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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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Want a miniature surface mount, shielded plug-in, or rugged
connectorized voltage controlled oscillator with the right stuff
for your project ? Contact Mini-Circuits! From custom designs to
standard catalog models always in stock, we’ll supply extra
robust, 100% tested VCO solutions you need at a  price you can afford. Choose from narrow, to broad, to
octave bandwidths. Select from models with low phase noise, linear tuning, load insensitivity, dual output,
wide modulation bandwidths, or 5V models optimized for PLL ICs and synthesizers. And pick from an innovative
array of miniature surface mount packages as small as 0.25" square, all featuring our exclusive glue-down
process on each circuit component to give you ultimate reliability during reflow soldering. You can quickly find the
model you need using our online catalog or "The YONI2 Search Engine" at the Mini-Circuits web site.
Just enter your specs into YONI2…click…and immediately start evaluating suggested VCO solutions using the
actual measured performance data displayed. But perhaps you need a custom design. Not a problem!
Contact us  for our fast response, low prices, and quick turnaround. For your commercial, industrial,
and military applications, choose Mini-Circuits VCOs!

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

10 to6740MHz from
$1195

VCOsVCOs
ea. (qty.5)

RoHS models available, consult factory.
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Detailed Performance Data & Specs For Mini-Circuits VCOs 
Available Online at: www.minicircuits.com/oscillat.html

For high reliability, all Mini-Circuits
VCOs are tested with the

Agilent E5052B Signal Source Analyzer.
www.agilent.com/find/ssa

402 Rev G

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

IF/RF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW
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AXIEM 
3D PLANAR EM

AXIEM™ is a quantum shift in 
momentum for 3D planar EM 
simulators. More than lightning 
quick, AXIEM is the most accurate 
solver in its class. And it’s capable 
of solving big problems as well — 
typically 10x faster than current 
alternatives. Let us prove it on 
one of your toughest designs. If 
it doesn’t shatter your EM speed 
record, lunch is on us! Go to 
axiem3d.com/lunch and take the 
challenge. Think Fast. Think AXIEM. 

Shatter
your EM

speed
 record 
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Free Webinar
MWJ/Besser Associates Webinar Series
Tune-up your skills. Join the thousands of 
engineers and managers who have participated 
in this series on RF/microwave theory and 
practical applications.

Radar Systems: This 
webinar examines 
the principles of radar 
operations and some 
common frequency 
bands, velocity and 
range measurements, 
antennas, angular 
resolution, pulse Doppler 
and a pulse radar block 
diagram, along with modern components and 
applications. 
Presented by Besser Associates  
and Microwave Journal.
Live webcast: 2/17/2009, 11:00 am (EDT)

Online Technical Papers
SC1000 System Controller Used for 
Automating Radiated Immunity Testing 
AR Worldwide
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Validation in 10 Gbps Serial Systems 
Pravin Patel, Rubina Ahmed, Moises Cases, IBM; Gourgen 
Oganessyan, Quellan; Dave Dunham, Molex

Designing RF, Mixed-technology Printed 
Circuit Boards
Per Viklund, Mentor Graphics and How-Siang Yap, Agilent
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Kevin Walsh and Jackie Johnson, RFMD
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position as a Professor within 
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and model requirements.  
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expert, respond with your comments 
and win a complimentary copy of 
Electrical Engineering: A Pocket 
Reference from Artech House (see 
www.mwjournal.com for details). 

Executive Interview
MWJ talks individually to 
Jeremy C. Wensinger, 
President Designate of 
Cobham Electronic 
Defense Systems and  
Joe Thomas, President of 
M/A-COM Technology Solutions. In 2008, 
Cobham acquired M/A-COM to enhance its 
solutions portfolio in the defense electronics 
market. The commercial portion of M/A-COM will 
emerge as an independent company. Wensinger 
discusses Cobham’s strategy behind this 
acquisition, while Thomas tells us what is in store 
for M/A-COM Tech’s future.

Online

MWJ Blog
Microwave engineers see the world in frequency 
and wavelength. We know that - size matters. 
This month’s MWJ blog expands our lead 
story on the art of RF board and package 
miniaturization (“The Dawn of Nanoscale SoP”) 
with additional items from contributors and 
related news. Read http://microwavejournal.
blogspot.com/ and add your comments. 
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±0.3dB Accurate RMS Power
Measurement to 2.7GHz

Exceptional Accuracy over Temperature from 40MHz to 2.7GHz, with
Fast 5μs Settling to 1dB Ripple

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

www.linear.com/5570
1-800-4-LINEAR

The LT®5570 provides fast, accurate RMS RF power measurements of high crest-factor modulated signals.
Its >50dB dynamic range meets the most demanding requirements of cellular basestations, WiMAX and
wireless infrastructure equipment. And its industry-leading accuracy performance over temperature simplifies
design and calibration procedures.
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NOTE FROM THE EDITOR

Call me an optimist. De-
spite the current reces-
sion and concern about 

business prospects for at least the 
fi rst half of 2009, I believe the mi-
crowave industry will persevere 
and become stronger. The pro-
liferation of communication sys-
tems in our personal and profes-
sional lives gives me confi dence 
that the demand for affordable 
fi xed and mobile bandwidth will 
be with us for some time. Appar-
ently, analysts looking at a num-
ber of wireless markets agree (see 
the January MWJ blog), which 
should help a segment of the in-
dustry. Defense spending will un-
doubtedly help some more. Yet, it 
is not a surprise that the current 
global economy has thrown many 
companies into a state of caution, 
reducing spending by signifi cant 
levels. 

Predictably, winners will be 
the manufacturers whose prod-
ucts help save money or are the 
“enabling technologies” to enter 
new markets. Replace a more 
expensive part or reduce the bill 
of materials through integration 
and the business could be yours. 
Cutting costs is a familiar means 
to success—accelerated for the 
times we live in. Our industry un-

derstands that smart investments 
in research yields innovations that 
provide the market with more for 
less (make sure your marketing 
department remembers to get 
the word out). But make no mis-
take, in the immediate future we 
may all be working harder for a 
smaller piece of the pie.

Innovation defi nes this month’s 
lead story, which focuses on the 
state-of-the-art in multi-chip de-
vices known as System-on-Pack-
age (SoP). This technology al-
lows manufacturers to produce 
the highly integrated devices 
touted by the analyst predict-
ing a brighter economic future. 
The Journal spoke to leaders in 
advanced package research, RF 
chip/module manufacturers, de-
sign engineers, CAD and EDA 
application engineers, and prod-
uct managers. From these many 
sources, we have compiled an in-
sider’s view of System-on-Pack-
age technology in 2009 and the 
latest in design fl ow support.

The contributors to this story 
were asked to comment on spe-
cifi c areas of the SoP engineer-
ing problem from their unique 
perspectives. From the Packag-
ing Research Center at Georgia 
Tech, we received input from 
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Venky Sundaram, Raj Pulu-
gurtha, Rao Tummala and Ma-
hadevan Iyer. From Kevin Walsh 
and Ben Thomas at RFMD, we 
received information on that 
company’s microshield technol-
ogy as well as insight on driving 
factors in the multi-chip market 
(also thanks to Irma Swain and 
Alston Skinner). On chip/pack-
age co-design we talked with  
Per Viklund of Mentor Graph-
ics (with help from Suzanne 
Graham and the Mentor Graph-
ics PR team), How-Siang Yap 
and Hee-Soo Lee from Agilent 
(with help from Lisa Hebert and 
Georgia Marszalek) and Mike 
Heimlich from AWR (with help 
from Sherry Hess). Their com-
plete responses to our questions 
can be found this month on the 
Microwave Journal web site. 
Thank you all.

The articles appearing in the 
Journal this and every month re-
fl ect the innumerable technical 
accomplishments that take place 
within our community. This is 
how the industry has survived 
tough times in the past and it is 
how I suspect we will survive and 
prosper in 2009. But hey, I’m an 
optimist. n

David Vye
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• Agilent/Anite protocol test solution 
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LTCCCOUPLER FAMILY
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GeMiC 2009 German Microwave Conference
München, Germany

Georgia Tech Radar Cross Section Reduction
Atlanta, GA

CST European User Group Meeting
Darmstadt, Germany 

EuCAP 2009 3rd European Conference on Antennas and Propagation
Berlin, Germany

David Vye
Georgia Tech Modeling and Simulation of RF Electronic Warfare Systems

SATELLITE 2009 Washington, DC

Pat Hindle
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Antenna and Microwave 
(MWS A&M)
Framingham, MA
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ACES 2009
The 25th International Review of Progress 
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FEBRUARY

GSMA MOBILE WORLD CONGRESS 
February 16–19, 2009 • Barcelona, Spain
www.mobileworldcongress.com

NATE 2009 
NATIONAL ASSOCIATION OF TOWER ERECTORS
February 23–26, 2009 • Nashville, TN
www.natehome.com

DIRECTED ENERGY WEAPONS
February 25–27, 2009 • London, UK
www.defenceiq.com/uk/directedenergy/ediary

MARCH

IWCE 2009
March 16–20, 2009 • Las Vegas, NV
www.iwceexpo.com

CST EUROPEAN USER GROUP MEETING
March 16–18, 2009 • Darmstadt, Germany
www.cst.com

SATELLITE 2009
March 24–27, 2009 • Washington, DC
www.satellite2009.com

APRIL 

CST INNOVATIONS 2009 WORKSHOP SERIES
April 1, 2009 • Stellenbosch, South Africa 
www.cst.com

CTIA WITH RF/MICROWAVE AND M2M ZONES
April 1–3, 2009 • Las Vegas, NV 
www.ctiawireless.com

WORLD RADAR FAIR
April 1–3, 2009 • Beijing, China
www.ceieac.net

CST NORTH AMERICAN USER GROUP MEETING
April 15, 2009 • Dallas/Fort Worth, TX 
www.cst.com

WAMICON 2009 
IEEE WIRELESS AND MICROWAVE TECHNOLOGY 
CONFERENCE
April 20–21, 2009 • Clearwater, FL
www.wamicon.org

ARMMS RF AND MICROWAVE 
SOCIETY CONFERENCE
April 20–21, 2009 • Oxfordshire, UK
www.armms.org

MAY

NCMMW 2009 
NATIONAL CONFERENCE ON MICROWAVE AND 
MILLIMETER WAVE IN CHINA
MIE 2009
MICROWAVE INDUSTRY EXHIBITION IN CHINA
May 23–26, 2009 • Xi’an, China
www.cnmw.org

JUNE

RFIC 2009 
IEEE RADIO FREQUENCY INTEGRATED CIRCUITS 
SYMPOSIUM
June 7–9, 2009 • Boston, MA
www.rfi c2009.org

IMS 2009 
IEEE MTT-S INTERNATIONAL
MICROWAVE SYMPOSIUM
June 7–12, 2009 • Boston, MA
www.ims2009.org

EMC 2009/CHINA
INTERNATIONAL EXHIBITION ON 
ELECTROMAGNETIC COMPATIBILITY
June 16–18, 2009 • Beijing, China
http://expo.ces.org.cn

AUGUST

EMC 2009 
IEEE INTERNATIONAL SYMPOSIUM ON 
ELECTROMAGNETIC COMPATIBILITY
August 17–21, 2009 • Austin, TX
www.emc2009.org

SEPTEMBER

EUMW 2009 
EUROPEAN MICROWAVE WEEK
September 28–October 2, 2009
Rome, Italy
www.eumweek.com

4G WORLD 2009
September 14–18, 2009 • Chicago, IL
http://global.wimaxworld.com

OCTOBER

RF & HYPER 2009
October 6–8, 2009 • Paris, France
www.rfhyper.com

AOC 2009
ASSOCIATION OF OLD CROWS INTERNATIONAL 
SYMPOSIUM AND CONVENTION
October 18–21, 2009 • Washington, DC
www.crows.org
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M/A-COM Technology Solutions
has earned a global reputation as
partner of choice in solutions for
RF, microwave and millimeter
wave applications.

www.macom.com
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M/A-COM Technology Solutions, Inc.
Lowell, Massachusetts 01851
North America 800.366.2266 • Europe +353.21.244.640
India +91.80.4155721 • China +86.21.2407.1588
www.macom.com

a Cobham company

Delivering High Linearity...
enabling the communications evolution
M/A-COM Technology Solutions offers a broad
portfolio of products designed for the demanding 
needs of advanced modulation waveforms, 
including: 

• High dynamic range, LNAs with NF < 1 dB
• Drivers amplifiers with IP3 > 40 dBm
• Broadband switches with P1dB > 30 dBm
• HMIC™ switches with power handling > 40 dBm
• Digital attenuators and VVAs with IIP3 > 42 dBm

For more information visit
www.macom.com or contact our sales office.

MAAL-007304 500-3000 25.5 7 0.7 19 LNA
MAALSS0038 70-3000 12 21 1.5 32 LNA 
MAAMSS0049 250-4000 15.5 27 3.5 43 Driver
MAAMSS0058 250-4000 20 33 5.5 45 Driver

MASW-008543 500-4000 0.75 65 53 25 SPDT: GaA
MASW-007107 DC-8000 0.5 29 55 30.5 SPDT: GaAs 
MASW-007921 DC-7000 0.6 25 60 38* SPDT: GaAs
MASW-000822 50-6000 0.35 s9.5 65 42 SPDT: HMIC
MASW-000825 50-6000 0.29 28.6 65 45 SPDT: HMIC
MASW-000834 50-6000 0.33 44.6 65 47 SPDT: HMIC 

MAAD-000123 700-6000 31.5 1.7 48 25 6-bit 
MAADSS00016 50-4000 31 1.8 42 30 5-bit

MA4VAT907-1061T  600-1200 24 1 49 34 HMIC
MA4VAT2007-1061T 1500-2500 24 1.4 42 33 HMIC

*(P0.1 dB)
All data measured at 2 GHz

Amplifiers

Part Number Freq (MHz)   Gain     P1dB   NF     OIP3 Type   

Part Number         Freq (MHz)   IL     Isol    IIP3     P1dB Type   

Switches

Part Number         Freq (MHz)   Range    IL  IIP3     P1dB Type   

Digital Attenuators

Voltage Variable Attenuators
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Cobham Microwave Systems 

consists of these groups: 

Sensor & Antenna Systems, 

Active Microwave Sub-systems, 

and Passive Microwave 

Sub-systems. For added assur-

ance, all our products, from the 

smallest MMIC components to 

the largest antenna subsystems, 

are designed, manufactured, 

tested and inspected to meet 

the most stringent customer 

specifications.

The whole is far greater than the sum of its parts

         ATLANTIC POSITIONING SYSTEMS www.atlanticpositioners.com  727.299.0150    ATLANTIC MICROWAVE www.atlanticmicrowave.com  978.779.6963    
KEVLIN www.kevlin.com  978.557.2400    LANSDALE www.cobhamdes.com  215.996.2000    M/A-COM www.macom.com  North America 800.366.2266  Europe +44 0 1908.574200  Asia    
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THE DAWN OF NANO-SCALE 
SYSTEM-ON-PACKAGE

Much of today’s R&D in high-fre-
quency electronics is concerned with 
squeezing more functionality into a 

smaller package at an affordable price. While 
large, complex ICs known as System-on-Chip 
(SoC) are the choice when production volume 
is high, multi-chip integration often wins for 
lower volume and speedier time-to-market. 
The multi-chip approach allows designers to 
match the optimum IC technology to the re-
quired functionality achieving the best perfor-
mance vs. cost. Better yet, multi-chip design 
can combine diverse technologies while still 
delivering a single integrated package or mod-
ule. But as multi-chip packaging grows in capa-
bility, so does the complexity. The prospects for 
multi-chip design lies in the industry’s ability 
to adopt the design effi ciency and performance 
that has fueled the IC market. In this report, 
we will examine the state-of-the-art in minia-
turization and advanced high density RF/mi-
crowave package design.

BENEFITS OF MULTI-CHIP AND DENSE 
PACKAGE DESIGN

With the challenges facing the wireless in-
dustry, typifi ed in the latest 3G multimode 
handset developments, companies such as 
RFMD, a leading provider of multi-chip devic-
es, anticipate that new processes and enabling 

technologies such as high-linearity PHEMT, 
silicon on insulator (SOI), GaAs E/D PHEMT, 
GaAs HBT and GaAs BiFET will need to be 
combined with new packaging technologies 
such as hermetically sealed wafer level packag-
ing (WLP) and integrated RF shielding in order 
to achieve size reduced solutions. Examples of 
these more highly integrated cellular product 
categories include switch fi lter modules, switch 
duplexer modules, single placement front-
end modules and other high-performance RF 
components for cellular handsets. Wireless in-
frastructure, wireless connectivity, broadband/
consumer and aerospace & defense applica-
tions will also benefi t from these enabling tech-
nologies as well as another key enabler, gallium 
nitride (GaN). “Optimum technology match-
ing” is the term coined by RFMD to describe 
how it aligns various semiconductor technolo-
gies to attain the optimum performance for a 
given RF function.

MCM, SIP AND SOP
The terminology describing multi-chip 

packaging has evolved with the technology it-
self. Multi-chip modules (MCM) were initially 

David Vye
Editor, Microwave Journal
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RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549  •  Tel: 914.241.1334  •  Fax: 914.241.1753

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

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

RLC 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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developed for main-
frame computers 
back in the 1980s. 
These modules com-
bined chips and/or 
chip-scale pack-
aged devices on a 
small printed circuit 
board (PCB) meant 
to mimic the pack-
age footprint of an 
existing chip pack-
age. MCM tech-
nology evolved to 
accommodate fully 
custom chip pack-
ages integrating many die on a High 
Density Interconnection (HDI) sub-
strate. According to Mentor Graphic’s 
Per Viklund, while some MCMs had 
been designed with more than 100 die 
over 10 years ago, MCMs with more 
than 10 die are very rare.

MCMs come in three fl avors: lami-
nated MCM (MCM-L), which utilize a 
laminated multi-layer PCB substrate; 
deposited MCM (MCM-D), wherein 
the modules are deposited on the base 
substrate using thin fi lm technology; 
and ceramic substrate MCMs (MCM-
C), such as LTCC. The System-in-
Package (SiP) enhanced traditional 
MCMs with key technologies such as 
wafer thinning, chip stacking and 3-D 
interconnects enabling improved per-
formance by reducing interconnect 
length and thus power consumption, 
shrinking the form factor and thus 
increasing device density. Today, ver-
tical chip stacking can be performed 
as chip-to-chip (C2C), chip-to-wafer 
(C2W), or wafer-to-wafer (W2W) pro-
cesses. 

Although SiPs incorporate digital, 
analog/mixed-signal and RF functions, 
as well as embedded passives, high-
speed digital devices do not combine 
well with RF devices, or with opto-
electronic components. The main rea-
sons are the widely different specifi ca-
tion requirements among digital, RF 
and optoelectronic components for 
power dissipation, passives types and 
values, thermal and electrical stabil-
ity, noise and impedance tolerances, 
and substrate materials. In the more 
complex SiP designs, signifi cant chal-
lenges have emerged, including prob-
lems caused by die thinning, reliability 
issues in silicon substrate-to-package 
integration, and new materials and 

processes required to keep costs down 
and yields high. In advanced cellular 
applications, a front-end transmit 
module can be integrated into a SiP 
with the transceiver, baluns and fi lters 
to make a complete radio front-end 
that readily connects to the baseband 
processors.

System on a Package (SoP) devel-
opment originated in the mid-1990s at 
the Packaging Research Center (PRC) 
at the Georgia Institute of Technol-
ogy with funding from the National 
Science Foundation (NSF).1 SoP 
was conceptualized as a continuous 
merging of different integrated thin 
fi lm technologies replacing the assem-
blage of discrete MCM components. 
The SoP concept would require a “co-
design” approach and fabrication that 
simultaneously considered the digital, 
optical, RF and sensor functions in 
both IC and the package. SoP designs 
distinguish which function is best ac-
complished at the IC level and at 
package level. As shown in Figure 1, 
SoP technology uses ICs for transistor 
density and selected active function 
integration while the package typically 
provides the RF passives, optical and 
certain digital-function integration. 
How co-design is addressed by several 
EDA tools will be examined later in 
this article.

FOCUS ON SOP
In a system such as a cell phone, 

ICs make up only 10% of the compo-
nents and the remainder is devoted to 
passive components, boards and inter-
connections. SoP addresses the space 
occupied by that 90% to improve the 
“System Integration Law,” which is 
measured in functions or components 
per cubic area. SoP reduces the scale 

ANTENNA FILTER

PA

PACKAGE

MMIC

LNA

DRIVER AMP

VCOBALUN

HIGH-Q L/C

DUPLEXER

SWITCH

MIXER

POWER
COMBINER

 s  Fig. 1  RF system on package roadmap.2
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CHANGING THE STANDARDS

CST of America®, Inc. | To request literature or a free demo CD (508) 665 4400 | info: www.cst.com

Take a fresh look at next generation 
3D EM solutions and choose the tool 
that matches your passion for design. 
CST MICROWAVE STUDIO® [CST MWS] 
offers accurate solutions at a speed that 
gives your designs a head-start in life.

Knowing that all designs and 
applications have different needs, CST 
has developed the technology to cover 
them all. 

CST MWS is the market leading 
time domain tool for 3D EM 
simulation, but its advantages don’t 
stop here. CST MWS is the first 
commercial HF 3D EM code to offer 
the advantages of time and frequency 
domain, hexahedral and tetrahedral 

Experience the future
CST MICROWAVE STUDIO 2009

meshing, united in one interface. This 
gives you the flexibility to choose 
the technology best suited to your 
application. Embedded in an advanced 
design environment, CST MWS can be 
coupled with all CST STUDIO SUITE™ 
solver technology including circuit and 
thermal simulation. 

Get passionate about simulation 
technology. There’s more to CST MWS 
than meets the eye.
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of discrete compo-
nents to the micro 
or nano scale by em-
bedding thin-fi lm 
components, which 
reduce system size 
by 1,000 to million 
times, and looks 
at a much broader 
set of mixed-signal 
system components 
than current SiP 
modules. In 2009, 
system integration 
is nearing the 1000 
components per 
square centimeter 
milestone as pack-
aging technology 
transitions from the 
micro to nano scale 
(see Figure 2).

In 2006, the 
Packaging Research
Center of Georgia Institute
of Technology reported on the use of 
Si-matched low CTE, high modulus 
C-SiC composite core substrates to 
fabricate a SOP4 baseline process test 
vehicle. The goals of the testbed are 
to explore optical bit stream switching 
up to 100 GHz, digital signals up to 5 
to 20 GHz, decoupling capacitor inte-
gration concepts to reduce simultane-
ous switching noise of power beyond 
100 W/chip, design, modeling and 
fabrication of embedded components 
for RF, microwave and millimeter-
wave applications up to 60 GHz. The 
baseline process demonstrated several 
leading-edge technologies including 
new processes for low-loss substrate 
material, high density build-up wir-

ing, embedded RF components and 
thin fi lm passives, novel interconnects 
and wafer-level packaging3 shown in 
Figure 3.

A semi-additive plating process was 
used to produce multi-layer “micro-
vias” with diameters of 15 to 30 mi-
crons. The substrate build-up utilized 
10 micron thick benzocyclobutene 
(BCB) dielectric fi lms with dielectric 
constant of 2.65 and a low loss tangent 
of 0.0008 at GHz frequencies. This 
build-up was achieved without the use 
of any vacuum deposition or polish-
ing/CMP processes and was also dem-
onstrated using commercially avail-
able medium CTE organic laminates. 
Low cost electroless and electrolytic 
plating processes using plasma surface 
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TRANSIMPEDANCE
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FLASH
MEMORY

RAM
MICROPROCESSOR

WAVEGUIDE

MEMS

GALLIUM
ARSENIDE

LASER DIODE

SYSTEM-IN-
PACKAGE

(SIP)
SOLDER

TRANSMITTER

RF
COPPER TRACES

MICROVIA

DECOUPLING
CAPACITOR

COMPOSITE SUBSTRATE

 s  Fig. 3  SoP integration of digital, RF and optical functions into a single package (courtesy of 
Bryan Christie Design).

  s Fig. 2  Functional or component density timeline for SoP mixed-
signal system integration (courtesy of Rao Tummala).
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treatment were able to achieve 6 to 8 
micron line widths and spaces.

SOP/SIP PLATFORMS AND 
COMMERCIALIZATION

SiP and SoP approaches for RF and 
microwave multi-component modules 
are being developed on three major 
substrate platforms: (a) ceramic or 
LTCC, (b) multilayer organic (MLO) 
or build-up organic laminates, and (c) 
thin fi lm on silicon. MLO substrates 
use an inexpensive substrate such as 
FR-4 and a low-cost advanced epoxy or 
other low loss polymers as dielectrics. 
These substrates are being adopted 
in high-volume applications well into 
the GHz frequency range. The key to 
properly simulating such substrates 
—especially for digital signals—is an 
accurate, wideband dielectric model. 
Such a model must capture detailed 
frequency-dependent behavior from 
DC to many tens of GHz. From an 
accuracy perspective, frequency-in-
dependent or other simplistic ap-
proximations are problematic across 
the wide range of frequencies found 
in today’s digital signaling; a better fi t 
to realistic behavior is required. Yield 
is also affected by the quite loose tol-
erances of materials like FR-4. Such 
effects should be studied by statisti-
cal simulations with varying material 
properties.

Motorola, a founding partner with 
the Packaging Research Center, uses 
parts of SoP technology in two mod-
els of its GSM/GPRS quad-band cell 
phones to gain about a 40 percent 
reduction in board area. The module 
contains all the critical cell phone func-
tions: RF processing, baseband signal 
processing, power management, and 

audio and memory sections. Not only 
does the module free up space for 
new features, it is also the foundation 
around which new cell phones with 
different shapes and features (camera 
or Bluetooth, for instance) can be rap-
idly designed. The company reports 
it has shipped more than 20 million 
SoP-based phones.

With the advance of SoP processes 
and materials, RF components such as 
capacitors, fi lters, antennas and high-Q 
inductors can be better fabricated on 
a package substrate other than silicon, 
giving SoP the upper hand over SoC 
and silicon-based SiP. High-speed, 
board-level optical interconnects are 
moving to the package as chip-to-chip, 
high-speed interconnections replace 
copper, addressing both the resistance 
and cross-talk issues of electronic ICs 
(yet micro-miniaturization re-intro-
duces this issue at the package level). 
In addition, waveguides, gratings, 
detectors and couplers can all be em-
bedded in the SoP substrate, allowing 
SoP to integrate micro-miniaturized 
electronic and bio-electronic systems, 
such as nano-bio-sensing elements, 
control/feedback electronics, display, 
and RF/wireless components up to 
and including an integrated antenna. 
For these capabilities, SoP is emerging 
around the globe particularly in Japan 
where the historical chip-centric SoC 
methodology is frequently replaced 
with a cheaper, faster-to-market IC-
package-system co-design fl ow.

EMBEDDED RF PASSIVE AND 
ACTIVE COMPONENTS IN SOP

SoP and SiP designs partition the 
passive components to the less-costly 
board/package. Passives include fun-
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  s Fig. 4  Photograph of multi-layer 36 mil CPW inductor (~2 nH) and performance graph 
(presented at 2001 IMS).
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damental electrical components such 
as inductors, capacitors and resistors as 
well as passive building blocks includ-
ing high-performance fi lters, baluns, 
couplers and integrated antennas.

Multi-layer Inductors
Perhaps chief among these passives 

are the inductors that would otherwise 
take up a lot of expensive real-estate 
on the ICs. High-Q on-chip inductors 
are diffi cult to accomplish because of 
the high parasitic capacitance of thin 
fi lm dielectrics, high conductor resis-
tance and lossy substrate. The chal-
lenge is to utilize the 3D nature of SoP 
to produce miniaturized, multi-layer 
inductors with high-Qs over the re-
quired frequency range. One example 
from 2002 is the CPW spiral inductor, 
depicted in Figure 4, which avoids via 
losses, reduces dielectric losses and 
results in an increased self resonance 
frequency (SRF). The thick copper 
metallization in the packaging process 
decreases the shunt parasitic capaci-
tance and reduces the eddy current 
fl owing in the ground plane, which 
produces a negative mutual induc-
tance effect, resulting in a Q of 182, 
SRF of 20 GHz, Leff of 1.97 nH for 
a 36 mil diameter.7 Ongoing research 
efforts have led to similar results with 
much smaller components.

The PRC has been working in 
partnership with more than 15 semi-
conductor and supply chain compa-
nies since 2007 on a consortium re-
search program on embedded active 
and passive components (EMAP). As 
part of this research, this past year, 
Rao Tummala, Venky Sundaram and 
Mahadevan Iyer at the PRC and 
partners at the Institute of Micro-
electronics in Singapore, presented 
a paper, “Ultra High Q Embedded 
Inductors in Highly Miniaturized 
Family of Low Loss Organic Sub-
strates” at the ECTC conference dis-
cussing for the fi rst time the design 
and fabrication of embedding ultra 
miniaturized RF inductors in ultra 
thin (100 to 150 microns thickness) 
organic substrates. The substrate 
described belongs to a new family 
of ultra low profi le organic laminates 
with a loss tangent of about 0.0034 
to 0.0045 and a dielectric constant of 
3.4. The innovative design resulted 
in unloaded quality factors of about 
100 to 150 in the frequency range of 
1 to 15 GHz using line widths in the 

range of 2 to 4 mils and occupying 
an area of 0.062 to 0.64 mm2. 

