and download 

a 1.76 GHz 16 QAM waveform to an M8190A AWG.

s Fig. 5  Measurement results for a 1.76 GHz 16 QAM waveform at 10 GHz.

which calculates a pre-distorted wave-
form and downloads it into the AWG.

Once flatness corrections have 
been performed, a MATLAB utility is 
then used to create and download the 
16QAM waveform from the oscillo-
scope to the AWG via LAN. The digi-
tal modulation dialog box is configured 
for a 16QAM waveform with a 1.76 
GHz symbol (modulation) rate and 4 
oversampling (7.04 GSa/s sample rate). 
A 0.35 alpha root raised-cosine filter is 
applied. The high performance digital 
oscilloscope with VSA software is then 
used to demodulate the resulting RF/
microwave wideband waveform as 
shown in Figure 5.

The 16QAM constellation is shown 
on the upper left of the VSA display, 
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T he demands placed on modern commu-
nications systems for transmitting wide-
band signals at high quality are growing 

in both the civil and military sectors. The per-
formance of such systems crucially depends on 
achieving constant magnitude and linear phase 
versus frequency of the transmission coefficient 
within the useful band. Measuring the phase 
linearity and the group delay of such systems 
is vital. This applies in particular to microwave 
communications systems that include compo-
nents such as satellites or satellite base stations. 
With systems of this kind, a baseband signal of 
large bandwidth is up-converted to a high fre-
quency signal at the transmitter end, and the 
high frequency signal is down-converted to the 
baseband at the receiver end. Applications like 
this require group delay to be measured even 
on frequency-converting devices.

Relative group delay can be determined us-
ing the reference mixer method. This measure-
ment method, however, requires access to the 
mixer’s local oscillator (LO) or at least to a ref-
erence frequency. Given that numerous aero-
space and defense applications do not allow ac-
cess to either, a different approach is needed. 

In addition, 
the refer-
ence mixer 
m e t h o d 
r e a c h e s 
its limits 
when used 
to perform 
free-space 

measurements on transmission systems. With 
this method, a system’s input and output are 
connected to a network analyzer via RF cables. 
If distances of more than a hundred meters 
have to be bridged, cable losses will deteriorate 
the signal-to-noise ratio (SNR) significantly.

To solve this problem, a new, two-tone 
method has been developed that allows users 
to measure relative group delay on converters 
and mixers with high precision. This method 
requires no access to the local oscillator or a 
reference signal, and places only modest re-
quirements on the frequency and phase stabil-
ity of the local oscillator(s) involved. The meth-
od also enables group delay measurements on 
a transmission system by means of two network 
analyzers spaced apart from each other. This 
eliminates the need for RF cable connections, 
avoiding the typical problems resulting from 
the use of long cables.

transmission quality
For correct information transmission, the 

signal shape at the transmission system output 
must be identical to the shape at its input. The 
amplitudes of the output and the input signal 
may differ, as the signal may undergo amplifi-
cation or attenuation to match its amplitude to 
the conditions prevailing at the receiver end. 
Also, there is no impact on signal quality if 
the signal arrives at the receiver with a delay. 

Thilo Bednorz and  
Jochen Wolle
Rohde & Schwarz, Munich, Germany
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New Group Delay and 
Phase Measurement 
Method for Long 
Distance Transmission

s Fig. 1  Example of a transmitted and received signal.
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However, for correct transmission all 
frequency components within a trans-
mission channel or the transmission 
bandwidth must undergo identical 
attenuation or amplification and have 
an identical delay, relative to the input 
signal. Figure 1 offers an example of a 
transmitted and received signal.

For two signals with the frequen-
cies ω1 and ω2 to have an identical 
delay within a transmission channel, 
the following must be fulfilled:

ϕ ωτ
ϕ ω τ

ϕ ω τ

ϕ ϕ τ ω ω

ϕ
ω

= −
= −

= −

− = − −( )
− =

( )1

1 1

2 2

2 1 2 1

Δ
Δ

ττ

ϕ ϕ ϕ ω ω ωwhere = and =2 1 2 1Δ Δ− −

To obtain a constant delay for all 
frequencies, the phase of the transmis-
sion coefficient S21 must be a linear 
function of frequency. Starting from 
equation (1), changing the unit of  
from radians to degrees, substituting 
 with 2f and reducing the step 
size to infinitesimal values, the follow-
ing relationship is obtained:

τ ϕ= −
°

•1
360

d
df

The delay, τ, is referred to as the 
group delay, which is defined as the 
negative derivative of the phase ver-
sus frequency.1 For a transmission 
channel to be distortion-free, its trans-
mission coefficient, S21, must have 
constant magnitude and linear phase 
versus frequency. By contrast, the ab-
solute values of phase and phase slope 
versus frequency (the latter can be 
expressed as the group delay) do not 
impact transmission quality.

S‑parameters
Rather than determining the de-

rivative of the phase (S21) versus fre-
quency, which is based on infinitesi-
mal deltas, vector network analyzers 
calculate the difference quotient.

τ ϕ= −
°

•1
360

2
Δ
Δf

( )

This yields a good approxima-
tion of the required group delay. ∆f 
is referred to as frequency aperture. 
From Figure 2 ∆ = 2 − ϕ1 and 

∆f = f2 − f1 are used for calculating 
group delay.

Determining the group delay based 
on the phase measurement of S-pa-
rameters delivers precise results as 
the measurement accuracy of the net-
work analyzer is very high and can be 
increased further by applying suitable 
calibration methods. This approach 
is ideal for non-frequency-converting 
DUTs, such as amplifiers and filters.

However, in the case of frequency-
converting DUTs such as satellite base 
station converters, the phase of the 
transmission coefficient S21 cannot be 
measured directly because the input 
and the output signal have different 
frequencies. Moreover, the phase of 
the output signal is influenced, not only 
by the DUT, but also by the frequency 
and phase drift of its local oscillator.

Reference mixer method
Phase and group delay measure-

ments on mixers with an accessible 
LO are performed using the reference 
mixer method.2 The reference mixer 
uses the LO of the mixer under test in 
order to convert the reference signal 
from the network analyzer to the fre-
quency of the IF signal output by the 
mixer under test. Sharing the same LO 
compensates for the effects of frequen-
cy and phase fluctuations of the LO of 
the mixer under test. Figure 3 shows a 
test setup for mixer measurements us-
ing the reference mixer method.

The measurement yields the mix-
er’s phase and group delay relative 
to a reference mixer that was used in 
place of the mixer under test in order 
to calibrate the test setup. The refer-
ence mixer is often assumed to have 
ideal characteristics, so the phase and 
group delay of the mixer under test 
are measured relative to the reference 
mixer. With many mixers, the assump-
tion that they have ideal characteris-
tics is justified, as they exhibit a group 
delay variation of less than 1 ns, which 
corresponds to a rather linear phase 
versus frequency.

As has been mentioned, correct 
information transmission does not 
depend on absolute group delay, but 
on the deviation of the group delay 
from a constant value within the rel-
evant frequency range. The reference 
mixer method is, therefore, sufficient 
in most cases. However, this measure-
ment technique cannot be used with 
DUTs whose LO cannot be accessed.

s Fig. 2  The terms  = 2 – 1 and f = 
f2 – f1 for calculating group delay.

f1 f2

�f

��

�

�1

�2

s Fig. 3  Test setup for mixer meaurements using the reference mixer method.
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s Fig. 4  Group-delay measurement using the two-tone method.
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and digitized. In the digital signaling 
processing (DSP) stage, the signal is 
down-converted to DC by means of 
a numerically controlled oscillator 
(NCO) and fi ltered. For the two-tone 
method, each receiver of the network 
analyzer requires two digital mixer 
and fi lter stages with two independent 
NCOs. This allows the magnitude and 
phase relationships of two carrier sig-
nals to be determined simultaneously 
in each receiver and used to calculate 
the group delay. This is shown in Fig-
ure 5.

The signal paths within the net-
work analyzer contribute to the mea-
sured group delay. This effect can be 

One possible ap-
proach in such cases 
would be to provide 
the reference mixer 
LO by means of an 
external generator, 
and set the LO’s 
frequency as closely 
as possible to that 
of the DUT’s in-
ternal LO. In most 
cases, though, this 
approach does not 
yield suffi ciently 
stable results. How-
ever, the new two-
tone method deliv-
ers reliable results, 
regardless of the sta-
bility of the DUT’s 
LO.

THE TWO-TONE 
METHOD

This method 
stimulates the DUT 
with a two-tone sig-
nal, whereby the 
network analyzer 
measures the phase 
difference between 
the two carriers, 
both at the input 
and the output of 
the DUT. From the 
resulting phase dif-
ferences and the 
carrier frequency 
offset, the analyzer 
calculates the group 
delay in the same 
way as in the classic 
S-parameter mea-
surement.

Figure 4 illus-
trates group delay 
measurement using the two-tone 
method. The frequency offset, ∆f, be-
tween the two carriers corresponds to 
the frequency aperture in S-parame-
ter measurement.

τ ϕ
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To measure the phase between two 

signals with different frequencies, the 
signal is down-converted to the IF 

 Fig. 5  Digital front-end with two digital downconversion stages.
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measurements), the group delay and 
phase are very difficult to measure. 
Long cables are required to transport 
the RF signals from the DUT to the 
network analyzer, but they can result 
in significant losses, deteriorating 
the signal-to-noise ratio. In addition, 
phase errors will occur when the ca-
bles are moved as they have only lim-
ited phase stability.

These difficulties are avoided by 
measuring the group delay and rela-
tive phase using the two-tone method 
with two spatially separated network 
analyzers, which both need to be 
aware of the precise frequency offset 
of the two-tone signal. The frequen-
cies of the two NCOs are then set 
accordingly and the individual fre-
quency points read synchronously by 
the two analyzers. This solution makes 
it possible to measure the magnitude, 
group delay and phase of the trans-
mission coefficient without a coaxial 
connection. All that is required is a 
common reference frequency for the 
two network analyzers, which can be 

removed by a calibration that is based 
on a mixer with known group delay.

The two-tone method is particu-
larly suitable for measurements on 
frequency-converting DUTs because 
the frequency and phase fluctuations 
of the DUT’s internal LO cancel each 
other out when the phase differences 
between the carriers are determined. 
In addition to group delay, the relative 
phase as well as deviation from linear 
phase can be calculated by integrating 
the group delay and the derivative of 
the group delay by differentiating it. 
Together with scalar conversion loss, 
this method delivers all parameters 
necessary to characterize a DUT to 
determine transmission quality.

Test setup
To obtain accurate results, the two-

tone signal must be generated with a 
defined frequency offset. The ideal 
approach is to use the two internal 
sources of a four-port network analyz-
er. This ensures an identical frequen-
cy offset between the two RF carriers 
of the two-tone 
stimulating signal 
and the two digital 
oscillators (NCO). 
Using one of the 
network analyz-
er’s couplers, the 
two carriers are 
combined into a 
two-tone signal 
and fed back into 
the source path. 
The reference re-
ceiver measures 
the phase differ-
ence between the 
two input signals, 
which are then ap-
plied to the DUT. 
The DUT output 
signals are mea-
sured by the re-
ceivers at port 2 
(see Figure 6).

Measuring 
using two 
VNAs at 
separate 
locations

If the input and 
output of a trans-
mission system are 
located far apart 
(as in free-space 

s Fig. 7  Test setup with two network analyzers installed at separate 
locations.
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s Fig. 8  Test setup for measuring group delay and conversion loss on 
a microwave link.
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ing frequency. This test setup can be 
used to measure the conversion loss 
magnitude as well as the absolute and 
relative group delay.

After installation, the analyzers are 
connected to the LAN/LXI network 
and to a common reference frequen-
cy. The master displays the magnitude 
and the relative group delay of the 
transmission coefficient. If the ana-
lyzers are switched off after calibra-
tion, the displayed group delay will be 
shifted by a constant value relative to 
the actual group delay. If the analyzers 
remain switched on and connected to 
the reference frequency between the 

provided by means of radio-based 
modules, for example.

Figure 7 shows such a test setup 
where one network analyzer acts as a 
master, the other one as a slave. The 
master controls the slave via a LAN 
connection and processes and displays 
results. The two analyzers communi-
cate with each other using LAN mes-
sages in line with the LXI standard. 
They are connected to one another 
via a LAN router with an integrated 
DHCP server that assigns the IP ad-
dresses to the devices. Alternatively, 
the devices can use fixed IP addresses. 
The two analyzers can communicate 
over a distance of 2 
 100 meters. This 
is the maximum 
possible length of a 
LAN segment. For 
larger distances, a 
WLAN connection 
can be used.

In operation, the 
master generates 
the two-tone signal 
to be applied to the 
DUT and measures 
the phase differ-
ence between the 
two signals at the 
DUT input. It sets 
the receiver of the 
slave to the DUT’s 
output frequency. 
In the case of a fre-
quency-converting 
DUT, the output 
frequency differs 
from the input fre-
quency. The slave 
measures the phase 
difference between 
the two carriers at 
the DUT output 
and sends the data 
to the master, which 
calculates the con-
version loss and the 
group delay from 
the data received. 
This procedure is 
repeated for each 
frequency point.

The master sets 
the two-tone signal 
and its own receiver 
to the frequency to 
be measured, and 
also sets the slave 
to the correspond-

s Fig. 9  Relative group delay (a) and conversion loss (b) measured 
on a microwave link.
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s Fig. 10  Relative group delay (a) and conversion loss (b) after 
increasing the distance between the transmitter and the receiver by 
one meter.
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group delay deviation from a constant 
value, respectively. This means that a 
mixer with a constant group delay is 
suffi cient for calibration. The LO of 
the calibration mixer offsets the input 
frequency relative to the output fre-
quency by the same delta as the DUT 
does during signal up-conversion and 
down-conversion. For applications 
with identical input and output fre-
quencies, a non-frequency-converting 
through connection is suffi cient for 
calibration. Figure 9 shows the rela-
tive group delay and the conversion 
loss.

In a subsequent measurement, the 
distance between the transmit and 
receive antenna is increased by about 
one meter. Figure 10 shows that the 
relative group delay, or group delay 
response, remains the same, which 
was to be expected. The absolute 
group delay, however, increases by 3.3 
nanoseconds, which corresponds ap-
proximately to the electrical length of 
one meter.

