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

• RF & Microwave AWGN

• Digital Noise Generation

• Satellite Communications 
(BER, Eb/No)

• Wireless (WiMAX & LTE)

• >60 GHz Noise Figure

• Serial Data Compliance
(Jitter, Rj)

• Wireless HD Testing

• Receiver & Antenna 
Calibration

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

For more information visit: www.noisecom.com or call 
+1 973-386-9696.
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This is only a small sample of our extensive list of standard catalog items.
Please contact our Sales Department at (631) 439-9220 or e-mail components@miteq.com

for additional information or to discuss your custom requirements.

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

www.miteq.com
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Frequency Gain Gain Noise VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure IN/OUT @ 1 dB Comp. DC Power
Number (GHz) (dB) (±dB) (dB, Max.) (Max.) (dBm, Min.) (+15 V, mA)

OCTAVE BAND AMPLIFIERS
AFS3-00120025-09-10P-4 0.12-.25 38 0.50 0.9 2.0:1 +10 125
AFS3-00250050-08-10P-4 0.25-0.5 38 0.50 0.8 2.0:1 +10 125
AFS3-00500100-06-10P-6 0.5-1 38 0.75 0.6 2.0:1/1.5:1 +10 150
AFS3-01000200-05-10P-6 1-2 38 1.00 0.5 2.0:1 +10 150
AFS3-01200240-06-10P-6 1.2-2.4 34 1.00 0.6 2.0:1 +10 150
AFS3-02000400-06-10P-4 2-4 32 1.00 0.6 2.0:1 +10 125
AFS3-02600520-10-10P-4 2.6-5.2 28 1.00 1.0 2.0:1 +10 125
AFS3-04000800-07-10P-4 4-8 32 1.00 0.7 2.0:1 +10 100
AFS3-08001200-09-10P-4 8-12 28 1.00 0.9 2.0:1 +10 80
AFS3-08001600-15-8P-4 8-16 28 1.00 1.5 2.0:1 +8 100
AFS4-12001800-18-10P-4 12-18 28 1.50 1.8 2.0:1 +10 125
JS4-18002600-22-10P 18-26 35 1.50 2.2 2.0:1 +10 200
JS3-18004000-40-15P 18-40 32 2.70 4.0 2.6:1 +15 400*
JS4-18004000-30-5P 18-40 23 2.50 3.0 2.5:1 +5 200
JS42-18004000-31-8P 18-40 35 3.50 3.1 2.5:1 +8 300
JS1-26004000-100-19P 26-40 17 2.50 10.0 2.5:1 +19 400*
JS4-26004000-30-8P 26-40 23 2.50 3.0 2.5:1 +8 200
JS42-26004000-31-8P 26-40 37 3.50 3.1 2.5:1 +8 300

MULTIOCTAVE BAND AMPLIFIERS
AFS3-00500200-08-15P-4 0.5-2 38 1.00 0.8 2.0:1 +15 125
AFS3-01000400-10-10P-4 1-4 30 1.50 1.0 2.0:1 +10 125
AFS3-02000800-09-10P-4 2-8 26 1.00 0.9 2.0:1 +10 125
AFS4-02001800-24-10P-4 2-18 35 2.50 2.4 2.5:1 +10 175
AFS4-06001800-22-10P-4 6-18 25 2.00 2.2 2.0:1 +10 125
AFS4-08001800-22-10P-4 8-18 28 2.00 2.2 2.0:1 +10 125

ULTRA WIDEBAND AMPLIFIERS
AFS3-00100100-09-10P-4 0.1-1 38 1.00 0.9 2.0:1 +10 125
AFS3-00100200-10-15P-4 0.1-2 38 1.00 1.0 2.0:1 +15 150
AFS3-00100300-12-10P-4 0.1-3 34 1.00 1.2 2.0:1 +10 125
AFS3-00100400-13-10P-4 0.1-4 30 1.00 1.3 2.0:1 +10 125
AFS3-00100600-13-10P-4 0.1-6 30 1.25 1.3 2.0:1 +10 125
AFS3-00100800-14-10P-4 0.1-8 28 1.50 1.4 2.0:1 +10 125
AFS4-00101200-22-10P-4 0.1-12 30 1.50 2.2 2.0:1 +10 150
JS4-00102000-25-10P 0.1-20 29 2.00 2.5** 2.5:1 +10 200
JS4-00102600-30-10P 0.1-26 28 2.50 3.0** 2.5:1 +10 200
JS4-00104000-54-5P 0.1-40 30 3.00 5.4** 2.5:1 +5 200

Noise figure increases below 500 MHz.
* Dual Voltage, -8V@50 mA. ** Above 800 mHz.
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   THE INDUSTRY’S LARGEST SELECTION Mini-Circuits offers thousands of power 
splitters/combiners for applications from 2 kHz to 18 GHz and with power handling as 
high as 300 watts. Choose from coaxial, flat-pack, and surface-mount housings, for 50 Ω 
and 75 Ω applications. The industry’s largest selection includes 2-way through 
48-way power splitters/combiners in 0°, 90°, and 180° configurations, with outstanding 
performance in terms of insertion loss, VSWR, amplitude unbalance, and phase 
unbalance. All models are characterized with detailed data and performance curves, 
available at the touch of a button using Mini-Circuits advanced Yoni2 search 
engine. These low-cost, off-the-shelf power splitters/combiners are available 
immediately, and backed by Mini-Circuits 1year guarantee. But if your application 
calls for a custom unit, our development team will meet or exceed your requirements 
quickly and cost-effectively. Contact Mini-Circuits today, for the industry’s largest 
selection of power splitters/combiners. 

RoHS Compliant 
Product availability is 
listed on our website. 

o S
C O M P L I A N T

POWER
SPLITTERS

COMBINERS

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

 as low as79 ¢
from2 kHz to18 GHzNOW!

®

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

        IF/RF MICROWAVE COMPONENTS

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

U.S. Patents 
7739260, 7761442

448 rev G
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459 East Main Street  Denville, NJ 07834

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

POWER DIVIDERS/
COMBINERS

2-way through 
16-way in N, 

SMA, BNC, TNC 
and 7/16 DIN 

connector styles 

ATTENUATORS
DIRECTIONAL & HYBRID 

COUPLERS

Average power 
handling from 

50W to 1kW. 
Standard 

coupling values 

DC BLOCKS

Available in N, 
BNC, TNC, SMA & 

7/16 DIN 
con�gurations . 

Power ratings to 
500 watts (2.5 

INTEGRATED ASSEMBLIES

Let MECA 
create an 

integrated 
assembly with 

any of our

BIAS TEES

Covering 
bands from 0.5 

– 2.5 GHz and 
0.7 to 2.7 GHz  

in 7/16 DIN, 

CIRCULATORS & ISOLATORS

In both N & 
SMA-Female 

connectors with 
average power 

ratings from 2 to 

RF LOADS

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 

ratings from 2 to ratings from 2 to 

from 0.4 to 18.0 GHz.

Most available in 
1 dB increments 

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

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

kW peak).
 standard RF/Microwave 

products on 19” panels, shelves 
or enclosures.

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

300 watts (3 kW peak).

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

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 

Aviation

Earth Station

Instrumentation

L, S, C, X, and Ku Bands

Microwave Radio

Mobile Satellite

Radar 

Telemetry

MWJMECA1210.indd   6 8/26/11   10:37 AM
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New Wave in Noise

NoiseWave
your supplier of high performance, precise equipment for AWGN

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

cy. The core component 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 compo-

nents offer a broad range

of high power, low induc-

tance, low capacitance

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 effi-

ciently priced for high 

volume commercial 

applications.

Make the switch with

Aeroflex / Metelics. 

408-328-3321

www.aeroflex.com/metelics

AeroflexMetelics_Element_MJ  8/10/2011  11:53 AM  Page 1
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C O V E R  F E A T U R E
022	 	 Trends in Defence Electronics: Technological Convergence in Radar and EW

Barry Trimmer, Thales UK Defence Mission Systems Business
Highlights some of the trends in defence electronics and the implications for microwave system requirements

M V P
034	 	 Tektronix Delivers Transformational New Oscilloscope Category

Tektronix
Introduction to the MDO4000 Series of oscilloscopes that feature a built-in spectrum analyzer

E U R O P E A N  M I C R O W A V E  W E E K  2 0 1 1
060	 	 Welcome to European Microwave Week 2011

Ian Hunter, General Chairman, EuMW 2011; Ivar Bazzy, President, Horizon House Publications
A brief introduction to European Microwave Week 2011 events scheduled in Manchester

064	 	 Attending European Microwave Week 2011
Richard Mumford, Microwave Journal International Editor
Basic information to help you get to and around Manchester, as well as activities planned for European Microwave Week

076	 	 The 2011 EuMW Defence and Security Forum
Richard Mumford, Microwave Journal International Editor
Details of the 2011 EuMW Defence and Security Forum, including an overview of the day

082	 	 2011 EuMW Exhibitor List
An alphabetical listing of companies participating in the European Microwave Week exhibition and their respective booth numbers

S P E C I A L  R E P O R T
084	 	 Microwaves in Europe: The Current Climate

Richard Mumford, Microwave Journal International Editor 
Microwave Journal’s annual overview of the current state, areas of activity and trends of microwave technology in Europe

T E C H N I C A L  F E A T U R E S
	106	 Adaptive Mode-Coupled Harmonically Tuned High-Q Ultra Low Phase Noise Sources

Ulrich L. Rohde and Ajay K. Poddar, Synergy Microwave
Presentation of new techniques suitable for ultra low phase noise reference sources using high Q factor resonators with special 
interest given to low cost solutions under the constraints of power consumption and size

	122	 A New Generation of High Frequency SiGE HBTs
Bernd Heinemann and Alexander Fox, IHP
Details the technological changes implemented in the final D53 version and their implications on HF parameters

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

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

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

©2011 by Horizon House Publications Inc.

Posted under Canadian international publications mail agreement #PM40612608

54 Years
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Stop doing 
interconnect 

layout and 
extraction

by hand

MICROWAVE 
OFFICE™

Say good-bye to the snail’s pace of 
manual interconnect, layout and
extraction techniques. With AWR’s 
ACE and iNets technology — for
automated interconnect and 
circuit extraction — you cut out the 
monotony of hand constructing 
interconnect, fracturing layout and 
brute-force EM. Fewer mouse clicks 
and innovative AWR technology 
mean shorter process times, 
right-the-fi rst-time designs, and less 
stress for you. Don’t you deserve 
that? Grab your own test copy at 
www.awrcorp.com/MWO.
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Stop waiting and start designing™
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	134	 New Bandstop Filter Using Simple Defected Microstrip Structure
Jian-Kang Xiao, Xidian University and State Key Laboratory of Millimeter Waves; 
Wen-Jun Zhu, Hohai University; and Jeffrey S. Fu, Chang Gung University
Design of a defected microstrip structure and development of new bandstop 
filters with single and dual bands 

146		 Loaded Annular Ring Slot Microstrip Antenna for Wideband and 
Multi-Band Operation
A.T. Mobashsher, M.T. Islam and N. Misran, Universiti Kebangsaan Malaysia
Presentation of an annular ring slot microstrip antenna loaded with two pie-
shaped circular sectors introduced for multi-band wideband operation

160		  Determination of Transmission Zeros of Self-Equalized Cross-Coupled 
Resonator Bandpass Filters 
Rui Wang and Jun Xu, University of Electronic Science and Technology of China
Presentation of a simple and efficient method to determine the least filter 
order and optimum TZs of self-equalized filters to meet the given amplitude 
and group delay specifications using GA optimization method

A p p l i c a t i o n  N o t e
174		  A Repetitive Sampling Receiver for Pulsed Time Domain Load-Pull

Jad Faraj, Verspecht-Teyssier-DeGroote SAS (VTD); Simon Mathias, Mesuro 
Ltd.; Jean-Pierre Teyssier, XLIM, University of Limoges; and Johannes 
Benedikt and Michael Casbon, Cardiff University
Presentation of a nonlinear vector network analyzer repetitive sampling 
receiver designed for power S-parameter and load-pull measurements

P R O D U CT   F E A T U R E S
182		 Rugged 18 GHz Cable Assembly for High Throughput Production 

Testing
W.L. Gore & Associates, Inc.
Introduction to 18 GHz cable assemblies and their ability to reduce  
overall testing costs 

186	 	High Speed Milling Plotter for RF Materials
LPKF Laser & Electronics AG
Introduction to a new family of milling plotters with features that make them 
particularly suitable for RF applications

189		 Highly Integrated GPS/GLONASS Rx Front-End Modules
Infineon Technologies AG
Introduction to three GNSS RF front-end modules with an integrated pre-
filter and LNA

TEC   H  B R IE  F S
192		 Fast Four-Channel PicoScope 6404 PC Oscilloscope

Pico Technology
194		 Synthesized Signal Generator Sweeps from 10 MHz to 70 GHz

Hittite Microwave Corp.

DEPARTMENTS
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Innovations in EDA Series
High Performance Digital Pre-Distortion for 
Wideband Systems
Live webcast: 9/1/11, 1:00 PM ET
Presented by: Agilent Technologies

Innovations in Signal Analysis Series
Interference Analysis Using Handheld 
Spectrum Analyzers
Live webcast: 9/21/11, 1:00 PM ET
Presented by: Agilent Technologies

Technical Education Series
Replacement of Obsolete Instrumentation 
in A&D Test Systems 
Live webcast: 9/27/11, 1:00 PM ET
Presented by: Rohde & Schwarz

Rugged LDMOS Transistors for ISM 
and Broadcast
Live webcast: 9/29/11, 11:00 AM ET
Presented by: Freescale Semiconductor and 
Richardson Electronics 

Online Technical Papers
Over-The-Air Testing of Diversity and MIMO 
Capable Terminals
T. Jamsa & J. Malm, Elektrobit; N. Gross & A. Scannavini, 
SATIMO

Phased Array Antenna Design Using Matlab 
and HFSS 
White Paper, ANSYS 

Coexistence Tips the Market for Wireless 
System Simulation
Chris Aiden, Mathworks

3D Electromagnetic Field Simulation in 
Microwave Ovens: a Tool to Control Thermal 
Runaway
Presented by COMSOL

Active Device Characterization in Pulsed 
Operation Using the PNA-X
White Paper, Agilent Technologies

Executive Interview
Professor Wolfgang Heinrich, 
President of the European 
Microwave Association (EuMA) 
explains the Association’s history, 
structure and aims and outlines 
the role that it plays in the global 
RF and microwaves industry. He 
also expands on the signifi cance of European 
Microwave Week to EuMA and considers the 
event’s continued evolution.

Online

CST Leading Technology Webinar Series

Modeling the Susceptibility of Enclosures to 
ESD and the Effect of Attaching Cables
Live webcast: 9/1/11, 11:30 AM ET

Simplifying the Workfl ow - Benefi ts of the 
CST and Cadence Partnership 
Live webcast: 9/8/11, 11:30 AM ET

Simulation: Enabling In-fl ight Connectivity
Live webcast: 9/15/11, 11:30 AM ET

Faster Design Cycles with High 
Performance Hardware
Live webcast: 9/22/11, 11:30 AM ET

Advanced System Simulation for Multi-
Channel MRI Coils
Live webcast: 9/29/11, 11:30 AM ET

Free Webinars

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

RF/Microwave Training Series
Passive Components: Dividers, Couplers, 
Combiners
Live webcast: 9/20/11, 11:00 AM ET
Presented by: Besser Associates
Sponsored by: MECA Electronics
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®

Some people only think of us
for chip inductors.

Yes, chip inductors are among
Coilcraft’s biggest sellers. But
did you know we also offer a
full range of other RF products
like these?

They’re all in stock for
immediate shipment and all
available as free samples for
testing and evaluation.

For the full picture, visit
www.coilcraft.com/RF

Air Core Inductors
For the highest possible Q
and current handling,
nothing beats our air core
“Spring” inductors. New
models offer more inductance values and
smaller size.

Wideband Transformers
Our low insertion loss transform-
ers come in a wide range of turns
ratios. Use for baluns, isolation
or impedance matching.

RFID Transponder Coils
A variety of antenna coils for 125
kHz systems. Automotive grade
models for tire pressure and
keyless entry applications.

Broadband Conical Inductors
High impedance from 10 MHz to
40 GHz. Perfect for RF to
millimeter-wave choking and
bias tees. Available with leads
or in surface mount versions
for ruggedness and easy mounting.

7.8125 x 10.75

See us at EuMW Stand 528
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0.5-7200 MHz

These rugged LTCC and semi conductor power splitters are available with narrowband and broadband coverage 
through 7200 MHz. Small in size and cost, but big on performance, they can handle as much as 1.5 W input power, 
with high isolation and low insertion loss. Yet they won’t take up valuable circuit board space, with 2 and 3 way 
power splitters measuring from 0.126 x 0.063 x 0.035 in. and 4 way splitters as small as 0.210 x 0.063 x 0.077 in. The 
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Trends in Defence 
Electronics: 
Technological 
Convergence in  
Radar and EW 

The history of military electronic Intel-
ligence, Surveillance, Target Acquisi-
tion and Reconnaissance (ISTAR) since 

World War II has resulted in large single func-
tion systems with increasing performance lev-
els achieved at longer and longer ranges (pri-
marily to protect these expensive assets from 
evolving threats).1 In almost all countries, 
successive budget reductions have increased 
the focus on cost-effective provision of ISTAR 
where traditional boundaries of militarily spe-
cific functions and command chains are called 
into question. The UK for example has recently 
imposed some of the most severe reductions 
consequent on its Strategic Defence and Secu-
rity Review.

In addition, for airborne ISTAR, the ad-
vent of the unmanned aerial vehicle (UAV) has 
reversed the need for long-range sensor per-
formance to give sensor platform protection.2 
These stand-in (partly) expendable systems, 
together with better, more reliable data links, 

open new possibilities for cost-effective ISTAR 
provision. This article will highlight some of 
the technological implications of these changes 
and the implications for microwave system re-
quirements.

Drivers for Change
For the ISTAR world, there are two change 

drivers. One is operational and budgetary “pull.” 
The other is technological, opportunistic “push.” 
So the question becomes – how can I address 
the changes in “pull” by taking advantage of the 
opportunities of technological “push?” The ma-
jor change that will drive the use of new tech-
nology is budgetary. To understand the effects 
this will have, consider the principal sources 
of cost in the armed services. A whole life cost 

Barry Trimmer
Thales Defence Mission Systems Business 
Redhill, UK
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The effect is often additive, so that 
the threat of, for instance, terrorism 
is added to the conventional threats 
between countries. It is not clear that 
this total is very much less onerous 
than the preceding set.

As a result of the pressures applied 
to the military budget while maintain-
ing the required capability, a change 
in approach is demanded. The new 
environment requires technology to 
specifically answer the question: how 
can military capability be maintained 
with both less people in the services 
and with less money available for 
equipment purchase?

Technological 
Opportunities

A principal result of change in 
technology over the development of 
electronic ISTAR has been the con-
vergence of functions leading to lower 
staffing. For instance, while the earliest 
radar systems used people to tackle in-
dividual functions (such as, height find-
ing and bearing of a target), rapid evo-
lution of technology allowed the auto-
matic combination of these functions. 
Generally then, the use of technology 
to achieve function combination is a 
normal evolution, particularly where 
no human decision-making is replaced 
by automation. What I see today is a 
continuation of this theme, but now 
the technological convergences will 
also provide an opportunity for sharing 
technology across military functions 
– sometimes between dissimilar plat-
forms in different command chains.

There are two obvious convergen-
ces happening in military RF sensing 
at the moment, between RADAR and 
Electronic Intelligence (ELINT), and 
between ELINT and Communica-
tions Intelligence (COMINT). I will 
examine later how these can be used 
to provide one possible answer.

A second enabling issue is the ad-
vent of reliable communications, at 
least at the higher levels of command. 
This is also a continuing technological 
trend where access to a communica-
tions layer that connects peer mili-
tary users makes possible the sharing 
of functions across formerly separate 
command chains without requiring 
significant changes in doctrine. It is 
reasonable to suppose that this trend 
will continue to provide normal IT-like 
connectivity (IP-based communica-
tions) right down to the tactical level.

some are fundamentally not amenable 
to this form of efficiency saving, be-
cause they are related to staffing or to 
equipment types required to satisfy 
the military need.

The tangible result of this budget-
ary pressure is a reduction in staffing 
(examples already being announced 
in the UK). Generally then, there will 
be less people in the services to make 
military functions work.  Also, the 
threats against which national services 
must be prepared are also changing. 

analysis of large programmes, such as 
the Watchkeeper Unmanned Air Sys-
tem, reveals that the major costs for the 
armed forces are in personnel and the 
associated Defence Lines of Develop-
ment (DLOD).

Many of these DLODs can be as-
sisted by technology. For instance, the 
training line can be made significantly 
more cost effective using forms of vir-
tual reality – particularly where the 
training is for a semi-virtual operation-
al role (e.g. UAV operator). However, 
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“tipping” point occurs. As an example, 
the recent proliferation of UAV sys-
tems has been enabled by the matu-
rity of automatic fl ight and mission 
control, reliable data link technology 
and persistence of air vehicles. The 
change wrought by these advances 
transforms the UAV from an asset of 
occasional use to one that is constantly 
in demand by the user. I believe that 
similar “tipping” points exist in the 
broader ISTAR world that will allow 
the user to easily take advantage of 
multiple technology applications to 
fulfi ll their military function.

COMMON CAPABILITY ACROSS 
MILITARY FUNCTIONS

I have already referred to the shar-
ing of technology across command 
chains. It is reasonable to suppose 
that a doctrine can be evolved that re-
duces the number of people involved 
in providing that shared service. For 
instance, the UK MoD has decided to 
remove the Nimrod MRA4 from the 
inventory and is intending to take the 
ASTOR ground surveillance system 
out of service in 2015. These repre-
sent two unique capabilities to main-
tain maritime patrol and to provide 
long-range ground surveillance. It is a 
good thought experiment to consider 
how such capability could be created 
by one system using shared technol-
ogy or by a combination of systems 
sharing functions across multiple plat-
forms using the evolved communica-
tions backbone.

LOWER-COST PLATFORMS
Another thought experiment might 

be to consider how to use a large num-
ber of lower-cost platforms to substitute 
for a single large platform capability? 
Clearly, the history of electronic ISTAR 
has been to continue centralisation of 
functions in larger platforms that have 
become so valuable that they cannot be 
risked. This means that the platform has 
to be further away from the threat. Typi-
cally this has led to, for instance, large 
surveillance radar systems standing off 
some distance from the threat and hav-
ing to manage the increase in power re-
quired to combat the well-known 1/R4 
performance relationship.

Suppose I introduce stand-in 
platforms, such as UAVs that I am 
prepared to lose in combat, then 
the physics of the situation radically 
changes – potentially not needing the 

wireless environment. This trend pro-
vides an alternative approach to re-
ducing the cost of providing military 
functions. The two approaches are 
not necessarily in opposition, but are 
qualitatively different.

USING NEW TECHNOLOGY
Technology advances in many di-

verse areas and with many different 
methodologies. The key to successful-
ly designing a complex multi-technol-
ogy system is to understand where the 

As a result, this is a good time to 
move away from worrying about the 
provision of a communications layer, 
to thinking about what the military 
user would like to do to share military 
functions given universal addressing, 
a reliable carrier and an agreed lan-
guage. This technology is likely to sup-
port the provision of co-operation ad-
vantages at higher bandwidths while 
maintaining the security of military 
communications in a physically dis-
tributed, mobile and at least partially 
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Antennas
Antennas are the most closely cou-

pled components to the real world and, 
therefore, are likely to be most affected 
by the commonality we choose to im-
pose between functions. For instance, 
if I choose to combine a wideband EW 
function with a lower bandwidth radar 
function, then I impose a number of dif-
ficult simultaneous requirements that 
need satisfying. Typically, the radar func-
tion requires a fully filled array with spac-
ing that approaches half a wavelength. 
By contrast, the EW function may not 
need the same spacing because it does 
not have to use angle as a fundamental 
resolution element. The EW function 
will, by contrast, require consistent be-
haviour over two or more octaves.

One technical convergence in an-
tennas has to do with the increasing 
use of phase/amplitude interferom-
etry arrays in EW. These do not need 
to have quite the same perfect ampli-
tude responses required from con-
ventional amplitude comparison DF, 
but rather have a combined aperture 
response which, in essence, is similar 

tain a high degree of linearity to en-
sure that the relatively simple detec-
tion thresholding sees only the signal 
of interest and none of the potential 
artifacts generated by the receiver 
chain.

The alternative sees conversion to 
the digital domain happening early in 
the chain, with artefacts generated in 
the initial RF conditioning and in the 
conversion process. Subsequent pro-
cesses, such as down conversion and 
filtering, are arbitrarily high quality at 
relatively low cost.

The key, however, is that the detec-
tion process can now be quite com-
plex. For instance, the generation 
of unintended products is a known 
pattern that can be allowed for, cor-
rected or filtered. This simple idea is 
fairly well established in non-coherent 
EW systems, but the latest coherent 
system designs point toward allowing 
this approach to be taken in both ra-
dar and EW. Effectively, this makes 
usable systems out of designs that 
would have looked impractical in ear-
lier implementations.5

expensive, high power technologies. 
The combination of UAV technol-
ogy, reliable data links and developing 
mission autonomy allows this form of 
system to be seriously considered (il-
lustrated in Figure 13).

Two questions arise:
•	 �The question for the technologists is 

what this distributed system needs in 
component terms and what are the 
total cost implications?

•	 �The question for the user is what 
geographical coverage shape is re-
ally required by ISTAR operations 
now that coverage can move from 
the conventional circular shape to an 
arbitrary shape defined on the dispo-
sition of multiple smaller platforms? 
This would be a key to the cost com-
parison between approaches.
An interesting alternative example 

exists in Electronic Warfare where a 
function, such as Direction Finding 
(DF), is difficult to engineer in mo-
bile platforms. In fact, the ideal func-
tion is geo-location, which is often 
approached by DF over a manoeuvre 
that, in turn, can be difficult to achieve. 
Multiple platforms offer alternative 
measurement techniques to achieve 
geo-location, such as Time Difference 
of Arrival (TDOA), that may be sim-
pler to engineer on each platform.

Technology Blocks
I referred to the technical conver-

gences in the RF and microwave do-
main. I can see the evolution of the 
RF components to serve a very simple 
architecture where conversion to or 
from a digital representation happens 
very close to the front-end of a system 
(see Figure 24). There are already 
early examples of this type of architec-
ture. The progress of conversion tech-
nology will simply move us further 
toward this architecture.

There are two reasons driving the 
adoption of the simple architecture:
•	 �The overall cost of (nearly) com-

modity items substituting for be-
spoke design.

•	 �The level of flexibility in the digi-
tal domain allowing complex sig-
nal processing to compensate for 
front-end behaviour.
The second reason is worth ex-

ploring to illustrate the change in sys-
tem design and flexibility. Suppose I 
have an analogue receiver chain that 
leads to a detection process. If this 
chain is complex then I have to main-

s Fig. 1  Automated/autonomous co-operation between platforms is enabled by a common com-
munications layer, addressing and language.
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This is an intensely platform and 
operational-use dependent question.
•  If I think about a combat aircraft 

then the pressure on space for 
apertures is so great that a single 
aperture carrying out several func-
tions is very attractive.

•  By contrast for a surveillance asset, 
achieving a single aperture is prob-
ably not as important as maintain-
ing the fl exibility to change func-
tions from mission to mission. For 
this case, the balance between cost, 
complexity and fl exibility is much 
less clear (see Figure 3). The jury 
is out on this question.

RF CONDITIONING
I am using the term “RF condi-

tioning” to refer to the RF feed into 
a digital conversion process. I am also 
assuming that the requirement trends 
already discussed are likely to include 
the need for wideband high probabil-
ity of intercept (POI) EW reception. 
This is a particularly acute example of 
the infl uence of RF components if I 
consider the convergence between ra-
dar-band EW and (relatively) narrow-
band radar functions.

The most obvious effect of the 
trend is the inability to fi lter out signals 
in the wide operating band, giving rise 
to a high dynamic range requirement. 
In particular, this leads to a need for 
high levels of device protection, inher-
ently high dynamic range components 
and predictable behaviour as the RF 
conditioning is saturated.

Because we cannot provide RF 
fi ltering if we wish to maintain high 
POI, the likelihood of saturation is 
extremely high. This is particularly 
true for operation of these converged 
systems in the presence of very high 
power emitters, such as those found in 
naval task groups or in close proximity 
to civilian communication towers.

The fi rst active component be-
hind the antenna will receive all of 
this power and must not only survive, 
but continue to operate in a predict-
able way so that the presence of other 
signals (such as the radar return) can 
be established. This will require ei-
ther very high speed limiting with the 
characteristics of “soft” limiting, or 
naturally higher dynamic range tech-
nologies, such as GaN.

The comment about predictable 
behaviour refers back to the discussion 
on detection processes. The evolution 

question for antenna aperture design 
in a system context. Is the true techni-
cal trend defi ned by creating a single 

aperture, which is 
capable of all the 
required functions, 
or is it defi ned by 
information sharing 
between dedicated 
apertures, either on 
the same platform 
or between plat-
forms?

to the way a radar system would like 
antenna elements to behave.

Finally, there is an overarching 

 Fig. 3  Alternative convergence routes depend on a cost, complex-
ity and fl exibility balance.

PROCESSING
CONVERGENCE

APERTURE
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Model

Noise
Figure Gain

Output
P1dB

Gain
Flatness

VSWR
In / Out Price

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

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

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

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

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

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

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

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

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

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

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

Frequency
Range (GHz)

TECHNOLOGIES 
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Ph:       +1 (631) 444-8827
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�Ultra High Performance!
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�Internal Voltage Regulator

�Smallest Housing

�RoHS Compliant

Drop-In ?

Just Remove Connectors!

-55° to +85° C

Delivery from stock to 7 days!
For the full list          Visit www.bnztech.com/fastamps

Contact us for a quote with YOUR custom specifications.
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Greenray’s comprehensive range of TCXO products are
designed for communications, instrumentation, and military
applications, and feature temperature stability performance
of 1ppm or less, from 1Hz to 1GHz.

Greenray TCXOs are available in a variety of packages,
including miniature DIP, ceramic, SMT, MIL spec, as well as
industry-standard sizes.

Greenray’s stringent materials, assembly, test and quality
assurance protocols satisfy the rigorous requirements of
defense contractors and commercial customers alike.

Visit us at the European Microwave Week Show –
October 11-13 – and see what 50 years of engineering
excellence can do for you.

Booth #137

Innovation On Display.

TEL 717-766-0223 www.greenrayindustries.com sales@greenrayindustries.com

T1215 T53 T75
Frequency 10 - 800 MHz
Attributes Hermetic Pkg.

High Shock & Vibration
Best Stability ±0.3 ppm
Output CMOS, Clipped Sine
Size 9.0 x 7.0 x 2.8mm

0.35 x 0.28 x 0.11 in., SMT

Frequency 10 - 50 MHz
Attributes Tight Stability

High Shock & Vibration
Best Stability ±0.3 ppm
Output CMOS, Clipped Sine
Size 5.0 x 3.0 x 2.2 mm

0.20 x 0.12 x 0.09 in., SMT

Frequency 10 - 50 MHz
Attributes Tight Stability

High Shock & Vibration
Best Stability ±0.3 ppm
Output CMOS, Clipped Sine
Size 7.0 x 5.0 x 2.5 mm

0.28 x 0.20 x 0.10 in., SMT
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gies that will allow dissimilar sensors 
to combine their activities to form 
a single, but distributed sensor net. 
This particular trend is likely to be fed 
by the commercial sector where co-
operation technology is a fast-paced 
development domain. Which of these 
two trends will dominate or how they 
will combine in military ISTAR is an 
unknown, but fascinating topic. 

Continuing the Evolution
To conclude, I find it interesting to 

think about the two contrasting trends 
I have discussed in this article. On the 
one hand, we have convergence of func-
tions enabled by the increasing ability 
to digitise close to the front-end of sys-
tems, and the evolution of the system 
architectures of EW and radar functions 
toward a single implementation.

On the other hand, we have the 
evolution of co-operation technolo-

of systems that utilise complex detec-
tion processes and assume knowledge 
of the distortions of the front-end can 
become vulnerable to errors in that 
knowledge, or, for array processing, 
errors in how that behaviour changes 
over the array. Repeatable and pre-
dictable behaviour as these compo-
nents enter saturation becomes very 
important to achieving small signal 
detection in the crowded modern 
electromagnetic environment. Addendum

1.		 A typical example is the very long-range 
AEW provision using powerful radar to 
survey an airspace volume sufficiently 
large to exclude threats to the radar plat-
form itself.

2.		 There are requirements for large area 
surveillance that may still need long-range 
detection, but the self-protection require-
ment is reduced.

3.		 The common “natural” language here is 
the enabler for co-operation, but each 
sensor/platform must be able to com-
municate in this natural language – the 
“I” function. This is becoming a normal, 
almost emergent capability, thanks to ef-
forts on standardisation.

4.		 This simple architecture is the aim point. 
The degree to which current systems at-
tain this level of simplicity is dictated by 
their critical requirements. For instance, 
the very high levels of dynamic range 
characteristic of the COMINT function 
will limit the current implementations of 
ELINT/COMINT convergence.

5.		 Taking care not to overload such tech-
niques with too many undesired signals. 
Like all techniques there is always a limit 
of applicability.

Barry Trimmer graduated in 1978 from 
Warwick University, UK, in physics, and 
in 1979, from Sussex University, UK, with 
a master’s degree in astronomy. He joined 
the radiation laboratory at EMI Electronics, 
Hayes, UK, working on radar antennas for the 
Searchwater radar and naval ESM systems. 
During the 1980s, he developed RF and system 
modelling within EMI, leading to system 
design of ground surveillance, weapon locating 
and man portable radar systems. In the early 
1990s, he participated in the development of 
combat radar systems and designs for multi-
sensor military configurations of civil air 
platforms. Since 1992, he has led the design 
of airborne radar, EW, multi-sensor systems 
and air defence systems. More recently, he 
has been the Principal Designer for the Thales 
WATCHKEEPER UAV system. He has been 
awarded the Royal Academy of Engineering 
silver medal in recognition of his contribution 
to radar, ISTAR and UAV systems. He is 
presently Technical Director for the Defence 
Mission Systems Business of Thales UK, with 
particular responsibilities for Radar, Electronic 
Warfare and Unmanned Air Systems.
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ZVA-213X

          super ultra wideband

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

Visit our website for comprehensive performance data and 
specifications for our ZVAs or any of our over 10,000 catalog items. 
You can even order on-line for next day shipment.
         Mini-Circuits…we’re redefining what VALUE is all about! 

       RoHS compliant

  MODEL   FREQ. GAIN   POUT     NOISE FIG. PRICE 
  (GHz)   (dB) ( dBm) (dB)  (1-9)
    @ 1 dB Comp.       
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 ZVA-213X+ 0.8-21 26 +24 3.0 945.00
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 ZVA-213+ 0.8-21 26 +24 3.0 995.00

                            

TYPICAL SPECIFICATIONS
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MOST VALUABLE PRODUCT

The Tektronix MDO4000 Series is the 
fi rst and currently the only oscilloscope 
on the market with a built-in spectrum 

analyzer. It gives users the ability to capture 
time-correlated analog, digital and RF signals 
for a complete system view of their devices. It 
combines both the time and frequency domains 
in a single screen so engineers can view the RF 
spectrum at any point in time to fi nd sources of 
noise, or to see how the spectrum changes over 
time or with device state. This capability repre-
sents a powerful new way to solve complicated 
design issues quickly and effi ciently.

Based on the Tektronix MSO4000B Mixed Sig-
nal Oscilloscope Series, the MDO4000 Series al-
lows engineers to use their oscilloscope to look 
at the frequency domain rather than having to 
fi nd and re-learn a spectrum analyzer. When both 
the RF channel and any analog or digital channels 
are on, the oscilloscope display is split into two 
views. The upper half of the display is a traditional 
oscilloscope view of the time domain. The lower 
half of the display is a frequency domain view of 
the RF input. Models are available with four ana-
log channels with 500 MHz or 1 GHz bandwidth, 
16 digital channels and one RF channel with ei-
ther 50 kHz to 3 GHz or 50 kHz to 6 GHz frequency 
range and ≥ 1 GHz capture bandwidth.