Also this past year, Jacket Micro 
Devices Inc. (JMD), a commercial 
provider of embedded passive tech-
nology, and a spin-off from SoP tech-
nology developed at the PRC, devel-
oped a novel method of fabricating 
multi-layer inductors using its propri-
etary Multi-Layer Organic (MLO™) 
and Low Temperature Laminated 
Organic (LTLO™) processes. Using 
their technique, JMD has demon-
strated Q factors of over 150 at 2 GHz, 
making them ideal for a wide variety 
of wireless applications where high Q 
is critical.

Embedded ICs
The EMAP program has also dem-

onstrated a novel “chip-last” embed-
ded IC technology that overcomes the 
yield and business model concerns 
associated with current embedded IC 
approaches by embedding thinned 
ICs into a high precision cavity in the 
organic substrate build-up layers us-
ing standard fl ip-chip assembly meth-
ods (see Figure 5).

  s Fig. 5  Chip-last embedded IC in organic 
substrate cavity demonstrated by the PRC 
EMAP Consortium.
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Embedded 
Decoupling 
Capacitors

A thin fi lm tech-
nology based on 
barium titanate 
(BaTiO3) epoxy 
polymer nanocom-
posites has been 
developed to man-
ufacture high per-
formance embed-
ded capacitors. The 
technology is able 
to produce high 
capacitance den-
sity (10 to 100 nF/
inch2), large area, 
thin fi lm capacitors 
(see Figure 6) with 
controlled thick-
ness from about 2 to 25 microns for 
a series of BaTiO3 epoxy nanocom-
posites. The SoP test vehicle from the 
PRC demonstrated embedded decou-
pling capacitors with capacitance den-
sity of > 500 nF/cm2 integrated into 
the build-up layers using synthesized 
BaTiO3 thin fi lms that were depos-
ited on copper foils and integrated 
using vacuum lamination and subtrac-
tive etch processes. The loss tangent 
of the fi lms was measured to be 0.03 
at 100 MHz. The electrical proper-
ties of capacitors fabricated from Ba-
TiO3-epoxy nanocomposites showed 
a stable capacitance and low loss over 
a temperature range of 25° to 100°C. 
The capacitance change was less than 
10%.

Embedded High Q RF Capacitors
Current and future RF designs re-

quire a capacitance density of above 
100 nF/cm2, Q of greater than 200 
and high tolerance. In addition, the 
capacitance value has to be stable 
within 0.3% over 100°C range of tem-
perature to meet the performance re-
quirements. Current organic-compat-
ible embedded capacitor technologies 
such as epoxy-based composites with 
ceramic fi llers (shown in Figure 6) 
are not suitable for high performance 
microelectronic devices such as em-
bedded RF capacitors with high Q 
and low temperature coeffi cient of ca-
pacitance (TCC) requirements. They 
may not achieve dielectric loss less 
than 0.02 and TCC within 300 ppm/
sq, even with the best ceramic fi llers. 
RF capacitors from low loss polymers 

such as liquid crystal polymer (LCP), 
bisbenzocyclobutene (BCB) and poly 
tetrafl uoro ethylene (PTFE) are being 
pursued; however, they are limited in 
capacitance density due to the low di-
electric constant polymers.3-4

Nanostructured ferroelectric and 
ferromagnetic materials show superi-
or dielectric and magnetic properties 
from superior exchange coupling be-
tween the domains, absence of leak-
age, smaller relaxation time for dipole 
switching, absence of domain wall 
assisted relaxation, etc. These materi-
als show superior microwave proper-
ties and can be processed at organic 
compatible low temperatures leading 
to low cost microwave device integra-
tion. A new set of high k paraelectric 
particles have been investigated by 
PRC to enhance the RF performance 
of polymer composites.5 These com-
posites have permittivity of 10 to 20 
while meeting the TCC and loss re-
quirements, which can be further 
enhanced with the nanostructured 
ferroic materials. For RF capacitors 
based on inorganic thin fi lms, PRC 
also pioneered low temperature pro-
cesses to integrate pyrochlore based 
barium and strontium titanium ox-
ides that are reactively grown by so-
lution chemical treatment and oxygen 
ion irradiation at organic compatible 
temperatures. These high k phases 
have higher permittivity than silicon 
oxynitrides or tanatalum oxide capaci-
tors while meeting other microwave 
requirements. For emerging micro-
wave applications, PRC is developing 
novel nanocomposite formulations to 

  s  Fig. 6  Cross-section of embedded capacitors.
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further enhance both the permittivity 
and permeability at GHz frequencies. 
Nanocomposite technology, coupled 
with metamaterial designs, can lead to 
small microwave components leading 
to complete system integration. 

Resistors
The PRC test vehicle demonstrat-

ed two methods of manufacturing em-
bedded thin fi lm resistors in the sub-
strate. Thin metal alloy resistor fi lms 
were integrated into the SoP substrate 
using NiCrAlSi thin fi lms (25 ohms 
per square) deposited on copper foils 
(Gould Electronics) laminated on the 
build-up layers with a two-step etch 
process for resistor defi nition. The 
researchers also used an electro-less 
plated Ni-W-P thin fi lm (resistance val-
ues ranged from 70 ohms to a few kilo 
ohms per square) on the BCB dielec-
tric by plasma surface treatment and 
activation. The process was reported 
to exhibit uniform resistor thickness 
in the sub-micron range, offering a 
low profi le and excellent adhesion to 
BCB dielectric while providing a po-
tential seed layer for any subsequent 
direct electroplating of copper traces. 
The process was also compatible with 
the package substrate manufacturing 
infrastructure.6

PART II: DESIGN 
CONSIDERATIONS

According to Hee-Soo Lee of Agi-
lent Technologies, critical issues such 
as wideband and low-loss intercon-
nects, high-Q multi-layer passives 
including R, L and C, board-compat-
ible embedded functions (antennas, 
MEMS), low-loss and low-cost boards, 
effi cient partitioning of MMICs, low-
cross talk single-moded packages, as 
well as design rules for vertically in-
tegrated transceivers are among the 
issues that have to be addressed ac-
curately over a very wide frequency 
range. In addition, there exists a sig-
nifi cant gap in the area of hybrid CAD 
needed to model novel functions that 
require fast and accurate modeling of 
electromagnetic, circuit, solid-state, 
thermal and mechanical parameters. 
Full acceptance of RF-SoP requires 
cost effectiveness and reliability, fea-
tures which are being addressed by 
the RF EDA community.

Mentor Graphics’ Viklund states 
that his company sees little differ-
ence between MCM, SiP and SoP. 

Their customers did stacked die 
MCMs with thin fi lm passives many, 
many years ago before anyone even 
dreamed up the acronym SoP. Viklund 
comments, “Companies use the tech-
nology necessary to get the job done 
and this means that sometimes an 
MCM suffi ces while the next design 
would qualify as a SoP. The need for 
embedded thin fi lm passives in the 
substrate varies from design to design 
within the same company so Mentor 
Graphics talks about ‘Advanced Pack-
aging Tools’ having all the capabili-
ties needed to meet the varied design 
challenges our customers are facing 
today.” That said, multi-layer embed-
ded passives are a specifi c technology 
that requires specifi c EDA support to 
be viable.

When embedding ICs, an EDA 
fl ow is required that can place parts 
on inner layers and manage unique 
sets of manufacturing documents for 
each placement layer. In addition, 
parts have to automatically drop into 
cavities without having to build spe-
cial versions of the library. It also of-
fers challenges to the 3D wire bond 
and parts Design Rule Checking 
(DRC). As mentioned, DRC has to be 
real-time and with parts on inner lay-
ers, it becomes so much more critical 
that the tool directs users to follow the 
design rules.

For example, Mentor Graphics’ 
embedded passive technology man-
ages the entire design fl ow from ma-
terial parameters, manufacturing pro-
cess related parameters to automatic 
synthesis of passive thin and thick 
fi lm components and real time DRC 
helps ensure fi rst turn success. In this 
fl ow, simulation and analysis are vital 
components, initially as early plan-
ning tools, but as the design is getting 
closer to completion, a gradual tran-
sition from fi rst-level simulation to 
full electro-magnetic analysis. Short-
cuts in this process are known to 
cause re-spins and current simulation 
integrations allow very fast and seam-
less data transfer between design and 
simulation to make it practical to run 
simulations whenever needed. 

INTERCONNECT AND 
EMBEDDED PASSIVE MODELING

The complex and highly dense na-
ture of SoP embedded passives and 
interconnects lead to parasitics that 
will limit the performance unless ad-
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153-110 dc-40 0-110/10 New

Frequency Attenuation
Model Range (GHz) Range (dB) Notes
3200-1 dc-2.0 0-127/1
3200-2 dc-2.0 0-63.75/.25
3200-1E-2 dc-3.0 0-127/1
3200-2E-2 dc-3.0 0-63.75/.25
3201-1 dc-2.0 0-31/1
3201-2 dc-2.0 0-120/10
3206-1 dc-2.0 0-63/1
3200T-1 dc-2.0 0-127/1 �
3206T-1 dc-2.0 0-63/1 �
3250T-63 dc-1.0 0-63/1 � X
3406-55 dc-6.0 0-55/1 New
3408-55.75 dc-6.0 0-55.75/0.25 New
3408-103 dc-6.0 0-103/1 New
4216-63 0.8-3.0 0-63/1
4218-127 0.8-3.0 0-127/1
4238-103 .01-2.5 0-103/1

Notes: � SmartStep® Control Circuitry, X = 75 Ohm Model   

For a complete list of available models/designs, visit our website @ www.aeroflex.com/weinschel-programmables

Wide range of Models and Designs available Off-The-Shelf
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equate steps are taken via co-design. 
For instance, the serial inductances 
as well as mutual capacitances have 
a serious infl uence on the signal 
quality. In particular, they affect the 
signal’s shapes and lead to crosstalk 
problems, which are best predicted 
using a full 3D fi eld simulation such 
as Ansoft HFSS, CST MICROWAVE 
STUDIO® (CST MWS) (see Figure 
7 or EMPro from Agilent). Both can 
analyze these complex structures and 
deliver information in both the time 
and the frequency domains (S-pa-
rameters), each offering different ap-
proaches to circuit co-design. 

What are some of the simulation 
issues with using these materials and 
high-density multi-layer substrates? 
Agilent’s How-Siang Yap states, “The 
frequency domain linear simulation 
technology that produces S-param-
eters was the primary simulation 
technology for conventional RF/MW 
circuit designs. The analytical circuit 
models such as microstrip, stripline, 
and co-planar are extensively used in 
the simulations; however, it assumes 
the physical structure to be simulat-
ed must be as close as the structure 
modeled, for example ground planes 
and enough spacing to other adjacent 

POWER SUPPLY Pin (PORT 1)

(a)

(b)

PORTS 3 and 5

PORTS 2 and 4

 s  Fig. 7  3D EM model (HFSS) of SiP interconnects and vias, courtesy of Ansoft LLC and 
Skyworks Solutions (a), and SiP model with port defi nitions for CST transient simulation, 
courtesy of CST and AET Japan Inc. (b).
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RF testing out of control? 
Only Keithley gives you the RF test tools you need to 

rein in today’s devices and tame tomorrow’s challenges.

■ Test the most complex signal structures,
including 802.11n WLAN MIMO and 802.16e 
Wave 2 WiMAX.

■ Configure a 4×4 MIMO test system cost-
effectively with our newest vector signal 
generators, vector signal analyzers, and MIMO 
synchronization unit.

■ Generate and analyze signals up to 6GHz 
repeatably and accurately with our instruments’ 
software-defined radio architecture.

■ Reduce your time to market and cost of        
test with MIMO systems optimized for R&D and 
production test.

Go to www.keithley.com/tame and try a demo.

MODEL 2920 RF SIGNAL GENERATOR
MODEL 2820 RF SIGNAL ANALYZER

www.keithley.com ■  1.800.588.9238
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traces. Due to the smaller form fac-
tor for high volume applications, it 
is practically impossible to avoid the 
parasitic behavior of multilayer de-
signs. The two most important simu-
lation issues in the multilayer designs 
are the inclusion of imperfect ground-
ing effects and coupling due to the 
proximity between parts to parts and 
traces to traces or even for traces to 
the ground planes. All of these can 
be addressed by brute force com-
plete EM simulations. Nevertheless, 
the ultimate design challenge from 
multilayer circuit designers’ stand-
point will come from how to pin-point 
the source of the problem area. The 
reason is because the traditional EM 
simulation only provides fi nal results 
on whether the structure is working or 
not (black box S-parameters). A more 
elegant technique called Coupling 
Analysis, pioneered by Agilent EEsof 
EDA, enables different combinations 
of suspect coupling structures to be 
simulated by including or excluding 
certain objects and setting up differ-
ent coupling distances, and the resul-
tant S-parameters and visualization 
of current fi eld plots provide a way 
to identify the impact of parasitic be-
havior (loss, coupling, radiation, etc.) 
AND where it is occurring so that the 
designer can fi x it.”

With so many buried and embed-
ded components, what seems to be 
the most practical ways for an engi-
neering team to achieve successful 
integration of multiple die, passive 
on-board components and intercon-
nects into one module? After working 
closely with their design customers, 
the application engineers at AWR feel 
that, “You have to partition the circuit 
into workable sub-circuits that lend 
themselves to a top-down, parametric 
design capability as far into the prod-
uct development cycle as possible. 
Once the initial topological selection 
is performed for complex circuits 
like MCM or SoP, the designer often 
switches to an analytical, bottom-up 
design style based more on EM solv-
ers than on parametric circuit simula-
tion. The design team can forego con-
currently designing the coupled sub-
circuits if the partitioned sub-circuits 
can be designed independently. That 
is, it can be performed by represent-
ing their coupling to other sub-circuits 
or parasitic design elements as defi n-

able parametric elements (non-ideal 
harmonic loads or lumped/distributed 
models), respectively.” 

Both AWR and Agilent felt the 
ultimate solution for passives and in-
terconnects is the full module verifi -
cation via EM simulation; however, 
this only makes sense for fi nal design 
verifi cation due to the extremely time 
consuming simulation processes. Ac-
cording to AWR, “The entire design 
ultimately must be verifi ed electrically 
via EM simulation and for manufac-
turing via DRC, LVS and DFM. If the 
team has thoroughly explored the de-
sign before verifi cation to understand 
couplings and sensitivities, it may not 
be necessary to place the entire design 
into an EM solver for verifi cation. In-
stead, the SoP or MCM design can be 
electrically verifi ed by selective EM 
analysis. However, it is essential to 
conduct parametric exploration of the 
circuit throughout the design process 
to gain an understanding of the critical 
dependencies, sensitivities and cou-
plings.” Agilent concurred, stating, “A 
more practical approach for an engi-
neering team is a piecemeal approach 
but brings all of them into co-design 
platform for analyzing and optimiz-
ing the dynamic interactions between 
them. To speed up the passive circuit 
design process for the piecemeal ap-
proach, the technique that builds pa-
rameterized scalable EM models for 
passive structures based on accurate 
EM simulation using the patented 
technology called Multi-dimensional 
Adaptive Parameter Sampling (MAPS) 
technology of AMC (Advanced Model 
Composer) can be also used.”

LAYOUT AND DESIGN RULES
To adequately simulate some of 

these structures, it is important to 
go beyond simulation itself and look 
at the entire design. The SoP struc-
tures are most often layout-driven, 
so to adequately simulate them, you 
need a seamless fl ow from layout to 
simulation. How is multi-layer passive 
component design and embedded 
ICs changing the requirements for 
CAD automation? According to Men-
tor Graphics, multi-layer embedded 
passives are specifi c technology that 
requires specifi c EDA support to be 
viable. 

According to Agilent, the CAD 
requirements for the physical imple-
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3134-65M
3134-100M

You get two new high per-
formance Microsemi power 
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sealed units, with input/output 
circuitry matched to 50 ohms, 
ready to go. 

The Model 3134-200P 
module delivers 200W with 
> 40% collector efficiency and 
power flatness of < 0.5 dB. 
Its high power gain of 8.0 db 
combines with a 100μs pulse 
width and 10% duty cycle 
over the full 3.1-3.4 GHz  
S-Band frequency range. 

See all their impressive specs 
on the Microsemi website.

email: psm@microsemi.com

       www.microsemi.com
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Excellence in Connectivity Solutions

HUBER+SUHNER AG Degersheimerstrasse 14   CH-9100 Herisau   T +41 71 353 4111                                                       hubersuhner.com

QMA Quick-Lock
The waterproof connector

Benefits and key features

IP 68 ingress protection rating when mated• 
Intermateable with QLF• ® certified standard 
QMA female
Same outline as standard QMA • 
Enhanced temperature rating +105° C • 

The waterproof QMA provides the true SMA 
replacement below 6 GHz, where quick locking 
and watertightness are required.
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mentation are: a) unifi ed stack-up; b) 
connectivity support; c) electrical rule 
check (ERC); d) design rule check 
(DRC); and e) assembly rule check 
across chip, module and board. For 
simulation, an example is moving large 
spiral inductors off an RF chip to be-
come an embedded multi-layer com-
ponent to reduce the cost of semicon-
ductor area used. The impact on CAD 
automation means that it now has to 
support co-design of the chip and 

module with simulation to accurately 
account for the 3D interconnects such 
as wire bonds or solder-bumps along 
with the embedded active system or 
circuit ICs. Co-design requirements 
necessitate the tight integration of 
system, circuit and 3DEM simulators 
under the same co-design platform. 
Standalone 3DEM tools cannot sup-
port this kind of fl ow.

According to AWR, engineers re-
ally don’t want to abandon paramet-

ric, top-down design because they 
have a great deal of comfort with the 
approach as no one actually wants to 
repeatedly move lines and/or resize 
components and then run EM simula-
tion for half a day. With this in mind, 
AWR has developed new technolo-
gies specifi cally designed to solve this 
problem. For example, EXTRACT 
is an automated, schematic-driven 
EM capability that lets users use the 
schematic- or layout-driven paramet-
ric approach to design, but does not 
require them to manually run the EM 
solver and then stitch back the result-
ing, high pin-count S-parameter block 
into the schematic.

Is the EDA associated with SiP or 
SoP design evolving in a way similar 
to IC or SoC design with regards to 
design kits, LVS and DRC? According 
to Mentor Graphics’ Viklund, “This is 
a classic question. Still, the challeng-
es in SiP and SoP design are unique 
and do not lend themselves to borrow 
methodology from other technology. 
Clear, however, is of course that de-
sign kits, which really are just protect-
ed templates of proven technology, 
are being used both to save time and 
to mitigate the risk of errors. In terms 
of LVS and DRC, the keyword in SiP 
design is “real time DRC” and this is 
true even for 3D related physical and 
manufacturing rules. It’s simply too 
late to fi nd errors using batch LVS and 
batch DRC processes even though the 
batch checks are used as a fi nal sign 
off process.”

Agilent’s How-Siang Yap pointed 
out the difference between IC de-
sign fl ow and those required for SoP 
design. “As we discussed in the previ-
ous questions, more challenges exist 
in multiple technologies used in SoP 
than IC or SoC designs. Therefore the 
EDA technology is evolving more to 
the co-design concept which can be 
divided into front-end co-design for 
simulation perspective and back-end 
co-design for layout/assembly/packag-
ing perspective. For the front-end co-
design, the trend is in the integration 
of different simulation domains into a 
single unifi ed design platform which 
can be called high frequency and high 
speed co-design platform. For the 
back-end co-design, the trend is in the 
integration of different back-end tools 
which has different technology fi les 
and design/assembly rules.” 
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Model 12,010 800MHz/2.5V Pulse/Pattern Generator
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125ps signal risetime
Differential (complimentary) outputs
Built-in jitter insertion option 
(multi-UI sinusoidal, random, deterministic)

Model 12,000 165MHz/20V Pulse/Pattern Generator

The ultimate in flexible programmability
Programmable risetime (2.5ns to 200ms)
Pulse durations from 3ns to 1,000s
Up to 40V output with Channel-Add feature
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Up to 40V output
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100 Davids Drive • Hauppauge, NY 11788 
TEL.: (631) 436-7400 • FAX: (631) 436-7430

www.miteq.com

AMPLIFIERS
Gain Noise In/Out Output Power

Frequency Gain Flatness Figure VSWR at 1dB Comp.
Model Number (GHz) (dB, Min.) (±dB, Max.) (dB, Max.) (Max.) (dBm, Typ.)

JSW4-18002600-20-5A 18-26 34 1.5 2.0 2.0:1/2.0:1 5
JSW4-26004000-28-5A 26-40 25 2.5 2.8 2.2:1/2.0:1 5
JSW4-18004000-35-5A 18-40 21 2.5 3.5 2.5:1/2.5:1 5
JSW4-33005000-45-5A 33-50 21 2.5 4.5 2.5:1/2.5:1 5
JSW5-40006000-55-0A 40-60 18 2.5 5.5 2.75:1/2.75:1 0

Higher output power options available.

MULTIPLIERS
Frequency (GHz) Input Output Fundamental DC current

Level Power Feed Through Level @+15VDC
Model Number Input Output (dBm, Min.) (dBm, Min.) (dBc, Min.) (mA, Nom.)

MAX2M260400 13-20 26-40 10 10 18 160
MAX2M200380 10-19 20-38 10 10 18 200
MAX2M300500 15-25 30-50 10 10 18 160
MAX4M400480 10-12 40-48 10 10 18 250
MAX3M300300 10 30 10 10 60 160
MAX2M360500 18-25 36-50 10 10 18 160
MAX2M200400 10-20 20-40 10 10 18 160

TD0040LA2 2-20 4-40 10 -3 30 N/A

Higher output power options available.

MIXER/CONVERTER PRODUCTS
Frequency (GHz) Conversion Noise Image LO-RF

Gain/Loss Figure Rejection Isolation
Model Number RF LO IF (dB, Typ.) (dB, Typ.) (dB, Typ.) (dB, Typ.)

LNB-1826-30 18-26 Internal 2-10 42 2.5 25 45
LNB-2640-40 26-40 Internal 2-16 42 3.5 25 45
IR1826N17* 18-26 18-26 DC-0.5 11 9.5 25 25
IR2640N17* 26-40 26-40 DC-0.5 11 9.5 25 25
SBW3337LG2 33-37 33-37 DC-4 -7.5 8 N/A 25
TB0440LW1 4-40 4-42 .5-20 -10 10.5 N/A 20
DB0440LW1 4-40 4-40 DC-2 -9 9.5 N/A 25
SBE0440LW1 4-40 2-20 DC-1.5 -10 10.5 N/A 20
* For IF frequency options, please contact MITEQ.

MITEQ also offers custom designs to meet your specific requirements.
For additional information or technical support, please

contact our Sales Department at (631) 439-9220
or e-mail components@miteq.com

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

www.miteq.com

MITEQ also offers custom designs to meet your specific requirements.
For additional information or technical support, please

contact our Sales Department at (631) 439-9220
or e-mail components@miteq.com
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AWR more or less agreed, while adding, “SoP design is 
evolving this way in the sense that each IC and packaging 
technology has a PDK or design kit with LVS, DRC, and 
support for AWR routing and interconnect technologies 
such as bridge code automatic via insertion and iNet au-
tomated routing. The same demands are being placed on 
laminate and IC kit development, and perhaps even more 
as these technologies can be concurrently co-designed, co-
simulated, and co-verifi ed within the AWR UDM. How-
ever, it is not evolving this way in the sense that the inte-
grating technology is PCB-based and not IC-based. The 
company sees a tremendous demand for simultaneously 
running real-time PCB DRC and using PCB DFM while 
still verifying RF and microwave electrical performance at 
the circuit or system level. The Agilent Mentor DA and 
AWR Connected for Mentor Graphics Expedition fl ow 
supports real-time integration so that the PCB aspects are 
being altered in the DRC context while the electrical char-
acteristics are simultaneously verifi ed to ensure that per-
formance has not been sacrifi ced. This is all performed at 
the parametric, circuit, or system level without reducing 
the design to ‘dumb metal’ and just subjecting everything 
to EM simulation.”

CAD data and simulation data (structure geometries for 
EM) are not necessarily compatible. So, what is the state-
of-the-art in sharing information between the CAD group 
and electrical design group from the perspective of sharing 
information between environments? Agilent responded by 
stating that, “Yes, it is true that CAD data and structure 
geometry data for EM are not necessarily compatible. One 
example is via holes. Via hole in CAD data format is true 
representation of physical structure, for example very small 
arc resolution for circles. However, the required via holes 
in EM simulation don’t have to be that complex since it 
creates more simulation burden without improving the ac-
curacy of simulation. The state-of-the-art for design fl ow 
integration is intelligence of CAD data translation process. 
As demonstrated in Agilent EEsof EDA design tools, the 
via holes from the CAD environment can be simplifi ed into 
rectangular or polygonal vias for faster EM simulations 
without manual CAD manipulation. Also it is important to 
automatically import substrate stack-up information with-
out manual intervention.”

IC MODELING
Multi-chip devices also contain active devices and ICs 

that need to be accounted for in the design process. What 
level of MMIC and RFIC model detail is necessary and 
available (in the case of vendor supplied die) for designers 
simulating a multi-chip module? Often, there is insuffi cient 
data being supplied at this level. According to Agilent, “The 
most accurate model available with full IP protection is the 
X-parameter model and can be generated by measurement 
with Agilent NVNA or simulation with ADS. X-parameters 
are the mathematically rigorous extension of S-parameters 
to fully capture nonlinear behavior that includes frequency 
conversion and impedance mismatched harmonics of cas-
caded nonlinear components. When measured or simu-
lated with load pull termination, the X-parameter models 
are valid across a wide range of terminating impedances. 
Today, measurement-based X-parameter models are lim-
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ited to two ports due to available hardware instrumenta-
tion, but simulation-based X-parameters can be generated 
for multi-port non-linear components such as mixers and 
transceivers. Early beta customers representing IC design 
houses and major handset vendors are fully embracing X-
parameter models because it provides a compact accurate 
language to communicate and simulate nonlinear behavior 
of MMIC, RFIC, PAM and FEM between design part-
ners.”

AWR sees additional complexity to the problem: “Many 
MMIC and RFIC customers have to do their own appli-
cation-specifi c testing and then use the results at the SoP 
or system level. The problem is very complex because the 
loads presented to some of these ICs are not normally 
characterized by IC vendors. Compounding this, because 
of the small form factor of the SoP or MCM, is die-to-die 
coupling. Once you have couplings that cannot be repre-
sented at the boundary of a die, you need a circuit-level 
description of the die to get at some of these problems. A 
behavioral or compact model of the die is no longer ad-
equate.” Furthermore, multi-chip co-design may likely call 
for analysis in both time and frequency domains.

CONCLUSION
Multi-chip design is an evolving technology that offers 

faster time-to-market and lower development costs com-
pared to single IC solutions yet can still deliver functional-
ity and reduced size. SoP is the leading multi-chip tech-
nology today, whereby embedded passive components are 
approaching the 1000 components per square centimeter 
milestone. As process technology transitions from the micro 
to nano scale in the 2010 timeframe, SoP will deliver more 
capability in ultra-miniaturized packages. This develop-
ment must occur hand-in-hand with increased capabilities 
in EDA design fl ows and simulation technologies as well as 
a growing knowledge of how to address the complexities of 
IC/package co-design among engineering teams. n
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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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Year 2009 missile production for the US Army as well as 
the fi rst sale of the PAC-3 Missile Segment to the United 
Arab Emirates (UAE). The UAE becomes the fi rst Middle 
East customer and the fourth international customer for 
the PAC-3 Missile, joining The Netherlands, Germany 
and Japan in fi elding the system. Lockheed Martin expects 
in excess of $1.8 B in PAC-3 Missile-related business over 
the life of the initial UAE program.

The FY09 contracts include production of 172 hit-to-
kill PAC-3 Missiles, 42 launcher modifi cation kits, spares 
and other equipment, as well as program management 
and engineering services. Production of all equipment 
will take place at Lockheed Martin manufacturing facili-
ties in Dallas and Lufkin, TX, Chelmsford, MA, Ocala, 
FL, and the PAC-3 All-Up Round facility in Camden, 
AR. Deliveries on the contracts will be completed by July 
2011.

“The PAC-3 Missile’s proven hit-to-kill lethality pro-
vides an unprecedented level of protection to the War-
fi ghter,” said Mike Trotsky, vice president, Air & Missile 
Defense Programs at Lockheed Martin Missiles and Fire 
Control. “We continue to see interest in the PAC-3 Mis-
sile Segment around the world, and Lockheed Martin re-
mains focused on producing this vital technology for our 
customers.”