SUMMARY
The two-tone signal method is ide-

al for measuring group delay on fre-
quency-converting devices that do not 
allow access to their internal LO. It 
accommodates measurements on test 
ports spaced a large distance apart, re-
quiring two vector network analyzers; 
a coaxial connection between the two 
analyzers is not needed and the ana-
lyzers communicate with each other 
via a LAN/LXI interface. 
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MEASURING A MICROWAVE LINK
The following example describes 

the process of measuring a microwave 
link based on an up-converter and a 
down-converter with inaccessible in-
ternal LOs. The input frequencies are 
different from the output frequencies. 
The magnitude of the conversion loss 
and the relative group delay are to be 
measured. Figure 8 shows the test 
setup.

For this application, it is suffi cient 
to measure relative group delay, or 

calibration and the measurement, the 
master will also display the correct ab-
solute group delay.

As has been mentioned, constant 
magnitude and group delay of the 
transmission coeffi cient are crucial 
to correct information transmission, 
whereas the absolute values of these 
quantities are not relevant to trans-
mission quality. It is, therefore, suf-
fi cient to calibrate the master and 
slave together once before they are 
installed at their respective sites.
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M odern microwave communication 
systems have to comply with hard 
requirements for small size, low 

cost and reduced power consumption. In or-
der to obtain a final system with such specifica-
tions, a commonly used approach is the combi-
nation of some functionalities of the system on 
a single circuit, reducing the number of com-
ponents and the final cost of the system.1

Doppler radars are widely used for vari-
ous purposes, including near distance motion 
detections. Examples include vehicle equip-
ment, measurement of water surface velocity, 
detection of acoustic vibrations, non-contact 
cardiopulmonary monitoring and proximity 
motion detection in which the system’s micro-
wave front-end consists of several components. 
Some examples are one or two antennas, a local 
oscillator, one or two hybrids and/or an isolator, 
a frequency mixer and bandpass filters.

In order to reduce the number of compo-
nents, hence to save on the size and cost of the 
Doppler radar, a self-oscillating mixer (SOM) 
could be adopted.2 There are various advan-
tages related to the self-oscillating mixer tech-
nique: cost is reduced, due to a lowered com-
ponent count and thus higher reliability, the 
more compact solution offers easier integration 
into monolithic microwave integrated circuits 
(MMIC) and the total power consumption is 
lowered.3

The performance limits in Doppler radar 
sensing depend mainly on mixer conversion 
loss at baseband, and phase noise of the local 
oscillator signal in the RF band.4 Hence, in this 

Jin-Su Kim and Hee-Yong Hwang
Kangwon National University,  
Chuncheon, South Korea
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2.45 GHz High Gain 
Self-Oscillating Mixer 
for Simple Short-Range 
Doppler Radar
A high gain self-oscillating mixer (SOM) for short-range Doppler radars, 
which meets the needs of simplicity, low power and low cost, is accomplished 
using a new optimization technique based on SOM’s constant gain curves 
similar to those of amplifiers. Using the optimization technique, the maximally 
optimized value for conversion gain and corresponding circuit parameters 
can be obtained. The measured conversion gain is up to 21.2 dB with one 
FET, which is the highest value reported to date. For the SOM, a microstrip 
slotted-square-patch resonator (SSPR) with a high quality factor is adopted. 
The SSPR-SOM, which emits a low power of −3.64 dBm with a microstrip 
patch antenna of 3.8 dB gain at 2.45 GHz band, shows good performance as a 
proximity motion detector.
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work, a Doppler radar is designed, 
based on SOM, for short-distance 
motion detections, with simplicity, 
low cost and low emitting power. For 
further reducing the cost and com-
plexity with the least degradation of 
performance related to the SOM’s 
phase noise, dielectric resonator is 
replaced with a new slotted-square-
patch resonator (SSPR), which is easy 
to fabricate. For maximizing the con-
version gain of the SOM, an optimi-
zation technique based on constant 
gain curves is carried out. The high 
conversion gain is helpful in reducing 
the emitted power from the Doppler 
radar.

Microstrip SSPR
Phase noise is one of the most im-

portant performance parameters of an 
oscillator. For a lower phase noise, a 
dielectric resonator (DR) is most fre-
quently used in microwave frequen-
cies because of its high quality factor. 
The DR however has higher cost and 
additional difficulties in properly posi-
tioning it on a post with the exact cou-
pling factor.

Figure 1 is the layout of the SSPR, 
which is a microstrip patch type reso-
nator with the effective wavelength of 
nλ/2 and a high Q-factor. The resona-
tor is designed by inserting the succes-
sive slot lines of the ratio of r = N/(N1) 
in the square patch, denoted as (a), 
(b), (c) and (d) in the figure. Hence, 
the lengths of (a) to (d) are L×r, L×r2, 
L×r3 and L×r4, respectively. The slot 
lines start from the center of one side, 
L, of the square 
patch and with the 
length reduced by 
the same ratio, r, 
until it reaches a 
given slot number 
or a minimum lim-
ited length that can 
be manufactured. 

Here, only four successive slots are 
used.

According to the chosen integer N, 
from 1 to 4 for L = λ/5, four resona-
tors with one λ electrical length were 
designed. Figure 2 depicts the results 
of simulations and measurements. 
The total slot length increases and the 
line microstrip width decreases  with 
N increasing, hence the resonance 
frequency decreases and the Q-factor 
decreases. The measured unloaded 
Q-factor was 154.1 for N = 1, which 
is approximately a 13.6 percent im-
proved value, compared to that of the 
conventional hair-pin resonator.5 The 
SSPR’s improved Q-factor is due to 
the adoption of a slotted-patch type 
resonator, which can inherently maxi-
mize use of the circuit space and also 
to use the wider line width of middle 
part in length of the resonator in 
which current flow is maximized. The 
simulations were performed using a 
commercial 3D electromagnetic sim-
ulator, HFSSTM. The substrate used is 
Teflon with a thickness of 0.762 mm, a 
relative dielectric constant of 3.48 and 
loss tangent of 0.003.

SOM Design
The RF-layout for the proposed 

SOM or SOM Doppler radar circuit 
is shown in Figure 3. A 50 Ω termina-
tion at the left end of the gate trans-
mission line, the self-bias circuit and 
the IF bandpass filter at the drain 
transmission line are not shown in the 

figure. The circuit was simulated using 
a commercial circuit simulator ADSTM 

with an HB-simulation test bench. A 
well-known transistor, NE3508M04, 
was self-biased near the pinch-off re-
gion (VDD = 3 V, VDS = 2 V, IDS = 3 
mA, VGS = −0.4 V).

A transistor oscillator with a one-
port negative-resistance is effectively 
created by terminating a potentially 
unstable transistor with an impedance 
designed to drive the device in an un-
stable region.  In the circuit model 
for a two-port transistor oscillator of 
Figure 4, the input and output reflec-
tion coefficients are generally given 
by Equations 1 and 2.6 Then the in-
put and output stability circles can be 
drawn as Figure 5, using the condi-
tions of |Γin| = 1 and |Γout| = 1.6
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The source transmission line L1 in 
Figure 3 was adjusted for a wider un-
stable region. The unstable region is 
inside of the input stability circle and 
outside of the output stability circle, 
which is region (b) in Figure 5.

s Fig. 1  Layout of the designed SSPR.
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s Fig. 3  RF layout of the designed SOM 
Doppler radar.
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points for the pairs of ΓT and conver-
sion gain, Gc, using a circuit simulation 
with ADS, gives the rough constant 
conversion gain curves outlined in the 
figure. For the simulations, the RF in-
put power was assumed to be −50 dBm 
at the antenna port. The maximum 
conversion gain can be seen to be ap-
proximately 24.5 dB and at this point, 
the related parameters were g = 0.1 
mm and L2 = 11.0 mm.

The change in the simulated opti-
mum conversion gain of the SOM as a 
function of the RF input power is shown 
in Figure 7. The variation of the con-
version gain is only 0.9 dB for RF input 
powers from −50 to −100 dBm, assum-
ing a short distance motion detector.

Measured Results
The optimized SOM for Doppler 

radar with a SSPR was fabricated 
as shown in Figure 8. The SSPR is 
13.8 × 13.8 mm and the total dimen-
sions of the SOM circuit were 32 × 

36 mm. The self-
oscillated output 
power of the SOM 
Doppler radar was 
measured using a 
spectrum analyzer 
(Agilent E4407B). 
It shows −3.64 dBm 
LO output power 
at 2.45 GHz. As 
shown in Figure 
9, the phase noise 
obtained is −107.86 
dBc/Hz at 100 kHz 
offset, which is com-
parable to a general 

On the other hand, the conversion 
gain, Gc, for a mixer is generally de-
fined by Equation 3. Here, PRF and 
PIF are the powers of the received RF 
signal and the corresponding IF sig-
nal, respectively. In order to obtain 
the maximally optimized Gc, constant 
conversion gain circles are drawn, 
which are similar to those of amplifi-
ers, according to ΓT.

G dB
P
Pc

IF

RF
( ) log ( )= 10 3

The gap, g, between the SSPR and 
the 50 Ω gate transmission lines, and 
L2, were changed so that the ΓT can be 
moved within the unstable region (b) 
of Figure 6. Then a conversion gain 
point for each change of ΓT can be ob-
tained. A systematic investigation of 15 

s Fig. 7  Simulated conversion gain as a 
function of RF input power.
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TABLE I
comparison of conversion gains

Ref. Frequency (GHz) IF Frequency Conversion Gain (dB)

[7] 2.5 about 50 MHz 8 to 13

[8] 5 to 6 
9.8 to 11.8 about 200 MHz 5 to 12

This work 2.45 about 120 kHz 21.15
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Conclusion
A simple, low 

cost and low power 
SSPR-SOM for 
Doppler radar is 
proposed. The pro-
posed SSPR and a 
very high gain self-
oscillating mixer 
(SOM) can replace 
the entire DR reso-
nator, LO, mixer 
and hybrids in a 
conventional Dop-
pler radar for the 
purpose of circuit 
simplicity, low pow-
er and low cost. The 
proposed constant 
gain curves, accord-
ing to the ΓS, give an 

extremely high constant gain of 21.2 
dB, compared to other works that 
have been reported. The SSPR-SOM 
of 32 × 36 mm, with a microstrip patch 
antenna is very simple, but works very 
well as a Doppler radar for short-dis-
tance motion detection. 
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oscillator. To measure the conversion 
gain accurately, −50 dBm RF power 
was driven, using a signal generator, 
and an IF power of -28.85 dBm was 
obtained at the IF port, which means 
that a 21.15 dB conversion gain was 
obtained. The measured conver-
sion gain of 21.2 dB of the proposed 
SSPR-SOM for Doppler radar shows 
an excellent performance, compared 
to other high gain SOMs,7-8 as sum-
marized in Table 1.

To observe the operation of the 
SOM Doppler radar working as a 
proximity motion detector, a sim-
ple aluminum metal plate target of  
30 × 30 cm, moving at a distance of ap-
proximately 2.0 m with a velocity of ap-
proximately 1.2 m/sec, was used. The 
detected IF shows a peak-to-peak volt-
age of approximately 5.0 mV and a Dop-
pler frequency of approximately 19.0 
Hz. Figure 10 shows an oscilloscope 
waveform at the IF port of the SOM 
Doppler radar when the motion is de-
tected. The antenna used is a microstrip 
patch antenna with a gain of 3.8 dBi.

s Fig. 9  Measured phase noise of the fabricated SOM Doppler 
radar.

Ref 0 dBm
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dB/
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Mkr1      100 kHz
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s Fig. 10  IF waveform of the proposed 
SSPR-SOM Doppler radar used as a motion 
detector.

GORE® Wire and Cable

When reliability,  
durability, and  
performance can be 
compromised by  
harsh environments,  
GORE® Wire and Cables  
offer the best solution.

gore.com/electronics

WIRE AND CABLE

When  
failure 
is not an  
option...

  8M35s FINAL.indd   43 7/21/11   4:19 PM

http://gore.com/electronics


Military Microwaves Supplement

A diplexer is an essential component 
in frequency-division duplex (FDD) 
wireless communication systems. 

Typical requirements of modern diplexers are 
compact size, good return loss, low insertion 
loss and high isolation between two passbands. 
Packaged diplexers are usually preferred be-
cause they can easily be integrated into trans-
ceiver subsystems. Therefore, the aim of this 
work is to present a complete design procedure 
of packaged microstrip diplexers suitable for 
commercial off-the-shelf utilization.

In the proposed diplexer, two passbands are 
centered at 10 and 15 GHz, respectively, and 
they have an identical bandwidth of 700 MHz. 
Some trade-offs have to be made between the 
circuit size and the electrical performance (such 
as isolation). The circuit size, however, has high 
priority in this work due to the limited area of 
the selected package. In the conventional de-
sign of diplexers, the two channels of bandpass 

filters (BPF) are de-
signed independently 
and subsequently com-
bined at the common 
input port for achieving 
the desired duplexing 
function through itera-
tive optimization. This 
design scheme would 
have two shortcomings 
if the transmitting and 
receiving passbands 
have a large frequency 
separation: one is the 

large circuit size occupied by two BPFs and 
the other one is design complexity due to the 
T-junction at the common input port P1. Its 
transmission response is frequency-dependent, 
especially over a wide frequency range, so the 
T-junction would have to be optimized with 
great effort so that it would not affect the per-
formance of two channel filters.

The concept of stepped-impedance reso-
nator (SIR) was proposed to specially arrange 
the harmonic frequencies of a transmission 
line resonator by adjusting its impedance and 
length ratios.1 Based on this concept, the T-
junction and the first resonators in two filtering 
channels can be replaced by one common SIR,2 
of which the fundamental resonance and first 
harmonic are allocated at two passbands, re-
spectively. This topology simplification is illus-
trated in Figure 1. As a result, the T-junction 
is removed and circuit size is greatly reduced. 
Furthermore, by using dissimilar resonators 
with staggered harmonic frequency allocations, 
it is possible to achieve a high rejection of spu-
rious passbands over a wide frequency range.3 
In the figure, blue and yellow solid nodes rep-
resent resonators of lower and upper bands, 
respectively, while different patterns indicate 
dissimilar resonators. Therefore, this work will 
take full advantage of these special features of 

Liang Han, Ke Wu,  
Xiao-Ping Chen and Fanfan He
École Polytechnique de Montréal, 
Montreal, Canada
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Packaged Microstrip 
Line Diplexer Using SIRs
A compact microstrip line diplexer is reported, which is integrated into a 
commercial off-the-shelf package for frequency-division duplex wireless 
communication systems. This diplexer is designed based on the concept of 
stepped-impedance resonators (SIR), offering twofold advantages. First, by 
making use of the first two resonant modes of an SIR, the first resonator in two 
bandpass filtering channels of the diplexer can be shared, so that the circuit 
size can be reduced greatly compared to the conventional design. Second, 
by adjusting the impedance and length ratios of different SIRs, high out-of-
band suppression can be achieved over a wide frequency range. The proposed 
diplexer is then assembled into a commercial package and measured with a 
customized test fixture. Both simulation and experiment show good results.

s Fig. 1  Topology simplification from conventional 
diplexer to SIR-based diplexer.
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SIR in order to develop a compact packaged diplexer with 
wideband harmonic suppression.