As shown in Figure 1, the spectrum displayed 
in the frequency domain view is taken from the 
period of time indicated by the short orange bar 
in the time domain view – known as the spec-
trum time. With the MDO4000 Series, spectrum 
time can be moved through the acquisition to 
investigate how the RF spectrum changes over 
time, correlated to the events monitored on the 
digital and analog channels in the time domain 
view. This can be done while the oscilloscope 
is live and running or on a stopped acquisition.

Tektronix
Beaverton, OR
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TEKTRONIX DELIVERS 
TRANSFORMATIONAL 
NEW OSCILLOSCOPE 
CATEGORY

 Fig. 1  The upper half of the MDO4000 Series display shows the 
Time Domain view of the analog and digital channels; the lower half 
shows the Frequency Domain view of the RF channel.

FREQUENCY
DOMAIN VIEW

TIME
DOMAIN VIEW
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RFMD®.
RFSA2013/RFSA2023/RFSA3013/RFSA3023
Voltage Controlled Attenuators, 50 to 4000MHz

RFMD® delivers innovative circuit architecture in the RFSA2013, 

RFSA2023, RFSA3013, and RFSA3023. Each is a fully 

monolithic analog voltage controlled attenuator (VCA) featuring 

exceptional linearity over a typical temperature compensated 

33dB gain control range. These VCAs solve a long-standing 

industry challenge—a need for high IP3, high attenuation 

range, low DC current, broad bandwidth, and temperature 

compensated linear in dB control voltage characteristic. These 

distinctive products incorporate the complete solution in a small 

3 x 3mm QFN package that reduces the footprint by 20 times 

in board area and reduces the DC power by 10 times over 

conventional PIN diode approaches. The RFSA2013/RFSA2023 

target 50Ω applications, whereas the RFSA3013/RFSA3023 

target 75Ω CATV applications. All of the attenuators provide 

broadband frequency coverage without the need for external 

matching components.

FEATURES 
• Broadband 50MHz to 4000MHz frequency range
• High linearity over the full attenuation range
• Internal temperature compensation
• Linear dB attenuation versus control voltage 
• Wider attenuation range – IC based, low parasitic
• Power supply (Icc < 1mA):
 -  5V for SA2013/SA3013
 -  3.3V for SA2023/SA3023
• SA2013/SA2023 Applications include: Cellular, 3G 
 Infrastructure; WiBro, WiMax, LTE, Microwave Radio,  
 High Linearity Power Control
• SA3013/SA3023 Applications include: Cable Modem,  
 CATV, High Linearity Power Control 

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

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

SPECIFICATIONS

Freq Range
(MHz)

Minimum
Insertion Loss

(dB)

Attenuation
Range
(dB)

IP1dB
(dBm)

IIP3
(dBm)

Supply
Voltage

(V)
Package

(mm) Part Number

50 to 4000 2.6 33 30 50 5.0 3 x 3 QFN RFSA2013
50 to 4000 2.6 33 30 50 3.3 3 x 3 QFN RFSA2023

SPECIFICATIONS

Freq Range
(MHz)

Minimum
Insertion Loss

(dB)
IP1dB
(dBm)

CTB*
(dBc)

CSO*
(dBc)

XMOD* 
(dBc)

Attenuation
Range
(dB)

VDD

(V)
Package

(mm) Part Number

50 to 3000 2.6 30 -78 -81 -79 33 5.0 3 x 3 QFN RFSA3013
50 to 3000 2.6 30 -78 -81 -79 33 3.3 3 x 3 QFN RFSA3023

*Note: 55.25MHz to 745.25MHz, 112 Channel, +39dBmV Input Flat Tilt

Order RFMD products online at www.rfmd.com/MWJ0911.
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fall time, video and a variety of parallel 
and serial bus packet triggers. The RF 
power level of the RF input can even be 
used as a trigger source.

Because the MDO4000 Series cap-
tures a long time period of the RF sig-
nal, it can precisely calculate the RF 
spectrum at a specific point in time in 
the acquisition. This allows engineers 
to move spectrum time through their 
acquisition and see how the RF spec-
trum is changing in relation to their 
other signals.

A simple everyday application – 
tuning of a VCO/PLL – illustrates the 
value of connecting the time domain 
and frequency domain. Figure 2 shows 
what can happen during the turn-on of 
a VCO/PLL. In this case, Channel 1 in 
yellow is probing a control signal that 
enables the VCO. Channel 2 in blue is 
probing the PLL voltage. The SPI bus, 
which is programming the VCO/PLL 
with the desired frequency, is probed 

Frequency Alone 
is No Longer 
Enough

It is estimated 
that more than 38 
percent of embed-
ded systems designs 
now have a wireless 
interface. In 2011 
alone, more than 
one billion wireless 
networking enabled 
products will ship 
to consumers. This 
means engineers 
are now trouble-
shooting embedded 
system designs with 
integrated wireless 
modules, requiring 
them to work in both 
the time and fre-
quency domains.

With oscilloscope 
and spectrum ana-
lyzer functionality in-
tegrated into a single 
instrument, design 
engineers can now 
test multiple points 
of their design at 
one time, looking at 
their serial and par-
allel buses, digital 
and analog signals, 
and RF signals in 
a single glance to 
quickly and efficient-
ly troubleshoot sys-
tem problems. Prior to the MDO4000, 
engineers who needed this insight 
had to attempt to capture RF on their 
spectrum analyzer and analog/digital 
signals on their oscilloscope. Those 
acquisitions are not time-correlated 
and it can take days of trial and error to 
capture exactly what is needed.

Correlating Across Domains
The unique architecture of the 

MDO4000 Series provides a triggered 
acquisition system that is fully integrat-
ed with the RF, analog and digital chan-
nels. A single trigger event coordinates 
acquisition across all channels, allow-
ing the user to capture a spectrum at 
the precise point in time where an in-
teresting time domain event is occur-
ring. A comprehensive set of time do-
main triggers are available, including 
edge, sequence, pulse width, timeout, 
runt, logic, setup/hold violation, rise/

s Fig. 2  The Spectrum Time display shows the frequency at 2.2202 
GHz when the command arrives on the SPI bus, which tells the VCO/
PLL the desired frequency.

Most Valuable Product
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s Fig. 3  Spectrum Time is moved 250 µs to the right, showing the 
final frequency that the VCO/PLL has settled on.
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minibend® 

CABLE ASSEMBLIES 

On-Demand
AS 9100 & ISO 9001 : 2001  CERTIF IED

minibend® SMA plug to SMA plug cable assemblies 
(3” to 16”) are now available for shipment within 24
hours from receipt of your order. Astrolab’s expedited
shipping is available for all orders up to 100 cable
assemblies. Varying lengths can be ordered in any
combination to achieve the best quantity discount. 

Astrolab’s patented minibend® cable assemblies
provide an excellent commercial-off-the-shelf (COTS)
solution for your cable assembly needs. The perfect 
low profile design solution for making point-to-point
interconnections between RF modules. minibend®

cable assemblies are readily integrated into virtually 
any commercial, military, or space application.

minibend® cable assemblies are engineered to 
meet or exceed applicable industry and military
standards. They’re triple shielded, bend-to-the-end 
and easily outperform competitive semi-rigid or 
semi-flex cable. All minibend® assemblies are 100%
tested and are superior replacements for custom 
pre-formed semi-rigid cables.

If your company uses RF cables, you need to talk 
to us. We’ll work with you to supply a minibend®

solution that will deliver proven superior performance.
Contact our customer service department to 
experience the minibend® difference.

Available for shipment within 24
hours from receipt of your order.
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markers, automated measurements for 
occupied bandwidth, channel power 
and adjacent channel power ratio. 
Like a typical spectrum analyzer, the 
MDO4000 Series offers four user con-
figured or automatic traces or views 
of the RF input including normal, aver-
age, maximum hold and minimum hold. 
Detection types include +peak, −peak, 
average and sample.

Signal input methods on spectrum 
analyzers are typically limited to cabled 
connections or antennas. But with the 
optional TPA-N-VPI adapter, any active, 
50 Ω TekVPI probe can be used with the 
RF input on the MDO4000 Series. This 
increases flexibility when hunting for 
noise sources and enables easier spec-
tral analysis by using true signal brows-
ing on an RF input.

Based on the industry-standard 
MSO4000B mixed signal oscilloscope, 
the new MDO4000 Series oscilloscope 
is the industry’s first to incorporate a 
spectrum analyzer. While the ability to 
make RF measurements from one in-
strument is convenient for the user, the 
real power is in its ability to correlate 
events in the frequency domain with 
the time domain. Mixed Signal Oscil-
loscopes have transformed embedded 
systems debug by allowing correlation 
across analog and digital signals to be-
come a must have tool on the bench. 
The Mixed Domain Oscilloscope cat-
egory will likely experience similar ac-
ceptance as wireless becomes more 
commonplace and design complexity 
continues to increase.

Tektronix,  
Beaverton, OR 
(800) 833-9200,
www.tek.com.

with three digital 
channels and auto-
matically decoded. 
Initially, spectrum 
time was placed af-
ter the VCO was en-
abled and coincident 
with the command 
on the SPI bus tell-
ing the VCO/PLL the 
desired frequency. 
In Figure 3, spectrum 
time is moved about 
250 µs to the right.  At 
this point, the VCO/
PLL has settled to its 
desired frequency of 
2.3987 GHz.

Key MDO4000 Features
The MDO4000 has a minimum RF 

capture bandwidth of 1 GHz.  A FFT is 
performed on the acquired RF signal 
that can be converted to baseband I 
and Q vector data. This enables the 
MDO4000 Series to display three RF 
versus time traces on the time domain 
graticule derived from the data:
•	 �Amplitude – The instantaneous am-

plitude of the RF input versus time
•	 �Frequency – The instantaneous fre-

quency of the RF input, relative to 
the center frequency versus time

•	 �Phase – The instantaneous phase 
of the RF input, relative to the center 
frequency versus time 

•	 �Each of these traces may be turned 
on and off independently, and all 
three may be displayed simultane-
ously. RF time domain traces make it 
possible to understand what is hap-
pening with a time-varying RF signal 
and to easily measure system and 
RF latencies.
In a traditional spectrum analyzer, it 

can be a very tedious task to turn on and 
place enough markers to identify all the 
peaks of interest. As shown in Figure 4, 
the MDO4000 Series simplifies this pro-
cess by automatically placing markers 
on peaks that indicate both the frequen-
cy and the amplitude of each peak. The 
criteria used to determine what a peak 
is can be adjusted by the user.

In addition to outstanding bandwidth 
performance, minimum 1 GHz capture 
bandwidth and excellent noise per-
formance (DANL typical -150 dBc/Hz), 
there are many additional advanced 
features in the MDO4000 Series Spec-
trum Analyzer. Advanced functionality 
includes spectrogram display, manual 

s Fig. 4  Automated peak markers identify critical information.

We Have A Chip For That
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PRECISION
ATTENUATORS

For rugged, reliable, and repeatable attenuation when accuracy 
is key, our customers have come to rely on Mini-Circuits Fixed 
Precision Attenuators, rated at 2W or 5W for DC-18 GHz 
signals. And now we’ve gone even further, with a new series of 
2 W models up to 26 GHz, and a new series of 20 W models 
from DC-18 GHz! They feature stainless steel construction, 
precision attenuation from 1 to 50 dB, and SMA or N-type 
connectors for 50 Ω systems.

Inherent accuracy, and finely-graded attenuation levels, make our 
“BW” family invaluable on the bench or in the field. They’re a 
ready solution for extending the range of test instrumentation or 
meeting circuit- and system-level requirements, such as better 
matching for high-VSWR components, reducing power to 
maximize sensitive applications, or protecting valuable circuitry. 
Just go to minicircuits.com—they’re on the shelf and ready to 
ship today, at the low prices you’ve come to expect!
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      NOW up to 26GHz  from
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

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

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

Raytheon Antenna Enhances US 
Capabilities to Locate Friendly Forces

Raytheon Co. has developed a miniaturized interroga-
tion antenna capability to extend use of its Coopera-
tive Target ID technology to soldiers and unmanned 

aircraft to help prevent fratricide. This effort builds upon 
an existing Raytheon antenna design and additional en-
hancements performed in concert with the U.S. Army 
CERDEC Intelligence & Information Warfare Director-
ate (I2WD). The new miniature antenna is approximately 
the size of an ice cube and weighs only a fraction of an 
ounce. It capitalizes 
on proven cooperative 
millimeter-wave tech-
nology, which has been 
certifi ed at technical 
readiness level seven by 
the military for use on 
combat vehicles.

“This new miniatur-
ized antenna is ideal to 
meet the constrained 
size and weight re-
quirements posed by 
individual soldier and 
unmanned aircraft system (UAS) applications, and it rep-
resents a technological breakthrough that can be of im-
mediate benefi t to our warfi ghters,” said Glynn Raymer, 
Vice President of Raytheon’s Network Centric Systems’ 
Combat Systems. 

Raytheon’s mini antenna development is the latest 
enhancement of its Cooperative Target ID technology 
successfully demonstrated to I2WD as part of the Light 
Vehicle Demonstration contract. This technology can be 
commonly applied to airborne platforms, ground vehicles 
and dismounted warfi ghters, providing air-to-ground and 
ground-to-ground mission capabilities. The technology is 
designed for ease of integration with surveillance, target-
ing and soldier systems.

“Raytheon’s Cooperative Target ID technology has 
repeatedly demonstrated its mission effectiveness in lo-
cating friendly forces during numerous US government-
sponsored ground and airborne fi eld test exercises over 
the past seven years,” explained Raymer. “It is easy to use 
by soldiers and pilots alike, and the feedback from test 
personnel has been uniformly positive.”

During testing at the Bold Quest 2009 exercise, the 
radio frequency-based technology was mounted inside an 
F/A-18 Super Hornet fi ghter aircraft pod. Raytheon’s com-
bat ID solution provided an essential air-to-ground capa-
bility to reliably identify and locate “friendlies” equipped 
with the technology at typical tactical close air support 
ranges in real time and under all-weather and typical, ob-
scured battlefi eld environments, including urban settings. 

Report Provides Data on Shipments and 
Market Values for Airborne AESAs 

In spite of, and in several instances because of the cut-
backs in defense expenditures, the avionics side of the 
industry is surviving almost unscathed and most parts 

of this segment exhibit growing markets. EW systems and 
radars will always be vitally important and, as well as new 
implementations, system upgrades are increasingly being 
installed on existing platforms. In order to refl ect in detail 
the important changes during the past year, Engalco has 
pursued active research on airborne active electronically-
scanned arrays (AESA) – the industry, technologies and 
markets – and has recently released its report on this sub-
ject: Airborne AESAs. This report provides extensive data 
on shipments and market values for the systems and the 
T/R-modules (TRM), including forecasts to 2017.

Major new aspects considered in detail refl ect the sig-
nifi cant impacts of the recent, typically harsh, national 
defense reviews and associated adverse economic envi-
ronments – notably in the US and the UK (also affecting 
France). The implications of these reviews will result in 
decreased annual deployments of many platforms, ranging 
from the F-35 fi ghter to aircraft carriers. But set against 
this scenario, AESAs, such as Raytheon’s RACR and 
Northrop Grumman’s SABR, will be increasingly impor-
tant for upgrading existing aircraft fl eets. In addition to the 
F-35, the EA-18G (Growler), the Eurofi ghter Typhoon, 
France’s Rafale – and UVs (UAVs and UCAVs) are all im-
portant. A further very signifi cant program is the LEMV 
surveillance airship. In June 2010, Northrop Grumman 
was awarded the contract to develop this system and, more 
recently, this prime contractor has announced it is teaming 
with Hybrid Air Vehicles Ltd. of England and a team of 
technology leaders from three countries and 18 states in 
the US to build the LEMV. The prototype LEMV will have 
about 100,000 TRMs, while the fi nal version will imple-
ment more than 7 million TRMs.

Engalco also provides details of Israel’s CAEW system, 
status of the F-35 “Lightning II,” systems going onto the 
EA-18G “Growler” and the ongoing upgrades of existing 
platforms, including F-15s and F-16s. It is clear that North 
American markets always lead this industry sector.

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

Northrop Grumman Completes Successful 
Joint Strike Fighter Sensor Testing

Northrop Grumman Corp. has successfully participat-
ed in the 2011 Northern Edge joint military exercise 
by demonstrating key F-35 Joint Strike Fighter (JSF) 

sensor capabilities in a demanding operational environ-
ment. The AN/APG-81 active electronically scanned array 
(AESA) radar and AN/AAQ-37 Distributed Aperture Sys-
tem (DAS) were mounted aboard Northrop Grumman’s 
BAC1-11 test aircraft during the exercise. The radar was 
tested featuring Block 3 and developmental software, and 
the DAS was tested with JSF Block 2 delivery software.

“The rigorous testing of both sensors during this exer-
cise serves as a significant risk reduction step for the JSF 
program,” said Commander Erik Etz, Deputy Mission Sys-
tems Integrated Product Team lead for the JSF Program 
Office. “By putting our systems in this operationally rigor-
ous environment, we have demonstrated key warfighting 
capabilities well in advance of its scheduled operational 
testing.”  

Participating in the Northern Edge exercise for the 
second time, the AN/APG-81 radar demonstrated robust 
electronic protection, electronic attack, passive, maritime 
and experimental modes, and data-linked air and surface 
tracks to improve legacy fighter situational awareness. 

The AN/AAQ-37 DAS 
displayed its spherical 
situational awareness 
and target tracking ca-
pabilities during its op-
erational environment 
debut at Northern Edge 
this year. 

“The ability that DAS 
provides to track mul-
tiple aircraft in every 
direction simultaneously 
is something that has 
never been seen in an 
air combat environment 
before,” said Chuck 
Brinkman, Sector Vice President and General Manager of 
Northrop Grumman’s Targeting Systems Division. 

The US Pacific Command, the Alaskan Command and 
the Joint Electromagnetic Preparedness for Advanced 
Combat organizations supervised the biennial exercise, 
which involved more than 6000 airmen, sailors and Marines. 
As the US’s largest and most complex airborne electronic 
warfare environment, this exercise encompasses mass air 
combat scenarios conducted across diverse platforms to test 
their effectiveness within challenging environments.

A Clean Sweep
If your RADAR, IFF, EW, SIGINT or wideband data link system requires the cleanest signals,

ITT Microwave Systems has the solutions. By employing a variety of DDS techniques we
deliver premium RF and digital subsystems to US Defense primes. Our expertise is in very
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Richard Mumford, International Editor
INTERNATIONAL REPORT
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EU is making about €7 B 
available in the latest 
round of grants. This is 
part of the €53 B avail-
able through the cur-
rent research funding 
programme for 2007 to 
2013. 

The call for re-
search proposals also 
addresses the aims of 
the EU’s Innovation Union policy. This fl agship initiative 
of the Europe 2020 growth and job strategy will stimulate 
and speed up innovation in Europe, while removing bottle-
necks that prevent good ideas from reaching the market.

Key areas being targeted include nanotechnologies 
and information and communication technologies. About 
16,000 recipients will receive grants for research projects 
this year. About €1 B will be used to help small and medi-
um-sized businesses innovate. 

This funding is part of the EU’s strategy for building up 
science and innovation. The EU wants to increase spend-
ing on research to 3 percent of gross domestic product by 
2020 (from 2 percent in 2009). Achieving that target could 
create 3.7 million jobs and boost annual growth by about 
€800 B. 

ETSI Specifi cation Addresses NGN Services 
for Broadband Satellite Networks

The European Telecommunications Standards Institute 
(ETSI) has published the ETSI Technical Commit-
tee for Satellite Earth stations and Systems (TC SES) 

specifi cation TS 102 855, which considers how broadband 
satellite multimedia networks can be integrated into the 
Next Generation Network (NGN) architecture. It explores 
the technical challenges 
for satellite networks to 
adopt this new network 
model.

The NGN concept 
standardized by ETSI 
presents an opportu-
nity for satellites to 
take a more integrated 
role in global telecom-
munications networks. 
The NGN architecture can be used to provide seamless 
integration between fi xed satellite networks and terrestrial 
networks as part of a wider fi xed and mobile network con-
vergence. 

This new specifi cation defi nes the integration and in-
teroperability of Broadband Satellite Multimedia networks 
with the emerging terrestrial Next Generation Network 
architecture. The evolution of existing broadband satellite 

European Antenna Reaches New Heights

T he fi rst European antenna that is part of the Atacama 
Large Millimetre/submillimetre Array (ALMA) was 
handed over to the European Southern Observatory 

(ESO) in April. The antenna, which was under contract 
from the ESO, was manufactured by the European AEM 
Consortium (Thales Alenia Space, European Industrial 
Engineering and MT-Mechatronics). Assembled at the 
Operational Support Facility at an altitude of 2900 m in the 
foothills of the Chilean Andes, it was equipped with highly 
sensitive detectors, which are cooled, and other necessary 
support electronics. 

Since, one of the giant ALMA transporter vehicles has 
taken it 28 km to the Array Operations Site (AOS) location 
at 5000 m altitude. The AOS is the last port of call in a 
long journey that began when the component parts of the 
antenna were manufactured in factories across Europe. It 
is the 16th antenna of ALMA that will eventually be made 
up of 66 individual antennas.

John Richer, UK Project Scientist for ALMA, based at 
the University of Cambridge, UK, said, “Even with only 16 
of the total 66 antennas in place, ALMA is a huge step for-
ward for astronomy. The observatory is already much more 
sensitive than current instruments, and will allow us to 
study in great detail the faint radio waves emanating from 
young stars and distant galaxies. We hope these observa-
tions will answer some of the most fundamental questions 
about the way the Universe evolved from the Big Bang to 
the present day, and how our own Sun and planetary sys-
tem formed.”

The ALMA Antenna Project Manager at ESO, Stefano 
Stanghellini added, “It is great to see the fi rst European 
ALMA antenna reach Chajnantor. It is from this arid pla-
teau that these masterpieces of technology will be used to 
study the cosmos.”

€7 B EU fund for Cutting-edge Research

In an effort to help Europe develop world-class research 
and close the innovation gap between the European 
Union and its main competitors, the US and Japan, the 

Go to www.mwjournal.com for more international news itemsGo to www.mwjournal.com for more international news items
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International Report
systems toward an NGN infrastructure will be crucial for 
the successful integration of satellite systems in new con-
verged telecommunications networks.

One of the main characteristics of the NGN architec-
ture is the uncoupling of services and underlying trans-
port functions (i.e. network technologies), allowing ser-
vices and transport to be offered separately and to evolve 
independently, with open interfaces provided between 
them.

Synergies Expert Group Makes 
Recommendations for FP7 Development 

A n expert group established as part of the Seventh 
Framework Programme’s (FP7) has published a new 
report containing several key recommendations for 

the future of EU research policy. Since October 2010, the 
Synergies Expert Group (SEG) has been analysing how EU 
research policy should be aligned across the main Euro-
pean research policy framework programmes and actions. 

With the keyword being “synergy,” the taskforce set out 
to develop “synergies in practice” for the current program-
ming period, as well as to explore how research and devel-
opment (R&D) can be enhanced in the future. The phi-
losophy behind synergy is one of joining the dots to ensure 
that policies are aligned and do not overlap. 

In its report, the group found that innovation poli-
cies at EU level are fragmented and that coordination 
of research and innovation, as well as cohesion policies 
at European, national and regional levels, both within 
and between these levels, is suboptimal. Other problems 
include weak complementarities and compatibilities, as 
well as interoperability of policies and programmes, 
particularly regarding 
the regional dimension 
in research and innova-
tion policy, and the re-
search and innovation 
dimension in regional 
policy. 

The group recom-
mends that the Struc-
tural Funds could be 
better exploited for in-
novative public procurement and demonstrations proj-
ects, and thus for better support of the “smart growth” 
objective. In addition, they advise using the European 
Social Fund (ESF) to promote greater synergies be-
tween education and innovation programmes by mak-
ing it more innovation oriented. Another key point of 
the SEG report is the need to ensure that the regional 
aspect of research remains at the top of the EU policy 
agenda.
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behind synergy is 
one of joining the 

dots to ensure that 
policies are aligned 
and do not overlap.
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Outstanding IP3, at low DC power. Mini-Circuits HXG  
amplifiers feature an eye-popping IP3 of +46 dBm, at only  
730 mW DC power. A typical gain of 15 dB, output power of 
23 dBm, and an IP3/P1dB ratio of 23 dB make them very use-
ful for output stage amplifiers. All this, and surprisingly low noise 
figures (2.4 dB) extend their usefulness to receiver front-end 
circuitry! All in all, the HXG family delivers incredible performance 
with less heat dissipation, for greater reliability and a longer life.

MSiP brings it all together. Our exclusive Mini-Circuits System 
in Package techniques utilize load-pull technology and careful 
impedance matching to reach new levels of performance 

within a tiny footprint. Input and output ports matched to 50 Ω 
eliminate the need for external components and additional 
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with built-in savings that really add up.
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also ideal for applications in high-EMI environments and instru-
mentation, where low distortion is essential. HXG performance 
is only available at Mini-Circuits, and our new models are ready 
to ship today, so act now and see what they can do for you!
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$ 275

ea.(qty.1000)from

®

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

492_HXG_rev_orig.indd   1 8/22/11   11:58 AMMWJ_MCF492REVOR_0911.indd   50 8/26/11   11:18 AM

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


COMMERCIAL MARKET
Dan Massé, Associate Technical Editor

MICROWAVE JOURNAL  SEPTEMBER 2011   51

Go to www.mwjournal.com for more commercial market news itemsGo to www.mwjournal.com for more commercial market news items

2010 a Banner Year for China’s Mobile 
Handset Markets; 3G Subscriptions Soar

2010 marked a year of outstanding growth for China’s 
handset market – unit shipments saw a 17 percent 
increase from 2009, with smartphone shipments 

accounting for 11 percent of the total. The smartphone 
growth trend is expected to continue at least through the 
next fi ve years. Entry-level smartphones retailing between 
$155 and $200 (US dollars) will be the driving force for 
this growth and for the attendant subscription rate growth 
among Chinese handset operators. This market surge is 
also reshaping the handset manufacturing and distribution 
business model in China.

China has successfully achieved the fi rst phase of its 3G 
technology deployment, completing 3G network construc-
tion in most major provinces and cities. The total number of 
3G subscribers in the country climbed to 47 million in 2010.

Broadcast RF Power Semiconductor 
Market Still Led Primarily by DTV

The global market for RF power semiconductors used 
in broadcasting is being driven by the current explo-
sion in digital broadcasting, primarily from DTV. This 

market is expected to remain healthy and steady for the 
next decade.

Historically this market has been viewed as fl at and not 
very exciting. That, it turns out, is an error. DTV and FM 
broadcasting are still expanding at a measured, but never-
theless positive rate. This market is being powered by the 
advance of digital broadcasting, both television and radio, 
but especially TV. The total demand for RF power semi-
conductors for broadcasting looks promising for the next 
10 years. Regionally, growth will be driven by the phased 
switchover to digital TV as it occurs in different countries.

ABI Research’s new report, “RF Power Semiconductors 
for Broadcast Applications” examines the major sub-seg-
ments of terrestrial broadcasting services for both sound 

and video, and drills down to show how the evolution of 
digital broadcast services will affect the RF power semi-
conductor devices that are used in transmitters for new 
and existing applications.

RFID Growth Potential Remains Strong 
Despite Apparel Rollout Slowdown

Despite the 2008-2009 economic setbacks, the RFID 
market rebounded nicely in 2010, growing slightly 
more than 14 percent to reach roughly $5.3 B. When 

automobile immobilization hardware is extracted from the 
total, the market grew almost 18 percent, capturing nearly 
$4.4 B. ABI Research’s ongoing research and data collection 
efforts reveal a projected total market size of nearly $6 B in 
2011, refl ecting slightly more than 11 percent growth. The 
2011 forecast without automobile immobilization is $5 B, 
growing in excess of 14 percent over 2010.

ABI Research 
foresees variation in 
demand and the pace 
of adoption between 
applications, verticals, 
regions and tech-
nologies, with the re-
tail apparel sector in 
particular displaying 
something of a slow-
down in growth this 
year. However, the bottom line is that across the market as a 
whole, continued strong growth is expected.

“The fastest-growing application between now and 
2016 will be item-level tracking in supply-chain manage-
ment, which ABI Research estimates will exceed a 37 per-
cent growth rate,” notes Research Director Michael Liard.

“The fastest-growing verticals over our fi ve-year fore-
cast period (in descending order) will be retail CPG, retail 
in-store, healthcare and life sciences, diverse non-CPG 
manufacturing, and commercial services,” says Liard.

More specifi cally, primary RFID applications can be 
broken down into “traditional” and “modernizing” types. 
The 2011-2016 CAGR for aggregated modernizing appli-
cations is expected to be double that of the traditional ap-
plications cluster.

Legislative Mandates, Grant Programs 
Driving Smart Meter Deployment

G lobal shipments of smart meters will exceed 100 mil-
lion this year and forge ahead to more than 250 mil-
lion by 2016, with Europe being the main constitu-

ent of this total installed base.
“Robust smart meter uptake in Europe is the result of 

mandates legislated by European central governments, 

“The fastest-growing 
application between 

now and 2016 will be 
item-level tracking 

in supply-chain 
management.”

2010 2011 2012 2013 2014
Year

2015 2016

Handset Shipments Forecast
China Market 2010-2016

Source: ABI Research
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coupled with heightened development in renewables,” 
says ABI Research Industry Analyst Kelvin Chan. “North 
America is also experiencing a quickening deployment rate 
due to stimulus from the American Recovery and Rein-
vestment Act (ARRA) Grant Programs.”

The Asia-Pacifi c region has recently also seen deploy-
ments of smart meters. Australia is in the forefront in 
AMI deployments and New Zealand seems to be mov-
ing towards development of a national smart metering 
initiative. The rest of Asia has also shown signs that 
smart metering is occurring. China announced in the 
12th Economic fi ve-year plan that AMI plays a key role 
in its economic vision. South Korea has also embarked 
on a Smart Grid Demonstration Project, encompassing 
various initiatives in the smart energy space. Singapore 
has also joined the bandwagon with its “Intelligent En-
ergy System.”

Smart meters play a signifi cant role in rolling out en-
ergy effi ciency initiatives due to the two-way communica-
tion that connects the utility and customer, facilitating the 
growing dynamic response and home automation markets. 
Practice Director Sam Lucero adds, “Consolidation is also 
continuing, with Toshiba – known for its power generation 

and grid transmission 
and distribution busi-
ness segments – acquir-
ing Landis+Gyr, a global 
pioneer in smart meter-
ing, networking and ser-
vice products.”

ABI Research’s “Ad-
vanced Metering Infra-
structure” study analyzes 
the market dynamics of 
Automated Metering 
Infrastructure (AMI) 
deployment on a global basis, encompassing the myriad of 
advanced communication technologies in conjunction with 
utility infrastructure and operations. In particular, the study 
examines the adoption of smart meters and its integration 
into key Transmission and Distribution (T&D) infrastruc-
ture elements, thereby forming the backbone of the smart 
grid. In addition, updates on smart metering activities in the 
Asia-Pacifi c region are highlighted. Also central is an exami-
nation of trends in the use of cellular wireless technologies. 
Market forecasts are provided through 2016.

Smart meters play 
a signifi cant role in 
rolling out energy 

effi ciency initiatives 
due to the two-way 

communication that 
connects the utility 

and customer.
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 INDUSTRY NEWS

Microsemi Corp. announced that it has acquired the 
millimeter-wave technology and related assets of privately 
held Brijot Imaging Systems Inc. Microsemi’s product 
offerings will include the industry’s fi rst millimeter-wave 
wand solution for touchless pat downs and will also sup-
port customers who need solutions that prevent internal 
loss and promote workplace safety.

Tektronix Inc. announced the acquisition of Veridae Sys-
tems Inc. Founded in 2009 to commercialize research 
from the University of British Columbia, Veridae delivers 
three leading products for ASIC/FPGA prototyping de-
bug, ASIC post silicon validation and FPGA-based system 
product validation into leading semiconductor and system 
product companies. 

AWR Corp. announced that the merger with National 
Instruments (NI) is complete. As previously announced, 
AWR will continue to operate as a wholly owned NI sub-
sidiary under the leadership of the existing management 
team. In related news, NI started construction over the 
summer for its R&D and operations facility in Penang, 
Malaysia. The facility is expected to be complete in 2012.

Agilent Technologies Inc. and the University of Cali-
fornia, Davis, announced they will establish the Davis 
Millimeter Wave Research Center (DMRC). The DMRC 
will focus on advancing technology in millimeter-wave and 
THz systems for radar, imaging systems, sensors, commu-
nications and integrated passive devices found in electro-
magnetic metamaterials and antennae.

GigOptix Inc., a supplier of semiconductor and optical 
components that enable high speed information stream-
ing, recently moved its headquarters from Palo Alto, CA, 
to 130 Baytech Road, San Jose, CA. The move came after 
GigOptix acquired Endwave Corp. over the summer.

Emerson & Cuming Microwave Products N.V. Bel-
gium has moved. The new address is Bell Telephonelaan 
2B, 2440 Geel, Belgium. Telephone (+32 14 56250) and 
fax number (+32 14 562501) remain unchanged. Emerson 
& Cuming Microwave Products is a worldwide supplier of 
absorbing materials, low-loss dielectrics and shielding ma-
terials.

The High Performance Foams Division of Rogers Corp., 
located in Chicago, IL, has been awarded a Silver Perfor-
mance Excellence Award for 2010 by Boeing. The Boeing 
Performance Excellence Award is given to Boeing suppli-
ers for superior supplier performance over a year’s time. 

Richardson RFPD Inc. reports that, for the second con-
secutive year, it has received the “Top Distributor of the 

Year” award from TriQuint Semiconductor Inc., a RF 
solutions supplier and technology innovator. The award 
recognizes Richardson RFPD’s overall contribution to Tri-
Quint’s growth, including high level of responsiveness to 
customers, increasing design wins, and technical support.

Anritsu Co. announced that the IEEE Microwave Theory 
and Techniques (MTT) Society has presented Bill Old-
fi eld with the 2011 Microwave Application Award. He 
received the award for developing high frequency coaxial 
microwave connectors in the 1970s and 1980s.

Centerline Technologies of Hudson, MA, has become 
certifi ed to ISO 9001:2008. The ISO 9001:2008 standard, 
published by the International Organization for Standard-
ization, is an international reference for quality manage-
ment requirements and continuous improvement in busi-
ness-to-business dealings. 

Auriga Microwave has been awarded Phase II.5 for its 
Small Business Innovative Research (SBIR) N07-007 
Solid-state High-effi ciency Transmit Module. This Navy-
sponsored two-year effort will build upon the Phase II 
development of C-Band power amplifi ers and low noise 
amplifi ers.

CONTRACTS

Raytheon Co. has been awarded the fi rst competitive 
Public Safety Long Term Evolution (LTE) contract in the 
nation, as well as the fi rst contract under the Broadband 
Technology Opportunities Program (BTOP), for recipi-
ents of the FCC 700 MHz Broadband Waiver. The $8.7 
M contract will provide Adams County, CO, and the adja-
cent Denver community, with a 15-site LTE communica-
tions system that delivers the public safety user access to 
next-generation broadband capabilities, such as streaming 
video, remote data access and information sharing. 

Phonon Corp., of Simsbury, CT, received a $6.5 M con-
tract from Raytheon IDS to upgrade the Patriot ground 
radar system to Confi g-3. Phonon will provide SAW pulse 
compression delay lines, which are critical radar elements, 
to achieve this latest confi guration. This contract contin-
ues Phonon’s 20-year involvement in Patriot technology 
advances.

L-3 Telemetry-East (L-3 TE), a division of L-3 Commu-
nications, has been awarded an indefi nite-delivery/indef-
inite-quantity (ID/IQ) contract to upgrade fi elded telem-
etry ground receivers to incorporate the C-Band spectrum 
for the US Air Force. Over the past two years, engineers 
at Edwards AFB and L-3 TE have been testing a down-
conversion scheme ensuring optimum functionality with 
no degradation to existing performance. 

Kerri Germani, Staff Editor

For up-to-date news briefs, visit www.mwjournal.com
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RF Micro Devices Inc. announced its foundry services 
business unit has expanded its portfolio of process tech-
nologies to include two additional GaAs process technolo-
gies — RFMD’s FD25 low noise PHEMT process and 
RFMD’s FET1H switching PHEMT process. The two ad-
ditional GaAs PHEMT process technologies are available 
immediately to foundry customers.

