
 
O

cto
b

er 2012             
M

icrow
ave Jo

u
rn

al
  

G
overn

m
en

t an
d

 M
ilitary E

lectro
n

ics 
V

o
l. 55 • N

o. 10

October 2012Vol. 55 • No. 10

mwjournal.com
Founded in 1958

Aeroflex
Synthetic

ATE

MVP

MONITORING RF  INTERFERENCE

satellite cover.indd   1 9/28/12   12:01 PM

sitaram.dangwal
Underline

http://mwjournal.com


459 East Main Street  Denville, NJ 07834

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

POWER DIVIDERS/
COMBINERS

2-way through 
16-way in N, 

SMA, BNC, TNC 
and 7/16 DIN 

connector styles 

ATTENUATORS
DIRECTIONAL & HYBRID 

COUPLERS

Average power 
handling from 

50W to 1kW. 
Standard 

coupling values 

DC BLOCKS

Available in N, 
BNC, TNC, SMA & 

7/16 DIN 
con�gurations . 

Power ratings to 
500 watts (2.5 

INTEGRATED ASSEMBLIES

Let MECA 
create an 

integrated 
assembly with 

any of our

BIAS TEES

Covering 
bands from 0.5 

– 2.5 GHz and 
0.7 to 2.7 GHz  

in 7/16 DIN, 

CIRCULATORS & ISOLATORS

In both N & 
SMA-Female 

connectors with 
average power 

ratings from 2 to 

RF LOADS

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 

ratings from 2 to ratings from 2 to 

from 0.4 to 18.0 GHz.

Most available in 
1 dB increments 

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

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

kW peak).
 standard RF/Microwave 

products on 19” panels, shelves 
or enclosures.

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

300 watts (3 kW peak).

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

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 

Aviation

Earth Station

Instrumentation

L, S, C, X, and Ku Bands

Microwave Radio

Mobile Satellite

Radar 

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

®

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

        IF/RF MICROWAVE COMPONENTS

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

U.S. Patents 
7739260, 7761442

448 rev J

POWER
SPLITTERS

COMBINERS
 as low as79 ¢

from2 kHz to18 GHzNOW!

The Industry’s Largest Selection includes THOUSANDS  
of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in 

coaxial, flat-pack, and surface-mount housings for 50 and 75 Ω systems.
From 2-way through 48-way designs, with 0°, 90°, or 180° 

phase configurations, Mini-Circuits power splitters/combiners  offer 
outstanding performance for insertion loss, isolation, and VSWR. 

Decades of experience with multiple technologies make it all possible, from 
core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters, 
outline drawings, PCB layouts, and everything else you need to make a decision 

quickly, at minicircuits.com. Just enter your requirements, and our patented search 
engine, Yoni 2, searches actual test data to find the models that meet your needs.

All Mini-Circuits catalog models are in stock, 
continuously replenished, and backed by our 1-year guarantee. We even list 

current stock quantities and real-time availability, as well as pricing, to 
help our customers plan ahead and make quick decisions. 

So why wait? Take a look at minicircuits.com today! 

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 
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Tel:1(888)236-9828(US&Canada)
      1(630)930-9917(Worldwide) 

www.jqlelectronics.com     sales@jqlelectronics.com

Drop-in Isolators Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators

Technology On the Move TM
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“Shut-Up”  
is Not a Viable ConOps.

www.polezero.com

Warfighters must be able to  
communicate whenever necessary.
The more radios and the closer together 
they are, the greater the self-generated 
cosite interference, which drastically 
reduces communication range. 

Pole/Zero purifies each transmission  
and protects each receiver, allowing  
your radios to deliver the clarity and  
range for which they are designed. 

Don’t shut-up. Talk to Pole/Zero.  
Defeat cosite interference,  
before it defeats our warfighters.
1.513.870.4087
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A full-day Forum, focusing on Space and Defence issues, incorporating the EuRAD Opening 
Session and featuring the EuMW Defence and Security Forum.

The 2012 Defence, Security 
and Space Forum
At European Microwave Week

Wednesday, 31 October 2012 • Auditorium 8:30 to 19:00

Sponsored by:

Schedule:

Early Morning Session: 8:30 – 10:10
Industrial Perspectives – Newly developed microwave 
technology for pivotal defence, security and space  
applications. 

Late Morning Session: 10:40 – 12:20
EuRAD Opening Session – Overview of prevalent issues 
and synergies between industrial defence and space 
sectors.

Lunch and Learn: 12:30 – 13:30
Data and analysis of global defence market,  
presented by Strategy Analytics.

Afternoon Session: 13:50 – 15:30
Industry and agency expert panels share insights on 
defence and space trends and developments.

Executive Forum: 16:00 – 18:00
Executives from space and defence agencies and lead-
ing defence contractors consider the issues faced by 
their organizations and the role of technology.  
A Q&A session will conclude the forum.

Cocktail Reception: 18:00 – 19:00
Opportunity to network and discuss issues raised 
throughout the forum in an informal setting.

DEFENSE AND SECURITY HOUSE AD REv.indd   1 8/30/12   1:43 PMMWJFENFENSEFORUN0812.indd   8 9/27/12   10:52 AM
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Engineer the ideal switch from 
a brand new table of elements

Aeroflex / Metelics has

created a suite of versatile

control elements designed

to move your next switch

to another level of effi-

ciency. The core compo-

nent of the group is an

integrated SPDT switch in

a 3x3 mm QFN package.

MSW2T-1001 gives you

0.3 dB of insertion loss

and 24 dB of isolation up

to 6 GHz. Five other SPST

components offer a broad

range of high power, low

inductance, low capaci-

tance choices that also

deliver through 6 GHz,

while 2 complimentary

Schottky’s give you 

detection solutions 

you can push to 18 GHz.

They’re all efficiently

priced for high volume

commercial applications.

Make the switch with

Aeroflex / Metelics. 

408-328-3321

www.aeroflex.com/metelicsMJ
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N O T E  F R O M  T H E  E D I T O R
 20		  EDI CON Technology Matters

David Vye, Microwave Journal Editor 
Highlights the EDI CON 2013 conference and trade show that will take place in Beijing in 2013 

C O V E R  F E A T U R E
 24		  Accelerating the Response to RF Interference 

John S. Hansen, Agilent Technologies Inc.; Jim Taber, X-COM Systems 
In-depth look at intentional interference and the ultimate goal of countering undesired signals 

M V P :  M O S T  V A L U A B L E  P R O D U C T
 38		  Integrated Microwave Test Solution

Aeroflex 
Introduction to the 7700 integrated microwave test solution that contains measurement sequences that control  
all aspects of the test for a true synthetic ATE in a Box

T E C H N I C A L  F E A T U R E S
 64		 Maximizing Receiver Dynamic Range for Spectrum Monitoring

Brian Avenell, National Instruments Corp. 
Description of a spectrum monitoring receiver optimized for over-the-air measurements

 76		 New Tile Structure for Microwave Modules Using Solderless Vertical Interconnections
Ju-Young Moon, Sang-Won Yun, Sogang University; Chang-Soo Ahn, Seon-Joo Kim, Agency for Defense Development 
Proposes a new form of 3D tile structure that can be easily constructed at a low cost and also includes a solderless vertical 
interconnection structure that is necessary for realizing the tile

 88		 Design of a Passive, Broadband Equalizer for a SLED
Chris Brinton, Matthew Wharton and Allen Katz, Princeton University 
Details the design and demonstration of a passive, broadband equalizer for a super luminescent light emitting diode 

104		  A Low-Power Multi-Channel UWB Single Chip Transceiver with Pulse Detectors
Caixia Chen, Manh Anh Do, Kiat Seng Yeo, Chirn Chye Boon and Wei Meng Lim, Nanyang Technological University 
Features a single chip transceiver for ultra-wideband impulse radio 

124		  Design of a Compact Bandpass Filter with Capacity Loaded Ridged Waveguide
Xianrong Zhang, Qingyuan Wang, Jinhua Cao and AnJ Peng, University of Electronic Science and Technology of China 
Presents, fabricates and measures a new K-Band bandpass filter, using a single ridge waveguide and capacity-loading posts

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

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

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

©2012 by Horizon House Publications Inc.

Posted under Canadian international publications mail agreement #PM40612608
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136		  LTE Downlink Transmitter Simulation Using MATLAB
Jacek Pierzchlewski and Torben Larsen, Aalborg University 
Features the MATLAB toolbox, which is able to generate LTE downlink 
signals using open source MATLAB 

S P E C I A L  R E P O R T S
144		  Silicon-on-Sapphire Process Technology Enables Low-Power  

RF Designs
James Swonger, Peter Bacon and Gary Wu, Peregrine Semiconductor 
Discusses how ICs built on a silicon-on-sapphire technology process with 
integrated power-management functions can enable smaller, low-power RF 
applications

152		  SSPA Technology Achieves 10 kW CW at S-Band
Stephen D. Turner, Teledyne Paradise Datacom; Tom Dekker, Cree Inc. 
Discusses the present state-of-the-art in S-Band amplifier design  
for multi-kW SSPAs

P R O D U C T  F E A T U R E s
158		  Rugged High-Performance VNA Cable Assemblies

W. L. Gore & Associates Inc.  
Features test assemblies designed to improve vector network analyzer 
performance in applications where precision, stability and repeatability  
are key requirements

162		  Ultra-Low Noise 200 MHz to 3 GHz Signal Sources
Pascall Electronics Ltd.  
Introduction to a new series that combines an OCXO with frequency 
multipliers, bandpass filters and amplifiers to provide a fixed-frequency output 
with low phase noise, in the range of 200 MHz to 3 GHz

166		  Rugged Connectors for Harsh Environments
Amphenol RF 
Introduction to a new line of rugged connectors designed to withstand extreme 
conditions in harsh environments

T ec  h  b riefs   
170		  High Performance Broadband Converter and Receiver

Norden Millimeter

172		  Compact 1 kW Power Amplifiers
Empower RF Systems Inc.

172		  Turnkey EMC Reverberation Chambers
Teseq AG

Departments
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People depend on you every day. And you can depend on 
compact, accurate Agilent FieldFox microwave analyzers. At a 
kit-friendly 6.6 lbs., these rugged performers include a water 
and dust-resistant chassis, easy-to-read portrait orientation 
with low-refl ective display and integrated calibration that 
eliminates the need to carry extra gear. Whatever the day 
throws your way, FieldFox can help you achieve it all.

Learn about interference analysis, cable & antenna analysis 
and hassle-free calibration with our application note series. 
www.agilent.com/find/DependOnFieldFox

FieldFox Microwave Analyzers
12 Models: precise measurements up to 26.5 GHz
• Spectrum analyzers 
• Vector network analyzers (VNA)
• Combination analyzers

(cable & antenna analyzer + spectrum analyzer + VNA)

MIL-PRF-28800F Class 2 with 14 to 131 °F operating range

UUUUnnnnpppprreedictable ssiittuuaaatttiiioonnsss,,, 
unforgiving conddiitttiiiioooonnnssss,, uunnknown hhaazzaaarrdddsss.. 

IIttt’’sss  aaallll in a day’s wwoorrrkkkk...

u.s. 1-800-829-4444   canada: 1-877-894-4414   

See how FieldFox 
measures up – watch 
the video. Scan the QR 
code or visit: 
http://qrs.ly/ty20pqk

© Agilent Technologies, Inc. 2012
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Online
Free Webinars
Innovations in EDA
Presented by: Agilent Technologies
Integrated Electro-Thermal Solution Delivers
Thermally Aware Circuit Simulation Available On Demand after 10/4
Agilent in Aerospace/Defense
Using RF Recording Techniques to Resolve
Interference Problems Live webcast: 10/18, 1:00 PM ET
FieldFox Handheld Analyzers
Presented by: Agilent Technologies
Techniques for Precise Cable and Antenna
Measurements in the Field Live webcast: 10/24, 1:00 PM ET
Agilent in LTE
3GPP LTE Standards Update: 
Release 11, 12 and Beyond Live webcast: 10/25, 1:00 PM ET

CST Webinar Series 2012
TSV and Interposer: Modeling, 
Design and Characterization  Available On Demand after 10/4

Combined 3D Electromagnetic and Spin
Response Simulation of MRI Systems Live Webcast: 10/11, 11:00 AM ET

Advanced RCS Analysis
of Airborne Vehicles  Live webcast: 10/17, 11:00 AM ET

Automotive PCBs: Effi cient Signal
and Power Integrity Analysis  Live webcast: 10/25, 11:00 AM ET

Technical Education Training Series
Presented by: Dr. Joey Bray
Sponsored by: Rohde & Schwarz
Radar Fundamentals II – 
Pulse Doppler Radar Live webcast: 10/16, 11:00 AM ET

Web Survey

What had the 

biggest im
pact on 

the development 

of microwave 

technology?

Look for our multiple choice 

survey online at mwjournal.com

Executive Interview
Barry Phelps, Chairman and CEO of Empower RF Systems 
discusses his company’s new products and industry perspective.

Signal Integrity: Frequency Range Matters!
Anritsu

What is a Vector Signal Transceiver?
National Instruments

Selecting RF Chip Capacitors for Wireless 
Applications
Richardson RFPD

Optimize Your RF/Microwave Coaxial Connection
Dave McReynolds, RF Industries

Amplifi er Fundamentals Chart
AR RF/Microwave Instrumentation

White Papers

MWJ’s coverage of 
the conference and 
exhibition at this 
year’s European 
Microwave Week 
starts October 15th. 
View the latest new 
products, demo and 
interview videos and 
more at mwjournal.
com/eumw2012

EuMW Online
Show
Coverage

@            mwjournal.comVisit us

Signal Integrity: Frequency Range Matters!
Anritsu

What is a Vector Signal Transceiver?
National Instruments

Selecting RF Chip Capacitors for Wireless 
Applications
Richardson RFPD

Optimize Your RF/Microwave Coaxial 
Connection
Dave McReynolds, RF Industries

Amplifi er Fundamentals Chart
AR RF/Microwave Instrumentation

Time-Harmonic Electromagnetic Fields
by Rogers [7 votes] (11%)

Microwave Engineering: Passive Circuits
by Peter Rizzi [6 votes] (10%)

Stripline Circuit Design
by Harlan Howe [4 votes] (7%)

Microwave Circuit Design Using Linear and
Non Linear Techniques 
by Vendelin, Pavio and Rohde [7 votes] (11%)

Microwave Engineering
by David Pozar [18 votes] (30%)

Microwave Filters, Impedance-Matching, and Coupling Structure
by Matthaei, Young and Jones [19 votes] (31%)

August Survey
“The Most Important Book on 
Microwave Engineering is...”
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8dB Conversion Gain26.4dBm IIP3

RFIN
IFOUT

LO2

LO1
LTC5541

9.6dB NF
0dBm LO Drive LO

IF

Highest Dynamic Range
Mixers—Only 660mW

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

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

Info & Free Samples3.3V Passive Mixer Family

Parameters

Operating Frequency

Input IP3

Conversion Gain

Noise Figure (NF)

NF @ 5dBm Blocking

Power Consumption

LTC5540

600MHz to
1.3GHz

26dBm

8dB

9.9dB

16.2dB

0.66W

LTC5541

1.3GHz to
2.3GHz

26.4dBm

8dB

9.6dB

16.0dB

0.63W

LTC5542

1.6GHz to
2.7GHz

26.4dBm

8dB

9.9dB

17.3dB

0.65W

LTC5543

2.3GHz to
4.0GHz

24.5dBm

8dB

10.2dB

17.5dB

0.66W

www.linear.com/554X

1-800-4-LINEAR

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

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

MWJLINEAR0310.indd   15 9/27/12   10:52 AM
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MMIC 
AMPLIFIERS

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

from qty.  100073¢DC to 20 GHz

Think of all you stand to gain. With more than 124 catalog models, Mini-Circuits offers one of the industry’s broadest 
selection of low-cost MMIC amplifiers. Our ultra-broadband InGaP HBT and PHEMT amplifiers offer low noise figure, 
high IP3, and a wide selection of gain to enable optimization in your commercial, industrial or military application.

Our tight process control guarantees consistent performance across multiple production runs, so you can have  
confidence in every unit. In fact, cascading our amplifiers often results in less than 1dB total gain variation at any given 
frequency. These MMIC amplifiers can even meet your most critical size and power consumption requirements with 
supply voltages as low as 2.8 V, and current consumption down to 20 mA, and packages as small as SOT-363.

Visit our website to select the amplifier that meets your specific needs. Each model includes pricing, full electrical, 
mechanical, and environmental specifications, and a full set of characterization data including S-Parameters. So why 
wait, place your order today and have units in your hands as early as tomorrow.

®
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Note from the Editor

pull for ultra-low impedance devices, 
high-speed backplane analysis, cali-
bration methodologies and compen-
sation for probes and fixtures used in 
measurements. Achieving greater ac-
curacy and verification of results were 
among the themes in a number of 
proposals. Papers submitted on time- 
and mixed-domain measurements, 
over-the-air testing and system-level 
performance testing, correlation and 
verification demonstrate the indus-
try’s shift toward more complex, high-
er-level analysis tools.

The system track papers reflect a 
broad range of topics including wide-
band 802.11, spectral re-use and cog-
nitive radio, receiver and RF front-
end architectures, SATCOM, satellite 
navigation systems, localization tech-
nology, near-field and low power com-
munication, multilane MIPI, high-
speed display, MIMO and of course, 
LTE/LTE-A/TD-LTE.

With this first round of proposals 
received, the technical committee will 
complete their review of the submit-
ted abstracts and recommend papers 
for the conference, authors will be 
notified and the schedule will begin to 
fill out.  In parallel, we will continue 
to develop workshops and panels with 
input from the event’s sponsors and 
commercial organizations interested 
in participating. 
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EDI CON 
Technology Matters

EDI
CON

Electronic Design
Innovation Conference
电子设计创新会议 2013

EDI CON technical committee as the 
deadline approached on August 31st 
for the first Call for Papers. While the 
technical committee is currently rank-
ing the proposals for quality, impact, 
originality, and relevance, the confer-
ence organizers sorted the proposals 
according to subject matter, revealing 
a few interesting trends. While the 
bulk of papers came from Chinese 
engineers working for multi-national 
companies, individual authors from 
companies/academia inside and out-
side China were also among the con-
tributors. Within the design track, 
papers could be grouped among sev-
eral sub-categories including: power 
amplifier design (and most commonly 
GaN-based Doherty PAs), high-speed 
oscillators, patch antennas, high-
speed interconnects, on- and off-chip 
(PCB-based) passive components 
and receivers. Apart from the high-
speed, signal- and power-integrity pa-
pers, most papers covered areas often 
represented in Microwave Journal 
throughout the year. 

The modeling track received pro-
posals for a range of topics from new 
methodologies to practical techniques 
on subjects such as noise figure mea-
surements for microwave and milli-
meter-wave active devices (frequen-
cy- and non-frequency – converting), 
simulating structures with EM-based 
software, GaN device modeling, im-
proving VNA measurements for RF 
and high-speed applications, load-

In the global marketplace for mi-
crowave ideas, technical devel-
opments in a few key areas are 

of particular interest thanks to their 
potential to transform the status quo. 
Semiconductor technology is one such 
area where the higher power densities 
and wide bandwidth properties of GaN 
have been creating new opportunities 
for system integrators from wireless 
communications to aerospace applica-
tions and beyond.  Another such area 
is MIMO and its promise to greatly 
enhance over-the-air connectivity by 
enabling true 4G data rates. The adop-
tion of either GaN or MIMO also pres-
ents a number of challenges for system 
integrators, including the accurate 
characterization of GaN-based power 
devices and the proper representation 
of the multi-path channel when test-
ing mobile devices. Such information 
is necessary for designers to unlock the 
potential offered by these technologies. 
In addition to the measurement and 
simulation tools that will help designers 
implement and verify such technology, 
advances in circuit architectures, use of 
high-speed FPGAs for real-time signal 
processing, spectrum monitoring and 
re-use, carrier aggregation, cognitive 
radio and a host of other research areas 
will play a significant supporting role 
in expanding the capabilities of high-
frequency based networks. 

Many of our field’s most exciting 
technologies were well represented in 
the paper proposals submitted to the 

David Vye,  
Microwave Journal Editor
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Accelerating the 
Response to  
RF Interference

In a perfect world, receivers would use brick 
wall filters, amplifiers and mixers would 
never distort, command centers would al-

ways coordinate their spectrum operations and 
the term “jam” would have meaning only at 
breakfast and during musical gatherings. Until 
then, there will be interference. Interference 
may be either unintentional or intentional. 
Whatever the form, the most significant effect 
is reduced sensitivity in the receiver, potential-
ly disrupting or completely blocking reception 
of desired signals.

Unintentional interference is often caused 
by the ever-increasing number of emitters in 
the RF environment: cell phones, wireless 
links, cordless phones, terrestrial television 
and medical electronics are among the many 
contributors. In addition, some military sys-
tems have the potential to cause unintentional 
interference that disrupts civilian systems 
ranging from garage door openers and auto-
mobile key fobs to Wi-Fi links and the cellular 
infrastructure. The effects of unintentional 
interference range from merely annoying in 
residential settings, to potentially costly in 
business or medical environments. This type 
of interference can often be detected, char-
acterized and mitigated through susceptibility 
and interoperability testing.

In contrast, intentional interference has 
been created to disrupt the operation of a 
“victim” receiver. This is undesirable in a wide 
range of aerospace, defense and public-safety 
applications: radio communications, radar 
scans, electronic countermeasures, telemetry 
links, flight-range operations, spectrum moni-
toring, signal intelligence and more. On the 
other hand, intentional interference is a desir-
able asset when used to block transmissions to 
improvised electronic devices (IED) or other-
wise disrupt enemy tracking, navigation and 
communication systems. The need to under-
stand and either create or defeat intentional 
interference is typically exponentially more 
urgent than interoperability or susceptibility 
testing.

This article focuses on intentional interfer-
ence and the ultimate goal of countering un-
desired signals. The proposed process has four 
steps: capture the signal in the field, analyze it 
in the lab, simulate and playback the signal and 
develop ways to defeat it.

John S. Hansen
Agilent Technologies, Santa Clara, CA
Jim Taber
X-COM Systems, Reston, VA

24 	 MICROWAVE JOURNAL n OCTOBER 2012

Cover Feature
Invited Paper

__10M27 FINAL.indd   24 9/28/12   11:36 AM



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

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

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

RLC Electronics manufactures a complete range
of RF switches including coaxial in the frequency
range from DC to 65 GHz and rectangular or
double ridge waveguide. The operating modes on
all designs are failsafe, latching and manual.

Control options are DC voltages as low as 5V, TTL,
BCD, RS232, and RS422. All switches have
excellent repeatability and lifetimes in excess of
one million operations. Many types are QPL listed
per MIL-DTL-3928.

For more detailed information on coaxial and waveguide switches, visit our web site.

RLC has the exact solution
you’re looking for.

� SPDT to SP12T

� Transfer

� Low VSWR

� High Isolation

� Low Insertion Loss

� High Power

� Low Passive Intermodulation

� Surface Mount Options

ISO 9001:2000 CERTIFIED

RLC25322 SwitchAdMJ.qxd  9/5/07  10:39 AM  Page 1

MWJRCL_1206.indd   25 9/27/12   10:53 AM

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


26 	 MICROWAVE JOURNAL n OCTOBER 2012

Cover Feature

forms of in-band interference are es-
pecially prevalent: co-channel and ad-
jacent-channel. Co-channel interfer-
ence comes from another transmitter 
operating in the same spectrum occu-
pied by the victim receiver (see Fig-
ure 1b). Although this is common in 
the cellular industry due to frequency 
reuse plans, military systems also can 
experience the same problem, espe-
cially in-theater where it may be more 
difficult to coordinate frequency plan-
ning prior to an operation.

Adjacent-channel interference is 
the result of in-band transmissions 
that produce unwanted energy or “en-
ergy splatter” in channels at higher 
and lower frequencies (see Figure 
1c). This energy splatter, often called 
intermodulation distortion or spectral 
regrowth, is created by nonlinear ef-
fects in the transmitter’s high-power 
amplifier.

Focusing on Intentional 
Interference

Intentional interference is being 
transmitted for a specific purpose: 
disrupting communication, jamming 

Sketching the Goals of Interference 
Testing

Unintentional interference from 
“friendly” systems can be understood by 
testing for interoperability and suscepti-
bility. Interoperability testing centers on 
verifying the compliance of a design rela-
tive to published standards. It is important 
to understand how well a system meets 
its design criteria in the presence of real-
world signal levels.

Susceptibility testing focuses on unin-
tended interactions between the system-
under-test and other RF systems. In aero-
space, military and public-safety, this in-
cludes receiver performance in the pres-
ence of other mission-critical RF assets. 
One key goal is to avoid unwanted effects 
that reduce or block receiver sensitivity 
during any type of operating scenario.

s Fig. 1  Intermodulation products that fall 
within the passband (a), co-channel interfer-
ence (b) and adjacent channel interference (c).
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Outlining the Need for 
Interference Testing

Various types of “culprit” emitters 
can affect a victim receiver, and the 
culprit may be producing out-of-band 
or in-band interference.

Out-of-band interference is most 
severe when the culprit is a high-
power transmitter operating near the 
victim (see Figure 1a). The most 
common problems are passive inter-
modulation (PIM), RF overload and 
spurious signals. PIM occurs when 
dissimilar or corroded metals near 
large broadcast antennas act as non-
linear junctions (that is diodes). These 
create intermodulation products that 
fall within the passband of the victim 
receiver, reducing its sensitivity. Simi-
larly, harmonics and spurs from a high-
power out-of-band transmitter can fall 
within the passband of the victim and 
desensitize the receiver. RF overload 
occurs when electromagnetic energy, 
regardless of frequency, couples into 
the receiver’s antenna and front end, 
thereby desensitizing the victim. As 
an example, dense RF congestion in 
a shipboard environment can cause 
coupling strong enough to physically 
destroy RF front-end circuitry.

In-band interference comes from 
other systems that are operating in the 
same frequency range as the receiver. 
This type of interference will pass 
through the victim receiver’s chan-
nel filter and, if the signal amplitude 
is large relative to the expected sig-
nal, that signal will be corrupted. Two 
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bytes or terabytes of disk space. To 
provide a complete picture during 
analysis, the captured data must be 
gap-free. In most cases, storage ca-
pacity is perhaps the easiest part of 
the problem. More diffi cult is the con-
tinuous acquisition of high-fi delity RF 
data. Once the mountain of gap-free 
data has been acquired and stored, 
the next challenge is pinpointing one 
or more interference events. True un-
derstanding comes with the extraction 
of meaningful signal information — in 
the time, frequency and modulation 
domains — from each event.

LEVERAGING RECENT 
INNOVATIONS

Advances in commercial off-the-
shelf (COTS) technologies are provid-
ing the levels of performance needed 
for effective interference analysis in 
radar and EW applications. This is 
true for both the capture and playback 
of possible interferers.

Driving the Evolution of Signal 
Analysis

Accurate, gap-free analysis of the 
RF spectrum requires one or more 
fast digitizers coupled with excellent 
front-end circuitry. In a signal ana-
lyzer, this equates to exceptional per-
formance that reduces measurement 
uncertainty and reveals new levels of 
signal detail. Several key specifi ca-
tions enable the level of performance 
needed for interference analysis. First 
is a spurious-free dynamic range of up 
to 75 dB at a 160 MHz analysis band-
width. Next are −129 dBc/Hz phase 
noise (room temperature) at 10 kHz 
offset (1 GHz), ±0.19 dB absolute 
amplitude accuracy and sensitivity of 
−172 dBm displayed average noise 
level (DANL) at 2 GHz, with a pre-
amplifi er and noise fl oor extension 
(NFE) technology.

NFE provides a dramatic improve-
ment in a signal analyzer’s ability to 
accurately measure low-level signals 
approaching the theoretical “kTB” 
noise fl oor. This method compensates 
for the noise contribution from active 
microcircuits in the analyzer’s RF and 
IF chain. With increased averaging, 
the analyzer’s effective noise fl oor can 
be extended by up to 10 dB because 
90 percent or more of the contributed 
noise power is predictable. As a result, 
that noise is modeled, measured and 
calibrated during the manufacturing 

a radar system, and otherwise deceiv-
ing or disrupting a victim receiver (see 
Figure 2). Because such signals are 
intermittent and transient, it is often 
diffi cult to pinpoint the culprit.

Within this scenario, the specifi c 
problem is capturing and analyzing 
a complete set of spectrum data that 
contains an offending signal. This 
often requires the acquisition of sec-
onds, minutes or hours of spectrum 
data — and this can consume giga-

 Fig. 2  Intentional interference.
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within the DAC. Second, the DAC 
re-samples the signal with a special 
low-noise clock before outputting 
the simulated signal. This innovation 
makes it possible to deliver excellent 
spurious-free dynamic range at wide 
bandwidths.

Using this type of DAC in an ad-
vanced AWG makes it possible to pro-
vide high resolution and wide band-
width simultaneously. For example, 
Agilent has an RF-quality DAC that 
provides 14-bit resolution at 8 GSa/s 
or a 12-bit resolution at 12 GSa/s. 
Spurious-free dynamic range of less 
than −75 dBc gives developers confi-
dence that they are testing the radar 
or EW system, not the signal source.

Structuring the Solution
The driving idea behind the pro-

posed solution is “captured interfer-
ence equals information.” Quick and 
accurate extraction of meaningful sig-
nal information enables rapid under-
standing of the interference, its im-
pact on the victim system and possible 
mitigating countermeasures. All this 
can be accomplished with a configu-
ration based on COTS hardware and 
software elements. The system accel-
erates the process of sifting through 
terabytes of data and performing de-
tailed analysis. It also retains the origi-
nal signal fidelity throughout the en-
tire process — capture, analysis, simu-
lation and playback. Because all ele-
ments are COTS, the solution offers 
traceable performance and enables 
easy redeployment as a conventional 
test system. An overall block diagram 
is shown in Figure 3.

Capturing and Analyzing 
Interference Signals

Signal capture and analysis uti-
lizes three hardware elements: a 
signal analyzer, a data recorder and an 
external data pack. These are shown 
in the left and center sections of Fig-
ure 4.

process for all allowed operating con-
ditions the analyzer may face and then 
eliminated automatically during nor-
mal measurements.

Enabling Highly Accurate Signal 
Scenarios

For playback of captured or simu-
lated signals, the critical attributes 
of an arbitrary waveform generator 
(AWG) are bandwidth, accuracy and 
dynamic range (resolution). These 
characteristics are especially impor-
tant in radar and EW applications be-
cause today’s typical signals have fast 
transition times, short on/off intervals 
and widely divergent power levels. 
Most typical AWGs require a tradeoff 
between units that offer either wide 
bandwidth with low dynamic range or 
limited bandwidth with high dynamic 
range. The respective levels of per-
formance in bandwidth and dynamic 
range depend on the digital-to-analog 
converter (DAC) used within the 
AWG. Bandwidth is limited by the 
DAC sample rate and accuracy is lim-
ited by the quality and performance 
of the analog components used within 
the device.

A poorly designed DAC may pro-
duce glitches that corrupt the spectral 
content of the output signal, poten-
tially causing inaccurate results. In a 
typical DAC, nonlinear slewing of the 
output signals is one possible cause 
of unwanted signal distortion. This 
problem is often caused by switched 
current sources within the DAC. Fil-
tering is typically used to reduce the 
effect, but this can have an adverse ef-
fect on bandwidth.

Interference analysis requires sig-
nal generation that is free from the 
spurs and distortion produced by 
typical DACs. This is possible with 
state-of-the-art devices recently de-
veloped by Agilent’s Measurement 
Research Lab. These DACs have two 
key attributes. First, the device allows 
switched current sources to settle 

s Fig. 3  Block diagram of the conversion process of captured interference into useful information.
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signals. Useful features include built-
in search engines to identify and “fin-
gerprint” waveforms as well as “clip 
and save” capability for replay into 
vector signal analysis (VSA) software.

Signal ana-
lyzer: A high qual-
ity signal analyzer 
is used as the front-
end downconverter 
and IF digitizer. 
Maximizing signal 
fidelity at the begin-
ning of the process 
helps ensure high 
fidelity through the 
remaining stages.

High-capacity 
data recorder: The 
input to the recorder 
is a stream of digital 
I/Q samples from 
the signal analyzer. 
The data recorder 
formats the I/Q data, 
tags it with external 
marker events and 
adds time and GPS 
stamps before send-
ing to the data pack.

Data pack: The 
unit used here can 
be configured with 
a capacity of 2, 4, 8, 
12 or 16 TB.

A variety of post-
processing activities 
can be performed with the software 
elements of the solution.

Signal analysis software: Key 
capabilities include pre-processing of 
large data sets and location of suspect 

s Fig. 5  Visual inspection of the captured spectrum data revealed 
four regions of interest.

s Fig. 6  Spectrogram display shows two bursts of the interferer.

s Fig. 4  A combination of cots hardware and software elements enables high-fidelity cap-
ture, analysis, simulation and playback of interference signals.
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Continuous playback genera-
tor: This baseband generator is used 
to drive the I and Q modulation inputs 
of the vector signal generator.

Vector signal generator: This 
instrument upconverts the I/Q modu-
lation and serves as the over-the-air 
signal source. Suitable models provide 
sufficient analog and vector perfor-
mance to ensure excellent signal fidel-
ity during playback.

Finding and Identifying an 
Interference Signal

A brief case study based on an ac-
tual interference scenario will illus-
trate the capabilities of the system. 
The initial signal acquisition was per-
formed using a signal analyzer that 
streamed a 40 MHz-wide capture into 
a data recorder and its 2 TB external 
data pack. The gap-free capture ran 
for 10 minutes and generated 120 GB 

ware, a baseband generator and a 
vector signal generator. These are 
shown at the bottom and right of Fig-
ure 4.

Signal-editing software: This ap-
plication can be used to create signal 
scenarios that include the recorded 
files. Capabilities include clipping, 
stitching, translating, filtering and 
looping of waveforms. The resulting 
waveforms can be downloaded to the 
continuous playback generator.

Vector signal analysis software: 
This application should provide mul-
tiple views into highly complex sig-
nals. In addition, built-in capabilities 
should enable bit-level modulation 
analysis of established, emerging and 
evolving standards and signal types.