“The PAC-3 Missile offers the UAE combat-proven 
hit-to-kill lethality to protect critical capabilities and na-
tional assets,” said Dennis Cavin, vice president, Interna-
tional Air & Missile Defense Strategic Initiatives at Lock-
heed Martin Missiles and Fire Control. “PAC-3 Missile 
Segment performance and lethality are the premier tech-
nologies available to provide defense against the threats 
facing our forces and allies today and well into the future.” 
As part of these contracts, Lockheed Martin will produce 
and deliver equipment to begin upgrading all US Army 
Patriot fi re units with the capability for fi ring the PAC-3 
Missile. The US Army initiatives, called “Pure Fleet” and 
“Grow the Army,” were launched in 2006 and will provide 
consistency across the fl eet for the user anywhere Patriot 
is deployed or trained.

Lockheed Martin is the prime contractor on the PAC-
3 Missile Segment upgrade to the Patriot air defense 
system. The PAC-3 Missile Segment upgrade consists of 
the PAC-3 Missile, a highly agile hit-to-kill interceptor, 
the PAC-3 Missile canisters (which each hold four PAC-3 
Missiles, with four canisters per launcher), a fi re solution 
computer and an enhanced launcher electronics system.

The PAC-3 Missile is the world’s most advanced, ca-
pable and powerful theater air defense missile, and cur-
rently is the only fi elded pure kinetic energy air defense 
missile. It defeats the Patriot Air Defense System threat: 
tactical ballistic missiles, cruise missiles and fi xed and ro-
tary winged aircraft. PAC-3 Missiles signifi cantly increase 
the Patriot system’s fi repower, with 16 PAC-3s loading out 
on a single Patriot launcher.

Lockheed Martin achieved the fi rst-ever hit-to-kill in-
tercept in 1984 with the Homing Overlay Experiment, 
using force of impact alone to destroy a mock warhead 
outside of the Earth’s atmosphere. Further development 
and testing produced today’s PAC-3 Missile, which won a 

Raytheon Team 

Completes Major 

Milestones on GPS 

Control Segment

Raytheon Co. has suc-
cessfully completed two 

signifi cant milestones for 
the US Air Force’s next-
generation Global Position-
ing System Control Seg-
ment, or GPS OCX, 
establishing a solid founda-
tion and roadmap to keep 
the program on track and 
on schedule.

“These mark major ac-
complishments for our entire team and signifi cantly burn-
down the execution risk on the program,”  said Bob Canty, 
Raytheon GPS OCX vice president and program manager. 
“Our team of industry experts worked seamlessly together 
to reach and complete these critical tasks and looks for-
ward to meeting all future customer requirements.”

The segment design review was a comprehensive review 
of the team’s progress in systems engineering, systems ar-
chitecture and program management. Successful comple-
tion demonstrates that the design is suffi ciently mature and 
the level of residual risk is acceptable to proceed to the 
program’s next phase. In keeping with the “back-to-basics” 
approach, the team demonstrated the ability to command 
modernized GPS signals, provide situational awareness and 
expose data on the network through the modernized ca-
pability engineering model demonstration. The Raytheon 
team also demonstrated time-certain delivery by achiev-
ing all model objectives on time and within budget. Canty 
added, “Both milestones allowed us to show the customer 
that we have met their requirements, signifi cantly reduced 
program risk and are well-positioned to deliver our GPS 
OCX solution. Our back-to-basics approach to developing 
our GPS control segment demonstrates our understanding 
and alignment with the needs of our US Air Force cus-
tomer.” The Raytheon-led team is on track to complete 
the remaining program milestones and is working under a 
$160 M Phase A system design and risk reduction contract. 
The contract was awarded by the Air Force Space and Mis-
sile Systems Center, Los Angeles Air Force Base, in No-
vember 2007 to produce the new control segment for the 
current and future GPS systems.

The completion of the segment design review and mod-
ernized capability engineering model is an accomplishment 
of Raytheon Co., ITT, The Boeing Co., Infi nity Engineer-
ing Systems, Jet Propulsion Laboratory, SRI International 
and Braxton Technologies.

Lockheed Martin 

Receives Contracts 

for PAC-3 Missile 

Program

Lockheed Martin has re-
ceived contracts totaling 

$774 M from the US Army 
Aviation and Missile Com-
mand for hardware and ser-
vices associated with the 
combat-proven Patriot Ad-
vanced Capability-3 (PAC-
3) Missile program. These 
contracts include Fiscal 
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competition in 1993 to become the fi rst hit-to-kill inter-
ceptor produced by the US government. The PAC-3 Mis-
sile has been the technology pathfi nder for today’s total 
conversion to kinetic energy interceptors for all modern 
missile defense systems.

Northrop 

Grumman’s Fire 

Control Products 

Play Key Role in 

Successful Missile 

Defense Test

Northrop Grumman 
Corp.’s advanced fi re 

control products played a 
key role in the most chal-
lenging test to-date of the 
nation’s Ground-based 
Midcourse Defense (GMD) 
system, the nation’s only 
defense against long-range 
ballistic missiles. In the 
system’s fi rst intercept test 
using multiple sensors (past 

tests have used only one sensor) to track and hit a live 
target, the GMD fi re control products (GFC) integrated 
data from several globally-dispersed sensors to help coor-
dinate the overall engagement sequence and more pre-
cisely track and ultimately destroy the target. In addition, 
Northrop Grumman’s command launch equipment (CLE) 
software effectively launched the interceptor. 

“The Northrop Grumman fi re control products dem-
onstrated a leap in capability today,” said Karen Williams, 
sector vice president and general manager of the Mis-
sile Defense Division for Northrop Grumman’s Mission 
Systems sector. “In pulling data from four sensors, versus 
one, the GFC had to perform the challenging task of cor-
relating a multitude of different track data to decide on a 
trajectory that would correctly position the interceptor to 
hit the target. This is an extremely complicated effort, and 
I congratulate our team for again raising the bar and suc-
cessfully meeting the objectives for every test to date.” 

During the GMD fl ight test, known as FTG-05 and 
conducted by the US Missile Defense Agency and The 
Boeing Co., a ground-based interceptor was launched 
from Vandenberg Air Force Base (VAFB), CA against a 
target missile threat fi red from a launch complex in Ko-
diak, AK. The test employed four sensors located at-sea 
and along the West Coast. The fi re control system—at 
Ft. Greely, AK and in Colorado Springs, CO—integrated 
data from these sensors to help identify, track and shoot 
down the target. The in-fl ight communication system 
data terminal, located at VAFB, provided target-track up-
dates during the interceptor’s fl ight to the target. “Our 
advanced software algorithms made sense of the informa-
tion provided by these sensors, determined the best in-
terceptor path, and put the kill vehicle in the right spot to 
make the hit,” said Steve Owens, GMD Systems program 
director for Northrop Grumman in Huntsville, AL. n 
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systems are provided with GPS, spectrum analysers, incli-
nometers and anemometers for backup. The Syracuse III 
satellite system is regarded as the communications centre 
of the French Army and was designed to be diffi cult to in-
terfere with. 

The systems to be delivered by Indra are built to estab-
lish voice and data bidirectional communications at 2 Mbps. 
This speed is one of the highest to be found among this type 
of satellite and shows the company’s capability to develop 
customised solutions for cutting-edge technology projects.

Partnership for 

Thales Alenia Space 

and Lockheed 

Martin

Thales Alenia Space Italy 
and Lockheed Martin 

Space Systems Co. are 
forming a strategic partner-
ship. The initial focus of the 
partnership is to combine 
the experience and capabili-
ties of each company to of-
fer new, highly-responsive 
and agile space radar solu-
tions for a variety of cus-
tomers. The joint business 

agreement leverages each company’s resources, talents, 
programmes and customer partnerships in a way that al-
lows both to expand their respective remote sensing prod-
uct areas and businesses. 

Thales Alenia Space is a leader in developing, manu-
facturing, and delivering turnkey remote sensing systems, 
including satellites, platforms and payloads that feature 
Synthetic Aperture Radars for civilian, defence and dual 
use applications. Lockheed Martin Space Systems Co. has 
a long history in small satellite production and systems in-
tegration expertise.

The agreement is based on a framework the two compa-
nies established in 2007 and has expanded as part of this new 
phase of development. The two companies are actively com-
pleting their integrated design based on proven, technology-
ready components and expect production cycle and pricing 
to be highly competitive while offering customers a space 
radar with high utility, great fl exibility and strong reliability.

Mahindra & 

Mahindra and 

BAE Systems Joint 

Venture

Following approval from 
the Government of In-

dia’s Foreign Investment 
Promotions Board, Mahin-
dra & Mahindra and BAE 
Systems will set up a Joint 
Venture in India focused on 
land systems for the Indian 
market.

This approval is a key 
step in setting up the joint 
venture, and in accordance 

with current Foreign Direct Investment regulations, the 
equity split will be 74 percent with Mahindra & Mahindra 
and 26 percent with BAE Systems. The two companies will 
now fi nalise detailed planning and structural arrangements 

INTERNATIONAL REPORT

NanoKTN Supports 

Micro and 

Nanotechnology in 

UK

The Nanotechnology 
Knowledge Transfer 

Network (NanoKTN), one 
of the UK’s primary knowl-
edge-based networks for 
micro and nanotechnolo-
gies, has announced its sup-
port for one of the largest 
funding rounds that has 
been made available to the 
sector. A combined total of 
at least €250 M in co-fund-

ed grants is available to UK organisations wishing to submit 
collaborative R&D proposals directly relevant to micro and 
nanotechnology research in the next 12 months. This mon-
ey is a combination of European Commission, UK Tech-
nology Strategy Board and the UK Engineering and Physi-
cal Science Research Council. The opportunities cover a 
wide range of activities from basic research through to full 
industrial implementation and also activities to cover risk 
and engagement elements. 

Nanotechnologies offer the next generation of solutions 
to existing engineering problems through the development 
of new materials, new manufacturing processes and mea-
surement techniques. These can be either explicitly re-
searched or embedded into wider project initiatives. The 
UK national, regional and devolved administrations offer 
support through the UK NanoKTN as well as the offi cial 
National Contact Point (NCP) Service and the European 
Enterprise Networks (EEN).

Choosing the right call is critical for UK organisations to ex-
pand their ambitions over the next two to fi ve years. The Na-
noKTN is dedicated to helping its members understand how 
to write a successful proposal and identify suitable partner-
ships for collaborative work. By offering continuing support 
to its members, the NanoKTN hopes to be able to assist them 
in developing strategies, writing proposals and understanding 
what general funding areas and themes are relevant.

Indra Provides 

France with Tactical 

SATCOM Systems

Indra has been awarded a 
€3.9 M contract to provide 

the French Ministry of De-
fence with 25 mobile tactical 
SATCOM systems, which 
will be connected to the Syr-
acuse III satellite network for 
communications. The net-
work allows solid and safe 
communication between 
France and forces deployed 
across the planet. 

One of the main advantages of the systems lies in the 
possibility of using either military or civil frequency bands. 
Besides this, the systems are transportable and easy to de-
ploy and to take down; it would only take two operators 15 
minutes to have them ready.

Each of the tactical communication systems is equipped 
with the necessary subsystems that position them in the 
right direction to make contact with the satellites. The 
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This innovative design 
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loss, isolation performance, 
a low dispersion trans-
mission characteristic and 
optimized performance – 
e. g. for MCX connectors to 
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to 6 GHz.
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with a view to commencing joint venture operations as 
early as Q2 2009. Headquartered in Delhi, with manufac-
turing in Faridabad, the joint venture will initially employ 
50 to 60 people.

Ian King, chief executive of BAE Systems, said, “This 
is an exciting opportunity and is the fi rst step in BAE Sys-
tems’ plans to grow long-term businesses in India in mul-
tiple sectors across the breadth and depth of the company’s 
global capabilities in land, sea, air and security. The ever 
strengthening relationship between Mahindra & Mahindra 
and BAE Systems is an excellent basis on which to devel-
op a company that is founded with the express purpose of 
serving the Indian armed forces and the Indian economy 
through the creation of high quality jobs, the development 
of innovative technologies and system integration skills, 
and the leadership of two world class companies.”

DOCOMO Moves 

Step Closer to LTE 

with LSI Chip

NTT DOCOMO Inc. 
has successfully devel-

oped a trial large-scale-inte-
gration (LSI) chip that con-
sumes less than 0.04 W of 
power yet supports multi-
ple-input multiple-output 
(MIMO) signal detection 
and decoding for downlink 
transmissions at 100 Mbps, 
the speed required for the 
forthcoming mobile system 

known as Super 3G, or LTE, approved by the 3rd Genera-
tion Partnership Project (3GPP). Compared with chips 
currently used in handsets compatible with the company’s 
High Speed Downlink Packet Access (HSDPA) service, 
which have a maximum downlink rate of 7.2 Mbps, the new 
chip will enable downlinks that are more than ten times as fast. 

The new chip demodulates OFDM signals transmitted 
in the 20 MHz bandwidth from two antennas and detects 
MIMO signals based on Maximum Likelihood Detection 
technology, which ensures relatively high quality commu-
nication even in bad environments for signal reception. 
The chip also includes error correction decoding, which 
requires almost the same level of complexity as MIMO sig-
nal detection.

In the new chip, which is made with 65 nanometer pro-
cessing, the circuits have been further optimized, particu-
larly by eliminating redundant circuits for computationally 
complex processes such as MIMO-signal detection and er-
ror-correction decoding.

DOCOMO will incorporate this new LSI chip tech-
nology in ongoing research and development of LTE 
and International Mobile Telecommunications-Ad-
vanced (IMT-Advanced) systems, as well as in its active 
support of the establishment of related international 
standards. n
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HI-REL MIXERS
For mission critical applications

Miniature hi-rel surface-mount mixers from Mini-Circuits 
are built to handle tough applications in hostile environments.
Featuring hermetically sealed ceramic quads, rugged ADE-R
mixers are supplied in durable plastic packages while
reliable TUF-R mixers are enclosed in laser welded shielded
metal housings. ADE-R and TUF-R mixers cover a frequency
range from as low as 150 kHz through 4 GHz, with models
for a wide selection of LO drive requirements, including +3, 
+7, +10, and +13 dBm. Both versions offer outstanding 
multi octave wideband performance featuring conversion 
loss as low as 5.0 dB, very high isolation up to 50 dB and 
IP3 up to 22 dBm. They are ideal wherever space is at a 

NEW

$395
ea. qty.10-49IN STOCK from

150 kHz to 4 GHz

premium in military, industrial, and commercial applications; 
from UHF/VHF tactical radios to cellular basestations. 

For your mission-critical applications, count on rugged 
surface-mount ADE-R and TUF-R mixers. With a wide
selection of models, you'll find a high-rel mixer optimized 
for your requirements. Visit the Mini-Circuits website at 
www.minicircuits.com for comprehensive performance
data, circuit layouts, and environmental specifications.
Order online for next day shipment.
Mini-Circuits...we're redefining what VALUE is all about!

       RoHS compliantU.S. Patent #7,027,795 and #6,133,525
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U.S. Navy Photos

CERAMIC DIODE QUAD

INSIDE

ADE-R

TUF -R

450 Rev A
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 minicircuits.com

P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
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.3-3000 MHz as low as99¢
each (qty. 100)

TRANSFORMERS

IN STOCK

TCN+

Mini-Circuits wide selection of broadband transformers
demonstrates excellent VSWR with impedance ratios from
1:1 up to 16:1, covering from 300 KHz to 3 GHz. To meet
your demanding size, performance, and environmental
requirements Mini-Circuits offers three package styles to
accommodate your transformer Microwave & RF needs. 

TCN+ mini-packaged Low Temperature Co-fired
Ceramic transformers deliver outstanding thermal stability
high reliability, and permit fast high volume manufacturing.

TC+ models have compact open case design,
all-welded construction, and offer high-strength plastic
base for low cost commercial applications.

TC-G2+ ceramic base with gold plated terminations,
for military and high reliability requirements.
These low cost transformers are the best price/performance
buy in the business! For detailed specifications, full data,
and Designer Kits see our Website.

.15"x .15"   

TINY RF &MICROWAVE

TC+

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

TC-G2+

Available as RoHS compliant.

.12"x .06" 
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 Any contrarian look at what won’t happen naturally 
sheds light on what might. While many markets are unde-
niably in turmoil, there are opportunities as well as chal-
lenges, and surprising bright spots amid the gloom. Will 
mobile marketing hit the big time? No; but the mobile In-
ternet is powering ahead and creating a foundation for the 
future. Will IPTV replace traditional broadcast TV? Abso-
lutely not. But some markets are robust and some provid-
ers are prospering. Will the “location industry” get lost? 
No: in fact 2009’s climate may have a bracing effect in the 
longer term. With its mix of expert opinion, informed as-
sessments and wry humor, “What Isn’t Going to Happen in 
2009” makes for a lively and informative read.

To download the white paper in Adobe PDF format, go 
to www.abiresearch.com and click on the “What Isn’t Go-
ing to Happen in 2009” ad button.

Rationalization of 

Communications 

Services Will 

Headline 

Communications 

Industry Trends

The economic downturn 
will slow growth and in-

novation in many areas but 
will create attractive invest-
ment opportunities in the 
communications and media 
sectors in the New Year, ac-
cording to M/C Venture 
Partners, which released its 
annual list of the Top-10 
communications and media 
industry trends to watch in 

2009. Consumer segmentation, increasing enterprise band-
width requirements, expanded uses of virtualization and in-
creased adoption of personal mobile services will also be at 
the forefront of the industry next year, according to the ven-
ture capital fi rm’s list. M/C Venture Partners created the list 
as part of its ongoing research to understand industry trends 
and discover investment opportunities in the communica-
tions, media and information technology sectors.  

The leading trend going into 2009, according to the 
fi rm’s list, is an accelerating shift in consumer spending to-
ward wireless services and replacement of landline services.  
“Wireless services have historically cannibalized landline 
services, and in this economic climate, we see the value of 
mobility accelerating as consumers try to rationalize their 
communications services expenses,” according to James 
Wade, managing general partner, M/C Venture Partners.  
“The fundamental characteristics of mobile wireless ser-
vices make them increasingly essential in tight economic 
times with customers choosing more pre-paid or unlimited 
service offerings over maintaining their landline services. 
This trend will affect wireless operators at the expense of 
telcos and cable companies.”

Other trends on the M/C Venture Partners’ list include:
 Driven by the success of smartphones like the iPhone, 
Samsung Instinct and Blackberry Curve, consumer 
adoption of mobile data services will continue to ac-
celerate. These and other smartphones targeted at the 
wireless mass market will offer a much richer user ex-
perience resulting in consumers moving beyond SMS 
to using their mobile device for the Internet, video, so-

1.

UWB Market Sees 

Major Setbacks, but 

Some Progress

2008 was a tough year for 
ultra-wideband (UWB) 

technology, reports In-Stat. 
There are now four fewer 
UWB chip makers than 
there were in the middle of 
2008, the high-tech market 
research fi rm says. Focus 
Semiconductor declared 
bankruptcy; WiQuest shut 
its doors; Intel stopped its 

program; Artimi and Staccato Communications merged at 
the urging of their venture capitalists.

“This consolidation has been expected, but in combina-
tion with continued slow UWB device shipments, it raises 
the specter of the failure of UWB technology in the mar-
ketplace,” says Brian O’Rourke, In-Stat analyst. “On the 
bright side, UWB-enabled mobile PCs showed impressive 
percentage growth, albeit from a very low starting point. 
Another positive development in 2008 was the settling of 
the worldwide regulatory structure and the consequent 
development of worldwide UWB chip stock keeping units 
(SKU) from a number of chip makers.”

Recent research by In-Stat found the following:
• PCs are the leading UWB segment in 2008, with 265,000 
devices expected to ship.
• Aftermarket UWB hubs and adaptors comprise all of 
the UWB peripheral shipments in 2008.
• The fi rst UWB-enabled digital televisions shipped in 
2008 in Japan. 

The research, “UWB 2008: Short-Term Problems and 
Long-Term Potential,” covers the worldwide market for 
ultra-wideband technology, both WiMedia and proprietary 
versions. It provides forecasts for UWB penetration in major 
product categories, UWB-enabled cards and dongle ship-
ments, UWB network port shipments, and UWB-enabled 
device shipments through 2012. It also provides analysis of 
market segments and profi les of silicon and IP competitors.

What Isn’t Going to 

Happen in 2009
F or the fourth consecu-

tive year, ABI Research 
puts a different twist on the 
traditional December activ-
ity of surveying the year just 
past and speculating about 
what the new one will bring, 
with a white paper titled 
“What’s Isn’t Going to Hap-
pen in 2009.” The paper is 
available for free download 

from the company’s web site. Given the global recession, 
lots of things won’t happen in 2009, of course. So ABI Re-
search’s analysts focused on several of the company’s core 
areas of expertise, including mobile marketing and mobile 
banking, near-fi eld communication, digital media, IPTV, 
transportation, navigation and location-based services, mo-
bile phones and mobile telecoms, intellectual property, 
Wi-Fi, WiMAX and other networks, with a special look at 
Asia.

COMMERCIAL MARKET
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cial networking, maps and other data intensive applica-
tions.
 Maturing communications services will drive consumer 
segmentation. Cable, telephony and wireless markets 
will continue to mature in 2009, reducing the impact of 
technology innovation as a driver of demand. As a result, 
service providers increasingly will utilize segmentation 
of consumer offerings to drive demand and profi tabil-
ity. Prepaid and unlimited offerings are key examples of 
growth by segmentation.
 Smaller carriers will see an improved competitive land-
scape. With the broad consolidation of communications 
companies over the past few years, and further consoli-
dation frozen by the fi nancial markets, smaller carriers 
will have room to differentiate themselves with innova-
tive products and services.
 Consumer and mobility-driven video content consump-
tion will drive network operators to revise their network 
deployment strategies to profi tably accommodate chang-
ing usage patterns. Innovations in this area will question 
current network norms and usher in new strategies that 
can deliver near-term profi ts with the required perfor-
mance enhancements needed to meet demand. Ex-
amples of these changes include distributed antenna 
systems, wireless backhaul, higher capacity access con-
centrator devices, increased use of fi ber networks and 
more aggressive capacity planning by network operators.
 Enterprise bandwidth needs will drive redundancy and 
quality requirements. Ever-increasing enterprise con-
sumption of bandwidth will highlight the need for more 
reliable and diverse network solutions. These increasing 
bandwidth requirements will further expose reliability 
weaknesses of existing copper networks and the relative 
advantages of fi ber and fi xed wireless networks.
 Virtualization will continue its trend of deepening pen-
etration of the enterprise, as maturity of virtualization 
at all layers of infrastructure can now genuinely support 
dynamically scalable data services to the enterprise. 
Furthermore, with a slowing economy, enterprises will 
lower costs and improve operational fl exibility through 
virtualization, which enables IT innovation during dif-
fi cult economic conditions.
 With a slowdown in advertising media spending, scru-
tiny of media effectiveness will increase, thereby ac-
celerating the movement away from traditional media 
outlets and toward measurable media and tools for 
more effective media usage. Out-of-home media will 
become more local and direct. As technology improves, 
so too will efforts to tailor out-of-home advertisements 
to smaller, more specifi c consumer segments.
 New leadership at the FCC and Congress will create 
a more innovation-friendly regulatory environment for 
smaller competitors. CLEC and wireless services in 
particular should benefi t from broader opportunities 
to reach consumers with fl exible product offerings and 
richer user experiences.
 “Personal wireless broadband” will become more wide-
spread. The increasing number of Internet-capable de-
vices combined with lower monthly subscription costs will 
feed demand in spite of overall economic conditions. n

2.

3.

4.

5.

6.

7.

8.

9.
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Tektronix DPX 
Technology—See What 
You’ve Been Missing.

See a live RF demo
www.tektronix.com/rtsa-dpx

Discover what’s real with Tektronix DPX™

Technology. Now you can see your time-varying 
signals live with DPX technology, available on all 
Real-Time Spectrum Analyzers from Tektronix. 
DPX displays a live RF view of your signal changing 
over time. It shows you RF signal characteristics 
that are practically invisible with prior architectures.

The two screens represent a traditional swept tuned spectrum 
analyzer and a Tektronix Real-Time Spectrum Analyzer running DPX™,
each detecting an identical signal that changes every 1.28 seconds.

Tektronix
5 seconds

Traditional
Spectrum Analyzer
5 seconds
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You asked for it: Anaren delivered! Introducing a whole new set of high-performance,
low-profile “0404” baluns to complete – and add new design flexibility – to our balun
family. Now supporting all frequency bands critical to today’s wireless consumer electronics
applications, the components listed below represent what’s new in our balun line-up!
To see our complete line of consumer-electronics sized baluns, filter baluns, couplers,
power dividers, and RF crossovers – visit www.anaren.com, email ccg@anaren.com,
or contact Richardson Electronics today!

We’ve responded to YOU, with 16
new “0404” baluns! Like the rest
of our balun family, they offer high-
performance, a lower height profile
than wirewound transformers, and
a far simpler board layout compared
to lumped-element solutions.

What’s hot button?your

Standard Part Number Description
GPS BD1416N5050A00
(1400-1600 MHz) BD1416N50100A00

3G GSM and ISM BD0810N50100A00
(800-1000 MHz)

3G & Quad-band BD1722N5050A00
GSM RFIC
(1700-2200 MHz)
Bluetooth & WiFi BD2425N5050A00
(2400-2500 MHz)
Halogen-free BD2425N5075A00
(2400-2500 MHz) BD2425N5075AHF

BD2425N50100AHF
BD2425N50200AHF

(4800-5900 MHz) BD4859N5050AHF
BD4859N59N50150AHF

WiMAX BD3337N5050A00
(3300-3700 MHz) BD3337N50100A00
Matched Baluns BD2425NCSR (CSR Unifi + BC6)

BD2425NnRF (Nordic RF)
BD2425N50ATI (TI Chipcon)

Choose either our 1:1 or 1:2 balun. These also
support mobile phones equipped to receive
terrestrial TV (DVB-H, USA).

Select this1:2 balun for “3G-GSM quad-band”
(lower bands), ISM and 900 MHz unlicensed
applications.

Use this 1:1 balun with the quad band
RFIC devices. Our discrete solution
trumps all wirewound baluns.

These newest Anaren innovation conform to the
newly created Halogen-free standard. Ideal for
the most demanding consumer electronics
Bluetooth and WiFi (a, b, and g) “green”
applications.

Anaren’s matched baluns (created specifically
for these chip-sets) improve performance and
decrease circuit layout size by up to 77%.

Low impedance 50-50Ω and 50-75Ω 2400
MHz solutions.

1:1 and 1:2 baluns are well-suited to the
3300-3700 MHz WiMAX range.

NEW 0404 Parts!

800-411-6596 > www.anaren.com
In Europe, call 44-2392-232392
ISO 9001 certified
Visa/MasterCard accepted (except in Europe)
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AROUND THE CIRCUIT

INDUSTRY NEWS

AWR, a leader in high-frequency design software, ex-
panded its relationship with Rohde & Schwarz, a leading 
test equipment manufacturer, to provide expanded sales 
channels for AWR products such as Microwave Offi ce® 
in China, Taiwan, Singapore and Malaysia. The expanded 
sales distribution partnership will boost AWR’s presence 
and the use of its software in the Asia Pacifi c region, and 
takes effect immediately. The two companies recently an-
nounced a similar agreement in Japan, and the expanded 
partnership further strengthens this relationship.

Hesse & Knipps, a manufacturer of high-speed, fi ne 
pitch wedge bonders for the back-end semiconductor 
industry, will partner with MEW Consulting, recently 
founded by Michael Whitehead, to provide technical sup-
port for third-party wedge and wire bonding equipment 
being phased out by the original manufacturers. Through 
the partnership, Hesse & Knipps and MEW Consulting 
will provide various support services including: high level 
technical and process/applications support; wire/wedge 
bonding equipment repairs; automatic wedge bonder rent-
als that protect against extended machine down-time situa-
tions; training programs; and maintenance programs.

ETS-Lindgren announced the opening of its new 
Acoustic Research Laboratory featuring state-of-the-art 
chambers for acoustic test services. With its hemi-anechoic 
chamber, two reverberation chambers, impedance tubes 
and supporting acoustic test equipment and software, the 
laboratory now offers product noise emission testing and 
structural/architectural acoustic testing. Acoustic fi eld test-
ing services are also available upon request. The labora-
tory is ISO 17025 accredited under the US Department of 
Commerce NIST National Voluntary Laboratory Accredi-
tation Program (NVLAP).

Emerson has strengthened its Connectivity Solutions 
portfolio by bringing together the Midwest Microwave, 
Vitelec Electronics, Johnson Components and Stratos 
Optical brands under one new trading name, Emerson 
Network Power Connectivity Solutions Ltd. The origi-
nal brand names will continue to be used. Under the new 
Connectivity Solutions umbrella the combined product 
lines will deliver RF, microwave and fi bre optic intercon-
nect components and assemblies for wireless communica-
tions, telephony and data networks, CATV, defence, secu-
rity systems, healthcare and industrial facilities. 