SemiGen Inc., an expert in RF/microwave hybrid assem-
bly and testing, semiconductor evaluation and packaging, 
and automated PCB manufacturing, has a new facility and 
is expanding its RF/microwave assembly and test capabili-
ties. To accommodate SemiGen’s recent acquisitions and 
new product line repair business, SemiGen has relocated 
to 920 Candia Road in Manchester, NH. The new facil-
ity adds a second SMT line as well as a Class 10,000 ESD 
Zero clean room for RF microwave assembly, and Semi-
Gen’s newest capital acquisition, an MRSI605 Automatic 
Eutectic Die Bonder. 

	 PERSONNEL

TriQuint Semiconductor Inc. an-
nounced that James L. Klein has joined 
the company as Vice President and 
General Manager of its Defense and 
Aerospace business. Klein was most re-
cently with Raytheon in the Space and 
Airborne Systems division and respon-
sible for design and manufacturing of 
advanced RF and microwave subsystems ss James L. Klein
and components. He holds both bach-

elor’s and master’s degree in electrical engineering from 
Texas A&M University.

RF Industries announced that it has appointed Chief Fi-
nancial Officer James Doss to the additional position of 
President. Howard Hill, RFI’s CEO and former President, 
will continue in his current position as the company’s Chief 
Executive Officer. After joining the company as Director 
of Accounting in February 2006, he was appointed Chief 
Financial Officer and Corporate Secretary in January 2008. 
Doss received his B.S. in finance and economics from San 
Diego State University in 1993 and completed graduate 
and advanced financial management studies, receiving his 
MBA from San Diego State University in 2005.

DYMAX Corp. has announced the ap-
pointment of Tony Ieraci as Marketing 
Communications Manager. Prior to 
joining DYMAX, Ieraci held positions as 
Marketing Communications Manager at 
Scapa North America and as owner of 
AIM Marketing Communications.  He 
received his B.S. and M.B.A at 

ss Tony Ieraci
Western New England College.
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NEW! 
Optical 
input 

All-in-one 12 GHz bandwidth 
sampling oscilloscopes for:
• Serial and telecoms signal analysis
• Built-in 100ps step generator for TDR/TDT analysis
• Signal path characterization of 
 cables, components and boards
• Pre-compliance and verification testing 
 of communication standards
• 8 GHz optical model also available

PicoScope model 9201A 9211A 9221A 9231A

12 GHz Sampling Oscilloscope • • • •
8 GHz optical-electrical converter • •
USB port • • • •
LAN port • •
Mask testing • • • •
Histogram analysis • • • •
Clock recovery trigger • • •
Pattern sync trigger • •
Dual signal generator outputs • •
Electrical TDR/TDT analysis • •

THE PICOSCOPE 
9200A SERIES

12 GHz SAMPLING OSCILLOSCOPES FOR YOUR PC

Analysis features include:
• Eye diagram analysis, including 40 
 measurements for NRZ, RZ eye diagrams
• 48 measurements for electrical signal characterization
• Histogram analysis for accurately 
 measuring noise and jitter
• Mast testing with 44 standard masks built-in
• Pattern mask sync trigger 
• FFT analysis

nalysis features include:
Eye diagram analysis, including 40 

 REP APPOINTMENTS

Custom MMIC Design Services Inc. (CMDS), a fabless 
design company located in Westford, MA, announced the 
appointments of Cain Technology, NWN Inc. and dBm 
Technical Sales as its technical sales representatives. Cain 
Technology will represent CMDS in Southern CA, NWN 
Inc. will cover Northern CA and parts of NV, and dBm 
Technical Sales will cover the New England area. 

Valpey Fisher Corp., a provider of high performance in-
tegrated products for timing and frequency control, an-
nounced the addition of ATM Mid-Atlantic and Sertech 
Inc. to its worldwide sales network of representatives and 
distributors. ATM Mid-Atlantic will be the authorized sales 
representative for Valpey Fisher frequency control prod-
ucts in MD, VA and DC. Sertech will be the authorized 
sales representative for all Valpey Fisher product lines in 
Eastern PA, Southern NJ and Delaware.

M/A-COM Technology Solutions recently named 
Mouser Electronics as an authorized global distributor. 
Mouser Electronics is a design engineering resource and 
global distributor for semiconductors and electronic com-
ponents. Mouser Electronics, with its user-friendly “EZ 
Buy” online catalogue, enables customers to buy online 
for fast and effi cient fulfi llment of product orders for M/A-
COM Tech’s customers.

TRU Corp. of Peabody, MA, announced the appointment 
of ProTEQ Solutions as its representative for RF and 
microwave cable assembly and connector products in the 
New England territory.  ProTEQ Solutions has a success-
ful history of selling into the complex test and instrumenta-
tion market.  ProTEQ recently merged with Hi-Peak Sales 
to form a new embedded products sales team for modules, 
PCBs and assemblies.  

MITEQ Inc. announced the appointment of MC Micro-
wave as the company’s exclusive sales representative in 
Northern CA and NV and the appointment of Technical 
Marketing Specialists as the company’s exclusive sales 
representative in NM and AZ. The two companies will 
represent MITEQ’s Component division, which includes 
amplifi ers, mixers, frequency multipliers, passive power 
components, switches, attenuators, limiters, phase shift-
ers, IF signal processing components, oscillators, synthe-
sizers, integrated multifunction assemblies and fi ber optic 
products.  MC Microwave can be contacted at sales@mc-
microwave.com. Technical Marketing Specialists can be 
contacted at tms@tmssales.com.

 WEBSITE

Engalco, which provides in-depth company analyses and 
market forecasts for commercial, industrial and military 
sectors, has a new website, www.engalco-research.com. 
Engalco is based in East Yorkshire, UK, and specializes in 
aerospace and defense.
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Mini-Circuits...we're redefining what VALUE is all about!
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 Standard   lengths in stock, custom models available . 
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You can even get a Designer’s Kit, so you always have a few on 
hand. Custom lengths, or two-right-angle models, are also available 
by preorder. Check out our website for details, and simplify your 
high-frequency connections with Hand Flex!

  
Hand Flex cables are available in 0.086" or 0.141" diameters, 
with a turn radius of 6 or 8 mm,  respectively. Straight SMA  
connectors are standard, and now we’ve added right-angle  
connectors to our Hand Flex lineup, for applications with 
tightly-packed components.

 Get the performance of semi-rigid cable, and the versatility 
of a flexible assembly. Mini-Circuits Hand Flex cables offer the 
mechanical  and electrical stability of semi-rigid cables, but they’re 
easily shaped by hand to quickly form any configuration needed 
for your assembly, system, or test rack. Wherever they’re used, the 
savings in time and materials really add up!  
 Excellent return loss,  low insertion loss, DC-18 GHz. Across 
their entire bandwidth, Hand Flex cables deliver excellent 
return loss ( >27 dB for up to 24" runs ) and low insertion 
loss ( 0.2 dB typ at 9 GHz for a 3-inch cable ). So why 
waste time measuring and bending semi-rigid cables, 
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 European Microwave Week

Welcome to European 
Microwave Week 2011

Manchester was at the heart of the 
industrial revolution in the 19th 
century and the city will again be 

a hub of activity as the RF and microwave in-
dustry takes the opportunity to demonstrate 
its current invention and productivity during 
European Microwave Week 2011, which will 
be held at the Manchester Central Convention 
Complex from Sunday 9 October to Friday 14 
October. Since hosting EuMW in 2006, the 
complex has undergone a £28 million refur-
bishment that has resulted in a spacious, mod-
ern venue in the heart of the city.

Proud of its history, Manchester is now a 
prosperous post-industrial city and a centre 
for commerce, the arts and education that has 
prompted EuMW 2011 to adopt the slogan, 
Wave to the Future. The slogan epitomises the 
fact that the Week has, at its core, the traditional 
and established focused conferences, alongside 
Europe’s premier RF and microwave exhibition, 
yet is also looking forward and innovating.

It is the leading microwave event in Europe 
and brings together the microwave community 
from around the world. The Week is organised 
around three conferences: the 41st European 
Microwave Conference (EuMC), the 6th Eu-
ropean Microwave Integrated Circuits Confer-

ence (EuMIC) and the 8th European Radar 
Conference (EuRAD). Delegates will be able to 
experience a very broad range of technical sub-
jects, from semiconductors and nanotechnology 
through to wireless and radar systems. More 
than 1000 papers were submitted from more 
than 50 countries and above 375 papers will be 
presented in technical sessions, 200 in posters 
and 195 in workshops and short courses.

A significant first is that the Opening Ceremo-
ny will be presented by Professor Konstantin S. 
Novoselov FRS, from the University of Manches-
ter, who received the Nobel Prize for his discov-
ery of graphene and its extraordinary properties.

Add to that, special sessions that will run in 
parallel with the conference sessions. These 
include a focused session on Advances in Na-
noelectronics in Radio Frequency Technology 
and a joint APMC-EuMC session. A special 
half-day Microwaves inside Asia session will 
provide an overview of some of the most sig-
nificant research and development currently 

Ian Hunter
General Chair, EuMW 2011
Ivar Bazzy
President, Horizon House Publications
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For complete coverage of the EuMW conference, event news, exhibitor product 

information and special reports from the editors of Microwave Journal, visit our 

Online Show Daily at www.mwjournal.com/eumw2011 starting September 22nd.
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and experience of representatives 
from government defence agencies 
and leading defence/security con-
tractors who will provide insights into 
how their organizations view future 
threats to global safety, security and 
defence, and the role of technology 
in addressing these risks.

A social highlight of the Week is the 
EuMW Welcome Reception, which 
epitomises the organiser’s ongoing en-
deavours to encourage the interaction 
between industry and academia that is 
both convivial and conducive to net-
working. Indeed, mixing business and 
pleasure can be enjoyed throughout 
the week through the strong calendar 
of social events that has been organ-
ised.

To bring all of the initiatives men-
tioned to fruition takes time and effort 
and the Local Organizing Committee 
would like to express its gratitude to 
the Technical Programme Commit-
tees of the three conferences, along 
with the 350 volunteer reviewers of 
the technical papers. A special men-
tion goes to Prof. Matthias Rudolph 
for his great efforts in running the 
TPMS paper submission software.

We would also like to acknowledge 
all the organisers of workshops, special 
sessions and student events. Thanks 
also goes to the Horizon House staff 
assigned to EuMW for their invalu-
able support in organising this major 
international event, as well as their 
contribution to the staging of a world-
class exhibition. Last but not least, we 
acknowledge the financial and in-kind 
sponsorship of many industrial enter-
prises and other organisations.

We are sure that you will have a 
great experience at EuMW 2011 and 
we look forward to meeting you in 
Manchester.

Welcome from Ian Hunter, Gen-
eral Chairman, EuMW 2011, and 
Ivar Bazzy, President, Horizon House 
Publications. 

in Asia, and the popular Women in 
Engineering event is again on the 
agenda.

In its effort to Wave to the Fu-
ture, EuMW recognises the impor-
tance of encouraging and nurturing 
students. The EuMW 2011 Student 
Challenge aims to bridge the gap 
between university and industry 
by challenging students and young 
researchers to test their technical 
and application-oriented innova-
tion skills. The competition comple-
ments the 2011 Tutorial Seminars 
for Young Engineers aimed at stimu-
lating and encouraging the next gen-
eration. New initiatives this year are 
the Doctoral School in Microwaves 
aimed at early stage Ph.D. students 
and the Filter Design Competition, 
which is open to postgraduate and 
undergraduate students.

Design, innovation and the applica-
tion of technology to the commercial 
market will be at the forefront of the 
three-day 2011 European Microwave 
Exhibition, which a number of the 250 
or so exhibiting companies will target 
to launch new and significant prod-
ucts. The exhibition is a microcosm 
of the RF and microwave industry 
with companies large and small, es-
tablished and embryonic, and from all 
over the globe.

Over recent years, the Exhibition 
has developed to be much more than 
just a show floor.  For example, this 
year, for the first time, the exhibition 
hall will play host to the Microwave 
Application Seminars (MicroApps) at 
EuMW 2011. Taking place for the en-
tire three days of the exhibition, the 
intent of this open forum is to high-
light and elaborate on products and 
techniques useful to engineers in their 
day-to-day design work. Interactive 
Poster Sessions will be prominent in 
the exhibition hall on all three exhibi-
tion days, enabling authors to demon-
strate their work face to face.

Important recent initiatives con-
tinue. In particular, the success of 
the inaugural EuMW Defence/Secu-
rity Executive Forum at EuMW 2010  
in Paris has prompted the organis-
ers to expand European Microwave 
Week’s coverage of the Defence/
Security sector and instigate the full-
day EuMW Defence and Security 
Forum. It offers delegates the oppor-
tunity to benefit from the expertise 

Ian Hunter Ivar Bazzy
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Attending European 
Microwave Week 2011

After five years, European Microwave 
Week returns to Manchester and 
the UK. At the heart of the Indus-

trial Revolution, the city was the site of the 
world’s first passenger railway station and a dy-
namic centre for free trade. Its industrial past 
and subsequent regeneration make it the ideal 
home for EuMW 2011 and have prompted the 
adoption of the slogan, Wave to the Future.

From 9 to 14 October, the event is ex-
pected to attract an estimated 4500 attendees 
(delegates, visitors and exhibitors) to the new 
Manchester Central Convention Complex, for-
merly known as GMEX and the Manchester 
International Conference Centre (see Figure 
1). It is located right in the heart of the city, and 
provides more space and award-winning facili-
ties than in 2006 for both the conference and 
exhibition.

Now firmly established as the premier event 
in the RF and microwave calendar in Europe, 
European Microwave Week offers a broad plat-
form for the industry to showcase and discuss 
the latest technology, exchange ideas, network 
and do business. The conferences reflect the 
groundbreaking and innovative work being un-
dertaken in the RF, microwave, integrated cir-

Richard Mumford
Microwave Journal International Editor 
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Professor Wolfgang Heinrich, President of  

the European Microwave Association (EuMA) 

explains the Association’s history, structure and aims, and 

outlines the role that it plays in the global RF and microwaves 

industry.

s Fig. 1  Manchester Central Convention Complex.
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The following quick reference 
guide is designed to complement the 
Conference Programme and Exhibi-
tion Show Guide, where you will fi nd 
more detailed information.

THE CONFERENCES
Each with their own dedicated 

time slots throughout the week are 
the three focused conferences:
•  The 6th European Microwave In-

tegrated Circuits Conference (Eu-
MIC) takes place on Monday 10 
and Tuesday 11 October

•  The 41st European Microwave 
Conference (EuMC) extends from 
Tuesday 11 to Thursday 13 Octo-
ber

•  The 8th European Radar Confer-
ence (EuRAD) spans Thursday  13 
and Friday 14 October
The conferences encompass a wide 

range of subject areas including: mi-
crowave, millimetre-wave and submil-
limetre-wave systems, antennas and 
propagation, wireless technologies, 
telecommunication (RF, microwave 
and optical), ICs, semiconductor ma-
terials and packaging, radar architec-
tures, systems and subsystems, sen-
sors and remote systems, and test and 
measurement.

Registration, sponsored by Rohde 
& Schwarz, opened online on 6 June 
2011 and will remain open up to and 
during the event until 14 October. On-
site registration is available from Sat-
urday 8 October (16.00 to 19.00) and 
from 07.30 each morning from Sun-
day 9 October to Friday 14 October. 
Registration at one conference does 
not allow any access to other confer-
ence sessions, but those who wish to 
register for two or more conferences 
will receive a discount.

THE EUROPEAN MICROWAVE 
INTEGRATED CIRCUITS 
CONFERENCE

The EuMIC is the successor of the 
well known GAAS application sympo-
sium, which was fi rst held in Rome in 
1990. Since 2007, EuMIC has been 
organised under the umbrella of both 
the European Microwave Associa-
tion (EuMA) and GAAS® Associa-
tion. More than 100 technical papers 
have been selected, distributed across 
16 EuMIC sessions, 11 joint EuMC/
EuMIC sessions and two poster ses-
sions. There will be also 13 workshops 

sor Konstantin S. Novoselov. Tuesday 
evening sees the Manchester Central 
Exchange Hall stage the EuMW Wel-
come Reception, which has become a 
highlight of the week. The evening will 
begin with a cocktail reception at 18.30, 
when guests will be addressed by the 
2011 EuMW Chairman, who will hand 
over to the 2012 EuMW Chairman 
for Amsterdam, followed by Platinum 
Sponsor Agilent Technologies, after 
which a seated buffet will be served.

cuit, wireless and radar sectors, while 
the commercial reality of that research 
and development will be highlighted 
during the European Microwave Ex-
hibition. The exhibition will feature 
more than 250 exhibitors spread over 
more than 7000 m2 (gross).

The offi cial European Microwave 
Week opening ceremony on Tuesday 
morning is open to delegates from all 
conferences and will feature a presen-
tation by the Nobel Laureate, Profes-
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er UMS, OMMIC, GCS, TriQuint 
Semiconductor and WIN Semicon-
ductors to discuss trends and the ap-
plications of various semiconductor 
materials and devices.

Prizes and Awards
To acknowledge the high quality of 

papers presented the EuMIC tech-
nical programme committee and the 
EuMA general assembly will award a 
Best Paper Prize and a Best Student 
Paper Prize. In addition, the GAAS 
Association will award three postgrad-
uate student fellowships to recognize 
the valuable work of students and to 
support them in the fi rst steps of their 
technical and scientifi c career.

THE EUROPEAN MICROWAVE 
CONFERENCE

EuMC is Europe’s leading forum 
for presenting microwave and related 
technologies and every effort has been 
made to deliver a comprehensive and 
varied programme. It comprises 42 
European Microwave Conferences 
and 15 joint Technical Sessions, 15 
workshops, two short courses, three 
special sessions, a Special Event, 
the Doctoral School in Microwaves, 
aimed at early-stage PhD students, 
and the established EuMW 2011 Stu-
dent Challenge.

This year, with the European Con-
ference on Wireless Technology (Eu-
WiT) being integrated into EuMC, 
there is a greater emphasis on wire-
less-related topics and this is evident 
in the various technical sessions and 
workshops. Also, a new Special Ses-
sion on Friday will focus on a specifi c 
geographical region; under the title, 
Microwaves inside Asia, invited speak-
ers from China, Hong Kong, Taiwan, 
South Korea, Japan, Singapore, Thai-
land and India will showcase micro-
wave technologies from within Asia.

Prizes and Awards
On Thursday afternoon, the closing 

session will feature an award ceremo-
ny for the EuMC Microwave Prize, 
and EuMC Young Engineers Prizes, 
sponsored by EADS/Cassidian, for 
the best papers written and presented 
by young engineers.

THE EUROPEAN RADAR 
CONFERENCE

Over the past eight years, EuRAD 
has grown to be one of the largest Eu-

netic Theory Division, Tohoku Uni-
versity, Japan, will discuss trends and 
the future of on-chip RF magnetic 
technology.

The programme has been formu-
lated to be of interest both for indus-
try and academia, with many sessions 
ranging from basic process and device 
physics to integrated circuit theory 
based on different compounds in a 
number of different application do-
mains. A special session on foundry 
services on Tuesday will bring togeth-

and two short courses and there are 
a signifi cant number of joint sessions 
and workshops, organised with the 
EuMC, which highlight the strong in-
teraction between these conferences.

On Monday, the plenary session 
will feature two speakers. Dr. Tahir 
Ghani, Intel Fellow and Director of 
Transistor Technology and Integra-
tion, Intel Corp., will consider chal-
lenges and innovations in nano-CMOS 
transistor scaling. Professor Masahiro 
Yamaguchi, Director of Electromag-
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nomenology, signal processing, archi-
tectures and systems, and applications, 
complemented by 35 poster papers.

The paper sessions are enhanced 
by expert workshops, covering ad-
vanced areas of radar, including mi-
cro-Doppler analysis, multi-static and 
passive radar and phased array radar. 
Also, in a first for EuRAD, the im-
pact of wind farms on radar systems 
will be addressed, including looking 
at the fundamentals of radar and wind 
farms, to give the non-radar expert in-
sight into this increasingly important 
topic.

Prizes and Awards
There is one EuRAD Conference 

Prize and two Young Engineer Prizes. 
The EuRAD Prize is sponsored by 
Raytheon as is one Young Engineer 
Prize. The second Young Engineer 
Prize is sponsored by EADS/Cassidian. 
Both are awarded to young engineers 
or researchers who have presented an 
outstanding paper at the conference.

Exhibition
This FREE to enter exhibition is 

the largest trade show dedicated to 
RF and microwaves in Europe (see 
Figure 2). The exhibition is a vibrant 
shop window for companies large and 
small, established and developing 
from all over the world.  Each year, 
the EuMW host country attracts local 
interest with smaller companies and 
distributors banding together to give 
them a collective presence. In fact, 
the success of last year’s event in Paris 
is being carried over to Manchester 
via the French Pavilion. To find out 
which companies will be at Man-
chester Central see the latest exhibi-
tor list, starting on page 82. Exhibitor 
workshops continue to be a feature 
of EuMW, offering attendees the op-
portunity to gain hands-on experience 
and guidance.

This year, for the first time, the ex-
hibition hall will also play host to the 
Microwave Application Seminars (Mi-
croApps) at EuMW 2011. It will also 
house the Interactive Poster Sessions, 
which will enable authors to present 
their results interactively, the Publish-
er’s Corner, and host the conference 
session coffee breaks for the three days.

Exhibition Opening Hours
Tuesday: 09.30 to 17.30 (followed 

by Welcome Reception)

ropean and world-
wide radar events, 
offering high quality 
papers, workshops 
and focused ses-
sions. There are 81 
paper presentations, 
which have been or-
ganised into 19 ses-
sions, covering four 
main areas: radar 
subsystems and phe-s Fig. 2  Manchester Central exhibition hall.

See us at EuMW Stand 343
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gies for more than 58 years.

Today part of Aeroflex, we are

continuing to set new stan-

dards in component and sub-

system innovation with a wide

variety of new products to fit

the most demanding customer

applications.

Our mission is to provide

superior design capabilities,

products of consistently high

quality, and a high level of

service to help our customers

compete in today’s demanding

global markets.

From broadband to base 

stations, defense subsystems 

to satellites, whatever your

application, you can count on

Aeroflex / Weinschel for inno-

vative, high performance 

product solutions.

Call 800-638-2048

weinschel-sales@aeroflex.com

www.aeroflex.com/weinschel

AeroflexWeinschel_NewProducts 4-28-11_MJ  8/11/2011  12:02 PM  Page 1
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destinations. It is nine miles (14.5 km) 
outside the city centre, taking approxi-
mately 25 minutes by taxi. Alternative-
ly, there is a direct half-hourly express 
rail service to the city centre, which 
takes approximately 20 minutes.

By Rail
Manchester has direct rail connec-

tions to all major UK cities – London 
is just over two hours away. Services 
come into the city at either Piccadilly 
or Victoria station, both of which con-
nect to the Metrolink light-rail sys-
tem. You can also take advantage of 
the free Metroshuttle bus that travels 
between the two stations across the 
city centre. For information on train 
services to Manchester, visit www. 
nationalrail.co.uk.

Metrolink
The extensive Metrolink tram ser-

vice covers the city centre and areas 
of Greater Manchester. To reach the 
venue, follow signs for Metrolink from 
either Piccadilly or Victoria, purchase 
a City Zone ticket on the platform and 
take a tram heading for Altrincham or 
Eccles, alighting at St. Peter’s Square. 
Manchester Central is then a five-
minute walk away behind the Midland 
Hotel.

By Road
Manchester is at the heart of the 

Northwest’s motorway network with 
easy access from all directions onto 
the M60, the city’s orbital motorway. 
Once on the M60, exit at Junction 
12 and join the M602 sign posted to-
wards the city centre. Follow the A57 
straight on from the end of the M602, 
passing under a railway bridge before 
taking the left exit to merge onto the 
A56 Bridgewater Way. Turn right onto 
Whitworth Street West at Deansgate 
station and then turn left onto Albion 
Street. The entrance to the Manches-
ter Central Car Park is through the 
next set of traffic lights on the left, op-
posite The Bridgewater Hall. If using 
Satellite Navigation/GPS, type in M2 
3GX.

HOTEL RESERVATION
European Microwave Week 2011 

has teamed up with Hotelzon to offer 
a wide range of accommodations to 
suit every budget at competitive rates 
for the event. To do so, visit Hotel-
zon’s Booking Page at www.hotelzon.
com/uk/exhibitions/eumw2011/ and 

airport and there are more than 2500 
hotel rooms within a five minute walk 
of the Complex. Located in the centre 
of the UK, Manchester is served by 
strong road, rail and air links, making 
it an easily accessible location for visi-
tors from all over the world.

By Air
Manchester airport is a major inter-

national air traffic hub with frequent 
scheduled flights to the majority of 
key UK, European and international 

Wednesday: 09.30 to 17.30
Thursday: 09.30 to 16.30
CST is sponsoring a Cyber Café lo-

cated within the Exhibition Hall for all 
delegates, exhibitors and visitors to use, 
as well as free WiFi access to emails for 
delegates in all conference areas.

GETTING TO MANCHESTER 
CENTRAL

The venue has excellent transpor-
tation via rail link from Manchester 

See us at EuMW Stand 238

  9m39 FINAL.indd   72 8/29/11   10:52 AM

http://www.nationalrail.co.uk
http://www.nationalrail.co.uk
http://www.hotelzon.com/uk/exhibitions/eumw2011/
http://www.hotelzon.com/uk/exhibitions/eumw2011/
http://www.frontlynk.com
mailto:info@frontlynk.com


You work in all kinds of conditions, 
so should your spectrum analyzer.

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

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

That’s thinking ahead.  That’s Agilent.

Handheld Spectrum Analyzers (HSA)

Key Specs N9344C N9343C N9342C

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

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

Sweep time < 0.9 s < 0.7 s < 0.4 s

Weight with 
battery

3.6 kg 
(7.9 lbs)

3.6 kg 
(7.9 lbs)

3.6 kg 
(7.9 lbs)

View online HSA video demos
Download demonstration guides
www.newark.com/Agilent_HSA

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

800-463-9275  
www.newark.com/agilent

© 2011 Agilent Technologies, Inc.  (U.S. Army photo by Spc. Patrick Tharpe) (Released) See us at EuMW Stand 301
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Linwave Technology Ltd, Digitek house, Whisby Way, Lincoln UK, LN6 3LQ
Linwave Electronic Manufacturing Services LLP, Eclipse House, Whisby Way, Lincoln, UK, LN6 3LQ

Your European partner for the design, manufacture, packaging
optimisation and integration of Microwave Components.

Linwave Technology has a uniquely broad component capability 
for Defence, Communications and Medical markets.

European Microwave Exhibition 2011 - Stand 332

Technology
Linwave

Custom Block Frequency Converters to 50GHz 
• Up and down converters, Custom bands
• C, X, Ku, DBS, Ka Bands, Tri-band (L to C, X & Ku)

Surface Mount Packaging 
• Microwave and Millimetre-wave applications
• Broadband design & performance optimisation
• Ceramic & LCP QFN packaging
• SMT Limiters, LNAs, Detectors
• MMICs & Multichip Modules
• Custom Solutions

Chip & Wire Design and Assembly
• Available on ceramic and laminate
• Custom design build

Amplifiers to 50GHz 
• LNA, SSPA, Broadband, Multi channel

Integrated Modules 
• Switches, Couplers, Detectors , Amps and Converters
• Embedded control

Microwave Diodes to 94GHz
• PIN, Varactor, Gunn, Mixer, Detector, Noise

Diodes, MMICs & Packaging   www.linwave.co.uk/lems
Microwave Modules  www.linwave.co.uk/products

Product Solutions

whether it is British, Chinese, Rus-
sian, Thai or Brazilian.

Manchester has a wealth of shop-
ping outlets from large department 
stores to independent boutiques and 
high end fashion to value-for-money 
purchases. Prestigious designer stores 
can be found on King Street and St. 
Anne’s Square and along Deansgate. 
There are well-known department 
stores and independent stores along 
Market Street and in the Arndale 
(said to be Europe’s largest city centre 
shopping mall).

For culture, there are about 90 mu-
seums in and around Manchester, while 
the city’s art galleries house collections 
that range from the classical to the con-
temporary. Most museums and galleries 
offer free admission. For a show visit, 
the Palace Theatre, Royal Exchange 
and Opera House. Alternatively, there 
is the Library Theatre on the basement 
level of the city’s beautiful, circular Cen-
tral Library. For more information visit: 
www.manchestercentral.co.uk or www.
visitmanchester.com.

In advance, take time to familiarise 
yourself with the event and plan your 
visit by logging onto the show website: 
www.eumweek.com.  The website of-
fers information about the conferences, 
registration, social activities and more. 
Microwave Journal will feature the 
EuMW 2011 Online Show Daily web 
page with up-to-date news, new prod-
ucts, photos, videos, exclusive articles 
and more at www.mwjournal.com/
eumw2011.

that infl uences the world in science, 
business, fashion, style, music and 
culture.

Bristling with pubs, bars and 
clubs, the city centre truly does offer 
a friendly welcome with everything 
from a pint of local ale to a sophisti-
cated cocktail. The city continues to 
be recognised as a thriving nightspot. 
Dining in Manchester is a real cosmo-
politan culinary experience with a host 
of quality restaurants to choose from, 

make your reservation or email exhibi-
tions@hotelzon.co.uk.

SIGHTSEEING
Manchester has embraced 

change wholeheartedly, restoring 
its industrial landscape and combin-
ing that heritage with contemporary 
urban design to create a cityscape 
that blends the best of the old and 
new. Modern day Manchester is a 
vital and sophisticated urban capital 

For complete coverage of 
the EuMW 2011 conference, 

event news, 
exhibitor product 

information and special 
reports from the editors of 
Microwave Journal, visit 
our Online Show Daily at 

www.mwjournal.com/
eumw2011

starting September 22nd.
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The 2011 EuMW Defence 
and Security Forum

The defence and security sector is 
evolving to reflect the economic and 
threat realities of the early 21st cen-

tury. Pressures on public spending and funding 
are having a significant impact and while the 
ability to defend sovereignty, resolve regional 
conflicts and fight global terrorism need to be 
addressed, new issues have emerged. These in-
clude border control and security, such as the 
detection of weapons and explosives, methods 
to control cross-border trafficking and anti-pi-
racy measures.

The 2011 EuMW Defence and Security Fo-
rum aims to put these issues into context from 
the perspective of those researching and devel-
oping the latest technology, defence/security 
contractors and government defence agencies 
and open them up for analysis and debate.

There is a full-day programme this year, ex-
panding on the success of the inaugural EuMW 
2010 Defence/Security Executive Forum eve-
ning session in Paris that attracted more than 
200 attendees last year. The format comprises a 
Morning Session, Lunch & Learn, an Afternoon 
Session and the evening Executive Forum.

Morning Session
The day will begin by focusing on Safety 

and Security and consider the application of 
the microwave technology that is being devel-
oped to increase security and address safety is-
sues. World recognized experts will give tutori-
als and presentations on active and passive RF 

detection and imaging techniques applied to 
short range stand-off surveillance and through-
wall and buried sensing.

Lunch & Learn
Over lunch, Strategy Analytics will provide 

market analysis of the defence and security 
sector and look at: The impact of budget con-
straints on future defence technology invest-
ment. Their experts predict the desire for tech-
nology differentiation will lead to continued 
opportunities for electronic systems in emerg-
ing platforms and this will be supplemented by 
a focus on upgrading existing capabilities.

Afternoon Session
After lunch, the session will consider – Radar 

(and EW) Challenges for the 21st Century: An 
Industry Perspective – which will focus on the 
application of microwave technology to provide 
security and counteract threats. A keynote will 
set the scene and consider technology conver-
gence, then industry experts will outline the de-
velopment of the technology required to meet 
current and future challenges. The approach 
of industry to such challenges will be the focus 
of a panel session that will feature experts from 
Agilent Technologies, NXP Semiconductors, 
RFMD and and TriQuint Semiconductor.

Richard Mumford
Microwave Journal International Editor 

76 	 MICROWAVE JOURNAL n SEPTEMBER 2011

This is a full-day event addressing Safety, Security and Defence issues and featuring 

the EuMW Defence and Security Executive Forum. Attendance is FREE and open to 

all EuMW 2011 conference delegates, exhibitors and visitors. 

Wednesday, 12 October 2011, 08.30 to 18.30, Room Charter 1 

Manchester Central Convention Complex, Manchester, UK
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SPINNER GmbH
ads@spinner-group.com
www.spinner-group.com

CALIBRATION KITSI-STYLE, KA-BAND

 PRECISION IN PERFECTIONSPINNER|| 

CALIBRATION KITS

94 GHZ

High Frequency Performance Worldwide

Superior Rotary Joints and Slip Rings for
■ Civil applications – automotive, satellite tracking
■ Defence applications – air, sea, land
■ Fibre optic – single chanel, multichannel up to 21

Test and Measurement Equipment
■ Standard and compact calibration kits
■ Precision connectors and adaptors

 SPINNER is a global leader in 
developing and manufacturing 
state-of-the-art RF components. 
Since 1946, the industries lea-
ding companies have trusted 
SPINNER to provide them with 
innovative products and out-
standing customised solutions.

Headquartered in Munich, and 
with production facilities in 
Germany, Hungary, USA, China 
and Brazil the SPINNER Group 
now has over 1,300 employees 
worldwide.

VISIT US AT 

THE EUMW

BOOTH

123

defence and the role of technology in 
addressing these risks. It will conclude 
with an open panel discussion with 
questions from the floor. The Executive 
Forum will keep its established early 
evening time slot and be preceded and 
complemented by morning and after-
noon sessions.

Figure 1 shows the speakers and pan-
el members of the 2010 EuMW Defence/

Executive Forum
In the early evening, the Execu-

tive Forum, like in 2010, will offer del-
egates the opportunity to benefit from 
the expertise and experience of repre-
sentatives from government defence 
agencies and leading defence/security 
contractors who will provide insights 
into how their organizations view fu-
ture threats to global safety, security and 

s Fig. 1  Speakers and panel members of the 2010 EuMW Defence/Security Executive Forum 
(photo courtesy of Shmuel Auster).

Security Executive Forum: Back row from 
left - Dr. Barry M. Alexia, Director Strat-
egy Technology; Rockwell Collins, Frank 
van den Bogaart, Director Research TNO 
Defence, Security and Safety and Forum 
Moderator; Asif Anwar, Program Direc-
tor for Strategy Analytics; Hans Brugger, 
Vice President CASSIDIAN; and Pierre 
Fossier, VP and Technical Director, Tha-
les. Front row from left  - Attila Simon, 
R&T Project Manager, European De-
fence Agency (EDA); Dr. Massimo Piva, 
Senior Vice President of Large Systems 
Business Unit, Selex Sistemi Integrati; 
Francois Murgadella, Direction Generale 
pour L’Armement (DGA) & Agence Na-
tionale de la Recherche (ANR); and Ma-
jor General Roger Renard, NATO RTA 
Deputy Director.