Simulating and Generating 
Interference Signals

For simulation and playback, the 
system includes signal-creation soft-

s Fig. 8  The search results summary re-
veals areas of high and low confidence.

s Fig. 7  “Standard search” dialogue box 
used to select parameters.
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tence spectrum formats, as shown in Figure 6. In the spec-
trogram display (top), two bursts of the interferer intrude 
into the spectrum of an orderly carrier signal.

The “standard search” capability in the software was 
used to identify the orderly carrier, which was believed to 
be an 802.11g signal. As shown in Figure 7, the search 
parameters include a confidence limit (set to 40 percent 
in this case), a candidate type of standard (here set to 
802.11a/g) and the time range of interest within the cap-
tured data (set to 250 to 300 seconds). The confidence limit 
helps reveal signals that look similar to an ideal wireless 
standard. This value defines the desired level of correlation 
between the reference and a captured signal. Using a value 
of less than 100 percent provides clues into how severely 
the interference is affecting the victim signal.

In this case, the search found more than 92,000 in-
stances of signals that resembled the 802.11g reference. As 
expected, there were regions of severe degradation that oc-
curred when the interference signal appeared: as shown in 
Figure 8, correlation dropped from 80-plus percent to less 
than 50 percent. For each region of poor correlation, the 
results were examined using a spectrogram display (Figure 
9). This 60 µs (top to bottom) spectrogram display shows 
the interferer disrupting the reference sequence (3 to 11 
µs) and payload (11 µs and above) of the 802.11g signal. 
This pinpointed the five-second span during which the in-
terferer was operating.

The associated I/Q data was then exported to the VSA 
software for detailed analysis. In the time prior to the in-
terference, the key indicators of modulation quality were 
all good, as shown in Figure 10. The OFDM constellation 
(upper left), EVM (upper right) and spectrum (lower left) 
are normal. When the interference was active, the impact 
was catastrophic: the pilots and payload carriers were com-
pletely disrupted as the interfering signal walked through 
the transmission (see Figure 11). The OFDM constella-
tion (upper left) is shattered, EVM (upper right) is erratic 
and a large spike is present in the frequency spectrum 
(lower left).

Revealing the Scenario
This incident occurred in an Internet café. The uninten-

tional jammer was a microwave oven and it disrupted the 
Wi-Fi connectivity every time the staff warmed a pastry or 
sandwich. Even though this was a relatively benign situation, 
the suggested procedure works equally well in scenarios that 
involve interference that affects radio communications, te-
lemetry links, flight range operations, signal intelligence  
(SIGINT), system interoperability, and so on. It also sup-
ports the three most common usage scenarios: record in the-
ater and playback in the lab, record in the lab and playback 
in the lab, and create in the lab and playback on the range.

Deploying Effective Tools
Various types of interference can impact critical de-

fense systems. When that interference is an intentional 
threat, it is important for designers and researchers to 
have effective “RF forensic tools” — such as those shown 
here — that can unravel what actually happened in the 
electromagnetic spectrum. Extracting useful RF infor-
mation is the first step in developing effective mitigation 
strategies and solutions. ■

of data, which was copied to a laptop running the signal-
analysis and VSA software.

Extracting Information from Interference
The signal-analysis software was used to visually inspect 

the captured data for signs of suspicious interferers. An 
overview measurement of magnitude versus time for the 
full 600-second capture revealed four distinct periods of 
potentially interesting activity (see Figure 5). In the region 
between approximately 230 and 350 seconds, a large spike 
appeared around the 270 second mark. Focusing on this area 
provided informative views in the spectrogram and persis-

s Fig. 9  Spectrogram display showing the interferer.

s Fig. 10  Key indicator of modulation quality when interferer is 
dormant.

s Fig. 11  Key indicator of modulation quality with interferer present.
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     Most Valuable Product

The challenges of microwave verifi cation 
and manufacturing testing have never 
been greater, as managers and engi-

neers are continually asked to do more with 
less. The ever increasing demands of speed to 
market mean that by the time the test manager 
receives the test requirements, the program is 
usually behind schedule.  At this point a suitable 
test solution needs to be selected, acquired and 
implemented.

This traditional approach to Automatic Test 
Equipment (ATE) development involves select-
ing appropriate instruments and then integrat-
ing these assets to form a complete test so-
lution for the Device Under Test (DUT). The 
integration typically involves creation of soft-
ware to control the test system, environment 
and possibly the DUT.  This effort can take 
months of system and software engineering 
time that the program cannot afford.

The Aerofl ex 7700 Integrated Microwave 
Test Solution addresses this problem by turn-
ing the traditional ATE approach upside down. 
The 7700 is not a single instrument or even a 
group of instruments; it is a complete test sys-
tem. Built around a full-featured test executive 

software called the Aerofl ex Measurement 
Console (AMC), the 7700 contains measure-
ment sequences that control all aspects of the 
test, including signal generation, measurement, 
switching, power handling, temperature and 
DUT control. By accelerating the time between 
requirements and testing, the 7700 helps put 
programs back on schedule.

A TRUE SYNTHETIC ATE IN A BOX
Over the past decade, Aerofl ex has been a 

pioneer in the development of synthetic test 
systems targeted specifi cally at reducing the 
cost of test of complex ATE environments. The 
7700 is the next stage of this measurement evo-
lution. By combining modular PXI hardware, the 
Aerofl ex common platform modules, and the 
AMC test executive, the 7700 provides a ca-
pable, fl exible and scalable synthetic test instru-
mentation with the lowest cost of ownership in 
the industry.

The system utilizes a common set of hard-
ware for stimulus and response functions (see 

Aeroflex
Wichita, KS
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•	 DANL (1 Hz res bandwidth)
•	 1 MHz to 1 GHz: −164 dBm/Hz
•	 1 to 3 GHz: −159 dBm/Hz
•	 3 to 6 GHz: −154 dBm/Hz

Figure 2 shows some common 
measurements controlled by the test 
executive software AMC. This mature 
software package provides a complete 
measurement and development envi-
ronment, including test execution, se-
quencing of multiple tests, and report-
ing of test data as well as test develop-
ment and debug.

Future Proof Design
The 7700’s true synthetic flexible 

architecture ensures that today’s sys-
tem can meet tomorrow’s require-
ments. With traditional instrumenta-
tion, new measurements or increased 
performance requires the system engi-
neer to replace individual instruments 
used in the test system. Measurement 
software developed using these instru-
ments will need to be modified or 
completely rewritten. It is often more 

Figure 1). This com-
mon utilization re-
duces hardware 
costs, results in a 
smaller footprint 
than conventional 
systems and allows 
for a system-level 
calibration scheme 
that provides supe-
rior performance as 
compared to a tradi-
tional rack and stack 
approach. Using the production test 
sequences in AMC, the 7700 includes 
the capability to emulate the function-
ality of the following instrumentation:
•	 Vector signal generator
•	 Spectrum analyzer
•	 Vector network analyzer
•	 Oscilloscope
•	 Power meter
•	 Frequency counter
•	 Noise figure meter
•	 Phase noise analyzer

The system can also meet or ex-
ceed most standard instruments when 
it comes to RF performance.
•	 �Frequency Range: 1 MHz to 6 GHz 

(expandable to 32 GHz)
•	 RF Modulation BW: 90 MHz
•	 �Frequency Switching Times: 	

< 1 msec
•	 Output Power Range: > 100 dB
•	 �Phase Noise (2 GHz, 20 kHz offset): 

−115 dBc/Hz
•	 Residual Noise Floor: < −120 dBm
•	 Total Dynamic Range: > 100 dB

s Fig. 1  System architecture.

ARBITRARY
WAVEFORM
GENERATOR

UPCONVERTER

SIGNAL
GENERATION
AND ANALYSIS

SIGNAL
ROUTING AND
MULTIPLEXING

DUT
INTERFACE

DOWNCONVERTER

DIGITIZER

s Fig. 2  The 7700 includes a complete measurement suite that would normally require a full 
rack of instrumentation.
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plex stimulus signals, receive the re-
sponse signals from the DUT, and pro-
cess the data to derive the required 
data product, all while providing tightly 
synchronized control of the DUT.  
Table 1 shows some of the measure-
ment personalities that are available 
for the 7700.

The next generation of synthetic-
based instrumentation has been devel-
oped and released.  To date, the 7700 
provides the most complete “ATE in a 
Box” solution.

Aeroflex,  
Wichita, KS (316) 522-4981, 
www.aeroflex.com. 
info-test@aeroflex.com

economical to sim-
ply replace the en-
tire system rather 
than upgrade to 
new capability. With 
the 7700’s modular 
synthetic approach, 
most new measure-
ments require only 
a new software se-
quence.  When new hardware is need-
ed to meet new requirements, such as 
higher instantaneous bandwidth, pos-
sibly only a single PXI card will need 
to be replaced. Since the 7700 mea-
surement sequences utilize a synthetic 
hardware driver layer, none of the ex-
isting measurement sequences will be 
affected with the addition of the new 
hardware. It is even possible to add 
hardware to configure the 7700 to 
cover RF frequencies up to 32 GHz.

World Class Measurement Speed
With traditional instrumentation, 

system engineers are often forced 
to develop independent instrument, 
power, environmental and DUT con-
trol schemes. This usually requires 
additional hardware and software to 
be added to the system architecture, 
compromising efficiency and reducing 
throughput.  By providing tight coupling 
of all test aspects, the 7700 removes 
the additional software overhead and 
measurement processing necessary to 
make independent calls to several in-
struments and the DUT when execut-
ing a test (see Figure 3).

In the 10+ years of delivering simi-
lar synthetic solutions, Aeroflex has 
received customer feedback that this 
approach has consistently yielded a 
better than 4 improvement in mea-
surement throughput over traditional 
methods.

Configurations and 
Measurements for Many 
Applications

The 7700 is delivered with mea-
surement sequences that provide basic 
measurement capability including the 
emulation of signal generators, spec-
trum analyzers and vector network 
analyzers. In addition to the basic se-
quences, comprehensive libraries are 
available that provide many measure-
ments typically performed during the 
characterization and test of RF de-
vices. These measurement sequences  
provide the ability to generate com-

s Fig. 3  The 7700 removes the need to make independent calls to 
several instruments and the DUT.

TABLE I
listing of some of the 

measurement capabilities of the 
aeroflex 7700

Pulse Amplifier Measurements

S-Parameter (CW and Pulsed)

Pout versus Pin

Time Domain Measurements and Pulse 
Characterization

Total Absorbed Power

Noise Figure (Y-Factor)

Hot S22

CW and Frequency Translated 
Measurements

Pout versus Pin

Frequency Response/conversion

Spectrum, Spurs, Harmonics

Third Order Intercept

AM/PM

Channel Isolation

Noise Figure (cold source)

Group Delay

Absolute Time Delay

Phase Noise

Multi-Tone Measurements

Noise Power Ratio

Passive Intermodulation (PIM)

Multi-carrier Relative Amplitude and Phase
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UNMATCHED POWER.  UNMATCHED PERFORMANCE.

VDI’S AMPLIFIER/MULTIPLIER CHAINS
VDI’s AMCs provide high performance 

frequency extension of microwave signal 

generators into the THz range. Models 

are currently available for coverage from 

50GHz-1,100GHz with additional bands 

under development. These modules combine 

high test-port power with low phase noise 

to offer exceptional performance. Contact 

VDI to discuss AMC standard and custom 

configurations that will yield the best 

performance for your application.

VIRGINIA DIODES, INC.

434.297.3257 | vadiodes.com

Waveguide Band	 WR15	 WR10	 WR8.0	 WR6.5	 WR5.1	 WR3.4	 WR2.2	 WR1.5	 WR1.0
(GHz)	 50-75	 75-110	 90-140	 110-170	 140-220	 220-325	 325-500	 500-750	 750-1,100
									       
Multiplication 
Factors	 4	 6	 12	 12	 12	 18	 36	 54	 81

Input Frequencies 
(GHz)	 12.5 - 18.8	 12.5 - 18.3	 7.5 - 11.7	 9.2 - 14.2	 11.7 - 18.3	 12.2 - 18.3	 9.0 - 13.9	 9.3 - 13.9	 9.3 - 13.6

Alternate Multiplication   
Factors	 2	 3	 6	 8 or 4	 6	 9	 24 or 12	 36 or 18	 54 or 27

Typical Output Power 
(dBm)	 20	 14	 9	 8	 4	 -2	 -10	 -21	 -25/-35

Minimum Output Power 
(dBm)	 17	 10	 3	 2	 0	 -8	 -18	 -30	 -33/-40

BRIDGE THE
THz GAP

Contact us at EuMW 2012 by emailing eumw@vadiodes.com

http://vadiodes.com
mailto:eumw@vadiodes.com
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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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Defense News
Dan Massé, Associate Technical Editor

The Block II program also is proceeding well. WGS-4, 
the fi rst in the Block II series, was launched on January 19 
and handed over to the Air Force on April 11. The launch-
es of WGS-5 and WGS-6 are scheduled for 2013.

Fabrication of Northrop Grumman-Built 
Spacecraft for NASA’s James Webb Space 
Telescope Moves Forward

The spacecraft that will carry NASA’s James Webb Space 
Telescope to its orbit nearly a million miles from Earth 
has completed a Critical Design Review for the struc-

ture that supports Webb’s data link to NASA’s ground station. 
Northrop Grumman Corp. is under contract to NASA’s God-
dard Space Flight Center in Greenbelt, MD for the design 
and development of the 
telescope, sunshield and 
spacecraft.

Now ready for fabri-
cation, the Webb space-
craft’s communications 
support structure stows 
and holds the commu-
nications antenna when 
folded for launch. When 
the telescope unfurls 
in space, the antenna is 
released and points to 
NASA’s Deep Space 
Network, transmitting 
data to the world’s sci-
entists. Another spacecraft structure, the solar array, has 
completed its preliminary design audit and moves into the 
detailed design phase. The spacecraft’s solar array supplies 
all electrical power to the science instruments, communi-
cations equipment and computers for the entire telescope. 
The solar array is the fi rst component that deploys once the 
telescope separates from the launch vehicle and its perfor-
mance is critical. Without power, there is no science mission.

“This progress represents a steady path forward on space-
craft subsystems,” said Andy Cohen, Webb spacecraft man-
ager, Northrop Grumman Aerospace Systems. “We have ac-
celerated the structural build of the spacecraft by four and a 
half months and have completed qualifi cation testing for the 
engineering model of the command and telemetry proces-
sor, our main onboard computer, responsible for all space-
craft operations and fi ne guidance of the telescope.”

Successor to the Hubble Space Telescope, the James 
Webb Space Telescope is the world’s next-generation space 
observatory. It will be the most powerful space telescope 
ever built. Webb will observe the most distant objects in 
the universe, provide images of the very fi rst galaxies ever 
formed and study planets around distant stars. The Webb 
Telescope is a joint project of NASA, the European Space 
Agency and the Canadian Space Agency.

Boeing Receives 10th WGS Satellite Order 
from U.S. Air Force

Boeing has received a $338.7 million contract modifi ca-
tion from the U.S. Air Force to produce and launch 
a tenth Wideband Global SATCOM (WGS) satellite. 

The authorization includes production, launch site activi-
ties, initial orbital operations and checkout.

Boeing is working with the Air Force on potential cost-
effective upgrades that would further increase the WGS 
satellites’ capacity and operational fl exibility. In June, Boe-
ing was contracted to implement an enhanced Wideband 
Digital Channelizer upgrade that provides a 90 percent im-
provement in satellite bandwidth – with no additional cost 
to the government. The new channelizer will be included 
on satellites WGS-8 and beyond.

“We are continuously looking for ways to realize cost 
savings on the WGS program, whether through product 
upgrades or improvements in the acquisition process,” said 
Craig Cooning, vice president and general manager of Boe-
ing Space & Intelligence Systems. “Unlike previous annual 
authorizations of single satellites, the Air Force recently 
acquired three satellites –  WGS-8, -9 and -10 –  within a 
six-month window. This enabled us to generate signifi cant 
savings by combining procurements for materials and by 
maintaining an active production line across the vehicles.”

The WGS payload architecture can accept the Wideband 
Digital Channelizer upgrade with minimal impact. Boeing 
will continue to work with the Air Force to develop WGS 
enhancements that can unlock additional bandwidth and 

capacity. The contract 
announcement comes 
six months after Con-
gress provided funding 
for the Air Force in fi scal 
year 2012 to purchase 
WGS-10. This additional 
order is part of the WGS 
Block II follow-on con-
tract, under which Boe-
ing had previously been 
authorized for produc-
tion and launch of WGS-
7 through WGS-9. The 
state-of-the-art WGS 
satellites are built on 
the proven Boeing 702 
platform that leverages 

decades of industry-leading, space-proven technologies. 
All three Block I satellites have been delivered and are in 
operation.

“The Block I satellites, which are meeting or exceeding 
all mission requirements, provide unique capabilities such 
as on-station reconfi gurable X-Band coverage and X/Ka 
cross-banding, which enable communication in contested 
theaters around the globe,” said Cooning.

Go to mwjournal.com for more defense news items
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Defense News

U.S. Army’s JLENS Will Protect Sailors, 
Critical Waterways

Soldiers will soon have a system that enables them to 
protect sailors and safeguard commercial and military 
navigation in strategic waterways. In June, a series of 

tests demonstrated that Raytheon Co.’s JLENS is capable 
of detecting and tracking swarming boats from hundreds 
of miles away. During the tests, JLENS simultaneously de-
tected and tracked multiple speedboats on the Great Salt 
Lake. The boats, similar to swarming boats in the inven-
tories of hostile navies in high-threat regions, simulated a 
real-world scenario with a series of tactical maneuvers at 
low and high speeds.

“JLENS is affordable because during a 30-day period, 
one system provides the warfighter the same around-
the-clock coverage that it would normally take four or 
five fixed-wing surveillance aircraft to provide,” said Da-
vid Gulla, vice president of Global Integrated Sensors 
for Raytheon’s Integrated Defense Systems business. 
“JLENS is significantly less expensive to operate than a 
fixed-wing surveillance aircraft because it takes less than 
half the manpower to operate and has a negligible main-
tenance and fuel cost.”

U.S. Air Force Awards Lockheed Martin 
$152 M Sniper ATP Sustainment Contract

Lockheed Martin has received a $152 million contract 
from the U.S. Air Force for Sniper® Advanced Tar-
geting Pod (ATP) sustainment support over a five-year 

period, beginning September 2012.  The contract transi-
tions legacy Sniper pod sustainment support from Wright 
Patterson Air Force Base, OH, to Warner Robins Air Force 
Base, GA. Additional scope includes engineering support, 
initial line replaceable unit spares, support equipment and 
pod containers. Specific tasks will be covered under a se-
ries of delivery orders to be awarded incrementally over 
the five-year period.

“Receiving this contract is critical to preserving Sniper 
pod sustainment for the U.S. Air Force without incurring a 
gap in support to the warfighter,” said Ashlie Payne, Sniper 
program manager in Lockheed Martin’s Missiles and Fire 
Control business. “Through collaboration with Warner 
Robins, legacy Sniper ATP pods will continue to excel in 
providing aircrews with unmatched targeting capability.”

The Sniper pod provides precision targeting and non-
traditional intelligence, surveillance and reconnaissance 
information for multiple U.S. Air Force and international 
aircraft, with testing ongoing on additional platforms.
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International Report
Richard Mumford, International Editor

ESA and EIB Launch Space for 
Mediterranean Countries Initiative

The European Space agency (ESA) and the European 
Investment Bank (EIB) have signed the Space for 
Mediterranean Countries Initiative agreement. The 

two organisations will work together towards satellite-
based services bridging the digital divide and aiming at 
bringing economic growth to the Mediterranean region. 

The EIB assists 
the economic and so-
cial development of 
partner countries in 
the South and East 
Mediterranean. It has 
invested €13 billion 
through its operations 
in this region since 
2002, supported 2300 small and medium sized enterprises, 
which created 30,000 jobs, and mobilised about €35 billion 
of additional capital together with international fi nancing 
institutions, bilateral agencies and the private sector in or-
der to advance the development of the region. 

The EIB has also granted more than €102 million for 
technical assistance operations to build knowledge and ca-
pacity. In particular, the current initiative received the sup-
port of the Facility for Euro-Mediterranean Investment 
and Partnership (FEMIP) Trust Fund, the main objective 
of which is to support private sector development in the 
Mediterranean partner countries. 

On ESA’s side, the Integrated Applications Promotion 
(IAP) programme aims to provide new, sustainable services 
in close partnership with end users, through the develop-
ment of applications that rely on a combination of existing 
space and terrestrial systems.  

“I am convinced that an increased dialogue and coor-
dination between ESA and EIB is of mutual interest to 
our organisations,” said Magali Vaissière, ESA Director of 
Telecommunications and Integrated Applications. “It will 
allow the expansion of the use of satellite-based applica-
tions for the benefi t of people and of the economy.”

68 Projects Funded for 8th Eurostars Cut-Off 

The funding synchronisation phase of the 8th Eurostars 
Cut-Off was concluded with 68 project applications 
funded from the 112 applications ranked above the 

quality threshold. The R&D-performing SMEs and SMEs 
targeted by the programme continue to benefi t, represent-
ing around 70 percent of the participants. They also carry 
77 percent of the projects’ total costs, proving that the Pro-
gramme truly responds to this crucial sector’s needs and 
expectation.  

The funded projects include participants from 23 Eu-
rostars participating countries, with the main technologies 

QinetiQ Contracted to Lead ISTAR Research    

Q inetiQ has been awarded a prime contract worth £6.4 
million by UK Ministry of Defence scientists, follow-
ing an open competition to deliver key aspects of a 

four-year programme of Intelligence, Surveillance, Target 
Acquisition and Reconnaissance (ISTAR) research.

The ISTAR Concepts and Solutions (ICS) programme 
is driving the next generation of ISTAR developments. 
This is achieved by applying the best science and technol-
ogy to demonstrate cost-effective system solutions that 
will signifi cantly improve the information and intelligence 
available to UK Armed Forces. 

The ICS research programme, which includes the 
industry-led collaborative environment known colloqui-
ally as the ICS Engine Room, is managed by MoD staff 
at the Defence Science and Technology Laboratory (Dstl), 

working closely with col-
leagues in industry and 
academia. QinetiQ has 
been selected to lead the 
ICS Engine Room, the 
purpose of which is to 
provide a collaborative 
interface to draw on in-
novative solutions from a 
wide supply base (MoD, 
industry and academia) 

to address the most diffi cult challenges in ISTAR across 
the whole of defence. 

Jeremy Ward, MD of QinetiQ C4ISR Division said: 
“QinetiQ is delighted to have the opportunity to work 
with Dstl on the ICS project. We will lead a strong, pan-
industry and academia team, which includes some of the 
UK’s most respected scientists, engineers and academ-
ics. The team will provide the MoD with access to world 
leading innovation in C4ISTAR technology and will ex-
plore novel ISTAR technologies and processes, which 
will really make a difference to front line troops in the 
future.”

Dstl’s Dr. Steven Meers, ICS Technical Lead, said: 
“Awarding this contract is a major landmark in the deliv-
ery of the ICS programme and is a model for how Dstl, 
industry and academic partners will be working togeth-
er in the future. This project will improve the MoD’s 
ISTAR capability, for example by combining the best in-
formation technologies emerging from the civil sector 
with some of the defence specifi c capabilities which we 
have access to. A technically excellent group of scien-
tists and engineers drawn from small and medium sized 
enterprises (SME), prime contractors, world-class uni-
versities and Dstl, working together in a collaborative 
environment, is the best way to deliver this complex, fast 
paced, challenging programme and provide real impact 
for MoD.”

Go to mwjournal.com for more international news items
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represented in the pool of funded projects being electron-
ics, IT and telecoms technologies (32 percent); biological 
sciences and technologies (24 percent) and industrial man-
ufacturing, material and transport (14 percent). The total 
public funding estimates amount to €40 million from the 
participating countries, with a further €6.5 million from the 
European community.

Eurostars aims to stimulate SMEs to lead international 
collaborative research 
and innovation projects 
by easing access to sup-
port and funding. It is 
fine-tuned to focus on 
the needs of SMEs, and 
specifically targets the 
development of new 
products, processes and 
services and the access 
to transnational and in-

ternational markets. 
The commitment of the Member States to the pro-

gramme continues to be assured, with national public 
funds being increased substantially in order to better sup-
port the innovations being carried out by SME-led project 
consortia under the auspices of Eurostars.

EC Consultation on Research 
Infrastructures 

The European Commission has launched a consulta-
tion to prepare future EU activities in order to achieve 
further integration and the opening-up of national 

research infrastructures. These activities come as a fol-
low-up to successful initiatives supported by the Seventh 
Framework Programme (FP7) and are entitled Integrating 
Activities. The aim is to provide wider and more efficient 
access to, and use of, research infrastructures existing in 
EU Member States, FP7-associated countries and, occa-
sionally, at the international level. 

The consultation is a call for suggestions on topics that 
should be proposed by research infrastructures stakehold-
ers, e.g., operators of research infrastructures and user 
communities. This will help identify potential topics for 
future Integrating Activities. 

The received proposals will be reviewed by a panel of 
high-level independent experts. A report mapping the 
needs and providing recommendations will be produced 
by the panel, which will then be made available on the  
Internet.
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Plextek a Key Part of European Project to 
Reduce Household Carbon Footprint

P lextek is developing a pioneering solution to the grow-
ing energy demands of household appliances – start-
ing with the humble microwave. Research from the 

Energy Saving Trust shows that one third of household en-
ergy bills and well over a quarter of household carbon diox-
ide emissions, comes from electrical appliances. Plextek, in 
conjunction with the ENIAC Joint Undertaking, set up to 
encourage collaboration within Europe’s largest organiza-
tions, SMEs and academic institutions, aims to achieve the 
goal to enhance the min-
iaturization of devices 
and their functionality, 
while improving overall 
energy effi ciency.

The collaboration 
has set the target of re-
ducing household con-
sumption by 25 percent 
through technological 
advancements. Gareth 
Williams, director of 
Plextek’s Digital Engineering Group, believes that it is an 
aggressive target, but one Plextek must strive to achieve.

“The footprint of our household appliances is constantly 
on the rise, correlating with the huge growth in the amount 
of household appliances that we each use. There is already 
some great work being done to encourage behavior change 
in our society in the way that we manage these appliances, 
but we aim to revolutionize the products right from blue-
print stage.”

Over 190 million households in Europe possess a micro-
wave oven, adding to the plethora of cold and hot appliances 
contributing to homeowner electricity bills. Experts estimate 
that microwaves account for 12.8 tera watt-hours per year, the 
equivalent of boiling more than 400 billion cups of tea.

The joint undertaking has refi ned its research into the 
way that radio frequency (RF) energy is used in everyday 
appliances such as microwaves. Plextek has completed the 
fi rst stage of a three-year project, in conjunction with its 
partners and is currently in the process of constructing pro-
totype microwaves to be tested for study and the results 
could make a signifi cant impact on household bills.

Gareth Williams continued, “Clearly the food prepara-
tion sector is likely to benefi t from this program, but other 
industries outside domestic cooking are also likely to ben-
efi t: Areas such as microwave drying, mobile basestation 
design, and radar technology to name a few. It’s exciting to 
have so many different organizations coming together as 
part of this aspiring venture.”

The other companies collaborating with Plextek as 
part of this project are Whirlpool, NXP, Comheat, Bergh 
Hybrid Circuits and the Universities of Warsaw, Chalmers, 
Padova and TU Delft.

Active DAS Equipment Market for 
In-Building Wireless to Cross $1 B

Active distributed antenna systems (DAS) equipment 
revenues are estimated to cross $1 billion by 2013. 
Active DAS equipment is mostly made up of head-

end and remote units, which are used to distribute cellular 
signals throughout a building.

The global market for in-building wireless equipment 
is estimated to reach $2 billion by 2013, with Active DAS 
contributing 50 percent of the total revenues. The other 
half includes passive DAS, repeaters, cabling and antennas. 
The overall market for in-building wireless, which includes 
equipment and service revenues, also known as labor costs, 
is estimated to reach $3.6 billion by the end of 2013. 

Aditya Kaul, practice director, mobile networks at ABI 
Research says, “Active DAS is the fastest growing segment 
of the market today, as large public and commercial build-
ings need highly scalable, fl exible, high-capacity, multi-
technology and multi-operator solutions. While active 
DAS is where the action is, traditional passive DAS and 
repeaters will continue to see demand, especially in Asia 
Pacifi c and some parts of Europe because of their cost-
effectiveness and operator familiarity.”

The Active DAS equipment market has an overall CAGR 
of 15 percent, with the North American region being the 
strongest, where the market is growing at 20 percent an-
nually. Passive DAS equipment revenue on the other hand 
is expected to show a modest CAGR of 6 percent in North 
America. The market data mainly covers DAS and repeater 
equipment, but does account for the impact of small cells 
on DAS systems. Small cells and DAS intersect mostly in 
small and medium-sized buildings where small cells could 
be deployed independently in place of DAS, complement 
DAS as a hotpot fi ll-in, or more importantly, feed into DAS 
replacing the need of large expensive macro base stations, 
repeaters or even remote radio heads.

Go to mwjournal.com for more commercial market news items
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The ENIAC Joint Undertaking, set up in February 
2008, has allocated grants for projects selected for fund-
ing until December 31, 2017. The total value of the re-
search and development activities generated through 
this partnership upon its conclusion is estimated at €3 
billion.

Microwave Small Cell Backhaul Equipment 
Market Will Reach $6.4 B in 2017

ABI Research expects the market for small cell micro-
wave backhaul equipment to grow to over $6.4 bil-
lion in 2017, up from a forecast $1.5 billion for 2012 

which represents a 35 percent compound annual growth 
rate. Millimeter wave line-of-sight (MMW LoS) will accu-
mulate 44 percent of revenue, or over $2.8 billion, with 
23 percent of microwave links in 2017, Orthogonal Fre-
quency-Division Multiplexing Non Line-of-Sight (OFDM 
NLoS) will capture 31 percent of small cell microwave 
backhaul equipment revenue, or $1.9 billion, with 48 per-
cent of links in 2017, and Wi-Fi will capture almost 19 per-
cent of revenue or $784 million, with 12 percent of small 
cell backhaul links.

  “Thanks to its NLoS properties and Point-to-
Multipoint (PMP) hub-and-spoke architecture OFDM 
NLoS becomes the most popular backhaul technology 

for small cells in 2017,” 
says Nick Marshall, 
principal analyst at ABI 
Research. ABI Research 
believes that the millime-
ter wave bands from 60 
to 80 GHz (MMW LoS) 
will also prove compel-
ling for small cell back-
haul in many situations. 
Traditional microwave 
LoS (6 to 38 GHz) equip-
ment for small cell ap-
plications is overtaken 
by these technologies 
and will represent only 
13 percent of revenue 
and 10 percent of links in 
2017. ABI Research also expects fiber backhaul solutions 
to experience a healthy growth between 2012 and 2017 
with small cell backhaul over fiber reaching almost 24 
percent in 2017, up from 7 percent in 2012, with regions 
like China and North America favoring fiber as a back-
haul solution in many circumstances.  “We believe that 
4G/LTE small cell solutions will again drive most of the 
microwave and fiber backhaul growth in metropolitan, ur-
ban and suburban areas,” continues Marshall.

Traditional 
microwave LoS 

(6 to 38 GHz) 
equipment for small 

cell applications is 
overtaken by these 

technologies and will 
represent only 13 

percent of revenue 
and 10 percent of 

links in 2017.

_10M17 FINAL.indd   56 9/28/12   11:37 AM

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


Boonton

Bigger where it counts…

Boonton’s 4540 Peak Power Meter delivers the outstanding 
performance needed for today’s demanding radar and 
communication applications. By incorporating advanced tech-
nology from our flagship  4500B peak power analyzer, the 
smaller, economically priced 4540 outperforms higher priced 
competitors in many areas. It’s fast update rate enables tun-
ing high power amplifiers and processing large amounts of 
statistical data for CCDF measurements. Advanced trigger 
technology provides a rock solid view of fast rise time 
signals and the wide dynamic range allows measuring low 
duty cycle pulses. The 4540 power meter provides auto- 
matic settings for a large number of technologies including 
WCDMA, WiMAX, WLAN, Wi-Fi, LTE, and Radar.

in the Performance.

•	 Frequency	range:	9.9kHz	to	40	GHz 
•	Time	resolution:	200	ps	 
•	Video	bandwidth:	70MHz	 
•	Rise	time:	<7ns 
•	Effective	sampling	rate	(RSS):	5GSamples/second 
•	Statistical	analysis	including	CCDF	 
•	GPIB,	USB	(device)	and	LAN	standard

For more information visit us at boonton.com or call  

+1	973-386-9696.

4500B RF Peak Power Analyzer 4240 RF Power Meter 4530 RF Power Meter Series

Boonton: Redefining How You Use Power Meters.

Scan	QR	Code

EARTH_MWJ.indd   1 4/23/12   3:01 PMMW/BOONTON0712.indd   57 9/27/12   10:57 AM

http://boonton.com
http://tinyurl.com/cz8st7k


 Around the Circuit
Laura Glazer, Staff Editor

58   MICROWAVE JOURNAL  OCTOBER 2012

INDUSTRY NEWS
Agilent Technologies Inc. announced an agreement to 
collaborate with China Mobile Communications Co. 
Ltd. Research Institute (CMRI). China Mobile is the 
world’s largest mobile network operator and a market leader 
in 3G and next-generation wireless network development. 
The two companies signed a memorandum of understand-
ing in Beijing to initiate a collaboration that will focus on 
developing technology and test methods for a next-gener-
ation cloud-based radio access network, or C-RAN, a new 
approach to network design aimed at building an environ-
mentally friendly, cost-effective, intelligent network. 

The boards of Navratna1 Public Sector Co., Bharat 
Electronics Ltd. (BEL) and Thales have approved the for-
mation of a joint venture company (JVC) subject to statu-
tory approvals of the Government of India and the French 
Government. The JVC will be dedicated to the design, de-
velopment, marketing, supply and support of civilian and 
select defense radars for Indian and global markets. The 
parent companies aim to make the JVC a center of excel-
lence with the ability to offer solutions specifi cally aimed 
at meeting the needs of both Indian and export customers.