Design of the Microstrip Line Diplexer
Figure 2 shows the proposed diplexer combining two 

BPFs with a common resonator R1. The substrate of choice 
is RT/duroid 6010.2LM with a substrate thickness of 0.635 
mm and a copper thickness of 17 µm. Half-wavelength SIRs 
are chosen for all the resonators in order to avoid the use of 
grounding vias. A three-pole Chebyshev response is selected 
for both BPFs in order to reach 20 dB at-
tenuation at 10±2 GHz and 15±2 GHz. 
The 10 GHz BPF is composed of SIRs 
R1, R2 and R3, while the 15 GHz BPF 
consists of SIRs R1, R4 and R5.

In order to enlarge the stopband, the 
following frequency allocation scheme 
is adopted for designing the proposed 
diplexer. All the results in Table 1 are 
obtained from full-wave simulations.4 
From the table, it is evident that, on one 
hand, by introducing an impedance ratio 
larger than 1, the first two resonances of 
the common resonator R1 are allocated 
at 10 and 15 GHz, respectively. On the 
other hand, for all the other resonators 
(R2 to R5), their first harmonic frequen-
cies are set higher than twice of the fun-
damental resonant frequency by adjust-
ing their impedance ratios less than 1. 
Moreover, their harmonic frequencies 
are staggered, and as a result, spurious 
passbands can be suppressed over a wide 
frequency range. However, it should be 
noted that even when the impedance ra-
tios are the same for R2 and R3 as well as 
R4 and R5, their first harmonic frequen-
cies are different due to different length 
ratios of SIRs, as well as different parasitic effects of the 
microstrip bend or step discontinuities.

According to the design specifications, the following 
coupling matrices are synthesized for two passbands, re-
spectively.
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The external 
quality factor and 
the coupling coef-
ficients between 
resonators are 
subsequently ex-
tracted according 
to the synthesized 
coupling matrices 
using the method 
of Hong and Lan-
caster.5 In this pro-
cedure, attention 
must be paid to the 
following two as-
pects. The first one 
is that the diplexer 
should fit into the available area of the selected commercial 
package.6 Figure 3 shows an illustration of the package. It 
can be seen that the total dimension of the usable area in 
the package is only 11.51 × 10.49 mm, or 1.02 λg × 0.93 λg, 
where λg is the guided wavelength of the 50 Ω line at 10 
GHz. The second aspect is the input/output of the diplexer 
should be located at the exact position of the package leads 
in order to reduce the parasitic effects of the ribbon bond-

s Fig. 2  Diagram of the microstrip line diplexer.
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TABLE I
frequency allocation scheme of the SIRs

R1 R2 R3 R4 R5

Impedance Ratio 1.52 0.53 0.53 0.76 0.76

Fundamental f0 
(GHz)

10.0 10.0 10.0 15.0 15.0

Fundamental fh1 
(GHz)

15.0 28.0 24.5 >30 >30

s Fig. 3  Illustration of the commercial 
package.
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passband and better than 17 dB for the 
15 GHz passband.

After being analyzed in a full-wave 
simulator, the packaged diplexer to-
gether with the test fixture was proto-
typed and measured with three sub-
miniature version A (SMA) connectors, 
using a vector network analyzer (Anritsu 
37397C). A photograph of the fabricat-
ed prototype is given in Figure 6.

The measured scattering pa-
rameters are compared with the 
simulated ones in Figure 7. Good 
agreement is observed except for 
the increased insertion loss at the 
high edge of the 15 GHz passband, 

using the same substrate. The diplex-
er is assembled inside the commercial 
ceramic package with the support of 
two bonding ribbons on each lead.

A back-to-back transition between 
the 50 Ω microstrip line and the pack-
age is designed and optimized to 
achieve a good match between the two 
passbands. Two stages of impedance 
transformers are utilized with the sec-
ond stage meandered for reducing the 
circuit size. Figure 5 plots the simu-
lated performance of the back-to-back 
transition, and it shows that the return 
loss is better than 20 dB for the 10 GHz 

ing. A slight optimization was carried 
out, based on the initial geometrical di-
mension, in order to satisfy the design 
specifications and the final dimensions 
of the designed diplexer as listed in 
Table 2  for reference.

Prototyping and Results
Figure 4 shows a perspective view 

of the packaged diplexer together 
with the test fixture that is designed 

TABLE II
dimensions of the microstrip diplexer

Parameter Value (mm) Parameter Value (mm) Parameter Value (mm)

Lms1 3.59 Wr2 1.00 Lr41 0.57

Lms11 0.51 d12x 0.53 Lr42 0.53

Lms12 0.72 d12y 0.24 Wr4 0.52

Lr1 1.52 d23x 1.21 d14y 0.38

Wr1 0.77 d23y 0.18 d45x 0.64

Lr11 1.79 Lr31 0.81 d45y 0.64

Lr12 0.64 Lr3 3.76 Lr5 2.41

Wr 0.25 Wr3 1.02 Lr51 0.60

Lr2 2.13 Lms2 3.63 Wr5 0.51

Lr21 0.23 Lt2 0.15 Lms3 3.71

Lr22 0.89 Lr4 1.27 Lt3 0.18

s Fig. 4  Packaged microstrip line diplexer.
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s Fig. 5  Simulation results of the back-to-
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s Fig. 7  Comparison between simulated 
and measured S-parameters of the packaged 
diplexer: (a) S12 and S13 (b) S11 and S23.
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2.5 and 4.8 dB in the 10 and 15 GHz 
passbands, respectively. The addition-
al loss can be partially ascribed to the 
insertion loss of the SMA connectors, 
which is not included in the simula-
tions. Furthermore, if the diplexer is 
encased, the measured maximum in-
sertion loss in the 15 GHz passband 
is 4.4 dB, which means there is 0.4 dB 
radiation loss from the circuit itself.

It is shown in figure 7b that the 
simulated return loss of the common 
port P1 is better than 15 dB for both 
passbands while the measured return 
loss is better than 14.5 dB in the 10 
GHz passband and better than 12.5 
dB in the 15 GHz passband. In addi-
tion, the simulated isolation is higher 
than 23.5 dB over the entire frequen-
cy band of interest with a measured 
one better than 22 dB. The isolation 
can be further improved by allocating 
transmission zeros in the passband of 
the other filter.

Finally, the measured group delay, 
shown in Figure 8, tallies well with 
the simulated one. Both of them pres-
ent small in-band variation.

Conclusion
A compact packaged microstrip 

line diplexer is reported and good re-
sults are obtained in both simulation 
and measurement. This packaged di-
plexer is very compact and it can be 
directly and easily applied to wireless 
communication systems with frequen-
cy-division duplex mode. 
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which will be dis-
cussed below.

From figure 7a, it 
can be seen that in 
the simulation, the 
maximum in-band 
insertion losses are 
2.0 and 3.4 dB in 
the 10 and 15 GHz 
passbands, respec-
tively. However, the 
measured maximum 
insertion losses are 

s Fig. 8  Comparison of group delay between simulation and 
measurement.
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A irborne Early Warning & Control 
(AEW&C) is a broad term used to 
describe the airborne capability to 

detect air, land or water threats and direct a 
response, typically from a large distance. The 
radar, control and aircraft platforms are di-
verse but high performance semiconductor 
devices and electronic technologies enable 
them. The rationale behind airborne surveil-
lance is simple: the more you see, the more you 
know. High altitude aircraft and powerful ra-
dars achieve the “more-you-see” capability and 
sophisticated sensor, onboard processing and 
communications capabilities satisfy the “more- 
you-know” dimension.

Earlier versions of these capabilities were 
called Airborne Warning and Control System 
(AWACS) or Airborne Early Warning (AEW). 
In fact, one of the most widely deployed plat-
forms, the E-3 Sentry, has become commonly 
known as “AWACS.” These systems play a ma-
jor role on the modern battlefield by providing 
real-time intelligence and the control needed 
to maintain air superiority over the combat 
area. These platforms are not solely for war-

time use. Several nations devote resources ex-
clusively to enable surveillance of borders in 
peacetime.

Current airborne surveillance includes, not 
only detection, tracking and identification of 
targets, but also execution of actions that re-
sult from data derived from its suite of sensors. 
These actions may be offensive, like the control 
of other aerial assets (mainly interceptors), or 
defensive, like initiation of electronic coun-
termeasures. As the processing capabilities on 
these aircraft have increased, their control ca-
pabilities have also improved and expanded to 
the point where the mission is now exclusively 
AEW&C.

Airborne Early Warning and Control capa-
bilities provide a fundamental building block 
of a national defense or combat strategy. Until 
recently, design and development of AEW&C 
platforms had been the near-exclusive domain 
of U.S. military OEMs, but as countries ac-
knowledge the importance of the mission, more 

Asif Anwar
Strategy Analytics, London, UK
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tioning correctly at the right time. 
AEW&C aircraft also have individual 
electronic units for other systems, 
notably the fl ight controls and en-
gines. Collectively these represent a 
substantial opportunity for electronic 
components and associated hardware.

From an electronics perspective, 
even though the yearly increase in 
platforms is relatively small, the de-
ployed base is very large. The attrac-
tive aspect of this market is the devel-
opment time, longevity and expense 
of the airframe platform, which makes 
it uniquely suited to the upgrade 
market (see Figure 2). The most im-
portant system aboard the AEW&C 
platform is the main radar sensor. A 
typical AEW&C will have at least two 
radar systems: the main radar for the 
early warning functions and a smaller 
nose-mounted unit for general use 
in situations such as adverse weather 
alerts. New platform developments 
and upgrades are typically utilizing 
some form of phased array radar to 
perform these functions. There are 
two basic designations for electroni-
cally scanned arrays: passive and ac-
tive. The phased array concepts are 
identical for both types, but the imple-
mentation is different, with the main 
difference being the transmit power 
source. Older AEW&C platforms pre-
dominantly use passive arrays utilizing 
TWT-based power sources with ra-
dars in rotating rotodomes, while new 
platforms are increasingly making use 
of GaAs-based T/R modules in active 
arrays.

As an example, the E-3D Sentry, 
best known as the AWACS, uses an 
older Passive Electronically Scanned 
Array (PESA) radar that continues to 
provide several major air forces with 
a system well matched to their needs. 
The main radar antenna is located 

AEW&C development effort is being 
undertaken in other regions and coun-
tries, including Europe, Israel, China, 
India and Russia.

The market is thus growing along 
two paths: countries with mature ca-
pabilities will seek to upgrade to the 
latest technology to outpace threats, 
and countries with rudimentary or no 
capability will purchase new AEW&C 
platforms. As existing users expand or 
upgrade their coverage and new coun-
tries implement services, Strategy An-
alytics believes the number of planes 
in service will see a steady increase 
with upgrades and retrofi ts.

Strategy Analytics forecasts a mar-
ket growing to more than $52 B by 
2020 (see Figure 1). The total elec-
tronics content for radar, communica-
tions, computers, sensors and other 
related systems will increase over time 
as technology is upgraded, growing to 
$22 B.

All AEW&C platforms make ex-
tensive use of advanced electronics 
and component technology for radar, 
communications, EW, computer, sen-
sor and other related systems. The di-
versity of AEW&C platforms incorpo-
rates a range of technologies includ-
ing tubes, silicon/GaAs/GaN/other 
microelectronics and optoelectronics. 
The basic subsystems found onboard 
a typical AEW&C platform are as fol-
lows: 
• Radar
• Data processing
• Displays
 •  Identifi cation Friend and Foe (IFF)
 • Radio & Data Communications
 • Navigation
 •  Electronic Support Measures (ESM)
 •  Electronic Counter Measures (ECM)

These subsystems require a con-
trol system to ensure that all are func-

 Fig. 1  Cumulative AEW&C platform 
market to 2020.
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platform upgrade such a multi-layered 
decision process. As described, most 
of the earliest, most popular aircraft 
platforms were modified to incorpo-
rate rotating rotodomes. A discussion 
of modifications and trade-offs must 
often be viewed in the context of the 
entire AEW&C platform and whether 
the improved performance and capa-
bility of an AESA radar does not offset 
the cost of retrofitting the rest of the 
platform.

Changing focus to communica-
tions, information must be dissemi-
nated quickly and efficiently to all 
assigned agencies working with the 
AEW&C aircraft. The users of this 
information generally fall into two 
categories: onboard and external staff. 
In practice, the AEW&C platform is 
at the center of a three-dimensional 
network of forces ranging from relay 
satellites and ground stations to strike 
aircraft and other assets. Other on-
board communications capabilities 
include secure voice and data com-
munication systems.
•• �The Erieye has a secure voice and 

data link communications suite 
with HF and VHF/UHF links. The 
VHF/UHF data link operates at 
4800 bps.

•• �The Boeing Wedgetail has a com-
munications suite that includes 
three HF and eight VHF/UHF 
communications systems together 
with Link 4A and Link 11 systems.
AEW&C platforms must ensure 

that all communications are secure 
from enemy eavesdropping. To ad-
dress this issue, the Joint Tactical 
Information Distribution System 
(JTIDS) was developed and is now 
common to most airborne assets. An 
additional avenue to address this issue 
is AWACS systems providing anti-jam 
communication for information distri-
bution, position location and identifi-
cation capabilities.

As far back as 1989, an improved 
communication system named HAVE 
QUICK A-NETS was deployed to ad-
dress secure communications. This 
system provides secure, anti-jam con-
tact with other AWACS platforms, 
friendly aircraft and ground stations. 
It is also included in French and RAF 
systems. The AN/ARC-164 HAVE 
QUICK II radios are used for air-to-
air, air-to-ground and ground-to-air 
communications and are deployed on 

At the other end of the spectrum 
is the U.S. Navy E-2 platform, the 
most popular AEW&C plane in the 
world. The U.S. Navy has added in-
cremental improvements, the most 
recent implemented in the Hawk-
eye 2000. The Navy is also perform-
ing a major platform upgrade with 
the E-2D Advanced Hawkeye. This 
variant will revamp the radar and in-
clude the Northrop Grumman APY-9 
AESA based radar. Its new rotodome, 
developed by L-3 Communications 
Randtron Antenna Systems, will pro-
vide 360-degree scanning capability in 
a hybrid mechanical/electrical scan-
ning arrangement.