Attendance is FREE and open to 
all EuMW 2011 conference delegates, 
exhibitors and visitors as a selected op-
tion of the normal registration process. 
However, those wishing to attend the 
2011 EuMW Defence and Security 
Forum are asked to register specifically 
for the Forum and can do so online at: 
www.mwjournal.com/2011defenceforum 
or www.eumweek.com.
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At the Forefront of Technology and Global Security 

Sponsored by

AgendA

Morning Sessions 
Safety and Security
08.30 – 09.10 Millimetre-wave Imaging - Roger Appleby, Queen’s University, Belfast
09.10 – 09.45 A Terahertz Imaging Radar for Concealed Object Detection – Ken Cooper, JPL
09.45 – 10.20 Passive Sub-Millimetre Wave Technology for Weapon and IED Detection  
 Arttu Luukanen, MilliLab
10.40 – 11.20 Ultra-wideband Radar for the Detection of Buried Threats – David Daniels, Cobham
11.20 – 11.55 Ultra-wideband Radar Imaging – Alex Yaravoy, Technical University, Delft
11.55 – 12.30 Real Time Imaging at 250 GHz - Chris Mann, ThruVision, UK

Lunch & Learn 
Defence Market Watch
12.30 – 13.30 The Impact of Budget Constraints on Future Defence Technology Investment   
 Asif Anwar, Strategy Analytics

Afternoon Sessions 
Radar (and EW) Challenges for the 21st Century: An Industry Perspective
Keynote:
13.45 – 14.15 Technological Convergence in Radar and EW – Barry Trimmer, Thales

14.15 – 14.45 The Hidden Decisions Behind Covert Surveillance  
 Steve Williamson, Cambridge Consultants

Industry Panel Session: 
15.00 – 16.30 – Radar Challenges & Solutions
•  Providing a New Level of Realism in the Testing and Evaluating of Advanced Radar and   

Electronic Warfare Systems – Elizabeth Ruetsch, Agilent Technologies
• Selecting the Right Technology for High Power Military Applications – Mark Murphy, NXP
• Reliable High Power GaN Amplifiers for RADAR Applications – Kal Shallal, RFMD
•  GaN and GaAs MMIC and Module Technology Supporting the Needs of Phased Array Radars   

Dean White, TriQuint Semiconductor

Defence & Security Executive Forum:
17.00 – 18.30 – Trends in Future RF/Microwave Technology for Defence
Special Guest Panelist and Opening Remarks: 
Dr. Eli Brookner, Principal Engineering Fellow, Raytheon
Industry and Agency Speakers:
Shane Rouse, ISTAR Capability Advisor, UK MoD DSTL
David Fudge, VP Engineering and Projects of Selex Galileo (UK)
Vincent Mifsud, VP for Technology for Cobham Worldwide
Dr. Barry Alexia, Director Strategic Technology Center, Rockwell Collins
Dr. Farina of Selex Sistemi Integrati as a Guest Panelist

Organized by

The 2011 Defence and Security Forum
at European Microwave Week 

Manchester, UK
Wednesday, October 12th

Following last year’s successful Executive Forum, this event 
has been expanded to a full day of presentations and panel 
discussions with the leading technologists, business and 

agency executives, and market analysts in the RF/microwave 
industry. Join them as they discuss the challenges facing  

tomorrow’s global defence systems and associated hardware.

Industry Perspectives
Market Analysis

Defence Agencies Insights

Free admission for registered attendees.
For more information and to register,  

visit www.mwjournal.com/2011defenceforum
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Microwaves in 
Europe: the 
Current Climate

In times of plenty, it is easy to view the fruits of success as a given and make 
hay while the sun shines. The good times included the boom in the mobile 
communications sector in the late 1990s, subsequent periods of full order books 
and expansion through growth and acquisitions and the promise of the virtually 
untapped potential of emerging markets, such as China and India.

Is the European RF and microwave indus-
try feeling the heat? Will the current eco-
nomic drought starve the industry of es-

sential funding and investment or can focused 
and targeted innovation harvest demand and 
stimulate growth in established and developing 
sectors of the market?

In hindsight, this was the calm before the 
storm when the recessionary cloud rained 
without discrimination on the parade of in-
dustry, agencies, research institutes and aca-
demic institutions in most regions of the world. 
Through quick and decisive actions, reorgani-
sation and a realistic assessment of capabilities 
and targets, the fortunate were able to shelter 
themselves from the worst, while others were 
washed away by the sheer force and sudden-
ness of the economic downturn.

Few regions of the world have survived un-
scathed and the economic difficulties of some 
European countries are well documented. 
Greece, Ireland and Portugal have received 
economic bailouts from other Eurozone mem-
bers and the International Monetary Fund, 
while Italy and Spain also have to manage sig-
nificant debt. Interestingly, China has pledged 
to buy billions of Euros of European debt to 
support the single currency – a move that may 
not be entirely unselfish as China sees a strong 
European market as being essential for exports.

Even with outside help, maintaining a strong 
European Market is going to be challenging 
as individual governments get to grips with 
economic reality. For many nations, austerity 

is the watchword with a squeeze on funding, 
both from government and the banks, cutbacks 
in services and a rationalization of resources. 
The results have been limited investment, job 
insecurity and reduced disposable income to 
pump back into the economy.

It is against this background that the Euro-
pean RF and microwave industry has to oper-
ate, evolve and plan for the future. Since the 
downturn, R&D, both commercial and aca-
demic, has had to become streamlined and fo-
cused, as have the mechanisms for funding and 
collaboration. Being fitter and leaner can have 
its advantages and the RF and microwave in-
dustry has the benefit of being at the forefront 
of technologies that are desired, play a signifi-
cant role in everyday life and can thus create 
new opportunities for economic development.

The public’s voracious appetite for informa-
tion anytime, anywhere, allied to the boom in 
social networking has created the smartphone 
revolution, which is putting greater demands 
on mobile and wireless communications. As 
a result, networks and spectrum are being 
stretched and it is engineers and researchers 
in our industry whose expertise and endeav-
our can make a real difference – be it mate-
rials and semiconductor/IC development, at 
component, subsystem and system level, from 
infrastructure to mobile backhaul or test and 
measurement.

Richard Mumford
Microwave Journal International Editor
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Freq. Range
(MHz)

Isolation
(dB) min.

Insertion Loss 
(dB) max.

Current
(mA) max.

VSWR
max.

Model
Number

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

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

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

nificant too with research projects 
based on novel materials and nano-
science concepts looking to develop a 
new generation of nanoelectronic de-
vices and systems with improved elec-
tro-thermal-mechanical properties 
that yield higher integration densities. 
Driven by commercial applications, 
the desire for higher system function-
ality and performance is impacting on 
areas such as high frequency commu-
nication, sensors and radar.

Europe has historically been strong 
in defence and security and that con-
tinues, although there is a change in 
emphasis. With a general decrease in 
military spending, the search is on for 
lower cost and higher performance 
with a greater focus on civilian and 
non-conventional military applications. 
These include border control and se-
curity, encompassing the likes of imag-
ing to detect weapons and explosives, 
air traffic control systems, anti-piracy 
measures and marine radar.

However, having detected what is 
on the radar with regards to viable op-
tions for research and development, 
does Europe have the organisation 
and systems in place to fully exploit 
such potential and bring it to market? 
Following is an overview of the initia-
tives and funding that the EU has put 
in place over recent years, highlight-
ing new initiatives and long-term pro-
grammes.

European Initiatives
The European Union is an amalga-

mation of diverse Member States, each 
with its own endemic industry, educa-
tional system, infrastructure, economic 
framework and political agenda. Meet-
ing the objectives of all and drafting ef-
fective common policy can be a chal-
lenge, but when there is consensus and 
mutual goals, the EU can be a signifi-
cant driver for development.

In particular, the Union has been, 
and continues to be, effective in insti-
gating, driving, funding and support-
ing research and technological devel-
opment in association with industry to 
bridge the gap between research and 
the market. At times when individual 
government funding agency budgets 
are being cut, European Union initia-
tives continue to have the resources to 
distribute funding to a collaborative 
blend of industry, national research 
centres and academic institutions 
across the continent.

is a small number of less aggressive 
apps that together can take a signifi-
cant chunk out of the market.

As EuMW in Manchester dem-
onstrates, European research and 
development is making a significant 
contribution. For instance, European 
research groups pioneered graphene 
science and technology and are at the 
cutting edge of other emerging tech-
nologies, such as RF MEMS and THz.

The work on metamaterials is sig-

“…China sees a strong 
European market as being 

essential for exports.”

Europe’s skills base in the RF 
and microwave sector has tradition-
ally been strong and it is perhaps now 
when that depth of knowledge and ex-
pertise really needs to be tapped into 
and exploited. Everyone yearns to find 
that Killer App, but maybe all we need 
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More engineers choose
ADI data converters over the 
next 8 suppliers combined.

More products. More performance. 
More design support. More education.

With so many complex design problems relying on data
converters to defi ne system performance, and so many data 
converter suppliers to choose from, you might think it’s 
remarkable that so many engineers agree on their choice: 
Analog Devices. As the world’s #1 data converter supplier, 
ADI is your source for 1500+ converter products, all thoroughly 
and conservatively specifi ed, and backed with more tools, 
training, and design support than any other supplier—by far. 
See why more engineers turn to ADI for answers to their 
toughest challenges. Explore products, customer stories, and 
design resources at www.analog.com/ConverterLeader.

Leading Converter Innovations 
AD9467: 16-Bit, 250 MSPS, IF Sampling ADC
Provides outstanding SFDR performance over wide 
bandwidths; multiple on-chip functions and 
adjustability features for ease of use.

AD5624R: Quad, 12-Bit SPI nanoDAC®

Offers 12-bit accuracy (1 LSB INL) and on-chip
1.25 V or 2.5 V 5 ppm/°C reference, all in a 10-lead 
MSOP and 3 mm × 3 mm 10-lead LFCSP.

AD7626: 16-Bit, 10 MSPS PulSAR® ADC
Delivers an unequaled combination of effective
resolution and speed, without compromising ac or
dc performance, while reducing size and power.

AD9122: Dual, 16-bit, 1200 MSPS,
TxDAC+® Transmit DAC
Enables multicarrier generation up to the Nyquist 
frequency and includes features optimized for direct 
conversion transmit applications.

analog.com
Lower your design risk and speed time to market
with ADI lab tested reference circuits. Use a
QR reader on your smartphone to watch video.

2010 Worldwide Data Converter
Market Share

  Source: Databeans, Inc.
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...High Power GaN HEMTs

MITSUBISHI ELECTRIC is offering 
highest effi ciency high reliability GaN 
transistors from 2W up to 160W for 
a broad range of applications such 
as Radar, Industrial, Communication, 
VSAT and Space.

Industrial, Radar and Communication: 
discrete HEMTs up to 40W
pre-matched L- and S-band 160W
VSAT: C- and Ku-band lines up to 100W
Space: discrete and internally matched 
HEMTs up to 100W, 65% PAE 

See us at: EuMW 2011, booth no. 513

HIGH FREQUENCY

across borders. Its stated aim is to 
provide access to a Europe-wide open 
space for knowledge and technolo-
gies in which transnational synergies 
and complementary activities are fully 
exploited.  A number of ERA organi-
sations have long been established, 
such as the European Space Agency 
(ESA), but more recent additions that 
impact on R&D and industry are the 
European Research Council, the Joint 
Technology Initiatives and the Eu-
ropean Institute for Innovation and 
Technology.

However, the most significant driv-
er has been the European Framework 
Programmes that were launched in 
1984 and have played a lead role in 
funding multi-disciplinary research 
and cooperative activities in Europe 
and beyond ever since.  The current 
initiative, the Seventh Framework 
Programme for Research and Tech-
nological Development (FP7), is a 
mechanism for all research-related EU 
initiatives to stimulate growth, compet-
itiveness and employment, alongside 
the Competitiveness and Innovation 
Framework Programme (CIP) and 
Education and Training programmes.

“…FP7 has been a 
catalyst for research 
and development…”

In recent years, FP7 has been a 
catalyst for research and development 
in the RF and microwave sector, en-
abling research industries, academia 
and companies to pool expertise, ex-
perience and resources to develop 
new technology that is entering the 
marketplace and contributing to ev-
eryday lives. Successful programmes 
have demonstrated their ability to har-
ness engineering/research expertise in 
order to target and meet real needs 
(specific examples and programs are 
mentioned in later sections).

Also significant is Europe 2020, 
which is the EU’s growth strategy for 
becoming a smart, sustainable and in-
clusive economy. Of its seven flagship 
initiatives, two are of particular inter-
est to our industry. A Digital Agenda 
for Europe is a strategy for a flourish-
ing digital economy by 2020 that aims 
to speed up the roll-out of high speed 
internet and capitalise on the benefits 
of a digital single market. The Inno-
vation Union aims to improve frame-
work conditions and access to finance 

structure and motivation toward tan-
gible, common objectives.

Particularly significant is the Euro-
pean Research Area (ERA), which ad-
dresses all research and development 
activities, programmes and policies in 
Europe which involve a transnational 
perspective. ERA’s activities operate at 
regional, national and European level 
and are designed to enable research-
ers, research institutions and industry 
to circulate, compete and cooperate 

Having been forged over time 
and become established and robust, 
these initiatives are a key weapon in 
Europe’s armoury in the battle to re-
cover from the downturn, stimulate 
research and development and pro-
vide future growth. At a time when 
individual companies, research insti-
tutes, agencies and governments tend 
to be understandably cautious in their 
approach, these EU programmes pro-
vide cross-border, interdisciplinary 
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Your question:
Why full bandwidth 
up to 1 mV/div?
Our answer: For high signal fidelity and measurement accuracy 
on fast, low-amplitude signals.
The R&S®RTO oscilloscopes offer high vertical input sensitivity of 
up to 1 mV/div. They always operate at high measurement accuracy 
because the full bandwidth of the oscilloscope can be used 
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oscilloscopes do not use software-based zooming. They show the 
signal‘s real test points at all sensitivity levels.
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uct (GDP) growth within the next 15 
years.

 “…it is hoped that this 
money will help create 
around 174,000 jobs…”

The funding boost, part of the FP7, 
will take the form of grants awarded 
to 16,000 recipients comprising com-
panies and agencies, European uni-
versities, research organisations and 
industry specialists, with a particular 
focus on small and medium-sized en-
terprises (SME).

The EU also supports the inter-
national Cooperation in Science and 
Technology (COST) programme, 
which was set up to expand and coor-
dinate nationally funded research on 
a European level. COST implements 
networking activities for research-
ers, contributing to ERA, goals and 
participates in the delivery of the Eu-
rope 2020 agenda. COST is presently 
used by the scientific communities of 
36 European countries to cooperate 
in more than 250 research networks 
(called COST Actions) that leverage 
national research funds. That funding 
has been greatly enhanced by the Eu-
ropean Commission’s announcement 
in May 2011 to allocate an additional 
€30 M to COST and this additional 
funding raises the total budget for 
COST to €240 M for FP7.

Although its focus is primarily 
within Europe, the EU also recog-
nises that international cooperation 
enhances European competitiveness. 
So, it established the Strategic Forum 
for International Cooperation (SFIC) 
whose mandate is to share and pool 
information and knowledge, identify 
common priorities, coordinate similar 
activities undertaken by the member 
states and the EU, propose joint initia-
tives and promote networking among 
the science counsellors of the EU and 
the member states in major partner 
countries. The SFIC has already put 
in place a pilot initiative with India, 
while others are being launched with 
China and the USA.

Recognising that web-based and 
mobile technologies are enabling in-
teractive dialogue and that access to 
social media is now the norm for many, 
the Community Research and Devel-
opment Information Service (COR-
DIS) has embraced the medium with 
the launch of a new Partners Service. 

In the latest phase of the Innova-
tion Union rollout, the European Re-
search, Innovation and Science Com-
missioner announced, in July 2011, 
the release of nearly €7 B for stimu-
lating European innovation through 
research funding. As the biggest ever 
European Commission funding pack-
age, it is hoped that this money will 
help create around 174,000 jobs in the 
short term, as well as 450,000 jobs and 
nearly €80 B in gross domestic prod-

for research and innovation so as to 
ensure that innovative ideas can be 
turned into products and services that 
create growth and jobs. It uses public 
sector intervention to stimulate the 
private sector and eliminate the bar-
riers that prevent ideas from reaching 
the market, such as lack of finance, 
fragmented research systems and 
markets, under-use of public procure-
ment for innovation and slow standard 
setting.
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– the European Microwave Conference 
(EuMC), the European Microwave In-
tegrated Circuits (EuMIC) Conference 
and the European Radar Conference 
(EuRAD) – offer an insight into key ar-
eas of development and identify future 
trends. To illustrate specifi c European 
activity in these sectors, examples of re-
cent FP7 and other relevant EU initia-
tives are outlined.

RF & MICROWAVES
Sector overview by Stepan Lucyszyn, 
EuMC 2011 Conference Chair

The US and Asia are 
recognised for directing 
large budgets to inde-
pendent world-leading 
groups within both the 

industrial and academic sectors, for 
R&D activities in areas of strategic 
importance, such as health care and 
defence. In contrast, European Union 
initiatives put a stronger emphasis on 
distributing funding to a collaborative 
blend of industry, national research 
laboratories and university partners 
located across Europe; at a time when 
individual government funding agen-
cy budgets are being reduced.

A good example of this can be seen 
in the area of RF microelectrome-
chanical systems (RF MEMS). In the 
early days, DARPA injected many tens 
of millions of dollars into RF MEMS 
technologies, enabling the US to take 
the early lead. As the Editor of the 
new Eurocentric book titled, Ad-
vanced RF MEMS, a deliverable from 
AMICOM (a European Union ‘Net-
work of Excellence’, funded under its 
FP7 programme), I believe that RF 
MEMS has now matured enough to 
be taken seriously; there are now many 
solutions to the issues of packaging and 
reliability that thwarted this technology 
in the past. Also, with attention now 
turning to bringing down manufactur-
ing costs there will soon be an accel-
erating migration of applications that 
embrace this new technology.

“…RF MEMS has now
matured enough to be

taken seriously…”

The reason for this is that the high-
er performance advantages, from new 
RF MEMS-based architectures, will 
compete more favourably in terms of 
overall cost with the more traditional 

and successful collaboration between 
R&D and industry. The next section 
of this report illustrates how this re-
lationship is developing both techno-
logically and in the marketplace by 
identifying specifi c areas of activity 
and growth.

Sector Overviews & 
Initiatives

The chairmen of the three 2011 Eu-
ropean Microwave Week conferences 

Designed to be an interactive plat-
form, this free online service can help 
individuals to promote their expertise 
and organisations, fi nd business or re-
search partners, create groups, join 
networks and fi nd the right compo-
nents for funding bids and proposals.  
Acting as a speed-dating service for 
industry and academia, the resource 
offers the possibility for users to form 
partnerships.

Such compatibility and interaction 
are critical if there is to be a strong 
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Your question: 
Why hardware-accelerated 
histogram analysis?
Our answer: For fast, statistically conclusive results.
With their acquisition rate of one million waveforms per second — 
the highest rate available on the market — the R&S®RTO 
oscilloscopes find signal faults quickly. An ASIC in the R&S®RTO 
oscilloscopes employs 20-fold parallel signal processing which 
ensures high acquisition rates, even for complex signal analysis. 
The results are available quickly and are based on a large number 
of waveforms, providing statistically conclusive information.
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with Astrium Ltd. In addition, Tera-
View Ltd. is one of the world’s leading 
suppliers of commercial equipment 
for close-in active imaging and spec-
troscopy at THz frequencies.

It has been suggested that the 
global THz market will be $400 M 
by 2017. BCC Research predicts that 
this market will be $521 M by 2018. 
According to the Thintri Inc. market 
study for 2010, the current annual 
sales for THz equipment amounts to 
only $25 M worldwide, with a growth 
of 10 to 15 percent in 2010, but a pre-
dicted growth of 50 to 80 percent by 
2015.

Within the security sector, the THz 
market is likely to exceed $300 M world-
wide by 2020. Within the manufactur-
ing/process control sector, material 
inspection remains the most promis-
ing market opportunity for THz tech-
nology, with a predicted forecast of  
$500 M worldwide by 2020.

For the domestic mobile phone 
market, carriers are now advertising 
4G networks with faster download 
speeds. The UK is one of the global 
leaders for base station filters, with 
companies such as Radio Design and 
Filtronic at the forefront in this area. 
Also, in the commercial sector, 2010 
saw more than 1 million microwave 
point-to-point radios being sold for 
backhaul applications or extending 
networks wirelessly; with 75 percent 
of these having 1 Gbit/s true data 
throughput. For multi-gigabit trans-
mission, the 60 and 70/80 GHz bands 
remain the growth market segment.

Indeed, for both the domestic 
and commercial markets, a number 
of working groups have published 
standardizing specifications for the 
unlicensed 60 GHz band, includ-
ing the following: ECMA-387 for 
high data rate wireless personal area 
networks (WPAN); IEEE 802.15.3c 
representing a millimetre-wave ex-
tension to the IEEE 802.15.3 WPAN 
standard; and WirelessHD for exist-
ing, commercially available, wireless 
video area networks (WVAN) based 
on IEEE 802.15.3c. More recently, 
the Wireless Gigabit (WiGig) Alli-
ance has been working with the IEEE 
802.11ad group to extend the IEEE 
802.11 WLAN specification to the 60 
GHz band, for publication next year.

Emerging enabling technologies, 
such as graphene, RF MEMS and 
THz are redirecting engineers and 

vehicle (UAV) technologies for polic-
ing, border control and military ap-
plications. Within the UK, ThruVision 
Systems has marketed what is claimed 
to be the world’s first commercial 
stand-off passive imaging system.

Operating at 250 GHz, it is capable 
of detecting metals, plastic, liquids, 
gels, ceramics and narcotics concealed 
beneath a person’s clothing. The UK 
also has a strong reputation for submil-
limetre-wave satellite remote sensing, 

solid-state solutions. To this end, Eu-
rope is currently taking a leading role 
within world-class research institutes 
that include IMEC (Belgium), FhG-
ISiT and EPCOS AG (Germany), 
VTT (Finland), CEA-LETI and 
CNRS-LAAS (France).

In security and defence, Europe 
has historically been and currently still 
is in a strong position. For example, 
across Europe and within Israel, there 
is growing activity in unmanned aerial 
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AMPS TO
20 GHZ

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

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

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

A3CP7029 3.0-8.0 27.5 3.6 27.5 33.5/51 12 425
A3CP8027 3.0-8.0 23.0 4.0 21.5 32/48 12 225
A2CP11049 6.0-11.0 18.5 4.0 30.0 38/56 12 590
ACP12019 6.0-12.0 9.5 4.0 28.0 39/52 10 210
A2CP14639 6.0-14.0 11.0 4.0 33.0 42/57 15 1500
ACP16025 8.0-16.0 7.5 4.3 28.0 42/65 12 253
ACP18015 8.0-18.0 9.0 4.0 15.5 23/31 5 63
A2CP18225 10.0-18.0 15.0 4.5 25.5 35/44 12 325
ACP20015 2.0-20.0 10.0 4.5 16.0 26/29 5 76
ACP20215 2.0-20.0 20.0 4.8 18.0 28/45 5 156
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bile broadband infrastructure capac-
ity. Planned to continue through June 
2012, it will draw upon collaboration 
among consortium members com-
prising European service providers, 
technology equipment vendors, uni-
versities and research organisations.  
The consortium’s objective will be to 
increase the overall mobile network 
infrastructure capacity density to be-
yond what is promised by current 
technologies, targeting the challeng-
ing goal of 1 Gbit/s per square kilo-
metre. The project will identify net-
work deployment strategies especially 
suited for dense urban environments 
where the demand for wireless broad-
band access is highest.

Also concerned with wireless mo-
bile networks is the Energy Aware 
Radio and Network Technologies 
(EARTH) project that will adopt an 
approach that considers the energy 
efficiency of mobile networks at a 
comprehensive system level rather 
than focusing on discrete network 
elements. The consortium members 
will research approaches to allow 
for unprecedented energy savings in 
the area of wireless networks, their 
components and its radio interfaces. 
Based on this, EARTH will develop 
a new generation of energy-efficient 
network equipment and components, 
craft energy-oriented deployment 
strategies, and conceive energy-aware 
network management solutions.

In the automotive arena, the 
DRIVE C2X Project, with a total bud-
get of €19 M, aims to create the trans-
port system of the future, in which cars 
communicate with each other, receive 
real-time information about traffic, 
and also gather and forward informa-
tion. The three-year project, which 
commenced in January 2011, follows 
on the work of the PRE-DRIVE C2X 
Project that was completed in June 
2010.

ICs & Semiconductors
Sector overview by Ali A Rezazadeh, Eu-
MIC 2011 Chairman (In collaboration with 
John Atherton, Co-Chair EuMIC 2011)

Semiconductor materi-
als, devices and ICs are 
essential components of 
today’s microwave and 
millimetre wave subsys-

tems for many applications, such  
as telecommunication, defence,  

into fact. In conjunction with exciting 
new applications ranging from GPS 
tracking to intelligent transportation 
systems to pervasive wireless sensor 
networks, such examples are helping 
to inspire and create the next genera-
tion of RF and microwave engineers.

FP7 Projects
The aim of the €4.7 M Beyond 

Next Generation (BuNGee) project 
is to achieve a tenfold increase in mo-

scientists from areas including mate-
rial science, mechanical engineering 
and applied sciences, respectively, 
into the RF and microwave sectors. 
In addition, metamaterials appear to 
have stolen the limelight (metaphori-
cally, or should that be metaphysically 
speaking?). From Star Trek’s Romulan 
War Bird Cloaking Device to Harry 
Potter’s Invisibility Cloak, even school 
children are being drawn into tech-
nologies that may one day turn fiction 

See us at EuMW Stand 543
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past few decades. This growth was pri-
marily driven by traditional device scal-
ing from lithography improvements to 
power supply scaling.

However, the industry began to 
experience fundamental barriers at 
90 nm in achieving historical perfor-
mance gains through traditional scal-
ing such as High K material plus metal 
gate technology. The convergence of 
new semiconductor transistor struc-
tures and materials along with a better 
fundamental understanding of carrier 
transport in new materials will be the 
key to successfully scaling transistors 
to beyond 10 nm nodes.

GaAs devices for defence applica-
tions continue to be the driving force 
in many of the microwave applica-
tions. GaAs remains a key enabling 
technology in military and defence 
systems, covering radar, communica-
tions, electronic warfare and smart 
munitions. However, the demand for 
wider bandwidth, higher frequency 
and higher power favours emerging 
technologies, such as GaN and SiC. 
These devices require higher DC bias 
voltages and more critically, new de-
signed bias circuitry, as well as model-
ling and packaging to deal with very 
high power density in these devices. 
There is currently dynamic academic 
research and industrial development 
in the wideband semiconductor de-
vices sector.

The future of RF/microwave tech-
nology will be fundamentally influ-
enced by nanoelectronics, which will 
provide substantial improvements 
in the integration of RF electronics, 
sensing, energy harvesting, computing 
and communication systems. Driven 
by technology and market require-
ments, semiconductor electronics has 
already found its way into nanoscale 
dimensions.

Currently, a multitude of research 
projects based on novel materials and 
nanoscience concepts are being devel-
oped to pave the way for a new gen-
eration of nanoelectronic devices and 
systems, yielding not only higher inte-
gration densities but also substantially 
improved electro-thermal-mechanical 
properties. Many of the nanoscale ma-
terials and devices exhibit their most 
interesting properties over a broad 
range of applications and operating 
frequencies up to the THz region.

Many applications, such as high 

day life and open up new opportuni-
ties for economic development.

“Silicon technologies are 
steadily improving their 
operating frequency …”

Silicon technologies are steadily im-
proving their operating frequency and 
their level of integration. In particular, 
the scaling of Si MOS technology has 
led to phenomenal growth in transistor 
density and performance during the 

automotive, space and imaging sys-
tems. These devices and ICs require 
not only different technological pro-
cesses, but also advanced modelling, 
simulation and characterization in or-
der to predict the performance of in-
dividual technology and its successful 
route to exploitation. European mi-
crowave companies and research cen-
tres produce, develop and are in-
volved in research that covers a broad 
range of technologies, which play an 
increasingly significant role in every-
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be emphasized that advanced simula-
tion and modelling are key factors in 
achieving the optimum performances 
of circuits and systems.

EU Flagship Initiative
A coordination action on graphene 

will be funded by the European Com-
mission to develop plans for a 10-
year, €1,000 M Future and Emerging 
Technology Flagship (FET). This is 
a large-scale visionary research ini-
tiative, aimed at a breakthrough for 
technological innovation and econom-
ic exploitation based on graphene and 
related two-dimensional materials.

“…plans for a 10-year, 
€1,000 M Future and 

Emerging Technology  
Flagship (FET).”

The research effort of individual 
European research groups pioneered 
graphene science and technology, 
but a coordinated European level ap-
proach is needed to secure a major 
role for the EU in this ongoing tech-
nological revolution. The Graphene 
Flagship aims to bring together a 
large, focused, interdisciplinary Euro-
pean research community, acting as a 
sustainable incubator of new branches 
of ICT applications, ensuring that Eu-
ropean industries will have a major 
role in this radical technology shift 
over the next 10 years. An effective 
transfer of knowledge and technology 
to industries will enable product de-
velopment and production. The pilot 
phase coordination action started in 
May 2011 and the Graphene Flagship 
already includes over 130 research 
groups, representing 80 academic and 
industrial partners in 21 European 
countries.

Radar
Overview of European radar activities 
by Tony Brown, EuRAD 2011, Conference 
Chairman

EuRAD 2011 is the 
eighth in the conference 
series. The event contin-
ues to be at the forefront 
of radar application, de-

sign and implementation and reflects 
current activity across the broad area 
of radar and related disciplines. In 
general, the European radar industry 
is evolving and encompassing new ap-
plications in the civilian, military and 

integration techniques are currently 
being considered. In addition, mono-
lithic integrated circuits have to deliv-
er increasing functionality with small-
er chip size. These requirements can 
be fulfilled by multifunctional chips, 
which integrate different circuit func-
tions or multi-chip modules where 
different ICs, often with different 
semiconductors, can be integrated.

These are some of the current and 
future directions of ICs and semicon-
ductor devices. However, it should 

frequency communication, radar and 
sensors, require higher system func-
tionality and performance. Driven by 
commercial applications, however, 
cost issues become most important. 
Monolithic integrated circuits based 
on GaAs and InP materials with high 
performance are currently available 
and the requirement for elaborate 
chip mounting and interconnection 
technologies has emerged. Due to the 
relatively high cost per area for GaAs 
and especially InP based ICs, hybrid 
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As military spending is under in-
creasing pressure, there is greater 
emphasis on civilian and non-conven-
tional military applications for radar. 
Anti-piracy and related border control 
issues are one market driver; safety 
and the environment are others. We 
are seeing a renewed interest in air 
traffic control systems, in marine ra-
dar, in imaging for security applica-
tions and, of course, in automotive 
applications, which are now moving 
confidently into the next generation.

At a technology level, interest in 
wide bandwidth radar continues to 
grow, recognising the inherent resolu-
tion and interference resilience these 
systems can bring. There is also con-
tinued strong interest in micro-Dop-
pler and related target identification 
techniques and phased and digital 
beam-forming arrays continue to pro-
duce innovative approaches to serve 
military and civilian needs.

One problem that is of growing im-
portance worldwide, and which is at-
tracting interesting system solutions, is 
the potential impact of wind farms on 

security sectors. The continued devel-
opment of lower cost components and 
processing is impacting a broad range 
of solutions. As one of the confer-
ence’s keynote speakers points out, 
this trend to lower costs and higher 
performance marks the beginning of 
an exciting era with new technologies, 
such as graphene-based devices offer-
ing the hope of dramatic changes in 
the future price/performance of mi-
crowave radar.

“…the European radar 
industry is evolving and 

encompassing new 
applications …”

We have yet to see the end of 
Moore’s Law and that increasing ca-
pability of digital processing impacts 
both radar and communications. This 
is leading to interesting developments 
between the disciplines. The use of 
MIMO and OFDM in radar are ex-
amples of this, with UWB commu-
nications and location finding tech-
niques drawing on radar experience.

a wide variety of radar. Across Europe 
and the USA, different solutions are 
being proposed from improved track-
ing and signal processing through to 
high resolution “fill in” radars and the 
design of low RCS wind turbines. This 
problem continues to challenge radar 
designers for robust and cost-effective 
solutions.

Overall, the radar community is 
maintaining vibrancy, despite the eco-
nomic climate and by innovative use 
of technologies, looks set to continue 
to address both existing and new ap-
plication challenges.

FP7 Project
The Protection of European  

BoRders and Seas through the  
IntElligent Use of Surveillance  
(PERSEUS) project has been instigat-
ed to provide protection of the Euro-
pean seas and borders with the smart 
use of technologies. The project, with 
a budget of €43.7 M and an execution 
period of four years, addresses the call 
for an integrated European system for 
maritime border control. Its purpose 
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support that can bring these ideas to fruition and to mar-
ket. This often cannot be done by individual companies, 
research agencies, large corporations or even govern-
ments. This is where the coordinated action of EU initia-
tives that can connect, support and fund the right skills, 
at the right time and at the right level – regional, national 
or pan-European – are making a difference.

Through long-term, forward-thinking structured co-
operation and coordination, the significant initiatives that 
have been put in place during the last decade are now 
reaping rewards. In particular, the EU’s Competitiveness 
and Innovation Framework Programmes are identifying, 
promoting and stimulating competitiveness, while the 7th 
Framework Programme and the associated Networks of 
Excellence Programmes are encouraging the involvement 
of industry alongside academia to address Europe’s tradi-
tional weakness in commercialising the results of research, 
and identifying the market potential of new technology.

Significantly too, at a time when companies, governments 
and agencies have to watch the Euros, the European Com-
mission is able to pool resources, take a long-term view and 
provide substantial funding and backing.

While identifying the positives, optimism has to be 
tempered with the reality that the marketplace is far from 
stable, economic recovery is slow, if not comatose, and al-
though significant efforts are being made, the European 
RF and microwave industry cannot guarantee its day in the 
sun just yet. 

is to build and demonstrate an EU maritime surveillance 
system integrating existing national and community instal-
lations and enhancing them with innovative technologies.

PERSEUS will incorporate technological innovations re-
garding detection and analysis applied to maritime security, 
particularly for the detection of low flying targets and small 
vessels. Multiple sensors and sources of information will be 
incorporated into the system, which will also employ tech-
nologies and capabilities under development by other EU 
projects, including other segments such as Space.

Conclusion
As the title signals, this report focuses on the current 

climate of the RF and microwave industry in Europe. As 
recent years have demonstrated, just like the weather, the 
prevailing market conditions can change suddenly and un-
expectedly, severely testing the strength of the industry’s 
foundations and the framework that supports it.

The cloud still hanging over all enterprises, academic 
and commercial, cannot be ignored but, as has been out-
lined in this report, there are rays of optimism to brighten 
the gloom. As the sector overviews demonstrate Europe 
does have the skills and knowledge to develop those tech-
nologies that consumers and society not only crave, but 
demand. Add to that some blue sky thinking, which is 
producing research that has the potential to take devel-
opments to a brave new world.

Such creativity has to be backed up with systems and 
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Technical Feature

Adaptive Mode-Coupled 
Harmonically Tuned 
High-Q Ultra Low Phase 
Noise Sources
Historically, synthesizer developers have relied on a crystal based multiplied  
1 GHz reference oscillator featuring excellent phase noise performance at 
frequencies of 3 GHz and above. A frequency multiplier crystal oscillator can 
offer low phase noise performance at frequencies of 1 GHz and above, but at 
the cost of larger size, higher noise floor and higher power-consumptions.1-7 The 
most dramatic change will occur when optimum loop bandwidth extends to a few 
megahertz, where reported adaptive mode-coupled harmonically tuned voltage 
controlled SAW oscillator (VCSO) noise performance supersede the performance 
of the conventional VCSOs and dielectric resonator oscillators (DRO), including 
the multiplied crystal oscillators at 3 GHz and above.

Various reference oscillator schemes are 
possible as shown in Figure 1.5 A 10 
MHz temperature-compensated crystal 

oscillator (TCXO) provides small size and low 
cost benefits for low-to-moder-
ate performance applications, 
but higher multiplication fac-
tors can degrade the noise floor 
significantly. Improved stability 
and phase noise performance 
can be achieved by using a 100 
MHz oven-compensated crys-
tal oscillator (OCXO), but at 
the cost of size and power con-
sumption. It is worth noting that 
higher frequency OCXO (for 
example, 100 MHz instead of 10 
MHz) can potentially result in a 
improved synthesizer jitter and 
phase noise performance. Fre-

quency multipliers are used to extend synthe-
sizer operating frequency bands, but at the cost 
of phase noise and spurs, which are degraded 
at 20logN, where N is the multiplication fac-
tor. Therefore, a designer’s main concern is to 
minimize the degradation of phase noise using 
self-injection and noise filtering techniques, 
and the most effort is toward the realization of 
developing fundamental low phase noise high 
reference signal sources.7 Figure 2 shows the 
measured phase noise plots for a 128 MHz 
VCXO circuits (VCXO #1, Vtune=2 V; VCXO 
#2, Vtune=5 V; VCXO #3, Vtune=2 V; VCXO 
#4, Vtune=5 V) to provide a brief insight about 
the phase noise characteristics.