Teledyne Technologies Inc. and LeCroy Corp. an-
nounced the successful completion of the acquisition of 
LeCroy. At a special meeting of stockholders, LeCroy 
stockholders approved and adopted the Agreement and 
Plan of Merger, dated as of May 28, 2012, by and among 
LeCroy, Teledyne and a wholly-owned subsidiary of 
Teledyne. Pursuant to the transaction, effective August 3, 
2012, Teledyne acquired all of the outstanding common 
shares of LeCroy for $14.30 per share payable in cash. The 
aggregate value for the transaction, excluding transaction 
costs, was approximately $291 million, taking into account 
LeCroy’s stock options, stock appreciation rights and net 
debt as of March 31, 2012.

Tektronix Component Solutions announced an agree-
ment with leading supply chain aggregator MOSIS to help 
customers develop complete, high-performance ASIC so-
lutions while reducing the cost of early-stage ASIC devel-
opment. Through the use of multi-project wafer runs for 
device prototyping and package development early in the 
design cycle, customers can cost effectively improve the 
time to fi rst packaged ASIC, rather than developing their 
own complete mask set prior to fi rst silicon tape-out.  

Lime Microsystems has announced a partnership agree-
ment with the strategic investment fi rm In-Q-Tel, an in-
dependent, non-profi t organization that identifi es inno-
vative technology solutions to support the missions of the 
U.S. Intelligence Community. The partnership will enable 
advances in transceiver technology to be deployed in com-
mercial and government markets, and the creation of state 
of the art systems that can be used across many applications. 

Autotalks and Altis Semiconductor announced that 
they have reached a cooperative agreement on the de-
velopment of Autotalks’ PLUTON automotive grade 
vehicle-to-vehicle RF transceiver to be manufactured by 
Altis Semiconductor. Together with Autotalks’ CRATON 
integrated communication controller, they form a com-
prehensive, automotive grade, VLSI solution enabling 
OEMs’ deployment of vehicle-to-vehicle in 2015 model 
year. Autotalks has further selected to partner, for circuit 
and system design, with Catena Holding Bv, a leader in 
high performance RF IP, with a proven track record in 
design for automotive applications and high performance 
IEEE802.11p RF. 

Aeris® Communications, the only cellular carrier built 
exclusively for machines, announced it has partnered with 
Novotech Technologies, a leading global distributor of 
wireless, machine-to-machine (M2M) products, services 
and solutions, to deliver M2M connectivity services. With 
this partnership, Novotech will begin distributing products 
connected by Aeris’ intelligent machine framework. Aeris’ 
network will optimize performance and provide the deepest 
level of visibility for every Novotech device on its network.

Peregrine Semiconductor Corp. announced the pric-
ing of its initial public offering of 5,500,000 shares of com-
mon stock at a price to the public of $14 per share. Of 
the 5,500,000 shares being offered, 5,340,780 are being 
offered by Peregrine and 159,220 shares are being offered 
by certain selling stockholders. The company will not re-
ceive any proceeds from the sale of shares by the selling 
stockholders. Peregrine has also granted the underwriters 
a 30-day option to purchase up to 825,000 additional shares 
of common stock from Peregrine.

CTIA - The Wireless Association® and Global 
Certifi cation Forum (GCF) have agreed to a common 
process for evaluating the over-the-air performance of new 
wireless devices. The agreement allows GCF to incorpo-
rate CTIA’s Test Plan for Wireless Device Over-the-Air 
Performance into its Performance Measurement process. 
The agreement also allows the organizations to work to-
gether on future updates of the test plan to ensure that the 
needs of network operators and device vendors throughout 
the world are being addressed.

RF Micro Devices Inc. announced it received “Product 
of the Year” awards from Cable Spotlight for three of its 
broadband cable television (CATV) products. The award 
winning products – the RFAM2790 integrated EDGE 
QAM amplifi er, the RFCM2680 GaAs/GaN power doubler 
and the RFPP2870 push-pull amplifi er – highlight RFMD’s 
product and technology leadership and the company’s abil-
ity to improve performance and enhance functionality of 
global CATV access networks.

For up-to-date news briefs, visit mwjournal.com
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CONTRACTS
Anaren Inc. has received three contracts totaling in ex-
cess of $11.5 million in follow-on orders for passive rang-
ing subsystems to be deployed in airborne applications. 
These orders from a defense OEM customer are related to 
a continuing long-term supply agreement for both domes-
tic and international applications of Anaren’s proprietary 
electronic warfare technology. Deliveries are expected to 
be completed over a 26 month timeframe beginning in the 
fi rst quarter of calendar 2013.  

Cobham Antenna Systems has been awarded a contract 
from Embraer S.A. to design and manufacture nose ra-
domes for the KC-390 military transport aircraft being 
developed for the Brazilian Air Force. The company has 
also been awarded orders totaling more than £13.8 million 
during the second quarter of 2012 to supply European 
customers with hand-held Improvised Explosive Device 
(IED) detection equipment incorporating the group’s 
leading-edge Ground-Penetrating Radar (GPR) sys-
tems. These orders will be delivered during the second 
half of 2012 from the Cobham Antenna Systems site in 
Leatherhead, UK.

LadyBug Technologies has been awarded a contract 
from a branch of the U.S. Armed Forces for the com-
pany’s power meter/sensor products. The contract covers 
LadyBug’s model LB479A PowerSensor+TM, a 10 MHz to 
10 GHz wide dynamic range average power sensor capable 
of measuring CW, pulse and other signals. 

PERSONNEL
Crane Aerospace & Electronics ap-
pointed Bob Ferrante as VP of the mi-
crowave solution of its electronics group. 
In his role, Ferrante is responsible for 
operations of all electronics group micro-
wave solutions locations, including those 
in MA, AZ, NJ and Costa Rica. He will be 
located in West Caldwell, NJ. He has 

  Bob Ferrante
over 30 years of experience in the de-

fense electronics industry and holds a BS in Political 
Science from Catholic University of America 
Washington, DC. 

American Microwave Corp. welcomes Pete Schramm
as its new director of sales and marketing. Schramm’s focus 
will be on fi nding new growth opportunities while build-
ing stronger relations with the current customer base in 
conjunction with AMC’s Rep Organization. Schramm 
brings a wealth of knowledge to AMC in sales and chan-
nel management with over 30 years of experience in the 
communications, optical and RF/microwave, and test and 
measurement marketplaces. Schramm will be based out of 
the company’s Frederick, MD facility.

John Dimech joined TRM Microwave as business devel-
opment manager. Dimech has a technical background and 
20+ years of experience supporting products including 
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components, multi-functional modules, 
test equipment, sub-assemblies and box 
level manufacturing and test. He will fo-
cus on expanding the company’s reach 
into existing key accounts while cultivat-
ing new business development in sup-
port of TRM’s strategic growth plan. 
Prior to joining TRM, Dimech was di-
rector of sales for Plansee-TMS, 

  John Dimech
director of business development at 

Natel Engineering and has held a number of sales positions 
at Merrimac Industries.

Microwave Journal has appointed 
Brian Landy as the new sales manager 
covering the Pacifi c and Mountain U.S. 
time zones. Landy has extensive elec-
tronics-industry focused marketing ex-
perience, providing integrated media 
solutions to companies on the west coast 
over the past 15 years, while represent-
ing brands such as EDN, ECN and 

  Brian Landy
Electronic News. Landy lives in Santa 

Cruz, CA with his wife and two daughters. He can be 
reached at blandy@mwjournal.com.

REP APPOINTMENTS
Custom MMIC announced the appointments of MHz 
Marketing, Southeastern Sales RF and Allegiance Sales 
as its technical sales representatives. MHz Marketing will 
represent Custom MMIC in the mid-Atlantic, Southeastern 
will cover FL, and Allegiance Sales will cover TX.

Delta Microwave announced the appointment of 
Spectrant as the company’s exclusive sales representative 
in southern CA.

Digi-Key Corp. announced the signing of a global dis-
tribution agreement with the RF Solutions Division of 
API Technologies Corp. The global distribution agree-
ment includes products from API’s Spectrum Control 
and Spectrum Sensors line of products, as well as antenna 
products from the API’s Spectrum Microwave line. 

Hesse & Knipps Inc. has appointed Prospect Technical 
Sales to support the company’s family of wedge bonders in 
NV, OR, WA, MT, UT, CO, northern CA and the Canadian 
provinces of British Columbia and Alberta. Hesse & 
Knipps Inc. has also appointed CWI Technical Sales as its 
representative along the United States east coast (states of 
CT, MA, RI, VT, ME, NH, NY, NJ, DE, MD, PA, WV, VA, 
NC, SC, GA and FL) as well as the Canadian provinces of 
Quebec and Ontario. 

Prober.com has entered a multi-year cooperative agree-
ment with ERS America LLC as exclusive representative 
of its wafer level heating and cooling chuck systems in the 
Pacifi c Northwest states of OR, WA, CA, ID and UT. 
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Times Microwave Systems manufactures high 
performance test cables used in a broad range of test 
and interconnect applications. SilverLine test cables 
are cost effective, rugged, and have provided long life 
and excellent stability in applications where they are 
repeatedly flexed and mated/unmated.
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The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

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

U.S. Patents 
7739260, 7761442

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

489 rev J

*See data sheet for an extensive list of compatible software.
† 
The mechanical switches internal to each model are offered with an optional 10 year 
extended warranty. Agreement required, see data sheets on our website for terms and 
conditions. Switches protected by patents 5,272,458  6,650,210  6,414,577  7,633,361  
7,843,289  and additional patents pending.

  Model   # Switches IL   VSWR Isolation    RF PMAX Price $ 
  (SPDT)   (dB) (:1) ( dB)     ( W ) (Qty. 1-9)  
 
 USB-1SPDT-A18 1 0.25 1.2 80 10 385.00       
 USB-2SPDT-A18 2 0.25 1.2 80 10 685.00   
 USB-3SPDT-A18 3 0.25 1.2 80 10 980.00     
   USB-4SPDT-A18 4 0.25 1.2 80 10 1180.00
 USB-8SPDT-A18 8 0.25 1.2 80 10 2495.00                        NEW

Test multiple parameters or multiple DUTs in a single pass, 
without constantly stopping to connect/disconnect cables! 
It sounds simple, but you’ll quickly appreciate all the built-in 
“smarts”. Our user-friendly GUI helps you get up and 
running in minutes right out of the box, for step-by-step 
control, full automation, or remote operation via the internet. 
They’re fully compatible with almost any PC and most  
third-party lab software,* adding capabilities to existing 

setups with ease! And the rugged aluminum cases house 
our patented mechanical switches, the only ones available 
anywhere, at any price, that offer up to 10 years and 100 
million cycles of guaranteed performance.† Just go to 
minicircuits.com for technical specifications, performance 
data, pricing, and real-time availability—or give us a call to 
discuss any custom programming needs—and think how 
much time and effort you can save! 

DC to 18 GHz  from 
$385

RF SWITCH MATRIX
Improve the efficiency of your test setup!Smart

‡ for details, see minicircuits.com/MCLStore/terms.jsp
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Technical Feature

Maximizing 
Receiver Dynamic 
Range for Spectrum 
Monitoring

As consumers continue to demand more 
data wirelessly through mobile devices, 
the increased bandwidth to support 

these applications has considerable implica-
tions on the usage of the RF spectrum. Cur-
rently, 75 percent of wireless devices in the U.S. 
are broadband capable.1 In his keynote speech 
to the International CTIA Wireless 2012 Con-
ference, FCC Chairman, Julius Genachowski 
talked of the “looming spectrum crunch” and 
made the statement that “… it is becoming in-
creasingly harder to find free and clear blocks 
of spectrum.” Estimates are that between 2010 
and 2015, the mobile data traffic will increase at 
a compound annual growth rate of 92 percent.2 
This near insatiable need for more bandwidth 
drives the requirement for specialized equip-
ment to monitor the RF spectrum.

Spectrum analyzers often come to mind as 
the receiver solution for making over-the-air 
spectrum monitoring measurements. Modern 
RF signal analyzer designs such as the vector 
signal analyzer (VSA) add useful features for 
digital signal demodulation. However, since 
both instruments are optimized for cabled 

measurements, they are subject to dynamic 
range limitations in spectrum monitoring ap-
plications. For this reason, a specialized receiv-
er optimized for over-the-air measurements 
should be considered.

Over-the-Air Signal Environment
In many ways, the “over-the-air” signal envi-

ronment is drastically different from the signal 
environment of a typical cabled measurement 
where the number of large amplitude signals 
is limited and whose frequencies are gener-
ally known. A quick scan of the RF spectrum 
would reveal signal content at a wide range of 
frequencies, including higher power FM radio 
around 100 MHz to cellular base stations at 
frequencies of 900 MHz and beyond. Often, 
the requirement is to observe a low amplitude 
signal in the presence of interfering large am-
plitude signals.

Consider the case when a signal of interest 
is at a low amplitude level, forcing the operator 

Brian Avenell
National Instruments Corp., Austin, TX
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rest of the signal chain. However, in 
the lowband path, below the operat-
ing frequency of the YTF, the RF path 
is most often not preselected. The 
typical spectrum analyzer’s lowband 
path is shown in Figure 2.

Mixer spurious responses are gov-
erned by:

mfRF + nfLO = fIF                              (1)

where m,n are integer values repre-
senting harmonics of the RF and LO 
signals. At any given LO frequency, 
all possible combinations of the har-
monics of the RF and LO signals that 
satisfy Equation 1 will generate an IF 
response and will be visible on the re-
ceiver’s display.

A graphical representation of the 
mixer spur equation is shown in the 
spur chart. Figure 3 shows the mixer 
spur chart for a typical spectrum ana-
lyzer lowband path. The x-axis rep-
resents the RF port signal frequency 
and the y-axis represents the IF port 

to increase the re-
ceiver gain in order 
to improve the re-
ceiver’s sensitivity. 
With higher gain, 
the receiver is more 
vulnerable to large 
amplitude interfer-
ing tones producing 
distortion in receiv-
er front end compo-
nents. If the distor-
tion signal falls on 
or near a signal of 
interest, decipher-
ing the distortion 
signal from the ac-
tual signal can be 
diffi cult, as shown 
in Figure 1.

Especially when 
analyzing low-
power over-the-air 
signals, both harmonic distortion and 
intermodulation distortion introduced 
in nonlinear components of the signal 
chain can obscure the signal of inter-
est. Harmonic distortion, which re-
sults from a single carrier, is generat-
ed in the receiver’s fi rst mixer and any 
nonlinear component in front of the 
fi rst mixer. Intermodulation distor-
tion (IMD) results from two or more 
carriers mixing in any nonlinear com-
ponent. These closely spaced carriers 
can all progress through the entire 
receiver chain resulting in IMD from 
both the RF and IF sections. Spec-
tral regrowth is distortion associated 
with digitally modulated signals and is 
a problem when this distortion leaks 
into adjacent channels.

In addition to distortion mask-
ing the signals of interest, broadband 
noise due to the measurement anten-
na or the measurement receiver itself 
can mask the low amplitude signals of 
interest. Using the receiver’s gain ad-
justment results in a tradeoff between 
the receiver’s noise and distortion per-
formance. Simultaneously achieving 
low distortion and low noise is often a 
confl icting requirement.

MEASUREMENT RECEIVER 
LIMITATIONS

Most spectrum analyzers rely on a 
dual RF path architecture: lowband 
and highband. The highband path 
normally uses a YIG Tuned Filter 
(YTF) as a preselector in front of the 

 Fig. 2  Spectrum analyzer lowband path block diagram.
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tortion product. One technique to 
minimize the receiver generated dis-
tortion amplitudes is to reduce the 
power levels of the fundamental tones 
before they reach the first mixer. In 
the spectrum analyzer, the RF at-
tenuator accomplishes this task. How-
ever, reducing the fundamental signal 
power at the first mixer also decreases 
the receiver’s sensitivity. Figure 4 il-
lustrates the concept of improved dis-
tortion performance at the expense of 
degraded sensitivity as a function of 
first mixer power level.

At point ‘A,’ the RF attenuation 
is relatively low, allowing the high 
power fundamental tone to reach the 
first mixer. This results in a relatively 
high signal-to-noise ratio (SNR) at the 
expense of relatively large distortion 
levels. At point ‘B,’  the RF attenua-
tion has been increased to lower the 
fundamental tone power incident on 
the first mixer. While this reduces dis-
tortion signal amplitude, the conse-
quence is degraded receiver SNR.

The temptation to overcome de-
graded receiver sensitivity is to em-
ploy a preamplifier that is either part 
of the spectrum analyzer as shown in 
Figure 2 or is external to the spectrum 
analyzer. The improvement in SNR by 
switching in the preamplifier usually 
coincides with much worse distortion 
performance. The end result is worse 
receiver dynamic range by using the 
preamplifier over the dynamic range 
when the preamplifier is bypassed.

Vector signal analyzers are char-
acterized by having IF bandwidths at 
least as wide as the signal’s modula-
tion bandwidth. Measurements such 
as error vector magnitude (EVM) 
require sampling of the entire signal. 
With a wide bandwidth final IF in the 
receiver chain, the analog-to-digital 
converter (ADC) can easily be over-
driven by unwanted signals when try-
ing to maximize the SNR. Especially if 
the low amplitude signal of interest is 
close in frequency to a stronger inter-
fering signal, the ADC may introduce 
harmonics and intermodulation dis-
tortion products and mask the signal 
of interest.

Additionally, the noise figure of the 
ADC is normally higher than the noise 
figure of the front end. Increasing the 
front end gain is required to minimize 
the noise impact of the ADC to the 
overall noise figure of the receiver. 

frequency. In this example, the spec-
trum analyzer is tuned to a frequency 
of 1.5 GHz with an IF of 4 GHz. The 
LO frequency needed to support this 
configuration is 5.5 GHz.

The m = −1, n = 1 response is the 
desired mixing product. An RF signal 
present at the tune frequency of 1.5 
GHz will produce the wanted dis-
played response. All other lines on the 
chart represent spurious responses. 
When a spur line crosses the hori-
zontal center band, which represents 
the IF port bandwidth, this signifies 
that the mfRF and nfLO combination 
produces an unwanted signal at fIF. 
Once this undesired signal falls on the 
IF frequency of the first mixer, the 
IF signal progresses through the rest 
of the receiver chain.  In this exam-
ple, if an RF signal is present at 1.33 
GHz, the (3,0) mixer spur response 
generates an unwanted response 
even though the receiver is tuned to  
1.5 GHz. Deciphering a true signal 
response at 1.5 GHz from the spuri-
ous response generated by the 1.33 
GHz RF signal becomes a challenge. 
Because the lowband path of the typi-
cal spectrum analyzer normally con-
tains only a single lowpass filter, the 
first mixer is vulnerable to spurious 
responses generated by signals whose 
frequency is anywhere within the low-
band frequency range.

Another form of spurious respons-
es is due to intermodulation distortion 
resulting from two or more signals 
present at the input of the receiver. 
If two signals are present at RF fre-
quencies of f1 and f2 then third-order 
IMD products fall at frequencies of  
2  f2- f1 and 2  f1- f2. If there is 
a signal of interest whose frequency 
is located near one of the distortion 
products, it is possible to confuse the 
signal for the receiver-generated dis-

s Fig. 4  Power out vs. power in for receiver 
fundamental and distortion tones.
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packaged in a small form factor 5 x 6mm SOIC-8 outline air cavity ceramic 

package that provides excellent thermal stability through the use of advanced 

heat-sink and power-dissipation technologies. Ease of integration is accomplished 

through the incorporation of optimized input matching network within the package 

that provides wideband gain and power performance in a single amplifier. 

An external output match offers the flexibility of further optimizing power and 

efficiency for any sub-band within the overall bandwidth.

FEATURES 
•	 Advanced GaN HEMT technology
•	 Advanced heat-sink technology
•	 Input internally matched to 50Ω
•	 High power added efficiency
•	 -40oC to 85oC operating temperature
•	 Wide instantaneous bandwidth
•	 Large signal models available
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VD
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der to effectively block harmonics of 
strong interfering signals. In Figure 
6, the signal of interest is located at a 
frequency of f2. The preselector filter 
tunes to allow f2 to pass. If a large am-
plitude interfering signal located at a 
frequency of f1, such that f1 = f2/2, is 
present, the preselector filter prevents 
the receiver’s first mixer from generat-
ing 2nd harmonic distortion that would 
potentially mask the signal of interest.

The location of the preamplifier is 
crucial. It is purposely located after 
the preselector filter. Preamplifiers 
require large gain and low noise fig-
ure to overcome the noise figure of 
the down-stream receiver. By locating 
the preamplifier after the preselector 
filter, large amplitude interfering sig-
nals are attenuated before they reach 
the preamplifier. The result is both 
good distortion and good noise figure 
for the receiver. For this reason, noise 
performance does not need to be trad-
ed off for distortion performance in 
the spectrum monitoring receiver as 
it is when using a spectrum analyzer.

At RF frequencies, the low quality 
factor (Q) of the preselector filters pre-
vents sufficiently narrow enough band-
width to block all interfering signals. 
If the signal of interest is located at a  
frequency close to the interfering sig-
nal, both signals can progress through 
the receiver chain. The roofing filters, 
located at one of the IF stages, provide 
further suppression of interfering sig-
nals before they can reach the final IF 
stages or the ADC. These analog filters 
are a set of fixed frequency bandpass 
filters whose bandwidths are variable. 

roofing filters, in the 
final IF. Figure 5 
shows where these 
additional elements 
are added to the 
basic spectrum ana-
lyzer structure.

The preselec-
tor filter can either 
be a bank of fixed 
tuned filters or a tunable filter. In ei-
ther case, the bandwidths of the filters 
should be less than one octave in or-

With strong interfering tones within 
the bandwidth of the IF, increasing 
front end gain to improve receiver 
sensitivity can lead to additional dis-
tortion in the final amplifier stages of 
the receiver.

Spectrum Monitoring 
Receiver

The spectrum monitoring receiver 
builds upon the spectrum analyzer by 
adding a preselection filter at the RF 
input and analog IF filters, termed 

s Fig. 6  Preselector filter blocks interfering 
signals.
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product generated by the two large 
interfering signals. When measuring 
the weaker signal of interest, the large 
amplitude interfering signals fall out-
side the roofi ng fi lter bandwidth. With 
the interfering tones attenuated by the 
roofi ng fi lter, the amplifi er stages that 
follow the roofi ng fi lters no longer cre-
ate signifi cant distortion which allows 
the gain of these fi nal stages to be in-
creased. Two important results occur: 
one is that the increased gain helps 
overcome the noise fi gure of the ADC 
and the other is that the higher signal 
level at the ADC input improves the 
ADC’s spurious-free dynamic range 
performance.

PXI SPECTRUM MONITORING 
RECEIVER

As demonstrated here, spectrum 
monitoring receivers generally ap-
ply a few important modifi cations to 
the traditional vector signal analyzer 
architecture to provide suffi cient dy-
namic range performance for over-
the-air signals. Especially in PXI, 
these solutions can be provided sim-
ply with “add-on” modules to exist-
ing RF signal analyzers. For example, 
the NI spectrum monitoring receiver 
(PXIe-5667) was built upon the NI 
RF vector signal analyzer by using two 
additional modules: one module con-
tains preselection fi lters and the other 
contains the roofi ng fi lters.

In addition, the software-defi ned 
nature of the spectrum monitoring 
receiver can be just as important as 
the hardware. In a typical applica-
tion, an operator might want to ob-
serve just the power and frequency of 
a tone; or one might want to perform 
demodulation of the signal.  In some 
cases, the signal is demodulated with-
out any knowledge of the modulation 
scheme, a process known as blind de-
tection. PXI spectrum monitoring re-
ceivers are often used with software 
such as NI LabVIEW system design 
software to execute these types of 
signal processing routines. For more 
computationally intense signal pro-
cessing operations, the PXI spectrum 
monitoring receiver can even be 
combined with user programmable 
FPGA modules such as NI FlexRIO. 
These modules allow the FPGA to 
be programmed, enabling real-time 
spectrum monitoring measurements 
with increased spectrum scanning 
speeds.

tunable bandwidth.
Figure 7 shows how the roofi ng fi l-

ter is used in the spectrum monitoring 
system. In this fi gure, two large ampli-
tude signals are close enough in fre-
quency that the preselector fi lter at the 
RF input cannot remove both tones. 
The roofi ng fi lter, due to operating at 
a lower frequency has a Q suffi ciently 
large enough to allow for narrow band-
widths. Roofi ng fi lters are effective 
when a signal of interest is located at a 
frequency that would fall near an IMD 

 Fig. 7  Roofi ng fi lter suppresses distortion 
in fi nal IF stages.
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Measurement Examples
1. Roofing Filter Example

Using a spectrum monitoring receiver, the following 
measurement example shows how the roofing filters im-
prove the receiver’s dynamic range when measuring an 
FSK modulated signal. A large amplitude interfering sig-
nal is injected such that it falls within the bandwidth of the 
final IF. To view the lower level FSK signal shown at the 
center of the spectrum in Figure 8, the receiver gain must 
be increased. This causes the final IF amplifiers and the 
ADC at the end of the IF chain to distort. This distortion 
manifests itself as a CW spur and with the FSK signal be-
ing mirrored about the CW spur. A user would not be able 
to decipher the true FSK signal and the receiver-generated 
distortion product from Figure 8.

In Figure 9, a roofing filter has been selected such that 
the large amplitude interfering signal is blocked from pro-
gressing on to the final IF stages and the ADC. The re-
sult is improved receiver distortion performance. The true 
FSK signal can now clearly be seen.

2. Preselector Filter Example
In this example, a large amplitude signal whose fre-

quency is at one-half the center frequency of the spectrum 
monitoring receiver is injected. When the preselector 
module is bypassed, as shown in Figure 10, the second 
harmonic generated in the receiver is clearly visible above 
the level of other signals in the ISM band.

s Fig. 8  FSK modulated signal without roofing filter. s Fig. 9  FSK modulated signal with roofing filter.

s Fig. 10  Second harmonic distortion with preselector bypassed. s Fig. 11  Second harmonic distortion with preselector module 
included.

In Figure 11, the preselector module is included in the 
receiver chain. The receiver-generated second harmonic is 
now greatly suppressed, allowing the other signals in the 
ISM band to be clearly separated from the receiver distor-
tion products.

Conclusion
Over-the-air measurements of the RF spectrum are 

subject to unknown and unwanted interfering signals. As 
we have seen, traditional receiver architectures that fea-
ture a wide bandwidth RF section as well as a wide band-
width IF section are prone to receiver-generated distortion 
that could mask the signal of interest. Also, simply lower-
ing the receiver gain to improve receiver distortion perfor-
mance can adversely affect the receiver’s sensitivity per-
formance. A spectrum monitoring receiver, on the other 
hand, is uniquely designed to analyze over-the-air signals. 
By combining strategic preamplification and filtering at 
both the RF and the IF, a spectrum monitoring receiver 
provides maximum dynamic range when measuring a low 
level signal even in the presence of large interferes. ■
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New Tile Structure 
for Microwave 
Modules Using 
Solderless Vertical 
Interconnections
This article proposes a new form of three-dimensional (3D) structure that 
can be easily constructed at a low cost. The proposed structure creates a set 
by combining a component attached layer-board using a frame-board as a 
spacer. Another element of the proposed structure stacks these sets to realize a 
tile structure similar to how a container house is built. Each set is connected 
through vertical interconnections by a solderless-method, using fuzz buttons. A 
tile structure active Transmit/Receive module is created, based on the proposed 
structure and is applied to an active phased array radar, operating in the 18 
GHz frequency range. The fabricated module and its test results confirm that the 
proposed structure is cost efficient and easy to realize.

Present and future microwave products 
are gradually transitioning into more 
cost effective and smaller sized models. 

Reflecting this trend, microwave module struc-
tures are also changing from 2D to 3D struc-
tures. A 3D structure, from a design engineer’s 
perspective, has some issues concerning spatial 
restrictions around signal line routing or com-
ponent placements. However, compared to 
a 2D structure, a 3D structure can be minia-
turized and its weight reduced as the volume 
and weight of the module are reduced.1 A 3D 
structure also requires fewer components for 
constructing the module; thus, it can be cost 
effective.2 Therefore, the 3D structure is of in-
terest for these reasons.

Studies on 3D structures have developed 
rapidly in the area of transmit/receive modules 
(T/R modules) used in radar systems. In partic-
ular, an active phased array radar is composed 
of hundreds or thousands of T/R modules. The 
weight, volume and cost of each T/R module 
become important parameters in determining 
overall performance of the radar. Active phased 
array radars used in missile or airborne systems 
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Sogang University, Seoul, Korea
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tive to external influences such as pres-
sure or temperature. The proposed tile 
structure is shown in Figure 1.

The core of the proposed structure 
is the way that the frame-board, which 
is used as layer-board, is combined. As 
shown in Figure 2, the ground planes 
of both the layer-board and the frame-
board are soldered with solder balls. 
Here, the layer-board is considered 
as the “Floor” while the frame-board 
is the “Wall.” Therefore, the struc-
ture’s “Floor-Wall set” (F-W SET) is 
obtained. The F-W SET is soldered 
between ground planes of both the 
layer-board and frame-board and can 
thus secure ground level related prob-
lems, arising from the use of a non-
metallic spacer.

The F-W SET stacking of the 
proposed tile structure is shown in 
Figure 3. This structure connects 

dium for vertical interconnection. The 
spacer, therefore, is a critical factor 
for the tile structure. Previous studies 
showed that many issues of the stack-
ing and vertical interconnection were 
resolved by the use of metallic spac-
ers. Metallic spacers are particularly 
useful for securing ground levels for 
stacked boards. However, the signal 
line and ground plane have to be iso-
lated in the spacer to create a verti-
cal interconnection. In other words, a 
vertical interconnection is created by 
inserting a dielectric element into the 
spacer so that signal lines of the verti-
cal interconnection are created within 
that dielectric element.4-6

This article proposes a new tile 
structure that uses a non-metallic 
spacer, which provides trades-offs for 
the pros and cons of using a metal-
lic spacer. Unlike the spacers used in 
previous studies, this new tile structure 
uses a non-metallic spacer and creates 
a solderless vertical interconnection 
method using fuzz buttons. The non-
metallic spacer was created using the 
same laminate used to fabricate the 
layer-boards, which makes it insensi-

especially have tighter physical restric-
tions; thus, T/R modules used in these 
types of radars are gradually changing 
from brick (2D) to tile (3D) struc-
tures.3

This article proposes a new tile struc-
ture that can be easily constructed at a 
low cost. This proposal also includes a 
vertical interconnection structure that 
is necessary for realizing the tile. The 
design and fabrication of a tile structure 
active T/R module that can be applied 
to active phased array radar is presented 
and, finally, the possibility of the pro-
posed tile structure is validated.

The Proposed Tile Structure
The key points that determine the 

structure of the tile type modules can 
be summarized into two topics: how 
the stacking is arranged and how its 
vertical interconnections are realized. 
These points can be resolved through 
the proper choice of the spacer. The 
role of the spacer is to create room 
between the neighboring layer-boards 
within the tile structure, thereby pro-
tecting components attached on the 
layer-board. It also works as the me-

s Fig. 1  The proposed tile structure.

s Fig. 2  Floor-wall set.

FLOOR (LAYER-BOARD)

FRAME-BOARD
SOLDER BALL

LAYER-BOARD

WALL (FRAME-BOARD)

s Fig. 3  Stack of F-W sets using fuzz buttons.
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button to contact the neighboring 
layer-boards without soldering. This 
vertical interconnection structure is 
shown in Figure 4. The fuzz button 
is inserted into a signal via hole in 
the frame board so that the via hole 
and fuzz button together form a filled 
via. This signal filled via part and the 
neighboring layer-board’s signal line 
parts are in contact, thereby creating 
a vertical interconnection. The fuzz 
button, inserted into the frame-board, 
is contacted by pressure coming from 
the neighboring layer-boards.

The fuzz button used in the vertical 
interconnection is manufactured from 
a gold-plated nickel chromium alloy 
wire. It has a cylindrical shape with 
a diameter of 10 mils and a length of  
70 mils and was manufactured by Cus-
tom Interconnects. The fuzz button 
has an insertion loss of approximately 
0.5 dB and a return loss greater than 
15 dB in the 18 GHz frequency range. 
For more convenient testing, the test 
fixture of the vertical interconnection 
consisted of two vertical interconnec-
tions and a transmission line that con-
nected the two, as shown in Figure 5. 
The loss of the inserted transmission 
line is 0.03 dB/mm and the return loss 
is greater than 20 dB. The design goal 
of this test fixture was set based on the 
loss of the transmission line that con-
nects the external connector and the 
vertical interconnection. Therefore, 
a single vertical interconnection was 
designed to generate less than 0.6 
± 0.05 dB of insertion loss and over  

connection that as-
sembles each F-W 
SET is formed by a 
solderless-method. 
This allows users to 
conveniently repair, 
rework or replace 
the module, should 
any problem arise 
after module fabrication.

Description of the Proposed 
Vertical Interconnection

The proposed vertical intercon-
nection uses the elasticity of the fuzz 

both the lower and upper F-W SET 
through vertical interconnections us-
ing fuzz buttons. The vertical inter-

s Fig. 5  Structure of the test fixture for the 
vertical interconnection.

VERTICAL 
INTERCONNECTION

TRANSMISSION LINE
(10 MM LENGTH)

s Fig. 4  Structure of the proposed vertical interconnections.

LAYER-BOARD

FRAME-BOARD

LAYER-BOARD
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s Fig. 6  Test-fixture for the vertical interconnection.
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board which is positioned to transfer 
the T/R module’s DC bias and control 
bits from the outside. The proposed 
T/R module shown eliminates the 
bias board and thus consists of three  
floors of F-W SETs. Each of these 
three floors is structured as shown in 
the schematic diagram on the left of 
the figure. The first floor F-W SET is 
connected to the radiation element 
and is installed with a power amplifier 
in the transmit path and a switch that 
separates the transmit and receive 
paths. The second floor F-W SET is 
installed with a limiter and a low noise 
amplifier in the receive path. Lastly, 
the third floor F-W SET is installed 
with a switch that separates the trans-
mit and receive paths and the phase 
shifter that is connected to the con-
trol circuit. Vertical interconnections 
between each floor were connected 
with a solderless-method, using fuzz 

the measured result, each vertical in-
terconnection shows an insertion loss 
of approximately 0.65 dB. This test 
allowed us to confirm that the charac-
teristics of the vertical interconnection 
satisfy the design goals.