In an AESA implementation, 
each element is driven by a transmit/
receive (T/R) module. These T/R 
modules contain solid-state MMICs, 
typically GaAs for the transmit/re-
ceive paths and silicon for the control 
functions with future trends pointing 
toward GaN technologies being used 
in conjunction with SiGe.

Development time, cost, mission 
and radar performance are just a few of 
the trade-off characteristics that make 

inside a rotating rotodome mounted 
above the spine of the aircraft. This 
rotodome contains several systems, 
primarily the Northrop Grumman 
AN/APY-1/2 search radar on one side 
of a 30-foot long beam structure and, 
on the other, a set of aerials for the 
IFF AN/APX-103 interrogator, sup-
plied by the Telephonics Corp., and 
data-link fighter-control (TADIL-C) 
antennas. A dual klystron-based am-
plifier system inside the fuselage gen-
erates the RF power that is sent to the 
antenna array via waveguides.

There have been several upgrades 
to this program, but there is no plan to 
replace the PESA radar with a solid-
state Active Electronically Scanned 
Array (AESA) radar. One of the big-
gest upgrades for the AWACS was the 
Radar System Improvement Program 
(RSIP) that has been referred to as 
“Sharpening the Eye of the Eagle” 
and replaces aging original equipment. 
RSIP was a joint U.S./NATO develop-
ment program involving major hard-
ware and software-intensive modifica-
tion and costing $1.2 B for the 32 U.S., 
17 NATO and seven UK E-3 aircraft.
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across the board include a move to-
ward higher frequencies and wide-
band performance, driven by a need 
to have multi-mode, multi-band capa-
bilities that will enable these radios to 
act as nodes in the total battle space. 
This is coupled with an increasing em-
phasis on data and efficient spectrum 
use that will drive linearity require-
ments as well as the continued devel-
opment of SDR and cognitive radio 
capabilities. While Si-based power 
amplifiers are the incumbent technol-
ogy, these factors will provide oppor-
tunities for other RF technologies that 
can couple high power outputs with 
wideband performance, linearity and 
higher efficiencies.

Electronic Support Measures 
(ESM) provide for a passive detec-
tion, electronic surveillance capa-
bility to detect and identify air and 
surface-based emitters. The ESM 
system passively detects signals from 
hostile, neutral, friendly, and un-
known emitters and identifies tar-
gets, augmenting present on-board 
sensors. ESM equipment consists 
of sensitive direction finding radar-
warning receivers coupled to an 
extensive software threat library to 
permit the calculation of bearing and 
type tracks. These are made available 
in a format readable by the data pro-
cessing software, allowing the opera-
tors to passively identify sources of 
transmission, oftentimes at ranges 
nearly double those of active radar 
and with useful receive sensitivity.

Electronic Counter Measures 
(ECM) are now considered essen-
tial for all military and even some 
chartered civil aircraft. There may 
be times when high-value platforms, 
such as AEW&C, will have to rely on 
self-defense when enemy fighters or 
missiles get too close. Lacking offen-
sive armament, the AEW&C relies 
on special ECM and electronic coun-
ter-countermeasures (ECCM) to 
confuse and deflect incoming threats. 
The concept of Smart Jamming, for 
example, involves detecting the on-
coming missile, classifying it by iden-
tifying its seeker signature and then 
sending a jamming signal in a particu-
lar band to break its lock. These types 
of concepts are leading to what may 
be described as a “no-channel” con-
cept in which the systems are tasked 
with looking at a complete frequency 

quires additional computer memory 
to anticipate new ESM and future en-
hancements. The Class 2H JTIDS ter-
minal is a secure digital communications 
system that allows E-3 crew members 
to communicate with other participants 
such as fighter aircraft, Navy units and 
ground-based units during air battle. It 
has a capability to identify units using 
common points of reference.

Looking at the communications 
systems in general, common trends 

all Army rotary wing aircraft. By 2007, 
nearly all U.S. military aircraft had ad-
opted HAVE QUICK. Improvements 
include HAVE QUICK II Phase 2, 
and a “Second generation Anti-Jam 
Tactical UHF Radio for NATO” called 
SATURN. The latter features more 
complex frequency hopping.

Another system called enhanced 
TADIL-A Link-11 ensures high speed 
exchange of radar information. Also 
known as TADIL-J, or Link-16, it re-
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see increasing penetration of the 
radar, EW and communications 
systems as phased array capabilities 
are coupled with digital receivers.

•• �GaAs offers a strong mix of power, 
frequency and linearity capabili-
ties that have driven the use of this 
technology but still has limitations 
compared to TWT capabilities.

•• �TWTs offer the broadest frequency 
operation, very high efficiencies 
and reliability coupled with high 
power but scaling can be an issue, 
depending on the platform.

•• �GaN appears to offer the best solu-
tion in terms of power, efficiency, 
wide frequency operation and re-
liability though linearity can be an 
issue.
The AEW&C platform is a good 

example of the trends in the defense 
industry that will drive demand for RF 
technologies. For communications, 
electronic warfare and radar systems, 
both in AEW&C as well as in the 
broader defense sector, capabilities 
are expanding around specific param-
eters such as broadband performance, 
power, linearity and digitization. No 
one semiconductor technology solu-
tion will singularly satisfy every sys-
tem requirement, and we will see dif-
ferent technologies used side-by-side 
depending on the requirements of 
the system and platform. While global 
economics have forced governments 
to rethink defense priorities, the de-
sire for technology differentiation will 
lead to continued opportunities for 
electronic systems and the enabling 
of semiconductors in both emerging 
platforms as well as through upgrade/
retrofit channels. 

Asif Anwar is a Program Director within 
the Strategic Technologies Practice at 
Strategy Analytics. He develops insights 
and analysis in the advanced electronics 
markets through research into key sectors, 
including defense and aerospace, wired 
and wireless communications, automotive 
systems and consumer electronics. 
Anwar’s career spans both engineering 
and marketing roles in the metals, 
minerals and electronics industries. He 
graduated from the University of Teesside, 
UK, in 1993 with a B.Eng Honours degree 
in Chemical Engineering and is a member 
of the IChemE and IEEE.

•• �Si LDMOS/MOSFET technolo-
gies provide good saturated power 
capabilities, but have a relative 
limited frequency range. While op-
erating along the same frequency 
ranges, SiC offers higher power.

•• �SiGe offers broader frequency ca-
pabilities, but is limited in power. 
However, the integration capabili-
ties will see SiGe used in the re-
ceive function while SiGe-based 
ADC and DAC components will 

range resulting in multiple channels 
being handled by one receiver. For 
jamming applications, this has to be 
coupled with high power capabilities 
across the frequency range and this 
has opened the door for GaN-based 
systems in this area.

The enabling RF technologies, of 
which there is a wide range, include 
Si, SiGe, GaAs, GaN as well as TWTs.
Each technology offers specific advan-
tages.
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Harmonic Mixer Primer
To overcome frequency limitations in avail-

able instrumentation, frequency extension ac-
cessories based on harmonic mixer technology 
are used to down convert the mm-wave spec-
trum into the signal analyzer’s bandwidth for 
analysis. In a typical external mixer setup, the 
harmonic mixer bridges the gap between the 
mm-wave output from the DUT and the lower 
frequency spectrum analyzer input (see Figure 
1). In this way, the harmonic mixer provides 
the enabling technology for mm-wave mea-
surements. This setup functionally relies on an 
external mixer option in the spectrum analyzer 
for the necessary LO and IF interconnects to 
the harmonic mixer and automatically displays 
the desired signal parameters. Once connect-

ed, the nth 
h a r m o n i c 
of the LO 
frequency 
mixes with 
the mm-
wave fre-

quency (RF) to produce the predefined IF fre-
quency. The conversion loss of the harmonic 
mixer is proportional to the multiplier factor, 
n. This popular setup depends on a diplexer for 
signal separation, which can be either external 
or internal to the spectrum analyzer.

With an external mixer option, the harmonic 
mixer operation with the spectrum analyzer is 
transparent to the user. The harmonic mixer 
with waveguide interface can conveniently con-
nect to the mm-wave output of the DUT or to 
a waveguide antenna. On the opposite side of 
the harmonic mixer, a reasonable length coaxial 
cable (such as 1 meter) offers efficient access to 
the spectrum analyzer, including the diplexer. 
After selecting the corresponding waveguide 
band on the spectrum analyzer, engineers can 
use their familiar instrument to conduct mm-
wave measurements on their DUT. For ac-
curate amplitude measurements, additional 
offset features are available in the spectrum 

David J. Vondran
OML Inc., Morgan Hill, CA
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Extending Millimeter-
wave Measurement 
Systems with Harmonic 
Mixer Technology
Emerging applications in the millimeter-wave (mm-wave) band, which 
occupies the 30 to 300 GHz spectrum (wavelengths from 10 to 1 mm), 
now span radio astronomy, communication, imaging, space research and 
homeland security. Market forecast and limited available spectrum suggest 
that attractive growth is just over the horizon. Most engineers extend their 
existing test equipment into this mm-wave spectrum with frequency extension 
accessories based on harmonic mixer technology.1 The purpose of this article 
is to provide an overview of the low cost harmonic mixer technology (retail 
pricing is currently between $2,000 and $6,000 USD) and to present practical 
tips on how to apply this commercially available down conversion technology 
to spectrum analysis.

s Fig. 1  The harmonic mixer converts the DUT mm-wave (RF) to a 
predefined IF frequency.
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trum analyzer, harmonic mixer and 
diplexer (see Figure 2). Cabling is 
efficient and unobtrusive. The inlay 
shows the close-up interconnects be-
tween the diplexer and the IF and 
LO inputs provided with the external 
mixer option.

As background, the spectrum ana-
lyzer’s external mixer option enables 
substitution of the harmonic mixer for 
its own RF front-end design to over-
come the mm-wave measurement 
limitation. After substitution, the later 
stages in the spectrum analyzer’s re-
ceiver chain are still utilized for the 
remaining signal analysis capabilities. 
Harmonic mixer suppliers use spec-
trum analyzer manufacturer’s desig-
nated LO, IF, and multiplier factor 

analyzer to manually compensate for 
the conversion loss of the harmonic 
mixer. In this way, this frequency ex-
tension accessory offers an attractive 
value proposition to engineers with 
mm-wave requirements.

A typical mm-wave measurement 
setup includes the microwave spec-

s Fig. 2  A typical mm-wave measurement 
set-up.

s Fig. 3  Popular 50 to 325 GHz mm-wave spectrum by waveguide bands.
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RECTANGULAR WAVEGUIDES
Below 50 GHz, commercially avail-

able instrumentation using coaxial con-
nections are available for convenient 
and affordable signal analysis, as well 
as reasonable cable losses. Over the 50 
GHz threshold, rectangular waveguide 
is often implemented for its low-loss 
transmission of mm-wave frequen-
cies. In particular, popular waveguide 
band segmentation allows engineers 
to translate their application into the 
proper frequency extension accessory 
that is based on these same industry 
standard waveguide terminologies.

Figure 3 also contains the key rect-
angular waveguide information for the 
TE10 propagation mode, including the 
aperture size, both dimensionally and 
visually, for relative comparisons. The 
cutoff frequency indicates the frequen-
cy above which electromagnetic energy 
will propagate in the corresponding 
waveguide. The dimensions are pro-
portional to the wavelengths, which 
decrease with higher frequencies. The 
multiplier factor (n) is a harmonic mixer 
value chosen by the analyzer manufac-

turer that down con-
verts the millimeter 
to the microwave 
spectrum for easier 
analysis in modern 
spectrum analyzers.

MEASUREMENT 
EXAMPLE

For most con-
venient readouts, 
modern spectrum 
analyzer features can 
compensate for the 
external harmonic 
mixer attributes, so 
amplitude and fre-
quency readouts are 
accurate. For ampli-
tude readouts, the 
harmonic mixer man-
ufacturer supplies 
the typical amplitude 
correction factor 
(that is conversion 
loss) value, which is 
largely infl uenced by 
the nth harmonic of 
the LO signal needed 
to down convert the 
RF to the predefi ned 
IF for signal analysis. 
As one might expect, 
the conversion loss 

to characterize their harmonic mixers 
(with bias, if available).2 The correc-
tion process is easy to implement us-
ing the supplier’s fi nal test data.

Once connected, the harmonic mix-
er design down converts the RF signal 
by mixing the nth harmonic of the LO 
to generate the predefi ned IF of the ex-
isting instrument. The RF input and the 
harmonics from the LO drive the mix-
er to produce the IF that satisfi es the 
equation n(LO) – (RF). As an example, 
the high performance spectrum analyz-
er with predefi ned IF of 321.4 MHz has 
multiplier values that can range from 
n = 14 for WR-15 to n = 48 for WR-03 
(see Figure 3).3 Typically, fi rmware au-
tomatically handles the multiplier factor 
so the displayed start and stop frequen-
cies are the desired mm-wave RF spec-
trum. In addition, offset compensation 
is possible so displayed amplitude cor-
rects the conversion loss of the harmon-
ic mixer. In a typical measurement sce-
nario, the display readout offers actual 
results with real-time updates when us-
ing the harmonic mixer technology with 
the spectrum analyzer.

 Fig. 4  Representative conversion loss of a single unbalanced 
harmonic mixer.
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avoiding input compression. Using 
Figure 1, apply this “reference” RF sig-
nal to the input of the harmonic mixer 
and complete the LO and IF connec-
tions to the spectrum analyzer (an ex-
ternal diplexer may be necessary). Af-
ter properly confi guring the spectrum 
analyzer for external mixer operation, 
the readout will display a measured 
value that includes the reference signal 
level and the harmonic mixer’s conver-
sion loss. By entering the conversion 
loss as an offset, the spectrum analyzer 
will display the corrected power level.