Ducommun Inc. announced that it has acquired Dy-
naBil Industries Inc., a privately held company based in 
Coxsackie, NY. DynaBil is a provider of titanium and alumi-
num structural components and assemblies for commercial 
and military aerospace applications. DynaBil’s sales in cal-
endar year 2008 are expected to be approximately $43 M. 
The purchase price for DynaBil was approximately $46.5 
M in cash and notes, and remains subject to adjustment 
based on a closing balance sheet. DynaBil will become a 

n

n

n

n

n

part of Ducommun AeroStructures Inc. (DAS), an exist-
ing Ducommun subsidiary. The close similarities between 
DAS and DynaBil, especially in the areas of manufactur-
ing, engineering, supply chain management, and sales and 
marketing, benefi t both businesses by broadening their 
combined capabilities as a leading supplier of aerostruc-
tures to the aerospace industry.

CONTRACT

Comtech Telecommunications Corp. announced 
that its Maryland-based subsidiary, Comtech Mobile 
Datacom Corp., received an order for $282.0 M under its 
Movement Tracking System, or MTS contract, with the US 
Army. This order is the largest single order in Comtech’s 
history. Total orders received to date against the company’s 
$605.1 M IDIQ MTS contract increased to $426.2 M.

NEW MARKET ENTRY

Reynard Corp., a global supplier of optical components 
and custom thin fi lm coatings, announced custom photoli-
thography services to manufacture patterned optics. The 
company’s contact exposing technique can achieve ge-
ometries as small as 5 microns utilizing a variety of thin 
fi lm coating materials. Metallic or dielectric materials are 
selected based on the application’s transparent, refl ective 
and/or conductive opto-electrical requirements. Patterns 
can be applied to most substrate materials, including plas-
tic sheeting.  

PERSONNEL

Inphi® Corp., a fabless, high-speed analog semiconduc-
tor company, announced the addition of Tsugio Makimo-
to as an advisor for the company in Japan. Makimoto is 
well recognized as one of the leaders in the semiconductor 
industry.  After receiving his MSEE degree from Stanford 
University and his PhD degree from the University of To-
kyo, Makimoto spent most of his career with Hitachi Ltd. 
in the fi eld of semiconductors in various roles, including se-
nior executive and managing director in 1997. In addition, 
Makimoto held a corporate senior executive vice president 
position at Sony.

JPSA Laser announced the appointment of Charles E. 
Cuneo as its new president, based at the company’s 

headquarters in Manchester, NH. Cu-
neo takes over responsibilities as presi-
dent from Jefferey P. Sercel, founder, 
who will continue at the company as 
chairman and chief technology offi cer. 
Cuneo was most recently executive vice 
president of ERG Global, a company 
providing interim and tempo-

Charles E. Cuneos
rary executive management resources 

to companies worldwide. Prior to this position, he was 
COO of Gibson Guitars of Nashville, TN. He has served as 
president and chief operating offi cer for software company 

n

n

n

n
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Meet the newWaveCor SLO
Don’t let the name fool you. It’s fast. It’s really, really fast.

The WaveCor™ SLO (Synthesized Local Oscillator) is 1,000 times faster than

YIG-based synthesizers, and it’s comparably priced. Affordable, compact,

and digital—it’s ready and waiting for you now at ITT.

978-441-0200 • www.ittmicrowave.com

Frequency range: 50 MHz - 20 GHz

Switching speed: 10 μS

Tuning resolution: 1 kHz

Package size: 6.0˝ x 6.0˝ x 2.75˝

NeuMath Inc. He was also president and chief operating 
offi cer for Unitek Benchmark, a manufacturer of hermetic 
sealing systems for microelectronics, a subsidiary of laser 
manufacturer Unitek Miyachi Corp. Cuneo has held man-
agement positions for several other technology companies 
in the Northeast, including Waters, Millipore Corp., ADE 
Corp., Credence Systems and Teradyne Inc. 

Cadence Design Systems Inc. announced the promo-
tion of three senior leaders to executive management po-
sitions in R&D and worldwide sales and fi eld operations. 
Chi-Ping Hsu was named senior vice president of research 
and development for the Implementation Products Group. 
Hsu has previously served as chief strategist of products 
and technologies and corporate vice president and general 
manager of both synthesis solutions and digital IC imple-
mentation. Nimish Modi was named senior vice president 
of research and development for the Front End Group with 
responsibility for products and solutions in the areas of logic 
design, systems design, verifi cation, SoC IP integration and 
hardware/software co-validation. Prior to joining Cadence 
in 2006, Modi spent 18 years at Intel Corp., where he was 
most recently a vice president in the Enterprise Platforms 
Group with responsibility for the company’s server CPU 
development. Tom Cooley was named senior vice presi-
dent of Worldwide Field Operations. Cooley is responsible 
for worldwide sales, product marketing and technical fi eld 
operations. Cooley is an EDA industry veteran with over 

n

23 years of experience in sales and marketing. He joined 
Cadence in 1995 and has held various positions, including 
leading the company’s sales activities in the regions of North 
America, Europe, the Middle East, Africa and India.

Linear Technology Corp., an independent manufactur-
er of high performance linear integrated circuits, an-

nounced the promotion of Tony Arm-
strong to the position of director of 
product marketing for Power Products. 
In his expanded role, Armstrong will 
have responsibility for the management 
of all aspects of product marketing for 
both integrated circuits and power 
µModule™ regulators, including 

Tony Armstrongs
product pricing, advertising and related 

marketing campaign development. Armstrong brings 27 
years of industry experience to his new role, including over 
eight years at Linear as product marketing manager. Prior 
to joining Linear, he held marketing, management and 
sales positions with various companies, including Siliconix, 
Semtech, Fairchild and Intel.

Renaissance Electronics announced the promo-
tion of Charles Nashef to international sales manager. 
Nashef has over 16 years in business development for man-
ufactured components on a national and international level 
with extensive experience working with the aerospace, de-
fense, telecom, industrial and medical industries. Nashef 
manages the international markets for all of Renaissance 
product offering along with leading the marketing cam-
paign for both national and international.

n

n
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Over 120 models... 80 MHz to13 GHz 99¢
from ea. ( Qty .1000 )

  Measuring only 0.12"X 0.06", these tiny hermetically sealed filters utilize our advanced 
Low Temperature Co-fired Ceramic (LTCC) technology to offer superior thermal stability, 
high reliability, and very low cost, making them a must for your system requirements. Visit 
our website to choose and view comprehensive performance curves, data sheets, pcb layouts, 
and environmental specifications. And you can even order direct from our web store and 
have a unit in your hands as early as tomorrow!

Mini-Circuits…we’re redefining what VALUE is all about! U.S. Patent 6, 943, 646
RoHS compliant

CERAMIC FILTERS
LOW PASS AND HIGH PASS

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

Order your KWC-LHP FILTER KIT TODAY!

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

IF/RF MICROWAVE COMPONENTS

TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com

P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site

432 Rev B

NEW!
Wild Card KWC-LHP LTCC Filter Kits   

$98only
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MI Technologies, a worldwide supplier of microwave 
test and measurement products, systems and service, has 

appointed Charles Liang of Duluth, 
GA, to the position of strategic account 
manager for Asia. In this new position, 
Liang will be responsible for the compa-
ny’s new business efforts for the Asian 
region working with in-country partners 
and the MI Technologies’ engineering 
and business resources to accelerate the 

Charles Liangs
growth of the company’s business in the 

region. Prior to this appointment, Liang served as a pro-
gram manager for MI Technologies being responsible for 
the profi t and loss of key initiatives and coordinating a 
number of successful test and measurement installations in 
the United States and Asia.  

REP APPOINTMENTS

Technical Communities, a service provider for tech-
nical organizations that sell to US government agencies, 
military organizations and prime federal contractors, an-
nounced a new exclusive government services partnership 
agreement with LadyBug Technologies, a manufacturer 
of the PowerSensor+™ line of “no-cal, no-zero” USB pow-
er-measurement instruments. The agreement authorizes 
Technical Communities to provide government organiza-

n

n

tions with LadyBug Technologies’ PowerSensor+ line of 
miniaturized USB power meter-sensors.

Digi-Key Corp. announced that it has recently signed 
an agreement for the worldwide distribution of Murata 
Power Solutions products. Murata Power Solutions is a 
manufacturer of DC-DC converters, AC-DC converters, 
high-reliability power supplies, digital panel meters, mag-
netics and data acquisition devices for applications that 
include telecommunications, computing, industrial and 
other high-tech applications.

Mouser Electronics Inc. announced it has signed a 
distribution agreement with Hirose Electric Co., a spe-
cialty manufacturer of high-quality connectors. Mouser 
has access to Hirose’s full product portfolio and is stock-
ing rectangular, circular and coaxial connectors, as well as 
FFC/FPC connectors.  

Lorch Microwave announced it has appointed Sands 
Technical Sales located in Chandler, AZ, as the exclusive 
representative for all RF and microwave products in Ari-
zona and New Mexico.

Carlisle Interconnect Technologies, a division of 
Carlisle Companies Incorporated, announced the appoint-
ment of Tactron Elektronik as its International Sales Rep-
resentative in Germany, Austria and Switzerland. Founded 
in 1984, Tactron Elektronik focuses on the military and 
aerospace, telecommunication, safety technology, fi bre op-
tic and software industries. 

n

n

n

n
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Coupling
(dB) P/N

Freq.
 Range
(MHz)

Ins.
Loss

dB max.

30 ± 1
50 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1

2-32
2-32

0.5-50
0.5-100
0.5-100
20-200
20-400
100-500
500-1000

1.10:1
1.10:1
1.10:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1

C30-104-481/2*
C50-101-481/1N
C50-100-481/1N
C30-102-481/2*
C40-103-481/2*
C50-108-481/4N
C30-107-481/3*
C40-105-481/4N
C50-106-481/4N

Directivity greater than 20 dB
*  Available in SMA and N Connectors

Directional Couplers

Outline 450/1N

0.10
0.06
0.10
0.30
0.20
0.20
0.30
0.20
0.20

VSWR
In/Out
max.

Input
Power
max.

Dual High Power

100w
2500w
2000w
200w
200w
500w
50w

500w
500w

Isolation
(dB) P/N

Insertion
Loss

dB max.

25
18
20
25
20
20

20
25
20
20

High Power Combiners

0.3
0.5
0.4
0.5
0.3
0.3

0.6
1.2
1.5
1.5

Total Input
Power
max.

25 to 400 Watt Input
VSWR
max.

1.20:1
1.40:1
1.30:1
1.20:1
1.30:1
1.30:1

1.30:1
1.40:1
1.50:1
1.50:1

Freq.
 Range
(MHz)

800-1000
800-2200
1700-2200

10-250
250-500
500-1000

20-400
100-700
30-1100
5-1500

PPS2-12-450/1N
PPS2-10-450/1N
PPS2-11-450/1N
PP2-13-450/50N
PPS2-16-450/20N
PPS2-15-450/20N

PP4-50-452/2N
P4-P06-440
P4-P09-440
P4-P10-440

100w
100w
100w
200w
100w
100w

400w
25w
25w
25w

2-Way

4-Way

*  Available in SMA and N Connectors

Outline 452/2N Outline 481/4NOutline 481/2S
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FOR FIXED WIRELESS, WIMAX, & CELLULAR INFRASTRUCTURE!

See www.hittite.com For Our Complete Power Detector Product Line!

  Each Channel Provides RMS 

 Power & Crest Factor Measurement

  Excellent Matching Channel-to-Channel

  ±1 dB Detection Accuracy to 3.9 GHz

  Input Dynamic Range: -55 dBm to +15 dBm

  Excellent Temperature Stability

IN-STOCK POWER DETECTORS: LOG, RMS (Dual) / PAR & SDLVA
Frequency

(GHz)
Function

Dynamic

Range (dB)

RSSI Slope

(mV / dB)

RF Threshold

Level (dBm)

Bias

Supply
Package

Part

Number

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

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

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

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

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

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

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

DC - 3.9 RMS Power Detector 69 ± 1 37 -60 +5V @ 65mA LP4 HMC610LP4E

0.1 - 3.9 Dual RMS / PAR Power Detector 70 ± 1 37 -55 +5V @ 138mA LP5 HMC714LP5E

0.1 - 3.9 RMS / PAR Power Detector 71 ±1 37 -58 +5V @ 75mA LP4 HMC614LP4E

0.1 - 20 SDLVA 62 14 -57 +3.3V @ 83mA LC4B HMC613LC4B

Connectorized Power Detector Modules

0.01 - 2.0 RMS Power Detector 70 ±1 37 -58 +12V @ 95mA C-6 / SMA HMC-C054

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

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

HMC714LP5E Dual Channel RMS 
Power Detector, 100 MHz to 3.9 GHz

5x5mm SMT

NEW!
NEW!

iPAR Output & Input RF Signal Envelope vs. Time 

for an Input Crest Factor of 12.04 dB @ 1900 MHz

RF Input Power @ -20 dBm
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TECHNICAL FEATURE

RELATIONSHIPS BETWEEN 
COMMON EMITTER, 
COMMON BASE AND 
COMMON COLLECTOR HBTS
Analytical expressions for the relationships between common emitter, common 
base and common collector HBTs are presented in this article. Further simplifi ed 
expressions for noise parameters in the low frequency range are given. This 
technique is based on the combination of an equivalent circuit model and a 
conventional two-port network signal/noise correlation matrix technique. The 
derived relationships have universal validity, but they have been verifi ed with 
InP/InGaAs DHBTs with a 5 × 5 µm2 emitter area. Good agreement has been 
obtained between calculated and measured results.

InP-based heterojunction bipolar transistors 
(HBT) have shown excellent microwave 
and noise performance and are very attrac-

tive for millimeter-wave and optoelectronic ap-
plications, such as low noise amplifi ers (LNA), 
mixers, oscillators and other RF sub-system 
components. HBTs are almost exclusively op-
erated in a common emitter confi guration 
(CE) in amplifi er design. However, a common 
base confi guration (CB) has the advantages of 
ease of broadband impedance matching with 
a better gain and is more suitable for optical 
and microwave broadband communication ap-
plications.1-4 At the same time, the common 
collector confi guration (CC) has been widely 
used as an isolator and buffer in microwave 
monolithic integrated circuits.5

A complete characterization of the transistor 
(CE, CB and CC) in terms of noise and scatter-
ing parameters is necessary for the computer-
aided design (CAD) of microwave circuits. The 
S- and noise-parameters for each confi guration 
can be obtained by measuring the test patterns 
of CE, CB and CC confi gurations. However, 

this method requires two special test struc-
tures (CB and CC) for each device size on the 
wafer, and the non-uniformity across the wa-
fer has to be ignored. Alternatively, analytical 
expressions for the relationships between 
common emitter, common base and common 
collector HBTs are very attractive and useful 
for understanding the relation between the 
different confi gurations. The direct transfor-
mation technique for microwave FET devices 
has been discussed in more detail previously.6-8 

However, a comprehensive analytical expres-
sion for the different HBT confi gurations has 
not yet been published.

Xiuping Li 
University of Posts and Telecommunications 
Beijing, P.R. China
Jianjun Gao
East China Normal University
Shanghai, P.R. China
Georg Boeck
Technische Universität, Berlin, Germany
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HIGH SPEED COMPARATORS & HIGH SPEED DIGITAL LOGIC!

Contact Us for Your High Speed Analog, Digital & Mixed-Signal Product Requirements

HIGH SPEED COMPARATORS
Input Clock 

Rate (GHz)
Function

Deterministic  

Jitter (ps)

Propagation 

Delay (ps)

Output Voltage 

Swing (Vdc)

DC Power 

Consumption (mW)

Vcc, Vee Power 

Supply (Vdc)
Package

Part

Number

9.7 Latched Comparator-RSPECL 10 130 0.4 180  +3.3, -3.0 LC3C HMC674LC3C

9.7 Latched Comparator-RSCML 10 130 0.2 120  +3.3, -3.0 LC3C HMC675LC3C

9.7 Latched Comparator-RSECL 10 130 0.4 120  +3.3, -3.0 LC3C HMC676LC3C

  Low Jitter: 2 ps Peak-to-Peak

  Low Power Dissipation, 230 mW

  User Selectable Output Amplitude

  -40 to +85 °C Operation

Now Featuring Fast Rise Times

  RSPECL, RSCML & RSECL Versions

  Low Propagation Delay: 130 ps

  9.7 GHz Equivalent Input 

 Rise Time Bandwidth

  Low Overdrive & Slew 

 Rate Dispersion: 10 ps

High Speed Comparators

High Speed Digital Logic

AND / NAND / OR / NOR

IN-STOCK HIGH SPEED DIGITAL LOGIC ICs
Data / Clock 

Rate 

(Gbps/GHz)

Function
Rise / Fall

(ps)

Deterministic

Jitter (ps)

Differential 

Output Voltage 

Swing (Vpp)

DC Power

Consumption 

(mW)

Vee Power

Supply (Vdc)
Package

Part

Number

13 / 13 Fast Rise Time 1:2 Fanout Buffer* 22 / 20 2 0.6 - 1.2 290 +3.3 LC3C HMC744LC3C

13 / 13 2:1 Selector* 22 / 22 2 0.6 - 1.2 250 +3.3 LC3C HMC748LC3C

13 / 13 Fast Rise Time AND/NAND/OR/NOR* 22 / 21 2 0.6 - 1.2 230 +3.3 LC3C HMC746LC3C

13 / 13 Fast Rise Time D-Type Flip-Flop* 22 / 20 2 0.7 - 1.2 264 +3.3 LC3C HMC747LC3C

26 / 26 T Flip-Flop w/ Reset * 18 / 17 2 0.6 - 1.2 270 +3.3 LC3C HMC749LC3C

13 / 13 Fast Rise Time XOR/XNOR* 21 / 19 2 0.6 - 1.2 240 +3.3 LC3C HMC745LC3C

* These products feature programmable output voltage.

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!
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TECHNICAL FEATURE

In this article, a simple but effi cient transformation 
technique for microwave HBT devices is proposed. This 
technique is based on the combination of an equivalent 
circuit model and a conventional two-port network signal/
noise correlation matrix technique. The signal and noise 
parameters of the CB and CC confi gurations can be ob-
tained directly by using a simple set of formulas from the 
CE signal and noise parameters. All the relationships pro-
vide a bi-directional bridge for the transformation between 
CE, CB and CC HBTs, respectively.

THEORETICAL ANALYSIS
Small-signal Model

The conventional hybrid-T type small-signal equivalent 
circuit model in the CE confi guration is shown in Figure 1. 
Since the T-shaped equivalent circuit is more closely related 
to the original derivation of the common base Y parameters 
of bipolar transistors, and involves less simplifying assump-
tion than the � equivalent circuit, it is usually employed in 
the literature for the purpose of small-signal parameter ex-
traction of HBTs. The circuit is divided into two parts, that is 
the outer part containing the extrinsic elements, considered 
as bias independent, and the inner part containing the in-
trinsic elements, considered as bias dependent.

In the small-signal equivalent circuit model, Cpi, Cpo 
and Cpio represent the pad capacitances, Lb, Lc and Le rep-
resent the inductances of the base, collector and emitter 
feed lines, Rbx and Rbi are the extrinsic and intrinsic base 
resistances, Rc and Re are the collector and emitter resis-
tances, Cex is the extrinsic base-collector capacitance, and 
Cbe and Cbc are the intrinsic base-emitter and base-collec-
tor capacitances, respectively. It is noted that the extrinsic 
base-collector resistance Rex is neglected in this model, 
because the value of Rex is very large and does not affect 
the frequency response as long as only forward operation 
is concerned with.

The short circuit Y-parameters for the intrinsic part of 
the small-signal equivalent circuit in the CE confi guration 
can be expressed as:
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Assuming a single-pole appoximation, the transport fac-
tor can be written:
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ωτ=
+
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j

e
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5
/

( )

�0 denotes the intrinsic current gain at low frequency, 
�� is the 3 dB roll-off frequency and τ is the transit time 
delay.

The CB confi guration for the HBT devices considered in 
the studies can be obtained from exchanging the base and 
emitter in the CE confi guration, and the CC confi guration 
can be obtained by exchanging the collector and emitter 
in the CE confi guration. Because the pad capacitances are 
the same for the three confi gurations, all the transforma-
tion formulas in this article will not include the effect of 
pad capacitances. The measured S-parameters and noise 
parameters without pad capacitances are obtained after 
de-embedding the pad capacitances.

Signal Parameter Relationships
The equivalent two-port short circuit Y-parameters 

networks of the CE, CB and CC confi gurations for the 
HBT devices are shown in Figure 2. Comparing the Z-
parameters of the CE, CB and CC confi gurations, the Y-
parameter relationships can be obtained as follows:

ZE

ZC

Rbe

Rc Lc

Re

Le

RbiRbx

Cpo

LbBASE COLLECTOR

EMITTER

Cpio

Cpi

Cbe

Cbc

αIE

Cex

ZB

 s  Fig. 1  Small-signal equivalent circuit model in CE confi guration.

V1 V2

V1 V2

V1

I1

I1

I1

I2

I2

Y11

Y11

Y22

Y22

Y12V2

Y12 (V2�V1)

Y21 (V1�V2)
�Y12V2

�Y21V1

Y11

Y21V1

Y22

BASE COLLECTOR

COLLECTOR
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 s  Fig. 2  CS (a), CG (b) and CD (c) HBT confi gurations.
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FOR MICROWAVE, MILITARY, SENSORS, TEST & MEASUREMENT APPLICATIONS

See www.hittite.com for Our Complete Mixer & Converter Product Lines!

 IN-STOCK I/Q UPCONVERTER / TRANSMITTER ICs
RF / LO

Frequency (GHz)
Function

IF Frequency

(GHz)

Conversion

Gain (dB)

Sideband

Rejection (dB)

OIP3

(dBm)
Package

Part

Number

11 - 17 I/Q Upconverter / Transmitter DC - 1.5 13 -20 26 LC5 HMC709LC5

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

 NEW!

 NEW!

 IN-STOCK I/Q DOWNCONVERTER / RECEIVER ICs
RF / LO

Frequency (GHz)
Function

IF Frequency

(GHz)

Conversion

Gain (dB)

Image

Rejection (dB)

IIP3

(dBm)
Package

Part

Number

7 - 9 I/Q Downconverter / Receiver DC - 3.5 10 35 1.5 LC5 HMC567LC5

9 - 12 I/Q Downconverter / Receiver DC - 3.5 14 33 -1 LC5 HMC568LC5

12 - 16 I/Q Downconverter / Receiver DC - 3.5 14 32 -0.5 LC5 HMC569LC5

17 - 21 I/Q Downconverter / Receiver DC - 3.5 10 18 2 LC5 HMC570LC5

21 - 25 I/Q Downconverter / Receiver DC - 3.5 9 18 2 LC5 HMC571LC5

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

HMC710LC5 I/Q Upconverter / Transmitter IC, 16 - 21 GHz 

HMC571LC5 I/Q Downconverter / Receiver IC, 21 - 25 GHz 

Functional Diagram

Functional Diagram

  High Conversion Gain: 12 dB

  Sideband Rejection: -20 dB

  LO to RF Isolation: 10 dB

  High Output IP3: +30 dBm

  RoHS 5x5 mm SMT Package

  Conversion Gain: 10 dB

  Noise Figure: 3 dB

  Image Rejection: 18 dB

  Input IP3: +2 dBm

  Available in Die or RoHS

 5x5 mm SMT Package

Integrated LO Doubler 

& RF Driver Amplifi er

Integrated LO Doubler 

& RF LNA

RF
INPUT

LO
INPUT

IF1

IF2

-90 0

x2

IF1IF2

-90

0
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Noise Parameter Relationships
Figure 3 shows the noise equivalent circuits of the CE, 

CB and CC confi gurations for HBT devices. �2
Ci  and i2Ci

(i=E,B,C) are the two noise sources at the input of the 
noiseless HBT device for different confi gurations. The chain 
noise correlation matrix is easier to obtain from the noise 
measurement because there is a direct relation between the 
measured noise parameters (Fmin is the minimum noise fi g-
ure, Rn the noise resistance, Gopt the optimum source con-
ductance and Bopt the optimum source susceptance). The 
relationship of the noise parameters between the CE, CB 
and CC confi gurations can be obtained by using the noise 
source transformation matrix technique.6-8

The relationships between the CE and CB confi guration 
are as follows:
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The relationships between the CE and CC confi gura-
tion are as follows:
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At the low frequency ranges (typically f < 6 GHz), the 
noise parameter relationships between the CE, CB and 
CC confi gurations for the intrinsic HBT device can be 
simplifi ed by neglecting the infl uence of the parasitics:
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EXPERIMENTAL VERIFICATION
In order to verify the equations 

derived in the theoretical analysis for 
the signal and noise parameters, InP/
InGaAs DHBTs with a 5 x 5 µm2 emit-
ter area have been characterized. The 
S-parameter measurements for model 
extraction and verifi cation were made 
using an Agilent 8510C network ana-
lyzer. The DC bias was supplied by 
an Agilent 4156A. The microwave 

�   ��   �

V2
ci

(i � E, B, C)

OUTPUT

GROUND

INPUT HBT
DEVICE

i2ci

 s   Fig. 3  HBT noise equivalent circuit mod-
els for CE, CB and CC confi gurations.

S11

S21/2

S12*3

S22

CALCULATED FROM EQUIVALENT
 CIRCUIT MODEL
PREDICTED DATA FROM
 CE CONFIGURATION

 s Fig.  4  Comparison of modeled and 
predicted S-parameters for the HBT in CB 
confi guration.

S11

S21/2

S12*3

S22

CALCULATED FROM EQUIVALENT
 CIRCUIT MODEL
PREDICTED DATA FROM
 CE CONFIGURATION

 s  Fig. 5   Comparison of modeled and 
predicted S-parameters for the InP HBT in 
CC confi guration.
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noise parameter measurements were 
carried out on the wafer over the fre-
quency range from 1 to 20 GHz, using 
an ATN microwave noise measure-
ment system NP5.

The extracted values of the extrin-
sic and intrinsic small-signal elements 
can be easily determined by using the 
direct extraction technique9,10 and are 
summarized in Appendix A. The bias 
condition is Vce=2.0 V and Ib= 50 µA 
(Ic=1.84 mA). An excellent agreement 

over the whole frequency range is ob-
tained for the CE confi guration.10 To 
illustrate the effi ciency of the Y-pa-
rameter transformation formulas, the 
measured and predicted S-parameters 
for the CB and CC confi gurations are 
compared in Figures 4 and 5. Good 
agreement can be observed between 
the data calculated from the equivalent 
circuit model and the data predicted by 
the transformation formulas up to 40 
GHz at a bias Ib=50 µA, VCE=2.0 V.

To illustrate the effi ciency of the 
transformation formulas for noise pa-
rameters, the predicted and modeled 
results for InP HBT in the CB and 
CC confi gurations are compared in 
Figures 6 and 7. The predicted data 
for the CB and CC confi gurations are 
obtained from measured data of the 
CE confi guration by using Equations 
14 to 17. Good agreement is obtained 

N
O

R
M

A
LIZED

 R
n

F m
in

(d
B

)

12

8

4

0
0 4 8 12 16 20 24

12

8

4

0

P
H

A
SE (�

opt )M
A

G
 (

�
op

t)

1.00

0.75

0.50

0.25

0

10

5

0

��5

��10

FREQUENCY (GHz)

CALCULATED DATA FROM
EQUIVALENT CIRCUIT MODEL
PREDICTED DATA FROM NOISE
MEASUREMENTS OF
CE CONFIGURATION

0 4 8 12 16 20 24
FREQUENCY (GHz)

 s   Fig. 6  Comparison of modeled and 
predicted noise parameters for the InP HBT 
in CB confi guration.
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 s    Fig. 7  Comparison of modeled and 
predicted noise parameters for the InP HBT 
in CC confi guration.
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based on the combination of an equiv-
alent circuit model and a conventional 
two-port network signal/noise cor-
relation matrix technique. The valid-
ity of the new approach is proved by 
comparison with measured S- and 
noise-parameters up to 20 GHz. A 
good agreement has been obtained 
for InP/InGaAs DHBTs with a 5 × 5 
µm2 emitter area. n

between measured and predicted 
data, which verifi es the proposed ap-
proach for the noise parameters.

In Figures 8 and 9, the calculated 
noise parameters in the low frequency 
ranges (Equations 21 to 28) are com-
pared with the predicted data versus 
frequency for the intrinsic InP HBT 
device under the same bias condition. 
Good agreement is obtained between 
measured and predicted data in the 
CB and CC confi gurations, which 

verifi es the proposed approach for the 
noise parameters.