Design of the Proposed 
Active Transmit/Receive 
Module Tile Structure

Based on the proposed tile struc-
ture, an active T/R module was de-
signed that can be applied to an 18 
GHz frequency range. The proposed 
structure was validated by eliminating 
functional components such as the at-
tenuator and driving amplifiers and the 
structure was simplified by only main-
taining the key components needed for 
the T/R module. A hypothetical active 
phased array radar was considered and 
the specifications of the T/R module 
were calculated, using the radar equa-
tion so that it can be applied to the sup-
posed radar system.7 The design speci-
fications were set so that the transmit 
path would have more than 13 dB of 
gain, more than 10 dB of output return 
loss and an output power more than 26 
dBm. The receive path was set to at-
tain more than 8 dB gain, more than 
10 dB input return loss and to satisfy a 
less than 8 dB noise figure. The simu-
lation was performed using the HFSS 
V.11 from Ansoft and ADS 2008 from 
Agilent.

The active T/R module that was 
fabricated based on the proposed tile 
structure is shown in Figure 9. The 
proposed T/R module tile structure 
has a 2 × 2 array form; thus, it consists 
of four layer-boards and three frame-
boards. One layer-board is a bias 

s Fig. 7  Fuzz button on the frame-board.

FUZZ BUTTON

s Fig. 8  Characteristics of the test fixture 
for the vertical interconnection.
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15 dB of return loss. This test fixture 
was designed to satisfy a 10 percent 
bandwidth at the center frequency. 
The simulation was done using HFSS 
V.11 from Ansoft.

A test fixture was created, us-
ing a RO3003 series laminate from  
ROGERS to fabricate the layer-
board and frame-board. The thick-
ness of the layer-board is 15 mils and 
that of frame-board is 60 mils. Super 
SMA series connectors (214-521SF) 
by Southwest Microwave were used 
as an external connector. Figure 6 
shows the test fixture for vertical in-
terconnection and Figure 7 shows 
how the fuzz button is inserted into 
the frame-board.

The fabricated test fixture was test-
ed using a 8510C vector network ana-
lyzer from Agilent. Figure 8 shows the 
comparison of results from test fixture 
measurement and simulation. The test 
showed that the test fixture has an 11 
percent bandwidth at a 17 to 18 GHz 
range and has an insertion loss of  
1.6 dB and a return loss greater than 
14 dB. By removing the characteristics 
of the 10 mm transmission line from 

s Fig. 10  Characteristics of the transmit 
path (gain and return loss).
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mately 9 dB and a return loss greater 
than 10 dB. Figure 13 shows the noise 
figure of the receive path, which is ap-
proximately 8 dB. The fabricated active 
T/R tile structure module resulted in 
characteristics that almost satisfied the 
design specifications.

The fluctuations of the test re-
sults are thought to be created by 
the possible occurrence of an im-
perfect ground between the stacked 
F-W SETs. The possible imperfect 

buttons in the RF path, DC bias and 
control bits.

Figure 10 shows the gain charac-
teristics of the transmit path, which 
was confirmed as 131.5 dB, as well 
as the return loss characteristics of the 
transmit path, which were confirmed 
as more than 10 dB as specified. Fig-
ure 11 shows the output power charac-
teristics, confirmed to be over 25 dBm. 
Figure 12 shows the characteristics of 
the receive path, with a gain of approxi-

s Fig. 11  Characteristics of the transmit 
path (output power).
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s Fig. 12  Characteristics of the receive 
path (gain and return loss).

20

10

0

–10

–20

–30
19.519.018.518.017.517.016.5

G
A

IN
 &

 R
ET

U
R

N
 L

O
SS

 (
dB

)

FREQUENCY (GHz)

SYMBOL LINE: MEASURED RESULTS
DOT LINE: SIMULATED RESULTS

PATH GAIN
INPUT RETURN LOSS
OUTPUT RETURN LOSS

s Fig. 13  Noise figure of the receive path.
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ground could be secured by a thin 
film gasket.8

This new tile structure, created 
by stacking the boards (F-W SET) 
through vertical interconnection 
using fuzz buttons, was built and 
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identifi ed problems after fabrication 
could be easily fi xed. The proposed 
tile structure is more cost-effective 
and easier to fabricate, compared to 
other structures proposed in previous 
studies. Therefore, the proposed tile 
structure can be easily duplicated by 
other engineers and other tile struc-
tures with better performances can be 
realized through further studies. 
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of the same laminate material used 
to make the layer-board. Creation of 
both the layer-board and frame-board 
from the same laminate material made 
the F-W SET less sensitive to external 
infl uences than when they are formed 
using different materials. This article 
also shows a solderless method to 
realize the vertical interconnecting 
using fuzz buttons. The module was 
constructed by stacking F-W SETs us-
ing the solderless-method so that any 

tested. Some aspects require further 
resolution; however, the feasibility 
of the proposed structure was con-
fi rmed.

CONCLUSION
This article proposes a new type of 

tile structure that is unlike those pro-
posed in previous studies and can be 
applied more conveniently and eas-
ily. The proposed tile structure was 
constructed using a spacer made out 
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Design of a Passive, 
Broadband Equalizer 
for a SLED

Wavelength Division Multiplexing 
Passive Optical Networks (WDM 
PON) have recently been commer-

cialized by vendors including LG, Nortel and 
Alcatel-Lucent, and are considered by many 
to be higher performance than Time Division 
Multiplexing (TDM) PON systems, which are 
widely deployed today. Adding broadcast ser-
vice to TDM PON is relatively simple, as it 
requires the addition of a single downstream 

wavelength. For WDM PON, it is more com-
plex, since the 1:N Arrayed Waveguide Grat-
ing (AWG) used at the remote node requires 
a broadband light source to broadcast to N us-
ers. AT&T Labs Research and Development in 
Middletown, NJ, has investigated the possibil-
ity of overlaying video and Gigabit Ethernet 
(GbE) through the direct modulation of a super 
luminescent light emitting diode (SLED), that 
acts as a broadband source (similar to an LED) 
with high power (similar to a laser source), 
which when coupled with an optical bandpass 
filter to eliminate wavelength interference with 
other channels, can excite the wavelengths of a 
1:32 AWG. A high level block diagram of their 
proposed system, from central office to user, is 
shown in Figure 1.

One shortcoming of this technique is that 
the SLED has a poor modulation response. To 
this end, a small scale, passive gain equalizer 
implemented on a printed circuit board (PCB) 
was designed and measured, which shall be 
referred to as a compensator. Throughout this 
article, the simulations rely solely on AWR’s 
Microwave Office.

Chris Brinton, Matthew 
Wharton and Allen Katz
Princeton University, Princeton, NJ
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s Fig. 1  Broadcast service addition to a WDM PON network showing the necessary 
RF front-end circuitry before the SLED.
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control over the sharpness of the highpass response. Exclud-
ing the effects of loading between each stage, a block diagram 
of the network is shown in Figure 4.

Development of the necessary components in the circuit 
was accomplished using a seventh-order LC highpass filter, in 
parallel with a divider between a resistance and a resistance 
in series with an inductance. At the onset of the network, 
three RLC attenu-
ation sections and a 
tee attenuator were 
placed for addition-
al shaping of the 
highpass response. 
The resulting cir-
cuit, with ideal 
component values, 
is shown in Figure 
5. The simulated 
response as com-
pared to the ideal 
compensator re-
sponse can be seen 
in Figure 6. There 
is less than 1 dB of 
difference between 
the ideal gain re-
sponse and the re-
sponse shown up 
to ~ 940 MHz. The 
response begins to 
deviate by greater 
than 1 dB after 960 
MHz, with a maxi-

Compensator Design
In order to design the compensator, the electrical char-

acteristics of the SLED are considered. By modeling it as a 
two-port network, as shown in Figure 2, the S-parameters 
can be measured to obtain its gain response. With a1 and 
a2 representing the incident waves and b1 and b2 repre-
senting the reflected waves on ports 1 and 2, respectively, 
S-parameter theory shows that

b

b

S S
S S
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which is a measure of the two-port network gain in a system 
that has input and output impedances matched to the char-
acteristic impedance Z0 = 50 V.

The two-port S-parameters of SLED were measured 
using a vector network analyzer (VNA). A bias of 5 V and  
142 mA was applied to the device through a bias tee to ob-
tain the recommended operating conditions. The magnitude 
and phase response measurements of the SLED are shown 
in Figure 3. The gain response shows a 3 dB bandwidth of 
340 MHz and over 30 dB loss in magnitude over the band-
width of interest. The phase response has a linear regression 
correlation coefficient of roughly unity, corresponding to the 
almost constant group delay g(f)35 ns of the SLED. With 
the responses shown, it was concluded that only the magni-
tude response of the SLED required alteration. Therefore, 
a passive compensator should, through attenuation at lower 
frequencies, emulate the following response:
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A
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G f

e , 650 MHz f 1.25 GHz

j2 ft0

j2 ft0comp

SLED

6 SLED

In Equation 3, A is a variable gain constant. The condi-
tion that the resultant response of the filter roll off exactly 
as a single pole lowpass filter after 650 
MHz is an approximate specification – 
the results were deemed to be satisfacto-
ry as long as the overall response begins 
to consistently decrease in magnitude af-
ter reaching approximately 650 MHz at 
a rate of no greater than 50 dB/decade.

Given the necessity of obtaining sharp 
responses within the 650 to 850 MHz 
range, highpass characteristics were re-
quired. Simultaneously, in order to pass 
components at DC without the use of ac-
tive circuitry, another parallel section was 
needed that was capable of providing the 
necessary low frequency attenuation, with-
out completely blocking the signal within 
these ranges. Finally, frequency selective 
band-attenuation sections were needed at 
the onset of the circuit to gain additional 

s Fig. 2  Two port network represented by 
its S-matrix.
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s Fig. 3  SLED S21 magnitude (a) and 
phase (b).
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s Fig. 5  Compensator design using ideal circuit components.
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s Fig. 7  Inductor (a) and capacitor (b) 
models, factoring in fres and ESR.

IND
ID = Ls1

RES
ID = Rs

CAP
ID = Cnom

IND
ID = Lnom

CAP
ID = Cd

s Fig. 6  Comparison between the ideal, 
designed, untweaked, and tweaked compen-
sator.
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TABLE I
inductors and capacitors sElected from Digi-key corp. with Ls an cd calculations

Component L (nH) or C 
(pF)

Tolerance 
 (nH or pF)

Q (XL/Rs) Fr(MHz) FRES (GHz) Rs @ Fr Ls (nH) or  
Cd (pF)

L1 1.5 0.3

8 100

15 0.1178 0.0751
L2 2.4 0.3 10 0.1885 0.1055
L3 10 0.5 3.7 0.7854 0.1850

L4,L6 1.8 0.3 14 0.1414 0.0718
L5 15 0.75 3.1 1.1781 0.1757
L7 8.2 0.41 4.6 0.6440 0.1460
C1 18 0.18

- -

4 - 87.95
C3 12 0.12 4 131.9
C4 1.8 0.05 9 173.7
C5 27 0.27 2.5 150.1
C6 7.5 0.1 4 211.1

C2, C7 9.1 0.1 4 174.0

mum deviation of ~2.8 dB at 1.25 GHz.
Before fabricating the compensator, 

it was necessary to develop a sophis-
ticated model of the circuit to deter-
mine possible variation in the output 
response. First, commercially avail-
able SMT inductors were chosen from 
Digi-Key Corp., since generally SMT 
inductors have less options and are 
more prone to self-resonance (fres) and 
equivalent series resistance (ESR) than 
SMT capacitors. The corresponding 
models used to simulate the effects of 
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From the quality factor (Q) data given graphically as 
function of frequency (not shown), it was determined that 
for each of the inductors chosen, the value of Rs would have 
insignificant effects on the compensator response above 
100 MHz, since the reactance was at least eight times as 
large. Near DC, the value of Rs became so small that it pro-
vided an approximate short circuit relative to the generally 
large resistances surrounding the inductors. Even so, the 
inductor model in Figure 7 was implemented in Micro-
wave Office, using a frequency-dependent resistance for 
Rs based upon the values of Q supplied by the manufactur-
er. The resultant circuit was simulated and plotted against 
the model with ideal component values (not shown). While 
the ESR and self-resonant characteristics were not seen 
to affect the designed response by more than a few dB, 
the inductor tolerances were seen to affect the compensa-
tor response by as much as 7 dB, as shown in Figure 8. 
Therefore, it was determined that measuring their actual 
values on a VNA was necessary in order to emulate the 
ideal response.

Once the inductors were received, they were soldered 
onto female flange SMA connectors, and their S11 charac-
teristics were measured and displayed on a VNA’s Smith 
Chart. The resistive and reactive components of the in-
ductors were measured as a function of frequency from  
300 kHz to 1.25 GHz. The reactance plot is shown in Fig-
ure 9, and linear regression was run on the reactive data 
for each inductor, all of which gave a correlation coefficient 
of R2 $ 0.99, with the exception of the 15 nH which had R2 
= 0.98. From the plots, the equivalent inductances can be 

fres and ESR are shown in Figure 7. The calculations of Cd 
and Rs for the inductors employed the following equations:

( )
( )
( )

=
π

=

C
1

2 f L
(4)

R
X f
Q f

(5)

d

res

2

nom

S
L

using the data provided in Table 1 for the chosen induc-
tors. Similarly, Equation 4 can be rearranged to calculate 
Ls from Cnom.

s Fig. 8  Response factoring the worst case tolerances on the inductors.
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tion model at all points between. At 
this point, it was necessary to retune 
much of the circuit, due to the non-
idealities and deviation in nominal 
values of the inductors. To accomplish 
this, the compensator was cascaded 
with the SLED’s two-port model in 
Microwave Office and the real-time 
tuning feature was used to tweak the 
components of the circuit, while mon-
itoring the resulting |S21| response. 
For instance, it was necessary to place 
an 8.2 nH nominal (measured 9.34 
nH) in parallel with each of the 1.5 
and 1.8 nH inductors in order to bring 
them closer to the specified values. 

calculated from

L
1

2
X f

f MHz
10 H (6)6( )

( )=
π

⎛
⎝⎜

⎞
⎠⎟

−

The values calculated from Equa-
tion 6 are shown in Table 2. It is im-
portant to note that despite the linear-
ity of the reactance, each inductor is 
significantly larger than its nominal 
value.

The measured inductance values 
were imported into Microwave Office, 
using the element ZFREQ, which al-
lows for arbitrary definitions of resis-
tance and reactance at specified fre-
quencies and uses a linear interpola-

TABLE II
Measured inductances versus 

nominal inductor values

L (nH) Measured Inductance (nH)

1.5 2.10

1.8 2.18

8.2 9.34

10 10.89

15 20.2s Fig. 9  Measured inductance plots.
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C5 and L6 were noticed to have had 
little effect on the frequency response 
and were eliminated from the circuit. 
The updated compensator schematic 
is shown in Figure 10. The expecta-
tion is that the compensator will yield 
a passband ripple of less than 1 dB.

Compensator Fabrication 
and Testing

After completing the simulations, 
the compensator was fabricated and 
tested. Eagle was used to generate 
the necessary Gerber files for the 
etching of the board. The geometry 
used was coplanar waveguide (CPW) 
with ground. The substrate chosen 
was industry standard 62 mil-thick 
FR-4, which has little variation in its 
dielectric constant εr of 4.7 over the 
frequency range of interest and a loss 
tangent d = 0.017. The copper signal 
traces used were 1 oz (1.4 mil), 35 mil 
wide with 7 mil isolation between the 
conductor and ground, guaranteeing 
approximately 50 V (50.6 exact) trac-
es. Twelve mil diameter, round vias 
were placed around the components 
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fabricated compensator (built at Lin-
earizer Technology in Hamilton, NJ) 
are shown in the top and bottom of 
Figure 11, respectively.

The measured compensator re-
sponse, as compared to the designed 
and ideal responses, is shown in Fig-
ure 12. In the critical frequency 
range, from 0 to 650 MHz, the dif-

of the board (farther than 7 mil away). 
The input and output ports were 
reached through ~50 V traces extend-
ed to the edge of the board for side-
mount SMA connectors. For conve-
nience of shape, and to leave enough 
room for additional SMT components 
if needed, a 2"  2" board was chosen. 
The routed Eagle board file and the 

s Fig. 10  Eagle board layout of the compensator.
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s Fig. 11  Eagle board layout (a) fabricated 
compensator (b).

ference between the maximum and 
minimum deviations between the 
ideal and measured responses gives 
the passband ripple. This value was 
determined to be approximately 6.7 
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Compensator Error 
Analysis and Tuning

As a result of the poor correla-
tion between the designed and mea-
sured responses (which, even as is, 
would significantly improve the high 
frequency response of the SLED), 
the next step was taken to deter-
mine possible causes for the devia-
tions. Feasible explanations are that 
incorrect component values were 
shipped, or that incorrect compo-
nents were drawn from the packages 
when soldering. The sharp decrease 
in response from ~400 to 600 MHz is 
controlled by the value of C6 in Fig-
ure 9. Changing this value to 5.1 pF 
makes the measured and simulated 
responses agree over this band. At 
the highest frequencies, the value of 
C2 in the R2-L2-C2 band-attenuation 
section controls the sharpness of the 
response. Reducing this value to 5.1 
pF makes the frequency responses 
from 1 to 1.25 GHz almost identical. 
In addition, the response drop that is 
expected to occur from 900 to 1010 
MHz, a result of the R2-C2-L2 band-

dB, taking the difference between 
the deviation at 250 MHz and at 650 
MHz, which was ~4 dB higher than 
desired. In addition, although the flat-
ness of the high frequency response is 
not as critical, the measurements were 
between 5 and 6 dB lower than the ex-
pected response of the compensator 
from 590 to 885 MHz. This will cause 
the overall system to have this amount 
of additional roll-off when operating 
within this frequency range.

s Fig. 12  Comparison between the un-
compensated, ideal, simulated and measured 
compensations responses.
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attenuation section, was not present in 
the measurements. This can be elimi-
nated from the design by changing 
the value of R2 to 84.5 V (which is the 
nominal value of R1).

Another explanation for the lack 
of agreement between the responses 
is the tolerances on the component 
values. Most likely, at least some error 
was caused by deviation of the induc-
tors from their nominal values, since 
the specific ones measured were seen 
to deviate largely, as shown in Table 2.

To correct the measured response, 
the compensator was tuned. Increasing 
C1 by adding a 2.7 pF capacitor in paral-
lel had the desirable effect of bringing the 
frequency dip present from 950 to 1000 
MHz in Figure 6 to a lower frequency 
range while simultaneously increasing its 
sharpness. R8 provided control over the 
low frequency attenuation, and there-
fore the ripple shown in this range was 
reduced by increasing its value to 39 V. 
The sharpness of the highpass response 
was improved by placing a 1 pF capacitor 
in parallel with C5. Finally, the reduction 
in the sharpness of the dip, now located 
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at ~955 MHz, was accomplished by completely removing R3 
from the circuit. The resulting response, as compared with the 
untweaked, designed, and ideal responses, is also shown in Fig-
ure 6. The difference between the maximum and minimum 
deviations, when comparing the tweaked and ideal responses, 
yields a ripple for frequencies below 650 MHz of only 2.75 dB.

Net Result
To observe the overall compensation, the measured 

two-port parameters of the compensator was imported 
into Microwave Office, placed in cascade with the SLED 
and the resultant |S21| response was measured. A graphical 
comparison of the uncompensated, ideal, simulated, and 
measured compensation is shown in Figure 12. It indicates 
that the 3 dB point of the SLED was increased from 340 
to 550 MHz, and the overall response dip was decreased 
from over 30 dB to less than 12 dB, which constitutes sig-
nificant improvement. It is also important to note that the 
phase response of the compensator had an insignificant 
slope as compared to the phase of the SLED, and thus the 
compensator preserves phase linearity. Even without the 
additional tuning, the compensator would have improved 
the SLED response significantly. Overall, the compensa-
tor shows a small-scale, cost-effective means of correcting 
for the poor modulation response of the SLED, which is 
of much utility when attempting to broadcast over WDM 
PON networks. ■

 

BICC Beijing, China
Wednesday, 13 March 2013

3:45 - 5:15 pm
 

GaN technology is evolving rapidly and the GaN Technology 
Panel at EDI CON 2013 will focus on the latest innovations and 
emerging trends. The Panel will feature industry experts who 

will consider the latest GaN technologies, emerging market op-
portunities and new products. Representatives from leading GaN 

manufacturers will present their perspectives on these topics 
followed by a question and answer session with the audience.

www.ediconchina.com

EDI
CON

Electronic Design Innovation 
Conference电子设计创新会议 2013

2013 GaN Technology Panel 

__10M36 FINAL.indd   102 10/1/12   3:42 PM

http://www.ediconchina.com
http://www.shp-seals.com
mailto:sales@shp-seals.com


Cavity Filters

Ceramic Resonator

Microstrip

             LTCC 
Low Temperature
  Cofired Ceramic

Lumped-Element

Slab Line 

®®®

The Design Engineers Search Erch Er nch Ench E gine gine g finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISOISOISO 909090000111   ISO   ISO   ISO1114001  4001  4001  ASASAS910091009100
P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442

484 Rev B

FILTER SOLUTIONS
DC to15 GHz

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

$
  199

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

exclusive search engine.
 In Yoni2, you can enter the response type, connection 

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

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

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

®

U.S. Patent 
7739260, 7761442

484RevB.indd   1 8/17/11   10:54 AMMWJMC_484REVB_1012.indd   103 9/27/12   11:02 AM

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


		  Technical Feature

A Low-Power Multi-
Channel UWB Single 
Chip Transceiver 
with Pulse Detectors
A single chip transceiver for ultra-wideband (UWB) impulse radio is described 
in this article. The UWB transmitter implements a low power Gaussian 
shaping filter to reduce the side lobes in the frequency domain, and a simple 
pulse amplitude modulation (PAM) is employed to maintain the low power 
consumption. The proposed architecture features a simple design, low-power 
operation and enables the pulse-shape generation for a multi-channel UWB 
radio. A low power UWB receiver was implemented with a pulse detector for the 
demodulation. This receiver is for the three lower bands of the UWB from 3.1 to 
5 GHz. The IC is implemented using a 0.18 µm RF CMOS technology with a  
1.8 V power supply. The total current consumption of the transceiver is 17 mA.

Impulse radio ultra-wideband communica-
tion (IR-UWB), using impulse signals that 
have an ultra wide bandwidth, is a specific 

form of UWB where the data bits modulate the 
short pulses in the time domain. An IR-UWB 
transmitter must comply with Federal Com-
munications Commission (FCC) regulations.1 
To avoid interference with the wireless lo-
cal area network (WLAN) band at 5 GHz, the 
UWB transmitters often operate in either the  
3 to 5 GHz band or the 6 to 10 GHz band. In the 
selected 3 to 5 GHz band of this transceiver, the 
bandwidth of the impulse signals is restricted to 
a few hundred megahertz for the multi-channel 
operation. The idea behind the multi-channel 
operation is to efficiently utilize the UWB spec-
trum by facilitating the frequency division mul-
tiple access operation, and to ease the demands 
in the hardware implementation in CMOS. 
The channel selection is accomplished by set-
ting the required carrier of the UWB impulse. 
The carrier frequency determines the center 

frequency of the channel, while the impulse 
shape and the duration control the bandwidth 
and minimize the interference of adjacent chan-
nels. The Gaussian pulse shape is often used for 
the multi-channel UWB signals because of its 
low side lobes. In this article, a simple CMOS 
Gaussian shaping filter is proposed and a simple 
modulation scheme is described. For the con-
ventional transmitter, the baseband signal is 
up-converted by the mixer and amplified before 
being fed to the antenna. To keep the power 
consumption low for the proposed design, sim-
ple switches are employed to perform the up-
conversion and its output is directly fed to the  
50 V antenna.

Caixia Chen, Manh Anh Do,  
Kiat Seng Yeo, Chirn Chye Boon 
and Wei Meng Lim
Nanyang Technological University, 
Singapore
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sumption. However, many publica-
tions3,4 only show the front-end of the 
receivers, without explanation of how 
the down-converted UWB signal is 
demodulated. As the bandwidth of the 
baseband signal is extremely wide, it is 
not practical to use a digital demodu-
lation. In this article, an impulse radio 
receiver including the baseband pulse 
detector is proposed.

The Pulse Generation 
Method

The shape of a UWB pulse should 
be designed to achieve low side lobes 
and compliance to FCC regulation on 
transmitted power. Pulse shaping is im-
portant for the UWB transmission, as it 
minimizes both adjacent channel inter-
ference and inter-symbol interference. 
Pulse shaping determines the primary 
characteristic of the distribution of en-
ergy within the frequency domain. It 
concentrates most energy in the main 
lobe of the pulse spectrum and reduces 
the side lobe energy, hence reducing 
the adjacent band interference.5

The most common wideband pulse 
shape is the Gaussian pulse. Thus, 
the first attention is directed to the 
approximated shape of the Gaussian 
pulse in the CMOS process. The de-
sired step response of the pulse-shap-
ing filter is a Gaussian-shaped pulse 
and the corresponding frequency re-
sponse. A well-known technique for 
approximating a delayed Gaussian 
waveform is to use a CR-(RC)n filter.6 
The Gaussian pulse can be approxi-
mated by a realizable CR-(RC)n qua-
si-Gaussian filter of the form,7

y t t / n! e (1)n t[ ]( ) = −

The (RC)n+1 filter shown in Figure 
1 has a transfer function given by:
H f

1

1 j RC
(2)n 1( )

( ) =
+ ω +

where n+1 is the number of the RC 
sections and v = 2pƒ.

Its step response is given by

y t
1
n!

t

RC
e (3)

K t / n! e

n

n 1
t/RC

n t[ ]

( ) ( )
( )

=

=

( )
+

−

−

where K = e−(1/RC)/(RC)n+1 is constant. 
Equation 3 is similar to Equation 1, so 
the Gaussian pulse can be approximat-
ed by a realizable (RC)n+1 filter.

the power consumption of the receiv-
er is one of the key challenges for re-
search in UWB. Most receivers have 
been designed using a direct conver-

sion architecture2 
because of many 
advantages over the 
conventional het-
erodyne receiver, 
such as smaller size, 
lower cost and re-
duced power con-

The architecture of the UWB re-
ceiver is more complicated than that 
of the transmitter and consumes more 
power than the transmitter. Lowering 

s Fig. 1  Lowpass section of the (RC)n+1 filter.

y2(t)y1(t)x(t) R R R

CCC
+

–

yn+1(t)
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Gaussian shaping filter is modulated 
by the synchronized data to produce 
the impulse trains S. The switches 
perform a multiplication between the 
impulse train S and the carrier signal 
generated by the voltage control oscil-
lator (VCO). The output can be di-
rectly fed to a 50 V antenna.

Gaussian Shaping Filter
The proposed Gaussian shaping 

filter, shown in Figure 3, is used to 
approximate a Gaussian pulse and 
smooth the sharp edge of the clock 
pulse as explained previously. A 
CMOS transistor can be modeled as a 
switch with infinite off-resistance and 
finite on-resistance. The on-resistance 
and the capacitance of the transistor 
determine the transient behavior of 
an inverter. The additional capaci-
tors of the transistor drains reduce 
the slope of the rising edge and falling 
edge of the clock (rectangular) pulse 
further. The clock pulse is the rectan-
gular pulse

x t A rect t / T (4)O( )( ) =

where A is the amplitude and To/2 is 
the width of the rectangular pulse. Its 
step response is given by:

X f AT sin c fT (5)O O( )( ) =

where A is the amplitude of the clock 
pulse and To is the width of the clock 
pulse. The step response of the output is

Y f X f H f
AT sin c fT

1 j RC
(6)O O

n 1( )
( )( ) ( ) ( )= =

+ ω
+

Equation 6 shows that in the fre-
quency domain, the output of the 
Gaussian shaping filter has very small 
side lobes as the number n increases.

Modulation Scheme Selection and 
Modulator

Figure 4 shows the arrangement 
for the selectable modulation schemes 
including PAM. P is the output of the 
Gaussian shaping filter. C and R are 
used to filter the DC values of the LO 
signal from the VCO. The switches fa-
cilitate the modulation of the carrier 
by the Gaussian pulse trains S.

As shown in the figure, P is trans-
ferred to S when Q is high, but it is 
isolated and S is grounded when Q is 
low. So P is modulated by Q to form S. 
M2 is used to reduce the noise when 

The Gaussian shap-
ing filter produces 
a pulse train. In 
this pulse train, the 
pulse width is in-
versely proportional 
to the bandwidth of 
the required signal. 
The clock and data 
inputs are synchro-

nized by the D-flip-flop (DFF). The 
output of the DFF Q is the synchro-
nized data input. The output P of the 

Transmitter Architecture
The proposed UWB transmitter 

block diagram is shown in Figure 2. 

s Fig. 2  Block diagram of the proposed UWB transmitter.
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gain LNA has a 50 V input impedance 
for antenna matching and filtering of 
out-of-band interferers. The passive 
mixers down-convert the RF signal 
from the LNA to the baseband I and 
Q signals by the quadrature LO sig-
nals. The passive mixers are selected 
for their zero power consumption. 
The RC low pass filter (LPF) removes 
the high frequency components of the 
down-converted signals. The full wave 
rectifiers align the polarities of the 
pulses in the I and Q paths before the 
summation. And the comparator, with 
the inverters, is used after the recti-
fiers to convert the analog pulse to a 
digital pulse.

Low Power Variable Gain LNA
The proposed low power vari-

able gain LNA is shown in Figure 6. 
The first requirement of the LNA is 
to provide a 50 V input impedance 
for matching the antenna or band se-
lect filter to the amplifier. The input 
matching network of the LNA assists 
in filtering out the interferers and op-
timizing the noise performance. The 
LNA should amplify the radio signal 
to a desired amplitude that is not too 
high to affect the linearity or too low 
to affect the receiver noise figure. A 
variable gain LNA can be used to op-
timize the receiver performance.

For the proposed common source 
LNA, the gain can be adjusted while 
maintaining low noise figure (NF) 
and power consumption. The variable 
gain LNA has three stages. The con-
ventional source inductive degenera-
tion input architecture is not selected, 
due to its low gain and extra chip area 
of the source inductor.8 The input im-
pedance of the proposed LNA can be 
described 8 by:

Z j L j
1
C

R R R (7)

in 2
gs

1 g i( )
= ω −

ω

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

+

+ +

where Ri is the channel charging re-
sistance,9 Rg is the sum of the intrin-
sic and extrinsic gate resistance and 
Cgs is the gate-source capacitor of M1. 
The additional parallel resonator L1 
and C1 to the series resonator form a 
wideband bandpass filter, which gives 
flat response to the LNA.10 The gain 
of LNA can be tuned by the bias volt-
age. The current of M1, M3 and M5 
and the overall gain of the LNA are 

scheme, the pulses are only produced 
at the output only when Q = 1.

The Proposed UWB Receiver
In this article, the 

receiver is designed 
for the lower band 
UWB system, with 
multi-channel ap-
plications. Figure 5 
shows the proposed 
direct conversion 
receiver (DCR). 
The architecture of 
DCR is simple and 
few external compo-
nents are needed.  It 
is thus suitable for 
various multi-band, 
wideband, and 
multi-standard ap-
plications. A wide-
band LNA operat-
ing from 3 to 5 GHz 
was designed to 
amplify the received 
radio frequency sig-
nal. This variable 

M1 is turned off. And lO shifts the 
pulses of S into the desired frequency. 
CL and the antenna load (50 V) form 
a high pass filter. For this modulation 

s Fig. 3  The Gaussian shaping filter.
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process, the transistors’ on-resistance 
plays an important role in contribut-
ing to the noise figure. In order to turn 
on and off the transistor, the gate volt-
age can be described as11

V V V (8)G CM TH= +

where the source drain terminals are 
biased at VCM and VTH is the thresh-
old voltage of transistors. The higher 
aspect ratio of the transistors leads to 
the better noise performance. In con-
trast, the small aspect ratio and zero 
drain-source voltage (VCM) of transis-

Mixer and S-QVCO
After the LNA, a passive mixer is 

used due to its low power and high 
linearity. A passive mixer dissipates 
no DC current. In Figure 7, the 
output Va of the LNA is connected 
to one of RF terminals of the pas-
sive mixer, while the other RF termi-
nal of the mixer is connected to AC 
ground through the bypass capacitor 
Cx (5 pF). During the operation of 
the passive mixer, the transistors act 
as switches to down-convert the fre-
quency of the signal. In this switching 

controlled by the bias voltage. The 
first and third stages have a high gain 
at low frequencies, and the second 
stage has a high gain at high frequen-
cies. The size of M1 is designed for 
proper input matching. The value R2 
is critical as it determines the gain of 
the first stage. The second stage is a 
cascode common source stage, which 
provides high frequency gain and 
better isolation. A series peaking in-
ductor L3 is resonant with the total 
parasitic capacitance at the drain of 
M4 and C3.

s Fig. 8  Schematic of the S-QVCO.
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s Fig. 7  The passive mixer.
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the integrator are used to produce 
the same polarity pulses in the UWB 
receiver. In this article, CMOS full 
wave rectifiers used as the pulse de-
tector are chosen for such purposes 
and are shown in Figure 9. The signal 
goes through M1 and M2 for the posi-
tive half cycle and passes the other 
two transistors for the negative cycle. 
The low power full wave rectifiers are 
used to synchronize the polarities of 
the pulses in the pulse trains. The full 
wave rectifiers are used to synchro-
nize the polarities of the pulses in the 
pulse trains and make the same polar-
ity of the pulses when data is “1.” This 
is new for a UWB receiver. This can 
be implemented for both the pulse 
amplitude demodulation and pulse 
position demodulation.

Comparator
The comparator is a circuit that 

compares an analog signal with an-
other analog signal or reference and 

high load impedance to the LNA, and 
the size of the transistors is optimized 
against the NF of receiver.

The output of the LNA is down-
converted by the passive mixer and 
the series quadrature VCO (S-QVCO) 
shown in Figure 8. The architecture 
of the S-QVCO has a low power con-
sumption.13 Due to the low power cri-
terion, the S-QVCO is used for quadra-
ture signal generation and connected 
with the passive mixer. For this receiv-
er, the required frequency is 4 GHz. 
A PMOS transistor has a lower flicker 
noise than an NMOS counterpart, and 
a p-tail np-core structure is often used 
in LC VCO. As shown, the circuit has 
been improved. Here L is 3.5 nH.