Ulrich L. Rohde and  
Ajay K. Poddar
Synergy Microwave, Paterson, NJ
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s Fig. 1  Typical reference frequency 
generation topology.
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Thermally Conductive Laminate for High Power Amplifiers

Finding a better way

RF-35TC
•	Exceptional thermal conductivity

•	Cooler transmission lines

•	“Best in class” loss tangent (0.0011 @ 10 GHz)

• Dk stability across a broad temperature range

• Excellent adhesion to Very Low Profile copper 

ing manufacturable 
methods for pro-
ducing high-purity 
and temperature 
stable oscillators in 
chip form.

Figure 3 com-
pares a fundamen-
tal 1 GHz VCSO 
(HFSO1000-12)
phase noise at 1 
GHz to that of a 
commercially avail-
ab le  mul t ip l ied 
crystal oscillator cir-
cuit. It can be seen 
that a fundamental 
1 GHz VCSO su-
persedes the phase 
noise performance 

as much as 20 dB at 100 kHz offset 
from the carrier as compared to com-
mercially available multiplied 1 GHz 
VCXO. The primary drawback of 
VCSOs is their inability to be tuned 
by means of tuning varactor diode; 
therefore, they are unable to compen-
sate the frequency drifts due to aging 
and changes in operating temperature 
for reference source applications. Ac-
cordingly, there is a need for frequen-
cy agile SAW resonators for VCSO ap-
plications.

In this article, new techniques us-
ing degenerated adaptive mode-cou-
pling and regenerative noise filtering 
are being incorporated to achieve 
excellent spectral performance at fun-
damental frequencies of 3 GHz and 

oscillators at 100 MHz and below are 
available with phase noise of −160 to 
−176 dBc/Hz offset 20 to 100 kHz 
from a 100 MHz output.

When multiplied 10 times to ob-
tain a 1 GHz frequency source, the 
phase noise of crystal oscillators trans-
lates to −140 to −156 dBc/Hz offset 
20 to 100 kHz from 1 GHz but can 
degrade the noise floor by as much of  
20 dB. The availability of low cost, low  
noise voltage-controlled saw oscilla-
tors (VCSO) clears the way for small, 
low noise synthesizers. Part of using 
these sources involves modeling the 
surface acoustic wave resonators un-
der large signal drive conditions for  
better insights about noise dynamics 
at close-in phase noise, then develop-

As shown in Figure 2, self-injec-
tion feature adjusts the phase of the 
resonator tank for providing optimum 
group delay, thereby improving the 
phase noise below 1 kHz offset from 
the carrier. Further improvement in 
phase noise performance at far offset 
(< 1 kHz) can be achieved by an adap-
tive self-tuning filter network that in-
troduces the required delay to gener-
ate a feedback signal for far out phase 
noise reduction.3-7

Multiplied FrEquency 
Crystal Oscillator Circuit

As briefly discussed, designers have 
often relied on multiplying a low-noise 
crystal oscillator to achieve higher fre-
quency 1 GHz and higher output sig-
nals. The harmonic frequency crystal 
oscillator approach can provide excel-
lent phase noise, but tends to con-
sume a great deal of power, generate 
high levels of noise, and are large in 
size. Commercially available crystal 

s Fig. 3  Performance comparison between a 1 GHz VCSO and a 
multiplied crystal oscillator.
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s Fig. 2  Measured phase noise plots of 128 
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For additional information or technical support, please contact our
Sales Department at (631) 439-9220 or e-mail components@miteq.com

SPST
0.2 – 2 SW1-002020RN1NF 1.7 70 1.6:1 10/10 20 35 35/70
2 – 8 SW1-020080RN1NF 2 80 1.7:1 10/10 20 35 35/70
4 – 12 SW1-040120RN1NF 2.2 80 1.7:1 10/10 20 35 35/70
2 – 18 SW1-020180RN1NF 3 80 2:1 10/10 20 35 35/70
1 – 18 SW1-010180RN1NF 3 70 2:1 10/10 20 35 35/70

SP2T
0.2 – 2 SW2-002020RN1NF 1.5 70 1.6:1 10/10 20 35 60/60
2 – 8 SW2-020080RN1NF 1.8 80 1.7:1 10/10 20 35 60/60
4 – 12 SW2-040120RN1NF 2.2 80 1.7:1 10/10 20 35 60/60
2 – 18 SW2-020180RN1NF 2.8 80 2:1 10/10 20 35 60/60
1 – 18 SW2-010180RN1NF 3 70 2:1 10/10 20 35 60/60

SP3T
0.2 – 2 SW3-002020RN1NF 1.6 70 1.6:1 20/20 150 180 85/85
2 – 8 SW3-020080RN1NF 1.9 80 1.7:1 20/20 150 180 85/85
4 – 12 SW3-040120RN1NF 2.4 90 1.7:1 20/20 150 180 85/85
2 – 18 SW3-020180RN1NF 3 80 2:1 20/20 150 180 85/85
1 – 18 SW3-010180RN1NF 3.1 70 2:1 20/20 150 180 85/85

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

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

Ad563 7.8125x10.75:ad  5/13/11  1:51 PM  Page 1
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block diagram of the ultra low phase 
voltage-controlled oscillator using an 
adaptive mode-coupled harmonically 
tuned mechanism enabling more than 
500 kHz tuning for compensating the 
thermal drift without using a heating 
device and fabricated in tiny SMD 
packages (0.5"  0.5").

The typical measured phase noise 
of a harmonically tuned (5th harmonic) 
1 GHz SAW resonator at 10 kHz offset 
from the 5 GHz carrier is −138 dBc/ Hz, 
with RMS jitter less than 10 femto sec. 
The reported harmonically tuned 5 GHz 
VCSO offers about 10 to 15 dB superior 
phase noise performance as compared 
to commercially available SAW and crys-
tal multiplied sources for a given size, 
cost and power consumption.

Tunable SAW Resonator For 
VCSO Circuits

The resonant frequency of the 
SAW device is set by the distance 
between the electrode “fingers” 
(see Figure 5). Quartz, LiTaO3 and 
LiNbO3 are common substrates for 
such devices. Initial accuracy is de-
pendent on the accuracy of the print-
ing of the “fingers.” Initial accuracy 
can be in the ±50 to 200 ppm range. 
The approximate temperature con-
stant of quartz is 0.03 ppm/0C² and 
-20ppm/0C² for LiTaO3.

Generally, it is highly desirable for 
reference frequency sources to exhibit 
ultra low phase noise characteristics. 
This is usually accomplished by us-

above. The novel approach includes 
a methodology to enhance the mode-
injection locking range using delay 
feedback techniques and to reduce 
or eliminate the amount of filtering 
needed to suppress sub-harmonics 
and higher-order harmonic prod-
ucts. The approach also reduces the 
susceptibility to microphonics while 
retaining low phase noise and a mod-
erate tuning range to compensate 
for short-term and long-term effects 
of thermal drift and aging.2 The re-
ported reference sources are ideal for 
use as clock translators for high speed 
analog-to-digital converters (ADC) 
and direct-digital-synthesizer (DDS) 
clocks, offer superior figure-of-merit 
(FOM) in terms of performance, 
price, and product delivery to satisfy 
both the technical and current busi-
ness needs of designers and buyers. 

Adaptive Harmonically 
Tuned Reference Signal 
Source Topologies

High Q factor resonator (RF-
MEMS, Crystal, SAW, Ceramic) based 
oscillators are widely used in wireless 
applications because the technology 
features very low phase noise at fixed 
frequencies through about 1 GHz. 
However, a reference signal source 
operating above 1 GHz is generally 
realized using a multiplier approach, 
which is power hungry, large in size 
and has degraded phase noise per-
formance. Figure 4 shows the typical 

s Fig. 4  Block diagram of an adaptive mode-coupled, harmonically toned VCSO.
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This creates serious problems in 
terms of phase noise and tuning lin-
earity. For low phase noise, it is nec-
essary to keep the reactance slope 
as steep as possible by maximizing 
the phase derivative and group delay 
(∂ϕ/∂ω) of the coupled SAW resona-
tor network. For tuning linearity, it is 
necessary to keep the reactance slope 
as straight as possible over the desired 

ing high Q quartz 
crystals and SAW 
resonator devices. 
Unfortunately, SAW 
resonator based 
oscillators have 
several disadvan-
tages, including a 
limited operating 
temperature range 
and limited tuning 
range (which limits 
the amount of cor-
rection that can be 
made to compen-
sate for the toler-
ances of other components in the os-
cillator circuitry). Coupling a varactor 
diode or other capacitive element to 
a high Q-factor frequency control-
ling element, such as SAW device, 
does not result in a tunable, low phase 
noise VCSO circuit. To overcome this 
limitation, VCSO have been imple-
mented that couple together two or 
more SAW devices to achieve a wider 
tuning range and low phase noise. 
The simplified approach is to reduce 
the quality factor of the SAW by intro-
ducing series or parallel loss resistors. 
However, the use of multiple SAW el-
ements increases the complexity and 
the cost of the VCSO circuits.

Figure 6 shows 
the arrangement of 
tunable SAW resona-
tor network based on 
the design trade-offs 
between the phase 
noise and the tun-
ing characteristics 
of the VCSOs. Al-
though the frequen-
cy of VCSO can be 
changed over a fairly 
wide range by means 
of varying the capaci-
tances (C1 to C5), the 
parameters of the 
oscillator circuit are 
changing drastically. 
Figure 6 shows the 
arrangements of tunable SAW resona-
tor networks: (a) series resistance in 
conjunction with SAW resonator, (b) 
parallel series resistance in conjunction 
with SAW resonator, (c) series resis-
tance in conjunction with capacitively 
coupled SAW resonator, and (d) parallel 
resistance in conjunction with capaci-
tively coupled SAW resonator.

s Fig. 6  Arrangements of tunable SAW 
resonator networks.
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at 10 kHz offset from the carrier with 
jitter less than 6 fs, this is the reason-
ably low phase noise solution for this 
class of inexpensive VCSO solutions 
(see Figure 8).

Ultra Low Phase Noise 
Signal Source Design 
Methodology

The oscillator design methodol-
ogy is being traded simultaneously by 
an increase in operating frequency, 
bandwidth and a decrease in physi-
cal size. The result is that the physical 
design layout challenges faced by cir-
cuit designers are rapidly increasing, 
while choices for how these challeng-
es should be best-addressed are kept 
aside. In addition, oscillator design 
technology did not earn its reputation 
as black magic for no reason.

Unlike other microwave circuits, 
oscillators do not behave in a totally 
predictable way, so “tweaking” has 
been an accepted mainstay of the sig-
nal sources design flow. Fortunately, 
high frequency commercial CAD 
design tools (Agilent, Ansoft, AWR, 
MS Office, MathCAD, etc.) have 
dramatically improved so that tweak-
ing of prototype circuits is much less 
common, and today’s designers have 
powerful CAD tools that can make 
meaningful sense of the black magic.

For high Q factor resonator based 
oscillator applications, noise dynam-
ics place stringent conditions on these 
reference frequency sources owing 
to inherent high noise figure and low 
dynamic range caused by the uncon-
trolled nonlinearity at large-signal 

operating frequency range. If the re-
actance curve is too shallow, the oscil-
lator circuit becomes susceptible to 
noise and stability perturbation. Fur-
thermore, the straighter the reactance 
curve is, the greater is the tuning lin-
earity in the desired frequency range. 
To overcome these problems, a novel 
technique is to incorporate additional 
inductor (L) parallel to the SAW reso-
nator that resonates with the C0 (the 
internal and package capacitance of 
SAW resonator) as shown in Figure 7. 
Additionally, the value of inductor L2 
and C is adjusted in order to shift the 
resonance to that of intrinsic SAW res-
onator (without insertion of L and C) 
frequency (i.e. 1 GHz). This enables 
the reactance curve linear and steep 
over the operating frequency range 
from 999.3 to 999.8 MHz.

An objective of this design is to im-
prove the tuning characteristics (on 
the order of 400 ppm) of the SAW 
resonator without compromising 
phase noise performance by cascading 
the mode-coupled harmonically tuned 
network to compensate the frequency 
drift caused due to change in operat-
ing temperature (−40° to +85°C). The 
drive to maximize the phase noise 
performance using a mode-coupled 
harmonically tuned network in the 
compact space is particularly demand-
ing on the RF/microwave communi-
cation systems. The cascaded mode-
coupled harmonically tuned VCSO 
circuit minimizes the phase noise with 
more than 2 MHz tuning, resulting in 
a cost-effective solution. The typical 
measured phase noise is −152 dBc/Hz 

s Fig. 8  Phase noise of a cascaded mode-coupled, harmonically tuned SAW resonator oscilla-
tor (999 to1001 MHz).
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`̀ Heroic selection of values packed 
   in 10 to 100 mils wide chips.˝ balance. However, most device pa-

rameters are extracted from linear 50 
 S-parameters and DC I/V (static 
and pulsed) data. Their ability to pre-
dict behavior under extreme nonlinear 
conditions or non-50  terminations, 
especially for autonomous circuits, is 
questionable.

The definition of S-parameters 
in large-signal environment is am-
biguous compared to small-signal S-
parameters.  When driving an active 
device with an increasingly higher 
level, the output current consists 

drive-level conditions. In addition, 
these problems become critical at high 
frequency when active devices (bipo-
lars/FETs) are technologically scaled 
to obtain higher cut-off frequency. His-
torically, nonlinear devices have been 
represented in simulation by compact 
empirical or analytical SPICE models 
that operate in the time domain. The 
linear portion of the network is being 
analyzed in the frequency domain and 
the nonlinear components in the time 
domain, resolving the two through an 
iterative technique called harmonic 

s Fig. 9  Measured large-signal S11 (a), S12 (b), S21 (c) and S22 (d) of the bipolar transistor.
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s Fig. 10  Schematic of typical tunable mode-coupled 1 GHz SAW resonator oscillator.
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Loss (dB)
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(dB)
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DC - 18 SP4T 2.1 42 24 0 / -5V Chip EAR99 HMC641
DC - 20 SP4T 2.1 42 23 0 / -5V LC4 EAR99 HMC641LC4
DC - 20 SP4T 2.3 45 22 0 / -5V LP4 EAR99 HMC641LP4E
23 - 30 SP4T 2.8 35 25 0 / -3V LC4 EAR99 HMC944LC4

DC - 8 Transfer 1.2 42 26 0 / +5V LP3 EAR99 HMC427LP3E
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of DC and RF currents, the funda-
mental frequency and its harmonics. 
When increasing the drive level, the 
harmonic content rapidly increases. 
S12, mostly defined by the feedback 
capacitance, now reflects harmonics 
back to the input. If these measure-
ments are done in a 50  system, 
which has no reactive components, 
then we have an ideal system for ter-
mination. In practical applications, 
however, the output is a tuned circuit 
or matching network, which is fre-
quency selective. To measure large-
signal S-parameters, the device was 
mounted to a test fixture that was cal-
ibrated to provide 50  to the tran-
sistor leads. The test set-up consisted 
of a DC power supply and a network 
analyzer for combined S-parameter 
measurements. The R&S ZVR net-
work analyzer was chosen because its 
output power can be swept from +10 
to −60 dBm.

Figure 9 shows the plot of the 
measured S-parameters under large-
signal drive condition for the charac-
terization of oscillation condition and 
noise dynamics of the oscillator cir-
cuits. However this exercise is time-
consuming and, therefore, not  cost-
effective. Fortunately, commercially 
available Agilent Technologies X-pa-
rameters could measure large-signal 
S-parameters that describe nonlin-
ear behavior of the active device and 

s Fig. 11  Phase noise plot of mode-coupled 
tunable 1 GHz SAW resonator oscillator.
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can correlate the spectra found at a 
device’s terminals for a given set of 
stimuli and termination impedances. 
Therefore, tweaking of prototype cir-
cuits is much less common, and to-
day’s designers have powerful CAD 
tools that can make meaningful sense 
of the nonlinear characteristics of the 
active circuitry.

Figure 10 shows the schematic 
of tunable 1 GHz SAW oscillator 
circuit, designed using large-signal 
S-parameters measured at different 
drive-levels. The CAD simulated 
phase noise confirms the improve-
ment in performance at 1 kHz and 
higher offset frequency from the car-
rier and validated with experimental 
results shown in Figure 11.

Figure 12 shows the schematic 
of hybrid mode tunable 1 GHz SAW 
oscillator. For comparative analysis 
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and brief insights 
about the various 
topologies, Fig-
ure 13 shows the 
measured phase 
noise plots of tun-
able SAW oscilla-
tors. It can be seen 
from the figure, 
injection-mode 
coupled VCSOs 
offer promising 
phase noise with 
1 MHz tuning to 
compensate the 
ageing and  fre-
quency drift. The 
drawback of this 
approach is vibra-
tion sensitive VCSO circuit. Care must be taken for the 
application where g-sensitive  criteria is an important yard 
stick. By properly packaging and securing the SAW resona-
tor in the cavity using double layer PCB for compensating 
the temperatrre charateristics, g-insensitive solutions can 
be produced.

Conclusion
The new ultra low phase noise VCSOs offer significant 

promise in terms of performance, price and product deliv-
ery to satisfy both the technical and business needs for low 
cost, low phase noise high frequency reference sources for 
synthesizer applications. 
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A New Generation of 
High Frequency  
SiGe HBTs

The addition of a small amount of C in 
the B-doped base layer of a npn SiGe 
heterojunction bipolar transistor (HBT) 

paved the way for exposing the high frequency 
(HF) performance potential of such devices 
more than 10 years ago.1 Significantly, the sup-
pression of thermal diffusion and point-defect 
assisted enhanced diffusion, due to the pres-
ence of C, helps to sustain steep base profiles 
through the fabrication process. As a conse-
quence, the base transit time, the crucial delay 
time in previous HF bipolar transistor genera-
tions, could be reduced without degradation of 
the base sheet resistance, by realizing a highly-
concentrated, narrow base doping in combina-
tion with a carefully tailored SiGe profile.

A further substantial decrease of the to-
tal transit time, τEC, or the transit frequency, 
fT =1/(2πτEC), can be achieved only if the emit-
ter and collector resistances, as well as the 
charging times of the base-emitter and base-
collector space-charge regions, are reduced 
adequately. The introduction of a mono-crys-
talline emitter2 and the vertical scaling of the 
emitter-base and base-collector junction con-
tributed to the fT progress.

However, specifying fT alone is not suf-
ficient to characterize the high speed perfor-
mance. Another important figure of merit, in 
evaluating the HF behavior, is the maximum 
oscillation frequency, fmax. The base resistance, 
RB, the base-collector capacitance, CBC, and 
fT are associated with fmax by the expression 
fmax = √ (fT/(8 RBCBC)). On one side, fmax can 
be increased by optimizing the vertical profile 
with respect to fT and the internal components 
of RB and CBC. On the other side, fmax can be 
improved if the parasitic effects that are par-
ticularly caused by the external contributions 

of RB and CBC are decreased. In reality, both 
situations have to be considered simultaneous-
ly, because device architecture, process flow, 
lateral dimensions and reliability constraints 
influence each key parameter.

These efforts to achieve optimization re-
sulted in SiGe HBT performance improve-
ments from a fT/fmax level of approximately 50 
to 100 GHz to values of 200 to 300 GHz during 
the course of 10 years, starting from the mid-
1990s. The integration of best SiGe bipolar 
performance into CMOS technologies down to 
the 0.13 m node3-5 and the superior HF ana-
log capabilities of the bipolar versus CMOS de-
vices6 enabled the penetration of SiGe HBTs 
into the communication market.7 Upcoming 
new applications in the fields of THz imaging 
and sensing, or high speed/high bandwidth 
communications at even higher frequencies, 
raise the question as to what extent the SiGe 
HBT or BiCMOS technologies could occupy 
this area, especially since further scaled, pure 
CMOS technologies are hardly able to meet 
these needs.

Recently, the three-and-a-half-year Euro-
pean DOTFIVE8 project addressed the task 
of pushing the HF performance limits of SiGe 
HBTs. From February 2008 to July 2011, a 
consortium of 15 partners from industry and 
academia focused on the demonstration of a 
half Terahertz fmax SiGe HBT or a ring-oscil-
lator gate-delay of 2.5 ps. A detailed summary 
was produced.9

In the project, IHP took two different ap-
proaches. The first, not presented here, intends 

Bernd Heinemann and 
Alexander Fox
IHP, Frankfurt, Germany
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nological changes implemented in the 
final D53 version and their implica-
tions on the HF parameters. Based 
on this development, fT/fmax values of 
300 GHz/500 GHz and a CML ring-
oscillator gate delay of 2.0 ps were 
reached.

HBT Module Fabrication
The HBT module is fabricated in 

IHP’s 0.25 µm SG25H1 BiCMOS 
technology environment. For this pur-
pose, one poly-resistor, 5 Al metal lay-
ers and a 1 fF/µm2 MIM capacitor are 
used. The process flow starts with the 
formation of the shallow-trench isola-
tion (STI), the deep n well layer for the 
vertical isolation of nMOSFETs, the 
CMOS wells and gates, including gate 
spacer etching. Before HBT fabrica-
tion, the wafer is covered with a layer 
stack protecting the CMOS regions 
(Figure 1a). Then, the highly-doped 
collector well is formed. A resist mask 
is patterned to open the HBT regions 
(first lithography step M1), followed 
by the well implantation (Figure 1b) 
and anneal. The deep-trench (DT) 
free collector wells15 are not deeper 
than the STI. Consequently, the active 
transistor and the collector contact re-
gion is not separated by STI to ensure 
a low collector resistance, RC, and a 
low collector-substrate capacitance, 

to overcome scaling issues of the clas-
sical double-polysilicon (DP) technol-
ogy that is widely used in industry.4,10 
This device architecture utilizes a se-
lective epitaxial growth (SEG) of the 
base layer. The emitter window is self-
aligned, not only to the external base 
region, but also to the internal collec-
tor region. It is clear that a selectively 
implanted collector (SIC) can also be 
formed, that is easily self-aligned to 
the emitter window. Promising results 
for a SEG DP technology with an un-
conventional way to form the external 
base were achieved.11

A second SiGe HBT approach, that 
is explained in this article, comprises 
the non-selective epitaxial growth 
(NSEG) of the SiGe base layer, com-
pleted by a self-aligned (SA) arrange-
ment of the emitter window and the 
highly-doped, elevated external base 
region. The basic HBT process flow 
has been presented.12 The HBT de-
velopment of this work is performed 
in IHP’s 0.25 µm SG25H1 BiCMOS 
technology.13

Progress in the performance of 
this established NSEG concept was 
realized during the course of the proj-
ect,14 step by step, by introducing a 
set of process modifications. Starting 
from the initial DOTFIVE genera-
tion D51, this article describes tech-

s Fig. 1  Schematic cross sections at different steps of the device fabrication.
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nitride/oxide layer stack to form the 
emitter window (M4 in Figure 1e), 
fabrication of emitter-base inside 
spacers, emitter formation, including 
deposition of a dielectric layer stack, 
emitter-polysilicon structuring (M5 
in Figure 1f), elevating the external-
base region by selective epitaxy, and 
finally patterning of the base polysili-
con (M6 in Figure 1g).

A substantial reduction of the emit-
ter-base oxide spacer width from 45 to 
30 nm could be achieved by fine-tuning 
the combination of wet and dry etch-
ing applied to form the emitter-win-
dow inside-spacers. The lateral scaling 
also impacts on the minimum emitter 
window size that is reduced from 180 
to 120 nm. Furthermore, the dimen-
sions of the collector window and the 
emitter contact region are reduced by 
approximately 30 percent. Other ad-
vantages of increasing the HF perfor-
mance include higher emitter doping, 
a lower sheet resistance of the silicide 
layer and the reduced temperature of 
the final spike anneal.

Device Results
Let’s compare the electrical results 

for the initial DOTFIVE HBT gen-
eration D51 and the final generation 
D53 with NSEG. Gummel and output 
characteristics are shown in Figures 
2 and 3. In these graphs, the current 
values are normalized to the effec-
tive emitter area, AE,eff, to give a bet-
ter overview of the impact of process 
modifications. The measurements are 
performed at VCB =0 V and T = 300 K, 
on 8-emitter devices AE,eff = 8  (0.18 
 0.92) µm2 for D51 and AE,eff = 8  
(0.12  0.96) µm2 for D53.

As indicated in the Gummel plot, 
the collector current density is slight-
ly increased in the final generation 
(6 percent at VBE = 0.7 V) despite a 
reduction of the pinched base sheet 
resistance, RSBi, from 3.5 to 2.6 kΩ. 
This result is not only due to the ef-
fective increase of the Ge content, but 
it is also influenced by the decrease of 
the spike anneal temperature and by 
moving the SIC implantation from af-
ter the base epitaxy to before it.

A higher Ge content also tends 
to produce higher base currents, IB, 
due to an increased neutral base re-
combination, whereas the elimination 
of SIC implantation through the base 
lowers IB. In addition, higher emitter 

CCS. An additional advantage of this 
collector design, dedicated to achieve 
the highest HBT speed, is the possi-
bility of obtaining collector profiles on 
the base side, which are steeper than 
those of the conventional buried-layer 
process, due to a reduced thermal 
treatment. Moreover, the thermal re-
sistance associated with the DT-free 
architecture is reduced.

After forming the highly-doped 
collector, the NSEG HBT module is 
subjected to the deposition and struc-
turing of an oxide layer to define the 
active collector region (M2 in Figure 
1c). The resulting windows in the ox-
ide layer then have to be filled with sili-
con. At this point, an essential process 
change was introduced in the course of 
the project. In the final process gen-
eration D53, after filling the gap in the 
oxide layer by selective epitaxy, the SIC 
is formed with the help of a patterned 
resist mask before non-selective base 
deposition (M3 in Figure 1d).

Subsequently, the base layer is 
grown at a later stage. In previous 
generations, only one epitaxial step 
was carried out, while the SIC was 
arranged after base epitaxy, simul-
taneously with the emitter-window 
opening. Although this modification 
means greater effort and gives up the 
self-alignment of the SIC to the emit-
ter window, it improves the possibility 
of tailoring the low-doped collector 
profile as the degradation of the base 
profile is avoided, together with an 
improvement in the HF performance.

At this point, a further modifica-
tion has to be mentioned, which af-
fects the design of the external base-
collector region. The best HF results 
are achieved for a crystal orientation 
of the wafer substrate which is rotated 
by 45° compared to the standard con-
figuration. The primary reason for this 
effect is attributed to the suppressed 
growth of facets along side-walls of di-
electric layers during selective epitaxy.

Compared to the initial process 
generation D51, the B-doped SiGe 
base profile is optimized. The Ge 
content and the B dose are increased 
in such a way that the collector cur-
rent density is not decreased while 
the base sheet resistance is lowered. 
Essential features of the emitter-base 
architecture applied correspond to 
the process flow.12 These include de-
position and patterning of an oxide/
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Due to the variety of process modi-
fications, a substantial improvement 
of fT/fmax is demonstrated for the D53 
HBT generation with peak values of 
300 GHz/500 GHz. The device param-
eters, shown in Table 1, indicate a 27 
percent increase of fT and a 16 per-
cent decrease of the normalized CBC 
for D53 compared to D51. However, 
the crucial contribution for improving 
fmax is originated by an approximate 50 
percent reduction of RB for this HBT 
module in the DOTFIVE run time.

Comparing both HBT generations, 
the fT and fmax decay and, therefore, 
the onset of the Kirk effect is shifted 
towards higher current densities in 
the final generation. Furthermore, jC 
at peak fT is increased from 13.5 mA/
µm2 for D51 to 18.5 mA/µm2 for D53. 
The enhanced doping concentration 
of the SIC is responsible for this ef-
fect. The new base profile with higher 
Ge content and lower RSBi, combined 
with a lower final spike anneal, affects 
RB and fT positively.

Besides the reduced spike-anneal 
temperature (D51: 1,100° C > D53: 

doping increases IB markedly, due to 
an enhanced Auger recombination. 
Altogether, the base current density is 
enhanced only by 16 percent for the 
D53 versus D51.

Consequently, the peak current gain 
is very similar for both generations with 
values of approximately 700. In the 
output characteristics, it can be seen 
that the collector-emitter breakdown-
voltage, BVCEo, is reduced from 1.7 to 
1.6 V going from D51 to D53, which is 
attributed to the increased doping con-
centration of the SIC. Compared to a 
typical BVCEo of the 200 to 300 GHz 
SiGe HBT version, there is no deterio-
ration. However, the SIC doping is not 
sufficient to prevent the increased col-
lector resistance of D53 caused by the 
smaller collector window size (shown 
in Figure 3).

In Figure 4, the transit frequen-
cy, fT, and maximum oscillation fre-
quency, fmax, are plotted versus the 
collector current density, jC, which is 
referred to as AE,eff, with the same 
8-emitter transistors being used for 
the DC measurements. To extract the 
fT and fmax, S-parameters were mea-
sured on wafer up to 110 GHz (net-
work analyzer 8510 XF). The fT, fmax 
values are extrapolated at 40 GHz 
from the small-signal current gain h21 
and the unilateral gain U respectively, 
with −20 dB per frequency decade, at 
VCE = 1.5 V and T = 300 K.

The sum of the base and the emit-
ter resistances (RB+RE) is determined 
from the circle fit of S11 for a device 
operating at peak fT. In addition, 
the DC fly-back method is applied 
to specify RE. Although there is still 
no well-established procedure for 
extracting these parameters, it is as-
sumed that the values presented in 
this article enable evaluation of the 
trend quantitatively.

s Fig. 4  Transit frequency fT and maximum 
oscillation frequency fmax vs. collector cur-
rent density normalized to AE,eff for the HBT 
generations D51 and D53.
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1,050°C), moving the SIC formation 
from after to before base deposition 
has contributed essentially to further 
improve RB and fT and consequently 
fmax. From the device parameters, 
it is estimated that the primary con-
tribution of the improvement in fmax 
(approximately 70 percent) is due 
to structural process modifications, 
while the remaining 30 percent can be 
attributed to device scaling.14

The CML ring oscillator (RO) has 
proven to be a powerful tool for evalu-
ating the HF-performance progress of 
SiGe HBTs, because their gate delay 
shows a strong correlation to key pa-
rameters such as fT and fmax and be-
cause it delivers fast and reliable mea-
sured values. Now the gate delays of 
ROs will be compared using a single-
ended configuration. The minimum 
gate delay τmin is decreased from 3.1 
ps (D51) to 2.0 ps (D53) for a voltage 
swing ∆V of 300 mV at a supply volt-
age of VEE = −2.5 V (Figure 5). The 
supply voltage can be lowered to 1.7 V 
without affecting τmin if ∆V is reduced 
to 200 mV (Figure 6).

In the DOTFIVE project, not only 
CML ring oscillators were used to 
benchmark the performance of this 
NSEG HBT module – designers at 
the University of Wuppertal realized 
complex circuits in several DOTFIVE 
generations, representing new levels 
of high frequency circuit performance 
with respect to complexity.16

Summary
Substantial progress with regard 

to the high speed performance of 
SiGe HBTs has been demonstrated, 
achieving the target of the European 
DOTFIVE project. The performance 
improvement of the HBT module, 
with non-selective base epitaxy and 
self-aligned emitter base architecture, 
is primarily based on modifications of 
the base profile, the wafer orientation, 
the annealing regime, the salicide 
sheet resistance, the emitter deposi-
tion and the selectively implanted col-
lector. Approximately 30 percent of 
the fmax advance is due to lateral scal-
ing of key HBT dimensions. Starting 
from the reference status, the process 
changes described in this article have 
led to peak fmax values of 500 GHz and 
minimum CML ring oscillator gate 
delays of 2.0 ps.

In collaboration with DOTFIVE 
partners, the new generation HBT 
has been tested successfully in 
complex circuits. This performance 
demonstrates the potential of SiGe 
HBTs for arising applications, such 
as sub-mm-wave imaging. Current-
ly, work is being undertaken on the 
transfer of such performance levels 
into the 0.13 µm BiCMOS platform. 
This activity is facilitated by the fact 
that the fundamental HBT integra-
tion scheme of the standard 0.13 µm 
BiCMOS process is similar to the 
D53 module. 
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REx AE,eff (Ω μm2) flyback 2.38 2.12

(RB+RE) AE,eff 
(Ω μm2)

S11 circle fit, 
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(fF/μm2)

S-parameter 18.0 15.1

CBE/ AE,eff 
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RSBi (kΩ) 3.5 2.6

s Fig. 5  CML ring oscillator gate delay  
vs. current per gate normalized to AE,eff for 
oscillators consisting of 53 stages with single 
emitter HBTs fabricated in generation D51 
and D53.
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New Bandstop Filter 
Using Simple Defected 
Microstrip Structure
A defected microstrip structure (DMS) has similar properties as a defected 
ground structure (DGS), but without any leakage through the ground plane. In 
this article, the stopband performance of a DMS is studied, and new single-band 
and dual-band bandstop filters with DMS are proposed. In order to verify the 
design, a single- and a dual-band bandstop filter are fabricated and the measured 
results are similar to the simulation. The new DMS bandstop filters have the 
advantages of better frequency selectivity, low loss and simple circuit topology, 
and simultaneously, have miniature circuit sizes.

Currently, the defected ground structure 
(DGS)1-4 has been widely employed to 
improve filter performance and reduce 

filter size. DGSs show good stopband perfor-
mance and excellent harmonic suppression in 
microwave circuits design and especially the 
periodic DGSs,4 which extend the stopband 
greatly. DGS increases the effective capaci-
tance and inductance of a microstrip line and, 
as a result, restrains the spurious responses 
by rejecting harmonics in microwave circuits. 
Consequently, the performance of filters or 
other microwave components is effectively im-
proved. However, DGS introduces wave leak-
age through the ground plane.

Compared with a DGS circuit, the typical 
defected microstrip structure (DMS)5-7 unit 
is made by etching two vertical narrow slots 
in the microstrip line, so the enclosure prob-
lems need not be considered because there is 
no leakage through the ground plane. DMS is 

more easily integrated with other microwave 
circuits and has an effectively reduced circuit 
size, compared with DGS. Simultaneously, 
DMS exhibits the properties of slow-wave, re-
jecting microwaves at certain frequencies and 
has an increasing electric length in certain cir-
cuits, which are similar to the well known DGS, 
but without affecting any of the ground plane.

Both DMS and spurline are made with slots 
on the strip; there is not much difference be-
tween the two structures. However, spurline8 
commonly refers to the structure shown in 
Figure 1, and is commonly used to assist a 
bandpass or bandstop filter design for obtain-
ing better performance. DMS has a more flex-
ible topology, compared with spurline, which 
can be used in designing filters (including low 
pass, bandpass and bandstop), power dividers 
and amplifiers, etc. The defect in microstrip 

Jian-Kang Xiao
Xidian University, Xi’an, China, and
State Key Laboratory of Millimeter Waves, 
Nanjing, China
Wen-Jun Zhu
Hohai University, Changzhou, China
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s Fig. 1  Defected microstrip structures.
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line creates resonance characteristics 
in the frequency response. Spurline 
may be regarded as one of the struc-
tures of DMS, for both have band 
rejection performance for certain slot 
dimensions.

In the present work, the defected 
microstrip structure is studied and 
novel bandstop filters, with single and 
dual band, are designed for the first 
time. Based on EM simulation and 
similar performance with a DGS, a 
simple circuit model of a DMS unit 
is established, and lumped elements 
are extracted. Two kinds of bandstop 
filters with a DMS are fabricated and 
measured, and the experiment con-
firms the new design.

Modeling of Defected 
Microstrip Structure

A DMS consists of a horizontal 
rectangular slot and a vertical rectan-
gular slot in the middle of conductor 
strip, as Figure 1 shows. Similar to a 
DGS, a DMS increases the electric 
length of microstrip line and disturbs 
its current distribution, and the effec-
tive capacitance and inductance of a 
microstrip line increase. Accordingly, 
the DMS has stopband and slow-wave 
characteristics,1 as shown in Figure 2, 
for the DMS with εr = 2.2, a = 0.2 mm, 
b = 13 mm, c = 0.8 mm, d = 1 mm; for 
the DMS with εr = 10.2, a = 0.2 mm, b 
= 14 mm, c = 0.3 mm, d = 0.3 mm; for 
a spurline with εr = 10.2, a = 0.3 mm, 
b = 8.5 mm, c = 0.6 mm. New micro-
wave components, especially band-
stop filters and low pass filters, can be 
designed by using these characteris-
tics. In order to do a comparison, the 
simulated results are obtained by us-
ing a 50   microstrip line with a sub-
strate relative permittivity of 2.2 and 

10.2, and a thickness 
of 0.8 mm and 1.27 
mm, respectively. It 
can be seen that the 
spurline and DMS 
have obvious stop-
band performance 
and similar frequen-
cy responses, and a 
bandstop filter can 
be easily obtained 
using a substrate 
with higher permit-
tivity. So, a spurline 
may be regarded as a 
kind of defected mi-
crostrip structure. In 
this study, it was ob-
served that the DMS 
shown can be de-
scribed by the hori-
zontal slot length b 
and the vertical slot 
width a. It shows that 
the horizontal slot 
length affects the ef-
fective inductance, 
which increases with 
b increasing, and 
introduces a lower 
stopband. While the 
vertical slot width 
affects the effective 
capacitance, which 
decreases with a in-
creasing, the lower 
capacitance induces 
a higher resonant 
frequency f0.