CONCLUSION
In this article, a set of new analyti-

cal expressions for the relationship be-
tween common emitter, common base 
and common collector microwave 
HBTs is proposed. All the relation-
ships provide a bi-directional bridge 
for the transformation between CE, 
CB and CC devices. This technique is 
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 s     Fig. 8  Comparison of modeled and pre-
dicted noise parameters for the InP HBT in 
CB confi guration at low frequency range.
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APPENDIX A
EXTRINSIC AND INTRINSIC PHEMT PARAMETERS

Extrinsic
Parameters

Cpi(fF) Cpo(fF) Cpio(fF) Lb(pH) Lc(pH) Le(pH) Rbx(�) Rc(�) Re(�)

Values 14.5 13.5 1.7 44.5 42.5 7.5 3.5 18 3.5

Intrinsic 
Parameters

� f�(GHz) τ(ps) Cex(fF) Cbc(fF) Rbi(�) Cbe(pF) Rbe(�)

Values 0.98 75 0.6 38 8 220 0.11 20
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AMPS TO
20 GHz

Typical and guaranteed specifications vary versus frequency; see detailed data sheets for specification variations.

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

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

A3CP7029 3.0-8.0 27.5 3.6 27.5 33.5/51 12 425
A3CP8027 3.0-8.0 23.0 4.0 21.5 32/48 12 225
A2CP11039 5.0-11.0 12.0 4.0 33.0 42/57 15 1500
ACP12019 6.0-12.0 9.5 4.0 28.0 39/52 10 210
A2CP14639 6.0-14.0 11.0 4.0 33.0 42/57 15 1500
ACP16025 8.0-16.0 7.5 4.3 28.0 42/65 12 253
ACP18015 8.0-18.0 9.0 4.0 15.5 23/31 5 63
A2CP18225 10.0-18.0 15.0 4.5 25.5 35/44 12 325
ACP20015 2.0-20.0 10.0 4.5 16.0 26/29 5 76
ACP20215 2.0-20.0 20.0 4.8 18.0 28/45 5 156
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erated simultaneously. These generated IM
signals increase the data bit error rate and in-
terfere with adjacent channel signals, decreas-
ing the power amplifier efficiency.

In mobile radio standards, a highly linear
transmitter, which can support high crest factor
signals, is required. Consequently, the design of
a power amplifier with high linearity and high
efficiency is a critical issue. However, as the
power amplifier operates close to the saturation
region where both high efficiency and high out-
put power are achieved, the linearity degrada-
tion becomes significant. A compromise be-
tween power efficiency and linearity can be a
solution, but the use of a linearization technique
to compensate for the power amplifier nonlin-
earity is a better solution.1-12

This article introduces a novel amplifier
linearization technique to achieve indepen-
dent control of the third- and fifth-order inter-
modulation products using an amplitude mod-

80 MICROWAVE JOURNAL � FEBRUARY 2009

YOUNG KIM, KI-KYUNG JEON, 
ELL-KOU KIM AND BYUNG-CHUL KIM
Kumoh National Institute of Technology
Gumi, South Korea

This article proposes a novel amplifier
linearization technique to achieve inde-
pendent control of third- and fifth-or-

der intermodulation products using amplitude
modulation with even harmonic signals. A vec-
tor modulator modulates a fundamental signal
with both second- and fourth-order harmonic
components generated by harmonic generator
circuits. It also generates predistortion third-
and fifth-order intermodulation signals and
controls their amplitude and phase. As a re-
sult, this predistorter effectively suppresses in-
dividual intermodulation distortion signals of
the power amplifier.

Nowadays, it may be inconvenient to live
without mobile communication systems. In
the past, voice quality in communications was
the only essential requirement. Now, however,
most people regard the transmission of a large
amount of data to be necessary in communica-
tions. As a result, more complex modulation
and demodulation methods and broad channel
bandwidth are required for mobile communi-
cation systems. When these signals are ampli-
fied in the power amplifier, in addition to the
amplified signals, unwanted harmonic and in-
termodulation (IM) distortion signals are gen-

AN ANALOG LINEARIZER
BASED ON AMPLITUDE
MODULATION WITH EVEN
HARMONIC SIGNALS
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ulation with even
harmonic signals.
The proposed lin-
earizer consists of
two parts. First,
the second har-
monic signals are
obtained with a
harmonic genera-
tor that consists of
a small-signal am-
plifier with abnor-
mal bias; fourth

harmonic signals are also generated that suppress the sec-
ond harmonic signals (2ω1, 2ω2). An AM modulator then
modulates the fundamental signals with the extracted
even harmonic signals. Second, a vector modulator com-
bines in-phase and quadrature-phase AM signals and the
vector modulator output signals are the generated inter-
modulation signals. The generated IM signals are then
controlled individually so that the drawbacks of a conven-
tional linearizer, such as narrow bandwidth and small im-
provements of IMs, are overcome and a wide dynamic
range is guaranteed.13-15 It simply involves the creation of
individual order distortions that are precisely complemen-
tary to the distortion characteristics of the power amplifi-
er in order to ensure that the resulting system has little or
no input to output distortion.

OPERATING THEORY OF THE PREDISTORTER
The harmonic generator of the proposed linearizer

consists of a small amplifier with abnormal bias. The non-
linear transfer characteristics of a harmonic generator are
described using a Taylor series expansion.16 For example,
the nonlinear drain and gate currents of a MESFET may
be expressed as

where gn and Cn (n=1, 2, 3) are bias-dependent coefficients.
The desired signals obtained from the harmonic gener-

i t
d
dt

C v t C v t C v tgsn gs gs gs( ) ( ) ( ) ( )= + +⎡
⎣

⎤
⎦1 2

2
3

3 (( )2

i t g v t g v t g v tdsn gs gs gs( ) ( ) ( ) ( ) ( )= + +1 2
2

3
3 1

ator are the even harmonic signals only. Using a Volterra
series representation, the second-order mixing products
may be as represented as follows:

Figure 1 shows
the proposed har-
monic generator
circuit. The har-
monic generator
has a voltage con-
troller (Vcc) that
adjusts randomly
the bias of the
transistor to gen-
erate only the de-
sired second-order
intermodulation
products.

Figure 2 shows
the simulated out-
put of the harmon-
ic generator after
the transistor bias
voltage was adjust-
ed for two-tone sig-
nals. The simula-
tion was performed
with the ADS2003
software of Agilent
Technologies. Fig-
ure 3 shows the second harmonic signal measurement re-
sults in the case of CW two-tone and CDMA 1FA signals.
When the two figures are compared for the two-tone case,
the simulation and measured results are practically similar,
proving the validity of the harmonic generator.

The level of the second harmonic signals (2ω1, 2ω2,
ω1+ω2) generated from the harmonic generator must be
large enough to modulate the fundamental signal in the
AM modulator. Variable gain amplifiers (VGA) are used to
control the modulation factor.

Figure 4 shows the schematic of the proposed linearized
power amplifier. The predistortion IM generator uses vector
modulators (VGA) to generate the in-phase and quadrature-
phase components of the AM signals. VGA-3I, VGA-3Q and
VGA-5I and VGA-5Q are controlling the in-phase and quad-
rature-phase components of the second and fourth harmonic
signals. These signals modulate the fundamental signals. Fi-
nally, the vector modulator output generates the predistor-
tion signals. This predistorter controls simultaneously the
amplitude and phase of predistortion components using
VGA amplitude variation. It provides faster adjustment of
phase and amplitude than is provided by a conventional con-
troller consisting of a variable phase shifter and a variable at-
tenuator. The automatic level control (ALC) circuit at the in-
put port stabilizes the device by maintaining a constant IM
signal, in spite of variations in the incoming power level.

v H v

H

out s( , , ) ( , ) ( )2 2
1
2

1
2

1 2 1 2 2 1 1
2

1ω ω ω ω ω ω ω+ = ⋅

+ 22 2 2
2

2

2 1 2 1 2

3( , ) ( ) ( )

( , ) ( ) (

ω ω ω

ω ω ω ω

⋅

+ ⋅ ⋅

v

H v v

s

s s ))

RFC

Vcc

RFin

f1 f2

f1 f2 2f1 2f2

2f1 2f2

f1 + f2

f1 + f2

RFout
HPF

� Fig. 1  Harmonic generator circuit.
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� Fig. 3  Measured output spectrum of the
harmonic generator (a) two-tone signal and
(b) CDMA IFA signal.
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The fourth-order intermodulation signals
(3ω1–ω2, 3ω2–ω1) can be generated by sub-
tracting the second harmonic signals (2ω1,
2ω2), obtained from HG1, from the har-
monic signals of HG2. To achieve indepen-
dent control of the IM products of the pow-
er amplifier, the four VGAs control the sec-
ond and fourth harmonic signals. The signals
(2ω1, 2ω2, ω1+ω2) generated by HG1 under
proper bias condition and the signals (3ω1−
ω2, 3ω2−ω1) generated by adjusting variable
attenuator A1 and phase shifter P1, modulate
the fundamental signal in the AM modulator
and the vector modulator output generates
the predistortion signals. Then the four
VGAs are used to control the amplitude and
phase of the predistorted third and fifth IM
signal independently.

The in-phase (I) and quadrature-phase (Q) components
of the IM signals generated in the vector modulator are ex-
pressed as follows:

In-phase signals

Quadrature-phase signals

where A = amplitude of CW two-tone
α = amplitude of 2ω1 signal among second harmonic 

signals
β = amplitude of 2ω2 signal among second harmonic 

signals
γ = amplitude of (ω1+ω2) signal among second harmonic 
signals
χ= amplitude of (3ω1−ω2) signal among fourth harmonic
signals
κ = amplitude of (3ω2−ω1) signal among fourth harmonic
signals

V A cos t t tQ = ⎡⎣ + + + + +1 2 21 2 1 2α ω β ω γ ω ω( ) cos( ) cos( )
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The second-
and fourth-order
harmonic signals
generated in the
proposed harmon-
ic generator are
transferred to the
predistortion IM3
and IM5 signals of
the power amplifi-
er to modulate the
fundamental sig-
nals. By only
changing the am-
plitude of the even
harmonic signals,
the phase and am-
plitude of the pre-
distortion IM3
and IM5 compo-
nents are con-
trolled. Figure 5
shows that when
the even har-
monic signals are
changed in ampli-
tude by the modu-
lation factor, the
predistortion sig-
nals are changed
in amplitude and
phase simultane-
ously.

EXPERIMENTAL RESULTS
The linearizer was evaluated with a HPA made of a se-

ries connection of a Watkins Johnson AH1 and a Motorola
MHL 9838 amplifier, for which the gain and P1dB are 43
dB and 37 dBm, respectively.

The signal components at 2ω 1,  2 ω2 and 3ω1–ω2,
3ω2–ω1 can be independently adjusted. Due to the fact
that they are closely spaced to each other, they cannot be
separated using a filtering technique. As a result, the sig-
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� Fig. 4  Schematic of the proposed linearized power amplifier.
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FMS2027 -1.5 -1.3 - dB - -42 -40 dB 21 22.5 - dBm
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conwin.comISO 9001:2000 Certified

Global Timing Solutions

Connor-Winfield’s TiMax Series
are GPS-based timing solutions in integrated, low-cost

modules that are designed specifically for precision timing
and synchronization of wireless networks.

Ti125 Module  |  SY125 Module  |  FR125 Module  |  FTS125 Module  |  OX125 OCXO  |  Wi125

Low Jitter

Cost-Effective

1 PPS Time 
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ETSI-PRC Wander 
Generation Mask

Low Signal GPS 
Tracking and 
Acquisition

Highly Integrated
Architecture

S3E Applications

For more information, visit www.conwin.com/timax.html

nal components can be separated us-
ing an arithmetic operation. For opti-
mal operation, HG1 is biased at 1.2 V
and HG2 at 1.9 V. By adjusting the
variable attenuator A1 and the phase
shifter P1, the frequency components
at 3ω1–ω2 and 3ω2–ω1 are extracted
at the output of the combiner. The
corresponding spectrum is shown in
Figure 6. The input frequencies are
880 and 881 MHz with a frequency
spacing of 1 MHz. The delay circuits

are made of coaxial delay lines that
are approximately 14.7 ns for Delay
1, 4.8 ns for Delay 2 and 2.2 ns for
Delay 3.

Figure 7 shows the measured
IMD performance obtained by set-
ting VGA-5I and VGA-5Q to mini-
mum gain. In this case, it is observed
that only the third-order IMD com-
ponents are suppressed. The input
frequencies are 880 and 881 MHz
with a frequency spacing of 1 MHz

and the output power is 30.7 dBm
per tone. It shows that IMD3 is can-
celled out by 27 dB.

As shown in Figure 8, the IMD5
components can be perfectly reduced
while IMD3 is unchanged by setting
VGA-3I and VGA-3Q to minimum
gain and adjusting VGA-5I and VGA-
5Q correctly. It shows that IMD5 is
cancelled by 29 dB. Simultaneous
suppression of IMD3 and IMD5 is
shown in Figure 9. It can be seen
that both IMD3 and IMD5 are can-
celled by 25 dB. Figure 10 shows the
IS-95 CDMA 4FA results. The test
frequencies are 876.25, 878.75,
881.25, 883.75 MHz and the fre-
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RFMD.
RF2815
GPS Low Noise Amplifier with Integrated Filter

FEATURES

• Low noise figure: 0.85 dB (Typ)

• High gain: 13.5 dB (Typ) 

• High IIP3: +8 dBm (Typ)

• Operable over wide supply voltage range: 
 1 V to 3.6 V

• CMOS compatible shutdown function (<0.1 uA)

• Current tunable via single resistor

• No external DC blocking capacitor required at the   
 output—lowest BOM cost and small solution size

• Compact footprint: 3.3 x 2.1 x 1.0 mm

• Ideal for cellular and non-cellular GPS receiver 
 applications

The RF2815 is a high-performance low noise 
amplifier (LNA) module with integrated cellular 
and PCS band filtering. Developed for use in 
GPS receivers, this module provides an excellent 
combination of low noise figure, high gain, high 
linearity, and low power consumption which is 
ideal for battery-operated GPS solutions. Featuring 
a low external component count and compact 
package, the RF2815 is optimal in terms of both 
solution size and performance. 

®

SPECIFICATIONS

Parameter
High Current 

Mode
Low Current 

Mode
Low Operating Voltages

UnitVDD = 2 V VDD = 1.5 V VDD = 1 V
Gain (G) 13.5 12.5 14 13.5 11.5 dB

Noise Figure (NF)* 0.85 0.95 0.85 0.95 1.1 dB

Input P1 dB Compressed Power (IP1 dB) -3 -3 -2 -4 -6 dBm

Input 3rd Order Intercept Point (2-tone at fc+/- 2.5 MHz) 8 6 10 7.5 3 dBm

Input Return Loss (S11) -8 -7 -9 -8 -7 dB

Output Return Loss (S22) -13 -11 -13.5 -12.5 -11 dB

Reverse Isolation (S12) -24 -24 -24 -24 -22 dB

Cell Band Rejection (Relative to 1575 MHz at 827.5 MHz) 54 55 52 52 52 dBc

PCS Band Rejection (Relative to 1575 MHz at 1885 MHz) 45 44 45 45 45 dBc

R2 3 K 3 K 1.5 K 1.5 K 1.5 K ohms

VSD 2.6 V 1.67 V 2 V 1.5 V 1 V V

DC Supply Current at Shutdown (SD) Voltage VSD = 2.85 V (IDD) 8 4.5 10.5 7.3 4 mA

ISH (Shutdown Current) 0.1 0.1 0.1 0.1 0.1 uA

*Noise Figure Data has not been de-embedded

For sales or technical support, contact RFMD at 336.678.5570 or sales-support@rfmd.com
7628 Thorndike Rd., Greensboro, NC 27409-9421 USA • Phone 336.664.1233 • Fax 336.931.7454
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� Fig. 10  Output spectrum of the HPA at 24 dBm/FA (a) without linearizer and (b) with
linearizer for IS-95 CDMA 4FA signals.

quency bandwidth is 8.75 MHz. The
test signal generator used is the
ESG4433B from Agilent Technolo-
gies. Something like carrier leakage
was observed for this equipment at
the center frequency. Figure 11
shows the IMD3 and IMD5 improve-
ments for an output power range
from 27 to 32 dBm in the case of two-
tone signals.

CONCLUSION
A novel amplifier linearization

scheme, based on the even-order har-
monic signals, has been proposed.
The harmonic generator extracts the
second and fourth harmonic signals
and modulates the fundamental sig-
nal with the extracted harmonic sig-
nals with an AM modulator. Hence,
the amplitude and phase of the pre-
distortion signals are easily controlled
simultaneously because the vector
modulator consists of in-phase and
quadrature-phase components, and
its performance reduces the effort of
retuning the attenuators and the
phase shifters. In the experiments, si-
multaneous cancellation of IMD3
and IMD5 has been demonstrated
with a reduction factor of more than
25 dB. Also, good IM cancellation
characteristics are obtained for a
wide dynamic range and different
kinds of signals. If an adaptive con-
troller is attached in the proposed lin-
earizer, it is expected that the pro-
posed predistortion method may be
applied to many kinds of power am-
plifiers. �
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No one knows exactly what’s next in EMC and Wireless testing. But two things are certain:
1. The demand for more power and higher frequencies will continue.
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This application note reviews noise para-
meter measurements used to character-
ize transistors and amplifiers at Mod-

elithics Inc. Noise figure and noise parameter
theory is reviewed briefly following with a de-
scription of the basic test instrumentation set-
up and calibration procedures used for noise
parameter measurements along with an exam-
ple.

DEFINITIONS AND THEORY 
The formulations in this note were derived

from multiple sources.1-3 The noise figure F
of a device or component is described by the
following relations:

where Sin (Nin) and Sout (Nout) are the sig-
nal (noise) levels at the input and output of

Noise Figure dB NF dB F( ) ( ) log( ) ( )= = 10 2

F
S N

S N
always

N
GN

with N

in in

out out

a

in
i

= >

= +

/
/

( )1

1 nn kT B T K= =0 0 290 1( ) ( )�

the device, respectively, and Na is the noise
added by the device itself, G is the gain of the
device, B is the system bandwidth and k is
Boltzman’s constant (1.38 x 10–23). Noise fig-
ure is of particular interest to receiver design-
ers as the degradation in the minimum de-
tectable signal can be estimated as:

MDS(dBm)=-174+10Log(B)+NF(dB)+
Required SNRdB (3)

This approximation assumes the back-
ground or ambient (= kTB) noise is that due
to a passive device held at T=290°K, and the
required SNRdB represents the minimum sig-
nal to noise ratio for acceptable system perfor-
mance.

The noise parameters describe how the
noise figure varies with the source impedance
Zs, the source admittance Ys, or the source re-
flection coefficient Γs. Consider Figure 1.
There are various formulations for noise fig-
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ure in terms of noise parameters.
Some of the popular forms are sum-
marized in Equations 4 through 7.

4 Noise Parameters:
Rn: Equivalent Noise Reduction
Fmin: Minimum Noise Figure
Gon: Optimum Noise Susceptance
Bon: Optimum Noise Susceptance

Ysopt=Gon+jBon (4)

4 Noise Parameters:
Gn: Equivalent Noise Conductance
Fmin: Minimum Noise Figure
Ron: Optimum Noise Resistance
Xon: Optimum Noise Reactance

Zsopt=Ron+jXon (5)

4 Noise Parameters:
Rn: Equivalent Noise Resistance
Fmin: Minimum Noise Figure
|Γsopt|: Magnitude of Optimum Noise
Reflection
�Γsopt: Phase of Optimum Noise 
Reflection

4 Noise Parameters:
N: Terminal Invariant Constant
Fmin: Minimum Noise Figure
Gon: Optimum Conductance
Bon: Optimum Noise Susceptance
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All of the above forms provide a
description of noise figure in terms of
four (4) noise parameters and the
source impedance, admittance or re-
flection coefficient, depending on the
form used. One common parameter
is the minimum noise figure Fmin,
which will be achieved at some spe-
cific optimum (complex) impedance
(Zopt), admittance (Yopt) or reflection
coefficient (Γopt). Therefore, in addi-
tion to Fmin, two of the other parame-
ters are either the real and imaginary
(or magnitude and angle) of Zopt,
Yopt, or Γopt, with the fourth parame-
ter being the equivalent noise resis-
tance Rn, noise conductance Gn or
the terminal invariant parameter N
depending on the formulation. The
term terminal invariant implies that
N is invariant to a transformation
through a lossless passive network,
that is a reference plane change. It
should also be noted that there are
other noise parameter formulations
in addition to those listed in Equa-
tions 4 through 7.

One of the common applications
of noise parameters is for low noise
amplifier (LNA) design. Typically an
LNA is used at the front-end of a re-
ceiver to improve the noise figure of
the receiver or essentially boost the
signal, while adding a low amount of
noise to the signal. In addition to its
noise figure, the gain of the LNA
(and correspondingly the transistors
used to make up the LNA) is also im-
portant. To better understand this,
the following equation can be used to
calculate the total noise figure of a
cascade connection of three different
two-port devices with gains Gi and
noise figure Fi (I = 1, 2, 3).

If an LNA, with high gain G1 and
low noise figure F1, is the first device,
then the system noise figure FTOT
can remain low even if the second
and third devices have a much higher
noise figure.

The gain used in most noise calcu-
lations, including the cascade noise

F F
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Γ
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2
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figure (Equation 8), is the available
gain, which can be expressed in terms
of S-parameters as follows:

The available gain assumes that
the load port is terminated in a conju-
gate match for a given source reflec-
tion coefficient Γs. The associated
gain is often tabulated along with
noise parameters and is simply the
available gain from Equation 9 for
the particular case of Γs = Γsopt.

Another set of parameters often
plotted are the maximum stable gain,
MSG, and maximum available gain,
MAG. Often, amplifiers or transistors
are unconditionally stable over a cer-
tain frequency range and conditional-
ly stable at other frequencies. For
frequencies where the device is po-
tentially unstable (with stability factor
K<1), the maximum stable gain is de-
fined as the highest realizable gain
with passive terminations, after the
device is stabilized with cascaded re-
sistance to border line stability; that is
to bring about the condition K=1.
MSG is given by:

The maximum available gain at
frequencies where K>1 (uncondition-
ally stable) is given by:

Hence, MSG and MAG numbers
in decibels give the amplifier designer
a measure of the maximum gain real-
izable through impedance matching
of the amplifier or transistor. Of
course the conditions for matching
the input for maximum gain and mini-
mum noise figure may be conflicting
and a trade-off between these two
may be required. While outside the
scope of this note, the plotting of
noise figure circles and available gain
circles can often be used to aid the
designer in choosing the best compro-
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mise in matching impedance 
taking noise and gain into considera-
tion.2

TEST CONFIGURATION AND
CALIBRATION

A basic test configuration, used to
perform combined noise parameter
and S-parameter testing, is shown in
Figure 2. The network analyzer is
needed to perform S-parameters of
the DUT, which are required for de-
sign analysis along with the noise pa-
rameters. The network analyzer is
also needed to make measurements
that are required for calibration of
the noise parameter test system.

This test system is referred to as
an “NP5” system from Maury Mi-
crowave4 and uses a hardware setup
and measurement method originally
developed by Adamian5 and commer-
cialized by ATN Microwave. The sys-
tem consists of a noise figure mea-
surement system (such as HP
8971C/HP8970B combination or al-
ternative), a network analyzer (such
as HP8510C or alternative), a mis-
matched noise source (MNS) and a
remote receiver module (RRM). The
MNS and RRM each contain a switch
that is used to select either the S-pa-
rameter measurement mode or the
noise parameter measurement mode.
They each also contain a bias tee for
applying bias to the input and output
of the device under test (DUT). The
MNS is generally a solid-state tuner
capable of presenting multiple differ-
ent values of Γs to the DUT, along
with the ability to have a “50 Ω” thru
state that allows the noise source to
be connected to the DUT through
essentially a transmission line. With

the RRM switch in the noise mea-
surement position, the RRM includes
a low noise amplifier in the path to
the noise receiver to improve the
measurement receiver noise figure.

In the S-parameter measurement
mode the system is calibrated using
thru-reflect-line (TRL) or alterna-
tive high accuracy calibration ap-
proaches.6,7 To calibrate and operate
the noise parameter measurement
system, the Maury ATS software4 is
used to perform a series of steps that
may be summarized as follows:
1. Perform a two-port S-parameter

calibration to establish measure-
ment reference planes at the input
and output of the DUT. Store
these calibration coefficients in a
selected calibration kit file.

2. Perform a one-port short-open-
load S-parameter calibration at the
position of the noise source, with a
thru device connected in place of
the DUT. Store these calibration
coefficients in a second selected
calibration kit file.

3. Calculate the S-parameters of the
MNS thru path from the noise
source to the DUT. The Maury
ATS software does this automati-
cally using the calibration informa-
tion from steps 1 and 2; it also
measures the noise source reflec-
tion coefficient in the hot/biased
on state and the cold/biased off
state.

4. Perform a tuner characterization.
The software uses the calibration
information from step 1 to mea-
sure and store hundreds of differ-
ent Γs values that can be present-
ed at each frequency to the DUT
by the MNS during subsequent

measurements.
5. Perform a noise
calibration. With a
thru connected in
place of the DUT
and the system
switches set to
noise measurement
position, the ATS
software controls
the instruments to
record the received
noise power for the
MNS thru state
with the noise
source diode biased
on and off, and for
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NETWORK ANALYZER

DUT

NP5 MAINFRAME

NOISE FIGURE METER
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NOISE SOURCE

NOISE
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REMOTE
RECEIVER MODULE

TEETEE

(RRM)(MNS)
�s

� Fig. 2  Maury Microwave “NPS” noise and S-parameter test
systems.4
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Proven Performance. Hundreds of radomes installed on every continent on Earth, 

including the most extreme environments.

Application Versatility. MFG Galileo radomes provide exceptional RF and structural 

performance for commercial and government customers. Application expertise includes 

Air Traffic Control, Weather Detection, Satcom and others.

Proven Composites Technology Expertise. As part of the Molded Fiber Glass 

Companies family, MFG Galileo is the only radome supplier united with a world leader 

in composites technology, testing, analysis and process development.

MFG Galileo Radomes: Trusted Around the World.MFG Galileo Radomes: Trusted Around the World.

Standard features on

MFG Galileo Composites

radomes:

Evaluated for each
customer’s requirements

Pseudo-random and
non-random geometric 

panel designs

Sizes from 4-feet to
77-feet diameter

Ground and ship-based

Performance to 40 GHz

Wind ratings > 200 mph

Low maintenance
requirements

Durable 20-year surface finish

several different Γs values
achieved with the MNS for the
case of the diode biased off.

6. The ATS software utilizes the in-
formation from the previous steps
along with the algorithm devel-

oped by Adamian5 to calculate and
store the noise parameters of the
receiver along with other system

information.
7. Once calibration is
complete, the DUT
is connected and the
S-parameters and
noise parameters of
the DUT are mea-
sured in sequence
(usually S-parame-
ters, then noise para-
meters). Post pro-
cessing and noise pa-
rameter data
smoothing is some-
times needed and is
provided for in the
Maury ATS software.

EXAMPLE
RESULTS

In the following,
the data taken on
samples from the
Mini-Circuits SAV
amplifier series will
be used. Figure 3
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REF. PLANE REF. PLANE

� Fig. 3  Photograph of a mounted SAV
series device showing reference planes.
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� Fig. 4  S-parameters for three samples SAV-581+ from 0.1 to 18
GHz with Vds � 2 V and Id � 4D mA.
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shows the picture of a device sample
as mounted in a coplanar waveguide
test fixture setup for RF wafer probe
testing. TRL standards, fabricated
with the same ground-signal-ground
test interface, were used along with
the NIST Multical method6 to estab-
lish the measurement reference
planes at the locations indicated.
These same reference planes were

established for
noise parameter
measurements us-
ing Maury ATS soft-
ware. Figure 4
shows examples of
S-parameter mea-
surement results,
made on three test
samples SAV-581+,
using HP8510B
with a TRL calibra-
tion, from 0.1 to 18
GHz. Figure 5
shows the noise pa-
rameters measured
on SAV-581+ de-
vices from 0.5 to 6
GHz. Clockwise,

from upper left, are the minimum
noise figure, Fmin (dB), the 50 Ω
noise figure F50 (dB), Γsopt and
equivalent noise resistance Rn. �
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� Fig. 5  Noise  parameters measured on SAV-581+ devices from 0.5
to 6 GHz, with Vd � 2 V and Id � 40 mA.
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SPECIAL REPORT

In this article we offer a brief look into the 
past of two companies whose long history 
in developing microwave technology and 

defense systems eventually brought them to-
gether. From humble beginnings, Cobham plc 
and M/A-COM grew, achieved industry leader-
ship status and weathered decades of economic 
change through their innovations and strategic 
acquisitions. This past year, Cobham acquired 
M/A-COM’s component businesses (from Tyco 
Electronics) to further its position as a premier 
supplier of defense subsystems. The commer-
cial segment, now called M/A-COM Technolo-
gy Solutions, will be spun-off as an independent 
company. The Journal has covered M/A-COM 
at critical stages in its history with guest editori-
als by president Dana Atchley appearing in our 
fi rst issue (July/August 1958), co-founder and 
vice-president Richard Walker writing about 
the company’s shifted focus to MIC technology 
(January 1968), president Frank Brand writing 
about the company’s embrace of MMIC and 
GaAs technologies (February 1978) and CEO 
Thomas Vanderslice writing on the re-structur-
ing of the company to apply its core strengths 

toward both the defense and commercial mar-
kets (March 1990). M/A-COM’s dedication to 
R&D will serve both companies well.