The Pulse Detector
After the LPF and the buffer, the 

outputs of the buffer are not of the 
same polarity. Detectors that consist 
of a squarer and an integrator have 
been published.14,15 The squarer and 

tors in the passive mixer core can im-
prove the LO-to-RF isolation.12 VCM 
is very small and negligible, so the 
gate voltage is closed to the threshold 
voltage. To keep the NF of the re-
ceiver low, the gain of the LNA must 
be reasonably high. Thus, smaller as-
pect ratio transistors are used to give 

s Fig. 9  Full wave rectifier with CMOS 
diodes.
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s Fig. 10  One bit comparator.
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Measurement results
The measurement setup for the 

transceiver is shown in Figure 11. 
The data input and clock input were 
sent to the transmitter and the Gauss-
ian pulse train was measured at the 
output of the transmitter.  The out-
put of the transmitter was connected 
to the receiver through an attenuator, 
which accounts for the power propa-
gation loss in the air in a wireless 
connection. The received power can 
be determined by the emitted power 
from the transmitter and the distance 
between the transmitter and the re-
ceiver if the antenna gain is negligible. 
The receiver demodulates the attenu-
ated signal and produces detected 
data at the output of the receiver. The 
die photograph of the whole trans-
ceiver is shown in Figure 12. The 
chip size is 2.4  1.3 mm.

The approximate single Gaussian 
pulse shown in Figure 13 is measured 
at the output of the transmitter. The 
Vpp of the transmitter is 125 mV and 
the center frequency is 4 GHz. The 
figure also shows the input return loss 
of the receiver. The measured S11 is 
less than –10 dB from 2 to 6 GHz. For 
a 1.8 V power supply, the current con-
sumptions of the transmitter and re-

comparator with the in-
verters is used after the 
rectifiers to convert the 
analog pulse to digital 
pulse. The transistor M1 
is the switching current 
source. The differential 
pair (M2 and M3) of the 
comparator boosts the in-
put difference voltage in 
order to provide the volt-
age difference needed.

s Fig. 13  Single pulse at the output of the transmitter (a), 
S11 of the LNA at the input of the receiver (b).

s Fig. 12  Photograph of the fabricated single chip transceiver.
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outputs a binary signal based on the 
comparison. The quantum voltage 
comparator consists of two cascade 
differential pairs with current mir-
ror load.16 Here, the second differ-
ential pair of the comparator is re-
placed by the CMOS inverters. The 
inverter works as a gain booster to 
improve the gain of the comparator. 
Figure 10 shows a one bit compara-
tor that consists of one comparator 
pair with current mirror load. This 
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ceiver are 3 and 14 mA, respectively.
As the measurements were per-

formed on wafer, the output of the 
transmitter is passed through an attenu-
ator to account for the propagation loss 
then looped back to the receiver. In Fig-
ure 14, the data input (a) and the clock 
input (b) of the transmitter are shown, 
as well as the time-domain response 
of the proposed  transmitter (c) with a 
pulse repetition frequency of 52 MHz 
input at a 1.8 V supply voltage, while 
(d) is the demodulated output of the 
receiver. The whole receiver achieves a 
39 dBm gain. The tuning range of the 
center frequency of S-QVCO in the re-
ceiver is 1 GHz. The noise figure of the 
whole transceiver is 8 dB.

The proposed transceiver is com-
pared with other receivers in Table 
1. As shown, the proposed transceiver 
has the lowest power consumption. 
Although the area of Zhang’s trans-
ceiver14 is half of the proposed trans-
ceiver, its power consumption is five 
times the power consumption of the 
proposed transceiver and its trans-
mitter power consumption is twen-
ty-three times that of the proposed 
transmitter. Additionally, the gain of 
the proposed receiver is higher by  
16.4 dB. The several nanosecond nar-
row pulse train was demodulated in 
the proposed receiver. The small nar-
row analog pulse has been demodu-
lated into the rectangular digital in 
the proposed receiver. This is an ad-
ditional contribution of this proposed 
transceiver. The demodulation of the 
short pulse is usually not dealt with 
in other publications. This receiver 

TABLE I summary of measured transceiver performance
This Work [15] [14] [17]

Tech 0.18 m CMOS 0.18 m CMOS 0.09 m CMOS 0.18 m CMOS
Status Measured Measured Measured Measured
Max VDD 1.8 V 1.8 V 1.2 V 1.8 V
Modulation PAM/PPM MD-OFDM PAM FSK
Receiver Gain 39 dB 25.3 to 84 dB 22.6 dB 31 to 40 dB
Receiver P. Cons 25.2 mW 285 mW 156 mW 54 mW
Transmitter P. 
Cons

5.4 mW 139 mW 125 mW 15.4 mW

NF 8 dB 6.5 to 8.25 dB  10 to 7.5 dB
Bandwidth 3 to 5 GHz 3.1 to 8 GHz 3.1 to 9.5 GHz 3 to 8 GHz
Die Area 3.1 mm2 15.6 mm2 1.5 mm2 6.8 mm2

s Fig. 14  Data input of the transmitter (a), 
clock input of the transmitter (b), received 
pulse train at the receiver (c), output of the 
receiver (d).
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and the power consumption are small, 
while maintaining sufficient gain. 
The rectifiers are used to polarize the 
pulse polarity in the UWB receiver 
for the first time. The pulses can be 
demodulated by using the CMOS full 
wave rectifiers that consume a low 
power and occupy a small area in the 
chip. This is the first innovation point 
in the receiver. The variable gain LNA 
has been investigated also. The gain 
of these three stages LNA could be 
tuned by the bias voltage in the LNA. 
The LNA offers sufficient gain to 
keep a low noise figure for the whole 
receiver. ■
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Design of a Compact 
Bandpass Filter with 
Capacity Loaded 
Ridged Waveguide
A K-Band bandpass filter, using a single ridge waveguide and capacity-loading 
posts, is presented in this article. It is based on transmission line and ridged 
waveguide theories. In contrast to the traditional evanescent-mode ridged 
waveguide filters, the width of both ridge and capacitor-loading post of the 
proposed new type of the ridged waveguide bandpass filter are the same. A filter 
is designed, simulated and fabricated at 22.3 GHz, demonstrating a fractional 
bandwidth of 42.2 percent, from 17.6 to 27 GHz, a VSWR less than 1.5 and an 
out-of-band rejection of−60 dB at 15 and 30 GHz, respectively. Based upon 
these good performances, the proposed ridged waveguide filter can be used in 
microwave and millimeter wave communication systems.

Waveguide bandpass filters are play-
ing an increasingly important role in 
modern communication systems and 

other microwave fields. With the rapid devel-
opment of modern microwave and millimeter 
wave communication systems, the requirement 
for filters with high performance, wide band-
width and small size is growing. 

To make the waveguide filter more compact, 
a traditional resonator is modified in order to 
obtain multiple resonant frequencies. Hence, 
one resonator can be treated as the equivalent 
of multiple resonators. The dual-mode filter is 
one of the most widely used in multiple-mode 
filters that have been developed.1-3 However, 
the limitation for such a filter is that the width 
of a dual-mode filter is greater than that of tra-
ditional rectangular waveguide filters.

Evanescent-mode filters have been pro-
posed by Graven to reduce the width of the 
waveguide filter and the technology had been 
applied for years.3-6 Besides, the evanescent- 
mode filters perform well in out-of-band rejec-

tion. And they have small size and light weight, 
making such filters more widely used in micro-
wave and millimeter wave systems.

Evanescent-mode ridged waveguide band-
pass filters have been developed7-9 where 
various configurations of ridge are used and 
wide spurious-free out-of-band responses are 
achieved. However, the disadvantage of this 
technology is that the different cross sections 
of the cavity make the fabrication difficult for 
building a wideband filter.

Cohn has reported the ridge waveguide and 
analyzed its properties.10 Because of its high 
power capacity, low insertion loss and good 
frequency selectiveness, the ridged waveguide 
filter has attracted attention, followed by many 
reports on the subject, to reduce the size of 
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where x represents b2/b1. Hence, the 
total capacitance per unit length can 
be expressed as
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where �1 is the permeability of the 
medium. The cutoff frequency of the 
ridged waveguide f'c can be expressed 
using Equations 3 and 4 as follows:

f
1

2
L
2

C
(5)

1

a
b

2C
a a b

'
c

1
1

1 1
2

2

d

1
1 2 1( )

=
π

=

π μ ε +
ε

⎛
⎝⎜

⎞
⎠⎟

−

The cut off wavelength of the 
ridged waveguide can be expressed as

the fi lters.11-12 Compared to rectan-
gular waveguides, ridged waveguides 
have the advantages of wide funda-
mental-mode operating bandwidth, 
low cutoff frequency and low wave 
impedance.10-11 Fundamental-mode 
operating bandwidth of four to one or 
more is easily obtainable with ridged 
waveguides. The low cutoff frequency 
yields a small cross section and hence, 
a compact size ridged waveguide com-
ponent can be achieved. The low wave 
impedance allows an easy transition to 
planar transmission lines such as strip 
lines or microstrip lines. Therefore, 
ridged waveguide bandpass fi lters are 
the ideal components for these appli-
cations.

In this article, a new type of 10-or-
der, wideband bandpass fi lter, employ-
ing ridged waveguide and capacitor-
loading is proposed. It is noticed that 
the widths of the ridge and posts are 
identical,   making the manufacturing 
process convenient. The design speci-
fi cations for the fi lter  are a 22.3 GHz 
center frequency, demonstrating a 
fractional bandwidth of 42.2 percent, 
from 17.6 to 27 GHz, with a VSWR 
less than 1.5, an out-of-band rejection 
at 15 and 30 GHz less than –60 dB, 
respectively. The bandpass fi lter was 
fabricated and measured. Both the 
simulated and measured results are 
presented.

THEORY AND ANALYSIS
For the cross section of the single 

ridged waveguide shown in Figure 
1, the width and height of the single 
ridged waveguide are a1 and b1. The 
width of the ridge is a2 and b2 is the 
distance from the top of the ridge to 
the top of the waveguide. The equiva-
lent circuit is also shown, where Cs is 
the electrostatic capacitance originat-
ing between the ridge and ground, 
while Cd denotes the capacitance 
formed from the discontinuity of the 
ridge. L is the equivalent inductance 
of the waveguide from the two sides 
of the ridge.  

The capacitance Cs is given by:

C
a

b
(1)s

1 2

2
=

ε

where ε1 is the dielectric constant 
of the medium. The capacitance  Cd 
depends on the b2/b1 ratio. Using a 
conformal transformation, Cd  can be 
expressed as follows13

 Fig. 1  Single ridged waveguide (a) cross 
section, (b) equivalent circuit.
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Low Noise
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Here, the �'c10 is the fundamental-
mode cutoff wavelength of the ridged 
waveguide. Thus, �'c10 = 3.8 � 4.5 = 17.1 
mm, far longer than the cutoff wave-
length of the traditional waveguide.

It is noted that the conventional 
single ridged waveguide structure 
shown in Figure 2 can be regarded 
as a specifi c case of transmission line. 
From transmission line theory, the 
capacity-loaded ridged waveguide 
equivalent circuit is also shown. The 
conventional ridged waveguide trans-
mission line has the impedance Z0
and electrical length βL, while its cor-
responding capacity-loaded transmis-
sion line is made up of two symmetric 
sections of transmission lines with the 
impedance Z1, electrical length β1l 
and capacitance represented by the 
susceptance jβ. Discussed from the 
point of transmission line, the network 
functions are:
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where �c is the cutoff wavelength of 
the dominant mode of the rectangular 
waveguide. Here a  =  4.5 mm, then

c 2a 9 mm (8)

Substituting b = b = 2.9 mm yields,
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 Fig. 2  Ridge waveguide and equivalent circuit, (a) single ridge, (b) capacity loaded ridge.
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 Fig. 3  Schematic of a compact capacitor loaded ridged waveguide fi lter.
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The generalized scattering matrix of the discontinuity is 
obtained using the mode-matching method.15 The analysis 
of combined filter components, as well as the analysis of a 
filter as a whole, was performed by the generalized-matrix 
technique. The improved procedure of the prototype filter 
synthesis was used to obtain an initial filter configuration 
needed to feed the optimization procedure.16 The latter 
was based on the multi-parametric gradient approach and 
worked in some stages with different goal functions. At the 
first stage, a special emphasis was put on the filter response 
to satisfy the specified skirt selectivity and width of the 
passband. At other stages, the required level of passband 
return loss was reached.

The configuration of the 10 order capacity-loaded 
compact ridged waveguide filter is shown in Figure 3. It 
is made up of ridges with ten posts symmetrically placed 
in cavities. It is noticed that the width w1 of the ridge 
and posts is identical, making it convenient in the manu-
facturing process. The frequency of the passband can be 
adjusted by tuning the height of post hi (i = 1, 2…5). The 
coupling is determined by the distance of adjacent length 
Li (i = 1, 2…5), which can be tuned easily. Besides, two 
removable 2.92 mm-type coaxial connectors are used to 
connect with the outside. By changing the length (L0) 
and height of post (h0), the coupling between the cavity 
and the outside can be adjusted.

To meet the design requirements, a wideband wave-
guide filter has been designed using CST Microwave Stu-
dio. Its dimensions are as follows: L0 = 1.08 mm, L1 =  
1.31 mm, L2 = 1.80 mm, L3 = 2.18 mm, L4 = 2.08 mm, L5 
= 2.14 mm, L6 = 1.6 mm, lp0 = 0.92 mm, lp1 = 1.15 mm, lp 
= 1.5 mm, h0 = 2.9 mm, h1 = 1.48 mm, h2 = 1.45 mm, h3 
= 1.27 mm, h4 = 1.34 mm, h5 = 1.30 mm, h6 = 1.73 mm, a 
= 4.5 mm, w = 1.5 mm.

Depending on the discussions above, a new type of 
ridged waveguide bandpass filter made of aluminum has 
been manufactured, according to the dimensions obtained 
from the simulation data. Figure 4 shows photographs 
of the fabricated filter. This type of filter is compact, with 

outside dimensions 
of 58 × 13.36 × 9.8 
mm.

The broadside of 
the compact ridged 
waveguide filter 
is only 4.5 mm, a 
decrease of 57.9 
percent, compared 
to the traditional 
waveguide whose 
broadside is 10.688 
mm, allowing its 
more widely appli-
cation in the design 
of microwave and 
communication sys-
tems.

In order to 
compensate for the 
fabricating errors, 
tuning screws are 
added in the cover 
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where matrix A means the network function of the tradi-
tional ridged waveguide transmission line and matrix A1 
represents the network function of the equivalent com-
pounded capacity-loaded transmission line. If the two ma-
trix have the relation that A = A1, from Equations 10 and 
11, one obtains,
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and from Equation 12, Z Z . From Equation 13,

if L= /2, implying that

2 l tan 2 / BZ (14)
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when BZ1 is large enough, 2β1l can be considerably smaller 
than /2, that is, the total length of the compound trans-
mission line is much shorter than the length of its equiva-
lent conventional transmission line.

Therefore, the length of the cavity can be reduced by 
capacitor-loading. On the other hand, the ridged wave-
guide serves as a way to obtain wide bandwidth, since its 
dominant mode frequency is lower compared to a conven-
tional waveguide and the frequency of first higher-order 
mode (TE20) is higher than that of a conventional wave-
guide. Hence, by using capacitor-loading in ridged wave-
guide, good performance with small size and wide band-
width can be realized.

Design, Simulation and Measured Results
The design specification is to build a filter whose center 

frequency is 22.3 GHz, demonstrating a fractional band-
width of 42.2 percent, from 17.6 to 27 GHz, with a VSWR 
less than 1.5 and out band rejection at 15 and 30 GHz less 
than –60 dB, respectively.

A mode-matching technique is used to build exact nu-
merical models of the rectangular-to-ridged waveguide 
junction as filter key elements. The full-wave-matrix of a 
rectangular waveguide bifurcation was calculated in accor-
dance with the technique described by Vasilyeva et al.14 

s Fig. 4  Photographs of the filter (a) inner 
configuration, (b) with 2.92 mm connectors.
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15 dB over the whole passband.
Meanwhile, the implemented filter 

exhibits a flat group delay response, 
which is below 0.6 ns. The group delay 
variation is less than 0.3 ns at the lower 
and upper passband edges. At 3 GHz 
away from the passband, the out-of-
band rejections are less than –61 and 
–63 dB, respectively. The measured re-
sults and simulations agree well in both 
magnitude and trend. Hence, these re-
sults verify this design method.

Conclusion
In this article, a new type of 

ridged bandpass filter with capaci-
tor-loading has been designed, fab-
ricated and measured. When com-
pared with typical evanescent-mode 
ridge waveguide filters, the pro-
posed new type of ridged waveguide 
bandpass filter is easier to fabricate, 
with the same width of the ridge and 
capacitor-loading post. The resonant 
frequencies can be easily adjusted 
by tuning the height of the posts. 
The coupling is determined by the 
distance of adjacent length, making 
it convenient in the process of de-
signing and manufacturing. It pro-
vides a convenient method of de-
signing a compact wideband ridged 
waveguide filter. Both the simulated 
and measured results are presented 
and discussed. The superior features 
of designing this kind of filter indi-

ment. Two 2.92 mm-type connectors 
were used for testing. The simulated 
and measured results of the proposed 
filter are shown in Figure 5. The results 
show that the proposed filter has a wide 
bandwidth from 17.6 to 27 GHz with a 
fractional bandwidth (FBW) of 42.2 per-
cent at a center frequency of 22.3 GHz. 
The minimum insertion loss measured is 
found to be less than 0.6 dB, except at 
the lower and upper edges of the pass-
band, where the loss is less than 0.8 dB. 
The measured return loss is better than 

plate of the filter and side of the cav-
ity to tune the frequency and coupling 
error in the process of manufacturing. 
Also, in order to reduce the insertion 
loss, the filter is made of aluminum, 
with its inner surface plated with sil-
ver. The filter cavity and its cover were 
soldered.

The filter was measured at room tem-
perature with an Agilent 8722ES vector 
network analyzer over the frequency 
range from 50 MHz to 40 GHz. A 50 V 
matching load was used in the measure-

s Fig. 5  Simulated and measured per-
formance of the filter (a) S-parameters, (b) 
group delay.
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LTE Downlink 
Transmitter 
Simulation 
Using MATLAB
Long Term Evolution (LTE) is a state-of-the-art standard for wireless 
communication, currently in technical implementation.1-5 The standard has been 
defined by the 3GPP organization and is publicly available – every engineer, 
researcher or student can download the official specification from  
www.3gpp.org. The 3GPP organization manages an international project called 
Evolved Packet System (EPS), which is widely known as “the 4th generation of 
mobile telecommunication systems (4G).” The Evolved Packet System includes 
the entire architecture of the 4G mobile systems, both packet network and radio 
interface. LTE is a part of the EPS project, which refers to a 4G air interface 
standard. Currently many companies in the world, as well as many universities, 
conduct research and development on this technology.

The authors of this article are involved in 
research on signal processing for LTE 
systems and they found that there is a 

lack of free software able to generate LTE sig-
nals. Although open source advanced LTE sys-
tem simulators exist, no easy-to-use public do-
main signal generators exist to be used in signal 
processing research and development.

This article presents a MATLAB toolbox 
to fill this gap. Functions able to generate the 
downlink LTE signals are the main part of the 
toolbox. Together with the functions, a mod-
ule named “LTE Professor” is presented. LTE 
Professor is a Graphical User Interface (GUI), 
which is able to generate LTE signals, analyze 
these signals and visualize LTE time/frequency 
resources utilization. The whole source code is 
GPL licensed and is publicly available at the 
authors’ website.6

The present article is divided into two main 
parts. The first part is an introduction to the 
LTE downlink Physical Layer. Here the basics 
of the LTE downlink time/frequency resources 
and signal generation are discussed. The sec-

ond part of the article presents usage and ar-
chitecture of the software, together with some 
examples of generated LTE signals.

LTE Downlink Introduction
The 4th generation of mobile telecommuni-

cation systems has, at least in theory, very good 
performance parameters in comparison to the 
previous generations.3 Unfortunately, this gain 
came at a price of significant complication of 
the whole system. The LTE protocol stack is 
divided into several layers. Additionally, there 
is a distinction between the downlink and up-
link protocol stacks, since there are significant 
asymmetries between the different directions 
of data transmission. Description of the entire 
LTE system would exceed the limitations of a 
single article. Therefore, this work is focused 
on a MATLAB toolbox which emulates the 
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sponsible for multiplexing and chan-
nel coding.8 The bottom part is re-
sponsible for physical channels mod-
ulation and mapping to the resource 
elements.7 The MAC layer controls 
the entire physical layer. 1,3,7,8 The 
presented MATLAB model emulates 
the bottom part of the Physical Layer.

The resource planes, in which sig-
nals and channels are mapped, are 
given to the OFDM modulator. The 
modulator generates the baseband 
signal. The baseband signal is then 
up-converted to the LTE radio signal. 
The presented software emulates both 
the baseband signal generator and the 
radio frequency generator. The base-
band in-phase and quadrature signals 
(I and Q signals), as well as the radio 
frequency signal are the output from 
the presented model. Additionally, us-
ers have access to the resource planes 
and modulation symbols mapped to 
all physical signals and channels.

tings: normal CP and 
extended CP.

The symbols are 
grouped in Radio 
Slots (RS). The du-
ration of a single RS 
is always 500 µs. The 
number of symbols 
in one RS depends 
on the cyclic prefix 
type currently in use. 
There are six sym-
bols in one RS in the 
case of the extended 
cyclic prefix. In the 
case of the normal 
cyclic prefix, there 
are seven symbols in 
one RS. Additionally, 
in the latter case, 
every first symbol in 
an RS has a longer 
cyclic prefix.

A longer LTE time unit is a Sub-
frame (SF). The subframe has a time 
length of 1 ms and consists of two Ra-
dio Slots. A group of consecutive ten 
Subframes constructs a Radio Frame 
(RF). The RF is the longest time unit 
in the LTE standard. The duration of 
one RF is 10 ms (see Figure 1). In the 
LTE downlink, bandwidth resources 
are granted to a specific UE as a group 
of resource blocks. The resource assign-
ment is renewed in every SF and cannot 
be changed until the end of an SF.

The MATLAB Models of the 
LTE Transmitter
LTE Downlink Transmitter

Figure 2 shows the position of the 
LTE downlink transmitter in the LTE 
protocol stack. There are two main 
parts of the LTE Physical Layer re-
sponsible for processing data from the 
higher layers. The upper part is re-

LTE downlink transmitter. This trans-
mitter translates code words, which 
are the input to the transmitter, into 
the LTE radio signal. The software 
is dedicated to engineers and scien-
tists who are involved in research on 
modern communication signals and 
systems. In particular, this toolbox is 
useful in simulation of the LTE base 
station (BTS) transmission circuits, 
antenna systems and User Equipment 
(UE) receiver front ends. It can also 
be practical in the investigation of the 
LTE and Orthogonal Frequency Di-
vision Modulation (OFDM) channel 
models. In addition, this software can 
cooperate with models of higher LTE 
downlink layers.

During the downlink, data is passed 
from a BTS to a number of UEs, which 
are currently within range of the BTS. 
To provide downlink data transmission 
service for multiple users, LTE systems 
use OFDMA. The baseband signal is 
created using OFDM. In OFDMA, 
resources are represented in a time/
frequency plane (see Figure 1) – one 
Resource Element (RE) is an atomic 
unit in the plane. The LTE standard 
fully supports multi antenna technol-
ogy, so there may be up to eight time/
frequency planes.

The accessible bandwidth is di-
vided into a number of subcarriers.7 
In the LTE standard, the separation 
between subcarriers is 15 kHz dur-
ing regular transmission. Subcarri-
ers are gathered in Resource Blocks 
(RB), where one RB consists of 12 
subcarriers. The number of subcarri-
ers depends on the size of the base-
band. However, there is always an 
integer number of resource blocks in 
the baseband. There are six possible 
bandwidths in the LTE standard: 1.4, 
3, 5, 10, 15 and 20 MHz.

The time organization is a bit more 
complicated.1,3,7  One symbol is an 
atomic unit of the time/frequency 
plane. The base length of a symbol 
(ts) is equal to a multiplicative inverse 
of the subcarriers’ separation, so ts = 
(15 kHz)-1 = 66.7 µs. The Inverse Fast 
Fourier Transform (IFFT) operation is 
used to generate a downlink signal. To 
ensure reliable transmission, a copy of 
the last part of a symbol is copied to the 
beginning of every symbol, this copy is 
called ‘Cyclic Prefix’ (CP). Cyclic Pre-
fix has a length tCP and this length may 
differ, depending on the current CP 
settings. There are two basic CP set-

s Fig. 1  Time/frequency resources organization in the LTE.
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Downlink data comes to the trans-
mitter in the form of code words. 
Code words are mapped to physical 
channels. Different physical chan-
nels can be in use depending on the 
current type of transmission. In the 
LTE standard, different types of 
transmission are used on different An-
tenna Ports (AP). The implemented  
MATLAB model supports the most 
common type, the transmission with 
Cell Specific Reference (CSR) sig-
nals.7 The multi antenna transmission 
is supported. In the current software 
version, the first and the second trans-
mission modes are implemented.

The LTE Transmitter Model and 
Supplementary Software

The presented MATLAB model is 
available in the form of a toolbox. The 
detailed description of the toolbox can 
be found in ref. 6. The ‘LTE scenario’ 
structure must be passed as an argu-
ment to the main generator function. 
This structure is necessary to run the 
generator. It groups user settings and 
settings coming from the MAC layer. 
The toolbox contains examples of LTE 
scenario files to be used by users as a 
base for their own LTE scenario.

The second data structure passed 
to the generator is a structure with 
code words data. In general, this 
structure is not required since in the 
case of no input data, the LTE genera-
tor sends random bits. Additionally, it 
is possible to include code words only 
for a few physical channels – the miss-
ing data will be randomly generated.

The generator returns one struc-
ture. Obviously, this structure con-
tains the baseband and radio band 
signals. Beside these signals, there are 
resource matrices that indicate sig-
nals/channels mapping and modula-
tion mapping, matrices with symbols 
mapped to particular channels and 
structures with LTE Physical Layer 
specific parameters. The detailed 
description of this structure can be 
found in ref. 6.

The next essential part of the pre-
sented toolbox is the ‘LTE Professor’ 
module. This module consists of two 
main parts. The first part is dedicated 
to be a graphical interface for the de-
veloped MATLAB LTE model func-
tions. With this part, users are able to 
set all parameters of the LTE scenario 
used by the LTE transmitter function. 
It is possible to get information about 

time and frequency 
parameters of the 
signal, which corre-
sponds to the adjust-
ed scenario settings. 
Finally the user is 
able to generate the 
LTE downlink sig-
nal and store it in 
the chosen file.

The second part 
of the LTE Profes-
sor is able to analyze 
and visualize gener-
ated signals. Us-
ers can observe the 
detailed view of the 
signals and channels 
mapping. This view 
gives information about modulation 
schemes and values mapped to all Re-
source Elements used in the analyzed 
LTE signal (see Figure 3). It is possi-
ble to generate the indicative ‘helicop-
ter view’ of the entire resources plane 
(see Figure 4). Moreover, the entire 
LTE signal, as well as every particular 
LTE symbol in the generated trans-

mission, can be viewed and analyzed 
in the frequency and time domains 
(see Figures 5 and 6). The extensive 
description of the LTE Professor is 
available.6

The validation of the software was 
performed in a few different ways. The 
LTE Professor module, which is also a 
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s Fig. 3  Screen shot of the LTE Professor.

s Fig. 4  LTE signals and physical channels map made by the soft-
ware (1.4 bandwidth).

10

20

30

40

50

60

70

1412108642
SYMBOLS (–1)

SU
B

C
A

R
R

IE
R

S 
(–

1)

PDSCH

PDCCH

PCFICH

PHICH

PBCH

RS

SSS

PSS

EMPTY

s Fig. 5  Power spectral density of the base-
band signals (1.4 MHz bandwidth).

6

4

2

0

×10–3

×10–3

8
6
4
2
0

1.00.80.60.40.20

1.00.80.60.40.20
FREQUENCY (MHz)

FREQUENCY (MHz)

I SIGNAL

Q SIGNAL

P
SD

 (
µW

/H
z)

P
SD

 (
µW

/H
z)

s Fig. 6  Baseband signals in the time 
domain (1.4 MHz bandwidth).

0.1
0

–0.1
–0.2

360340320300280

360340320
TIME (µs)

TIME 

SYMBOL
CYCLIC PREFIX

300280

I 
SI

G
N

A
L 

(µ
s)

0.1

0

–0.1

–0.2Q
 S

IG
N

A
L 

(µ
s)

__10M35 FINAL.indd   140 9/28/12   11:41 AM



MWJCPI_Beverly.indd   141 9/27/12   11:20 AM

mailto:marketing@bmd.cpii.com
http://www.cpii.com/bmd


142 	 	 MICROWAVE JOURNAL  OCTOBER 2012

Technical Feature

Acknowledgments
The work of Jacek Pierzchlewski is fi-

nanced by The Danish National Advan-
ced Technology Foundation under grant 
number 035-2009-2. T. Larsen was 
supported by The Danish Council for 
Strategic Research under grant number  
09-067056, as well as The Danish Na-
tional Advanced Technology Founda-
tion under grant number 035-2009-2.

References
1.		  S. Sesia, I. Toufik and M. Baker, LTE - The UMTS 

Long Term Evolution: From Theory to Practice, John 
Wiley & Sons Ltd., 2009. ISBN: 978-0-470-69-716-0.

2.		  V. Tarokh, New Directions in Wireless Communica-
tions Research, Springer Science+Business Media 
LLC, 2009, ISBN 978-1-4419-0674-4.

3.		  E. Dahlman, S. Parkvall, J. Skold and P. Beming, 3G 
Evolution: HSPA and LTE for Mobile Broadband, 
Elsevier Ltd., 2007, ISBN: 978-0-1237-2533-2.

4.		  F. Khan, LTE for 4G Mobile Broadband, Cam-
bridge University Press, 2009, ISBN: 978-0-521-88.

5.		  H. Holma and A. Toskala, LTE for UMTS -  
OFDMA and SC-FDMA Based Radio Access, John 
Wiley & Sons Ltd., 2009, ISBN: 978-0-470-99401-6.

6.		  Author’s website with code repository and blog 
dedicated for the presented software: http:/spars-
esampling.com/lte.htm.

7.		  3GPP TS 36.211 v10.0.0 Technical Specification, 
“3rd Generation Partnership Project; Techni-
cal Specification Group Radio Access Network; 
Evolved Universal Terrestrial Radio Access (E-
UTRA); Physical Channels and Modulation.” (c) 
3GPP Project 2010, available on the 3GPP website: 
www.3gpp.org.

8.		  3GPP TS 36.212 v10.0.0 Technical Specification, 
“3rd Generation Partnership Project; Techni-
cal Specification Group Radio Access Network; 
Evolved Universal Terrestrial Radio Access (E-
UTRA); Multiplexing and Channel Coding.” (c) 
3GPP Project 2010, available on the 3GPP website: 
www.3gpp.org.

In Figure 6, the 
above LTE base-
band signals are 
shown in the time 
domain. The time 
length of the shown 
signals is equal to 
the time length of 
one symbol with a 
cyclic prefix. The cy-
clic prefix, marked 
in black, is exactly 
the same as the last 
part of the symbol – 
it is correct accord-
ing to the LTE stan-
dard. The presented 
plots are generated 
automatically using 
the LTE Professor 
software. A screen-
shot of this software, 
with a view on the 
resource elements 
with mapped signals 
and channels, is pre-
sented in Figure 3. 
Figure 4 shows the LTE signal in the 
time/frequency domain. The resource 
elements, in which the LTE signals 
and channels are mapped, are de-
picted. This map is generated by the 
‘helicopter view’ option in the LTE 
Professor. The map presents the first 
Subframe in the Radio Frame.

The signal presented is just an ex-
ample of the LTE signal that can be 
generated by the software. Hence, due 
to the GUI interface and predefined 
scenarios delivered with the software, 
it is easy to generate signals that corre-
spond to the demands of the user. With 
relevance to reproducible research, 
the authors prepared MATLAB scripts 
that can be used to generate the pre-
sented signals. The scripts are available 
on the project website.6

ConclUSION
The MATLAB toolbox, which is 

able to generate LTE downlink sig-
nals, has been presented. This pro-
gram is published under the GPL 
open source license. The authors have 
prepared a website where the code is 
available for users. The website also 
contains a blog about the MATLAB 
LTE signal generator and a message 
board for information and comments 
exchange. The signals generated by 
the software are also included. ■

part of the presented toolbox, was orig-
inally dedicated to validate the genera-
tor. The generated signals were ana-
lyzed with the LTE Professor. Mapping 
of LTE signals into time/frequency re-
sources were compared with the maps 
that can be found in the literature. Ad-
ditionally, the peak-to-average power 
ratio of the generated LTE bandwidth 
signals was measured to ensure that 
the generated signals are correct.

The Software Internals
Figure 7 shows the architecture of 

the implemented MATLAB models. 
The main ‘LTE_DL1a’ script controls 
the whole process. The LTE Resource 
Parameters Calculation (RPC) unit is 
run as the first sub module. This unit 
generates three structures: ‘sP,’ ‘sF’ 
and ‘sT,’ which contain LTE system pa-
rameters, LTE bandwidth parameters 
and LTE time parameters, respective-
ly. These three structures are used in 
all later steps of the LTE signal genera-
tion. After running the RPC unit, three 
identical matrices are allocated in the 
Resources Allocation (RA) unit. These 
matrices reflect the time/frequency 
resources. The number of rows in the 
matrices is equal to the number of sub-
carriers and the number of columns is 
equal to the number of symbols in the 
entire LTE transmission. The refer-
ence and synchronization signals are 
added in the Signals Mapping (SM) 
unit. The channels are mapped to the 
time/frequency resources in the Chan-
nel Mapping (CM) unit.

When all signals and channels are 
mapped to the LTE resources, the 
IFFT module generates the pure 
OFDM signal (without CPs). Add-
ing cyclic prefixes to the pure OFDM 
signal generates the final baseband 
signal. Afterward, the signal is up-
converted to the radio frequency.