The electrical performance of a 
stopband with DGS is simulated by 
a parallel LC resonant circuit.2,5,6 
Because the stopband performance 
of the new DMS is similar to that of 
the DGS unit, the equivalent circuit 
model of DGS 2 can be used to ex-
tract the equivalent circuit parameters 
of DMS, as Figure 3 shows, and the 
equivalent circuit of DMS matches 
the response of the 1st Butterworth 
low pass prototype. The reactance of 
DMS can be expressed as

X cLC = +
⎛

⎝⎜
⎞

⎠⎟
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

−

ω
ω
ω

ω
ω0

0

0

1

1( )

Where, ω0 denotes the resonant 
frequency of the parallel LC reso-
nator. The series inductance of the 
1st Butterworth low pass prototype 
shown can be written as

X Z gL = ω' ( )0 1 2

Where, ω' is the normalized angu-
lar frequency, Z0 is the characteristic 
impedance, and g1 is the normalized 
parameter of the 1st Butterworth low 
pass prototype. According to circuit 
theory, the reactance values shown in 
the figure should be equal when ω = 
ωc, and the expression is

X XLC Lcω ω ω= =
=

'
( )

1
3

Here, ωc denotes the cut-off fre-
quency of the parallel LC resonator, 
and inductance L and capacitance C 
can be obtained from Equations 1 to 
3 as:

C
Z g

L
f C

c

c

=
⎛

⎝⎜
⎞

⎠⎟ −
=

ω

ω ω π0 1 0
2 2 2

0
2

1 1

4
4, ( )

s Fig. 3  Equivalent circuits of the DMS and Butterworth low pass 
prototype.
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DMS Dimensions 
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a=0.2, c=0.8, d=1.0
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f0 (GHz) 10.58 8.92 6.49

fc (GHz) 6.01 4.73 3.01

L (nH) 1.73 2.54 4.16

C (pF) 0.12 0.12 0.15
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The equivalent circuit parameters 
of the DMS can be calculated from 
Equation 4, and the calculated values 
of the lumped-element parameters, us-
ing a 50 Ω microstrip line with εr = 2.2 
and H = 0.8 mm, are shown in Table 1.

Bandstop Filter Design 
and Experiment

In order to demonstrate the stop-
band validity of DMS, two kinds of 
bandstop filters with a single band 
are designed, as shown in Figures 4 
and 5. The coupled lines models of 
the proposed filters are also shown. 
For single band bandstop filter 1, ��de-
signed on a ceramic substrate with 
relative permittivity of 10.2, and a 
thickness of 1.27 mm, the simulated 
frequency responses comparison with 
topology parameters l, c1 and d are 
shown in Figures 6, 7 and 8, with a 
= 0.3 mm, b = 14 mm, respectively. It 
can be seen that the parameters l, c1 
and d have a small influence on filter 
performances, except for the band-
width. Simulated filter frequency re-
sponses in function of parameter b are 
shown in Figure 9, where a = 0.2 mm, s Fig. 5  Single band, band stop filter 2 with DMS.
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the simulated frequency responses as 
a function of g2 are shown in Figure 
10. It shows the filter center frequen-
cy increasing with the parameter g2 
decreasing, and a smaller g2 introduc-
es a narrower bandwidth. This kind of 
DMS also offers a low loss and a pair 
of transmission zeros.

In order to verify the design, band-
stop filter 2 was fabricated and mea-
sured. The circuit size is smaller than 
32 × 2.5 mm. The measured results, 
which are obtained with an Agilent 

Technical Feature

c1  = 0.3 mm, d = 0.3 mm, l = 4.4 
mm. It shows the operating frequency 
increasing with the parameter b de-
creasing, and for b = 12 mm, the filter 
has a relative bandwidth of 19.3 per-
cent with a low loss of less than 0.3 dB 
at the center frequency of 6.75 GHz, 
and a pair of transmission zeros with 
an attenuation of more than 39 dB.

For the single-band bandstop fil-
ter 2, which is designed on a duroid 
substrate with a relative permittiv-
ity of 2.2 and a thickness of 0.8 mm, 

E5071C vector network analyzer, are 
shown in Figure 11, and are similar 
to the simulation.

For dual-band bandstop filter im-
plementation, a pair of vertical slots 
is introduced, as shown in Figure 12. 
The horizontal slot affects the effective 

s Fig. 8  Frequency response of the band 
stop filter 1 as a function of d with c1 = 0.3 
mm and l = 4.4 mm.
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s Fig. 9  Frequency response of the band 
stop filter 1 as a function of b.

0

–10

–20

–30

–40

–50

1086420

M
A

G
N

IT
U

D
E 

(d
B

)

FREQUENCY (GHz)

b = 12 mm b = 14 mm b = 16 mm

� S11 �

� S21 �
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inductance, while 
the vertical slot af-
fects the effective 
capacitance. The 
substrate relative 
permittivity and 
thickness of the 
fi lter are the same 
as for the bandstop 
fi lter 1. The simu-
lated fi lter fre-
quency responses 
as a function of the 
parameter b are 
shown in Figure 
13, with a = 0.4 
mm, c = 1 mm, d =
0.3 mm and e = 0.6 
mm. The relation-
ship of the operat-
ing frequency with 
the parameter b is 
shown in Figure 
14. From the two 
fi gures, it can be 
seen that the op-
erating frequen-
cies of the dual-
stopband decrease 
with the horizontal 
slot length b in-
creasing, and for 
b = 15.8 mm, the 
dual-band operate 
at 1.89 and 5.69 
GHz, respectively, 
and has low loss as 
well as transmis-
sion zeros. When 
b decreases to 
8 mm, a single 
stopband is in-
troduced. It also 
shows that the 
fi lter has a wide 
passband between 
the operating 
stopband, which 
is more than twice 
the fi lter’s fi rst op-
erating frequency 
and an excellent 
band-gap perfor-
mance of DMS is 
demonstrated.

The dual-band 
bandstop fi lter 
was fabricated and 
measured, and the 
circuit size is less than 30 × 1.2 mm. The measured re-
sults shown in Figure 15 are similar to the simulation. The 

142  MICROWAVE JOURNAL  SEPTEMBER 2011

 Fig. 15  Fabricated and measured dual-
band band stop fi lter.
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the dual-band band stop fi lter as a function 
of b.
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discrepancies between measured and simulated results are 
mainly due to the simulation precision and fabrication un-
certainty.

CONCLUSION
In this article, a defected microstrip structure is studied, 

and new bandstop fi lters with single band and dual band 
are developed. The measurements demonstrate the new 
design. Compared with the DGS, the DMS has no enclo-
sure problem because there is no leakage from the ground 
plane. It shows that the DMS has a fl exible design and a 
controllable operation for bandstop fi lter implementation, 
and the new DMS fi lters have advantages of simple topol-
ogy, miniature size and better performance of transmission 
zeros with low loss. 
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Technical Feature

Loaded Annular Ring 
Slot Microstrip Antenna 
for Wideband and 
Multi-band Operation
Wideband and multi-band antennas have become part-and-parcel of modern 
telecommunication systems. In this article, an annular ring slot microstrip 
antenna loaded with two pie-shaped circular sectors is presented. With the use 
of pie-shaped circular sectors along the microstrip feed line, a multi-wider-band 
operation than for a conventional annular ring slot can be realized. By selecting 
proper dimensions of the circular sectors, the antenna typically provides three 
main operating bands and is capable of multi-frequency operations in various 
personal and wireless applications. From experimental results, with a VSWR  2, 
the antenna achieves three wide bandwidths of 190 MHz (0.88 to 1.07 GHz), 1.83 
GHz (1.79 to 3.62 GHz) and 880 MHz (5.05 to 5.93 GHz), which are equivalent 
to impedance bandwidth of 19.5, 67.7 and 16.03 percent, respectively.

Tremendous developments in wireless 
communications have been observed 
during the last few decades. The evo-

lution of personal communication devices has 
led to the convergence of image, speech and 
data communications at anytime and anywhere 
around the world with the help of one mobile 
data terminal, which includes computer data 
cards as well as mobile phones and other de-
vices. The multifunctional mobile base stations 
and repeaters are thus required to comply with 
the various mobile communication protocols 
and standards. This indicates that the future 
communication terminal antennas must meet 
the requirements of multi-band or wideband to 
sufficiently cover the possible operating bands. 
However, when the number of operating fre-
quency bands increases, antenna designing be-
comes more acute and critical.

There are many possible solutions for an-
tennas with wideband radiation characteris-
tics. Among them, probe fed with a W-shaped 
ground plane,1 E-shaped patch antenna,2 L-
fed patch antenna structure,3 are widely known 
as methods to enhance bandwidth. These tech-
niques can improve broadband operation up to 
30 percent. A recent paper4 demonstrates that 
by using a meandering probe, the bandwidth 
can be improved to 37 percent, with high po-
larization purity. However, this model still does 
not exhibit multi-band operation of present 
personal communication systems.

A.T. Mobashsher, M.T. Islam and 
N. Misran
Universiti Kebangsaan Malaysia,  
Bangi, Selangor, Malaysia
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where there may be a heavy localized 
traffi c demand across a variety of user 
services. The antenna units would be 
wall or ceiling mounted and the con-
nection to the base station would be 
made by optical fi ber with an electro-
absorption modulator (EAM), serv-
ing as both optical-to-electrical and 
electrical-to-optical transducer in the 
down and uplinks respectively.9 The 
broadband nature of the optical link, 
from base station to antenna unit, 
makes it feasible to include all the ma-
jor personal and wireless communica-
tions systems subject to creating a suf-

Characteristics 
of printed wide-
slot antennas fed 
by a microstrip line 
with different tun-
ing stubs have also 
been widely stud-
ied.5-7 In the re-
ported literature,5,6 
a printed slot an-
tenna with a fork-
like tuning stub 
and a cross shaped 
fed slot antenna 
have been shown to 
have a good band-
width enhance-
ment. However, 
it is not enough 
for the operating 
bandwidth to cov-
er more wireless 
c o m m u n i c a t i o n 
services. Another 
microstrip-l ine-
fed printed wide-
slot antenna with 
a fractal shaped 
slot has also been 
studied.7 Although 
the antenna exhib-
its good imped-
ance bandwidth, 
the fractal shapes 
makes the confi gu-
ration of the slot 
antenna more com-
plicated.

A single and 
double layer multi-
band PIFA antenna 
is also reported in 
the literature.8 But, 
as the structure pro-
fi le is decreased by 
the use of a printed 
PIFA structure, the 
complexity rises and the gain decreases 
abruptly.

In this article, an annular slot an-
tenna loaded with two pie-shaped 
circular sectors is introduced for 
multi-band wideband operation for an 
indoor repeater system used in vari-
ous personal and wireless communi-
cations applications, as tabulated in 
Table 1. The intention of this inven-
tion is to employ the antennas to cre-
ate a low cost system by requiring only 
one centralized multisystem repeater 
station for environments like rail sta-
tions, shopping malls or airports, 

TABLE I
APPLICATIONS OF THE PROPOSED ANTENNA

System Frequency Bands (MHz)

GSM 900 880 to 960

GSM 1900 1850 to 1990

DECT 1880 to 1900

UMTS/W to CDMA 1920 to 2170

Mobile WiMAX 2110 to 2200, 2300 to 2400, 2500 to 2690, 
3400 to 3600

WLAN 2400 to 2485, 5150 to 5350, 5750 to 5850

Bluetooth 2400 to 2497

RFID 902 to 928, 2400 to 2483.5, 5725 to 5875

 Fig. 1  Geometry of the proposed antenna (a) top view (b) side 
view.

MIDDLE
CIRCULAR
SECTOR

BIG
CIRCULAR
SECTOR

h

(a)

(b)

FR4 SUBSTRATE

GROUND
PLANE

Rin

Rout

Rin

Rb

Fw

Fi

�m
�bb

MICROSTRIP
FEEDING

Z
X

L

W

V

CENTRAL DISK

  9M35 FINAL.indd   148 8/29/11   1:32 PM

http://www.rfhic.com
mailto:rfsales@rfhic.com
mailto:sales@rfhicusa.com


ATC Technical Productions Issue: SEPT.
Ad: 506Wl Ad Trim Size: 7 13/16" x  10 3/4”
Media: Microwave Journal Document #: S-1728

w w w . a t c e r a m i c s . c o m

ATC North America
631-622-4700

sales@atceramics.com

ATC Europe
+46 8 6800410 

sales@atceramics-europe.com

ATC Asia
+86-755-2396-8759

sales@atceramics-asia.com

A M E R I C A N  T E C H N I C A L  C E R A M I C S

Attributes:
• Ultra-Broadband Performance
• Ultra-Low Insertion Loss
• Flat Frequency Response
• Excellent Return Loss 

Through 40 GHz

• Operating Temperature Range:
-55°C to +125°C

• Unit-to-Unit Performance Repeatability
• Rugged Powdered Iron Core
• Gold Plated Leads

Part Number
Inductance

(µH)

Operating
Frequency

Range*

Insertion
Loss**

Return
Loss**

DC Resistance
Current

Handling 
(DC max.)***

ATC 506WLC110KG115B 11 typ.
500 KHz

to 40 GHz
0.4 dB typ. -18 dB typ. 7.0 Ω typ. @ 10 mA 115 mA dc, max.

ATC 506WLC6R0KG200B 6.0 typ.
880 KHz

to 40 GHz
0.6 dB typ. -18 dB typ. 2.9 Ω typ. @ 10 mA 200 mA dc, max.

ATC 506WLC2R0KG250B 2.0 typ.
2.3 MHz

to 40 GHz
0.5 dB typ. -17 dB typ. 1.45 Ω typ. @ 10 mA 250 mA dc, max.

For Coverage Through 40 GHz 

ATC’s new 506WLC Series is ideal for ultra-broadband DC decoupling
networks and bias tee applications in optical communications systems
utilizing high-speed digital logic.

*Lower -3 dB roll-off frequency        **Shunt Mounted        ***Current for 100 °C temperature rise

MWJATC0911.indd   149 8/29/11   8:14 AM

http://www.atceramics.com
mailto:sales@atceramics.com
mailto:sales@atceramics-europe.com
mailto:sales@atceramics-asia.com


150  MICROWAVE JOURNAL  SEPTEMBER 2011

TECHNICAL FEATURE

determined by the mean radius of the 
annular slot. The mean radius can be 
defi ned as Rm = (Ri + Ro), where Ri is 
the inner radius and Ro is the outer ra-
dius of the annular ring slot. The effec-
tive permittivity can be calculated from 
Equation 2, for w/h � 1.

ε
ε ε

eff
r r

h
w

=
+

+
−

+

1
2

1
2

1

1 12
2( )

The fundamental annular slot with 
inner radius of Rin and outer radius 
of Rout is loaded with two pie-shaped 
circular sectors having inner angle 
and radius of θm, Rm and θb, Rb. The 
angles and radiuses were optimized to 
the designed values to obtain multi-
band performance and wide band-
width. The circular sectors and funda-
mental circular disk are imposed sym-
metrically along the center line of the 
x-axis. The antenna is fed by a 50 Ω 
microstrip line, with a width Fw and 

fi ciently multi-band 
antenna.8 The pro-
totype of the pro-
posed antenna has 
been constructed 
and tested, and 
details of both the 
predicted and mea-
sured antenna per-
formance, such as 
input return loss, 
impedance band-
widths, surface cur-
rent distributions, 
radiation patterns, 
and gains, are pre-
sented and dis-
cussed.

ANTENNA 
DESIGN AND 
NUMERICAL 
ANALYSIS

The general ge-
ometry of the pro-
posed antenna is 
depicted in Figure 
1 and its parameters 
are listed in Table 
2. The proposed an-
tenna is fabricated 
on an FR4 substrate 
with a relative per-
mittivity εr = 4.6, a 
tangent loss tanδ = 
0.02 and a thickness 
h = 1.6 mm. The 
radiating ground 
loaded with an annular slot is on the 
top layer of the substrate, whereas the 
feeding microstrip line is printed on 
the bottom layer.

The ground plane slot loading can 
be divided into three sections: an an-
nular ring slot centered with a circu-
lar disk and two pie-shaped circular 
sectors of different sizes, named as 
middle and big circular sectors. The 
dominant TMn1 mode resonant fre-
quency, fn of the traditional annular 
slot antenna is determined by the fol-
lowing equation:

f
nc

Rn

eff
m

≈
⎛
⎝⎜

⎞
⎠⎟

2
2

1
π ε

( )

Where, Rm is the mean radius of 
the annular ring slot, n is the resonance 
mode number, �eff is the effective di-
electric constant of the slot line and c is 
the speed of light in free space. Usual-
ly, the resonant frequencies are mainly 

TABLE II
GEOMETRICAL PARAMETERS OF THE PROPOSED ANTENNA

Name Parameters Values

Microstrip Feed Line {Fl,Fw} {22, 4 mm}

Annular Slot {Rin,Rout} {18, 37 mm}

Middle Circular Sector {Rm, �m} {25 mm, 120˚}

Big Circular Sector {Rb, �b} {35 mm, 60˚}

Ground Plane {L, W} {80, 80 mm}

 Fig. 2  Surface current distribution at resonant frequencies (a) 900 
MHz, (b) 2.2 GHz, (c) 2.9 GHz and (d) 5.4 GHz.
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does not have any effect on the fi rst 
resonating band. Meanwhile, the de-
crease of the radius decreases the cur-
rent path, and the fourth resonance 
frequency increases, although there 
is an increase in the VSWR observed.

Figure 5 shows the relationship 
between the resonant frequency and 
the center angle, θm, of the middle cir-
cular sector. It is seen that the upper 
band resonant point and bandwidth is 
increased, although the second opera-
tional bandwidth is gradually reduced 
as the angle θm is decreased from the 
optimized value. On the other hand, 

a length Fl. The antenna performance 
was studied using the commercially 
available full-wave, method-of-mo-
ment based, electromagnetic simula-
tor Zeland IE3D version 12.0.

The excited scalar surface current 
distribution of the antenna, obtained 
from the IE3D simulator is pictured 
in Figure 2. A strong current distri-
bution at the outer circular edge of 
the antenna is observed at the lower 
frequency (900 MHz). The outer edge 
of the annular slot limits the lower fre-
quency. At the second frequency band, 
at frequencies of 2.2 and 2.9 GHz, the 
currents are denser near the edges of 
the circular sectors. This gives proof 
of the dependence of the antenna res-
onance on the circular sectors at this 
frequency band. At middle and higher 
resonant modes, due to the feeding 
line effect, a substantial increase in 
current fl ow is noticed near the edge 
of middle and big circular sector of 
the slot loaded ground. Hence, the 
impedance matching at middle and 
higher frequencies is dominated by 
the feed line parameters.

Figure 3 shows the VSWR plots 
for different values of the central 
angle, θb, of the big circular sector. 
As the angle decreases from 70° to 
30°, the third resonant frequency 
also tends to decrease; consequently, 
the second operating bandwidth also 
decreases. However, the angular dec-
rement reveals the decrease of the 
edge current path on the big pie, 
near the outer edge of annular slot. 
The fourth resonance depends vitally 
on the current path of the big circular 
sector, as seen from the current distri-
bution, therefore the fourth resonant 
point increases monotonously with 
an increase in bandwidth of the third 
operating band. At the same time, the 
second resonance point is constant 
but with an increase in VSWR. This 
parameter can therefore be used to 
adjust the resonant frequency and 
bandwidth of the second and third 
band.

The radius of big pie-shaped circu-
lar sector, Rb, affects the second func-
tional bandwidth signifi cantly, which 
is plotted in Figure 4. As the radius of 
the circular sector varies from the op-
timized value of 35 mm, the resonat-
ing modes separate and appear as two 
individual bands. However, like the 
previous parameter θb, the radius also 

 Fig. 3  VSWR of the proposed antenna as 
a function of �b.

6

5

4

3

2

1

�b = 30°
�b = 40°
�b = 50°
�b = 60°
�b = 70°

6.55.54.53.52.51.50.5

V
SW

R

FREQUENCY (GHz)

 Fig. 4  VSWR of the proposed antenna as 
a function of Rb.

Rb = 33 mm
Rb = 34 mm
Rb = 35 mm
Rb = 36 mm

6

5

4

3

2

1

V
SW

R

6.55.54.53.52.51.50.5
FREQUENCY (GHz)

 Fig. 5  VSWR of the proposed antenna as 
a function of �m.

6

4

2

0
76543210

V
SW

R

FREQUENCY (GHz)

�m = 80° �m = 100°
�m = 120° �m = 140°
�m = 160°

  9M35 FINAL.indd   152 8/29/11   1:34 PM

http://www.rfhic.com
mailto:rfsales@rfhic.com
mailto:sales@rfhicusa.com


Next-generation
network analyzers
¸ZNC / ¸ZNB vector network analyzers
¸ZNC: two ports for passive components up to 3 GHz
¸ZNB: two or four ports for sophisticated components up to 8.5 GHz

Intuitive operation
❙ Large, high-resolution touchscreen
❙ Toolbar and soft panel for clear overview of control elements
❙ Measurement results in just three operating steps

High performance
❙ Short measurement times for high throughput
❙ Up to 140 dB dynamic range – for high-blocking fi lters
❙ High power-handling capability for amplifi er measurements

Convincing practical features
❙ Long calibration intervals as a result of high long-term stability
❙ Small footprint, quiet operation, low power consumption
❙ Future-ready thanks to modular hardware

Full details available at
www.rohde-schwarz.com/ad/znb/mwj

6710.009_ZNB_MWJ_198x273_e.indd   1 05.05.11   10:33 Uhr

See us at EuMW Stand 201

MWJR&S_NEXT0611.indd   153 8/29/11   8:16 AM

http://www.rohde-schwarz.com/ad/znb/mwj


154  MICROWAVE JOURNAL  SEPTEMBER 2011

TECHNICAL FEATURE

when the angle is increased from the 
designed value, the upper resonant 
frequency decreases with a slight in-
crease of VSWR. For the second band, 
the higher and lower edge frequen-
cies decrease, maintaining almost the 
same difference between them, while 
the modes forming the second operat-
ing band tend to separate. This indi-
cates the dominance of the angle θm 
over the impedance matching of the 
second and upper band. In this de-
sign, the angle, θm = 120° is taken as 
the optimized one. However, there is 
no change in the fi rst resonating band 
for any of these variations.

The radius of the middle circular 
sector, Rm, is also an important pa-
rameter for determining the second 
operational band of the antenna. As 
depicted in Figure 6, the second 
band is decreased with an increase of 
the radius. At the same time, the low-
er frequency edge of the upper band 
is slightly increased with this para-
metric change, keeping constant the 
resonant frequency. No change in the 
lower band is observed, which implies 
the independence of the lower band 
on the middle pie.

As Rout defi nes the outer edge 
of the annular slot, it has the most 
impact on the antenna impedance 
matching, which also was seen from 
the current distribution in the an-
tenna, where, for all the resonant fre-
quencies, the strong surface current 
at the outer edge of the annular slot 
excites the central conductor. From 
Figure 7, it is evident that all the res-
onant frequencies have dropped-off 
with the decrease of the outer radius 
Rout. Therefore, this can be a way to 
design antennas at lower frequencies 
for wireless applications, if necessary.

The inner radius of the circular disk 
of annular slot, Rin, affected crucially 
the fi rst resonant 
frequency and its 
impedance match-
ing. As Rin is varied 
from 18 to 24 mm, 
the fi rst resonance 
shifted from 900 
to 850 MHz and 
the bandwidth be-
comes zero with 
VSWR   2. The im-
pedance matching 
of the second band 
was also disturbed 
dramatically, which 

 Fig. 7  VSWR of the proposed antenna as 
a function of Rm.
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 Fig. 9  Photograph of the prototype of the proposed antenna.
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and 5.4 GHz. However, the measured 
prototype shows the resonances at 
some higher frequencies. This dif-
ference in results can be attributed 
to the assumption of lossless 50 Ω 

16.03 percent impedance bandwidth, 
respectively, with center frequen-
cies of 0.98, 2.71 and 5.49 GHz. The 
simulated curve shows four dominant 
resonant modes at 900 MHz, 2.2, 2.9 

also is verified by the VSWR with dif-
ferent values of Rin, providing the 
other shapes are unchanged. When 
the inner radius Rin is increased up to 
22 mm, the two modes of the second 
functional band separate (VSWR ≥ 
2). Figure 8 shows that Rin has virtu-
ally no effect on the upper frequency 
band. This allows for the tuning of the 
first and second resonant impedance 
matching after the upper resonant 
frequency is tuned. When the inner 
radius is set to 18 mm, the impedance 
at all three resonant frequencies are 
matched and it is taken as the opti-
mized value.

Results and Discussions
Based on the simulated optimized 

parameters, a prototype of the wide 
multi-band antenna was fabricated, 
which is shown in Figure 9. To verify 
the high performance of the proposed 
antenna, the prototype was measured 
in an anechoic chamber. A comparison 
of the measured and simulated VSWR 
of the proposed antenna is shown in 
Figure 10. The VSWR of the antenna 
was measured with the Agilent 8510C 
vector network analyzer. The mea-
sured prototype achieves three wide 
bandwidths of 190 MHz (0.88 to 1.07 
GHz), 1.83 GHz (1.79 to 3.62 GHz) 
and 880 MHz (5.05 to 5.93 GHz), 
which are equivalent to 19.5, 67.7 and 

s Fig. 11  Measured peak gain of the pro-
posed antenna.
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100 MHz 

to 20 GHz

Isolators/Circulators

As one of the leading suppliers of ferrite  

components in the industry, UTE Microwave 

has pioneered  innovative designs, quality 

craftsmanship and exceptionally high quality 

products. Custom designs, standards...many 

of them off-the-shelf, are the result of  over 

35 years of experience in the industry. UTE 

Microwave continues this tradition with new 

products for ever changing applications. 

Our broad line of HIGH POWER, low loss  

circulators and isolators spans the spectrum 

from below 100 MHz in coax/stripline units  

to waveguide devices at 18 GHz for both  

peak and average powers.

Our “POWER-LINE” 
serves the
COMMUNICATIONS, 
TELECOM, 
MEDICAL, SCIENTIFIC, 
TV, PCS and 
INDUSTRIAL 
markets.

For Military / Radar
Applications.

Features:
• Power levels to 5 KW CW, 75 KW Pk. 

• Low Intermod Units 

• Low Loss Options 

• Extended Octave Bandwidths

• Power Monitors and DC Blocks

• Iso Filter-Monitor Assemblies

3500 Sunset Ave., Asbury Park, NJ 07712 
Tel: 732-922-1009  Fax: 732-922-1848
E-mail: info@utemicrowave.com

Contact us for more information on our extensive product line and current catalog. We accept Visa, MC, Amex

The following models are examples of our High Power units

Broadband Units • Common Band Devices • High Isolation 
Units • Multiport Devices • Drop-In Devices • Wireless/PCN
Devices • High-Power Industrial/Medical Iso Adaptors
Waveguide Junctions • High-Power TV Units • VHF and UHF 
Devices                        sales@utemicrowave.com

Model No. Power Connectors Freq. Range

CT-1542-D 10 Kw Pk 1 Kw Av DIN 7/16 420–470 MHz

CT-2608-S 3 Kw Pk 300 W Av “Drop-in” 1.2–1.4 GHz

CT-3877-S 2.5 Kw Pk 250 W Av “Drop-in” 2.7–3.1 GHz

CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7–3.1 GHz

CT-1645-N 250 W Satcom N Conn. 240–320 MHz

CT-1739-D 20 Kw Pk 1 Kw Av DIN 7/16 128 MHz Medical

POWERHIGH

100 MHz HIGH POWER  Circulator for Medical, 
Scientific and Industrial applications

A new HIGH POWER Circulator suitable for FM Broadcast, 
Scientific and Medical applications is now available. The unit 
provides 10 MHz bandwidth in the 85–110 MHz spectrum.

Specifications are 20 dB min. isolation, 0.3 dB max. loss and 
1.25 max. VSWR. Operating power is 1 kW average and 25 kW 
peak. The 8-1/2" hex x 2" thick unit operates over a 15°–50° C  
temperature range. DIN 7/16 connectors are standard. Other 
units are available at higher frequencies.

HIGH POWER
Drop-in Series
A broad line of low loss HIGH 
POWER Drop-in circulators are 
available from VHF to Ku band 
including Kilowatt average power 
levels at VHF thru S band. L and 
S band radar are a specialty.  
A few of these are shown here.

A) 2.7–3.1 GHZ 1 kW pk, 100 W av

B) 1.2–1.4 GHZ 3 kW pk, 300 W av

C) UHF TV Band 5 kW pk, 500 W av

A.

B.

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

• 11 Sizes- 0402 to 3725

• Values to 70dB 

• 1/2dB Steps to 16.5dB

• Solder, Epoxy or Wirebond Terminals

• Millions in Stock!
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 Dividers • Filters • Thermal Management • Customs

AlN Power Resistors & Terminations
N-Series
• Power Ratings to 380W

• Characterized to 40GHz

• 8 Sizes- 0505 to 3725

• Values to 10Ω to 2KΩ 

• Solder, Epoxy or Wirebond Terminals

• 4 Weeks Max Lead Time!

• Power Ratings to 380W

• Characterized to 40GHz

Ω
• Solder, Epoxy or Wirebond Terminals

IAX Series, V-Series & A-Series
• Power Ratings to 100W

• 11 Sizes- 0402 to 3725

• 1/2dB Steps to 16.5dB

• Solder, Epoxy or Wirebond Terminals

For ANY RF & Microwave application

50 Schoolhouse Lane Portsmouth, RI 02871 • Ph: (401) 683-9700 • Fx: (401) 683-5571 

fi le of 80 × 80 × 1.6 mm and exhibits 
three wide bandwidths of 190 MHz 
(0.88 to 1.07 GHz), 1.83 GHz (1.79 
to 3.62 GHz) and 880 MHz (5.05 to 
5.93 GHz), which are equivalent to 
19.5, 67.7 and 16.03 percent imped-
ance bandwidth, respectively, at the 
center frequencies of 0.98, 2.71 and 
5.49 GHz. Also, the antenna presents 
stable bidirectional radiation patterns 
and the maximum gain varies from 
1.5 to 5.3 dBi over the whole operat-
ing bands. Due to its very wide band-
width, the antenna provides potentials 
to satisfy the frequency requirement 
of existing and future emerging wire-
less services and applications. 
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fi eld (E θ) and cross-polarized fi eld 
(Eϕ) in the azimuth (x-y) plane and the 
elevation (x-z and y-z) planes, for the 
antenna operating at frequencies of 
900 MHz, 2, 2.5, 3.5 and 5.8 GHz. Al-
most similar and stable patterns have 
been found at all these frequencies. 
Good bi-directional and omni-direc-
tional radiation patterns are observed 
in the elevation (x-z and y-z) planes 
and azimuth (x-y) plane, respectively, 
which are analogous to those of a stan-
dard dipole antenna. There are some 
nulls observed at the higher frequen-
cies, which is attributed to the higher 
harmonics of the resonating antenna. 
It was found that the cross-polariza-
tion radiation increases with increas-
ing operating frequencies. However, 
the cross-polarization level is below 20 
dB for almost all the radiating planes 
of the proposed antenna.

CONCLUSION
A wide, multi-band, loaded annular 

ring slot antenna for a mobile central-
ized multifunctional repeater station 
is proposed and a prototype is fabri-
cated. The prototype has a small pro-

SMA in the simulation of IE3D. The 
deviation can also be caused by the 
fabrication limitations, because of the 
uncertainty of the slight variation in 
the used substrate thickness and the 
permittivity constant of the substrate 
over the whole wide operating band-
width. It can be seen that this antenna 
easily covers GSM 900/1900/UMTS, 
ISM/Bluetooth WLAN (2.4/5 GHz), 
UHF and microwave RFID and mo-
bile WiMAX applications.

The measured peak gain of the pro-
totyped antenna is shown in Figure 11. 
The antenna exhibits a peak gain of 1.8 
dBi in the lower frequency band. The 
gain degradation at this frequency can 
be attributed to the relatively smaller 
size of the antenna at this band. At the 
second band, the antenna shows the 
highest gain of 5.3 dBi with a fl uctua-
tion of 3 dBi over the whole band. The 
gain varies from 2.3 to 3.8 dBi in the 
upper band. These results show that 
the antenna is fully operational, pro-
viding the requirements of the above 
mentioned services.

Figure 12 shows the measured 
radiation patterns of the co-polarized 
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Technical Feature

Determination of 
Transmission Zeros of 
Self-Equalized Cross-
Coupled Resonator 
Bandpass Filters 
A method to determine the filter order and the locations of transmission zeros of 
self-equalized bandpass filters is presented, according to given filter specifications 
by optimization. The objective error function for the optimization is computed 
from the given filter amplitude and group delay specifications. The least filter 
order and the optimum locations of transmission zeros can be obtained to meet 
the required specifications by minimizing the error function using a genetic 
algorithm (GA). Application examples illustrate the excellent performance and 
the validity of this method.

In many RF/microwave communications 
systems, a bandpass filter with a flat group 
delay is demanded, in addition to its selec-

tivity. One way to obtain this is by designing 
a self-equalized filter, in which the group de-
lay equalizer is realized within the filter itself. 
In general, for a self-equalized filter, real and 
complex transmission zeros (TZ) are used to 
achieve both high selectivity and good linear 
phase performance; it has smaller structures, 
requires no cascading devices, but is relatively 
complex and difficult to design.1

In the cross-coupled filter synthesis, most of 
the publications focus on the coupling matrix 
synthesis. For example, Cameron proposed 
general coupling matrix synthesis methods for 
general Chebyshev filtering functions, based 
on an analytical technique.2,3 Numerical op-
timization was used in synthesizing coupling 

matrix of resonator filters.4-6 The analytical and 
numerical methods mentioned above can also 
be used to synthesize coupling matrix of self-
equalized filters. However, the precondition of 
these methods is that the filter order and TZs 
must be prescribed. These methods did not 
discuss how to determine the filter order and 
TZs to meet the given filter specifications, al-
though this is the foundation of the cross-cou-
pled filter design. A self-equalized, pseudo-el-
liptical, filter based on the substrate integrated 
waveguide (SIW) technology was proposed,7 
but how to determine the filter order and TZs 
was not discussed.

Rui Wang and Jun Xu
University of Electronic Science and 
Technology of China, Chengdu, China

160 	 MICROWAVE JOURNAL  SEPTEMBER 2011

  9M33 FINAL.indd   160 8/29/11   11:10 AM



QUALITY, PERFORMANCE AND RELIABILITY
IN PRECISION COAXIAL CONNECTORS

Manufacturer of Precision Coaxial Connectors
620 Atlantis Road, Melbourne, FL 32904
Phone: 321-409-0509  Fax: 321-409-0510

sales@sgmcmicrowave.com
www.sgmcmicrowave.com

SGMC Microwave — The name to count on for Quality, Performance 
and Reliability!  Please contact us today by Phone, Fax or Email.

1.85mm DC-65 GHz
2.4mm DC-50 GHz

2.92mm DC-40 GHz
3.5mm DC-34 GHz

7mm DC-18 GHz
SSMA DC-40 GHz

EDGE LAUNCH
CONNECTORS

CABLE CONNECTORSIN SERIES ADAPTERS CUSTOM DESIGNS

BETWEEN SERIES 
ADAPTERS

BULKHEAD & PANEL
ADAPTERS

ADAPTERS  ·  CABLE CONNECTORS  ·  RECEPTACLES  ·  CUSTOM DESIGNS

Including These Connector Series

ISO 9001:2008

MWJSGMC0911.indd   161 8/29/11   8:28 AM

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


162 	 MICROWAVE JOURNAL  SEPTEMBER 2011

Technical Feature       Dare to Compare!