Cobham began as an aerospace job shop in 
the UK and has grown to become a vital link 
in many of the world’s most advanced military 
and civil aerospace programs. In 1927, Alan 
Cobham, a well-known aeronautical adventur-
er and collaborator with aircraft manufacturer 
Geoffrey de Havilland, formed his own com-
pany—Alan Cobham Aviation Ltd. The com-
pany soon merged with others in the interest of 
developing intercontinental “fl ying boat” ser-
vice. The focus on long-haul fl ight led to their 
developing and purveying in-fl ight refueling 
technology, eventually working with the British 
government during World War II. At that time, 
the company was called the (Flight Refueling) 
FR Group. After the war, the US government 
expressed interest in using aerial refueling to 
extend the range of its B-29 bombers, and FR 
Group landed the contract.

David Vye
Editor, Microwave Journal
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THIS MONTH ONLINE, WE TALK INDIVIDUALLY TO PRESIDENT DESIGNATE 
JEREMY WENSINGER OF COBHAM DEFENSE ELECTRONIC SYSTEMS AND PRESIDENT
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Typical PPhase NNooise Output
Frequency Output Power

Model Range Type 10 100 1K 10K 100K 1M Frequency (ddBm, MMin.))

XTO-05 5-130 MHz Ovenized Crystal -95 -120 -140 -155 -160 - 100 MHz 11
PLD 30-130 MHz P.L. Crystal -95 -115 -140 -155 -155 - 100 MHz 13
PLD-1C 130-1000 MHz P.L. Mult. Crystal -80 -100 -120 -130 -135 - 560 MHz 13
BCO .100-16.5 GHz P.L. Single Loop -65 -75 -80 -90 -115 - 16.35 GHz 13
VFS 1-14 GHz Multiple Freq. Dual Loop -60 -75 -110 -115 -115 - 12.5 GHz 13
DLCRO .8-26 GHz P.L. CRO Dual Loop -60 -85 -110 -115 -115 -138 10 GHz 13
PLDRO 2-40 GHz P.L. DRO Single/Dual -60 -80 -110 -115 -120 -145 10 GHz 13
CP .8-3.2 GHz P.L. CRO Single Loop -80 -110 -120 -130 -130 -140 2 GHz 13
CPM 4-15 GHz P.L. Mult. Single Loop -60 -90 -105 -110 -115 -130 12 GHz 13
ETCO .1-24 GHz Voltage Tuned CRO - - -70 -100 -120 -130 2-4 GHz* 13
* Octave band.
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In the summer of 1950, engineers Vessarios Chigas, 
Louis Roberts, Hugh Wainwright and Richard M. Walker 
founded Microwave Associates in 2800 square feet of rent-
ed fl oor space in Boston, MA. Leveraging their experience 
working at the MIT Radiation Laboratory during World 
War II, their plan was to provide microwave consulting, 
R&D and to establish a line of millimeter-wave compo-
nents. In the fi rst year, the company did R&D work for the 
US Army Signal Corps, including circular waveguide ele-
ments and shortly entered the electron tube fi eld, winning a 
contract for two magnetron types from the Signal Corps. In 
its fi rst year of business, the company did $80,000 worth of 
business according to the company profi le that appeared in 
the third issue of Microwave Journal (January 1959). When 
the article was published, the company had surpassed the 
$5 M per year mark.

In the 1960s, as defense work was drying up in the UK, 
Cobham (FR Group) diversifi ed and began marketing a 
switch from its fueling systems and thus entered the elec-
tronics fi eld. As the aerospace industry heated up again 
and several R&D projects came to fruition in the mid to 
late 1970s, the company geared up for rapid growth among 
its three divisions: nuclear and industrial business; military 
systems; and aerospace components. However, the compa-
ny’s electronics operation struggled among the commercial 
electronics industry’s fast pace growth. Nuclear plant com-
ponents also suffered due to inconsistent government poli-
cies and so the company shifted its efforts toward defense. 
By 1980, the fl ight operations division expanded its range 
of services beyond aerial towing and achieved profi ts of £3 
M on turnover of £19 M despite defense cut-backs. Aero-
space components accounted for 40 percent of turnover; 
military systems, approximately 30 percent.

Meanwhile in the US, Microwave Associates, through 
heavy investment in research and development throughout 
the 1960s and 1970s, established itself as a leader in de-
veloping and manufacturing RF, microwave and millime-
ter-wave semiconductors, components and technologies. 
The advanced R&D allowed M/A-COM to be among the 
fi rst microwave companies to make the jump from wave-
guide-based components to MIC and MMIC technology. 
By 1978, the company changed its name to M/A-COM Inc. 
to represent its move into the communications market. By 
1980 through its various operating companies, M/A-COM 
was among the world’s leading producers of microwave 
components for the defense and commercial telecommu-
nications markets.

By the early 1980s, Cobham (still known as the FR 
Group) entered the US components market with the 
purchase of Stanley Aviation and Chelton, a leading 
maker of aircraft antennas, in 1989. Its aerial target offer-
ings proliferated, culminating in the Advanced Subsonic 
Aerial Target (ASAT) system. It also pushed its military 
products abroad while searching for new opportunities 
and the group continued to buy businesses that would 
help this growth. The company’s presence in the US 
grew through these acquisitions and by teaming up with 
key US defense contractors. Successful equipment deploy-
ments in both the Falkland and Gulf Wars helped secure 
Cobham’s status among defense prime contractors and 
those responsible for military procurement. The trend in 
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Please see pg. 108 to read “DC to 6 GHz 50 W T/R 

Switch for High Linearity Applications,” 

a Product Feature from 

M/A-COM Technology Solutions Inc. 

the aircraft industry was for prime contractors to outsource 
ever larger assemblies to vendors and so the FR Group di-
rected much of its efforts towards upgrades and upgrade-
able products, winning signifi cant defense contracts in the 
mid to late 1990s. With its operations expanded far beyond 
its fl ight refueling core, FR Group renamed itself Cobham 
plc in November 1994.

In 1995, M/A-COM was acquired by AMP Inc., a leader 
in electrical and electronic connection devices and inter-
connection systems, as part of that company’s move into 
the wireless interconnection components market and to 
strengthen its subsystems development capabilities. Then 
in 1999, AMP merged with Tyco International Ltd. As a 
unit of Tyco Electronics, M/A-COM would continue to 
serve the wireless telecommunications, aerospace, defense 
and automotive markets.

Meanwhile, Cobham continued its growth through 
acquisition, buying Pressure Technologies, Conax, Hy-
per Technologies and certain product lines from Avionics 
Controls, while the Chelton division bought several radio 
product lines from Allied Signal and Cobham bought two 
other English fi rms: Credowan Limited, a small microwave 
components supplier, and the larger European Antennas 
Limited.

In this decade, the size of Cobham’s acquisitions has 
grown impressively large. In 2004, Cobham purchased 
REMEC Defense & Space to double the revenues from 
its radar business and boost its Chelton business. In 2007, 
the company purchased the Surveillance and Attack busi-
ness unit of BAE Systems, which it renamed Sensor and 
Antenna Systems, Lansdale Inc. (after the unit’s Lansdale, 
PA location). Lansdale is now a world leading developer of 
Electronic Warfare (EW) technology and supplier of EW 
subsystems for military aircraft.

Last May, Cobham Defense Electronics Systems (CDES) 
announced that it was buying Tyco Electronics’ Aerospace & 
Defense and Commercial products businesses. Combining 
M/A-COM’s technology with Cobham’s REMEC business 
would give the company the additional microwave techni-
cal expertise, enhanced subsystem capability and strong cus-
tomer relationships required to accelerate development of 
its advanced products for microwave front-ends for missiles, 
electronic warfare, and space and ground-based communi-
cation systems. The commercial part of the business, M/A-
COM Technology Solutions, is currently being run outside 
of the operating divisions of Cobham and will be resold. The 
acquired commercial business is operating on a standalone 
basis with shared facilities and functions separated to al-
low for the divestment of M/A-COM Technology Solutions 
(Tyco Electronics retained the M/A-COM land mobile radio 
group and sold the automotive sensors group to Autoliv of 
Sweden). n
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PRODUCT FEATURE

RF performance and thermal reliability 
are the two important parameters when 
selecting an RF Tx/Rx switch at the front 

end of a high power linear base station, CPE, or 
femtocell. As always, the RF performance is very 
critical. Parameters such as insertion loss, isola-
tion, P1dB, IP3, switching speed, bandwidth and 
VSWR are important to the system designer. 
These linear systems exceed power levels beyond 
10 W of average power, which pushes the design-
er to consider the switch’s thermal properties ear-
ly in the decision making process. For example, 
a 10 W signal incident on a switch with 1 dB of 
insertion loss at 3.5 GHz will require the switch 
to handle 2 W of power dissipation. The maxi-
mum junction temperature of the device could 
be violated and the lifetime reliability of the com-
ponent could be compromised if this isn’t taken 
into consideration. The fundamental limitation 
of power handling at any frequency is ultimately 
thermal. This is true for both long-term reliability 
and short-term catastrophic failures.

Linear TDMA systems such as WiMAX and 
TD-SCDMA use modulation schemes that cre-
ate very high peak-to-average ratios on the RF 
power signal. This ratio can be as high as 12 dB 
specifi cally for WiMAX systems. This needs to be 
considered for both the linear performance of the 
switch as well as the thermal reliability. The 1 dB 

compression point (P1dB) of a switch only pro-
vides a rough guideline as to the true linearity of 
the switch in this type of linear system. The delta 
between the switch’s P1dB and its Error Vector 
Magnitude (EVM) at 1 percent can be anywhere 
between 8 and 12 dB depending on the topology 
of the switch.

Critical parameters for a higher power Tx/Rx 
switch include lower insertion loss, especially on 
the Tx path in order to minimize the requirements 
of the power amplifi er. High isolation in the switch 
is just as critical since excess leakage from Tx to 
Rx will saturate the LNA. M/A-COM Technol-
ogy Solutions has developed a monolithic PIN 
diode-based SPDT, the MASW-000834-13560T, 
on its Heterolithic Microwave Integrated Circuit 
(HMIC) technology to address both the RF and 
thermal needs of these linear systems. HMIC is 
the ultimate form of SOI, which has a unique ther-
mal design that provides the ability to both handle 
> 1000 W of pulsed peak and up to 50 W of CW 
RF incident transmit power, while simultaneously 
providing very low RF distortion, excellent linear-
ity and high receive isolation. This results in high 
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performance devices that are not avail-
able with other traditional processes.

HMIC is a unique process that 
combines glass and silicon that enables 
the high frequency and high power 
handling properties of the two ma-
terials to be optimized plus provides 
true surface-mount device structures 
to be produced using standard semi-
conductor processing equipment and 
techniques. It also allows for the inte-
gration of high Q (or low loss) passives 
as well as low Rs (series resistance) ac-

tive elements in order to create more 
complex components. This allows 
for smaller size components like the 
MASW-000834-13560T with low loss 
and high power handling. In addition, 
the monolithic insertion of various di-
ode-based active components such as 
PIN diodes and Schottky diodes in the 
HMIC circuit topology allows a num-
ber of more complex monolithic inte-
grated circuits to be realized.

A cross-section for both passive and 
diode-based HMIC devices is shown 

in Figure 1, which shows the elements 
needed for HMIC circuit design. Silicon 
vias to achieve vertical connections (i.e. 
front to back) are a natural consequence 
of the HMIC fabrication process. The 
top surface of these vias typically serves 
as the “active” layer for the formation of 
the required diode-based active devices 
and as possible interconnection paths 
for the requisite passive elements. The 
various circuit elements, either active or 
passive, are then laterally linked using 
standard photolithography and metal-
lization techniques.

The shunt diode has the highest 
power handling since it has a very high 
thermal conductivity from the surface 
to ground. The series diode, by contrast, 
is always the weaker thermal link in 
the design since it has the lowest ther-
mal conductivity. The thermal analysis 
needs to focus on improving the thermal 
properties of the series diode in order 
to increase its power handling capacity. 
Although the series diode is electrically 
in series, it needs to focus on its thermal 
shunt cross-section. One area specifi -
cally focused on is the insulating epoxy 
under the series diode. Optimizing the 
thickness of the boron fi lled, electrically 
insulating thermal epoxy between the 
cathode and bottom metallization offers 
the best compromise between electri-
cal insulator, thermal conductivity and 
manufacturability, which M/A-COM 
Technology Solutions has optimized 
over many years of experience.

HMIC allows for broader band op-
erating frequency and lower parasitics 
while operating at high power levels 
than traditional devices, as shown in 
Figure 2. For instance, the MASW-
000834-13560T achieves 0.3 dB inser-
tion loss and over 40 dB of Rx isolation 
at 2.5 GHz while handling power levels 
up to 50 W of CW power without deg-
radation of the basic PIN diode junction 
parametric characteristics.
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 s Fig. 1  Cross-section of the HMIC device.
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In terms of the pulsed Tx power han-
dling, the use of the boron fi lled epoxy, 
larger vertically etched silicon pedestals, 
and optimized anode topology design 
allows for signifi cant power handling, 
as shown in Figure 3, which is a plot 
of measured junction temperature ver-
sus pulsed input power at 50 µsec pulse 
widths and at a 1 percent duty cycle. 
A peak incident power level of +61.8 
dBm, approximately 1500 W, in the Tx 
mode results in a junction temperature 
of 40°C, which is a 15°C rise over am-
bient, and well below a safe maximum 
operating temperature of 175°C.

When the Tx arm of the MASW-
000834-13560T SPDT is operated in 
CW mode, Figure 4 shows that a maxi-
mum safe junction temperature of 175°C 
is reached at an incident drive level of 
+46.8 dBm or 47.8 W at an ambient heat 
sink temperature of 25°C. This HMIC 
design out performs other traditional de-
signs by a wide margin and can be used 
in commercial and military applications.

CONCLUSION
M/A-COM Technology Solutions 

has developed a high power PIN di-
ode-based Tx/Rx switch, the MASW-
000834-13560T, capable of simulta-
neously delivering broadband perfor-
mance (DC to 6 GHz) while reliably 
handling high power levels utilizing 
the patented HMIC integration tech-
nology. This technology has the ability 
to produce low loss series PIN diodes 
that have both high electrical isolation 
from the ground plane and a low ther-
mal impedance to maintain reliable 
peak junction temperatures that out 
performs traditional devices currently 
available in the market. 

M/A-COM Technology
Solutions Inc., Lowell, MA 
(978) 442-5000, 
www.macom.com.
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 s  Fig. 2  MASW-000834-13560T broadband 
performance.
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 s  Fig. 3  MASW-000834-13560T junction 
temperature vs. peak pulsed input power (50 
µsec pulse width, 1% duty cycle).
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temperature vs. CW input power.
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Although standardization work is current-
ly on-going, the 3GPP evolved UTRAN 
LTE specifi cations are close to providing 

a workable description for the implementation 
of complete devices. With the introduction of 
next-generation mobile network technology, 
new challenges will face device developers, in-
cluding how to confi rm that their new design 
functions correctly, meets the standards un-
der all conditions and without over-heating or 
draining the battery too quickly. The Aerofl ex 
7100 Digital Radio Test Set is a test solution 
that has been developed to enable R&D engi-
neers working on LTE terminal design to meet 
these challenges.

WHY IS IT A CHALLENGE?
High performance, wide bandwidths, high 

data rates, fast response times (reducing laten-
cy), more complex antenna confi gurations—
and that’s just the LTE part—all combine to 
present greater challenges to the development 
of next generation devices. In order to support 
roaming onto other network technologies, mul-
tiple radio standards will need to be supported, 
especially with the lack of voice support in early 
LTE networks.

For much of the world, LTE devices will 
need to be backed up with GSM/GPRS, 
WCDMA/HSPA and/or CDMA2000/1xEVDO 
support in a range of frequency bands, with 
downlink frequencies potentially ranging from 
746 MHz to 2.69 GHz (Ref: 3GPP TS 36.101). 
Initial certifi cation of LTE devices is expected 
to be in bands 1 (2100 MHz), 3 (1700 MHz), 
7 (2.6 GHz) and 8 (900 MHz) for FDD mode 
and bands 38 (2.6 GHz) and 40 (2.4 GHz) for 
TDD mode. The WRC-07 conference allocat-
ed further spectrum for mobile use, meaning 
both lower (down to 450 MHz) and higher fre-
quencies (up to 3.6 GHz) are likely to be seen 
as LTE rolls out over the next fi ve years.

In addition, emphasis is being placed by 
major network operators on support for both 
FDD mode and TDD mode. There are two 
reasons for this: LTE TDD mode is the ac-
cepted upgrade path for Chinese 3G networks 
and is being championed by China Mobile, a 
major network operator. Secondly, many net-
work operators already have unused spectrum 

Aeroflex Test Solutions
Stevenage, UK

114  MICROWAVE JOURNAL n FEBRUARY 2009

DIGITAL RADIO TEST 
SET ADDRESSES LTE 
TEST CHALLENGES

 2M21 FINAL.indd   114 2M21 FINAL.indd   114 1/29/09   10:18:50 AM1/29/09   10:18:50 AM



that is allocated for non-paired opera-
tion, so this could be used for LTE 
deployment. Spectrum (or lack of it) 
is one of the major issues facing LTE 
operators, with the need for up to 20 
MHz blocks to achieve the 100 Mbps 
headline data rate.

Another challenge for LTE devices 
is to maintain data throughput rates 
at the cell edges, where the SNR is 
usually worst, and also in crowded 
cell conditions. For these situations 
it is essential that the receiver perfor-
mance is optimized, making the best 
use of the available signal in a noisy 
environment.

The typical form factors for LTE 
devices are likely to be USB sticks, 
dongles and PC cards in addition to the 
internal chipsets that will be integrated 
into lap-tops and high-end PDAs and 
smartphones. Thermal management 
will be important in these compact 
devices when so much functionality 
needs to be incorporated.

MEETING THE CHALLENGE
The 7100 integrates all the major 

functions needed in a bench-top in-
strument to enable comprehensive 
testing during the R&D stages of 
new devices. It simulates the radio 
and core networks and provides all 
the key measurements for charac-
terizing the performance of LTE 
mobile devices, both at the radio in-
terface and throughout the protocol 
stack, including the PCDP and IMS 
layers. End-to-end performance can 
be accurately assessed, along with 
correct idle mode and connected 
mode behavior.

MEASUREMENT NEEDS
There are a number of key perfor-

mance measurements that need to be 
made. Some of these are familiar from 
previous technologies, including max-
imum output power, power control 
and receiver sensitivity, but due to the 
transmission schemes used, OFDMA 
in the downlink, SC-FDMA in the 
uplink, new measurement equipment 
will be needed to support these tests.

Other measurements are specifi c 
to LTE, with its OFDMA transmis-
sion scheme; for example, EVM per 
sub-carrier becomes an essential test 
of modulator performance. As the 
modulation bandwidth becomes a 
higher percentage of the centre fre-

quency, this can pose a challenge with 
some modulator architectures. As a 
result, the EVM can be seen to rise at 
the band edges, as shown in Figure 1. 
With the availability of the 700 MHz 
analogue TV spectrum, the likeli-
hood is that LTE will be deployed 
at lower frequencies than GSM or 
WCDMA, resulting in 20/700 MHz = 
2.8% bandwidth compared to 5/2100 
MHz = 0.24% for typical WCDMA 
devices.

There are six channel bandwidth 
allocations specifi ed for LTE opera-
tion (1.4, 3, 5, 10, 15 and 20 MHz) 
and it is necessary to measure the oc-
cupied bandwidth to ensure that the 
transmitter output remains within the 
channel bandwidth for all channel al-
locations (see Figure 2). The same 
applies to measurement of ACLR to 
ensure the interference between de-
vices using adjacent frequency alloca-
tions is kept within specifi cation.
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Due to the dynamic nature of some 
of the tests, including power control, 
the measurement conditions need 
to be established using the signaling 
protocol, making it essential that the 
test equipment includes the protocol 
stack, simulating the evolved Node 
B (eNB) base station. The 7100 pro-
vides this, allowing standard and user-
defi nable test conditions to be estab-

lished. For the RF measurements, the 
signaling protocol operates automati-
cally, using user-defi nable parameters 
such as channel number, allowing the 
engineer to focus on the measure-
ment being made.

Although the LTE physical layer 
uses a cyclic prefi x to add resistance 
to multipath effects, this needs to be 
tested to ensure correct operation. 

The 7100 incorporates a baseband 
fading option, enabling the impact of 
multipath fading on the end-to-end 
throughput to be assessed. This al-
lows a real-world view of the behavior 
of the device in the fi eld to be seen 
in the lab, before fi eld trials are con-
ducted.

The digital radio test set also incor-
porates a 3GPP Rel-8 compliant pro-
tocol stack and physical layer to emu-
late an eNB and the Evolved Packet 
Core (EPC) network (see Figure 3). 
A comprehensive range of RF tests is 
featured, including some based on the 
3GPP TS 36.521 RF test specifi cation, 
covering the key transmitter, receiver 
and transceiver measurements. An in-
tegrated IMS server allows complete 
functional testing to be performed, 
allowing end-to-end throughput and 
latency to be measured in a controlled 
environment.

ADVANCED PROTOCOL TESTING
One of the challenges for the pro-

tocol stack developer will be to en-
sure that the state change response 
requirements are met. Although the 
LTE specifi cations have reduced the 
number of states that a terminal can 
be in to RRC _IDLE and RRC_CON-
NECTED, the time it takes to change 
from one to the other will be a major 
part of the delay budget when data 
needs to be sent for the messaging 
sequence involved (see Figure 4). In 
RRC_IDLE mode, as much of the de-
vice as possible will be in a low power 
consumption state to ensure good bat-
tery life, with only the receiver acti-
vated periodically to check for paging 
messages. When data transmission is 

s  Fig. 1  EVM per sub-carrier.

  s  Fig. 2  Measuring occupied bandwidth.
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New mid and high power switches offer
highest performance, ease of design

APPLICATIONS
■ WiMax, Wibro, TD-SCDMA, 

and other wireless 
telecommunications

■ Test instruments

FEATURES
■ Excellent broadband

performance up to10 GHz.
■ Easier to design with 

general purpose diode
elements

■ Cost-effective solution 
for assembly

Unlike standard MMIC 
switches that can’t handle 
high power, Aeroflex / Metelics’ 
new no-driver switch family
provides medium to high
power levels from 20 to 40W
max. with low harmonic 
distortion. If higher RF power 
is required, we can support up
to 100W max.  Need specified
information? Contact our
application engineers to 
discuss your requirements.

888-641-7364
www.aeroflex.com/

metelics

MEDIUM/HIGH POWER SURFACE-MOUNT PIN DIODE SWITCHES

Part # Freq. Input  Typical Performance Package Config.
Range Power @ 2.7 GHz (dB)

(GHz max) (W max) IL IRL Iso 

MSWSE-040-10 3 40 0.25 20 11 0805P Series

MSWSS-020-40 6 20 0.30 21 50 2012 Series/shunt

MSWSH-020-30 6 20 0.25 19 31 2012 Shunt

MSWSH-100-30 6 100 0.15 22 31 CM22 Shunt

MSWSHB-020-30 10 20 0.40* 30* 32* 2012 Shunt

MSWSSB-020-30 10 20 0.60* 20* 35* 2012 Series/shunt

All specs at ambient temperature    * denotes 10 GHz

METELICS
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to be scheduled, the device must wake 
up and rapidly synchronize its uplink.

Protocol testing with the 7100 is 
based on the Aerofl ex Script Editor 
environment and uses a C++ API to 
construct signaling sequences. A mes-
sage editor allows programmers to 
build customized messages for use 
in protocol test scripts, useful for 
both positive and negative testing. Al-
though this can be accessed from the 
front panel, a VGA monitor and USB 
mouse and keyboard can also be con-
nected for longer test script develop-
ment and analysis sessions.

All radio interface protocol layers 
can be tested:
• MAC: scheduling and hybrid ARQ, 
logical channel multiplexing
• RLC: in-sequence delivery of 
SDUs, segmentation/concatenation of 
IP packets, retransmission of errone-
ous packets and duplication removal
• PDCP: IP header compression, ci-
phering and integrity protection

In addition, the control plane sig-
naling layers can also be tested:
• RRC: handling of idle and connect-
ed state activity, system information, 
mobility management and connection 
control
• AS: control of cell selection/re-se-
lection, location registration and de-
registration
• IMS: SIP/SDP IP real-time service 
and connectivity handling

Protocol test diagnostic features in-
clude time-stamped message logging 
and decoding, providing the ability to 
trace through signaling message fl ows 
in detail, ensuring timing require-
ments are met.

VERSATILITY
The range of features included in 

the 7100 make it suitable for a broad 
range of test duties in the R&D stages 
of LTE device development, with the 
integrated RF, baseband and protocol 
stack allowing the entire device to be 
tested. This combination of features 
makes the digital radio test set appeal 
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INTERNET

�2
S1RADIO

  s  Fig. 3  LTE/SAE protocol partitioning.
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UE

RRCConnectionRequest

EUTRAN

RRCConnectionSetup

RRCConnectionSetupComplete

s  Fig. 4  RRC connection establishment 
(from 3GPP TS 36.331).
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PRODUCT FEATURE

to hardware engineers and software 
engineers as well as system test and 
integration engineers, right through 
to the pre-conformance test stage as 
illustrated in Figure 5.

As with all new technologies, there 
will be a period of time before the 
specifi cations are fully stable, so it is 
essential that the test equipment can 
be easily upgraded to track the chang-
es. The 7100 is based on a software-
defi ned radio architecture enabling it 
to be updated in the fi eld as the stan-
dards evolve and as new tests emerge. 
Internally, the RF section is capable of 
90 MHz bandwidth, well beyond the 
20 MHz likely to be seen on fi rst gen-
eration LTE devices. The modular na-
ture of the 7100’s architecture allows 
future enhancements to the standards 
to be readily adopted.

Beyond the technical features of 
the 7100, its touch screen control and 
large (12.1 inch) LCD screen provides 
an elegant and intuitive user interface 
that enables engineers to easily navi-
gate the extensive range of test func-
tionality while providing clear results. 

CONCLUSION
The next generation of mobile tech-

nology is rapidly emerging from the 
standardization process and is bring-
ing with it a new generation of techni-
cal problems that need to be solved. 
Aerofl ex is continuing to introduce 
new test solutions to help engineers 
working in this challenging new area, 
in both the RF and protocol domains. 
The 7100 Digital Radio Test Set is 
part of the company’s  range of LTE 
test solutions, which also includes the 
TM500 LTE Test Mobile, the 3410 
Signal Generator and the PXI modu-
lar system.
Aerofl ex Test Solutions, 
Stevenage, UK, 
+44 (0) 1438 742200, 
info-test@aerofl ex.com.

RS No. 300

R&D

PROTOCOL
STACK

DEVELOPMENT

BASEBAND
CHIPSET

INTEGRATION
TEAM

CERTIFICATION

INTEGRATION

SYSTEM
TEST

PRE-CONFORMANCE
TEST

CONFORMANCE
TEST LAB

DEVELOPMENT
TEAM

DSPRF

 s  Fig. 5  R&D test stages.
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You can depend on
Narda’s In-Stock
Power Dividers 
for critical applications

R
ELIA

B
ILITYShown here is the

4456-2 Multi-Octave
2-Way Power Divider

435 Moreland Road
Hauppauge, NY 11788
Tel: 631.231.1700 • Fax: 631.231.1711
e-mail: nardaeast@L-3com.com
www.nardamicrowave.com/east

� Excellent tracking

� Low input VSWR

� Large choice of power levels

� High isolation between ports

Visit http://mwj.hotims.com/23281-88

Coming Next Month
Microwave Journal’s annual 

Cables and Connectors
Supplement
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IN STOCK

DC to18 GHz from

$6895
ea. (qty.1-9)

CABLES      TEST
FLEX TM

Strength, ruggedness, and reliability…supercharged! That’s what you get
when you choose Mini-Circuits ultra-flexible precision test cables. 
Engineered to be a workhorse for your day-to-day test operations, these 
triple shielded cable assemblies are qualified to at least 20,000 bends, 
employ an advanced strain relief system, and are equipped with 
passivated stainless steel connectors, so you can rely on them to
flex, connect and disconnect over and over and over again!
They're so rugged, each test cable is backed by our 6 month guarantee*!
With low insertion loss and very good return loss, you can also rely on 
getting good performance over the wide DC-18 GHz band. Visit our 
website to choose and view comprehensive performance curves, data 
sheets, and environmental specifications.   