Example of Signals Generated by 
the Software

Figure 5 shows the power spectrum 
density of the example baseband signal 
generated by the software. The signal 
on this figure is a 1.4 MHz LTE base-
band signal. It appears that the power 
is not uniformly distributed, which is 
due to the nonuniform channels and 
signals mapping. In the LTE standard, 
not all resource elements are in use 
during transmission. Rules of the chan-
nel and signal mapping can vary due to 
the current bandwidth settings.

s Fig. 7  The LTE transmitter model architecture.
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Special Report

Silicon-on-Sapphire 
Process Technology 
Enables Low-Power 
RF Designs

Whether in the space, military, indus-
trial, consumer or other markets, 
today’s electronic designers are chal-

lenged to create low-power designs that maxi-
mize battery life while minimizing overall de-
sign size. This article will discuss how ICs built 
on a silicon-on-sapphire (SOS), technology 
process with integrated power-management 
functions can enable smaller, low-power RF 
applications.

SOS technology has long been used to 
minimize power consumption in many applica-
tions—from micro-power charge pumps em-
bedded in RF switches, to integrated regulation 
within RF power amplifiers, to power-man-
agement/bias-control chips in transmit/receive 
(T/R) modules, and even DC-to-DC converter 
products for space applications. In addition to 
power consumption, another key factor that 
SOS technology addresses in RF applications is 
noise. SOS-based ICs feature an insulating sap-
phire substrate that provides high isolation.

As a result, it eliminates a lot of the noise 
issues associated with ICs that are not created 
in a SOS process. A specialized version of SOS 
ICs is UltraCMOS® technology (Peregrine 

Semiconductor). UltraCMOS is a technology 
where sapphire is the insulator. UltraCMOS 
technology differs from other silicon-on- 
insulator (SOI) technologies in that it has no 
conductive underlayer — meaning, this source 
of noise generation and coupling is eliminated. 
Additionally, the high level of isolation that 
UltraCMOS technology provides enables the 
integration of RF and power-management cir-
cuitry on a single chip.

Power Management in RF Products
Engineers often find it difficult to address 

on-chip power conversion in RFICs. For exam-
ple, there may be a need for more supply volt-
ages than one battery can provide. When the 
required supply voltages are greater than (or 
outside of) the battery rail voltages, some form 
of power conversion is needed. SOS technolo-
gy can be used to improve power management 
in numerous RF devices. Examples include 

James Swonger, Peter Bacon  
and Gary Wu
Peregrine Semiconductor, San Diego, CA
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diating elements that can draw hun-
dreds of milliamps each when active, 
so it is necessary to carefully control 
power draw. The radar performance, 
particularly the uniformity of element 
power that affects beam quality, also 
requires tight control of each element’s 
bias point across process, temperature 
and aging. Unfortunately, the III-V 
MMICs used at common radar fre-
quencies cannot effectively throttle 
power by themselves. This complex set 
of needs can be addressed using cus-
tom UltraCMOS element-control de-
vices for radar systems (see Figure 3).

Raw power control in T/R modules 
requires drain switches that handle 
high current and have low on resis-
tance. For example, in systems using 
3.5 V PHEMT/MHEMT technology, 
a single or stacked PMOS FET can 
handle 1 A of current at under 100 
mV. Two- and four-channel versions 
are available. The drain switches in-
corporate fault protection via cross 
lockout and gate control under-volt-
age. This is relatively easy to achieve 
in an integrated approach, but it is 
less practical with discrete devices. In 
the case of the UltraCMOS technol-
ogy switch, a serial control channel 
with numerous level-shifter outputs 
translates the positive CMOS control 
signals from the host system to the –3 
V gate-control voltages required by 
the MMIC. The insulating sapphire 
substrate enables the design of a chip 
with four separate power domains in 

supply, it could lead 
to a power-con-
sumption penalty 
in single-supply sys-
tems, and also act as 
a path for potential 
noise injection. Gen-
erating the negative 
voltage on-chip pre-
vents these issues. 
The challenge for 
the switch designer, 
then, is to bring the 
negative voltage sup-
ply on chip without 
degrading noise per-
formance (see Fig-
ure 1).

The RF PA in 
cellular phones, 
military radios, and 
portable data appli-
ances is often the 
single largest power 
drain in the system. 
High-performance 
RF circuits are of-
ten designed with 
FETs that perform 
well at high fre-
quencies, but are 
poor at turning off, 
and have relatively 

low voltage tolerance. Power-man-
agement circuitry and techniques 
should be employed to control the 
power level within the system, to en-
sure that the devices are not damaged 
by voltage extremes (such as in high 
VSWR and overcharge scenarios), and 
to maximize the circuit’s power effi-
ciency.

Dual-band constant-envelope PAs 
built using UltraCMOS technology 
typically include embedded low drop-
out (LDO) regulators to optimize 
power-management functions (see 
Figure 2). The on-chip LDOs allow 
a 3 V CMOS technology to operate 
across a 2:1 battery voltage range, 
which allows the RF PA to remain at 
its ideal operating point for perfor-
mance and reliability.

T/R Module Power 
Management and Bias 
Control

T/R modules for space-borne ra-
dar present an unusually large power-
management problem. These systems 
feature up to tens of thousands of ra-

switches, T/R modules, and DC-to-
DC converters, for end-use applica-
tions such as cellular telephones and 
satellite systems.

RF switches based upon SOS tech-
nology enable higher performance, 
due primarily to the use of stacked low-
threshold FETs on the fully-insulating 
sapphire substrate. These switches re-
quire a negative control voltage. If the 
negative voltage comes from an off-chip 

s Fig. 1  UltraCMOS technology-based RF switch with on-chip 
charge-pump negative-voltage generator (a) noise performance and 
(b) block diagram.
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s Fig. 2  Dual-band RF power amplifier in 
CMOS-on-sapphire technology, with on-chip 
low dropout regulator (LDO).

s Fig. 3  An UltraCMOS T/R module ele-
ment control chip with four drain switches 
and active-bias control channels, 48-level 
shifting attenuator/phase shifter control I/Os 
and serial interface.
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close proximity—CMOS VDD, TX, 
RX, and the –3 V VSS gate control 
voltage.

UltraCMOS technology can be 
used to integrate custom operational 
transconductance amplifiers (OTA) 
and reference ladders to accurately 
control bias points. Closed-loop power 
control maintains bias set-point accu-
racy across 100 Krad, and it is insen-
sitive to supply and temperature (see 
Figure 4). Settling time (inclusive of 
drain switch turn on) is under 500 ns 
worst case, enabling agile radar power 
cycling.

The use of high-performance IC 
technology in space systems is limited 
by the availability of qualified, low-
voltage power-supply solutions. In 
fact, the majority of available pulse-
width-modulation (PWM) and 
linear-regulator ICs are unusable at 

modern low power 
supply voltages for 
a number of rea-
sons, one having to 
do with maintain-
ing stable reference 
voltages, and the 
fact that high step-
down ratios are un-
achievable, such as 
those required to 
reduce a 40 V bus 
to a 1 V logic sup-
ply. However, many 
space systems use 
a 5 V rail for high-
current capacity, so 
a distributed power 
approach using this 
resource with point-
of-load (POL) con-
verters makes sense.

POL DC-to-DC 
buck regulators with 
integrated power 
FETs have been 
designed and manu-
factured in Ultra-
CMOS technology 
and are being used 
to power advanced 
logic devices such 
as SiRF FPGAs (a 
hardened version of 
Xilinx V5). Advanced 
FPGAs typically draw 
more than 10 A from a  
1 V supply (as well 
as I/O and AUX sup-
plies at 2.5 V), and 
they feature continu-
ous current ratings 
of 2, 6 and 10 A that 
handle most applica-
tions. For higher cur-
rents, load-sharing 
and polyphase opera-
tion can be supported 
on the UltraCMOS 
DC-to-DC POL 
buck regulators using 
simple pin strapping 
(see Figure 5).

The high speed of UltraCMOS 
technology allows these converters to 
run up to 5 MHz SYNC (provided that 
suitable passives can be obtained) and 
minimizes switching losses. Figure 6 
shows that peak measured efficiency 
is more than 92 percent at 800 KHz 
for a 10 A integrated POL DC-to-DC 

buck regulator.
The UltraCMOS-based integrated 

DC-to-DC POL buck regulator re-
quires only small passive components 
that were deliberately left off-chip to 
allow easy access to set point voltage, 
loop dynamics, etc. (See Figure 7 and 
note that the power inductor is actu-
ally larger than the DC-to-DC buck 
regulator device.)
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s Fig. 5  A 20A 2-phase DC-to-DC buck regulator (converter), using 
two wires (no load) (a) and 14A waveforms, 1 mV load regulation 
0-14A, and a negligible voltage ripple (b).

(a)

(b)

s Fig. 6  Measured 10A integrated POL 
DC-to-DC buck regulator “wallplug” ef-
ficiency vs. load current.
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s Fig. 4  TX active bias set point vs. total ion-
izing dose (TID) (a) and vs. temperature (b).
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years, UltraCMOS has been used to integrate RF, digital, 
analog and power functions for commercial high-volume ap-
plications, as well as specialized high-reliability military and 
space products.

References
1.		 Customer-furnished data from EVK sample.
2.		 M.V. O’Bryan et al, “Compendium of Single Event Effects 

Results for Candidate Spacecraft Electronic for NASA,” 
IEEE NSREC 2006 W-4.

Another chal-
lenge for many 
power-management 
products used in 
space applications 
is a high single-
event transient 
amplitude and 
duration. These 
may be tolerable 
in a higher voltage, 
low/constant cur-
rent application 
where filtering can be used to ride out the overshoot or 
undershoot. Modern logic ICs, however, are much more 
demanding in terms of DC and step currents, meaning that 
passive filtering alone cannot suffice. Today’s logic ICs are 
also much less tolerant of overstress (as little as 200 mV 
overshoot is outside absolute maximum ratings) and 30 
percent undershoot could erase the configuration memory 
or at least make its contents unreliable (see Figure 8).

The UltraCMOS process is able to address issues in 
power hungry RF applications, and is a viable approach for 
systems used in space. With more than one billion RFICs 
shipped into a variety of markets, including space, Ultra-
CMOS technology has achieved volume manufacturing, 
high functional density, and high-performance, high-speed 
operation in a variety of RF integrated circuits. Over the 

Special Report

s Fig. 8  Linear LDO single-event transients and LV logic IC perfor-
mance/reliability voltage limits, as compiled by NASA.
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s Fig. 7  DC-to-DC buck regulator evalua-
tion kit photo with scale.
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wait? Go to minicircuits.com for all the details, from data sheets, 
performance curves, and S-parameters to material declarations, 
technical notes, and small-quantity reels—as few as 20 pieces, 
with full leaders and trailers. Place an order today, and see what 
these tiny, high-performance amplifiers can do for your 
application, as soon as tomorrow! RoHS complianto S

C O M P L I A N T

High Linearity 
     LNAs 

PSA PMA PGA

Model Freq. Gain NF IP3 Pout  Current Price $
 (MHz) (dB) (dB) (dBm) (dBm) (mA) (qty. 20)

PMA2-162LN+ 700-1600 22.7 0.5 30 20 55 2.87
PMA-5452+ 50-6000 14.0 0.7 34 18 40 1.49

PSA4-5043+ 50-4000 18.4 0.75 34 19 33 (3V) 2.50
      58 (5V)
PMA-5455+ 50-6000 14.0 0.8 33 19 40 1.49
PMA-5451+ 50-6000 13.7 0.8 31 17 30 1.49

PMA2-252LN+ 1500-2500   15-19 0.8 30 18 25-55 (3V) 2.87
      37-80 (4V )
PMA-545G3+ 700-1000 31.3 0.9 33 22 158 4.95
PMA-5454+ 50-6000 13.5 0.9 28 15 20 1.49

Model Freq. Gain NF IP3 Pout  Current Price $
 (MHz) (dB) (dB) (dBm) (dBm)  (mA) (qty. 20)
  
PGA-103+ 50-4000 11.0 0.9 43 22 60 (3V)       1.99
      97 (5V)
PMA-5453+ 50-6000 14.3 0.7 37 20 60 1.49
PSA-5453+ 50-4000 14.7 1.0 37 19 60 1.49

PMA-5456+ 50-6000 14.4 0.8 36 22 60 1.49
PMA-545+ 50-6000 14.2 0.8 36 20 80 1.49
PSA-545+ 50-4000 14.9 1.0 36 20 80 1.49
PMA-545G1+ 400-2200 31.3 1.0 34 22 158 4.95

PMA-545G2+ 1100-1600 30.4 1.0 34 22 158 4.95
PSA-5455+ 50-4000 14.4 1.0 32 19 40 1.49
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Special Report

SSPA Technology 
Achieves 10 kW CW 
at S-Band
This special report discusses the present state-of-the-art in S-Band high power 
amplifier design. A 10 kW CW solid state power amplifier (SSPA) has been 
designed using solid state technology at 2 GHz. The SSPA utilizes the latest 
GaN HEMT device technology to meet the needs of high power S-Band Satcom 
amplifiers to replace current traveling wave tube amplifier (TWTA) systems.

Solid state power amplifiers (SSPA) have 
been dramatically evolving over the past 
thirty years. Microwave amplifiers have 

been a driving force in EW and radar systems, 
terrestrial communication, wireless infrastruc-
ture, instrumentation and EMC applications 
as well as satellite communications. Satellite 
communication (Satcom) amplifiers are used 
in base station — earth station installations and 
have some of the most stringent requirements 
of all amplifier applications. Satcom amplifiers 
are required to operate continuously and must 
provide linear power amplification. This pres-
ents a challenge to the amplifier engineer in 
that both efficiency and power density are of 
paramount importance in the design of Satcom 
amplifiers. The requirement for linear output 
power means that the amplifier must be op-
erated at an output power level far below its 
maximum saturated output power capability. 
Often a Satcom amplifier is operating in a mul-
ticarrier environment carrying anywhere from 
ten to over fifty carriers.

Satcom Amplifier Technology
Due to the very high linear output power 

levels required to transmit multicarrier signals 

to a satellite, Satcom earth station amplifiers 
have been dominated by klystron and traveling 
wave tube amplifiers in the past. Because of 
the continuous operation requirement and ex-
tremely high collector operating temperatures, 
tube-based amplifiers have experienced some 
reliability problems. Since the emergence of 
GaAs power transistors in the late 1970s, sol-
id state amplifiers gradually began to replace 
klystron and traveling wave tube amplifiers 
(TWTA) in applications where sufficient lin-
ear power could be produced. Over the past 
two decades, GaAs devices have evolved such 
that SSPAs have become the preferred choice 
for earth station amplifier installations. Output 
power levels up to 1 kW have been achieved at 
S-Band, 4 kW at C-Band, 1 kW at X-Band and 
Ku-Band and 50 W at Ka-Band, using GaAs 
FET technology. A combination of innova-
tive power combining techniques and redun-

Stephen D. Turner
Teledyne Paradise Datacom, State College, PA
Tom Dekker
Cree, Inc., Durham, NC
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The next generation air and missile defense radars
demand effectiveness, reliability, power efficiency and
affordability. You can count on CTT’s twenty-five years of
experience in microwave amplification and subsystem
integration to meet these demands.

CTT offers not only form, fit, function of microwave
amplifier replacements for many mature systems, but also
incorporates leading-edge technology components such as
GaN and GaAs.

CTT has delivered production quantities of amplifiers
with power levels of 10, 20, 40, 80, and 100 Watts – and
higher – for a variety of radar applications.

CTT is well positioned to offer engineering and
production technology solutions – including high-rel
manufacturing – to infuse new technology into legacy
systems for improved reliability and life cycle costs.

• AMDR-X Radar • Shipboard Radar
• VLO/FLO Threats • New Land Radar
More than twenty-five years ago CTT, Inc. made a

strong commitment to serve the defense electronics market
with a simple goal: quality, performance, reliability, service
and on-time delivery of our products.

Give us a call to find out how our commitment can
support your success. It’s that simple.

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

Microwave Technology Leadership
Power Amplifiers
• Radar Bands up to 400W
• Pulse and CW
• NEW Rack-Mount Configurations
• NEW GaN and GaAs Models
Low-Noise Amplifiers
Up and Downconverters
Subsystems
Contract Manufacturing
Custom Engineered Options

USA-based thin-film
microwave production
facility
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next generation
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GaN HEMT’s power transfer curve 
shown in Figure 1b to behave similar 
to a GaAs FET’s hard limiting charac-
teristic. This increases the 1 dB com-
pression point of the amplifier and 
improves the overall intermodulation 
distortion performance.

The device is biased in mid-Class 
AB mode. The initial impedance 
matching was performed using the 
large signal device impedance.1 The 
matching networks are then opti-
mized using the nonlinear device 
model in a Harmonic Balance simu-
lator. The nonlinear modeling allows 
the designer to optimize the tradeoffs 
among output power, efficiency and 
intermodulation performance. The 
module is physically realized using 
softboard microstrip techniques. The 
800 W module along with preamplifi-
er and linearization circuitry is shown 
in Figure 3.

SSPA System Design
The amplifier system is a modular 

soft-fail architecture based on Tele-
dyne Paradise Datacom’s patented 
PowerMAX technology.2 Eight dis-
crete (800 W) SSPA modules are 
phase combined to produce over  
5 kW of saturated CW output power 
after the RF combining losses. The 
eight modules are arranged in a single 

communications, cellular, instrumen-
tation, medical and military. The Tele-
dyne application is an example of an 
innovative approach to achieving the 
power and efficiency advantages of 
GaN HEMT for S-Band applications.

The market adoption for GaN 
HEMT devices has accelerated in 
recent years for high power, high fre-
quency SSPAs. GaN HEMT technol-
ogy has proven itself to be reliable and 
rugged with companies such as Cree 
fielding over 2 billion GaN HEMT 
devices hours with a field FIT rate of 
less than 10. The technology is ther-
mally rugged and supports operational 
junction temperatures of 225°C at ex-
cellent mean time to failure (MTTF) 
exceeding 2 million hours.

S-Band SSPA Module design
The 10 kW S-Band SSPA system is 

designed around an internally input 
matched 28 V, 240 W GaN HEMT 
transistor, optimized for operation in 
the 1.8 to 2.2 GHz range. The tran-
sistor offers greater than 16 dB pow-
er gain, greater than 53 dBm output 
power and greater than 64 percent 
drain efficiency under pulsed condi-
tions (see Figure 1).

The amplifier system is designed 
using an array of phase combined 
SSPA modules. The SSPA module 
uses one device driving four phase 
combined devices as shown in Fig-
ure 2. This results in a module that 
produces a minimum output power of 
800 W in the 2 GHz range. The de-
vices are then driven by a preampli-
fier section. The preamplifier contains 
additional GaN and GaAs FET driver 
stages along with a variable attenu-
ator for amplifier gain adjustment. 
Also included in the preamplifier sec-
tion is an analog predistortion linear-
izer. The linearizer serves to shape the 

dant, soft-fail architectures have given 
SSPAs a dominant position in the 
market. Despite this evolution, there 
remain applications that require even 
greater linear output power levels that 
until recently have still required the 
use of traveling wave tube amplifiers. 
As the available output power levels 
from GaAs FET devices have reached 
their limit, amplifier designers have 
been in need of solid state devices 
with greater power density along 
with higher channel temperature op-
eration. The advent of GaN solid state 
device technology gives amplifier de-
signers the ability to take SSPA power 
levels three to five times higher than 
what is presently possible with GaAs 
technology.

Gallium Nitride Device 
Technology

Cree has recently released 40 V, 
0.25 µm and 50 V, 0.4 µm GaN HEMT 
processes that extend the frequency 
range of the previous 28 V, 0.4 µm 
through Ku-Band and support larger 
power requirements, allowing the 
best fit to the application. These in-
clude multi-octave, high power pulsed 
and CW, linear applications for mar-
kets such as point-point radio, satellite 

s Fig. 1  CGH21240F typical device power 
vs. frequency (a) and typical swept power 
performance (b).
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s Fig. 2  800 W S-Band SSPA module block diagram.
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s Fig. 3  800 W S-Band SSPA module as-
sembly.
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Special Report

cabinet and are powered by n+1 re-
dundant (28 VDC) power supplies. 
The eight SSPA modules are phase 
combined using specially designed 
spatial and waveguide combiner ar-
rays integrated in the amplifier cabi-
net. The 5 kW SSPA cabinet block 
diagram is shown in Figure 4.

The architecture is considered a 
self-redundant system. The failure of 
one entire SSPA module results in a 
reduction of 1.2 dB in output power 
capability from the cabinet. The ar-
chitecture allows modular amplifier 

systems to achieve very high output 
power levels. The sophisticated em-
bedded control circuitry allows the 
system to be operated as a ‘single-box’ 
amplifier.

The SSPA modules as well as the 
power supply modules are removable 
from the front panel of the equipment 
chassis. This facilitates very easy main-
tenance and replacement of the mod-
ules.  Forced convection air cooling 
is used for the heat transfer through 
the cabinet. The thermal design main-
tains device flange temperatures at 
less than 50°C. The low-loss passive 
combining array provides a robust, 
soft-fail architecture.

Two identical 5 kW SSPA cabi-
nets (see Figure 5) are then phase 
combined using a waveguide hybrid 
combiner in WR430. This creates 
a system comprised of 16 parallel 
combined 800 W SSPA modules. 
The PowerMAX system architecture 
enables system configurations up to 
16 modules. In a 16 module system, 
the failure of one SSPA module re-

sults in a reduction of 0.6 dB in out-
put power capability.3

Conclusion
There has been much published 

about very high power SSPAs in the 
pulsed and radar genre. Many have 
held the position that solid-state pow-
er amplifiers are not able to achieve 
multi-kilowatt CW power levels. The 
maturation of GaN technology now 
dispels this myth with amplifier sys-
tems, such as the 10 kW S-Band HPA 
described in this article. The mar-
riage of GaN HEMT technology and 
the redundant system architecture 
described here produces a high per-
formance HPA system for demand-
ing Satcom earth station installations.  
The combination of mid-Class AB 
bias and analog predistortion enable 
the GaN HEMT SSPA to have a simi-
lar intermodulation characteristic as 
its GaAs FET counterpart.  The two-
tone intermodulation versus back off 
plot is shown in Figure 6.

The soft-fail characteristics and 
hot-swap field replaceable modules 
achieve system reliability figures 
that TWTA systems cannot achieve. 
GaN technology enables this system 
to approach similar prime power to 
linear RF output power efficiency 
as TWTAs. As device manufacturers 
continue to push the envelope of GaN 
technology, SSPA systems will become 
more versatile, covering wider band-
widths and higher frequency bands. 
GaN-based PowerMAX systems have 
already been manufactured in all of 
the major Satcom frequency bands 
ranging from 1 kW at Ka-Band to 10 
kW at S-Band. ■

Acknowledgments
The authors would like to acknowl-

edge the contributions of the am-
plifier design team members: Craig 
Harris, Oleg Karpenko, Sithorn Prak, 
Dave Johnson and Jason Fetters.

References
1.		 A.A. Behagi and S.D. Turner, “An Elec-

tronic Design Automation Approach,” 
Microwave and RF Engineering, Vol. 1, 
BT Microwave LLC, 2011.

2.		 Paradise Datacom LLC, “Power Ampli-
fier System” U.S. Patent 8,189,338 B2, 
May 29, 2012.

3.		 S.D. Turner, “Concepts in Communica-
tion Amplifier Redundancy Systems,” 
Armed Forces International, December 
2004.

156 	 MICROWAVE JOURNAL n OCTOBER 2012

s Fig. 4  5 kW, S-Band SSPA block diagram.
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s Fig. 5  10 kW S-Band phase combined 
amplifier system.

s Fig. 6  10 kW two-tone intermod distor-
tion performance.
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High-powered performance, across wide frequency ranges.   
These class A linear amplifiers have set a standard throughout 
the RF & microwave industry. Rugged and reliable, they 
feature over-voltage and over-temperature protection, 
including the ability to withstand opens and shorts! And 
they’re all in stock, whether with a heat sink/fan ( for design 
labs and test benches ), or without (for quick integration 
into customer assemblies ). Go to minicircuits.com, and it’s 
easy to select the models that meet your needs, including 
new features like TTL-controlled RF output. Place an order 
today, and you can have them in your hands as soon as 
tomorrow—or if you need a custom model, just give us a call 
for an engineer-to-engineer discussion of your requirements!
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7739260, 7761442
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                                   Up to 100 Watt

AMPLIFIERS
  100 kHz to18 GHzNOW!

NEW

Model        Frequency Gain Pout @ Comp.     $ Price (Qty. 1-9)
( with heat sink/fan* )   1 dB 3 dB  with without*
      (MHz) (dB) ( W ) (W)  heat sink heat sink

LZY-22+ 0.1-200 43 16 32 1495  1470
ZHL-5W-1  5-500 44 8 11 995  970
ZHL-100W-GAN+ 20-500  42 79 100 2395  2320
ZHL-50W-52 50-500  50 40 63 1395  1320
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Product Feature

For VNA test applications with frequen-
cies through 67 GHz, GORE® VNA 
Microwave/RF Test Assemblies offer 

extremely precise phase and amplitude stability 
when flexed and provide the highest accuracy 
and longest time interval between recalibrations. 
These test assemblies are designed to improve 
Vector Network Analyzer (VNA) performance 
in applications where precision, stability and re-
peatability are key requirements. These include 
testing antenna and radar systems going into air-
craft, electronic warfare self-protection systems, 
amplifiers and other active devices – anything 
that operates at microwave frequencies.

Gore’s VNA assemblies are supplied with 
most original equipment VNAs because manu-
facturers recognize the improved performance 
that they provide to high-end, extremely pre-
cise and very expensive ($100,000 range) test 
instruments. The exceptional phase and am-
plitude stability of the test assemblies ensures 
accurate and repeatable measurements, ex-
ceeding specifications for phase and amplitude 
stability, with additional testing performed to 

guarantee their phase and amplitude perfor-
mance with flexure (see Figure 1).

Unlike conventionally designed RF test as-
semblies, GORE VNA Microwave/RF Test 
Assemblies provide the most reliable phase 
and amplitude stability with flexure. They re-
main electrically stable when flexed – easily 
withstanding the rigors of typical bench test-
ing procedures – while maintaining excellent 
insertion loss and VSWR. These assemblies 
can withstand 40 lbs (18 kg) of accidental pull 
without permanent degradation of electrical 
characteristics and up to seven lbs. (3 kg) of 
pull during normal use without exceeding elec-
trical stability specifications. With a minimum 
bend radius of 2.25 in (57.2 mm), their unique 
armor construction provides a high degree of 
flexibility for long flex life. They have an auto-
limiting bend radius of 2.25 in (57.2 mm), and 
the spring-back is virtually zero.

W. L. Gore & Associates Inc.
Landenberg, PA
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Power up with PIN diode switches
and replace those sensitive MMICs

New, surface mount 

PIN diode switches from

Aeroflex / Metelics are 

the preferred alternative 

to lower power QFN 

packaged MMICs. These

SP2T T-R and symmetrical

SP2T, SP3T, SP4T, and

SP6T switches provide: 

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

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

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

Compare this superior

performance to the 

average QFN MMIC

switch, which offers just

20 W C.W. or 100 W peak

input power, and see how

your military radio, WiMAX,

IED and MRI designs excel.

These devices are RoHS

compliant. RF and PIN diode

driver evaluation boards

are available up to SP3T.

Call 888-641-7364 or visit

our website for datasheets,

quotes, and samples: 

www.aeroflex.com/metelics

Part Number Configuration DC Power F (MHz)* Loss 
(dB)

VSWR Isolation 
(dB)

C.W. Incident
Power (dBm)

MSW2000–200 SP2T T-R Switch +V Only 20–1000 0.2 1.5:1 52 +50

MSW2001–200 SP2T T-R Switch +V Only 200–4000 0.3 1.5:1 36 +50

MSW2002–200 SP2T T-R Switch +V Only 2000–6000 0.6 1.5:1 34 +50

MSW2022–202 SP2T T-R Switch +V & -V 10–1000 0.2 1.5:1 45 +52

MSW2050–205 SP2T T-R Switch +V Only 20–1000 0.2 1.5:1 50 +52

MSW2051–205 SP2T T-R Switch +V Only 200–4000 0.3 1.5:1 34 +52

MSW2030–203 Symmetrical SP2T +V Only 20–1000 0.3 1.5:1 52 +50

MSW2031–203 Symmetrical SP2T +V Only 200–4000 0.5 1.5:1 35 +50

MSW2032–203 Symmetrical SP2T +V Only 2000–6000 0.6 1.5:1 35 +50

MSW2040–204 Symmetrical SP2T +V Only 20–1000 0.2 1.5:1 50 +52

MSW2041–204 Symmetrical SP2T +V Only 200–4000 0.5 1.5:1 33 +52

MSW2060–206 Symmetrical SP2T +V & -V 20–1000 0.25 1.5:1 53 +50

MSW2061–206 Symmetrical SP2T +V & -V 400–4000 0.5 1.5:1 35 +50

MSW2062–206 Symmetrical SP2T +V & -V 2000–6000 0.7 1.5:1 34 +50

MSW3100–310 Symmetrical SP3T +V Only 20–1000 0.4 1.5:1 53 +50

MSW3101–310 Symmetrical SP3T +V Only 200–4000 0.6 1.5:1 34 +50

MSW3200–320 Symmetrical SP3T +V & -V 20–1000 0.4 1.5:1 47 +50

MSW3201–320 Symmetrical SP3T +V & -V 400–4000 0.6 1.5:1 35 +50

MSW4102–410 Symmetrical SP4T +V Only 4000–6000 0.4 1.5:1 42 +45

MSW6000–600 Symmetrical SP6T +V & -V 30–512 0.25 1.1:1 42 +53

PIN Diode Surface Mount Switches

* 20–1000 MHz specs at 500 MHz, 400–4000 MHz specs at 2000 MHz, 6000 MHz specs at 4000 MHz

Now available 
from stock at:

AeroflexMetelics_PinSwitch 9-19-12_MJ  9/19/2012  11:29 PM  Page 1
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withstand repeti-
tive mating, flexure, 
crushing, twisting 
and kinking. Crush 
resistance is greater 
than 800 lbs/linear 
inch, and the cable 
is capable of up to 
100,000 flexures at 
minimum bend ra-
dius, depending on 
the configuration. 
An abrasion-resis-
tant polymer braid 
covers a flexible ar-
mor casing, while 
a strain-relief boot 
protects against 
forces affecting the 

internal cable-to-connector termina-
tion (see Figure 2).

Ruggedized, test-port style con-
nectors are utilized for direct attach-
ment to the VNA test ports, allowing 
use of adapters compatible with the 
test ports for optimum durability and 
stability. The test assemblies are avail-
able in the following standard lengths: 
25 inch (0.64 meter), 38 inch (0.97 
meter), and 48 inch (1.22 meter).

The NMD connectors are spe-
cifically engineered to optimize the 
performance of the assembly. These 
connectors mate with standard VNA 
systems, allowing mode-free broad-
band coaxial measurements from DC 
to maximum frequency. They have 
an auxiliary, large thread and bearing 
surface for mating with conventional 
connectors of the same type and for 
attaching either pin or socket adapt-
ers. They maintain a high center con-
ductor, which yields better perfor-
mance and reduces the frequency of 
recalibration.

The combination of this rugge-
dized construction and NMD-style 
connector ensures longer flex life with 
consistently durable and stable perfor-
mance. GORE VNA Microwave/RF 
Test Assemblies offer the optimum 
level of electrical and mechanical per-
formance for high-precision test ap-
plications.

W. L. Gore & Associates Inc., 
Landenberg, PA,  
www.gore.com/microwave.

In addition to providing high-pre-
cision measurements, GORE VNA 
Microwave/RF Test Assemblies offer 
maximum reliability with a rugged, 
lightweight construction that enables 
longer service life, reduced downtime 
and lower operating costs over the 
life of the equipment. They feature 
exceptionally rugged cable construc-
tion and NMD-style connectors that 

s Fig. 1  Typical phase (a) and amplitude 
(b) stability with flexure for Gore part num-
ber FE0BN0BM025.0.
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Different cables for different needs—and all built to last.
For almost 40 years we searched for reliable, high-performance 
cables that could stand up to the heavy use our 100% testing 
policy demands. Finally, we were able to acheive our goal, 
and we’re proud to make these cables available to the rest 
of the industry, backed with our unprecedented 6-month 
guarantee.* Just go to minicircuits.com and order some 
for yourself! You’ll quickly find that consistent long-term  
performance, less retesting, and fewer false rejects really 
add up to bottom-line savings, test after test!

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

See minicircuits.com for cable lengths, specifications, performance data, and surprisingly low prices!

Cables
PRECISION TEST

 from 

$68 95
ea. (qty. 1-9)DC to 40 GHz!

NOW

Model Family Freq. Connectors Lengths† Temp
   (GHz) (male) (ft ) (°C)

Performance Test (CBL) DC-18 SMA‡, N  1.6-25 -55/+105
Quick Lock (QBL) DC-18 SMA 1.0-6.6 -55/+105
Armored (APC) DC-18 N 6.0-15 -55/+105
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* 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.

† Custom lengths available by special order.
‡ SMA female connectors featured on some models, or via special order.
K-Connector is a registered trademark of Anritsu Company.

Full solder wick protected by stainless collar 
and three different layers of strain relief.

Armored Test Cables: rugged, triple 
shielded construction, flexible enough  
to pass 20,000+ Flex-Test cycles.

Flex TestTM setup shows triple 
strain relief, effective through 
20,000 flex cycles for all models.

40 GHz cables compatible 
with SMA, K®, 
2.9 & 3.5 connectors.

40 GHz 
Low Loss and 
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Quick Lock

Precision

Armored
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Product Feature

VHF OCXOs are widely used as ‘master 
oscillators’ in signal sources and fre-
quency synthesizers, where the output 

frequencies are derived by techniques includ-
ing multiplication, PLL, DDS, etc. In low-
noise sources, the phase noise floor is typically 
limited by the multiplied OCXO.

Pascall’s XMN (crystal multiplied by N) se-
ries combines an OCXO with frequency mul-
tipliers, bandpass filters and amplifiers to pro-
vide a fixed-frequency output with low phase 
noise, in the range of 200 MHz to 3 GHz. The 
XMNP adds a phase-locked loop to enable the 
OCXO to be locked to an external reference.

Design
It is well known that multiplying frequency 

by N increases phase noise by 20 log(N) dB. 
However, achieving this theoretical ideal is 
easier said than done, particularly when the 
fundamental signal has a very low noise floor.