        Excellent Technical Support
       Guaranteed Performance and
              Competitive Pricing

             OCXO, PLXO
    Phase Locked & FR DROs

          New Products! Details on website

     Typical Phase Noise at 14 GHz
  100 Hz - 88  dBc/Hz
  1 KHz -109 dBc/Hz
  10 KHz -119 dBc/Hz
  100 KHz -120 dBc/Hz
  1 MHz -135 dBc/Hz

Reliable and Rugged Design
Extremely Low Microphonics
5-500 MHz External Reference
Frequency:  3 to 30 GHz
Power output: +15 dBm
Spurious: < -80 dBc
-55 to +85 C (temp range)
     Int. Ref. Stability to +/- 0.05 ppm
Now offering PLO .3 to 3 GHz
Low Noise crystal reference
Dual Loop Output Frequency

to nearest KHz w/ Ext. 10 MHz Ref

QUIET!
           and PRECISE

     N
ow

Delivering

       

  Tel: (408) 962-0895
  Fax: (408) 743-5354

   Visit our website at www.nexyn.com

TYPICAL PHASE NOISE OF NEXYN PLDRO

-150

-140

-130

-120

-110

-100

-90

-80

-70

-60

-50

1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

OFFSET

PH
A

SE
 N

O
IS

E 
(d

Bc
)

4GHz

9GHz

12GHz

16GHz

26GHz

We have moved!
Nexyn Corporation
1287 Forgewood Ave.
Sunnyvale, CA 94089

RL is the prescribed return loss in 
decibels, and R is unity if m<N, 
where m is the number of finite TZs 
and N is the filter order or the number 
of resonators. R will have a value 
slightly greater than unity if m = N.3

According to the group delay in 
the Ω domain,4 the actual value of the 
group delay in the physical frequency 
f domain is derived as

τ
π

= −
∂
∂

∂
∂

⎛
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2

2
21

21
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The frequency transformation 
from Ω to f can be expressed as fol-
lows,

Ω = −
⎛

⎝⎜
⎞

⎠⎟
1

3
0

0

FBW
f
f

f

f
( )

where FBW is the fractional band-
width, f0 is the center frequency of the 
bandpass filter. Equation 2 may now 
be expressed using Equations 1 and 3 
as follows,
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Once the filter order and the finite 
TZs are determined in the Ω domain, 
E(Ω), F(Ω) and P(Ω) are determined, 
based on Cameron’s recursive tech-
nique.2 Both the amplitude S21(f) 
and group delay (f) response of the 
filter, which has a center frequency f0 
and a fractional bandwidth FBW, are 
determined in the f domain, since Ω 
in Equations 1 and 4 is calculated by 
Equation 3. So, determining the filter 
order and TZs is the key problem of 
filter synthesis.

Usually, self-equalized filter speci-
fications are listed as follows:

Center frequency: f0
Fractional bandwidth: FBW
Passband return loss: RL (dB)
Group delay variation: <∆τ (ns), 

when fp1 ≤ f ≤ fp2
Stopband rejection: Las ≥ Ls (dB), 

when f > fs1 or/and f <fs2
So, two functions are constructed 

as:
ϕ

ϕ

1 21
2

1 2

2

5

= ⎛
⎝

⎞
⎠

> <

=

max ( ) ,

( )

max

S f

f f f fs sor/and

(( ) min( ), ( )τ τ− ≤ ≤f f fp p1 2 6

There are still few papers deal-
ing with how to extract the filter or-
der and TZs. The common solution 
for determining them is according to 
experiences and repeated tests. Al-
though Ylldirim et al. used the circuit 
transformations to realize complex 
transmission zeros extraction and the 
cross-coupled filter synthesis with 
linear phase,8 the method involves 
complicated circuit transformations 
and is difficult to implement in some 
cases. H.T. Hsu et al. presented a de-
sign procedure for coupled-resonators 
cavity group-delay equalizers, whose 
TZs are obtained by optimization.1 
However, the error function proposed 
for the optimization only contains the 
given filter group delay specifications, 
thus it cannot guarantee that the loca-
tions of TZs are optimum.

This article presents a simple and 
effective method to obtain the least 
filter order and optimum TZs to meet 
the given filter specifications, by mini-
mizing an error function using GA. 
The proposed error function contains 
the given filter amplitude and group 
delay specifications. The proposed 
method eliminates the need for circuit 
model and only depends on the given 
filter specifications. The article solves 
the first problem of coupling matrix 
synthesis of resonator filters. Once the 
filter order and the locations of TZs 
are determined, the coupling matrix of 
self-equalized filters can be obtained 
by analytical methods2,3 or numerical 
optimization methods.4-6 The next step 
requires the choice of proper resonator 
types, for example SIW7 or stepped-
impedance resonators,9 to realize the 
self-equalized filter design.

Theory
For any two-port lossless filter net-

work, the transfer and reflection func-
tions may be expressed as a ratio of 
two polynomials.3

S
P

E

S
F

E
R

21

11 1

( )
( ) /

( )

( )
( ) /

( )
( )

Ω Ω
Ω

Ω
Ω

Ω

=

=

ε

ε

Where Ω is the real normalized an-
gular frequency variable, the roots of 
P and F correspond to the filter’s TZs 
and reflection zeros, respectively, 

ε = −⎛
⎝⎜

⎞
⎠⎟ ( ) =

1 10 110
1

/ ( ) / ( )/RL P FΩ Ω
Ω
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Power up with PIN diode switches
and replace those sensitive MMICs

New, surface mount 

PIN diode switches from

Aeroflex / Metelics are 

the preferred alternative 

to lower power QFN 

packaged MMICs. These

SP2T T-R and symmetrical

SP2T and SP3T switches 

provide: 

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

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

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

Compare this superior 

performance to the 

average QFN MMIC switch,

which offers just 20 W C.W.

or 100 W peak input power,

and see how your military

radio, WiMAX, IED and MRI

designs excel.

These devices are RoHS

compliant. RF and PIN diode

driver evaluation boards are

readily available.

Call 888-641-7364 or visit our

website for datasheets,

quotes, and samples:

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

C.W. Incident
Power (dBm)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MSW3101–310 Symmetrical SP3T +V Only 200–4000 0.5 1.4:1 43 + 51

MSW3200–310 Symmetrical SP3T +V & -V 20–1000 0.3 1.2:1 57 + 51

MSW3201–310 Symmetrical SP3T +V & -V 400–4000 0.5 1.4:1 43 + 51

PIN Diode Surface Mount Switches

* 20-1,000 MHz specs at 500 MHz, 400 – 4,000 MHz specs at 2000 MHz, 2000 – 6,000 Specs at 4,000 MHz

AeroflexMetelics_PinSwitch 8-17-10_MJ  8/10/2011  11:45 AM  Page 1
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the least filter order and the optimum 
TZs can be obtained to meet filter 
specifications. This method is easy to 
determine the TZs and filter order of 
a self-equalized filter with symmetric 
or asymmetric response.

Examples
Filter 1

A self-equalized filter (filter 1) is 
required to meet the following speci-
fications:

––Center frequency: 35 GHz
––�Bandwidth: 1.4 GHz (fractional 
bandwidth = 4 percent)
––Passband return loss: 20 dB
––Group delay variation: < 0.025 ns, 

when 34.65 ≤ f ≤ 35.35 GHz (within 
50 percent bandwidth)
–– �Stopband rejection Las > 35 dB, 
when f > 36.08 GHz and f < 33.92 
GHz
These specifications were taken 

from Chen and Wu’s article7 to pro-
vide a direct comparison. In the ex-
ample, the real TZs (Ωn) is symmetric 
with respect to zero on Ω-axis, since 

The function ϕ1 denotes that the 
filter has the highest stopband rejec-
tion, when ϕ1 reaches its minimum. 
The function ϕ2 denotes that the filter 
has the flattest group delay response, 
when ϕ2 reaches its minimum. The 
proposed error function for GA is as 
follows:

ϕ ϕ τ ϕ= − + − −C Ls( ) ( ) ( )/
2 1

1010 7Δ

where C is the weighted constant 
determined by C = 10 −Ls/10/∆τ. Note 
that C is the key parameter that de-
termines a correct solution. In order 
to meet the given filter specifications, 
ϕ must satisfy ϕ ≤ 0. An error function 
similar to Equation 7, for more than 
two requirements in given filter speci-
fications, can be constructed.

For self-equalized bandpass fil-
ters, TZs (Ωn) on Ω-axis are used to 
increase selectivity, and complex pairs 
of TZs (Ti = Ωai ± jσai), which are 
called equalization zeros, are used 
to equalize in-band group delay. In 
general, the better the group delay 
equalization, the 
worse the selectiv-
ity performance for 
a filter. Hence, the 
group delay and 
the selectivity can 
be balanced in the 
filter designs. Ωn, 
Ωai and σai making 
up finite TZs will 
be used as opti-
mized variables in 
GA. In this article, 
the GA toolbox for  
MATLAB, provided 
by the University of 
Sheffield, is chosen 
to solve the global 
minimum of the 
error function. The 
range of parameters 
to be optimized can 
be set in this tool-
box. The toolbox is 
easy to download 
from the Internet.10 
The search for TZs 
to minimize Equa-
tion 7 is done by 
increasing the fil-
ter order and the 
number of the TZs 
gradually, using GA, 
until ϕ < 0, and then 

s Fig. 1  Comparison of the filter responses computed from this 
article and reference 7 (a) amplitude and (b) group delay.
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and T1,2 = 0.2569 ± 1.1420j can be obtained, according to 
the proposed method, to meet the specifi cations of fi lter 
2, and the value of the error function is −4.73×10−4. The 
realizable coupling coeffi cient matrix and external quality 
factor obtained by Cameron’s method 2 are given in Equa-
tion 8, since the fi lter order and TZs have been determined 
by the proposed method.
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−
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⎢
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The amplitude and group delay response are shown in 
Figure 2, which are obtained from the coupling coeffi cient 
matrix in Equation 8 and the transfer and refl ection func-
tions in Equation 1, respectively. The difference between 
the two results is not visible, which confi rms the validity of 
the proposed method.

Filter 3
The specifi cations for fi lter 3 are as follows:

–Center frequency: 1800 MHz
–Bandwidth: 60 MHz
–Passband return loss: 20 dB

the required amplitude specifi cation is symmetric with re-
spect to the center frequency. The least fi lter order N=6 
and four TZs Ω1,2 = ± 1.6044 and T 1,2 = 0.0317 ± 1.0441j 
are obtained according to the proposed method, and the 
value of the error function is −1.96×10−4. In Chen and Wu’s 
article, the fi lter order N = 6, four TZs Ω1,2 = ± 1.6060 and 
T1,2 = ± 1.0356j are given, and the value of error function 
is equal to −1.47×10−6, calculated by substituting TZs and 
fi lter order obtained from Chen’s into Equation 7. The am-
plitude and group delay responses of fi lter 1 are computed 
according to TZs and fi lter order given in this article and in 
Chen’s paper, using Equation 1, and are shown in Figure 
1. A comparison of the values of the error function and the 
fi lter responses shows that the locations of TZs given in this 
article are much better, which validate the proposed meth-
od. The detailed comparison of the group delay in the pass-
band is zoomed in, demonstrating the equal-ripple group 
delay of the fi lter synthesized by the proposed method. 

Filter 2
The specifi cations for fi lter 2 are as follows:
 –Center frequency: 1960 MHz
 – Bandwidth: 60 MHz (fractional bandwidth = 3.06 per-
cent)
 –Passband return loss: 20 dB
 – Group delay variation: < 0.5 ns, when 1945 ≤ f ≤ 1975 
MHz (within 50 percent bandwidth)
 –Stopband rejection: Las > 25 dB, when f  < 1920 MHz.
The least fi lter order N = 5 and three TZs Ω1 = −1.4569 
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After the coupling coeffi cients are 
determined, the next step requires 
the choice of proper resonator types 
to complete the fi lter design. In this 
design, a half-wavelength resonator 
was chosen. 

 –  Group delay variation: < 0.35 ns 
over the central 60 percent of the 
passband
 –Rejection at f0 ± 64 MHz: > 15 dB
The least fi lter order N = 4 and 

T1,2 = ± 1.6575j are obtained accord-
ing to the proposed method to meet 
the specifi cations of fi lter 3, and the 
value of the error function is −0.036. 
The coupling coeffi cients and exter-
nal quality factor obtained by Amari’s 
method4 are: 

 Fig. 2  Synthesized responses of fi lter 2 
from equations 1 and 8 (a) amplitude and (b) 
group delay.
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 Fig. 3  Physical dimensions (a) and pho-
tograph (b) of fi lter 3.
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the physical dimensions of filter 3 are 
shown in Figure 3. By using open-
loop and meandering half-wavelength 
resonators configurations, unwanted 
couplings can be reduced effectively. 

The measured and simulated re-
sults of the filter are shown in Fig-
ure 4. The measured results are a 
bit worse than the simulated results 
because of fabrication errors and the 
influence of the transition between 
sub-miniature version A (SMA) con-
nectors and microstrip. This example 
illustrates the general design proce-
dure for self-equalized cross-coupled 
resonator bandpass filters whose TZs 
are obtained by the proposed method.

Conclusion
This article has presented a simple 

and efficient method to determine 
the least filter order and optimum 
TZs of self-equalized filters, to meet 
the given amplitude and group delay 
specifications using GA optimization 
method. To prove the validity of the 
proposed method, the filter order and 
TZs of three self-equalized filters have 
been determined. A fourth-order self-
equalized filter has been designed and 
fabricated, which illustrates the gener-

Where f1 and f2 are the lower and 
upper resonant peaks in the trans-
mission response, respectively, and 
f0 and ∆f3−dB represent the resonant 
frequency and the 3 dB bandwidth 
of the input and output resonators, 
when externally excited. The filter is 
designed to be fabricated on a Rog-
ers RT/duroid 5880 substrate, with 
a relative dielectric constant of 2.2, 
a thickness of 0.508 mm, and a loss 
tangent of 0.0009. A photograph and 

A full-wave simulator IE3D has 
been used to extract the parameters in 
Equation 9. In general, the coupling 
coefficient Kij between two resonators 
i and j, and the external quality factor 
are evaluated as11

K
f f

f f

Q Q
f

f

ij

ei eo
dB

=
−

+

= =
−

2
2

1
2

2
2

1
2

0

3
10

Δ
( )

s Fig. 4  Measured and simulated frequency 
responses of filter 3 (a) amplitude and (b) 
group delay.
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Typical Phase Noise Output
Step BW Output Power

Model Bands Size (GHz) 10 100 1K 10K 100K 1M Frequency (dBm, Min.)

BTE L - Ku 1 kHz 2.2 -73 -80 -96 -96 -97 -123 12.72 GHz 13
MFS L - K 1 kHz 2 -60 -75 -90 -95 -95 -120 5.3 GHz 13
CFS L - K 1 Hz 2 -62 -75 -85 -89 -97 -110 14.84 GHz 13
Ku3LS X - Ku 1 kHz 2.2 -62 -70 -75 -85 -97 -115 12.50 GHz 13
C3LS C 1 kHz 1.1 -63 -88 -90 -100 -100 -115 5.50 GHz 13
UWB S - K 1 kHz Multioctave -60 -71 -80 -90 -96 -105 12 GHz 13
MOS VHF - K 1 kHz Multioctave -55 -65 -75 -85 -90 -100 20 GHz 13
SLS L - Ku 125 kHz 1 -70 -80 -86 -88 -105 -115 3.3 GHz 13
SLFS VHF - Ku 100 kHz 2 -70 -75 -80 -90 -115 -125 5 GHz 13
LFTS VHF - Ku 100 Hz 1 -78 -88 -98 -98 -110 -130 350 MHz 13
VFS L - Ku >25 MHz 1.5 -60 -80 -110 -115 -115 -130 12.5 GHz 13
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Application Note

A Repetitive Sampling 
Receiver for Pulsed Time 
Domain Load-Pull

The capability of a Nonlinear Vector 
Network Analyzer (NVNA) repetitive 
sampling receiver, which is designed to 

perform pulsed RF S-parameter and load-pull 
measurements, is presented. Due to its unique 
sampler-based architecture, unlike a mixer 
based VNA, the dynamic range of the NVNA is 
independent of the duty cycle. This results in a 
good dynamic range even for tiny duty cycles. 
This NVNA is presented in combination with 
an open-loop active harmonic load-pull setup, 
thus enabling fast waveform engineering in 
pulsed mode.

Nowadays it is a big challenge for engineers 
dealing with high power RF/microwave tran-
sistors to perform an accurate and complete 
characterization of their devices and to build 
and validate a transistor model. The modeling 
process usually starts by extracting a simple lin-
ear model from S-parameter measurements. 
An initial nonlinear model is obtained using 
pulsed IV and pulsed S-parameter measure-
ment systems. These methods are the ones 
typically used by the transistor modeling com-
munity. A second method, based on load-pull 
measurements, is used to check the validity of 
the model for large signal behavior.

Load-pull measurements are typically used 
by amplifier designers to find the optimum op-
erating conditions of the transistor in order to 
meet specific amplifier requirements, but also 
to fully understand the operating behavior of 
their transistors, particularly when they are 
used in the nonlinear region. The RF designer 

can today simulate time domain slopes in RF 
software, and particularly load lines, to preview 
the behavior of devices. Therefore, it is imper-
ative to validate simulations against measure-
ments, which can be achieved by associating 
the NVNA measurement system with an active 
harmonic load-pull setup. This gives engineers 
the capability to perform time domain load-
pull and S-parameters measurements in CW 
and pulsed mode.

Background
The better way to understand nonlinear 

phenomena in microwave transistors is to work 
close to the saturation region with significant 
power compression. Moreover, most RF pow-
er amplifiers operate close to the saturation 
region, because the power added efficiency 
(PAE) can be maximized in this area. In the 
saturation region, nonlinear phenomena and 
parasitic effects have been observed and have 
direct consequences on the electrical perfor-
mance of the components.

Jad Faraj
Verspecht-Teyssier-DeGroote SAS, France
Simon Mathias
Mesuro Ltd., UK
Jean-Pierre Teyssier
XLIM, University of Limoges, France
Johannes Benedikt and  
Michael Casbon
Cardiff University, UK
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As shown the 
Figure 2, the RF 
incident and re-
flected waves a1, b1, 
a2, b2 at the ports 
of the DUT, which 
are separated by 
low loss couplers 
(wave-probe or di-
rectional coupler), 
are down-converted 
by the RF samplers 
using the high preci-
sion local frequency 
FLO=FRF−KFIF (K 
is an integer num-
ber) and then fil-
tered by a 50 MHz 
low-pass filter, and 

acquired by four ADCs. This simple 
architecture is very efficient for high 
power measurements.

With this receiver configuration 
the full wave information is obtained 
at the calibration planes, as the wave 
data at the fundamental and harmon-
ics frequencies are acquired simulta-
neously and coherently by using one-
shot measurements.  Using robust cal-
ibration algorithms, the time domain 
current and voltage slopes versus time 
or the load line cycles can be drawn 
at the reference planes. Moreover, all 
the information of the performance 
data, such as the output power, input 
power, gain, power added efficiency, 
can also be obtained easily.

By using one-shot measurements 
to get all the RF (fundamental and 
harmonic frequencies) information, 
this NVNA can measure 25 dynamic 
load lines per second, significantly 
faster than a mixer-based NVNA. It 
is also simple to integrate it into any 
load-pull environment, whether active 
or passive load-pull is being used.

Next is an example of classical 
time domain load-pull measurements. 
These measurements were performed 
on a power amplifier with a fundamen-
tal frequency of 2 GHz and whereby 
two harmonic frequencies are mea-
sured up to 6 GHz. The electrical per-
formance is shown in Figure 3 and the 
time domain drain current and drain 
voltage waveforms in Figure 4. Fig-
ure 3 shows the output power and the 
gain versus the input power for a given 
set of impedances. An output power 
of 25 dBm has been reached at 10 dB 
of gain compression (circle point). At  

It contains four independent and syn-
chronized RF sampler-based receivers, 
whose role is the conversion of the RF 
signals into intermediate signals (see 
Figure 2). The sampling clock, which 
is driving the four samplers, is gener-
ated by a precise and stable local oscil-
lator (LO). This LO is phase-locked to 
a stable reference that is shared with 
the RF source and the analog to digital 
converter (ADC) clock.

More high power devices are used 
in pulsed mode and in applications 
where high peak-to-average ratios are 
common. Consequently, the memory 
effects taking place in active devices 
(thermal effects and trapping effects) 
will be excited more, so they have to 
be accurately considered, in particu-
lar, a shift in the device characteristics. 
The RF designers can benefit from 
the transient envelope simulator tools, 
but, once again, such simulations need 
to be checked with measurements.

Sampler-Based NVNA
The SWAP X402 (see Figure 1) is 

a sampler-based NVNA product from 
Verspecht-Teyssier-DeGroote (VTD). 

s Fig. 1  SWAP X402 sample-based NVNA.

s Fig. 2  Sampler-based NVNA architecture.
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proach (TDA) for RF pulse measure-
ments. It is based on a progressive ac-
quisition of all the required data points 
before sending them to the Fast Fou-
rier Transform (FFT) of the NVNA. 
Inside every pulse, a defined number 
of samples is stored, and put together 
in phase with the preceding ones. This 
principle, shown in Figure 5, is a stro-
boscope approach because the RF 
sampler shots are slightly shifted com-
pared to the observed RF frequency. 
The exact computation of all the re-
lated frequencies of the system – RF 
signals, RF samplers, ADC acquisition 
– is a mandatory point, to be sure of the 
phase coherence between the samples 
to be put together before the FFT.

This method affects the total ac-
quisition time which depends directly 
on the measurement duty cycle, but 
does not have any effect on the dy-

10 dB of gain compression, we ob-
serve the time domain waveform in  
Figure 4. These figures convey the 
nonlinear phenomena and the distor-
tion of the signal at the output of de-
vice due to the large compression of 
the gain.

With the presence of a large signal 
in CW mode, we risk the destruction 
of the device. Alternatively, the exci-
tation of the high power device with 
pulse signals allows the characteriza-
tion of the components with signals 
that have large amplitudes sometimes 
up to the avalanche point while reduc-
ing the risk of damaging the device. It 
also highlights some nonlinear phe-
nomena like the thermal effects and 
the trap effect in newer high power 
devices. So there is a real need for 
power amplifier designers to per-
form transistor characterization under 
pulsed operating conditions.

This sampling process of CW large 
signals can be explained in the time 
domain as a stroboscope. It allows the 
instrument, in a one-shot measure-
ment, to acquire both the fundamen-
tal and harmonic frequencies data for 
all the incident and reflected waves. 
The PIV and pulsed 
RF measurement 
techniques have al-
ready proven their 
efficiency for the 
characterization of 
high power devices. 
The authors have 
developed a new 
approach for the 
pulsed measure-
ments, one that op-
erates like a second-
level stroboscope. 
This is the so-called 
Time Domain Ap-

s Fig. 3  Output power and gain vs. input 
power at 2 GHz.
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namic range because there are no 
relative long-term jitter. The amount 
of detected energy with this approach 
is the same as that in CW, although 
the measurement time is extended. 
This approach was validated with a 
duty cycle as small as 1/10000 with-
out any dynamic loss. To ensure good 
performance, the TDA needs a com-
mon reference for the triggers of the 
ADCs and for the RF receiver; all the 
frequencies must be very accurately 
synthesized in order to ensure exact 
ratios and phase shifts. Table 1 shows 
the acquisition measurement time for 
different duty cycles.

Active Load-Pull setup 
with NVNA

The VTD NVNA measurement 
system lends itself well to use within 
pulsed load-pull measurements and 
as such, the development team at 
Mesuro has implemented it as the re-
ceiver in its current open-loop Active 
Harmonic Load-Pull solution. The in-
strument’s ability to define the num-
ber of samples taken from each pulse 
and to adjust the time from the pulse 
trigger signal to the start of the sam-
pling window proves very useful when 
measuring devices that are intended 
to be operated within pulsed environ-
ments. In simple terms, this means 
that one is able to gather as much data 
from each pulse as required while be-
ing able to avoid the transition areas. 

Good correlation has been established 
so far between CW performance and 
pulsed measurements on the same de-
vice.

Figure 6 shows the Mesuro/VTD 
setup for the pulse time domain 
open-loop Active Harmonic Load-
Pull measurement. Figure 7 shows 
contour plots of a device under test, 
both under CW and pulsed condi-
tions, establishing the optimum out-
put power performance in each case.  
Work has also been undertaken to 
confirm correlation of the waveforms 
at the output current generator refer-
ence plane, where both output volt-
age waveforms and dynamic load lines 
have been validated.

The greatly reduced thermal load-
ing on the device under test, by oper-
ating in a pulsed signal environment, 
enables the designer to undertake 
measurements far beyond the safe CW 
operating region and under more real-
istic operating conditions. This signifi-
cantly extends the capabilities of the 
Active Harmonic Load-Pull setups, al-
lowing for a practical methodology for 
data gathering for use within measure-
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When reliability,  
durability, and  
performance can be 
compromised by  
harsh environments,  
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TABLE I
acquisition measurements time for different duty cycles

Duty Cycle (%) (1/10)100 (1/100)100 (1/1000)100

Acquisition 
Measurement Time

10 µs 100 µs 1000 µs

s Fig. 6  Setup for pulse time domain load- 
pull measurements.

s Fig. 7  Output power contour plots, CW vs. pulsed.
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ment-based models. 
It also allows for 
waveform engineer-
ing to be undertaken 
on devices viewed as 
thermally vulnerable 
in order to achieve 
the high efficiency 
modes of operation.

The NVNA can 
also perform scatter-
ing parameter mea-
surements in both 

mode CW and pulsed mode. Here, we 
present some results of S-parameters 
measurements in the pulsed mode. 
These measurements were performed 
on a GaN device and on-wafer con-
figuration. The pulse configuration was 
fixed for a pulse width of 200 ns with 
0.2 percent duty cycle and without any 
dynamic loss. The frequency range for 
these measurements is 1 to 18 GHz. The 
quiescent point was fixed on the gate 
and the drain with Vgs = −4.5 V; Vds = 
20 V and Ids = 100 mA. Figure 8 shows 
the data for S11 and S22 of the transistor.

The magnitude (dB) and phase (de-
grees) of the S21 are shown on Figure 
9. These measurements are very accu-
rate. It is observed that the transistor 
model is able to accurately represent 
the S-parameter variations versus 
the bias points values. The measure-
ments in Figure 10 show the dynamic 
range up to 18 GHz for two different 
duty cycles 0.2 and 1 percent. This is 
the S21 for an open circuit between 
port 1 and port 2 in CW and pulse 
mode with a duty cycles up of 0.2 per-
cent. The dedicated stroboscopic ap-
proach allows the NVNA to conserve 
a dynamic range of up to 65 dB.

Conclusion
Pulse measurements allow engi-

neers to study nonlinear behavior and 
thermal effects in devices that might 
otherwise be damaged under high 
power CW conditions. Harmonic Ac-
tive Load-Pull solutions with the capa-
bility to handle very high power devic-
es allow designers to perform wave-
form engineering. A cost-effective 
sampler-based NVNA with extended 
pulse capabilities that is compatible in 
terms of hardware and software with 
an active load-pull system has resulted 
in a very versatile and fast Time Do-
main Load-Pull setup running with 
the same level of performances in CW 
or pulsed mode. 

s Fig. 9  The magnitude and phase of S21 from 1 to 18 GHz.
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For test applications that require precise, 
repeatable measurements, GORE 
PHASEFLEX Microwave/RF Test 

Assemblies have been designed to provide op-
timal phase and amplitude stability with flex-
ure. The expanded polytetrafluoroethylene 

(ePTFE) material used in their construction 
enables them to be rugged yet lightweight and 
deliver reliable performance with longer ser-
vice life and reduced equipment downtime. 
This results in lower costs for testing in labo-
ratory, production and field test environments 
(see Figure 1).

Cable assemblies have a significant im-
pact on the total cost of testing in production 
environments. Frequent troubleshooting, 
time-consuming recalibration and re-testing 
all have a direct impact on throughput in a 
manufacturing process which, in turn, sig-
nificantly increases costs. Also, having to use 
a torque wrench to connect and disconnect 
each product from the test equipment slows 
the testing process.

In response to customer concerns about 
these issues, Gore has engineered a new Mi-

W.L. Gore & Associates, Inc.
Landenberg, PA
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Rugged 18 GHz 
Cable Assembly for 
High-Throughput 
Production 
Testing

s Fig. 1  GORE® PHASEFLEX® Microwave/RF Test Assemblies are 
designed for test applications that require precise, repeatable mea-
surements (photo courtesy, Agilent Technologies Inc.).
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www.wamicon.org
Exhibits and Sponsorships Available! 

Email: ryan_baker@cree.com

Call for Papers
The 13th annual IEEE Wireless and Microwave Technology 
Conference (WAMICON 2012) will be held in beautiful Cocoa 
Beach, Florida on April 16 &17, 2012. The conference will 
address up-to-date multidisciplinary research needs and 
interdisciplinary aspects of wireless and RF technology.  The 
program includes oral presentations, poster presentations, 
workshops, and tutorials.

Topics of  interest include: 
 
Power Amplifiers (PAs)
High-Efficiency PAs, Linearization and Efficiency Enhancement 
Techniques and Topologies, Novel PA Architectures, High-Power 
Devices, Linear and Nonlinear Device Modeling and CAD, 
Thermal Considerations and Reliabilities, PA Applications

Active Components and Systems
Transceiver Design, Multi-Band RF Circuits and Systems, 
System-On-Chip, System-In-Package, Low-Power IC, Low-Noise
IC, Radar RF/MMIC Electronics, Terahertz Electronics, Active 
(Non-Foster) Filters and Non-Foster Impedance Matching

Passive Components and Antennas
Filters, Transmission Line Components, MEMS, Advanced 
Packaging, Antennas and Arrays, Meta-Materials, 
Electromagnetic Bandgap Structures

Wireless Communications
Cognitive Radios, Wireless Networking, 3G/4G, Ultra-Wideband 
(UWB), MIMO, Multi-Carrier, Spread Spectrum, Channel 
Characterization and Modeling, Software Defined Radios (SDR)

Emerging RF and Microwave Technologies
Biomedical Applications, Wireless Sensing, Energy Harvesting, 
Wireless PowerTransfer, Nano Devices and Circuits

Submission Instructions
Authors are asked to submit papers electronically, in pdf format, 
through EDAS. To be considered for publication, a minimum of 
4 pages (maximum of 8 pages), clearly describing the concept 
and results must be submitted. Submissions will be evaluated for 
originality, significance of the work, technical soundness, and 
interest to a wide audience. Visit www.wamicon.org for complete 
details of submission.  

Important Dates
Paper Due:                  January 9, 2012 
Author Notification:    January 30, 2012 
Final Papers Due:       February 13, 2012 

IEEE Wireless and Microwave  Technology Conference
WAMICON 2012

Hilton Cocoa Beach
Cocoa Beach, FL
April  16-17, 2012

crowave/RF cable assembly that is smaller, more dura-
ble, lighter in weight and easier to use. Figure 2 shows 
the construction of the new GORE PHASEFLEX 
Microwave/RF Test Assemblies (18 GHz, 0G cable type) 
that are specifically engineered for high-throughput pro-
duction test applications in the wireless infrastructure 
market. Although the assemblies’ performance has been 
optimized for frequencies through 6 GHz (the “sweet 
spot” common to these types of high-throughput produc-
tion test applications), they will perform well through 18 
GHz, a well established performance category in the in-
dustry.

The new GORE PHASEFLEX Microwave/RF 
Test Assemblies incorporate a unique connector design 

Product Feature

s Fig. 2  Construction of GORE® PHASEFLEX® Microwave/RF 
Test Assemblies.

BRAIDED JACKET
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BRAIDED STRENGTH MEMBER
CRUSH MEMBER
INNER JACKET
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CENTER CONDUCTOR

TABLE I
High throughput production test assembly 

specifications1

Gore Cable Type 0G1

E
le

ct
ri

ca
l P

ro
pe

rt
ie

s

Maximum Frequency (GHz) 6 18

Typical VSWR 1.08:1 1.27:1

Typical Insertion Loss (dB) 1.20 2.19

Impedance (Nominal) (Ohms) 50

Typical Phase Stability (degree)2 ±0.5 ±2.0

Typical Amplitude Stability (dB)2 < ±0.05

Dielectric Constant (Nominal) 1.4

Velocity of Propagation (Nominal) (%) 85

Shielding Effectiveness (dB through 18 
GHz)3

> 100

Time Delay (Nominal) ns/cm (ns/in) 0.04 (0.103)

M
ec

h.
/E

nv
. P

ro
pe

rt
ie

s

Center Conductor Solid

Overall Diameter mm (in) 5.3 (0.210)

Nominal Weight g/m (oz/ft) 65.0 (0.70)

Minimum Bend Radius mm (in)	 25.4 (1.00)

Typical Flex Cycles4 100,000

Temperature Range (˚C) -55 to 125

Crush Resistance kgf/cm (lbf/in)	 33.5 (187)

Connector Retention N (lbf) > 445 (> 100)
1The electrical specifications in this table are based on a 1 m (39.4 in) assembly 
length at 6 and 18 GHz. 
2When cable is wrapped 360˚ around a 57 mm (2.25 in) radius mandrel. 
3Per MIL-STD-1344, method 3008.
4When bent ± 90˚ at a radius that is twice the minimum bend radius, test 
assembly performs reliably through the stated flex cycles.
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This enhanced performance stability 
ensures ultra-precise measurements 
and accurate repeatability, reducing 
the risk of testing errors and the need 
for time-consuming troubleshooting 
and system calibration.

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

the frequency of 
cable assembly re-
placements. One 
reason is that Gore 
manufactures every 
component used in 
them, from the di-
electric and the he-
lically wrapped out-
er conductor to the 
ePTFE jacketing. 

that includes a larger knurled area 
to facilitate hand-tightening as well 
as free-spinning, precision-coupling 
nuts that enable the connector to spin 
faster, returning to the home position 
in 1-1/2 turns while providing the nec-
essary amount of engagement for a 
robust connection. The new cable as-
semblies maintain accurate measure-
ment repeatability while withstanding 
demanding conditions such as con-
tinuous flexing, temperature cycling, 
broad temperature ranges and fre-
quent connecting and disconnecting 
to the instrument or device under test 
(see Figure 3).

What the new 18 GHz 0G type 
cable assemblies bring to the party 
is maximum strain relief at the point 
where the cable and connector meet 
and an internally ruggedized con-
struction that is more durable, deliv-
ering crush resistance of 187 pounds 
per linear inch (85 kg/cm). These 
assemblies can withstand 100,000 
flexures at a minimum bend radius 
of one inch. They are resistant to 
chemical exposure and can even 
be submerged in water. Available 
in 1.0 and 1.5 meter lengths with 
both SMA and N-type male con-
nectors, they are also designed to 
be easy to use for operators in the 
wireless telecom market who may 
be inexperienced in handling cable 
assemblies. They are smaller and 
more lightweight, and can be con-
nected and disconnected manually 
– the ergonomic design includes an 
enlarged knurled area that makes 
hand tightening easy and eliminates 
the need to use a torque wrench to 
accurately connect and disconnect, 
increasing throughput on the manu-
facturing line. Table 1 summarizes 
the specifications of the new 18 GHz 
0G type cable assemblies.

The new 18 GHz cable assem-
blies reduce overall testing costs be-
cause they last longer, decreasing 

s Fig. 3  Typical amplitude stability with flexure and shake for 1 m 
(39.4 in) cable assembly.
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When prototyping RF circuits, it is es-
sential to work in micrometer pre-
cision. Even small deviations can 

lead to undesirable results. Basically, PCBs 
are manufactured in a negative process: non-
conductive regions are removed from a full 
surface-coated substrate and the conductor 
structures remain intact.

This conductive layer can be removed by 
chemical processes such as etching, usually by 
service providers or in series production. How-
ever, when it comes to geometrical precision, 
rapid prototyping or protecting sensitive data 
layout, chemical-free methods have significant 
advantages. This is because the geometry of 
the generated circuit boards is very similar to 
the idealized standards of layout and simula-
tion programs. In particular, the higher the 
transmitted frequencies, the more apparent 
the impact of variations on the signal quality.