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

       RoHS compliant
Frequency Range: DC-18 GHz, Impedance: 50 ohms
Models Connector Length Inser. Loss (dB) Return Loss (dB) Price

Type (Ft.) Midband Midband $ ea.
Typ. Typ. Qty.(1-9)

FLEX TEST CABLES Male to Male
CBL-1.5 FT-SMSM+ SMA 1.5 0.7 27 68.95
CBL-2FT-SMSM+ SMA 2 1.1 27 69.95
CBL-3FT-SMSM+ SMA 3 1.5 27 72.95
CBL-4FT-SMSM+ SMA 4 1.6 27 75.95
CBL-5FT-SMSM+ SMA 5 2.5 27 77.95
CBL-6FT-SMSM+ SMA 6 3.0 27 79.95
CBL-10FT-SMSM+ SMA 10 4.8 27 87.95
CBL-12FT-SMSM+ SMA 12 5.9 27 91.95
CBL-15FT-SMSM+ SMA 15 7.3 27 100.95
CBL-25FT-SMSM+ SMA 25 11.7 27 139.95
CBL-2FT-SMNM+ SMA to N-Type 2 1.1 27 99.95
CBL-3FT-SMNM+ SMA to N-Type 3 1.5 27 104.95
CBL-4FT-SMNM+ SMA to N-Type 4 1.6 27 112.95
CBL-6FT-SMNM+ SMA to N-Type 6 3.0 27 114.95
CBL-15FT-SMNM+ SMA to N-Type 15 7.3 27 156.95
CBL-2FT-NMNM+ N-Type 2 1.1 27 102.95
CBL-3FT-NMNM+ N-Type 3 1.5 27 105.95
CBL-6FT-NMNM+ N-Type 6 3.0 27 112.95
CBL-10FT-NMNM+ N-Type 10 4.7 27 156.95
CBL-15FT-NMNM+ N-Type 15 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 11.7 27 199.95

Female to Male
CBL-3FT-SFSM+     SMA-F to SMA-M 3 1.5 27 93.95
CBL-2FT-SFNM+ SMA-F to N-M 2 1.1 27 119.95
CBL-3FT-SFNM+ SMA-F to N-M 3 1.5 27 124.95
CBL-6FT-SFNM+ SMA-F to N-M 6 3.0 27 146.95
ARMORED CABLES Male to Male
APC-6FT-NM-NM+ N-Type 6 3.0 27 181.95
APC-10FT-NM-NM+ N-Type 10 4.8 27 208.95
APC-15FT-NM-NM+ N-Type 15 7.3 27 243.95

Tough Armored Cables are steel triple shielded     
and qualified to at least 25,000 
bends. They're so rugged they can 
even pass a crush test of a 600lb.    
nitrogen tank over the cable 1000 
times, without any change in      
electrical performance.

New!

6GUARANTEE
mo.

*Mini-Circuits will repair or replace your test cable at its option if the 
connector attachment fails within six months of shipment. This guarantee 
excludes cable or connector interface damage from misuse or abuse.

Metric Sizes Available On Our Website

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

IF/RF MICROWAVE COMPONENTS

TM

ISO 9001 ISO 14001 AS 9100 CERTIFIED

®

P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web 
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SOFTWARE UPDATE

SOFTWARE FOR COMPLIANT TESTING
AR’s SW1006 software is a standalone program that combines conduct-
ed immunity test software, radiated susceptibility test software and pre-
compliance conducted and radiated emissions test software into one 
user-friendly package suitable for corporate to professional test lab us-
ers. The software automatically performs both calibration and immunity 
testing in full compliance with IEC 61000-4-3, 4-6; MIL STD 461/462 
RS103, CS114 and RTCA/DO160 Section 20 specifi cations. In addi-
tion, the program supplies the user with selectable test parameters and 
a “thresholding” mode for pre-compliance investigation of equipment 
susceptibility. 

AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, www.ar-worldwide.com.

RS No. 310

PLL PHASE NOISE SOFTWARE
The widely popular PLL Phase Noise Calculator tool on Hittite’s web 
site was specifi cally designed to help synthesizer designers select the 
best Hittite divider, phase frequency detector and VCO for their PLL 
circuit needs. The interrelation of these building blocks is critical to 
achieving optimal PLL phase noise, and each component in the PLL 
circuit will impact overall performance. A graphical interface guides 
the user through the component selection process, and the calculator 
uploads the key performance attributes for each Hittite component 
selected. The PLL Phase Noise Calculator quickly provides the phase 
noise contribution of each PLL element, as well as the total for the 
entire loop.

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

RS No. 312

ANALOG OFFICE DESIGN ENVIRONMENT
AWR’s recently released Version 2008 Analog Offi ce Design Environ-
ment is targeted for RFIC design. Version 2008 includes hundreds of 
enhancements to the user interface and design fl ow that dramatically 
increase user fl exibility and productivity. The user interface of AWR 
tools is widely recognized as extremely easy to use, and the enhance-
ments within Version 2008 place it even further ahead of its competi-
tors. For example, features such as project, elements, layout tabs, and 
the status window are now dockable and fl oatable, providing a design 
environment that is fully confi gurable to suit personal preferences. This 
new fl exibility streamlines design tasks to save time, maximize useable 
screen space, provide greater insight into the design, and allow more 
complex designs to be handled more quickly.

AWR Corp., 
El Segundo, CA (310) 726-3000, www.awrcorp.com.

RS No. 311

CABLE ASSEMBLY BUILDING ONLINE
The new web-based product RF Cable Assembly Confi gurator offers an 
intelligent, fast and easy way to design, specify and request a coaxial RF 
cable assembly online. It enables users to create, save and print a HU-
BER + SUHNER datasheet based on the input. The confi gurator sends 
a request for quotation and delivery information online, with confi rma-
tion sent via e-mail including a datasheet per confi guration. It is simple 
to use and the easy way to build cable assemblies.

HUBER + SUHNER AG, 
Herisau, Switzerland, http://rfwebpcf.hubersuhner.com.

RS No. 313
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Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494
V: 781-292-6680/6684   F:  781-453-8629   E-mail: mdlsales@mdllab.com   www.mdllab.com

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.

Channel surfing.

Multichannel Coax Rotary Joint / Slip Ring Assembly

Slip RingRotary Joint
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RF COMMUNICATIONS TOOLKIT SOFTWARE
Keithley has expanded its SignalMeister™ software platform to now in-
clude RF signal analysis along with RF signal generation. First introduced 
in 2007, SignalMeister software is now the only software package on the 
market that integrates signal generation and analysis into one package for 
unmatched speed and simplicity. Furthermore, SignalMeister now has 
the capability of generating and analyzing both single-input single-output 
(SISO) and multiple-input multiple-output (MIMO) signals in the same 
environment. With SignalMeister software, research, design and test engi-
neers can quickly and easily create and analyze signals with a powerful, yet 
easy to use, block diagram-based, graphical user interface. In addition, the 
SignalMeister RF Communications Toolkit now supports the latest wire-
less, MIMO protocol standards, WiMAX Wave 2 and 802.11n WLAN. 

Keithley Instruments Inc., 
Cleveland, OH (800) 688-9951, www.keithley.com.

RS No. 314

HIGH FREQUENCY EM SIMULATION SOFTWARE
SONNET® Suites Professional™ Release 12 introduces dramatically 
faster simulations through parallel processing on multi-core CPUs. 
Each frequency point is computed in parallel within the same comput-
er. Sonnet’s matrix solve algorithms have successfully achieved a speed 
increase that is nearly seven-fold on a typical workstation with dual 
quad-core processors. Two new versions of Sonnet’s EM analysis en-
gine, em™ are introduced. The Sonnet Desktop Solver engine is aimed 
at typical engineering desktop PCs, and utilizes two cores in parallel for 
analysis time reduction. The Sonnet High Performance Solver engine is 
aimed at high-end workstations with dual quad-core CPUs, and uses up 
to 8 cores for 8-way parallel processing on a single frequency. 

Sonnet Software Inc.,
Syracuse, NY (315) 453-3096, www.sonnetsoftware.com.

RS No. 316
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High. And mighty.

New, high linearity, low noise amplifiers from Endwave possess a powerful

combination of traits. Packing noise figures of 2 dB up through C-Band,

saturated output powers approaching 0.5 Watt, and output IP3 “headroom”

over P1dB at unprecedented levels, there’s hardly a challenge they can’t stand

up to. And for applications such as phased-array radar, our stringent DFM

approach and high-precision automated assembly equipment enables them to

be delivered in gain/phase matched sets for superior system-level performance.

Endwave. Plug us in.

OPTIONS

Variable Gain Control
Input/Output Isolators
Input Limiters
Limiting Amplifiers
Environmental Screening

TTL Switching
Waveguide Interface
Phase Tracking
Low Phase Noise
K-Connectors

Temperature Compensation
Detector Output
Gain Matching
Hermetic Packages
Bias-T Output

Gain Noise Output DC Current
Frequency Gain Flatness Figure P1dB OIP3 VSWR @ +12 to

Range dB +/- dB dB dBm dBm In & Out +15VDC Package
Model GHz Min Max Max Min Min Max mA Typ Type

JCA02-4000 0.5 to 2.0 40 1.00 1.8 24 40 1.8:1 450 K4
JCA24-4001 2.0 to 4.0 35 1.25 2.0 24 40 1.8:1 450 K4
JCA48-4000 4.0 to 8.0 35 1.50 2.2 24 40 1.8:1 450 K4

Try our new amplifier
search and inquiry tool.
Try our new amplifier

search and inquiry tool.

• Innovative wideband LNA design

• OIP3 headroom >15 dB min over P1dB

• Psat approaching +27 dBm

• I/O return loss of 11 dB min

• Gain of 35 dB or more

• Low power dissipation

• Optional gain/phase matching

• Stable performance -54ºC to +85ºC
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SOFTWARE UPDATE

NON-LINEAR TRANSISTOR LIBRARY
Modelithics Inc. has released an enhanced version of its powerful and 
feature-rich Non-Linear Transistor (NLT) Model Library for AWR 
Microwave Offi ce. The Modelithics NLT Library™ consists of high 
accuracy non-linear and noise models from leading semiconductor 
manufacturers. The NLT Library addresses noise, substrate-scalability, 
temperature dependence, broad-bandwidth and high power, among 
other stringent requirements of state-of-the-art RF and microwave de-
sign. 

Modelithics Inc., 
Tampa, FL (888) 359-6359, www.modelithics.com.

RS No. 315

CST MICROSTRIPES VERSION 2009
CST MICROSTRIPESTM (CST MS) is a powerful 3D electromagnetic 
simulation tool, used extensively for solving the most challenging 
radiation problems including complex antenna structures, installed 
performance, EMC/EMI/E3 issues and more. Its solver technology is 
based on a multi-grid formulation of the time-domain Transmission-
Line Matrix (TLM), and users benefi t from Octree-based meshing, 
which helps keep computer requirements to an absolute minimum. 
CST MS is widely used to design antenna and microwave structures 
and assess their installed performance, to optimize RFID systems, to 
analyze radar cross-section (RCS), EMI/EMP and lightning effects on 
vehicles, ships and aircraft, and to predict absorption of EM fi elds in 
human tissue. 

CST of America® Inc., 
Framingham, MA (508) 665-4400, www.cst.com.

RS No. 317

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

SC1000 System Controller Used for Automating 
Radiated Immunity Testing
AR Worldwide

Crosstalk Measurement, Extraction and
Validation in 10Gbps Serial Systems
Pravin Patel, Rubina Ahmed, Moises Cases, IBM: 
Gourgen Oganessyan, Quellan: Dave Dunham, Molex

Designing RF, Mixed-Technology Printed  
Circuit Boards
Per Viklund, Mentor Graphics and How-Siang Yap, Agilent

Part II: 3G/4G Multimode Handset Challenges:
Implications for Front End Architecture Options
Kevin Walsh and Jackie Johnson, RFMD

Check out these new online Technical Papers featured 
on the home page of  Microwave Journal and the 
MWJ white paper archive in our new Technical 
Library (www.mwjournal.com/resources)
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NEW WAVES: HIGH FREQUENCY COMPONENTS, BOARDS AND SYSTEMS

Multi-position Switch
The QK series 
of coaxial multi-
position switch-
es feature K 
type connectors 
that operate in a 
frequency range 
from DC to 40 

GHz. Available actuator options include nor-
mally open and TTL circuitry with integrated 
indicator circuits. Terminated models are also 
available with the 2.4 mm connector. Features 
include: an RF impedance of 50 ohms nominal; 
operating temperature of -35° to +85°C ambi-
ent; operating life of 1,000,000+ cycles; switch-
ing time of 15 mSec maximum; a switching se-
quence of  Break Before Make; and is designed 
to meet MIL-E-5400 and Mil-S-3928.
Ducommun Technologies Inc., Carson, CA 
(310) 513-7214, www.dt-usa.com.

RS No. 216

Fixed Chip Attenuator
EMC Technolo-
gy introduces a 
new high fre-
quency, wire 
bondable chip 
attenuator, KFA. 
Designed with 
the KTVA foot-

print in mind, this component offers a fl at atten-
uation from 16 to 36 GHz. The KFA chip attenu-
ator can handle 200 mW and is available in 1 to 
10 dB with an operating temperature from -55° 
to +150°C. The KFA is also available for high-
reliability applications under the HRKFA part 
number with Group A, B and C life testing ac-
cording to Mil-PRF-55342. This new attenuator 
is available with gold wire bondable terminals 
and a platinum silver, solder attachable ground 
plane in an ultra miniature chip size of 0.065" × 
0.120". The KFA ultra broadband attenuator is 
available for immediate delivery.
EMC Technology, 
Stuart, FL (800) 544-5594, 
www.emct.com.

RS No. 217

Pseudo Elliptic Bandpass Filter
KR Electronics 
introduces a 550 
MHz pseudo el-
liptic bandpass 
fi lter. The fi lter 
offers a typical 
insertion loss of 
3.5 dB, a 3 dB 

bandwidth of 55 MHz and a 60 dB bandwidth 
of 100 MHz. The use of pseudo elliptic type fi l-
ters at bandwidths as low as 10 percent allows 
performance not easily attainable with all-pole 
fi lter types. The fi lter is supplied in an SMA 
package measuring 0.6" × 0.6" × 2.25" and can 
also be supplied in a surface-mount package. 
The fi lter can be customized for other center 
frequencies and bandwidths.
KR Electronics Inc., 
Avenel, NJ (732) 636-1900, 
www.krfi lters.com.

RS No. 218

128  MICROWAVE JOURNAL n FEBRUARY 2009

PCS Combiner Diplexer
The WP-E026-O 
is a combiner di-
plexer that cov-
ers the lower 
700 MHz band 
and PCS fre-
quencies. The 
combiner di-
plexer exhibits 
less than 0.3 dB 
of insertion loss 

across the passbands of 698 to 746 MHz and 
1850 to 1990 MHz while providing greater than 
80 dB of isolation. The unit measures 8" × 5" × 
3", meets IP67 weatherproofness and is avail-
able from stock.  
Lorch Commercial and Wireless, 
Salisbury, MD (410) 860-5100, 
www.lorchwireless.com.

RS No. 220 

Fixed Attenuators
The 615 series 
attenuators fea-
ture attenuation 
values to 90 dB 
in a single 
package. These 
RoHS compli-
ant, fi xed atten-
uators are avail-

able in N-male/female confi guration covering 
all commercial wireless bands from DC to 2 
GHz. Indoor/outdoor use with 2 W average (1 
kW peak) power handling. Standard attenua-
tion values of 40, 50, 60, 70, 80 and 90 dB avail-
able from stock to four weeks ARO. These at-
tenuators are made in the USA and offer a 36- 
month warranty.
MECA Electronics, 
Denville, NJ (973) 625-0661, 
www.e-meca.com.

RS No. 221

Power Connectors
With a 40 amp 
max current 
rating, Phoe-
nix’s Power 
Connectors are 
designed to 
meet the in-
creasing system 
power require-

ments that are driving the need for improved 
current density. Contacts are screw-ma-
chined for precision, high-reliability and 
high-current applications. Features include: 
single power connector accommodates a 
maximum of 40 amps based on a 20°C tem-
perature-rise with zero airflow; secure, push-
on snap facet for easy and quick mating; 
available in board-to-board and cable-to-
board configurations; SMT, Cable and thru-
hole designs; pick-and-place and tape-and-
reel versions; and custom cable assemblies 
are also available.
The Phoenix Co. of Chicago, 
Wood Dale, IL (800) 323-9562, 
www.phoenixofchicago.com.

RS No. 223

Threshold Detector
Model TD-30T-
SHS-218-30DB-
AMP Options 
DAC, DS, is an 
ultra-high speed, 
high sensitivity 
threshold detec-

tor designed for broadband applications in the 2 
to 18 GHz frequency range. This model offers 
an eight-bit digital control to adjust the thresh-
old level and has TTL output. Size: 2.5" × 2.0" × 
0.5" and the power supply is ±12 V.
Planar Monolithics Industries, 
Frederick, MD (301) 631-1579, 
www.planarmonolithics.com.

RS No. 224

Wideband Bandpass Filter
The 11AS-6/
18.16G-11 is a 
wideband band-
pass fi lter  that 
offers a pass-
band of 6 to 

18.16 GHz. Featuring loss of 1 dB and rejection 
in excess of 60 dB, this unit is perfect for por-
table or “hi-rel” applications. 
Reactel Inc., 
Gaithersburg, MD (301) 519-3660, 
www.reactel.com.

RS No. 225

High Power Directional Couplers
These high pow-
er directional 
couplers offer 
accurate cou-
pling, low inser-
tion loss and 

high directivity in a compact package. The stan-
dard units are optimized for 2 octave band-
widths and are available with a choice of cou-
pling values. These units are ideal for sampling 
forward and refl ected power with a negligible 
effect on the transmission line and very low in-
termodulation products.
RLC Electronics Inc., 
Mount Kisco, NY (914) 241-1334, 
www.rlcelectronics.com.

RS No. 226

PA Duplexers
The TRITIUM 
II PA-Duplexer 
Module™ fami-
ly includes the 
TQM663029A, 
(PCS band), the 

TQM613029 (cellular band) and the TQM653029 
(AWS band). Together with TriQuint’s SP3T an-
tenna switch, GPS LNA/fi lter module and RF fi l-
ters, the TRITIUM II PA-Duplexers™ provide 
customers a complete front-end solution for multi-
band CDMA handsets. Utilizing in-house technol-
ogy enables TriQuint to offer a solution that is more 
cost-effective, more effi cient and half the size of 
solutions comprised of discrete components.
TriQuint Semiconductor Inc., 
Hillsboro, OR (503) 615-9000, 
www.triquint.com.

RS No. 227

Visit mwjournal.com/info and enter RS# to request information
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USB POWER SENSOR
MINI-CIRCUITS

Turns Your Laptop Into A Power Meter
-30 to +20 dBm 1to 6000 MHz

POWER SENSOR PWR-6G+ Package

Now, Mini-Circuits offers 
a USB Power Sensor and software 
that will reduce your equipment costs 
and provide new application features 
that will simplify your power measurements.

All you need is a personal computer (PC) or laptop computer 
and a Mini-Circuits PWR-6G+ USB Power Sensor. It turns any computer into 
a powerful power meter having a measurement range of -30 to +20 dBm at 
frequencies from 1 to 6000 MHz. The PWR-6G+ is supplied with easy-to-use, 
Windows-compatible measurement software to speed and simplify your power 
measurements, allowing you to set as many as 999 averages and to record 
results for further analysis. The PWR-6G+ USB Power Sensor provides 
0.01-dB measurement resolution and impressive accuracy over temperature.
Visit the Mini-Circuits’ web site at www.minicircuits.com to learn more. 

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

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

IF/RF MICROWAVE COMPONENTS

TM

ISO 9001 ISO14001 AS9100 CERTIFIED

®

P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site

457 rev B

$695only

ea. (qty.1-4)
Includes:
PWR-SEN-6G+ Power Sensor Unit
Power Data Analysis Software
SMA Adaptor, USB Cable

       Fully loaded software features
Power data analysis
Power level offset
Scheduled data recording
Averaging of measurements
Interface with test software
Multi sensor support software
(up to 16 sensors support software) 
Compatible with LabVIEWTM, Delphi, 
C++ and Visual Basic software
LabVIEW is a registered trademark of National Instruments Corp.
Delphi and C++ are registered trademarks of Codegear LLC. 
Visual Basic is a registered trademark of Microsoft Corporation. 
The Mini-Circuits USB Power Sensor is not affiliated with 
any of the programming software referenced above.

457revBpowSensAD indd 1 1/13/09 2:23:18 PM
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Amplifi ers
GaN RF Amplifi er

Model SSPA 
0.1-0.8-125 is a 
high power, 
broadband, Gal-
lium Nitride 
(GaN) RF am-
plifi er that oper-
ates from 100 to 

800 MHz.  This PA is ideal for broadband mili-
tary platforms as well as commercial applica-
tions because it is robust and offers high power 
over a multi-octave bandwidth with excellent 
power added effi ciency. This amplifi er was de-
signed for high effi ciency applications. The am-
plifi er operates with a base plate temperature of 
85°C with no degradation in the MTBF for the 
GaN devices inside. It is packaged in a modular 
housing that is approximately 2.5" (width) by 
6.4" (long) by 1.06" (height). This amplifi er has 
a typical P3dB of 125 W at room temperature.
Aethercomm Inc., 
Carlsbad, CA (760) 598-4340, 
www.aethercomm.com.

RS No. 228

20 W Solid-state Amplifi er
AR’s  model 
20S6G18, a 20 W 
solid-state am-
plifi er covering 
6 to 18 GHz, 
provides high 

gain, low noise, good linearity and excellent 
mismatch capability. The amplifi er also delivers 
superior error vector magnitude (EVM) perfor-
mance. With a minimum of 43 dB gain and a 
typical noise fi gure of 6 dB, the 20S6G18 offers 
signifi cant advantages over traveling wave tube 
amplifi ers in this frequency range.
AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, 
www.ar-worldwide.com.

RS No. 229

Gain Block Amplifi er
The Hitt i te 
HMC599ST89E 
is a GaAs 
PHEMT-based, 
wide dyn a m i c 
r a n g e  g a i n 
block MMIC 

amplifi er that is rated from 50 to 960 MHz and 
delivers 14 dB gain, +39 dBm output IP3, and 
noise fi gure as low as 2 dB. Input and output re-
turn losses are excellent at 15 dB or better. The 
HMC599ST89E can be used as a cascadable 75 
ohm RF or IF gain stage as well as a PA or LO 
driver with up to +19 dBm output P1dB compres-
sion. This versatile MMIC amplifi er exhibits excel-
lent gain and output power stability over tempera-
ture, and requires a minimal number of external 
bias components. The HMC599ST89E is housed 
in an industry standard RoHS compliant SOT89 
package, and can be powered directly from either 
a +3 or +5 V supply.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343, 
www.hittite.com.

RS No. 230
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Linear Power Amplifi er

The XP1050-QJ 
is a QFN pack-
aged GaAs 
MMIC linear 
power amplifi er 
with 49 dBm 
OIP3 and 14.5 
dB small-signal 
gain. This power 
amplifi er oper-
ates in a fre-
quency range 

from 7.1 to 8.5 GHz and includes an integrated 
temperature compensated on-chip power de-
tector. The amplifi er comes in an RoHS compli-
ant, industry standard, fully molded 6×6 mm 
QFN package and includes on-chip ESD pro-
tection structures and DC bypass capacitors to 
ease implementation and volume assembly. The 
XP1050-QJ is well suited for wireless communi-
cations applications such as point-to-point ra-
dio, LMDS, SATCOM and VSAT applications.
Mimix Broadband Inc., 
Houston, TX (281) 988-4600, 
www.mimixbroadband.com.

RS No. 231

Ultra-low Noise Amplifi er
Mini-Circuits 
ultra-low noise 
ZX60-0916LN+ 
boasts a noise 
fi gure of only 
0.55 dB, while 
delivering 18 dB 

gain and a high output power of up to 16.5 
dBm, making it a very desirable amplifi er in to-
day’s market. Ultra reliable and packaged in a 
rugged patented unibody housing, using SMA 
connectors, these amplifi ers provide for a broad 
range of applications from 824 MHz to 960 
MHz, including: CDMA: 824 to 894 MHz, 
GSM Rx: 880 to 915 MHz and GSM Tx: 925 to 
960 MHz. Mini-Circuits 5 V amplifi ers ZX60-
0916LN+ are available from stock at the low 
price of $39.95 (1-9).
Mini-Circuits, 
Brooklyn, NY (718) 934-4500, 
www.minicircuits.com.

RS No. 232

Multi-band, Multi-mode 
Power Amplifi er

The SKY77441 
is a fully 
matched 16-pin 
surface-mount 
module devel-
oped for LTE 
FDD (Band 7) 

and TDD (Bands 38 and 40) applications and 
covers the 2.3 to 2.7 GHz range. It delivers over 
26 dBm of linear power output with full LTE 
resource block allocation under either quadra-
ture phase-shift keying (QPSK), or 16 quadra-
ture amplitude modulations (QAM), and over 
28 dBm of linear output power under wideband 
code division multiple access (WCDMA) mod-
ulation. Small and effi cient, the LTE FEM inte-
grates the input and output matching networks, 
the power amplifi cation stages, and the power 
detection in a single 4 × 4 × 0.85 mm package.
Skyworks Solutions Inc., 
Woburn, MA (781) 376-3000, 
www.skyworksinc.com.

RS No. 233
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Newly Designed Ceramic Filter
• From 0.5Ghz to 3Ghz
• Ceramic Technology
• SMA, SMB, CMX Connectors or RF Pins
• Low Insertion Loss
• Good Temperature Stability
Custom Design Available

• Isolator
• Circulator
• Combiner
• Directional Coupler
• Power Divider
• Ceramic Filter

P
·r·e·c·i·s·i·o·n
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For additional information or technical support, please contact our 
Sales Department at (631) 439-9220 or e-mail components@miteq.com

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

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

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

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

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

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

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

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

Visit http://mwj.hotims.com/23281-84 or use RS# 84 at www.mwjournal.com/info
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NEW PRODUCTS Devices
Twin Transistor

The UPA828TD twin transistor combines two 
closely matched silicon NPN chips in a minia-
ture 1.2 × 1.0 × 0.5 mm 6 pin leadless RoHS-
compliant package. Ideal for VCO applications, 
the UPA828TD enables oscillator and buffer 
amplifi er functions to be combined in one min-
iature device. Its small size and extremely low 
power consumption make it a great choice for 
portable, battery-powered products. Typical 
specifi cations at 1 V, 3 mA, 2 GHz include: noise 
fi gure of 1.3 dB, insertion power gain |S21e|2 of 
7.5 dB and frequency fT of 9 GHz. Price: $0.68 
(10K). 
California Eastern Laboratories, 
Santa Clara, CA, www.cel.com.

RS No. 237

High Voltage Vertical Field 
Effect Transistor

This High Volt-
age Vertical 
Field Effect 
Transistor (HV-
VFET™) archi-
tecture is de-
signed for radar 
applications in 
the UHF band.  
This HVVFET 
operates in a 
frequency range 
from the 420 to 
470 MHz band. 

The HVV0405-175 offers UHF system design-
ers a fully qualifi ed 175 W RF power transistor 
with unsurpassed gain and ruggedness specifi -
cations. HVVi also recently announced the 
HVV0912-150, a new addition to the company’s 
growing family of power transistors for Distance 
Measuring Equipment (DME) applications. 
Operating across the 960 to 1215 MHz band, 
the HVV0912-150 is designed for ground-based 
DME systems that require a wider bandwidth 
than the company’s earlier announced parts for 
airborne DME applications.
HVVi Semiconductors Inc., 
Phoenix, AZ (480) 776-3800, 
www.hvvi.com.

RS No. 238

Processing 
Equipment
Electric CNC Coax Bender
Winton Machine introduces its newest bench top 
all electric CNC coax bender. The model CX6 coax 
bending machine is built to bend semi-rigid coax 
cable. This production ready bender is micropro-
cessor controlled with a standard keypad and dis-
play to allow the operator to easily program the 

Model Number
Frequency

(GHz)
Power

GA0538-4540-M 0.5 3.8  10W(min)

GA0538-4540-R 0.5 3.8  10W(min)

GA0830-4344-M 0.8 3.0  25W(min)

GA0830-4344-R 0.8 3.0  25W(min)

GA0830-4747-M 0.8 3.0 50W(min)

GA0830-4747-R 0.8 3.0 50W(min)

GA0827-4552-M 0.8 2.7 150W(min)

GA0827-4552-R 0.8 2.7

GA0827-4754-R 0.8 2.7 250W(min)

CON0827-150W-R 0.8 2.7 150W Peak

* Suffix “-M” is Module type, “-R” is Rack type.

info@rkco.jp
http://www.rk-microwave.com

Country in Origin

sfumo@sekitech.com
http://www.sekitechusa.com

US Sales Partner

GaNPower Amplifiers
GA Series

Low Cost GaN FET Amplifiers

Need Power Amp? Ask R&K!