Active multipliers almost inevitably have a 
high noise figure and therefore degrade the 
phase noise floor at the input frequency. With 
passive multiplication, the added noise is mostly 
determined by the signal level at the output 
frequency and the noise figure of the following 
amplifier. An inappropriate choice of multiplier 
or amplifier devices can also increase the flicker 
noise.

In the XMN, the nonlinear resistance of 
Schottky diodes is used to generate harmon-
ics, with the multiplier tuned for the required 
input and output frequencies. The conversion 

loss varies relatively little with temperature and 
input power, and the circuit is easily tuned to 
different frequencies.

Two multiplier configurations are used to 
produce odd and even harmonics, respectively. 
All multiples up to 10 can be generated – typi-
cally up to 1.3 GHz, depending on the funda-
mental frequency. The first stage is followed, 
if necessary, by a further doubler or tripler, to 
generate frequencies up to 3 GHz.

The XMN is available with either electrical 
tuning (0 to +10 V, positive or negative slope) 
or mechanical tuning by means of a multi-turn 
potentiometer. The XMNP phase-locked vari-
ant includes RF and reference dividers. This 
provides flexibility in the choice of customer-
specified reference frequency, which may be as 
high as the oscillator frequency. If a reference 
signal is detected, the XMNP automatically 
locks to it. In the absence of a reference it be-
haves as an XMN, with the frequency set by a 
multi-turn potentiometer.

All variants provide a supplementary out-
put at the fundamental frequency. This may 
typically be used to generate intermediate fre-
quencies in a synthesizer, or to lock the XMN 
in a customer-designed PLL.

The design allows customers to specify the 
oscillator frequency (up to 160 MHz) as well 
as the multiplied frequency. For example,  

Pascall Electronics Ltd.
Ryde, Isle of Wight, UK

162 	 MICROWAVE JOURNAL n OCTOBER 2012

Ultra-Low Noise 
200 MHz to 3 GHz 
Signal Sources

_10M20 FINAL.indd   162 9/28/12   11:42 AM



An Amphenol Company

www.timesmicrowave.com

World Headquarters: 358 Hall Avenue, Wallingford, CT 06492 • Tel: 203-949-8400, 1-800-867-2629  Fax: 203-949-8423
International Sales: 4 School Brae, Dysart, Kirkcaldy, Fife, Scotland KY1 2XB UK • Tel: +44(0)1592655428  

China Sales: No. 318 Yuan Shan Road • Shanghai, China 201108 • Tel: 86-21-51761234 Fax: 86-21-64424098

Phase Critical 
PERFORMANCE

For Performance, Quality and Reliability you can count on, count on Times Microwave Systems - The Leader

AS9100 / ISO 9001:2008 Registered

Phase Optimized Interconnects from TIMES Microwave Systems
• Leading Edge phase Performance
• Eliminate Phase/Temperature “PTFE knee”
• Absolute Phase and Tracking Applications
• Wide Temerature Range
• Range of Styles and Sizes

Phasetrack™ flexible cable assemblies 
• PT130, PT180, PT210, PT318
• Proven, Rugged Flexible Construction
•TF4 Dielectric Phase Performance
• Triple Shielding Technology 
• -55C to +125C Temperature Range

Phasetrack™ Low Smoke cable assemblies 
• PT400-LS, PT600-LS
• Support Low Smoke Applications 
• Absolute and Tracking Phase Applications
• Sized for Rugged, Low Loss Performance 
• -40C to +85C Temperature Range

SiO2 (Silicon Dioxide) Cable Assemblies
• SiO2-090, SiO2-141, SiO2-200, SiO2-270
• Semi-Rigid Style Assemblies
• Ultimate Phase Tracking Performance
• Extreme Temperatures, Harsh Environments 
• -273C to +600C Temperature Range

PhaseTrack™ Semi-Rigid cable assemblies
• PT110-SR, PT141-SR
• Classic Semi-Rigid Style now with TF4 
• New Designs or Drop-In Replacements
• -55C to +125C Temperature Range

Phasetrack P-Flex™ cable assemblies
• PF130, PF402
• Flexible “In-the-Box” Cable Assemblies
• TF4 for Absolute and Tracking 

Phase Applications
• Easy Installation, Proven Reliability
• -55C to +150C Temperature Range

An Amphenol Company

www.timesmicrowave.com

World Headquarters: 358 Hall Avenue, Wallingford, CT 06492 • Tel: 203-949-8400, 1-800-867-2629  Fax: 203-949-8423
International Sales: 4 School Brae, Dysart, Kirkcaldy, Fife, Scotland KY1 2XB UK • Tel: +44(0)1592655428  

China Sales: No. 318 Yuan Shan Road • Shanghai, China 201108 • Tel: 86-21-51761234 Fax: 86-21-64424098

Phase Critical 
PERFORMANCE

For Performance, Quality and Reliability you can count on, count on Times Microwave Systems - The Leader

AS9100 / ISO 9001:2008 Registered

Phase Optimized Interconnects from TIMES Microwave Systems
• Leading Edge phase Performance
• Eliminate Phase/Temperature “PTFE knee”
• Absolute Phase and Tracking Applications
• Wide Temerature Range
• Range of Styles and Sizes

Phasetrack™ flexible cable assemblies 
• PT130, PT180, PT210, PT318
• Proven, Rugged Flexible Construction
•TF4 Dielectric Phase Performance
• Triple Shielding Technology 
• -55C to +125C Temperature Range

Phasetrack™ Low Smoke cable assemblies 
• PT400-LS, PT600-LS
• Support Low Smoke Applications 
• Absolute and Tracking Phase Applications
• Sized for Rugged, Low Loss Performance 
• -40C to +85C Temperature Range

SiO2 (Silicon Dioxide) Cable Assemblies
• SiO2-090, SiO2-141, SiO2-200, SiO2-270
• Semi-Rigid Style Assemblies
• Ultimate Phase Tracking Performance
• Extreme Temperatures, Harsh Environments 
• -273C to +600C Temperature Range

PhaseTrack™ Semi-Rigid cable assemblies
• PT110-SR, PT141-SR
• Classic Semi-Rigid Style now with TF4 
• New Designs or Drop-In Replacements
• -55C to +125C Temperature Range

Phasetrack P-Flex™ cable assemblies
• PF130, PF402
• Flexible “In-the-Box” Cable Assemblies
• TF4 for Absolute and Tracking 

Phase Applications
• Easy Installation, Proven Reliability
• -55C to +150C Temperature Range

MWJTIES0912.indd   163 9/27/12   11:23 AM

http://www.timesmicrowave.com


164 	 MICROWAVE JOURNAL n OCTOBER 2012

Figure 2 shows the phase noise at 
the 1.2 GHz output of an XM10 (120 
MHz  10), measured with an Agi-
lent E5052B signal source analyzer. 
Output power at both fundamental 
and multiplied frequencies is 13 dBm, 
with sub-harmonics and spurious 
products <–80 dBc.

The XMNP operates with refer-
ence input levels from –3 to +16 dBm, 
which makes it very easy to incorpo-
rate into customers’ applications. The 
PLL bandwidth is ≤1 Hz, giving it 
high rejection of noise and spurs on 
the reference signal.

Applications
The low phase noise and spurious 

outputs of the XMN and XMNP make 
them ideal building blocks for high  
performance synthesizer designs. 
Other uses include satellite ground 
stations, phase noise test systems, and 
EW systems and scientific research. In 
certain applications, the XMN/XMNP 
may provide a practical alternative to 
a SAW oscillator, offering improved 
close-to-carrier phase noise and flex-
ibility of output frequency without 
incurring the development cost of a 
non-standard SAW resonator.
Pascall Electronics Ltd.,  
Ryde, Isle of Wight, UK  
+44 (0)1983 817300,  
enquiries@pascall.co.uk., 
www.pascall.co.uk.

1 GHz can be gen-
erated from 100 
MHz  10, 111.111 
MHz  9, 125 MHz 
 8 or 142.857 
MHz  7. This flex-
ibility can facilitate 
frequency planning 
for a particular ap-
plication, or alterna-
tively can be used to 
optimize the phase 
noise. Lower multi-
plication ratios give 
lower noise floor. 
On the other hand, 
choosing a lower 
oscillator frequen-
cy will reduce the 
close-in phase noise.

The basic pack-
age size is 101.6 × 
57.2 × 20.3 mm for 
the XMN and 101.6 
× 87.5 × 20.3 mm 
for the XMNP. This typically allows for 
all multiples up to 10. If an extra mul-
tiplication stage is needed, for 3 GHz 
output for example, the width increas-
es to 81.5 mm or 111.8 mm for the 
XMN and XMNP, respectively. The 
standard supply voltage is +12 V, with 
+15 V available as an option. Figure 1 
shows a simplified block diagram of the 
XMNP phase-locked signal source.

Performance
The main criterion when develop-

ing the XMN was that the phase noise 
should be as low as possible. In this 
regard, integrating oscillator, multipli-
er, amplifiers and filters into a single 
unit can give better performance than 
a building-block approach, as the in-
dividual sections can be optimized to 
work with each other.

The phase noise floor at the multi-
plied output is typically equivalent to 
–183 dBc/Hz at the oscillator’s frequen-
cy. For example, the phase noise floor of 
an 840 MHz output derived from 120 
MHz is typically –166 dBc/Hz.

Close-to-carrier phase noise is 
similar to that of Pascall’s OCXO and 
OCXOF oscillators. Internal regula-
tors are used to reduce the effect of 
supply noise and ripple. Particular 
care has been taken to minimize low-
frequency noise on the oscillator sup-
ply, ensuring that even at 1 Hz offset, 
the full performance offered by low-
noise crystals is realized.

Product Feature

s Fig. 1  Simplified block diagram of XMNP.
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s Fig. 2  1.2 GHz XM10 phase noise.
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Product Feature

Amphenol® RF has developed a new line 
of rugged connectors (ARC) for trans-
portation, military, mining and con-

struction, public safety, wireless, smart energy, 
industrial control and other outdoor harsh en-
vironment applications. The ARC line of rug-
ged connectors is IP67-rated in both mated 
and unmated conditions. These connectors 
are designed to withstand extreme conditions 
in harsh environments where they will be sub-
ject to intense shock, vibration and heavy me-
chanical loads. Amphenol RF strengthened 
the plating of the new ARC line connectors for 
increased mating cycles and improved chemi-
cal resistance. The addition of seals and an 
improved geometry design has made the new 
ARC line submersion resistance beyond the 
level of IP-67 per IEC 529. The line’s superior 
design and manufacturing techniques allow 
these cable jacks and plugs to be fully submers-

ible and impenetrable to fluids in mated and 
unmated conditions, even when subjected to 
extreme changes in temperature and humid-
ity. The ARC line is engineered to reduce the 
total cost of ownership of outdoor installation 
maintenance.

The ARC line utilizes a single-piece body 
design in Amphenol’s straight connectors in-
stead of conventional, multi-piece modular de-
signs. This provides for greater load capability 
and mechanical shock survival. The environ-
mental specifications are shown in Table 1.

The ARC line is available in TNC and Type 
N cable interfaces with standard and reverse 
polarity options (electrical performance is 
shown in Table 2). Cable jacks and plugs are 

Amphenol RF
Danbury, CT
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Environments
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available in straight, right angle and bulkhead configura-
tions to fit to various outdoor installation requirements. 
Since the ARC line’s introduction in June 2012, Amphenol 
RF has been enhancing its product offering by including 
more cable groups to the product lineup.

To complement the connector line, Amphenol RF of-
fers ruggedized cable assemblies with various integrated 
armor to limit the effects of abrasion and impact.  Conduit 
style armor is available to aid with chemical resistance.

Amphenol RF will be expanding its ARC line in the 
upcoming months to include IP-67 rated PCB jacks and 
between series adapters.

Amphenol RF,  
Danbury, CT  
(800) 627-7200,  
arc.amphenolrf.com.

TABLE I
environmental specifications for ARC product LINE

TNC Type N

Temp. Range -65˚ to +165˚C* -65˚ to +165˚C*

Thermal Shock MIL-STD-202, 
method 107, cond. B

MIL-STD-202, method 
107, cond. B

Vibration MIL-STD-202, 
method 204, cond. B

MIL-STD-202, method 
204, cond. B

Shock MIL-STD-202, 
method 213, cond. G

MIL-STD-202, method 
213, cond. 1

Sealing IEC 529, IP67 IEC 529, IP67

*With heat shrink wrap tubing temperature range up to 85˚C

TABLE Ii
electrical specifications for ARC product LINE

TNC Type N

Impedance 50 ohm 50 ohm

Frequency Range DC to 6 GHz DC to 6 GHz

Performance Spec 
Standard Polarity 
STR: DC to 3 GHz 
STR: 3 to 6 GHz 
R/A: DC to 3 GHz 
R/A: 3 to 6 GHz

 
 

1.2 Max. 
1.3 Max. 
1.3 Max. 
1.3 Max.

 
 

1.1 Max. 
1.2 Max. 
1.15 Max. 
1.2 Max.

Insulation 
Resistance

5000 M Min. 5000 M Min.

Contact Resistance Center Contact: 
=1.5 m, 

Outer Contact: 
=0.2 m

Center Contact: 
=1 m, 

Outer Contact: 
=0.2 m

Dielectric  
Withstanding Voltage

1000 VRMS 1000 VRMS
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Tech Brief

High Performance 
Broadband Converter 
and Receiver

N orden Millimeter has de-
veloped an 18 to 40 GHz 
down converter with an inte-

grated 0.5 to 18 GHz bypass path for 
combining both into a single 0.5 to  
18 GHz IF output. Conversion gain is 
12 dB (± 3 dB) typical, noise figure is 
14 dB typical and VSWR IF/LO/RF is 
2.5:1 typical. Norden uses a variety of 
technologies to miniaturize multiple 
functions into a single small housing 
running off a single power supply volt-
age to minimize size, weight and pow-
er. These are designed for the ELINT 
and EW markets.

In addition, Norden Millimeter 
has developed a 0.5 to 18 GHz re-
ceiver for the ELINT market. The 
frequency range of this receiver can 

also be extended by using Norden’s 18 
to 26.5 GHz and 26.5 to 40 GHz block 
down converters. The noise figure is 
14 dB typical with an IF of 1 GHz ± 
250 MHz. Image rejection is 85 dBc 
typical, IF rejection is greater than 
100 dBc typical and spurs/harmonics 
at −15 dBm input are 60 dBc typical. 
The receiver is highly channelized 
for increased interference immunity. 
To minimize the power consumption 
of the receiver, the unselected bands 
are turned off. Norden uses the latest 
MMIC and packaging technology to 
bring this design to manufacturing in 
an extremely small package size.

Norden Millimeter has extensive 
experience in design and manufactur-
ing of frequency converter products 

for both the commercial and military 
markets. Norden understands that the 
vast majority of requirements for con-
verter products involve custom design 
and packaging, custom LO and IF 
frequency selection, conversion gain 
and linearity requirements. To this ex-
tent, it is difficult to develop a useful 
line of “standard” converter products. 
Consequently, Norden recognizes 
that the majority of requirements for 
these products will be per individual 
customer specifications.

Norden Millimeter,  
Placerville, CA  
(530) 642-9123,  
www.nordengroup.com.

And The Winner Is...
Emerging Microwave Technologies 
For Most Innovative Design Category in the 
2012 Rogers Corporation ROG Award Contest
Through the University Sampling Program coupled with Rogers’ materials 
we created an industrial microwave sensor that can more accurately and 
efficiently characterize matter in a production environment.

Humberto Lobato-Morale
PhD Student

Emerging Microwave Technologies

Most Innovative Design

www.inaoep.mx/~altafrec

emerging.indd   1 9/13/12   10:19 AM

__10M22 FINAL.indd   170 9/28/12   11:42 AM

http://www.nordengroup.com
http://www.inaoep.mx/~altafrec


10221 Werch Drive  Woodridge, Illinois 60517
Tel 630.754.3300  Fax 630.754.3500

Toll Free 888.347.8676
storm_microwave@teledyne.com

www.teledynestorm.com/mj1012

U.S. Navy Photo

Your Source for Military Interconnect Solutions

With over 30 years experience providing solutions for challenging 
defense applications, Teledyne Storm’s heritage is your heritage.

We understand your needs for high performance microwave 
assemblies specifically engineered for military radar and EW 
applications and offer a product line that includes:

  True Blue® low loss flexible assemblies

  Phase Master® phase stable flexible assemblies— 
superior phase stability, exceptional value

  Storm Flex® assemblies—durable, compact, 
superior electrical performance

  Maximizer Gold™ phase stable semi-rigid assemblies

  Miniature blindmate assemblies

Put our reputation for technical 
expertise and outstanding 
customer service to the test.
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Tech Briefs

Compact 1 kW
Power Amplifi ers

T he fi rst models of Empower’s 
‘Size Matters’ high power PA 
product family are packaged in 

a 5U, air cooled chassis and deliver 
over 1 kW of output power in the fre-
quency ranges of 20 to 500 MHz, 500 
to 1000 MHz and 20 to 1000 MHz. All 
models are suitable for octave band-
width high power CW, modulated and 
pulse applications.

The 1 kW solid-state amplifi ers uti-
lize high power LDMOS devices that 
provide wide frequency response, 
high gain, high peak power capabil-
ity and low intermodulation distor-
tion. Exceptional performance, long-
term reliability and high effi ciency 
are achieved by employing advanced 
broadband RF matching networks 
and low-loss combining techniques, 

all qualifi ed components and EMI/
RFI fi lters. This is particularly impor-
tant due to the prevalence of wireless 
transmitters in the modern urban en-
vironment, where Empower’s ampli-
fi ers permit verifying products for 
hardness compliance against EM/RF 
interference.

The amplifi ers include a built-in 
control and monitoring system, with 
protection functions that preserve high 
availability. Remote management and 
diagnostics are via an embedded web 
server, allowing network managed site 
status and control simply by connect-
ing the unit’s Ethernet port to a LAN. 
Using a web browser and the unit’s IP 
address allows ease of access with the 
benefi t of multilevel security.

The system core supports soft-
ware and fi rmware encryption, uses 
an embedded real-time OS (Linux), 
has a built-in non-volatile memory 

for event recording, storage of control 
parameters, event logs and factory 
protected setup recovery features. 
The extended memory option allows 
for enhanced internal diagnostics and 
troubleshooting – basically, there is a 
fl ight recorder in the amplifi er.

The 1 kW family features a ‘mini-
mal touch’ design, which eliminates 
a number of manual manufacturing 
process steps – design margin evalu-
ation (DME) analysis and a full set of 
factory acceptance tests are integral to 
the product. Detailed thermal analy-
sis and demonstrated heat spreading 
techniques, including device manage-
ment, have all contributed to high sys-
tem reliability.

Empower RF Systems Inc., 
Los Angeles, CA 
(310) 412-8100, 
www.empowerrf.com.
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Turnkey EMC
Reverberation Chambers

R everberation chambers (RVC) 
are modern EMC test en-
vironments that provide an 

alternative to semi or full anechoic 
rooms (SAR/FAR), open area test 
sites (OATS) or Gigahertz Transverse 
Electromagnetic (GTEM) cells. The 
new RVC XS and 2XS models expand 
Teseq’s extensive chamber portfolio.

RVCs consist of a shielded room 
and a ‘stirrer,’ which changes the reso-
nant electromagnetic fi eld distribution 
inside the chamber, producing a statis-
tically uniform fi eld. The two new RVC 
models are designed specifi cally to ac-
commodate small Equipment Under 
Test (EUT), eliminating the need for 
a larger, more expensive, traditional 
chamber. Both models are fully as-
sembled and tested in the factory and 

no on-site assembly is required as the 
chambers are delivered ready to use.

The 2XS, the smaller of the two 
chambers, has an internal size of 1.5 � 
0.8 � 1.0 m, providing a test volume of 
0.5 � 0.3 � 0.5 m at a start frequency 
of about 800 MHz. The larger model, 
the XS, has an internal size of 2.7 � 1.5 
� 1.3 m, resulting in a test volume of 
1.2 � 1.0 � 0.8 m and a start frequency 
of about 500 MHz.

Optimal mechanical stability of 
the two RVCs is achieved using a 
rigid construction and an outside re-
inforced frame. Furthermore, the in-
side of the chamber has a completely 
fl at surface (no connective elements 
are used for pan type or sandwich 
construction), which is made of alu-
minium for optimal power and fi eld 

performance. Field strengths of more 
than 100 V/m are easy to achieve with 
1 W applied to the antenna and with 
an empty chamber.

Both chambers are fully equipped 
with a stirrer — designed and opti-
mized for the intended frequency 
range in accordance with the require-
ments of the basic standards. The 
stirrer commands are provided in the 
user manual and enable easy imple-
mentation of the stirrer controller 
within any measurement software. 
Drivers and RVC application pack-
ages for Teseq’s Compliance 5 EMC 
software are available.

Teseq AG, 
Luterbach, Switzerland 
+41 32 681 4075, 
www.teseq.com.
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More than 
40 years of EMC 
T&M experience

Best in EMC testing:
More speed.
More insight.
More intelligence.
The ¸ESR is the new test receiver for standard-compliant 
EMC testing.
❙  Save time
 The ¸ESR time domain scan makes EMC measurements faster than  
 ever before, allowing you to dedicate more time to your main mission.
❙  Find everything
 The realtime spectrogram and the persistence mode seamlessly display  
 the spectrum so you can detect and analyze sporadic or hidden emis- 
 sions and their cause.
❙  Work fl exibly
 The ¸ESR combines a test receiver and full-featured spectrum  
 analyzer in a single instrument, giving you all the tools you need for  
 your measurement task.
❙  Simplify measurements 
 The ¸ESR combines functionality with clear structure for easy   
 navigation on the convenient touchscreen.

Want to know more?
Convince yourself – visit www.rohde-schwarz.com/ad/esr.
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EMC & RF Testing 
Catalog

AR’s new product catalog is now 
available from the company’s lo-
cal AR sales associate.  The catalog 
is easy to use, with “find-it-fast” 
charts and color coding to help get 
right to whatever you need for RF 
and EMC testing. It is also avail-
able for free download, either in 
full or by section at www.arworld.
us. 
AR RF/Microwave 
Instrumentation,
www.arworld.us.

Microwave Capabilities 
Catalog
Crane Aerospace & Electronics 
Microwave Solutions launches 
the new microwave capabilities 
catalog that features a wide range 
of product solutions from com-
ponent level devices to complex, 
advanced integrated microwave 
assemblies. Products are illustrat-
ed from major product areas and 
represent the breadth of techni-
cal capability of Crane. The com-
pany’s microwave brands include 
Merrimac, Signal Technology and 
Polyflon. For more information 
on Crane Microwave Solutions, 
please visit www.craneae.com/mw. 
Crane Aerospace & Electronics Microwave Solutions,
www.craneae.com.

Wireless Connectivity 
Brochure

Gain greater insight into wire-
less design and test with Agilent’s 
new brochure Test Solutions for 
Greater Insight into Wireless 
Connectivity. This brochure fo-
cuses on test solutions for technol-
ogies such as WLAN, WiMAX™, 
RFID, NFC, Bluetooth®, UWB 
and ZigBee. The brochure is avail-
able now at www.agilent.com/find/
wirelessconnectivity, in the What’s 
New section. There is no cost and 
no registration required.
Agilent Technologies Inc.,
www.agilent.com.

Connector Catalog
Astrolab Inc. announces the pub-
lication of its new RF and mi-
crowave connector catalog. The 
catalog is a resource for system 
and component engineers to iden-
tify solutions that maximize system 
performance while minimizing its 
mass, volume and footprint. The 
catalog includes connectors with 
BMA, BMZ, MCX, MMCX, SMP, 
SMPM and the company’s space 
qualified SMPM-T interfaces, and 
RF contacts that include size 12, 
16 and 20 interfaces. The catalog 
introduces the new “gigablock” 
connection system with 16 microwave connections in one connector that 
can be used up to 40 GHz. 
Astrolab Inc.,
www.astrolab.com.

Supplier Line Card

Richardson RFPD Inc. announced 
the availability of its 2012 Sup-
plier Line Card. The updated, 
expanded Line Card features a 
section of ‘Suppliers by Product 
Category’ matrix tables that offers 
at-a-glance reference of supplier 
devices. The expanded Supplier 
Line Card reflects Richardson 
RFPD’s best-in-class New Product 
Introduction program that pro-
vides supplier partners with maxi-
mum exposure to design engineers 
developing the next generation of 
products for applications in aero-
space and defense, broadcast transmission, machine-to-machine (M2M), 
renewable energy, and wireless infrastructure.
Richardson RFPD Inc., 
www.richardsonrfpd.com.
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Catalog Update

USB Products Brochure
RFMW announced its latest short 
form brochure highlighting the 
Telemakus family of USB-con-
trolled test devices and software 
applications. This interactive 
brochure provides an overview 
of Telemakus low-cost devices 
including synthesized signal gen-
erators, true RMS power detec-
tors, vector modulators, phase 
shifters, variable step attenuators, 
switches, multipliers and amplifi-
ers. An application library reviews 
2-tone analyzer measurements, 
functional pulse modulators, pulse 
power analyzers, a low-cost scalar 
analyzer system and data logging 
functions. A copy of the interactive brochure may be downloaded at: 
www.rfmw.com/data/Telemakus_2012_Short_Form.pdf.
RFMW,	
www.rfmw.com.
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Radar & Satellite 
Catalog
SPINNER’s new radar and satel-
lite catalog presents its product 
portfolio, which includes several 
kinds of rotary joints such as sin-
gle and multi channel fiber optic, 
coax and waveguide solutions. The 
special benefits of these include 
compact design, excellent electri-
cal and mechanical performance 
and longest life time. SPINNER’s 
innovations, technical know-how 
and top quality made the compa-
ny one of the leading rotary joint 
manufacturers for off-the-shelf 
and custom-made solutions.
SPINNER GmbH,
www.spinner.group.com.

Legacy Pro Brochure

Do you need to replace discon-
tinued instrumentation in your 
ATE? Rohde & Schwarz offers 
signal generators as well as spec-
trum and network analyzers that 
understand the existing code writ-
ten for your test system. Retain 
your current test system software. 
Benefit from the company’s ex-
perience in code emulation. Rely 
on its long-term support. Find 
out more in the R&S Legacy Pro 
brochure (order number: PD 
5214.5603.62) or online: www.
rohde-schwarz.com/ad/legacypro.
Rohde & Schwarz GmbH & Co. KG,
www.rohde-schwarz.com.

Catalog Update

Cables, Connectors & 
Assemblies Brochure
Times Microwave Systems in-
troduced High Power RF Co-
axial Cables, Connectors & As-
semblies covering 50 Ω flexible 
cables for use in demanding 
high power applications such 
as high power radar and lasers, 
pulse power, medical equipment 
(MRI), semiconductor, flat panel 
and solar panel manufacturing, 
and particle physics. Cables are 
available for use at continuous 
operating temperatures up to 
200ºC. The product range in-
cludes MIL-C-17 cables, special 
Times-designed high power cables such as SFT®, HP, FBT®, LMR-
LLPL® and LMR®-FR cables.
Times Microwave Systems,
www.timesmicrowave.com.
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The information you need, from the 
technology leaders you trust.

Check out these new online Technical Papers  
featured on the home page of Microwave Journal  
at mwjournal.com.

Frequency Matters .

Signal Integrity: Frequency Range Matters!
Anritsu

What is a Vector Signal Transceiver?
National Instruments

Selecting RF Chip Capacitors for Wireless  
Applications
Richardson RFPD

Optimize Your RF/Microwave Coaxial Connection
Dave McReynolds, RF Industries
 

Amplifier Fundamentals Chart
AR RF/Microwave Instrumentation
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Components
Micro-Miniature Connectors 
Amphenol Aerospace offers a series of rugged, 
micro-miniature connectors that provide more 
power throughput and consistent coupling by 
incorporating more electrical connections in 
compact form factor. Available in shell 

sizes from 5 to 
23, the new 
high-density 2M 
Series weighs 72 
percent less and 
is 52 percent 
smaller than 
standard MIL-

DTL-38999 connectors. The connectors are in-
termateable and intermountable with existing 
micro-miniature high-density connectors typi-
cally used in aerospace and defense applica-
tions. The 2M Series maximizes SWaP (size, 
weight and power) in a variety of high-reliabili-
ty, harsh environments.
Amphenol Aerospace, 
www.amphenol-aerospace.com.

Multiplexers
ADI introduced 
two multiplex-
ers, ADG5206 
and ADG5207, 
able to guaran-
tee latch-up 
prevention in 
high-voltage in-
dustrial applica-
tions operating 

up to ±22 V. The low leakage (20 pA) feature 
ensures high accuracy and resolution. They op-
erate from ±9 to ±22 V in applications where 
the analog signal is bipolar and from +9 to +40 V 
in applications where the analog signal is unipo-
lar. They feature 3.5 pF off-source capacitance, 
60 MHz –3 dB bandwidth, ultra-low charge in-
jection (0.35 pC at 0 V) and source off leakage 
(400 pA at 125°C) performance.
Analog Devices Inc., 
www.analog.com.

Connector and Cable Harness
Astrolab Inc. 
announced the 
release of a new 
65 GHz multi-
ple mate PCB 
connector and 
cable harness 
system. This 
system, Giga-
block, was de-
veloped using 

the company’s rugged and patented micro-
bend® cable assemblies that can be terminated 
with SMA, SMPM, SMP, 2.9mm (K) and 
1.85mm connectors. This high density cable 
and connector solution maximizes system per-
formance while minimizing its mass, volume 
and footprint.
Astrolab Inc., 
www.astrolab.com.
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Coaxial Cable Assemblies 
Crystek has in-
troduced a line 
of 26.5 GHz 
hand-formable 
coaxial cable as-
semblies, a new 
addition to its 
low-loss RF co-

axial cables. Designed to operate from DC to 
26.5 GHz, the hand-formable CCSMA26.5-
MM-086 cable assemblies are ideally suited for 
jumpers, instrumentation and high-frequency 
interconnects. The 50 Ω cables provide an at-
tenuation value of 1.40 dB/ft. at 26.5 GHz, and 
offer shielding effectiveness of greater than 100 
dB with an operating temperature range of 
−40° to +85ºC. Electrically matched pairs are 
also available.
Crystek Corp., 
www.crystek.com.

Module Chips
Ethertronics unveiled EtherChip 1.0™, the 
first in a series of building blocks for RF front-
end module chips from the Ethertronics Chip 
Division to provide more “smarts” to antenna 
and RF systems. EtherChip 1.0 leverages 
Ethertronics’ Air InteRFace Digital Condition-
ing™ (AIRFDC™) technology to provide tun-
ing capacitance, seamlessly adjusting the char-
acteristics of a cellular antenna to its dynamic 
requirements – such as retuning for frequency 
shift, hand or head effects, or more bandwidth. 
EtherChip 1.0 is a silicon chip available for im-
mediate integration by OEMs.
Ethertronics, 
www.ethertronics.com.

Analog-to-Digital Converters

The HMCAD1104 is a 10-bit octal channel ADC 
with low power and high performance. Operat-
ing at 65 MSPS, the HMCAD1104 delivers a 
signal to noise ratio (SNR) of 61.6 dB, 

while dissipating 
only 30 mW  
of power per  
channel. The 
HMCAD1104 is 
pin compatible 
with Hittite’s fam-
ily of 12-bit ADCs 

including the HMCAD1100, HMCAD1101 and 
HMCAD1102, all of which are compatible with the 
EasySuiteTM Test and Evaluation Tool for analysis 
and system configuration. The HMCAD1104 is 
specified for operation over the industrial tempera-
ture range of –40° to +85°C.
Hittite Microwave Corp., 
www.hittite.com.

Contact Clip

The Contact Clip KK-541 offers reliable con-
tacting with flat connectors on the outer sur-

face. Even contacting in rough test conditions 
using vibrations, contaminations and long test 
cycles, the KK-541 proves it is the most suitable 
due to its double spring clip structure. The 
Contact Clip is designed for flat connectors of 
0.5 to 0.8 mm. Depending on the fitting, for ex-
ample test fixtures or test plugs, there are two 
different versions available: press fit or screw in.
Ingun Pruefmittelbau GmbH, 
www.ingun.com.

Solid-State RF Switches
The 50S-1720 
(1P2T), 50S-
1721 (1P4T) 
and 50S-1722 
(1P8T) are 
JFW’s newest 

line of PIN-diode RF switches. They boast an 
operating frequency from 0.5 to 18 GHz, 50 dB 
minimum isolation at 18 GHz, and a maximum 
switching speed of 100 nanoseconds. Their com-
pact, self-terminating design makes them perfect 
for OEM and test applications where reliability, 
speed or bandwidth is critical. SMA female con-
nectors and TTL control are standard, but other 
configurations may be available upon request. 
For more information, email: sales@jfwindus-
tries.com.
JFW Industries, 
www.jfwindustries.com.

DC/DC Converter

Linear Technology announces the H-grade ver-
sion of the LT3518. The LT3518 is a 45 V, high-
side current sense DC/DC converter designed 
to drive high current LEDs at constant current. 
It has a 3 to 30 V input voltage range with tran-
sient protection to 40 V. The H-grade version 
operates with a junction temperature up to 
150°C, compared to the E- and I-grade ver-
sions’ 125°C maximum junction temperature. 
The H-grade parts are tested and guaranteed to 
the maximum junction temperature of 150°C. 
Linear Technology Corp., 
www.linear.com.

Bridge Couplers
Marki Microwave presents the highest perfor-
mance bridge couplers available on the market 
today. The CBR16-0003 and CBR16-0006 offer 
outstanding typical directivity of 40 dB, which 
is higher than any other coupler available and 
enables high accuracy forward and reflected 
power measurements. The CBR16-0012 offers 
30 dB directivity from 200 kHz to 12 GHz, the 
broadest bandwidth available for such a high di-
rectivity coupler.
Marki Microwave, 
www.markimicrowave.com.
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Fixed Attenuators

Narda Microwave-East introduced the model 769A family of bidirec-
tional coaxial fixed attenuators. All models in the 769A Series handle a 
maximum input power of 150 W average and 3 kW peak, have a maximum 
VSWR of 1.35:1 or less, weigh 3.3 lb. (1.5 kg), and have Type-N female 
connectors. Models with 3, 6 and 10 dB of attenuation have maximum 
attenuation deviation of 0.4 dB to 2 GHz, and 0.75 dB to 6 GHz. The 
20 and 30 dB models have maximum attenuation deviation of 0.5 dB to 
2 GHz, and 1 dB to 6 GHz.
Narda Microwave-East, 
www.nardamicrowave.com/east.