MEASUREMENT 
CONSIDERATIONS

The following factors should be 
considered by test engineers when us-
ing harmonic mixers to extend their 
measurement system into mm-wave 
frequencies:

Damage Level: The maximum in-
put power is typically  20 dBm, where 
nominally +15 dBm is allocated to the 
LO signal. Maintaining composite 
power levels below +20 dBm ensures 
damage will not occur to the harmonic 
mixer diode(s).

Linearity: Mixers are inherently 
nonlinear devices, so careful selection 
of power levels will help optimize the 
results. Position measurements in the 
linear input range, which, practically 
speaking, mean to avoid applying in-
put signals within 10 dB of the 1 dB 
compression point. Below -30 dBm 
input power, single diode unbalanced 
harmonic mixers typically provide 
both accurate and repeatable mea-
surements when using high perfor-
mance spectrum analyzers.

Mixer Topology: Balanced mixers 
are popular for their increased linear-
ity performance. However, they also 
fundamentally limit harmonic mixing to 
only even products due to the balanced 
properties in this topology. This may be 
a good selection as long as the spectrum 
analyzer utilizes even harmonic mul-
tipliers in their external mixer option. 
In contrast, the single diode mixer of-
fers more versatility to use both even 
and odd products with less LO power, 
which are the reasons for their popular-
ity in mm-wave applications. The single 
diode topology also requires bias, which 
can be useful to “peak” responses and 
further optimize results.

Image Rejection: There will be 
numerous mathematical intersections 
occurring where these harmonic cur-

analyzers, due to different settings for 
LO, IF, and multiplier factors. For sim-
plifi ed frequency readouts, the spec-
trum analyzer contains preset settings, 
selectable by waveguide band, to com-
pensate for the multiplication factor so 
the frequency scale reads RF instead of 
LO or IF.

Independently verifying the op-
eration of the harmonic mixer requires 
a mm-wave source with a known power 
level. Simply set the RF source to a val-
ue in the harmonic mixer’s linear range 

increases with higher multiplier val-
ues. Figure 4 shows the representative 
conversion loss of a single diode, unbal-
anced harmonic mixer versus the mm-
wave frequency range for the Agilent 
PSA Signal Analyzer (model E444xA). 
As predicted, the multiplier factors are 
overlaid with the typical conversion loss 
values to show how conversion loss in-
creases with the multiplier value. These 
results are typical for the predefi ned 
LO, IF capabilities of the PSA. Results 
may vary when using other spectrum 

  8M34s FINAL.indd   68 7/21/11   4:15 PM

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


You work in all kinds of conditions, 
so should your spectrum analyzer.

Worst-case scenario: You’ve got minutes to 
troubleshoot RF interference that has shut 
down communications on the ground, at dusk, 
in the desert. 

Best-case scenario: You’ve got the only 
spectrum analyzer with benchtop performance 
in a lightweight MIL-PRF 28800F Class 2 
compliant handheld — with secure erase 
to keep classifi ed data classifi ed.

That’s thinking ahead.  That’s Agilent.

Handheld Spectrum Analyzers (HSA)
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3.6 kg 
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figure). As a tip, it is important to ana-
lyze after external mixing (taking into 
account the conversion loss) whether 
sufficient dynamic range (that is sig-
nal-to-noise ratio) exists in the spec-
trum analyzer for accurate measure-
ments. Generally speaking, accurate 
measurements require greater than 
10 dB signal-to-noise ratio.

Diplexer Characteristics: The 
diplexer is essential to the successful 
operation of the harmonic mixer, espe-
cially in single diode harmonic mixers. 
Although it is more convenient when 
the diplexer is integrated into the spec-
trum analyzer, this is not always the case. 
For example, the Agilent PSA (model 
E488xA) requires an external diplexer 
as part of its external mixer setup. In this 
case, the predefined IF is 321.4 MHz 
and the available LO range is 2.9 to 7 
GHz. The diplexer design for external 
mixing is optimized for signal separation 
and harmonic mixing performance at the 
predesigned IF and available LO range 
of 2.9 to 7 GHz and will ensure these fre-
quencies will flow unimpeded and with 
adequate signal separation to optimize 
performance for mm-wave spectrum 
analysis (see Figure 5). The diplexer 
characteristics are occasionally worth-
while to consider in the setup because 
they constitute hardware constraints.

Summary
The harmonic mixer technology 

enables the practical measurement of 
millimeter-wave signals. This primer 
describes harmonic mixer technol-
ogy, including the typical conversion 
loss versus the millimeter waveguide 
bands for single diode harmonic mix-
ers. This primer and tips will ensure 
that engineers can explore the mm-
wave frontier using the terminologies 
and frequency extension accessories 
as practical tools. This technology 
is also the foundation for additional 
frequency extension accessories de-
ployed in mm-wave signal generation, 
scalar, and vector network analysis. 
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Conversion Loss and Dynamic 
Range: Frequency extension using 
harmonic mixer technology is a valu-
able tool for measuring fundamental 
characteristics of mm-wave signals, 
but not without some trade-offs. As a 
general observation, the higher con-
version loss versus higher frequency 
behavior reduces measurement dy-
namic range and might be an obsta-
cle when measuring low-level signals 
(such as intermodulation distortion 
products, discrete spurious or noise 

rents, m + n, combine to produce re-
sponses within the spectrum analyzer’s 
IF bandwidth. Furthermore, the stron-
gest of these IF responses can, in turn, 
be combined with other m + n products 
to produce additional IF responses. 
Do not be alarmed that the results on 
a spectral display look like a “picket 
fence.” Instead, most high performance 
spectrum analyzers offer “image rejec-
tion” features to eliminate “false” from 
the “desired” results, thereby simplify-
ing the signal analysis task.
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Modern radars often require the use 
of wideband waveforms to perform 
high resolution target imaging. In 

microwave systems, the bandwidth can be on 
the order of 1.5 GHz, while in UHF systems 
that typically operate between 200 and 500 
MHz, the waveform bandwidth might exceed 
200 MHz. A major issue in the operation of 
such systems is that they often overlap the 
spectrum used by other radars, and even the 
spectrum allocated for other types of systems, 
such as communications and navigation de-
vices.

Thus for the radar to operate using a wide-
band waveform, spectral notches must be in-
cluded that suppress the radiated signal by  
30 dB or more at frequencies allocated to other 
systems. One method, for a radar to generate 
such notches, is to interrupt the sweep of a 
linear FM (that is a CHIRP) pulse. While this 
method can be effective, it often results in a 
significant loss in radiated power as the trans-
mitter is turned off during the notching. The 

action of turning the transmitter on and off can 
also cause significant VSWR problems. Addi-
tionally, there are systems for which a modula-
tion, such as a phase coded or noise-like modu-
lation, is required.

To address these challenges, Technology 
Service Corp. (TSC) has developed software 
for the U.S. Army to generate constant enve-
lope amplitude, spectrally compliant, wide-
band waveforms. The waveform generation 
approach is based on constrained optimization 
theory. Such waveforms are currently being 
used in a state-of-the-art wideband UHF syn-
thetic aperture radar (SAR). Among the capa-
bilities of the software are the abilities to:
•• �Generate either constant amplitude pulses, 

or pulses with controlled leading edge rise 
times, trailing edge fall times and pulse en-
velope tapers.

Technology Service Corp.
Fairfax, VA
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us at 978-772-7774  or  
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60 GHz & E-Band Radio Links
We have more high-capacity 60 GHz millimeter wave radios commercially deployed than any other manufacturer. Our 
standard off-the-shelf GigaLink radio links at 60 GHz and in E-Band are now being marketed worldwide.  In addition, 
we have produced a number of variants of these radios for military and government usage, including analog links, 
custom antenna configurations, HDTV usage, etc.  Standard links are full duplex, operate at a data rate of 1.25 Gbps 
and have near-zero latency. Each link is bench and range tested for dynamic range and bit errors.
 

ADC/DAC Switch Matrix 
Renaissance Electronics Corporation has released a new DC to 500 MHz Switch Matrix with two inputs and six 
outputs. The 18A1NA will support the high level of integration required during qualification testing for digital and 
analog assemblies operating at microwave frequencies. 

Receiver Multi-Coupler
Renaissance Electronics’ Receiver Multi-Coupler Model #14A4NH is designed for next generation commercial 
wireless applications. With a very low noise figure, the signal-to-noise ratio of the system improves significantly. 
Redundant power supplies require less system maintenance and lower maintenance cost. This unit has been field tested 
for facilitating site expansion in a cost effective and timely manner.

Multi-Band Combiner
Renaissance Electronics has designed a multi-band combiner Model #18A3BAA for GSM 800/900/1800/1900 & 
UMTS frequency bands. This is ideal for in-building distributed antenna systems (DAS) where different operators 
require simultaneous coverage without interference.

35 GHz Integrated Transceiver
HXI produces two highly integrated transceivers to support the ground-based and flight units for a UAV landing 
system application.  The program has been in production for 5+ years using our parts.  The ground-based unit 
integrates 17 individual Millimeter Wave and IF circuit functions, including a 3.5W Ka-band power amplifier 
and a SP4T non-reflective switch matrix. 

Millimeter Wave Components
HXI offers a broad range of standard catalog components for use in prototyping new systems and for production 
requirements.  These components consist of single function modules that can easily be configured into subsystems 
using waveguide or coax connections.  The modules use mature technology such as GaAs MMICs and beam 
lead semiconductor devices, resulting in well established performance characteristics.  The use of many common 
stocked parts results in low cost and fast delivery.  Custom components include variations of many of our catalog 
products, such as LNAs, power amplifiers, frequency multipliers, mixers, switches and isolators/circulators.

Surface Mount Circulator
Renaissance Electronics has designed an innovative industry first coplanar Surface Mount Circulator in the frequency 
bands of 4.2 - 4.4 GHz (3SMH6NA) and 5.3 - 5.9 GHz (3SMH6NB) for radio and radar altimeter applications. This 
design is re-flow compatible and suited for pick and place manufacturing practices. This is a new addition to our 
surface mount designs.

Components and Integrated Assemblies

HDTV Link System for 3D HD Sports Production
Our GigaLink HD wireless system is the ideal solution for the most challenging temporary deployment applica-
tions where studio quality feeds are essential.  Dual channel operation supports 3D-HDTV, multiple camera 
feeds or as a redundant hot standby configuration for absolutely critical real-time acquisition.
 

The New Thinking in Wireless  Technology
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•• �Create multiple, narrow and wide 

spectral notches, both within and 
outside the radar waveform band-
width (notching in excess of 15 per-
cent of the signal bandwidth has 
been demonstrated).

•• �Pre-distort the signal that is input 
to the radar’s high power amplifier 
(HPA) to ensure that the requisite 
notches are preserved in the trans-
mitted signal.

•• �Generate mismatched pulse com-
pression filters that suppress (typi-
cally by 15 dB) the high range 
sidelobes created by the spectral 
notching.
The software produces the digital 

waveform coefficients (currently done 
offline) that are stored in the radar’s 
digital arbitrary waveform generator 
within nominally one minute. (This 
time could be shortened by many or-
ders of magnitude by re-hosting the 
code in a language such as C++ on an 
FPGA processor.)

SAR Waveform Example
The Tactical Reconnaissance and 

Counter-concealment Enabled Radar 
(TRACER) is a UHF SAR that is be-
ing developed by Lockheed Martin 
in Phoenix, AZ, for the U.S. Army •
CERDEC. For a waveform designed 
specifically for domestic testing pur-
poses, TRACER was required to 
incorporate four spectrum notches. 
There are three in-band notches 
centered at 243, 332 and 410 MHz 
with widths of 0.5, 6.8 and 20 MHz, 
respectively, and one out-of-band 
notch centered at 452.5 MHz with a 
width of 5 MHz. Figure 1 shows the 
notched spectrum of the resulting 
TRACER domestic testing waveform. 
The Lockheed measurements have 
thus confirmed that all of the spectral 
notches had depths of at least 40 dB 
when measured at the HPA output. 
(Note: The pre-distortion techniques 
described below were not applied to 
this waveform.)

Waveform Pre-distortion
In some radar systems, the trans-

mitter amplitude and phase character-
istics can degrade the spectral notch 
characteristics. To prevent this from 
occurring, waveform pre-distortion 
techniques that compensate for trans-
mitter effects have been developed. 
The waveform generation software 

s Fig. 1  TRACER waveform.
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105 Baylis Road, Melville, NY 11747 • Tel: (631) 777-8900
Fax: (631) 777-8877 • www.comtechpst.com

Comtech, the industry’s leader for solid 

state, broadband, high power amplifier 

systems, offers a new line of compact 

integrated systems for frequencies up to 

6 GHz and beyond. These systems combine RF 

and microwave components, such as LNAs, 

High Power Switches, Limiters, Directional 

Couplers, and Detectors, into a highly compact 

package. These units can be configured to your 

exact needs and are ideally suited for many 

defense applications. Contact us today with 

your requirements and specs...we’ll meet 

your needs and exceed your expectations.

Comtech...Simply More.

6 GHz and beyond. 

Couplers, and Detectors, into a highly compact 

package. These units can be configured to your Model BME25869-35
2500-6000MHz

35 Watt Power Amplifier System
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MISMATCHED FILTERING
When a signifi cant fraction of 

the waveform is notched, high pulse 
compression sidelobes result. This is 
shown in Figure 3 for the notched 
TRACER waveform presented in Fig-
ure 1. To reduce the sidelobes, the 
software also provides a mismatched 
pulse compression fi lter (MMF). As 
shown in Figure 4, the MMF sup-
presses the high range sidelobes 

mitter output very closely resembles 
the ideal spectrum. The output pulse’s 
envelope amplitude ripple was less 
than 0.1 dB. Thus, the pre-distor-
tion techniques should be effective 
in preserving the desired pulse am-
plitude and spectral characteristics. 
(Note:  Although there are no spectral 
notches in this example, simulated 
notched waveforms show similar per-
formance.)

uses the measured transmitter charac-
teristics to pre-distort the signal at the 
HPA input in a manner that preserves 
the desired characteristics at the out-
put.

For example, Figure 2 is a simu-
lated case where a transmitter having 
a steep spectral roll-off and a nonlin-
ear phase characteristic was modeled. 
Figure 2a shows the spectrum of a 
desired constant amplitude transmit 
pulse. Figure 2b shows the spectrum 
on the pre-distorted signal that was in-
put to the simulated transmitter. Fig-
ure 2c shows the resulting spectrum 
at the HPA output. As can be seen, 
the spectrum at the simulated trans-

 Fig. 2  Spectrum of desired signal.
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www.holzworth.com  
phone:  +1.303.325.3473  

waveform generation software can provide the capability 
of a wideband system to operate in complex RF environ-
ments and to address the requirements of both U.S. and 
host nation spectrum management organizations.