R&K Company Limited

150W(min)

WHAT
CAN
YOU
FIND
AT

wwwwww.m.mwjourwjournal.comnal.com??

BUYER’S
GUIDE

Use this invaluable
reference source 

for locating companies, 
their products 
and services. 

Is your company 
in the guide?

Visit http://mwj.hotims.com/23281-94

Low Noise Amplifi ers
These surface-
mount fi ltered 
GPS low noise 
amplifi ers (LNA) 
offer multiple 
gain stages of 26 
to 38 dB with 
more than 35 

dB of out-of-band rejection at 1575.42 MHz. 
This new small surface-mount design exhibits a 
low noise fi gure of 1.8 dB, and operates from a 
5 to 32 V supply while only consuming 77 mA. 
These fi ltered amplifi ers offer a four-pin design 
for easy mounting and customer selected 26, 32 
or 38 dB gain options while still maintaining a 
low 1.8 dB noise fi gure from 0° to 70°C. Spec-
trum also offers these fi ltered LNAs in connec-
torized hermetic packages for in-line booster 
applications or other harsh environments. 
Spectrum Microwave, 
Delmar, DE (888) 553-1531, 
www.spectrummicrowave.com.

RS No. 234

Power Amplifi er
The model 
SM7177-43 is a 
COFDM power 
amplifier de-
signed primarily 
for the Euro -
p ean D-ENG 
market. The unit 

operates from 7.1 to 7.7 GHz with a P1dB of +43 
dBm. Gain is 55 dB with a fl atness of ±0.5 dB 
across the band. Standard features include for-
ward and refl ected power detection, TTL on/off, 
gain control and an RF sample port. In module 
form, the unit measures 7.5" × 3.97"× 0.79".
Stealth Microwave Inc., 
Trenton, NJ (609) 538-8586, 
www.stealthmicrowave.com.

RS No. 235

Antennas
Omnidirectional Antennas

This new series of omnidirectional biconical an-
tennas, models 3180, 3181 and 3182, are de-
signed for broadband spectrum monitoring. 
The omnidirectional radiation pattern means 
the antenna can receive signals from every di-
rection around its axis. In addition, for models 
3180 and 3182, the elements have been opti-
mized to avoid any splitting of the main radia-
tion beam in the elevation cut. Models 3180 
and 3182 are designed to cover the traditional 
frequency range of EMC measurements, from 
30 MHz to 1 GHz. The antennas also cover all 
of the VHF and part of the UHF bands, making 
them ideal for spectrum monitoring of FM, TV 
and some cellular phones.
ETS-Lindgren, 
Cedar Park, TX (512) 531-6400, 
www.ets-lindgren.com.

RS No. 236
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cable. The design of the carriage spindle allows it 
to position the end of the coax cable to get right up 
next to the bend tooling on the very last bend. This 
often translates into avoiding a trimming operation 
after bending.
Winton Machine Co., 
Suwanee, GA (770) 831-1917, 
www.wintonmachine.com.

RS No. 239  

Sources
RF Modules

Laird Technologies’ LT2510 is a fi fth genera-
tion 2.4 GHz FHSS module that sets the stan-
dard for industrial RF communication.  Based 
on its established proprietary FlexRF™ tech-
nology and operating in the globally available 
2.4 GHz spectrum, the LT2510 is optimized to 
outperform conventional wireless standards. 
Embedded with Laird Technologies’ robust 
server-client protocol, the LT2510 permits each 
module to communicate with any other in-
range module for true peer-to-peer operation. 
“Out of range” modules can be reached via a 
meshing topology. The confi guration and test 
software enables OEMs to structure and opti-
mize networks to suit their application.
Laird Technologies Inc., 
St. Louis, MO (800) 492-2320, 
www.lairdtech.com/wireless.

RS No. 219

Frequency Synthesizers

Model Number
(Module Type)

Frequency
(MHz)

Power

ALM000110-2840FM-SMA(F)    1 1000 10W(min)

ALM00110-2840FM-SMA(F)

ALM1015-2840FM-SMA(F)

ALM1520-2840FM-SMA(F)

ALM1922-2840FM-SMA(F)

ALM00505-4546-SMA

ALM0105-4748-SMA

ALM0510-3846-SMA

ALM2527-4547-SMA

* A bench top type is also available that features 100-240V AC.

info@rkco.jp
http://www.rk-microwave.com

Country in Origin

sfumo@sekitech.com
http://www.sekitechusa.com

R&K Company Limited

RF Power Amplifiers
ALM Series

Low Cost GaAs FET Amplifiers

10W(min)

10W(min)

25W(min)

60W(min)

40W(min)

15W(min)

10W(min)

50W(min)

 10  1000

1000  1500

1500  2000

1900  2200

   50    500

  100    500

  500  1000

2500  2700

Need Power Amp? Ask R&K!

US Sales Partner

176 Technology Dr., Suite 200 
Boalsburg, PA 16827

Tel: 814.466.6275  Fax: 814.466.1104
www.LocusMicrowave.com

email: info@LocusMicrowave.com

High Performance Amplifiers
• LNAs
• SSPAs
• High Dynamic Range

Frequency Converters
Government & Commercial
Specialists in MIL SATCOM apps

Frequency Bands

 = New

LNAs
SSPAs

LNBs
BUCs

 L S C X Ku K Custom

Visit http://mwj.hotims.com/23281-56

Visit http://mwj.hotims.com/23281-95

The HFS-1540 and HFS-2150 frequency syn-
thesizers are designed for dua l - chan-
ne l  te le  met  ry  receivers utilizing auto-track-
ing antenna systems. The HFS-1540 operates 
from 1435 to 1540 MHz and the HFS-2150 op-
erates from 1850 to 2150 MHz, both units in a 
step size of 100 kHz. The HFS units feature ex-
cellent phase noise (<-95 dBc/Hz at 10 kHz), 
+13 dBm power output, from a +5 VDC at 165 
mA power source. HFS units are housed in small, 
surface-mount packages, 1.25" × 1.00" × 0.24", and 
are designed for high-vibration tolerance.
EM Research Inc., 
Reno, NV (775) 345-2411, 
www.emresearch.com.

RS No. 242

Frequency Doubler

MITEQ introduces its new frequency doubler, 
model SYS2X1428N01U, which produces a 
doubled output of +29 dBm from 27,500 to 
28,500 MHz with an input harmonic rejection 
of -20 dBc typical. This doubler requires an in-
put level of 10 dBm typical, +15 VDC at 740 
mA and -15 VDC at 10 mA. It is supplied with 
type “K” female connectors. Model SYS-
2X1428N01U measures 1.29" × 1.20" × 0.27" 
without connectors.
MITEQ Inc., 
Hauppauge, NY (631) 436-7400, 
www.miteq.com.

RS No. 243

Frequency Multipliers
The Crystek 
Pocket Passive 
Doubler (CPPD) 
series of fre-
quency multi-
pliers is design-
ed in a rugged 
SMA housing 
for easy in-line 
assembly and 
operation in test 
equipment and 
general lab use. 
The CPPD-
0.85-2 will ac-
cept an input 

frequency from 0.85 to 2.0 GHz and multiply 
by a factor of two to achieve output frequencies 
from 1.7 to 4 GHz. Likewise, the input for the 
CPPD-2-4 is 2 to 4 GHz with an output of 4 to 
8 GHz. The CPPD frequency multipliers fea-
ture an input drive level of +10 to +20 dBm 
with a typical conversion loss of 15 dB for the 
CPPD-0.85-2.0 and 13 dB for the CPPD-2-4. 
Crystek Corp., 
Fort Myers, FL (239) 561-3311, 
www.crystek.com.

RS No. 240 

Voltage-controlled Oscillators
This series of surface-mount voltage-controlled 
oscillators (VCO) offers excellent performance for 
wireless communications and instrumentation
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NEW PRODUCTS

applications. The special design enables the 
customer to cover frequency ranges from 5 
MHz to 7 GHz and provides linear monotonic 
tuning over the entire tuning range. Operating 
voltages of +5, +12 and +15 VDC, and tuning 
voltages ranging from 0 to +20 VDC are avail-
able. 
Emhiser Micro-Tech, 
Verdi, NV (775) 345-0461, 
www.emhiser.com.

RS No. 241

Voltage-controlled Oscillator
Model ZRO0833A1LF is a compliant voltage-
controlled oscillator (VCO) in the UHF 
band. The ZRO0833A1LF operates from 826 
to 841 MHz with a tuning voltage range of 
0.3 to 4.7 VDC. This VCO features a typical 
phase noise of -122 dBc/Hz at 10 kHz offset 
and a typical tuning sensitivity of 5 MHz/V. 
The ZRO0833A1LF is designed to deliver a 
typical output power of -4 dBm at 5 VDC 
supply while drawing 13 mA (typical) over 
the temperature range of -40° to 85°C. 

This VCO features typical 2nd harmonic sup-
pression of -15 dBc and comes in Z-Comm’s 
industry standard MINI-16-SM package 
measuring 0.5" × 0.5" × 0.22". It is available 
in tape and reel packaging for production re-
quirements. The ZRO0833A1LF is also ideal 
for automated surface-mount assembly and 
reflow.
Z-Communications Inc., 
San Diego, CA (858) 621-2700, 
www.zcomm.com.

RS No. 245

Double Oven Controlled Crystal 
Oscillator
This latest version of the DX-170 double oven 
controlled crystal oscillator (DOCXO) is avail-
able in a 28 × 36 × 19 mm package, half the size 
of its predecessor, requiring less power while 
offering the same high stability required for 
telecom, measurement and military applica-
tions. With temperature stability as tight as 0.2 
ppb and aging of 0.2 ppb, the DX-170 offers 
excellent holdover stability. The reduced 

package size saves space in base stations and ex-
pands the variety of applications possible for 
measurement and military.
Vectron International, 
Hudson, NH (603) 598-0070, 
www.vectron.com.

RS No. 244

Test Equipment
Signal Generator

The  Mer l in  product line of handheld signal 
generators is designed for CATV installa-
tion testing. The standard cable modem receiv-
er signal strength must be between -15 dBmV, 
and +15 dBmV for proper HDTV picture qual-
ity. To test system components for either egress, 
or ingress susceptibility, Merlin, used with se-
lective frequency receivers, must overcome 
natural cable system losses; hence the relatively 
high output power level of +20 dBmV at 75 
ohms of impedance (up to +40 dBmV possible 
on request). Frequencies are available from 100 
to 160 MHz. 
Noisecom, 
Parsippany, NJ (973) 386-9696, 
www.noisecom.com.

RS No. 247

Handheld Test Instrument

The S412D LMR Master is a handheld test in-
strument exclusively for the installation, verifi -
cation and service of the new US government-
mandated P25 Public Safety communications 
systems. A lightweight, easy-to-use battery-op-
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ChinaMW 2009-China`s Premier Microwave and RF Event
2009 China International Exhibition & Forums on Microwave and RF

As most influential and professional Microwave & RF exhibition & Forums in China, 
ChinaMW 2009 will play an important role in greatly influencing the purchasing decisions 
of Chinese microwave & RF customers, promoting microwave & RF development in 
China, increasing microwave & RF products & technologies imports to China and making 
good commercial results & technical transfers.

As the organizer of ChinaMW 2009, China Electrotechnical Society (CES) is the largest 
national Society in electrotechnical field in China, has 44 national technical institutions 
and 25 provincial societies, and has over 50,000 personal members and more than 1500 
corporation members from electronics, power, satellite, electricity, electrical apparatus, 
automobile, aerospace, aviation, military, telecommunication, post, ship, railway, commu-
nication, transportation, broadcasting and etc..

ChinaMW2009 will be a good opportunity and platform for you to make face to face tech-
nical exchanges, business cooperation and trade promotion with China key important 
microwave & RF customers.

For details, please contact:
Mr. Wei Feng
Director for International Cooperation and Exhibitioin
China Electrotechnial Society 
Tel.:8610-68595355; 8610-68511242
Fax:8610-68511242
E-mail: cesexpo@163bj.com; weifengces@yahoo.com.cn; weif@mei.net.cn; 
Http://ChinaMW2009.ces.org.cn; http://www.ces.org.cn

China MW  2009
June 16-18  2009
Beijing China
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RS 3 RS 54

RS 108

RS 97

■

ULTRA LOW PHASE NOISE VCO

Modco MD Series VCOs offer very low
Phase Noise in a half inch package. Models
are low cost and available for a variety of
Frequency Bands. No NRE for custom
designs.

Model MD108MST

902–928 MHz
Vcc: 5 V
Vt: 0.5 to 4.5 V
Current: 16 ma
Power: +4 dBm
2nd Harmonics: –45 dBc
Pushing: 0.4 MHz/V
Pulling: 0.6 MHz with a 12 dB return loss
Phase Noise: –117 dBc @10 KHz

Modco, Inc.

Sparks, NV  (775) 331-2442

www.modcoinc.com

RS 13

RS 85
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MICRO-ADS
 Visit http://mwj.hotims.com/23281-(RS#)

RS 31

DI OPEN RESONATORS

www.damaskosinc.com
(610)358-0200  fax(610)558-1019

Std Sizes ~8 to 100 GHz
No Contact - Easy Prep.

, tan  - Cavity™ sfwr
Thin Sheets, Substrates, Resins, Foams

erated instrument, the LMR Master combines 
the functionality of a cable and antenna analyz-
er, spectrum analyzer, interference analyzer, 
and power meter, signifi cantly reducing the 
number of tools fi eld technicians and engineers 
must use, thereby saving time and money while 
ensuring accuracy. The S412D provides the full 
suite of measurements offered by Anritsu’s Site 
Master analyzers, plus P25 transmitter mea-
surements and P25 coverage mapping. 
Anritsu Co., 
Morgan Hill, CA (800) 267-4878, 
www.us.anritsu.com.

RS No. 246

Test Cables

The ZMA series precision coaxial connectors 
reduce annual cable replacement rates from six 
per year to practically none by using bayonet 
coupling connectors instead of threaded con-
nectors. MegaPhase’s ZMA bayonet coupling 
connectors offer many critical advantages over 
standard threaded connectors. Since the con-
nectors can easily be mated and de-mated by 
hand with a quarter turn, no torque wrenches 
are needed, making it ideal for applications 
where space is tight. The connectors are “keyed” 
with lugs in two-, three- or four-lug styles. Since 
the MegaPhase ZMA connectors provide a high 
coupling force, they are ideal for extreme vibra-
tion applications where insuffi cient room is 
available for spring loaded blindmate panels.  
MegaPhase LLC, 
Stroudsburg, PA (570) 424-8400, 
www.megaphase.com.

RS No. 222 

NEW PRODUCTS
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Converge. Collaborate. Communicate.

iwceexpo.com

Having the ability to reach the right people and 
getting the right information has never been 
more critical. From Land Mobile Radio...to 
Wireless Mobility...Voice...Video...Data..and
 everything in-between...communications 
technology is changing...and so is IWCE. 
 IWCE is the pre-eminent event for education, 
networking and collaboration in the convergent 
communications systems marketplace.

Make vital connections with more than 355 
leading edge exhibitors and collaborate in an 
educational environment that delivers meaningful 
information that allows you to do a better job.

Communication has never been as important as it 
is now—and there has never been a better time 
to be part of IWCE. For more information or to
 register, visit our website at www.iwceexpo.com 
or call 800-927-5007 or 508-743-0105.

Interested in exhibiting? Companies A-K, call 
Stephanie McCall at 913-981-6146. Companies 
L-Z, contact Cathi O’Brien at 203-358-3715.

reach
the working world

IWCE 2009
College of Technology
March 16-17

Exhibits and Conference
March 18-20

Las Vegas Convention Center
Las Vegas, Nevada

Official Publication:

www.urgentcomm.com

Organized By:

www.penton.com

FREE
EXHIBIT HALL 

PASS

Use code: V34

 Visit http://mwj.hotims.com/23281-50
or use RS# 50 at www.mwjournal.com/info
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THE BOOK END

Integrated Interconnect Technologies for 3D Nanoelectronic Systems
Muhannad S. Bakir and James D. Meindl, Eds.

Make way for solutions to the challenges in chip reliability, power delivery, I/O signaling 
and heat removal now blocking the way to ultimate performance 3D gigascale SoC. 

This cutting-edge book on off-chip technologies puts the hottest breakthroughs in high-den-
sity compliant electrical interconnects, nanophotonics and microfl uidics at your fi ngertips, 
integrating the full range of mathematics, physics and technology issues together in a single 
comprehensive source.  It provides full details on state-of-the-art I/O interconnects and pack-
aging, including mechanically compliant I/O approaches, fabrication and assembly, followed 
by the latest advances and applications in power delivery design, analysis and modeling.

To order this book, contact:
Artech House • 685 Canton St. • Norwood, MA 02062 • (781) 769-9750 ext. 4030; or 
16 Sussex St. • London SW1V 4RW, UK • +44 (0) 207-8750
528 pages; $149, £79 • ISBN: 978-1-59693-246-3

Complete Wireless Design
Cotter W. Sayre

This fully updated and revised edition takes a uniquely practical approach to designing 
complex receivers and transmitters found in advanced analog and digital wireless commu-

nication systems, right down to the circuit level. The book uses real-life examples to provide 
a solid foundation in the subject, and simple algebra to guide you through specifi c analysis 
and design processes. In addition, you’ll fi nd all the information needed for performing full 
circuit and electromagnetic software simulations to ensure the optimum performance of all 
completed projects including a CD-ROM containing new simulation and design software.

To order this book, contact:
McGraw Hill • P.O. Box 182604 • Columbus, OH 43272 • (614) 759-3749
693 pages; $75 • ISBN: 978-0-07154-452-8

Professor Jean Van Bladel, an eminent researcher and educator in fundamental electro-
magnetic theory and its application in electrical engineering, has updated and expanded 

his defi nitive text and reference on electromagnetic fi elds to twice its original content. This 
new edition incorporates the latest methods, theory, formulations and applications that relate 
to today’s technologies. With an emphasis on basic principles and a focus on electromag-
netic formulation and analysis, the book includes detailed discussions of electrostatic fi elds, 
potential theory, propagation in waveguides and unbounded space, scattering by obstacles, 
penetration through apertures, and fi eld behavior at high and low frequencies.

To order this book, contact:
John Wiley & Sons Inc. • 111 River St. • Hoboken, NJ 07030 • (201) 748-6395
1176 pages; $155 • ISBN: 978-0-471-26388-3

Electromagnetic Fields
Jean Van Bladel
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CAREER CORNER
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www.hittite.com

We off er competitive salary and excellent benefi ts.

U. S. Citizenship or Permanent Residency Required.

Please  e-mail your resume to hmcexec@hittite.com
No faxes or phone calls, please.

Hittite Microwave Corporation is a 

manufacturer of analog/digital microwave 

integrated circuit components for Broadband, 

Cellular and Microwave applications.

Application Engineer
Primarily responsible for day to day detailed 
customer tech support. Determines customers’ 
needs, evaluates question /problem, character-
izes the company’s products under their test 
conditions and answers via email, telephone and 
face to face meetings (as required).  Other re-
sponsibilities include; new product specifi cation 
defi nition, competitive analysis, technical tutor-
ing/training of inside & outside sales personnel, 
documentation of technical issues, authoring 
application notes, and supporting Quality with 
Returned Material Report (RMR) failure analysis 
evaluations.  Requires MSEE or equivalent & ex-
cellent Communication Skills. 

Business Development Manager
Military & Space Programs
Generate new business opportunities for mili-
tary & satellite programs with major defense 
contractors and R & D contracts from Govern-
ment research agencies.  Develop advanced 
circuit design solutions in response to customer 
solicitations.  Generate technical, cost & manage-
ment proposals.  Conduct marketing initiatives 
& lead cross-functional program teams.  BSEE/
MSEE or equivalent experience.  Experience in 
R&D & production of advanced Microwave & 
Millimeterwave circuits & sub-systems.  5 to 10 
years business development experience.  Active 
security clearance preferred.

Program Manager
Lead cross-functional teams in the development 
& execution of Microwave/Millimeterwave devel-
opment & production programs.  Interface with 
MMIC designers, process engineers & produc-
tion assembly/test technicians throughout all 
program phases of research, design & produc-
tion. Lead proposal development & contract 
negotiation initiatives.  Interface with customers.  
Requires MS/BSEE & minimum 5 years program 
management experience in both government 
& commercial environments.

RF Test Automation Engineer
Responsible for the design, development and 
support of automated test systems for use in an 
RFIC/MMIC engineering environment.  This posi-
tion requires experience with rf/mw measure-
ments, test instrumentation, and the ability to 
write “C” test controller software in a Windows 
environment.   Must be willing to maintain and 
enhance legacy software.  Requires BSEE and 
5 years experience with GPIB controlled instru-
ments, multifunction I/O cards, LabWindows/
CVI or “C” developers environment.

The Sharp (and Painful) 
Relation between Market 

and Economy Trends to One’s 
Engineering Field of Expertise 

and Career Choices

A Real-life Story
In this month’s column I have chosen to 

bring up a real-life story received from one of 
our readers (name withheld). In summary, it 
tells the story of an RF engineer who strayed to 
programming fi elds and has a hard time com-
ing back.

The Story
Dear Sirs,
I have read with great interest the articles de-

picting the shortage of EM professionals and the 
short-sighted government and education poli-
cies that do nothing to help rectify the problem.

I have an interesting story for you and per-
haps you can offer some advice in return.

I am a systems and software professional 
with 25 years experience. But it wasn’t always 
that way. I received my BSEE degree in 1984 
and my favorite specialty was EM, RF, radar 
and antenna systems. I studied under Dr. James 
F. Corum, then at West Virginia University. I 
liked it so much I believe I took every EM course 
the university had to offer—even the Master’s 
level courses.

So after graduation I was all set to progress 
down the path to an EM career. All the places I 
interviewed with required a security clearance 
and I had relatives in East Germany at the time. 
They all said I would have to wait but I couldn’t 
wait as I had a ton of school loan debt to pay off. 
To bridge the gap I took a programming job. It 
was easy and well paying and as often happens 
it shaped my destiny: I never went back to EM.

Fast-forward 25 years and most well paying 
software development jobs have gone overseas. 
While the software job migration was taking 
place I thought about getting back into EM. A 
year ago I decided to try to re-enter the EM job 
market. I have had no success whatsoever. If the 
EM market is so great, why hasn’t anyone ex-
pressed interest? I have carefully tweaked my 
resume and crafted cover letters expressing my 
interest in an EM career and how I believe my 
software development experience would benefi t 
a transition to a new facet of electrical engineer-
ing. Nada. Really though, Maxwell’s equations 
never go out of style so what does it take in this 
day and age to get an employer to take a look 
at me? I have a track record of success and one 
would think that employers, seeing the person-
ality traits behind success might just realize that 
these traits translate to success in most human 
endeavors and not just software development. 
Perhaps employers are partly to blame and 
not just government education policy? Perhaps 
there is an age bias as I am now 47?

Please help me understand. Your thoughts 
are greatly appreciated.

(Name withheld)

Our Humble Advice

Indeed, the demand and hence the 
“market value” varies for different tech-
nology fi elds of expertise.

RF engineering is among the ana-
log engineering sciences, which exhibit
an ongoing shortage for about a de c -
ade now. Unlike computer sciences and 
software engineering, making an RF 
engineer requires many years of expe-
rience and expensive infrastructure and 
instrumentation. In recent years RF and 
microwave technologies have diversi-
fi ed to numerous fi elds of expertise and 
fi rms are very intolerant in general to 
on-the-job training. At the same time, 
employers’ requirements are very strin-
gent and uncompromising about spe-
cifi c skill-sets and experience.

Going back to the story, lack of practi-
cal experience is evidently the negative 
factor. Firms today are not keen for on-
the-job training and age might be play-
ing a hidden role in considerations as 
well. Yet it might be a good idea to steer 
the career in according to such radical 
changes in the industry.

My fi rst and intuitive advice would be 
for you to pursue a position that incor-
porates programming with RF in a way 
that enables you to present your forte 
and utilize the experience that you have 
acquired. Your knowledge of RF engi-
neering from college as well as your pas-
sion for EM engineering should be the 
factors qualifying you for this interdisci-
plinary job, interfacing the RF design. 
From that point, you might have the op-
portunity to enrich your RF engineering 
experience and move deeper into the 
EM world.

Please note that there are many ven-
ues for RF engineering today. Different 
technologies and markets (e.g. wireless 
communications, Wi-Fi, RFID, medi-
cal, SATCOM, defense, etc.) require 
different EM expertise and projected 
levels of demand could vary over time 
and geography. You will need to make 
your own research. They all require pro-
grammers, though.

To summarize: Review and defi ne 
your professional experience as a pro-
grammer. Your immediate goal is to lo-
cate positions that utilize your specifi c 
systems and programming experience, 
while being part of EM project teams so 
that your formal education becomes an 
advantage as well.

Beyond wishing our fellow engineer the best 
of luck, we learn from this story. What we have 
learned is to look forward. In times of rapid 
technology changes occur in parallel to radical 
global economy changes your fi eld of expertise 
is your asset as well as barrier. For the country, 
RF engineers are an indispensible asset.

Isaac Mendelson
ElectroMagneticCareers.com

Isaac@ElectroMagneticCareers.com
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Efficient, Productive, Invaluable
REGISTER NOW for the 2009 MTT-S International Microwave Symposium
Attend IMS and keep ahead of the competition, discover new products to increase your efficiency. 
Save your company development time and money, and advance your understanding of critical new 
industry developments.

The technical program offers Focus Tracks on:

• Microwave Modeling • Active Components
• Passive Components • Microwave Systems

Don’t miss…

Over 500 exhibiting companies from around the world representing the highest concentration of 
microwave and RF products on the planet – whether you’re looking for components, ICs, test & 
measurement equipment, design software or services, you’ll find it on the IMS exhibit floor. 

Look forward to…
•  Technical Sessions, Workshops, Interactive Sessions and Informative Keynotes
•  Exciting Panel and Rump Sessions - Including electromagnetic invisibility
•   Take advantage of Early Bird registration rates. Register now and save over 25% on

registration fees.  IEEE members receive an even greater discount!

Complete program information is available online by visiting www.ims2009.org or call +1 303-530-4562 
to request a program.

We’ll see you in Boston,  June 7-12! 

Plenary Speaker –
Dr. Petteri Alinikula,
Vice President, Head of Core 
Technology Centers, Nokia 
Research Center 
Topic:
Innovating Openly in Wireless

Banquet Speaker –
Dr. Spencer Wells,
Genographic Project Director, 
National Geographic  
Topic:
Deep Ancestry: Inside the 
Genographic Project
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MWJ PUZZLER

ACROSS

2 Differential quadrature phase shift key modulation
5 A circuit or device whose output signal is a faithful ver-
sion of the input signal but with increased amplitude, usu-
ally specifi ed as voltage or current
7 A solder consisting of two or more metals, all in the ap-
propriate proportions to allow the lowest possible melting 
point for the given combination
8 A measure of how much better a material is as a path 
for magnetic fl ux as compared to free space
9 Digital European Cordless Telephone
11 A reference signal generating circuit that is contained 
within a receiver or transmitter (2 words)
12 Monolithic Microwave Integrated Circuit
13 A widely used board material used to make microwave 
printed circuit boards, especially those employing mi-
crostrip, stripline and coplanar waveguide transmission line 
structures
16 A circuit that produces a low frequency output signal, 
typically DC or video, whose amplitude is dependent upon 
the RF incident power level

17 One millionth of a meter
18 A two-port circuit or device that reduces the amplitude 
of an input signal by a desired amount typically expressed 
in decibels
21 A feedback system that changes the gain or attenuation 
in response to variations in magnitude of the input signal, 
thereby maintaining the output signal of the system at a 
constant magnitude (3 words)
23 One billionth of a meter

DOWN

1 Wideband Code Division Multiple Access
3 Devices that do not amplify or produce a signal 
(2 words)
4 The amount of electrical power converted to heat by a 
device (2 words)
6 An unbalanced transmission line structure that consists 
of a ground plane on the back side of a PCB, the dielectric 
material of the PCB and a narrow strip on the top side of the 
circuit board
10 The reduction of signal power as a result of the con-

version from the signal frequency to the IF frequency by a 
down converting mixer (2 words)
11 Long Term Evolution
14 An impedance that does not have a linear relationship 
with voltage and current
15 The property of a circuit or component that tends to op-
pose changes in current due to the magnetic fi eld that is a 
result of the current itself
19 A transformer circuit that couples a balanced transmis-
sion line to an unbalanced transmission line
20 A test used to determine the integrity of a wire bond, in 
which mechanical stress is applied to the wire in the direc-
tion that would pull it from the semiconductor bonding area 
(2 words)
22 A tandem arrangement of two or more components in 
which the output of one component is connected to the 
input of the next component
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