Modulator/Phase Shifter

Model PS-90-2040-SY is a miniature 0 to 
180° bi-phase modulator/phase shifter 
with TTL control logic operating over a 
frequency range of 2856 MHz ±15 MHz. 
This model provides low loss of 1 dB max-
imum and offers a fast switching time of 
50 nsec maximum. This model is designed 
to handle an input power level of 1 W. The 
unit measures 1.39" × 1.0" × 1.0". Other 
frequency ranges are available.

Planar Monolithics Industries, 
www.pmi-rf.com.

Waveguide Isolator 
Raditek’s high power WR75 waveguide 
isolator is comprised of a circulator with a 
removable 400 W load. The load has small 
fins suitable for convection cooling. Stan-
dard specifications: 10.75 to 12.80 GHz, 
0.3 dB insertion loss, 21 dB isolation, 
1.22:1 VSWR, average power 400 W CW, 
peak power 2 Kilowatts, operating tem-
perature 0 to 50°C. Circulator dimen-

sions: 45 × 45 × 38.5 mm. Load dimensions: 180 × 75 × 75 mm.
Raditek, 
www.raditek.com.

Symmetric Switch

RFMD’s new RFSW6131 is a GaAs PHEMT 
single-pole three-throw (SP3T) switch de-
signed for use in cellular, 3G, LTE and other 
high performance communications sys-
tems. It offers a symmetric topology with 
excellent linearity and power handling ca-
pability, while also 3  and 5 V positive logic 
compatible. It features LF to 6000 MHz 
operation; low loss: 0.5 dB (2 GHz); isola-

tion: 27 dB (2 GHz); high IP3: 56 dBm; P0.1 dB: 31 dBm (5 V, 2.2 GHz); 
and DFN, 1.5 × 1.5 mm package. It is currently available in production 
quantities. Pricing begins at $0.60 each for 1000 pieces.
RFMD,	  
www.rfmd.com.

SMA Switch
RLC Electronics’ Micro Miniature SMA 
switch is a single-pole two-position type. 
The switch incorporates SMA connectors 
to allow high density packaging and excel-
lent electrical performance through 26.5 
GHz. The switch is available in failsafe and 
latching configurations with a choice of 
three different frequency ranges and three 

different coil voltages. It has a power rating of RF cold switching, an imped-
ance of 50 Ω and an operating power of 25°C (mA nominal), 5 V DC at 310 
mA, 12 V DC at 130 mA, and 28 V DC at 75 mA.
RLC Electronics Inc., 
www.rlcelectronics.com.

Mixers

Mini-Circuits MAC mixers employ a 
unique new design and a highly repeat-
able, tightly controlled, automated pro-
cess that delivers industry-leading reliabil-
ity at a remarkably affordable price. 
Schottky diode quads meeting the com-

pany’s strict specifications are bonded to a multilayer integrated LTCC 
substrate, then hermetically sealed under a controlled atmosphere with 
gold-plated covers and eutectic AuSn solder. These passive, double-bal-
anced mixers have been tested to MIL requirements for gross leak, fine 
leak, thermal shock, vibration, acceleration, mechanical shock, and 
HTOL, and are backed with a three-year guarantee.
Mini-Circuits, 
www.minicircuits.com.

Four-Throw Switch

MITEQ’s ultra-broadband single-pole 
four-throw switch, model SW4-
005400AN1NF, offers a wide frequency 
range of 0.5 to 40 GHz. This absorptive  
40 GHz terminated switch has an inser-
tion loss of only 7.5 dB maximum with an 
isolation of 60 dB minimum. This small, 

ultra-compact, wideband switch housing is available in both hermetic and 
non-hermetic packaging.
MITEQ, 
www.miteq.com.
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WAVEGUIDE CAST BENDS & TWISTS

WAVEGUIDE FEED ASSEMBLIES

MONOPULSE COMPARATORS

ROTARY JOINTS

MICROWAVE FILTERS

ROTARY SWITCHES

WAVEGUIDE TO COAX ADAPTERS

WAVEGUIDE PRESSURE WINDOWS

COMMERCIAL WAVEGUIDE ASSEMBLIES

 Isolated Contacts: 30
 Voltage: 20-300 Volts
 Current:  .1 - 5 Amps

Slip Ring Assembly
 Two Channels: 14.4 – 15.4 Ghz
 One Channel: 9.7 – 15.4 Ghz
 VSWR:  <2.0:1
 I.L.: <2.0dB
 Isolation: >60 dB

RF Rotary Joint

Up to 30 channels.
Use MDL’s rotary joint to transfer 3 RF signals and a 30-channel slip ring for flawless DC transmission.  We make and 
assemble both components, so you’ll save labor and testing costs. And you’re assured of the highest quality and reliability 
from the leader in high quality cast components and waveguide packages.

You’ve never been in better hands.
Quality from CAD to crate, quick turnaround, and tight economy is what we’re all about. Call an MDL specialist today at 
800-383-8057 or do a little surfing of your own and visit us at mdllab.com.

Channel surfing.

Multichannel Coax Rotary Joint / Slip Ring Assembly

Slip RingRotary Joint
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Amplifiers 
MILMEGA, a 
Teseq company, 
has introduced 
the new AS0728 
product range. 
Designed, in re-
sponse to cus-
tomer demands, 

to cover the test requirements within the wire-
less testing frequency bands, these 700 MHz to 
2.8 GHz amplifiers are available in 25, 50, 100  
and 170 W P1dB power levels. 
MILMEGA, 
www.teseq.com.

Power Amplifier Modules

Richardson RFPD introduced a pair of highly 
linear and efficient, fully-matched power ampli-
fier modules designed for Picocell, Femtocell and 
Customer Premises Equipment (CPE) 

applications from 
ANADIGICS. 
Both devices are 
designed for 
WCDMA, HSDPA 
and LTE down-
link air interfaces 
operating in the 
2.11 to 2.17 GHz 
band. They are 
manufactured 

using an advanced InGaP HBT MMIC technology 
offering state-of-the-art reliability, temperature 
stability and ruggedness. The self-contained 7 × 7 
× 1.3 mm surface mount packages incorporate RF 
matching networks optimized for output power, 
efficiency and linearity in 50 Ω systems. 
Richardson RFPD Inc., 
www.richardsonrfpd.com.

Low Noise Amplifiers

Skyworks introduces two new, enhance-
ment mode LNAs that offer low noise fig-
ure, high linearity, and excellent return 
loss: The SKY67012-396LF (0.3 to 0.6 
GHz) and SKY67013-396LF (0.6 to 1.5 
GHz). On-die active bias design ensures 
consistent performance, enables uncondi-
tional stability, and simplifies external 
matching. These highly flexible and low 
power gallium arsenide PHEMT LNAs 
have a small form factor and very low cur-
rent draw (5 mA) and wide input voltage 
range (1.8 to 5 V) capability.
Skyworks Solutions Inc., 
www.skyworksinc.com.

Power Amplifier Module 
This wideband GaAs amplifier module is ideal 
for CW or pulsed applications. It is very linear 
and highly efficient. Due to several state-of-the-
art circuits, this unit is highly immune 

WIRE BOND

www.westbond.com

WEST·BOND INC. WEST·BOND INC.

WEST·BOND INC. WEST·BOND INC.

BOND

New Products
Receiving Coil

Vishay Intertechnology announced a new pow-
dered-iron-based, WPC-compliant receiving coil 
for the wireless charging of 5 V portable elec-
tronics. Offering a durable construction and high 
permeability shielding, the new IWAS-
3827EC-50 provides high efficiency greater than 
70 percent for Rx applications to 10 W and is 33 
percent smaller than the standard 48 × 32 mm 
IWAS-4832FF-50 Rx coil, with dimensions of 
38 × 27 mm. As an alternative to Ferrite-based 
solutions the IWAS-3827EC-50 offers a mag-
netic saturation of 50 percent at 4000 gauss.
Vishay Intertechnology Inc., 
www.vishay.com.

USB Powered Switches

The new Lab 
Brick product 
family has a  
10 W power 
handling capa-
bility and offers 
reliable, high 
isolation, low 

power and low cost solid state switch products 
in both SPDT and SP4T configurations. The 
LSW Series Switches have manual, internal and 
external switch control capability and can be 
easily controlled and programmed directly from 
the included GUI or through the external con-
trol inputs. Easily programmable for ATE ap-
plications, the LSW Series Switches can also be 
used in WiMAX, 3G, LTE test platforms, and 
engineering and production test labs.
Vaunix Technology Corp., 
www.vaunix.com.

Amplifiers
GaN SSPA

Aethercomm Inc. introduced a broadband, high 
power SSPA using GaN. This extremely large 
bandwidth operates from 20 to 6000 MHz. 
Model number SSPA 0.020-6.000-35 produces 
20 to 80 W Psat typical across this frequency 
band. The amplifier design can be employed in 
high shock and vibration environments and is 
housed in a 2.5" (w) × 7.7" (l) × 1.4" (h) module. 
The SSPA 0.020-6.000-35 amplifier is designed 
for either pulsed or CW and is ideal for use in 
commercial and military platforms. 
Aethercomm Inc., 
www.aethercomm.com.
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an Agilent J-BERT bit error-ratio tester, an Agi-
lent 90000A-, Q- or X-Series oscilloscope, an 
Agilent pulse function generator and Agilent 
PCI Express 3.0 calibration test channels. The 
software provides a receiver signal calibration 
test suite that allows engineers to set up a J-
BERT N4903B bit error-ratio tester for per-
forming PCIe 3.0 jitter tolerance testing under 
the PCIe 3.0 base specifi cation.
Agilent Technologies Inc.,
www.agilent.com.

Development Software
With TI’s KeyStone-based TMS320C665x 
multicore digital signal processors (DSP), de-
velopers more effectively meet the specialized 
gateway challenges of matching voice coding 
techniques, processing tone and signaling mes-
saging, distinguishing facsimile from voice, 
converting legacy circuit switched connections 
to IP and managing and reporting voice qual-
ity. The TMS320C6654 DSP at 850 MHz sup-
ports up to 64 channels of G.729AB, while the 
TMS320C6655 DSP at 1 GHz supports up to 
128 channels of G.729AB. The TMS320C6657 
DSP at 1.25 GHz provides signifi cant head 
room for applications requiring added density. 
Texas Instruments Inc.,
www.ti.com.

Test Equipment
Digital Radio Test System

Aerofl ex introduced the 3550 digital radio test 
system featuring a color touch-screen. It is 
lightweight (8.3 lbs. including battery) for fi eld-
testing of analog, DMR, P25, NXDN, and 
dPMR systems, and features 4.5 hours of con-
tinuous operation with its internal battery. 
Uniquely, the 3550 test system allows the user 
to test all aspects of the radio system — the 
transmitter, receiver, cables, and antennas — 
with powerful features typically found only in 
bench top equipment. It has an operating range 
of -0 to +50ºC. 
Aerofl ex Inc.,
www.aerofl ex.com.

Simulation Models
Modelithics announced new simulation models 
for Coilcraft inductor families 132SM, 
1812SMS, 1508/2508, 0906/1606 and 
0806SQ/0807SQ/0908SQ. The highly-accurate 

measurement-
based models 
are substrate 
and part-value 
scalable and 
support EM 
s i m u l a t i o n . 
Datasheets give 
detailed infor-
mation for each 

model, which are supported in Agilent ADS, 
Genesys and AWR Microwave Offi ce. For more 

from damage due to any out of spec DC voltage 
conditions that may be applied. Its rugged con-
struction guarantees fault-free operation in the 
most extreme environments. It features 5 W 
output power, 37 dB linear gain, rise and fall 
time < 1 usec, +12 V DC, 1.8 amps at 100 per-
cent duty cycle, and is 5" × 2.5" × 0.51".
Triad RF Systems,
www.triadrf.com.

Software
RF Design Software
A new version of the LINC2 Pro RF and micro-
wave design, synthesis and simulation software 

suite has recent-
ly been released 
by ACS. Version 
2.72 release R 
adds many new 
component mod-
els to the pro-
gram’s extensive 
model library. 
These include 
more than 600 
new capacitor 

models, 350 inductor models and a number of 
new active models including GaN power devic-
es. The latest edition also offers enhanced sche-
matic capture. Circuits can be entered manually 
or created automatically by a number of circuit 
synthesis modules.
Applied Computational Sciences (ACS),
www.appliedmicrowave.com.

Test Calibration Software

Agilent introduced its fully integrated PCI Ex-
press® (PCIe®) 3.0 receiver test calibration and 
transmitter test software. The software provides 
an integrated environment for calibrating the 
stressed voltage and stressed receiver eye using 

DI OPEN RESONATORS

www.damaskosinc.com

(610)358-0200  fax(610)558-1019

⚫Std Sizes ⚫ No Contact ⚫ Easy Prep 

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

900T ~8 to 50 GHz
600T ~12 to 65+ & Model to 110 GHz

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

FAST PULSE TEST SOLUTIONS

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

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

MICRO-ADS
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GaAs MMIC Doubler 
M/A-COM Tech introduced a GaAs MMIC 
doubler for VSAT applications. The XX1010-
QT is an active doubler in a RoHS compliant  

3 × 3 mm 16-lead plastic QFN package that de-
livers +20 dBm output saturated power (Pout) 
and 35 dBc fundamental suppression. Using a 
GaAs PHEMT process, the XX1010-QT covers 
the 14.625 to 15/29.25 to 30 GHz frequency 
bands and integrates a gain stage, doubler and 
driver amplifier into a single device. The device 
has a self-bias configuration, requiring only a 
positive 5 V supply. 
M/A-COM Technology Solutions Inc., 
www.macomtech.com.

Signal Sources 

The XMN and XMNP Series of 200 MHz to  
3 GHz ultra low noise multiplied signal sources 
integrate an OCXOF with a low-noise frequen-
cy multiplier to give an output with a low phase 
noise floor – typically equivalent to –183 dBc/
Hz at the oscillator’s frequency. For example, 
the phase noise floor of a 1.2 GHz output de-
rived from 120 MHz is typically –163 dBc/Hz.
Pascall Electronics Ltd., 
www.pascall.co.uk.

Oven Controlled Crystal Oscillator

Rakon launched a new ultra low noise crystal 
oscillator with unparalleled phase noise perfor-
mance. The LNO 100 series at 100 MHz offers 
outstanding guaranteed phase noise levels of 
−165 dBc/Hz at 1 KHz and −178 dBc/Hz at 10 
KHz. The LNO also provides rapid warm-up, 
excellent temperature stability and low g-sensi-
tivity. Available in various sizes (from 51 × 51 × 
25 mm down to 25 × 25 × 12 mm), in SMD or 
through hole packages and with SMA connec-
tors. 
Rakon, 
www.rakon.com.

information, visit: www.modelithics.com/mvp/
CoilCraft/.
Modelithics Inc., 
www.modelithics.com.

Subsystems
USB Controlled Tuner 

The diminuSys DWT-P909 is a compact, high 
dynamic range synthesized microwave tuner, 
spanning the 0.9 to 9 GHz band, with simple 
USB control, simultaneous non-inverting out-
puts at 900, 120 and 21.4 MHz, instantaneous 
bandwidth of 200 MHz and sub-octave prese-
lection. Gain is adjustable from −40 to +20 dB 
with unity gain third order intercept point of 
+17 dBm. The DWT-P909 fulfills wideband 
tuning requirements for signal processors at 
popular IF frequencies and extends legacy re-
ceiver coverage to 9 GHz.
diminuSys, 
www.diminusys.com.

Sources
Coherent Frequency Synthesizer
Elcom’s UFS 18 low phase noise, coherent fre-
quency synthesizer can now provide wideband 
coherent chirp waveforms at frequencies up to 
18 GHz. Modulation bandwidth of  

±100 MHz is possible. An IQ modulator capa-
ble of operating at a fixed frequency LO of  
3 GHz and a baseband arbitrary AWG with IQ 
outputs is also required. With the new wide-
band IF Option 113A, any baseband waveform 
with a spectrum within DC to ±100 MHz will 
appear with high accuracy as modulation on the 
synthesizer’s carrier frequency. 
FEI-Elcom Tech, 
www.fei-elcomtech.com.

New Products
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Modco VCO’s for P25 and TETRA hand-
held, mobile and base station radios. 
When optimum performance is required 
for critical applications Modco offers 
proven designs. 
• VHF BAND • 7/800MHZ                  
• UHF BAND • TETRA VCO’S.
Typical Phase noise -123/-125 dBc @ 
10kHz. Models are available with modu-
lation port and low profile packages and 
priced from $9.95

WWW.MODCOINC.COM

MICRO-ADS
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one impressive trade exhibition

Space for Microwaves
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European Microwave Week continues its series of successful
events, with its 15th at The RAI, Amsterdam, The Netherlands.
EuMW2012 returns to this wonderful city for what promises to
be an important and unforgettable event. 

THE CONFERENCES
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MicroApps Expert Forum
•		Device	Characterization	Methods	&	Advanced	RF/Microwave	Design

RF/Microwave Training Series
Presented by: Besser Associates
•	Spur-Free	Switching	Power	Converters	for	Analog	and	RF	Loads
•	Mixers	and	Frequency	Conversion
•	LTE	Broadband	Wireless	Access

Market Research Series
Presented by: Strategy Analytics
•	AESA	Radar	Market	Trends:	Fast-Jets	and	Beyond

Technical Education Training Series
•		Improving	GaN	HEMT	PA	Design	with	Cree’s	Large	Signal		
Models	and	AWR’s	Microwave	OfficeTM

•		Understanding	Radio	Channel	-	Part	2:	Reaching	a	Data	Rate	of		
100	Mbit/s	with	LTE

CST Webinar Series 2012
•	Antenna	Cosite	Interference	Analysis	in	an	Unmanned	Aerial	Vehicle
•	Integrated	Antenna	Design	for	a	GSM	Tracking	Device

Innovations in EDA/Signal Generation & Analysis Series
Presented by: Agilent EEsof EDA/Agilent Technologies
•	Power	Amplifier	Design	with	X-Parameter	Power	Transistor	Models
•	IC,	Laminate,	Package	Multi-Technology	PA	Module	Design	Methodology

•	Wireless	Site	Survey	Using	a	Handheld	Spectrum	Analyzer
•	System-level	Design	and	Verification	for	Advanced	Satellite	Comms
•	Hybrid-Active	Load	Pull	with	PNA-X	and	Maury	Microwave

Agilent in Aerospace/Defense Series
•	Essentials	of	OFDM	and	MIMO
•	Measurement	Challenges	and	Techniques	for	SATCOM
•	Phase	Noise	Measurement	Methods	and	Techniques
•	Simulating	Power	Transients	and	Noise

Agilent in LTE/Wireless Communications Series
•	10-Steps	to	Determine	3G/4G	IP	Data	Throughput
•	Addressing	Measurement	Challenges	of	160	MHz	802.11ac	MIMO
•	LTE-Advanced	Design	and	Test	Challenges	-	Carrier	Aggregation
•	Wideband	Digital	Pre-Distortion	Modeling	for	LTE-Advanced
•	MSR	Base	Station	Introduction	and	Measurement	Challenges
•	Next	Generation	802.11ac	WLAN	MIMO	Design	and	Test	Challenges

Optimize Wireless Device Battery Run-Time Series
Presented by: Agilent Technologies
•	Impact	of	the	Battery,	Its	Management,	and	Its	Use
•	Innovative	Measurements	for	Greater	Insights

FieldFox Handheld Analyzers Series
Presented by: Agilent Technologies
•	Techniques	for	Precise	Interference	Measurements	in	the	Field

Past Webinars On Demand

October Short Course Webinars
CST Webinar Series 2012
Advanced RCS Analysis of Airborne Vehicles
Live	webcast:	10/17/12,	11:00	AM	ET

Agilent in Aerospace/Defense
Using RF Recording Techniques to Resolve Interference 
Problems
Live	webcast:	10/18/12,	1:00	PM	ET

FieldFox Handheld Analyzers
Presented by: Agilent Technologies
Techniques for Precise Cable and Antenna Measurements 
in the Field
Live	webcast:	10/24/12,	1:00	PM	ET

Agilent in LTE
3GPP LTE Standards Update: Release 11, 12 and Beyond
Live	webcast:	10/25/12,	1:00	PM	ET

CST Webinar Series 2012
Automotive PCBs: Efficient Signal and Power Integrity Analysis
Live	webcast:	10/25/12,	11:00	AM	ET

Innovations in EDA
Presented by: Agilent Technologies
Integrated Electro-Thermal Solution Delivers Thermally 
Aware Circuit Simulation
Available	On	Demand	after	10/4/12

CST Webinar Series 2012
TSV and Interposer: Modeling, Design and Characterization 
Available	On	Demand	after	10/4/12

CST Webinar Series 2012
Combined 3D Electromagnetic and Spin Response  
Simulation of MRI Systems 
Live	webcast:	10/11/12,	11:00	AM	ET

Technical Education Training Series
Presented by: Dr. Joey Bray
Radar Fundamentals II - Pulse Doppler Radar 
Sponsored by: Rohde & Schwarz
Live	webcast:	10/16/12,	11:00	AM	ET

Register to attend at  
mwjournal.com/webinars
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International Microwave Symposium
IEEE 2-7 June 2013, Seattle, WA MTT-S

SUBMIT YOUR PAPER AND JOIN US IN THE EMERALD CITY!
The 2013 IEEE MTT-S International Microwave Symposium is the world’s premier microwave conference. It features a large trade show, 
technical sessions, workshops and panel sessions in covering a wide range of topics. Attendees are interested in wireless communication, 
radar, RF technologies, high frequency semiconductors, electromagnetics, commercial and military RF, microwave and mm-wave 
electronics and applications. Attendees represent an international group of engineers and researchers developing technologies to 
support the microwave and RF industry.

Submit your Technical Paper, Panel Session or Workshop Proposal to IMS2013 today
Technical Paper Submissions: Authors are invited to submit technical papers describing original work on radio-frequency, microwave, 
millimeter-wave, and terahertz (THz) theory and techniques. The deadline for submission is 10 December 2012. Please refer to the 
IMS2013 website (http://ims2013.mtt.org) for detailed instructions concerning paper submission, as well as an expanded description of 
the technical areas listed here. Authors must use the template available on the symposium’s website. It is the authors’s responsibility to 
obtain all required company and government clearances prior to submission.

Microwave Field and Circuit 
Techniques
1.  Field analysis and guided waves
2.  Frequency-domain EM 
 analysis techniques
3.  Time-domain EM analysis techniques
4.  CAD algorithms and techniques
5.  Linear device modeling
6.  Nonlinear device modeling
7.  Nonlinear circuit and  

system simulation

Passive Components
8.  Transmission line elements
9.  Passive circuit elements
10. Planar passive lters and multiplexers
11. Non-planar passive lters  

and multiplexers
12. Active, tunable and integrated lters
13. Ferroelectric, ferrite and acoustic  

wave components
14. MEMS components and technologies 
Active Components
15. Semiconductor devices and  

 monolithic ICs
16. Signal generation
17. Frequency conversion and control
18. HF, VHF and UHF technologies  

and applications
19. Power amplier devices and circuits
20. High-power ampliers
21. Low noise components and receivers
22. Millimeter-wave and THz components 

and technologies

Systems and Applications
23. Microwave photonics
24. Mixed mode and digital signal  

processing circuits and systems
25. Packaging, interconnects,  

MCMs and integration
26. Instrumentation and 

measurement techniques
27. Biological eects and  

medical applications
28. Arrays as antennas and  

power combiners
29. Radar and broadband  

communication systems
30. Wireless and cellular  

communication systems
31. Sensors and sensor systems
32. RFID technologies
33. High power microwave  

industrial applications
Emerging Technical Areas
34. RF nanotechnology
35. Wireless power transmission
36. New technologies and applications
37. Innovative systems
38. RF devices for wireless health care
 applications and biosensing

FOR FULL CONFERENCE DETAILS VISIT HTTP://IMS2013.MTT.ORG

IMS2013 Exhibit space is available for reservation.
For questions or further information contact: Cedric W. Fellows, Sales Director,  

Tel: 303-530-4562 ext. 133     Email: Cedric@mpassociates.com

MWJIEEE1012.indd   189 9/27/12   11:28 AM

HTTP://IMS2013.MTT.ORG
http://ims2013.mtt.org
mailto:Cedric@mpassociates.com


190  MICROWAVE JOURNAL  OCTOBER 2012

ISBN: 978-1-60807-057-2 
$139/£92

US:     Call   1-800-225-9977 (in the U.S. or Canada),  
or 1-781-769-9750, ext. 4030

 Fax to: 1-781-769-6334
 E-mail to: artech@ArtechHouse.com

UK:  Call +44 (0)20 7596 8750
 Fax to: +44 (0)20 7630-0166
 E-mail to: artech-uk@ArtechHouse.com

ARTECH HOUSE 685 Canton Street, Norwood, MA  02062  USA 
16 Sussex Street, London SW1V 4RW UKB O S T O N   L O N D O N

ARTECH HOUSE

For complete descriptions and to order, visit 

ArtechHouse.com
All orders plus shipping/handling and applicable taxes. 

The Newest, Practical Resources  
for RF & Microwave Engineers

Handbook of Dielectric 
and Thermal Properties 
of Materials at 
Microwave Frequencies
Vyacheslav V. Komarov
Hardcover. 184 pp. 2012
ISBN: 978-1-60807-529-4  
$99/£75

Recent

Release
Recent

ReleaseJust

Published
Just

Published

 

RF Linear Accelerators 
for Medical and 
Industrial Applications 
Samy Hanna
Hardcover. 210 pp. 2012
ISBN: 978-1-60807-090-9 
$119/£89

Handbook of RF, Microwave, 
and Millimeter-Wave 
Components
Leonid A. Belov, Sergey M. Smolskiy, 
and Victor N. Kochemasov
Hardcover. 510 pp. 2012
ISBN: 978-1-60807-209-5 
$165 £119

RFID Design Principles, 
Second Edition
Harvey Lehpamer
Hardcover. 360 pp. 2012
ISBN: 978-1-60807-470-9 
$129/£99

The Book End

A s the author states in the pref-
ace, inverse synthetic aperture 
radar (ISAR) has been proven 

to be a powerful signal processing tool 
for imaging moving targets usually on 
the 2D down-range cross-range plane. 

development or related industries. 
Examples in MATLAB are provided 
for the presented algorithms in order 
to provide a better understanding of 
the concepts that are covered. The 
MATLAB fi les are available on an ftp 
site provided in the book. This is a 
highly focused book and is very use-
ful to those that are involved in this 
specifi c fi eld of study or research and 
development.

ISAR imagery plays an important role 
especially in military applications 
such as target identifi cation, recogni-
tion and classifi cation. Inverse Syn-
thetic Aperture Radar Imaging With 
MATLAB provides the conceptual de-
scription of ISAR imagery and the ex-
planation of basic ISAR research. The 
book begins by covering Fourier the-
ory, which plays an important role in 
radar imaging, and then covers the ba-
sics of radar and relates them to ISAR. 
After covering SAR, it then steps 
into ISAR imaging with associated 
MATLAB codes. Then more detailed 
topics related to ISAR are covered 
along with imaging applications at the 
end.

The primary audience for this book 
will be graduate students and other 
interested researchers in related fi elds 
but is also useful to engineers and sci-
entists working in radar research and 

Inverse Synthetic 
Aperture Radar Imaging 
With MATLAB Algorithms

Caner Özdemir

To order this book, contact:
Wiley Customer Care Center - 

Consumer Accounts
10475 Crosspoint Blvd.
Indianapolis, IN 46256

(877) 762-2974

400 pages, $115
 ISBN: 978-0-470-28484-1

_10M18 FINAL.indd   190 9/28/12   11:43 AM

mailto:artech@ArtechHouse.com
mailto:artech-uk@ArtechHouse.com
http://ArtechHouse.com


 


























































 
 
            


 
 
 























 
 
 
 



 
 
 
 







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your hands as early as tomorrow! 
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	 MWJ Puzzler

Across
1 	OTA (3 words)

3 T�ype of interference resulting from another transmitter operating in the same spectrum as 
the victim receiver (2 words)

6	 Type of device typically used to protect a receiver from high power signals

8	� A graphical representation of the mixer spur equation is shown in a _______ _________ 
(2 words)

11 Short for passive intermodulation

12 Short for transmit/receive modules (2 words)

13 Short for active electronically scanned array radar (2 words)

14 Vertical interconnections by a solderless-method can by made using ____ buttons

16 EW (2 words)

18 SIGINT (2 words)

Down
2 	VSA (3 words)

4 Error Vector Magnitude

5 	�Signals whose frequencies are an integral multiple of the frequency of the trans-
mitted signal

7 	�Linking individual hardware and software test modules together to emulate stan-
dard instruments in a compact form factor (2 words)

9	  Signals created by a transmitter that are outside of the frequency intended

10 �The ______ ______ receiver builds upon the spectrum analyzer by adding a 
preselection filter at the RF input and analog IF filters, in the final IF (2 words)

15 Short for displayed average noise level

17 Commercial Off The Shelf
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RF/LO Conversion LO-to-RF
Model Frequency Loss Image Rejection Isolation
Number (GHz) (dB) Max. (dB) Min. (dB) Min.

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

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

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

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

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

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

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

For Carrier Driven Modulators, please contact MITEQ.

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

A 20 - 40
B 40 - 80
C 100 - 200
Q DC - 500 (I/Q)
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FieldFox Microwave 
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FieldFox Microwave 
Spectrum Analyzers
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Cable and antenna analyzer
● ● Distance-to-fault, return loss, and cable loss 

● ● Integrated QuickCal for calibration – no cal kit required 

● ● Immediate distance-to-fault measurements with CalReady 

● ● 30 kHz to 26.5 GHz

Add the world’s most precise handheld 
microwave analyzer to your kit

Vector voltmeter 
● ● Cable trimming 

● ● Phase shift and electrical length measurements

● ● A/B and B/A ratio measurements

● ● 30 kHz to 26.5 GHz

Vector network analyzer
● ● S11, S21, S12, S22, magnitude and phase

● ● Guided Calibration Wizard, full 2-port cal, waveguide calibration

● ● Superior dynamic range of 94 dB and ± 0.004 dB of trace noise

● ● 30 kHz to 26.5 GHz
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Cable and antenna analyzer
  ● Distance-to-fault, return loss, and cable loss 

  ● Integrated QuickCal for calibration – no cal kit required 

  ● Immediate distance-to-fault measurements with CalReady 

  ● 30 kHz to 26.5 GHz

Rugged & reliable
  ● Dust-free design with no fans or vents provides measurement stability in harsh environments

  ● All FieldFox analyzers come standard with a 3-year warranty

Field-proof
  ● Bright, low-refl ective display, and backlit keys for easy viewing in direct sunlight or darkness

  ● Water-resistant; withstands salty, humid environments

MIL-spec durability
  ● MIL-PRF-28800F Class 2  

  ● MIL-STD-810G, Method 511.5, Procedure I, operation in explosive environments (type tested)

Portable
  ● Compact and light weight (3.0 kg or 6.6 lbs.), long battery life (3.5 hrs)

  ● Wide operating temperature (-10 to +55 oC, 14 to 131 oF)

FieldFox RF & microwave 
combination analyzers

Microwave vector 
network analyzers

Microwave spectrum 
analyzers

Model number N9913/4/5/6/7/8A    N9925/6/7/8A N9935/6/7/8A

Maximum frequency range  4, 6.5, 9, 14, 18, 26.5 GHz 9, 14, 18, 26.5 GHz 9, 14, 18, 26.5 GHz

Cable and antenna analyzer ✔ ✔ VSWR and refl ection

Vector network analyzer ✔ ✔   

Spectrum analyzer, 
interference analyzer ✔ ✔

Tracking generator, 
independent source ✔ ✔

Vector voltmeter ✔ ✔

Built-in power meter ✔ ✔ ✔

Power meter with USB sensor ✔ ✔ ✔

Designed for the toughest
working conditions

Vector voltmeter 
  ● Cable trimming 

  ● Phase shift and electrical length measurements

  ● A/B and B/A ratio measurements

  ● 30 kHz to 26.5 GHz

Vector network analyzer
  ● S11, S21, S12, S22, magnitude and phase

  ● Guided Calibration Wizard, full 2-port cal, waveguide calibration

  ● Superior dynamic range of 94 dB and ± 0.004 dB of trace noise

  ● 30 kHz to 26.5 GHz
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Spectrum analyzer
  ● Unprecedented ± 0.5 dB amplitude accuracy
(full band) with InstAlign – no warm up required 

  ● Interference analysis with spectrogram, waterfall
display, record and playback

  ● Full-band tracking generator and preamplifi er

  ● 5 kHz to 26.5 GHz

Get Agilent-quality microwave
measurements in the field

Built-in power meter
  ● Easy to view analog and digital display

  ● ± 0.5 dB accuracy with InstAlign

  ● 100 kHz to 26.5 GHz

Tracking generator/independent source
  ● CW and swept signal source 

  ● Output power: -45 dBm to +2 dBm, in 1 dB steps

  ● 5 kHz to 26.5 GHz

AGIL2722_digitaI10_4_2012.indd   6 10/4/12   10:03 AM



FieldFox Microwave 
Spectrum Analyzers

FieldFox Microwave 
Vector Network Analyzers

Carry precision with you. 
Every piece of gear in your fi eld kit had to prove its worth. Measuring up and earning a spot is the driving 
idea behind Agilent’s FieldFox microwave analyzers. They’re equipped to handle routine maintenance, 
in-depth troubleshooting and anything in between. Better yet, FieldFox delivers Agilent-quality microwave 
measurements—wherever you need to go. Add FieldFox to your kit and carry precision with you.

For more information on Agilent Technologies’ products, applications or services, please contact your local 
Agilent offi ce. The complete list is available at: www.agilent.com/fi nd/contactus

Product specifi cations and descriptions in this document subject to change without notice.

www.agilent.com

www.agilent.com/fi nd/carryFieldFox

Dimensions: 292h x 188w x 72d mm (11.5" x 7.4" x 2.8")
This document refl ects the actual size of all FieldFox analyzers.

© Agilent Technologies, Inc. 2012 
Published in USA, August 28, 2012
5991-0805EN Scan here to watch 

the FieldFox video.
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