Technology Service Corp.,  
Fairfax, VA  
(703) 251-6419,  
lee.moyer@tsc.com, 
www.tsc.com.

by nominally 15 dB. The cost for achieving this sidelobe 
suppression is a 58 percent broadening of the 3 dB com-
pressed pulse width and a 2.0 dB SNR loss. These values 
are comparable to a weighting function (that is Hamming) 
that would typically be applied to a radar signal.

Summary
The Spectrally Compliant Waveform Generation Soft-

ware, which is a licensed TSC product currently being 
used by the Army’s TRACER program, has been used 
to support several other radar development efforts. The 

s Fig. 3  Matched pulse compression filter response for the notched 
TRACER waveform.
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s Fig. 4  Mismatched pulse compression filter response for the 
notched TRACER waveforms.
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100 MHz 

to 20 GHz

Isolators/Circulators

As one of the leading suppliers of ferrite  

components in the industry, UTE Microwave 

has pioneered  innovative designs, quality 

craftsmanship and exceptionally high quality 

products. Custom designs, standards...many 

of them off-the-shelf, are the result of  over 

35 years of experience in the industry. UTE 

Microwave continues this tradition with new 

products for ever changing applications. 

Our broad line of HIGH POWER, low loss  

circulators and isolators spans the spectrum 

from below 100 MHz in coax/stripline units  

to waveguide devices at 18 GHz for both  

peak and average powers.

Our “POWER-LINE” 
serves the
COMMUNICATIONS, 
TELECOM, 
MEDICAL, SCIENTIFIC, 
TV, PCS and 
INDUSTRIAL 
markets.

For Military / Radar
Applications.

Features:
• Power levels to 5 KW CW, 75 KW Pk. 

• Low Intermod Units 

• Low Loss Options 

• Extended Octave Bandwidths

• Power Monitors and DC Blocks

• Iso Filter-Monitor Assemblies

3500 Sunset Ave., Asbury Park, NJ 07712 
Tel: 732-922-1009  Fax: 732-922-1848
E-mail: info@utemicrowave.com

Contact us for more information on our extensive product line and current catalog. We accept Visa, MC, Amex

The following models are examples of our High Power units

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

Model No. Power Connectors Freq. Range

CT-1542-D 10 Kw Pk 1 Kw Av DIN 7/16 420–470 MHz

CT-2608-S 3 Kw Pk 300 W Av “Drop-in” 1.2–1.4 GHz

CT-3877-S 2.5 Kw Pk 250 W Av “Drop-in” 2.7–3.1 GHz

CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7–3.1 GHz

CT-1645-N 250 W Satcom N Conn. 240–320 MHz

CT-1739-D 20 Kw Pk 1 Kw Av DIN 7/16 128 MHz Medical

POWERHIGH

100 MHz HIGH POWER  Circulator for Medical, 
Scientific and Industrial applications

A new HIGH POWER Circulator suitable for FM Broadcast, 
Scientific and Medical applications is now available. The unit 
provides 10 MHz bandwidth in the 85–110 MHz spectrum.

Specifications are 20 dB min. isolation, 0.3 dB max. loss and 
1.25 max. VSWR. Operating power is 1 kW average and 25 kW 
peak. The 8-1/2" hex x 2" thick unit operates over a 15°–50° C  
temperature range. DIN 7/16 connectors are standard. Other 
units are available at higher frequencies.

HIGH POWER
Drop-in Series
A broad line of low loss HIGH 
POWER Drop-in circulators are 
available from VHF to Ku band 
including Kilowatt average power 
levels at VHF thru S band. L and 
S band radar are a specialty.  
A few of these are shown here.

A) 2.7–3.1 GHZ 1 kW pk, 100 W av

B) 1.2–1.4 GHZ 3 kW pk, 300 W av

C) UHF TV Band 5 kW pk, 500 W av

A.

B.

C.
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I n many electronic assemblies today, ther-
mal mismatch between the printed circuit 
board (PCB) and the ceramic components 

causes micro cracks in the solder joints. Sev-
eral factors contribute to these cracks, notably 
component size, temperature variation, PCB 
material and solder material. A common result 
of these cracks is intermittent failures during 
use. The failures are easy to detect, but hard 
to repeat. In commercial applications, we have 
all experienced this when a cell phone call is 
dropped, there is a skip in a YouTube video, 
or an Internet application is temporarily inter-
rupted. The impacts of these interruptions are 
usually trivial. In military applications, a mis-
sile loses its location or target, a soldier’s track-
ing device fails (leaving him temporarily “lost” 
or worse, not identified as “friendly”) or radio 
communication stops. In these applications, in-
termittent failures can be life threatening.

In the electronic components market, the 
standard package for an oscillator device is a 
ceramic surface-mount (SMT) 7  5 mm, 4 
or 6 pin package. There are tens of millions 
of these devices sold every year. In the com-

mercial market, where temperature variations 
are limited to −40° to 85°C, these oscillators 
are used in every type of application from  
SONET to LTE to test equipment. Their uni-
versal availability and small size make them 
ideal for most applications.

In military applications, where temperature 
extremes are much more demanding (−55° to 
125°C), the 7 × 5 mm package is “too big.” It 
seems crazy to think a part the size of the word 
“big” on this page is actually too big for an ap-
plication. The calculations are complicated, 
but the reason is simple; over these tempera-
tures, the PCB flexes more than the ceramic 
package. The weakest part of the assembly is 
the solder joint. To relieve the pressure of the 
stress, micro cracks form on the joint. If there 
is enough flex and enough cracking, the elec-
trical connection in the joint is “opened” and, 
for a moment or longer, the device stops func-
tioning. Once the temperature is reduced, the 

Valpey Fisher Corp.
Hopkinton, MA
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IMS is your optimal source for passive components!

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

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

• 11 Sizes- 0402 to 3725

• Values to 70dB 

• 1/2dB Steps to 16.5dB

• Solder, Epoxy or Wirebond Terminals

• Millions in Stock!

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

AlN Power Resistors & Terminations
N-Series
• Power Ratings to 380W

• Characterized to 40GHz

• 8 Sizes- 0505 to 3725

• Values to 10Ω to 2KΩ 

• Solder, Epoxy or Wirebond Terminals

• 4 Weeks Max Lead Time!

• Power Ratings to 380W

• Characterized to 40GHz

Ω
• Solder, Epoxy or Wirebond Terminals

IAX Series, V-Series & A-Series
• Power Ratings to 100W

• 11 Sizes- 0402 to 3725

• 1/2dB Steps to 16.5dB

• Solder, Epoxy or Wirebond Terminals

For ANY RF & Microwave application

50 Schoolhouse Lane Portsmouth, RI 02871 • Ph: (401) 683-9700 • Fx: (401) 683-5571 
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oscillator available that operates up 
to 160 MHz while maintaining a tem-
perature stability of 50 ppm. With 
supply voltages of 3.3, 2.5 and 1.8 V, 
a low power consumption of 12 mW 
and available Group A, B or C testing, 
the VFH3225 is a good fi t for applica-
tions where the environmental condi-
tions are demanding and the choices 
are limited.

The VFH3225 represents the latest 
technology achievement from Valpey 
Fisher. With more than eight decades 
of innovation in oscillators (includ-
ing special recognition in 1945 from 
General Eisenhower for the com-
pany’s contribution to the war effort), 
the company continues to design and 
deliver hi-rel/COTS products that en-
able a wide range of applications for 
military communications, munitions 
and guidance systems.

Valpey Fisher Corp., 
Hopkinton, MA 
(800) 982-5737, 
www.valpeyfi sher.com.

quarter the size of the 7 × 5 mm pack-
age, or the size of the “b” in the word 
big, it is small enough that the thermal 
mismatch between PCB and ceramic 
is not signifi cant. In other words, the 
PCB does not fl ex enough to cause 
signifi cant stress on the solder joints 
to crack them. There is no need to 
add costly leads and designers are no 
longer restricted to using the larger 
packages with leads on them.

In addition to solving the thermal 
mismatch problem, the VFH3225 is 
the only military temperature range PCB returns to a normal state, the mi-

cro cracks fi ll in and the device begins 
working again.

Designers of military-grade sys-
tems are well aware of this phenome-
non and choose to design using larger 
packages (14 × 9 mm or greater) with 
leads on them. The leads “fl ex,” allow-
ing the PCB to move while the more 
rigid package remains stiff. In applica-
tions where a smaller component size 
is required, manufacturers have been 
challenged to create new package so-
lutions. Since 7 × 5 mm packages are 
not available with leads, one accepted 
solution is to braze or weld leads onto 
the package. The parts are manufac-
tured using the standard 7 × 5 mm 
assembly process and then have the 
leads attached using a brazing process 
(see Figure 1). The leads are added 
one at a time and the process is time 
consuming and tedious. It is also ex-
pensive, adding signifi cant cost to the 
devices. However, it works to relieve 
the thermal “mismatch” between the 
PCB and ceramic package.

The Valpey Fisher VFH3225 min-
iature hi-rel/COTS oscillator repre-
sents a signifi cant change for design-
ers of military systems. It takes advan-
tage of the latest package technology, 
a ceramic SMT 3.2 × 2.5 mm 4 pin 
package (see Figure 2). At just one 

 Fig. 1  Gull wing package (a) and J-lead 
package (b).

 Fig. 2  Valpey Fisher VFH3225 package 
compared to traditional 7 � 5 mm package.
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full input failure at rated power and op-
erates over a temperature range of −55° 
to +85°C. Input failure tolerance in-
sures that remaining transmitter(s) may 
continue to operate until the amplifier 
system can be properly shut down for 
maintenance. This small package size 
weighs 2.5 pounds and can be supplied 
with several connector options includ-
ing: N Female, 7/16 Female and SMA 

connectors. The model D9048 is also 
available as a RoHS compliant design.

The company offers extensive expe-
rience as a supplier to military platforms 
worldwide, with 0˚ combiners/dividers, 
dual directional couplers, 90˚ hybrid 
couplers and 180˚ hybrid combiners/di-
viders. These components can be used 
in military communications and EW 
applications, such as HF, VHF, UHF,  
S-band ground based, shipboard, air-
craft radar as well as commercial com-
munications, such as AM, FM, VHF, 
UHF, digital UHF and satellite radio.

 

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

Werlatone provides Non-
Coherent RF Combiner 
designs with proven heat 

dissipation techniques for broadband 
Non-Coherent Combining applications, 
such as combining two or more signals 
of differing power, frequency and/
or phase onto a single output. Model 
D9048 provides a four-way combining 
solution capable of handling 500 W CW 
output power while covering a full 20 to 
1000 MHz bandwidth. While provid-
ing exceptional port-to-port unbalance 
protection, this unit operates with only 
0.65 dB of insertion loss. Measuring just  
5" × 4.7" × 1.4", the model D9048 is 
more efficient and smaller than most 20 
to 500 MHz combiners in the market-
place today.

Designed for military and commer-
cial applications, this unit will tolerate a 

Broadband Combiner Provides 
Input Failure Protection

Find out how at www.tegam.com

SIMPLIFY
Power Sensor Calibration 
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High Frequency Performance Worldwide

SPINNER offers superior rotary joints and slip rings for:

■ Air traffi c control radars 

■ Civil applications
 automotive, satellite tracking

■ Defence applications
 air, sea, land

■ SatCom

■ Space applications

■ Fibre optic
 single channel, multi channel
 (up to 21 channels)

SPINNER is a global supplier for rotary joints and slip ring assem-
blies. With more than 50 years of experience in RF Design and 
Engineering, SPINNER is your ideal partner for customised solutions.
Our product range includes coaxial, waveguide and fi bre optic, single 
or multi channnel rotary joints, slip ring and media joint assemblies. 
Systems are available for all frequency bands.

SPINNER GmbH | |  Germany
ads@spinner-group.com
www.spinner-group.com

 SPINNER is a global leader in 
developing and manufacturing 
state-of-the-art RF components. 
Since 1946, the industries lea-
ding companies have trusted 
SPINNER to provide them with 
innovative products and out-
standing customised solutions.

Headquartered in Munich, and 
with production facilities in Ger-
many, Hungary, USA, China 
and Brazil the SPINNER Group 
now has over 1,300 employees 
worldwide.

Our subsidiaries and repre-
sentatives are present in over 
40 countries and provide our 
customers with an international 
network of support.

SPINNER||  ROTARY JOINTS

RPA – ARGENTINE PRIMARY 3D RADAR

RPA – 9 CHANNEL ROTARY JOINT 
WITH SLIP RING

ASR-S – AIRPORT SURVEILLANCE RADAR

ASR-S – AIRPORT SURVEILLANCE RADAR
6-CHANNEL INDUCTOSYN
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such as automotive collision avoid-
ance systems, millimeter-wave ra-
dar and GHz imaging.

Power consumption is dramatically 
reduced. For example, a 77 GHz am-
plifier can be made to consume three 
times less DC power than was pos-
sible with older technology. At the same 
time, noise is improved to levels exceed-
ing those of prior SiGe technologies as 
well as the results typically reported for 
III-V materials (minimum noise figure 
at 20 GHz is measured at less than 1 dB 
and at 40 GHz at only 2 dB).

For design support, SBC18H3 Pro-
cess Design Kits (PDK) include mm-
wave components such as a transmis-
sion-line toolbox, PIN diodes for RF 
switching, and support for small size 
MIM capacitors. PDKs are available 
for Cadence Virtuoso and Agilent ADS. 
TowerJazz offers a monthly MPW for 
quick and cost-effective prototyping of 
designs, and leading customers have 
already built initial SBC18H3 proto-
type designs through this MPW ser-
vice. The IP of high speed components 
from H2 and HX can be readily ported 
to the new H3 process since they are all 
in the same 0.18 µm node.

TowerJazz,  
Newport Beach, CA  
(949) 435-8000, 
www.towerjazz.com.

TowerJazz recently announced 
the company’s third-genera-
tion 0.18 µm SiGe technology, 

SBC18H3, offering transistors with 
240 GHz Ft and 260 GHz Fmax in 
a cost-effective and analog-friendly 
0.18 µm node. The technology is 
built on the same mature integra-
tion platform used for the compa-
ny’s prior two SiGe processes, which 
are currently in high volume pro-
duction (SBC18H2 at 200 GHz and  
SBC18HX at 155 GHz). The tech-
nology addresses next-generation 
needs for high speed interfaces 
in communication protocols, such 
as optical fiber, and high data rate 
wireless, by improving performance 
with reduced noise and power con-
sumption of key building blocks. 
SBC18H3 also targets applications 
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radial package measuring roughly 2.4 
inches in diameter by 0.28 inches thick, 
which allows for optimally short inter-
nal transmission line lengths to optimize 
port to port phase and amplitude match-
ing. Matching is within ±0.5 dB port to 
port on amplitude and ±10° on the phase 
at the high end of the band. Operating 

temperature range is −40° to +85°C and 
the unit can be hermetically sealed.

Paciwave has spent the last 16 years 
optimizing and refining its circuits, ma-
terials and processes and now is able to 
offer customers some of the best-per-
forming switches on the market. Paci-
wave’s ultra low loss switch technology 
is available throughout the entire line 
of switches from SP1T to SPNT, cover-
ing all the common frequency bands up 
to 40 GHz. Paciwave’s switch-related 
products, such as matrices, filter banks, 
calibration modules and integrated mi-
crowave assemblies, also feature ultra 
low loss switch technology.

Paciwave Inc.,  
Sunnyvale, CA (408) 745-0385, 
sales@paciwave.com, 
www.paciwave.com.

Paciwave has developed a new 
family of ultra low loss PIN 
diode RF switches for military 

and instrumentation applications that 
feature high switching speed, high iso-
lation and excellent VSWR. The model 
PSW10-0119-31-11 is a SP10T switch 
that covers the RF band from 1.5 to 
18.5 GHz, is TTL controlled by Paci-
wave designed integral driver, has in-
sertion loss of 4.0 dB maximum (3.6 dB 
typical), isolation of 80 dB minimum 
(85 dB typical), is reflective and has a 
switching speed of 30 ns typical. Power 
handling is on the order of +30 dBm 
CW, +33 dBm peak. Port return loss is 
10 dB maximum, 15 dB typical.

The unit is powered by ±5 VDC. Op-
tions include absorptive operation, high-
er power handling and low video tran-
sients. The unit is housed in a compact 

Ultra Low Loss PIN 
Diode RF Switches

A Clean Sweep
If your RADAR, IFF, EW, SIGINT or wideband data link system requires the cleanest signals,

ITT Microwave Systems has the solutions. By employing a variety of DDS techniques we
deliver premium RF and digital subsystems to US Defense primes. Our expertise is in very
low spurious, wideband RF synthesizers and RF waveform generators through 26 GHz, as

well as software controlled, wideband RF/Digital tuners and upconverters. 

Visit our website for more information. ITT Microwave Systems
978-441-0200

ittmicrowave.com
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W/mK. When used in an aluminum 
diamond MMC, the effective con-
ductivity remains over 500 W/mK, far 
higher than common heat spreader 
materials such as copper tungsten 
(200 W/mK), copper molybdenum 
(250 W/mK) and copper-molybde-
num-copper (350 W/mK). The MMC 
material with nickel-gold electrolytic 

or electroless plating can be made in 
the thicknesses required for use as 
a heat spreader and in virtually any 
shape and size typical of GaN HEMT 
or MMIC devices. It is available as a 
MMC material alone or incorporated 
within a package, allowing it to accom-
modate the specific needs of device 
manufacturers and package suppliers.

The aluminum diamond MMC 
products have been tested with a va-
riety of GaN devices and are proving 
well suited for solving the problems 
created by GaN’s extremely high pow-
er density. They are likely to be an es-
sential part of the solution for remov-
ing heat at the device level from high 
power RF and microwave amplifiers 
that will be employed in future gen-
erations of military electronic warfare, 
radar, and communications systems.

Nano Materials International, 
Tucson, AZ,  
www.nanomaterials-intl.com.

Nano Materials International 
has introduced aluminum 
diamond metal matrix com-

posites (MMC) for use as heat spread-
ers that can reduce GaN junction tem-
peratures by up to 25 percent, has a co-
efficient of thermal expansion (CTE) 
close to that of SiC and metallization 
well suited for die attach. They also 
have excellent dimensional tolerances 
and material stability. In addition, they 
can be economically produced in large 
quantities while adding a minimal cost 
to each GaN device.

Polycrystalline diamond has the 
highest thermal conductivity of any 
material, ranging from 1200 to 2000 
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WAVEGUIDE CAST BENDS & TWISTS

WAVEGUIDE FEED ASSEMBLIES

MONOPULSE COMPARATORS

ROTARY JOINTS

MICROWAVE FILTERS

ROTARY SWITCHES

WAVEGUIDE TO COAX ADAPTERS

WAVEGUIDE PRESSURE WINDOWS

COMMERCIAL WAVEGUIDE ASSEMBLIES

	Isolated	Contacts:	 30
	 Voltage:	 20-300	Volts
	 Current:		 .1	-	5	Amps

Slip Ring Assembly
	Two	Channels:	 14.4	–	15.4	Ghz
	One	Channel:	 9.7	–	15.4	Ghz
	 VSWR:		 <2.0:1
	 I.L.:	 <2.0dB
	 Isolation:	 >60	dB

RF Rotary Joint

Up to 30 channels.
Use MDL’s rotary joint to transfer 3 RF signals and a 30-channel slip ring for flawless DC transmission.  We make and 
assemble both components, so you’ll save labor and testing costs. And you’re assured of the highest quality and reliability 
from the leader in high quality cast components and waveguide packages.

You’ve never been in better hands.
Quality from CAD to crate, quick turnaround, and tight economy is what we’re all about. Call an MDL specialist today at 
800-383-8057 or do a little surfing of your own and visit us at mdllab.com.

Visit MDL at Booth #2519

Channel surfing.

Multichannel Coax Rotary Joint / Slip Ring Assembly

Slip RingRotary Joint
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Literature Showcase
Capabilities Brochure
This capabilities brochure features 
Aethercomm’s three major product 
lines: RF amplifier modules, RF 
subsystems and RF systems. The 
major classes of RF amplifier mod-
ules are broadband high power, 
linear high power and high power 
pulsed amplifiers. The products 
are employed in electronic warfare, 
radar and communication systems 
and other applications that require 
high power RF energy. Aether-
comm offers automated assembly 
and test capabilities, hybrid and 
MIC capabilities, custom product 
design and is ISO 9001:2008 and 
AS 9100 certified.  

Product Portfolio 

AWR Corp. dramatically reduces 
development time and cost for 
products employed in wireless, high 
speed wired, broadband, aerospace 
and defense, and electro-optical ap-
plications.   The 2011 version of its 
product portfolio – Microwave Of-
fice™, Visual System Simulator™, 

AXIEM® and Analog Office® – features electrical-thermal MMIC co-sim-
ulation design flow, simulation-state management technology, yield analysis/
optimization via a graphical shape-based manipulation approach, envelope 
simulator and asynchronous electromagnetic (EM) simulation support.  

Product Catalog
CPI’s Beverly Microwave Division 
(BMD) designs and manufactures a 
broad range of RF and microwave 
products for radar, communications, 
electronic warfare and scientific ap-
plications. CPI/BMD is the world’s 
largest manufacturer of receiver 
protectors and related products. 
Other product lines include mag-
netrons, TWTs, CFAs, transmit-
ter assemblies, scientific systems, 
high power solid-state switches 
and switch assemblies, pressure 
windows and a wide variety of mul-
tifunction components and integrat-
ed microwave assemblies.

Aethercomm Inc.,  
Carlsbad, CA  (760) 208-6002, www.aethercomm.com.

AWR Corp.,  
El Segundo, CA (310) 726-3000, www.awrcorp.com.

Communications & Power Industries (CPI),  
Beverly Microwave Division, Beverly, MA (978) 922-6004,  
www.cpii.com/bmd.

Antenna Test 
Solutions Brochure 

See how to lower antenna test 
times by as much as 80 percent, 
significantly improve measure-
ment sensitivity or replace exist-
ing 8530A-based solutions with 
higher performance and code 
emulation.

TVS Design Guide
Lightning strikes aircraft, helicop-
ters, UAVs and ships with a higher 
frequency than most people would 
believe. There also is the poten-
tial of a nuclear event that would 
propagate an Electro Magnetic 
Pulse (EMP) to consider. By us-
ing Transient Voltage Suppression 
(TVS) devices, the company can 
guard against the destructive en-
ergy spikes generated by lightning 
and EMPs. This guide will explain 
many of the considerations need-
ed to select the proper device to 
prevent EMP issues.

Amplifiers and 
Subassemblies
This 36-page catalog features more 
than 175 new amplifier products, 
including lightweight LNAs with 
drop-in or connectorized options. 
CTT’s expanded product offerings 
include gallium-nitride (GaN) 
monolithic-microwave-integrated-
circuit (MMIC) device technol-
ogy power amplifiers for wideband 
jammer applications and narrow-
band radar applications. A new 
line of rack-mount power ampli-
fiers operates from 0.5 to 31 GHz 
for wide or narrowband linear ap-
plications covering UHF through 

Ka-Band. Additional solid-state amplifier products have been introduced 
for use in a wide range of applications.

Agilent Technologies Inc.,  
Santa Clara, CA (800) 829-4444, www.agilent.com.

Carlisle Interconnect Technlogies,  
St. Augustine, FL (904) 829-5600, www.carlisleit.com.

CTT Inc.,  
Sunnyvale, CA (408) 541-0596, www.cttinc.com.
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For IMAs Narda offers technically superior 

IMA products using its new proprietary microwave 

multilayer circuits (MMC) technology with digital 

signal processing. These IMA products allow 

for extremely compact, densely populated 

modules, consistent with SWaP goals. Embedded 

microprocessors and FPGA devices make possible 

adaptive adjustments that compensate for system 

dynamics and environmental extremes.

For RF & Microwave Components 

Narda is recognized as the number one source for in-

stock catalog RF and microwave components, including 

Couplers, Power Dividers, Attenuators, Terminations, 

Phase Shifters, Detectors, Adapters, Electro-Mechanical 

and PIN Diode based control products.

For RF Safety Solutions Narda holds 95% 

of all patents for EMF measurement worldwide. This 

division specializes in personal and field measurement 

instruments and RF safety training and education.

stock catalog RF and microwave components, including 

Phase Shifters, Detectors, Adapters, Electro-Mechanical 
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Literature Showcase
Switch Catalog
Ducommun LaBarge Technologies 
has served the aerospace, defense, 
industrial and telecommunications 
markets for more than 40 years by 
providing RF components and sub 
assemblies.  Ducommun is a de-
sign and manufacturing company 
specializing in RF products, in-
cluding coaxial switches.   Its heri-
tage includes industry stalwarts as  
Dynatech (DMT) and DBP Mi-
crowave (DBP). It designs and 
manufactures RF coaxial switches 
covering the frequency range of 
DC to 50 GHz. In addition to RF 
coaxial switches, Ducommun de-
signs switch matrices, millimeter- 

wave components and integrated subassemblies. 

Connectors Product 
Catalog
Emerson Connectivity Solutions is 
a global manufacturer of connectiv-
ity products, specifically microwave 
components and cable assemblies, 
which support wireline & wireless 
communications, networking, RF/
microwave, test & measurement, 
broadcast, medical, military and 
industrial applications. The new 
kwiQMAte™ branded Johnson® 
product line catalog of QMA con-
nectors features a push-pull inter-
face allowing for more connectors 
per application. 

Ducommun LaBarge Inc.,  
Carson, CA (310) 513-7256, www.ducommun.com.

Emerson Connectivity Solutions,  
Bannockburn, IL (847) 739-0300, www.emersonconnectivity.com.

Filter Catalog 

This new short form catalog fea-
tures a sampling of the company’s 
RF and microwave filter products 
to 40 GHz utilized in military, 
commercial and wireless applica-
tions. The catalog also highlights 
some of the company’s diverse 
filter design and manufacturing 
capabilities.

High Power 
Broadband RF 
Amplifiers 

Empower’s Products and Capa-
bilities Guide is a comprehensive 
overview of the company’s capabili-
ties and a listing of its most popular 
amplifier products.  With products 
that cover from 150 kHz to 6 GHz 
and an extensive library of building 
block designs, there is an array of 
catalog standard and semi-custom 
solutions available.  This brochure 
will be especially useful for buy-
ers, sales representatives and en-
gineers.

Eastern Wireless TeleComm Inc.,  
Salisbury, MD (410) 749-3800, www.ewtfilters.com.

Empower RF Systems Inc.,  
Inglewood, CA (310) 412-8100, www.empowerrf.com.
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NEW

At Spinnaker Microwave, our products are
designed with one thing in mind – your specifications.

We pride ourselves on delivering quality signal
sources custom tailored to your unique application  –
military, industrial or commercial.

Contact Spinnaker Microwave today for the high-
performance microwave sources you can count on.

3281 Kifer Rd, Santa Clara, CA 95051 • Tel: 408-732-9828 • Fax: 408-732-9793 • www.spinnakermicrowave.com

Ultra-compact Converters from SpinnakerUltra-compact Converters from Spinnaker
Broadband Block Downconverter
• Model No. SCC-2040-X4
• Downconverts 20-40 GHz to 6-16 GHz
• Integrated LO, 1.0 Deg RMS Noise
• 4 Channels, Phased Matched
• Internal/External

Reference Switch
• Small 6”x 3.5”x 0.5” Module

Arbitrary Waveform Converter/Exciter
• Model No. SMS-ACX
• Supports up to 1 GHz Arbitrary Modulation
• Internal/External DAC or DDS Signal Generation
• 10 MHz to 14 GHz, Single Output
• -50 dBc Spurious
• Down to 1 μsec Tuning Speed
• Small 4.7”x 4.6”x 1.7” Package

NEW

spinnaker.ads_Ultra compact converters  7/19/10  7:15 PM  Page 1
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10 MHz to 67 GHz 
Components Catalog
ET Industries is a high technology, 
leading edge company special-
izing in the design, development 
and manufacture of the state-
of-the-art radio and microwave 
frequency, narrowband and wide-
band subsystems and components. 
The company was created with 
the sole purpose of assisting cus-
tomers to investigate and solve 
problems that are technologically 
advanced, and may require critical 
schedules for completion. ET In-
dustries, therefore, welcomes such 
programs. The company provides 

application-specific designs to meet special requirements of its custom-
ers. Please contact ET at sales@etiworld.com. 

Product Catalog
K&L Microwave’s 128-page cata-
log can be used as a desktop refer-
ence guide that offers details and 
specifications to help designers 
and engineers choose products 
quickly. Integrated assemblies 
and a wide assortment of lumped 
component, cavity, ceramic and 
suspended substrate filters are 
among the many types of products 
featured in this catalog.

ET Industries,  
Boonton, NJ (973) 394-1719, www.etiworld.com.

K&L Microwave,  
Salisbury, MD (410) 749-2424, www.klmicrowave.com,  
www.klfilterwizard.com.

Microwave Cable 
Catalog
This short form catalog features 
the SUCOFLEX 400 microwave 
cable family that has been spe-
cifically developed for high perfor-
mance electronic warfare applica-
tions. Anywhere low insertion loss, 
best phase stability versus temper-
ature and bending, excellent re-
turn loss and mechanical stability 
are of particular importance, the 
SUCOFLEX 400 is claimed to be 
a fitting solution.  

Short Form Product 
Guide 

The Lorch Microwave short form 
product guide presents the com-
plete product range in a clear and 
concise format. The products fea-
tured are used in a wide range of 
military and commercial applica-
tions. Also included are frequency 
range of operation, photographs 
and specific application informa-
tion, charts and tables.

Huber + Suhner, 
Herisau, Switzerland, info@hubersuhner.com,  
www.hubersuhner.com.

Lorch Microwave,  
Salisbury, MD (410) 860-5100, www.lorch.com.
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www.esmcablecorp.com

Make the Connection
. MIL-C-17 type
. High Performance Flexible
. Low Loss Flexible
. Conformable
. Semi-Rigid

RF & MICROWAVE COAXIAL CABLE ASSEMBLIES

ESM
CABLE CORP.

visit our NEW WEBSITE to 
custom configure your 
cabling requirements
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Product Guide 
 

The Product Selection Guide is 
designed to help engineers se-
lect products for commercial, 
aerospace and defense markets. 
It contains a listing of products, 
in addition to packages available, 
wavelength and frequency in-
formation, Decibels-Volts-Watts 
Conversion Table, Telecommuni-
cations Standards, Part Number 
index, and application block dia-
grams. Download a copy by going 
to macomtech.com.

Device 
Characterization 
Systems Catalog 
This catalog covers Maury Micro-
wave’s full line of device character-
ization solutions, including IVCAD 
software, ATSv5 software, load pull 
and pulsed IV systems, automated 
tuners, controllers, manual tuners 
and test bench accessories. It has 
everything needed to make Device 
Characterization measurements 
with confidence. Get the 84-page 
PDF download from http://mau-
rymw.com/pdf/1G-003b_sprg2011.
pdf.

Components Catalog 

Celebrating its 50th anniversary, 
MECA (Microwave Electronic 
Components of America) designs 
and manufactures an array of 
RF/microwave components with 
industry leading performance.  
MECA is recognized worldwide as 
a primary source of supply for rug-
ged and reliable components to 
commercial and military OEMs, 
service providers and installers by 
only providing products made in 
the USA.

M/A-COM Technology Solutions,  
Lowell, MA (978) 656-2546, www.macomtech.com.

Maury Microwave Corp.,  
Ontario, CA (909) 987-4715, www.maurymw.com.

Meca Electronics Inc., 
Denville, NJ (866) 444-6322, www.e-meca.com.
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AR-50 (JITC Certified)
• 50 watts of power
• Fast automatic switching
• Switchable LNA and

co-site filters
• Small size

All AR products are backed by the 3 year no nonsense warranty.
These state-of-the-art amplifiers support tactical

waveforms including DAMA, SINCGARS, HAVEQUICK,
HPW, IW and ANW2.

AR-75 Vehicle-Mounted
Booster Amps
• 75 watts of power
• Fast automatic switching
• Separate antenna ports for

line-of-sight & satellite communications
• Switchable LNA and co-site filters
• Waterproof

KMW2030 (JITC Certified)
• 125 watts of power
• Automatic band switching option
• UHF co-site filtering eliminates interference from nearby transmitters
• Protection against VSWR, antenna mismatch, over temperature,

excessive current draw and
DC power mismatch

KMW1031 Kit
• The “lightest” 20-watt amplifier kit

on the market at less than 2.5 lbs.
• Fully automatic band-switching
• No VSWR fault or reset required
• Single battery full spec operation
• Waterproof

• Kit includes amplifier,
30-512 MHz antenna,
RF cables, battery cable &
tactical vest pouches for both
the amp and the antenna.

GSA Contract Number GS-07F-0371U.
Call us at 425-485-9000 or visit us at www.arworld.us.

Compromise
Elsewhere!

modular rf
Other ar divisions: rf/microwave instrumentation • receiver systems • ar europe
Copyright© 2011 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.
The Battle Tested logo is Reg. U.S. Pat. & TM. Off. # 3,821,099.

MicrowaveJournal_CompromiseElsewhere:Layout 1  7/14/11  7:24 AM  Page 1
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IF/RF Microwave 
Signal Processing 
Components Guide 

Mini-Circuits’ new 164-page cata-
log includes more than 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.

Analyzing Antenna 
Performance 

Successful integration of an an-
tenna onto a vehicle platform 
poses many challenges, from ve-
hicle features and motion impact-
ing antenna performance to envi-
ronmental factors, and radiation 
hazards. This paper provides a 
variety of examples on how mod-
eling and simulation can be used 
to analyze antenna performance, 
identify problems and evaluate 
potential solutions. Download at  
www.remcom.com/antenna-plat-
form-integration/. 

Filters, Multiplexers 
and Multi-function 
Assemblies 

This catalog features RF and mi-
crowave filters, multiplexers and 
multi-function assemblies. The 
catalog contains RF and micro-
wave filters, multiplexers and 
multi-function assemblies for the 
military, industrial and commer-
cial industries. To request a copy, 
please e-mail reactel@reactel.
com, or visit www.reactel.com.

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

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

Reactel Inc.,  
Gaithersburg, MD (301) 519-3660, www.reactel.com.
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Visit us at AUVSI • Booth 1933 • Washington, DC

Integration of active RF components

Integration of passive RF components

Reduce weight  •  Reduce size

Reduce parts count  •  Increased reliability

Multi-Mix® 
Multi Layer Technology

www.craneae.com

Microwave Solutions

SIGNAL TECHNOLOGY  •  MERRIMAC

into THIS!

Turning this
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2011 Product 
Selection Guide
The 2011 Product Selection Guide 
provides specifications for more 
than 900 products, including more 
than 90 recently released products 
targeting multiple end-market 
applications. The 64-page guide 
allows customers to cross-refer-
ence and search products using 
end-market application diagrams. 
RFMD’s Product Selection Guide 
lists products servicing more than 
20 end-market segments, includ-
ing cellular, Point-to-Point Micro-
wave Radio, WiFi, WiMAX, Smart 
Energy AMI, Zigbee®, wireless 

infrastructure, aerospace & defense, broadband transmission, consumer, 
and others. To download, visit www.rfmd.com/SelectionGuide/default.aspx.

Secure 
Communications 
Catalog 2011 

For air force missions, the key to 
success is the reliability, security, 
flexibility and future-readiness of 
communications equipment. This 
catalog addresses this issue and 
documents the company’s secure 
communications solutions: mobile 
and highly mobile airborne radio-
communications, secure informa-
tion transmission, stationary and 
mobile ground communications, 
and test and measurement equip-
ment for radio communications.

SSBP Product 
Catalog
Southwest Microwave’s new SSBP 
product catalog describes a fam-
ily of microwave contact sizes 
designed to fit into standard (non-
coax) cavities in MIL-DTL-38999 
circular, MIL-DTL-24308 D-Sub, 
and special MIL-DTL-83513 Mi-
cro-D connectors.  It includes RF/
microwave testing to 65 GHz, plus 
5000 cycle mating durability plus 
shock and vibration.   SSBP coaxes 
allow applications to mix micro-
wave signals with DC/digital and 
fiber optics in one connector.  The 
catalog is available for download 

online or a printed copy can be requested.

RFMD Inc.,  
Greensboro, NC (336) 664-1233, www.rfmd.com.

Rohde & Schwarz GmbH,  
Munich, Germany (Europe): +49 89 4129 12345, 
(USA): +1 888 837 8772, www.rohde-schwarz.com.

Southwest Microwave Inc.,  
Tempe, AZ (480) 783-0201, www.southwestmicrowave.com.

Product Catalog
RLC Electronics is a leader in 
the design and manufacturing of 
RF and microwave components. 
The company’s product range in-
cludes coaxial switches up to 65 
GHz, power dividers, couplers, 
variable attenuators, filters and 
detector diodes up to 40 GHz. 
Many components are available in 
surface-mount construction, de-
signed to meet specific customer 
requests electrically and mechani-
cally. Those products include fil-
ters, switches, couplers and power 
dividers. New products include 
programmable attenuators, high 
power broadband couplers, high 

frequency broadband power dividers and delay lines up to 40 GHz.

Product Brochure
RT Logic’s product overview bro-
chure summarizes the company’s 
broad line of innovative channel 
simulation, signal, data and net-
work processing systems for the 
space and aerospace communica-
tions industry. Since RT Logic’s 
founding in 1977, thousands of RT 
Logic systems have been fielded, 
with 90 percent of America’s space 
missions utilizing RT’s products 
during their test, launch, or on-
orbit phase.

Interface Gauge 
Catalog
The new short form catalog show-
cases the manufacturer’s full line 
of connector gauges for checking 
the critical interface dimensions of 
most standard coaxial connectors. 
The sets are supplied in pristine 
wooden boxes. The catalog out-
lines the importance of checking 
the interface dimensions of con-
nectors and adapters as those in-
terfaces not meeting specification 
will not only lead to the possible 
degradation of components, but 
also may damage the connectors 
of mating components or mating 

connectors of associated equipment.

RLC Electronics Inc.,  
Mount Kisco, NY (914) 241-1334, www.rlcelectronics.com.

RT Logic,  
Colorado Springs, CO (719) 598-2801, www.rtlogic.com.

Spectrum Elektrotechnik GmbH,  
Munich, Germany +49 89 3548 040, www.spectrum-et.org.

94 	 MIlitary MICROWAVES SUPPLEMENT n AUGUST 2011

Military Microwaves Supplement

Literature Showcase

 8M11 FINAL.indd   94 7/21/11   4:25 PM

http://www.rfmd.com/SelectionGuide/default.aspx
http://www.rfmd.com
http://www.rohde-schwarz.com
http://www.rlcelectronics.com
http://www.rtlogic.com
http://www.southwestmicrowave.com
http://www.spectrum-et.org


MWJSPECTRUM0811.indd   95 7/25/11   8:23 AM

http://www.spectrum-et.com
mailto:Sales@Spectrum-et.com


Multiport Contacts 
Catalog
SV Microwave has released its new 
Multiport Contacts catalog featur-
ing information on Size 8, 12 and 
16 contacts operating to 18 GHz 
and fitting into M38999, ARINC, 
Micro-D and SIM connector 
cavities. These new contacts have 
enabled SV to combine RF/mi-
crowave and DC signals in hybrid 
harnesses, providing simplified 
interconnection and smaller pack-
age size to aid both designers and 
operators in the field.

Harness Capabilities 
Brochure
Teledyne Storm Products’ new 
Multi-Channel Microwave Solu-
tions brochure details the compa-
ny’s capabilities in the design and 
manufacture of both standard and 
custom multi-channel microwave 
harness assemblies. The harness-
es, found in a wide range of air-
borne, ground and sea-based mili-
tary and commercial applications, 
are backed by Teledyne Storm’s 
more than 30 years of microwave 
cable design and manufacturing 
expertise. It includes a case study.

Military Products 
Brochure
With more than 50 years expe-
rience, Vectron is the leader in 
providing frequency control and 
hybrid solutions to customers 
around the world. Vectron claims 
its innovative approach to design 
and manufacture has resulted in 
the most advanced product offer-
ing of any frequency control sup-
plier in the world.

SV Microwave,  
West Palm Beach, FL (561) 840-1800, www.svmicro.com.

Teledyne Storm Products,  
Woodridge, IL (630) 754-3300, www.teledynestorm.com.

Vectron International,  
Hudson, NH (603) 598-0070, www.vectron.com.
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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 

MWJ_call_for_authors new  4/27/06  10:51 AM  Page 1
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The 2011 Defence and Security Forum
At European Microwave Week, Manchester, UK

Wednesday, October 12th

The 2011 EuMW Defence and Security Forum will feature:

MORNING SESSIONS

Safety and Security - Several presentations consider 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 Challenges for the 21st Century
Keynote: Technological Convergence Between Radar, EW and Communications Against a 

Reducing Budget Background.  Presented by Barry Trimmer of Thales

Through-wall Radar Design for Covert Surveillance. Presented by Cambridge Consultants

Featured Panel Session: Radar Challenges and Solutions: an Industry Perspective

EXECUTIVE FORUM

 Executives from government defence agencies and leading defence/security 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 follows.

Attendance is FREE. Register at ww.eumweek.com

SPONSORED BY

ORGANIZED BY
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MAPS-010143  1.4 - 2.4 4-bit  22.5 - 360 3.2  2 ± 0.5

MAPS-010144  2.3 - 3.8 4-bit  22.5 - 360 3.5  3 ± 0.6

MAPS-010145  3.5 - 6.0 4-bit  22.5 - 360 4.5  3 ± 0.7

MAPS-010146  8.0 - 12.0 4-bit  22.5 - 360 4.5  3 ± 0.8

MAPS-010163  1.4 - 2.4 6-bit  5.625 - 360 5.0  5.2 ± 0.8

MAPS-010164  2.3 - 3.8 6-bit  5.625 - 360 5.0  3 ± 0.8

MAPS-010165  3.5 - 6.0 6-bit  5.625 - 360 5.5  3 ± 0.8

MAPS-010166  8.0 - 12.0 6-bit  5.625 - 360 5.0  3 ± 0.8
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M/A-COM Tech Phase Shifters 

Extending our leadership in high accuracy semiconductors

M/A-COM Technology Solutions digital phase
shifters are fabricated using GaAs pHEMT technology.
Our phase shifters provide a comprehensive set of 
solutions for active antennas, such as phased array
for communications and radar.

M/A-COM Tech phase shifters feature:
• Integral CMOS driver
• Serial or parallel control
• Low DC power consumption
• Minimal attenuation variation over phase shift range
• 50 ohms impedance
• RoHS compliant 4 mm PQFN package
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