LPKF has been delivering systems for mill-
ing PCB prototypes since 1976. The company 
has upgraded its milling plotters, the ProtoMat 
family, with additional options that include fea-
tures that make the plotters particularly suit-
able for RF applications. They are supplied 

with a modern soundproof enclosure and, re-
cently developed, easy-to-use software is also 
included.

All ProtoMats are suitable for structuring 
classical circuit boards, drilling, depanelling or 
front panel engraving. The mechanical repeat-
ability is 0.5 microns, with a maximum head 
speed of 150 mm/s (6 in/s). The work surface 
accommodates substrates up to 9  12 inch 
(229  305 mm).

ProtoMat S103
The S3 series plotter can be gradually up-

graded one step at a time: From the entry-level 
S43 to the top of the range LPKF ProtoMat 
S103, which is the most suitable for RF appli-
cations. With a spindle speed of 100,000 rpm, 
the ProtoMat S103 is able to structure both 
very hard and sensitive materials and the result 
is steep edges (see Figure 1), which minimize 
signal losses. The sectional view (colored) shows 
the straight walls and low penetration depth.

LPKF Laser & Electronics AG
Garbsen, Germany
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High Speed 
Milling Plotter 
for RF Materials
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integrated pneumatic milling depth 
control that contactlessly monitors 
the penetration depth while structur-
ing. The pneumatic depth gauge runs 
on an air cushion, so the milling head 
does not touch the surface of the sub-
strate. Only the tool is in direct con-
tact.

The required depth of penetration 
into the material is well defined in the 
software and continuously maintained 
by the Z-axis. This feature ensures se-
cure control of the signal loss and as 

Another innovation is that the Pro-
toMat automatically selects the pen-
etration of the tool. This ensures pre-
cise milling depth while structuring 
and results in minimal effects on the 
substrate during milling. For instance, 
on 18/18 FR4 material, isolation chan-
nels and signal-track width can be im-
plemented safely at 100 microns.

Milling Depth Control
In addition to the automatic mill-

ing depth, the ProtoMat S103 has an 

As has been mentioned, the mill-
ing plotters incorporate new, user-
friendly LPKF CircuitPro software. 
With this software, occasional users 
are guided by wizards through the in-
dividual process steps, while more ex-
perienced users have individual access 
to each program option. CircuitPro 
adopts data from the layout program 
and prepares it to control the circuit 
board plotter. A material library with 
an extensive collection of parameters 
is included and is used to optimize the 
structuring results on a material-spe-
cific basis. Individual parameters can 
also be added.

Even in standard configuration the 
ProtoMat S103 comes with fiducial 
camera, vacuum table, dispenser and 
a high performance milling head, as 
shown in Figure 2. Also, the struc-
turing process of the new plotter is 
considerably more automated than 
its predecessor, with the facility to 
change the necessary tools from a 
15-piece tool bank. Any use of the 
tools is logged, enabling conclusions 
to be made on the degree of wear.

s Fig. 1  FR4 material processed with a 
specialized RF tool (End Mill RF).

s Fig. 2  Standard configuration of the 
ProtoMat S103.
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®

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

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

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

“Take a Besser Course...”

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

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

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

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

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

+1-650-949-3300

Besser Associates
Web ClassroomSM

a result enables the 
ProtoMat S103 to 
process substrates 
with sensitive coat-
ings, such as Rog-
ers 5880. Its pre-
cision is shown in 
Figure 3.

The controlled 
Z-axis has a stroke 
of 0.9 inch (22 
mm) and extends 
the plotter’s capa-
bilities: it permits 
the processing of 

aluminum enclosures. In addition, it can create pockets 
in rigid printed circuit boards, which prevents the cross-
talking of neighboring processors.

Vacuum Table and Camera
Other benefits for RF designers are provided by the 

vacuum table and the fiducial camera. The vacuum table 
fixes thin and flexible substrates securely in place while 
processing, which allows a much higher repeatability than 
the pass-hole system registry pins. With the vacuum table, 
prepregs for multilayer production or even PUPI-stencils 
for solder paste printing can be cut out.

The camera opens up even greater possibilities. For in-
stance, it recognizes fiducials on substrates and calibrates 
the working result at this location. This allows intermedi-
ate processes, so after patterning, the substrate is removed 
from the ProtoMat, measured and can be connected again 
for accurate reworking. This is ensured by the vision sys-
tem with an accuracy of approximately 20 microns for re-
proccessing and front-to-back alignment. For example, 
vias or electronic measurements between two patterning 
steps can be done. Significantly, the reprocessing enables 
an iterative approach to the prototyping of complex cir-
cuitry layouts.

Another innovation becomes relevant when the board 
is completely structured. For the first time, a ProtoMat 
model is equipped with a solder paste dispenser. This dis-
penser uses the integrated camera and locates the solder 
pads quickly and accurately. In many cases this eliminates 
a complete step, the printing of solder paste. Ideally, the 
printed circuit board can be structured and then immedi-
ately soldered in the reflow oven.

The ProtoMat S103 is a powerful system for mechanical 
structuring of RF circuit boards. It is the result of more 
than 30 years of development and utilizes the capabilities 
of mechanical processing to the limit. For even higher 
standards of accuracy and speed, LPKF has also developed 
the ProtoLaser S, which is a laser system that can structure 
laminated and ceramic substrates with the help of an IR 
laser.
LPKF Laser & Electronics AG,  
Garbsen, Germany  
+49 5131 7095-0,  
www.lpkf.com.

s Fig. 3  RF antenna structure made using 
the ProtoMat S103.
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Product Feature

In the development of high-end electronic 
devices, a steep rise is being observed in 
the demand for module solutions for RF 

components. The reason is to be able to com-
pete in a market that desires new features eve-
ryday in the smallest form factor, at lowest cur-
rent consumption and with best performance. 
To meet the requirement on the fastest time 

to market with the right device, the ideal solu-
tion for a system designer is to opt for a drop-in 
module integrating several devices in a single 
package, without having to go through a long 
PCB level design cycle and verification. RF 
front-end design for navigational applications 
is no exception in this regard.

With the evolution of Global Navigation 
Satellite System (GNSS) from GPS only into 
a more complex system, also including Rus-
sian GLONASS, European Galileo and Chi-
nese COMPASS, the product development for 
navigation applications gets challenging. In ad-
dition, today’s GNSS systems find their appli-
cation in multi-mode hand-held devices with 
many other wireless applications co-existing, 
which can cause interference and jamming. 
Also, other navigation devices like personal 

Infineon Technologies AG
Neubiberg, Germany

Highly Integrated 
GPS/GLONASS 
Rx Front-End 
Modules

s Fig. 1  GNSS application diagram.
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navigation devices (PND), watches, 
cameras are susceptible to the cou-
pling of high power GSM/UMTS/
LTE/WLAN signals, which may in-
terrupt the regular functioning of the 
device.

First, to achieve state-of-the-art re-
ceiver sensitivity levels due to the ex-
tremely low signal strengths of GNSS 
signals, the need for an external low 
noise amplifi er (LNA) is proven to 
be essential. Due to the ever-growing 
high power interfering signals, appro-
priate fi lters are needed in front of 
the LNA to suppress these jammers. 
A pre-fi lter at the input of the LNA 
has a dual role in that it prevents the 
LNA to be driven into saturation by 
the high power jammer signals and, 
at the same time, helps achieve a high 
selectivity for the frequency of inter-
est to enable reception also in worst-
case conditions. However, it also adds 
to the losses of the receiver chain with 
its insertion loss. So the selection of 
fi lter is to be based on an optimum 
trade-off between insertion loss and 
rejection levels of out-of-band signals. 
A post-fi lter might also be necessary 
to suppress interfering signals cou-
pling to the system after LNA.

Infi neon, with its expertise in RF 
technology and design has taken up all 
the above-stated challenges and suc-
cessfully designed drop-in front-end 
solutions for system requirements. In-
fi neon offers three different GNSS RF 
front-end modules with an integrated 
pre-fi lter and LNA. They are optimum 
for cases where the post-fi lter is placed 
close to the GNSS receiver and where 
the designer has fl exibility to choose a 
post fi lter of choice (with suitable NF, 
attenuation, single-ended/balanced). 
The advantage of using a separate post 
fi lter is that the module with pre-fi lter 
LNA can be placed close to the an-
tenna to achieve better sensitivity and 
also enables the use of an additional 
external active antenna connected 
directly to the post-fi lter. All mod-
ules feature very low insertion loss/                                                                                                                                            
high out-of-band rejection pre-fi lter, 
followed by a high performance GNSS 
LNA (see Figure 1). They are offered 
in a tiny TSNP-7-10 leadless package 
(2.3 � 1.7 � 0.73 mm), which makes 
them the smallest available solutions 
in the market.

The three product offerings are:
• BGM1033N7: mid-gain version; 

PRODUCT FEATURE

 Fig. 2  Performance comparison of BGM103xN7 series.
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problem types. Due to a long history of hybridising different techniques, FEKO 
has been at the forefront of the efficient analysis of complex, low and high 
frequency problems.
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Time to pack it in.

Innovative     | Multifunction      | Adaptable

I n t e g r a t e d  M i c r o w a v e  A s s e m b l i e s

IMAgine.

The never-ending demand for ever-higher performance probably has
you wondering how to get more out of your IMAs.  The answer?  
Put more in! Narda’s MMC (Multilayer Microwave Circuitry) 
technology packs more performance 
in much smaller footprints 
than previously possible.

How do we do it? We join 
one board containing RF and 
microwave devices to another with bias, 
control and DSP components. Put together with 
Narda’s design know-how and experience, they give you 
unmatched integration levels, plus the benefits of high-volume, 
low-cost production.

The Compact Microwave Subsystem 
pictured is a perfect example. Only 
5.75 x 2.66 x .515 inches, it holds over 
25 microwave components—couplers, 
switches, filters, limiters, amplifiers 
and more.  Isn’t it time you packed in 
the old approaches and started packing 
in more performance, with Narda 
MMC technology? Get started 
at www.nardamicrowave.com.

narda
an          communications company

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

www.nardamicrowave.com

L3

No one goes to greater lengths 
for smaller wavelengths.
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Features:
•	 High Gain: 17.0 dB / 14.8 dB
•	 Low Noise Figure (GPS): 1.65 dB
•	 �Low current consumption: 4.0 mA 

/ 3.1 mA
•	 �Out-of-band rejection in cellular 

bands: >  43 dBc
•	 �Input compression point in cellular 

bands: +30 dBm
•	 �IEC ESD contact discharge of RF 

input pin in the application: 8 kV

•	 Supply voltage: 1.5  to 3.6 V
•	 �Tiny TSNP-7-10 leadless package: 

2.3  1.7  0.73 mm
•	 RF input internally pre-matched
•	 �RF output internally matched to 

50 Ω
•	 RoHS compliant package (Pb-free)

Infineon Technologies AG,  
Neubiberg, Germany 
+49 800 951 951 951 
www.infineon.com/gps.

standard solution to meet high perfor-
mance GNSS specification.
•	 BGM1032N7: in addition to 
BGM1033N7 features, specially de-
signed to suppress LTE Band 13 sig-
nals. This LTE band is very critical as 
the upper frequency of Band 13 is 787 
MHz, and the second harmonic of this 
frequency, that is 1574 MHz, falls ex-
actly into the GPS band. 
•	 BGM1034N7: high gain version; 
for systems with high losses in the 
receiver chain. However, the higher 
gain affects linearity but is still accept-
able for applications like PNDs and 
DSCs, where jamming due to high 
power cellular signals is less critical.

The performance of these three 
modules is shown in Figure 2. Figure 
3 shows the in-band gain and out-of-
band suppression of the BMG103xN7 
series modules, while Figure 4 shows 
their in-band gain only.

Applications: Smart Phones, Tab-
let PCs, Personal Navigation Devices 
(PND), Digital Still Cameras (DSC), 
Watches, etc.

s Fig. 3  In-band gain and out-of-band sup-
pression of BGM103xN7 series.
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Tech Brief

Fast Four-Channel  
PicoScope 6404 PC 
Oscilloscope

T he new four-channel PicoScope 
6404 PC Oscilloscope has an 
analog bandwidth of 500 MHz. 

This is matched by a real-time sam-
pling rate of 5 GS/s, which guarantees 
accurate representation of signals up 
to the full bandwidth. The oscilloscope 
also has an ultra-deep 1‑gigasample 
buffer memory that allows capture and 
analysis of complex waveforms, even 
when sampling at full speed.

Building on the company’s 20 years 
of experience in PC oscilloscope de-
sign, this instrument packs high per-
formance and added features into a 
space-saving USB oscilloscope enclo-
sure. As well as the headline specifica-

tions, the scope offers a built-in func-
tion generator, arbitrary waveform 
generator, mask limit testing, switch-
able bandwidth limiting on each chan-
nel, and switchable 1-megohm and  
50  inputs. This is in addition to the 
spectrum analysis, advanced trigger-
ing and serial decoding that are stan-
dard features of the company’s PC 
oscilloscopes.

The scope connects to any Win-
dows XP, Vista or Windows 7 com-
puter with a USB 2.0 port. It can be 
used with a PC to save space on a 
workbench, or it can be connected to 
a laptop to create a portable instru-
ment that is ideal for field servicing 

and on-site demonstrations.
The high sampling rate and band-

width makes the PC oscilloscope suit-
able for analog and digital circuit design-
ers, test engineers and installers. And 
for those users who want to write their 
own application to control the scope 
or use it as a digitizer, Pico Technology 
provides a software development kit, 
including example code, free of charge. 
The PicoScope 6404 also includes valu-
able features, such as segmented mem-
ory, serial decoding and advanced digi-
tal triggers, at no extra cost.

Pico Technology,  
St Neots, UK +44 1480 396 395,  
www.picotech.com.

Join Us for AMTA 2011
Englewood, CO         October 16-21, 2011

Visit www.AMTA2011.org for:

Registration Opens July 2nd

• Technical and Events Program

• Short Course Information and Registration

• Conference Registration Information

Hosted by:

• Conference Registration Information

• Exhibit and Sponsorship Information  

• Host Hotel Information
The Inverness Hotel and Conference Center

The 33rd Annual Meeting & Symposium of the Antenna Measurement Techniques Association

The Inverness Hotel and Conference Center
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DC to 18 GHz  from 

$385 00

Smart

RF SWITCH MATRIX

®

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

489 revB

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

Smart, for faster setup. A plug-n-play Smart RF Switch 
Matrix really speeds things along, whether you’re creating a 
new matrix from scratch or adding to an existing one. Our 
Smart Switch Matrix lineup includes models with 1, 2, 3, or 
4 SPDT switches—just connect to a USB port on any HID-
compliant host, and you’re ready to go. Or, you can control 
up to 16 units simultaneously from almost any Windows® 
or Linux®computer, using a quick software download fully 
compliant with LabVIEW®, Delphi®, C++, C#, Visual 
Basic®, VEE and .NET.*  However complex your 
setup, you’ll be collecting data quicker than ever!

Mechanical, for more accurate data. 
Very low insertion loss (≤0.3 dB typ.), excellent 
isolation (>66 dB typ.), and low VSWR (1.2:1 typ.)

mean more accurate results over the whole DC-18 GHz 
range, fewer rejected DUTs, less time retesting failures, and 
less time tracing noise through your setup. Project after 
project, whatever you’re testing, a Smart RF Switch Matrix 
will deliver results you can rely on.

Unmatched reliability, for long-term savings. 
Mini-Circuits patented mechanical switches are the only ones    
      available anywhere, at any price, providing up to 10 years   
          and 100 million cycles of guaranteed performance.† 

              See minicircuits.com for details and consider how  
             much time and effort they can save you, year after   
               year, for a surprising low price!

 

 † The internal mechanical switches in 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.

Unmatched ease of use.  Unmatched reliability.  Unmatched long-term savings.

* Linux is a registered trademark of Linus Torvalds. LabVIEW is 
 a registered trademark of National Instruments Corporation. 
 Delphi is a registered trademark of Codegear LLC. Visual Basic and 
 Windows are registered trademarks of Microsoft Corporation. Neither 
 Mini-Circuits nor the Mini-Circuits Smart RF Switch Matrix are affiliated 
 with or endorsed by the owners of the above referenced trademarks. 

1 SPDT   $385.00 3 SPDT    $980.00
2 SPDT   $685.00 4 SPDT   $1180.00
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Tech Brief

Synthesized Signal Generator 
Sweeps from 10 MHz to 70 GHz

Measuring the performance of 
microwave and millimeterwave 
circuits is frequently dependent 

on the availability of high quality signal 
sources. Commercial and military systems 
operating at short wavelengths sometimes 
require multiple signal generators at the 
core of the test equipment rack. Consid-
ering the high cost of currently available 
signal generators operating above 50 
GHz, design engineers and production 
test engineers at both small and large 
OEMs may find themselves competing 
for limited signal generator resources.

The HMC-T2270 Synthesized Signal 
Generator was developed to provide the 
R&D engineer and the production test 
engineer with the highest level of perfor-
mance and functionality, while maintain-
ing reasonable cost. The result is a high 
powered Synthesized Signal Generator, 
which is priced at $34,998.

The HMC-T2270 is a 10 MHz to 70 
GHz signal generator that delivers up to 
+29 dBm of CW output power in 0.1 dB 
steps over a 60 dB dynamic range. Har-
monic rejection is better than −40 dBc at 
30 GHz output, while spurious products 
are better than −65 dBc at all integer fre-
quencies. Phase noise is −113 dBc/Hz at 
10 kHz offset from 1 GHz, and −79 dBc/
Hz at 100 kHz offset from 67 GHz, with 
insignificant deviation over the tempera-
ture range of 0 to +35°C.

The HMC-T2270 exhibits frequency 
resolution of 1 Hz and fast switching 
speed of only 500 µs, making it ideal for 
frequency hopping and threat simulation 
applications. Furthermore, the broad 
frequency coverage of the HMC-T2270 
will be attractive to OEMs involved in 
the development of new and emerg-
ing automotive sensors, millimeterwave 
communications and medical equip-
ment, as well as those taking advantage 

of the unlicensed communication spec-
trum between 57 and 66 GHz.

The HMC-T2270 is a versatile signal 
generator that is compatible with many 
different control interfaces (USB, GPIB 
and Ethernet) ensuring carefree integra-
tion in any test environment. An instal-
lation disk that accompanies each unit 
includes all of the drivers required to 
remotely control the instrument, as well 
as a user friendly LabWindowsTM based 
GUI interface compatible with Windows 
XP, Windows Vista and Windows 7 
operating systems.
Windows - Windows XP Windows 7 and 
Windows Vista are registered trademarks of 
Microsoft Corp.

Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343 
www.tm-hittite.com,  
TE@hittite.com.
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EUROPEAN MICROWAVE WEEK 2011
THE ONLY EUROPEAN EVENT DEDICATED TO THE MICROWAVE AND RF INDUSTRY

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

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

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

European Radar Conference (EuRAD) 

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

New for EuMW2011
Fast Track Badge Retrieval

VISITORS
Registering for the Exhibition

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

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

www.eumweek.com

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

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

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

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

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

DELEGATES
Registering for the Conference 

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

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

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

EUROPEAN MICROWAVE WEEK 2011
THE CONFERENCES

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

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

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

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

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

ADVANCE REGISTRATION CONFERENCE FEES (BEFORE 9 SEPT)

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

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

STANDARD REGISTRATION CONFERENCE FEES (AFTER 9 SEPT AND ONSITE)

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

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

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

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

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

Other Items

Proceedings on CD-ROM

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

Partner Programme and Social Events

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

DVD Archive EuMC EuMA 
Members

Non EuMA
Members

DVD Archive EuMC 1969-2003 £8.00 £34.00

DVD Archive EuMC  2004-2008 £30.00 £106.00

FREE SPECIAL FORUMS & SESSIONS

Date Time Title Location

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

Thurs 13 &
Fri 14th 

08:30 - 17:00 Doctoral School of Microwaves Central
Meeting Rm 8
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THE EXHIBITION
Pivotal to the week is the European Microwave Exhibition, which offers YOU the
opportunity to see, first hand, the latest technological developments from global leaders in
microwave technology, complemented by demonstrations and industrial workshops.
Registration to the Exhibition is FREE!

VISITORS - Register as an Exhibition Visitor online at www.eumweek.com 
• Entrance to the Exhibition is FREE 

THE CONFERENCES
Don't miss Europe's premier microwave conference event. The 2011 week consists of three
conferences and associated workshops:

• The European Microwave Integrated Circuits Conference (EuMIC) – 10-11 October
• The European Microwave Conference (EuMC) – 11-13 October
• The European Radar Conference (EuRAD) – 13-14 October
• Workshops – 9, 10 & 12 October

DELEGATES - Register for the conference online at www.eumweek.com

CONFERENCE PRICES
There are TWO different rates available for the EuMW conferences:

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

For complete conference pricing please visit www.eumweek.com.
Online registration is open now, up to and during the event until 14th October 2011

EUROPE’S PREMIER
MICROWAVE, RF, WIRELESS

AND RADAR EVENT

The 8th European Radar Conference The 41st European Microwave Conference 

The 6th European Microwave
Integrated Circuits Conference

Official Publication:

Supported by:

Organised by:

Co-sponsored by:
European Microwave

AssociationCo-sponsored by:

R

Register Online now as a delegate or visitor at 

www.eumweek.com

Co-sponsored by:
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Wireless Design and Test

Gain greater insight into wireless design 
and test with the new 24/7 Agilent Wireless 
Videos page. The site is designed to give 
information about wireless test for greater 
understanding of the wireless connectivity 
technologies with a full range of design and 
test solutions. Visit www.agilent.com/find/
wirelessvideos.
Agilent Technologies,  
5301 Stevens Creek Blvd.,  
Santa Clara, CA 95051

www.agilent.com

Filters and Components
AMTI has a new website for its filter division, 
AMTI Microwave Circuits, at www.diplexers.
com. The website features a new advanced 
search function, which allows customers to 
get detailed information on a specific filter. 
Customers can achieve the desired specifica-
tions of a product by accessing the new on-
line product listings. Another feature allows 
users to log in and access specialized content.
AMTI Microwave Circuits,  
28 Millrace Drive, Lynchburg, VA 24502

www.diplexers.com

Signal Processing Technology
Analog Devices Inc. has made major web en-
hancements to the company’s global website, 
www.analog.com. Engineers now can more 
easily access technical content, make critical 
product selections and speed up design and 
implementation. The improvements include 
technical support resources on a newly or-
ganized homepage, new search algorithms, 
streamlined product sampling and evaluation 
board purchases. 
Analog Devices,  
3 Technology Way,  
Norwood,  MA 02062 

www.analog.com

Orange Book of Knowledge 
Digital Edition

AR has recently released the fourth edition of 
The Orange Book of Knowledge. The book 
contains articles and application notes on 
a wide range of topics and applications, in-
cluding a reference guide for coaxial connec-
tors and cables and harmonic measurement 
for IEC 61000-4-3. Visit www.arworld.us to 
download your copy or request one from 
your local sales associate.
AR RF/Microwave Instrumentation,  
160 School House Road,  
Souderton, PA 18964 

www.arworld.us

Components and Equipment

A newly redesigned website places the prod-
uct menu as a permanent feature on a left-
hand navigation bar so visitors can quickly 
find their way around the site and the home 
link is always just one click away. Visitors have 
the option to print directly from the page or 
download a PDF for every product datasheet 
on www.atlantecrf.com. Customers can use 
the “Quote Me” button to send a request 
through to the sales office.
Atlantic Microwave Ltd.,  
40A Springwood Drive,  
Braintree, Essex CM7 2YN, England 

www.atlantecrf.com

MMIC Development
Custom MMIC Design has a new Cascade 
Analysis tool on its website. The unique qual-
ity of the tool is that the user can enter ei-
ther the input or output specifications of the 
component into the web page. CMDS knows 
of no other tool that allows users to enter pa-
rameters in this fashion. This tool solves the 
P1dB dilemma so microwave system design-
ers can go straight from data sheet to analysis 
without hesitation.
Custom MMIC Design,  
1 Park Drive (Unit 12),  
Westford, MA 01886

www.custommmic.com

Web Update
For more new products, visit www.mwjournal.com/buyersguide featuring                              storefronts
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Market Research and 
Forecasting
Engalco is constantly researching the market 
and the company provides tech-sector indus-
trial market research in the form of custom 
consultancy and off-the-shelf reports. Engal-
co has a comprehensive collection of detailed 
reports and provides in-depth company anal-
yses and market forecasts for commercial, 
industrial and military sectors. The company 
tends to specialise in aerospace and defense. 
The formatting is in chart and tabular styles. 
Engalco,  
3 Georgian Mews, Bridlington,  
East Yorkshire, UK 

www.engalco-research.com

Measurement Products
OML Inc. has launched a new website de-
sign at www.omlinc.com. This new website 
adds modern navigation features so visitors 
can usually access information in less than 
three clicks. Simply click on a cell in the 
new homepage table to immediately down-
load brochures and data sheets organized 
by product categories and waveguide bands. 
Product categories include: VNA modules, 
VNA calibration kits, source modules, har-
monic mixers and specialty products. Wave-
guide bands span 50 GHz to 0.5 THz.
OML Inc.,  
300 Digital Drive,  
Morgan Hill, CA 95037

www.omlinc.com

Web Update

Test and Measurement Product 
Selector
The new RF Test and Measurement Product 
Selector provides four interactive matrices 
that give easy-click access to the latest prod-
ucts. Customers can use the product selector 
to find the best parts for their test lab or fac-
tory testing environment, including test cable 
assemblies (0 to 110 GHz), adapters, connec-
tors, DC Blocks, amplifiers, attenuators, cou-
plers, coaxial switches, dividers/combiners, 
heat sinks, terminations, and a variety of RF 
component test lab kits. Visit www.rell.com/
test.
Richardson RFPD Inc., 40W267 
Keslinger Road, La Fox, IL 60147

www.richardsonrfpd.com

Connectors
Sabritec announces the implementation of 
Stockcheck, a Hearst Business Media inven-
tory locator tool. This new feature will benefit 
customers by providing an option to easily 
view and place orders for Sabritec connectors 
in real time. Customers can find this feature 
on the Sabritec website homepage. The cus-
tomer enters the part number into Stock-
check, it will then pull a list of distributors who 
stock the part and the level of inventory they 
currently have, with links to their websites. 
The customer can then link to the distributors 
websites and request quotes. 
Sabritec,  
17550 Gillette Ave., Irvine, CA 92614 

www.sabritec.com

PCB Prototyping
T-Tech proudly introduces the new  
www.t-tech.com website. Easily navigated 
and visually refreshing, browse the new site 
for up-to-date product information, company 
news, and a direct portal to the company’s in-
dustry-leading customer service department. 
Visit www.t-tech.com for all of your printed 
circuit board (PCB) prototyping needs and 
allow T-Tech to help make you more suc-
cessful.
T-Tech Inc.,  
510 Guthridge Court,  
Norcross, GA 30092 

www.t-tech.com

www.minicircuits.com

RF/IF and Microwave Components

Mini-Circuits has updated its website to 
make it quicker and easier to navigate. Yoni2, 
an advanced search engine, provides three 
ways for customers to find models – scroll 
through the product lines, enter a model 
number or enter performance requirements. 
Among the clickable details for each model 
in the catalog are data sheets, S-parameters, 
environmental specifications, material decla-
rations, export information, technical notes, 
PCN history, engineering tools, PCB layouts 
and companion products. 
Mini-Circuits,  
PO Box 350166, Brooklyn, NY 11235 
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New Waves: Amplifiers and Oscillators
For more new products, visit www.mwjournal.com/buyersguide  
featuring V  storefronts
The following booth numbers are complete as of 
August 9, 2011.

PNA N522XA Network Analyzer
VENDORVIEWV

The new PNA 
Series is based 
on Agilent’s 
PNA-X archi-
tecture and is 
described as a 
high perfor-

mance microwave network analyzer, setting a 
new price/performance standard in the indus-
try. The Agilent PNA is used to test passive and 
active devices, such as filters, duplexers, ampli-
fiers and frequency converters. The high per-
formance characteristics of the PNA make it an 
ideal solution for these types of component 
characterizations as well as millimeter-wave, 
signal integrity and materials measurements.
Agilent Technologies Inc.,  
Santa Clara, CA (800) 829-4444,  
www.agilent.com.

Booth 301

Integrated Circuits
Analog Devices 
will showcase its 
broad portfolio 
of high perfor-
mance RFICs, 
covering the en-
tire signal chain 
from antenna to 
bits. Among the 
highlights are 
the ADL5811 
and ADL5812 

passive mixers and the ADF4351 PLL synthe-
sizer. Using a unique combination of design 
skills, system understanding and process tech-
nologies, Analog Devices offers the broadest 
portfolio of RFICs covering the entire RF sig-
nal chain from industry-leading high perfor-
mance RF function blocks to highly integrated 
single chip transceiver solutions. The RF func-
tion blocks include PLL, PLL/VCO and DDS 
synthesizers; power detectors; amplifiers; mix-
ers, modulator and demodulators; ADC drivers; 
clocks and data converters. 
Analog Devices,  
Norwood, MA (781) 329-4700,  
www.analog.com/rf.

Booth 319

Vector Network Analyzer
VENDORVIEWV

Anritsu claims 
to redefine the 
broadband VNA 
market with the 
i n t r o d u c t i o n  
of M E 7 8 3 8 A 
broadband vec-

tor network analyzer system that provides sin-
gle-sweep coverage from 70 kHz to 110 GHz 
with operation from 40 kHz to 125 GHz. The 
ME7838A conducts highly accurate and effi-
cient broadband device characterization of ac-
tive and passive microwave/mmWave devices, 
including those designed into emerging 60 GHz 
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wireless personal area networks (WPAN), 40 
Gbps and higher optical networks, 77 and 94 
GHz automotive radar, digital radio links, 94 
GHz imaging mmWave radar, and Ka-band sat-
ellite communications. 
Anritsu Co.,  
Morgan Hill, CA (800) 267-4878,  
www.anritsu.com.

Booth 101

1 to 2.5 GHz Solid-State Amplifiers
VENDORVIEWV

AR’s new family 
of solid-state am-
plifiers provides 
up to 500 W of 
power from 1 to 
2.5 GHz. These 
amplifiers are 

extremely linear and have low spurious signals 
making them ideal as driver amplifiers in testing 
wireless and components and subsystems. They 
are also suitable for EMC test applications 
where low distortion modulation envelopes are 
desired and are an excellent replacement for 
present TWTA designs offering increased reli-
ability and superior specifications. 
AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181,  
www.arworld.us 

Booth 417

Components, Modules and 
Subsystems
The CMP family comprises eight well estab-
lished operating companies: BSC Filters, Di-
labs, Dow-Key Microwave, K&L Microwave, 
Novacap, Pole Zero, Syfer and Voltronics. CMP 
makes application specific passive components, 
modules and subsystems for high voltage, high 
temperature, high reliability and high frequen-
cy uses in the military, medical, telecom, oil, 
industrial and automotive markets. Products in-
clude ceramic capacitors, EMI suppression fil-
ters, capacitor and planar arrays, precision trim-
mer capacitors, filters, switches and resonators. 
Ceramic Microwave Products,  
East Cazenovia, NY (315) 655-8710,  
www.dilabs.com. 

Booth 235

Filter Portfolio
Creowave pro-
vides RF and 
microwave elec-
tronic products 
and solutions for 
challenging con-
ditions. The ra-

dio-testing business unit offers a variety of sub-
systems and filters, including suitable products 
for spurious emissions, multiband testing and 
passive intermodulation measurements. The fil-
ter portfolio consists of diplexers, duplexers, 
band pass filters, band stop filters and high pass 
filters. Along with standard models, tailored so-
lutions are offered. 
Creowave,  
Oulunsalo, Finland 
358 50 5628 789,  
www.creowave.com.

Booth 222

Customized Components
DLI is your global partner for application specific 
microwave and millimeter-wave components, 
serving customers in fiber optic, wireless, medi-
cal, transportation, semiconductor, avionics and 
military markets.  You can rely on DLI for all 
your high frequency single layer and multilayer 
capacitors, build-to-print thin film circuits and 
custom thin film applications, specific ceramic 
components, such as filters, gain equalizers and 
resonators. DLI products can be found wherever 
customization, tight tolerance, unique technolo-
gies and exceptional customer service is required.
Dielectric Laboratories Inc.,  
East Cazenovia, NY (315) 655-8710,  
www.dilabs.com. 

Booth 235

Low PIM Switches
As low PIM re-
quirements on 
passive devices 
are getting in-
creasingly sig-
nificant in test 
and communi-
cation indus-
tries, Dow-Key 

Microwave, part of Ceramic Microwave Prod-
ucts, presents to the RF and microwave indus-
try coaxial switches reducing nonlinear PIM 
responses.  To avoid high intermodulation lev-
els, most Dow-Key coaxial switches from SPDT 
up to SP12T are available with the low PIM op-
tion. These switches are specifically designed 
and guaranteed to meet third order PIM re-
quirements below -160 dBc at 1870 MHz with 
carrier levels at 1930 MHz and 1990 MHz, at 
approximately +43 dBm.
Dow-Key Microwave,  
Ventura, CA (800) 266-3695,  
www.dowkey.com.

Booth 235

New Thermal Jumpers
These ceramic 
chips are de-
signed to help in 
thermal man-
agement by 
transferring the 
heat from com-

ponents in the PCB to an area where it can be 
safely dissipated. The thermal jumpers are elec-
trically isolated and can be used in both, RF and 
DC applications.  The extra metallization pro-
vides added heat transfer by increasing the ef-
fective area in the thermal path. These thermal 
jumpers are RoHS compliant and are offered in 
BeO and AlN with different sizes and thickness.
Electro Technik Ind.,  
Largo, FL (813) 421-2129,  
www.electrotechnik.com.

Booth 224

Microwave Generator
The new MSYS245 is the compact, lightweight 
and portable solution developed specifically for 
the field of medical microwave ablation.  Fully 
60601 compliant, the MSYS245 microwave 
generator is ready for rapid integration into 
your system design. The MSYS245 uses 

New Waves: EuMW Product Showcase
For more new products, visit www.mwjournal.com/buyersguide  
featuring V  storefronts
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Reading, UK +44 (0) 11 89 87 54 00,  
www.eaglabs.com.

Booth 227

Connectorized Modules
VENDORVIEWV

Hittite offers 12 
connectorized 
module product 
lines that are 
ideal for high 

performance laboratory, industrial and military 
subsystem applications. Standard module func-
tions include amplification, control, logic, fre-
quency conversion and frequency generation 
with operation to 38 GHz.  The HMC-C083 
MicroSynth® is a fully integrated broadband 
synthesizer that sweeps from 2 to 6 GHz in 0.6 
Hz steps, delivers +17 dBm output power with 
excellent SSB  phase noise of -93 dBc/Hz at 100 
kHz offset. This powerful new synthesizer mod-
ule is available from stock and can be custom-
ized for specific applications.
Hittite Microwave Corp., Chelmsford, MA 
(978) 250-3343, www.hittite.com.

Booth 512

Flexible Microwave Cable
HUBER+SUHNER radio frequency assem-
blies comply with the highest demands, and the 
interconnection components that they rely 

on meet the 
highest stan-
dards as well. 
The SUCO-
F L E X ® 4 0 0 
family gives  
you the oppor-

tunity to design with the highest performance 
flexible microwave cable in its class. The 
HUBER+SUHNER SUCOFLEX®400 micro-
wave cable family has been specifically devel-
oped for defence, medical, test and measure-
ment applications, and anywhere the best 
insertion loss and outstanding phase stability 
versus temperature are of the utmost impor-
tance.
HUBER+SUHNER,  
Herisau, Switzerland +41 (0) 71 353 41 11,  
www.hubersuhner.com.

Booth 343

Wafer and Foundry Service
IHP provides its Multi Project Wafer and Found-
ry Service with 0.13 and 0.25 µm SiGe BiCMOS 
technologies on 8-inch silicon wafers. 

Latest devices 
are integrated 
SiGe heterobi-
polar transistors 
with 500 GHz 

fmax and integrated RF MEMS for frequencies 
up to 100 GHz. Displayed in the exhibition are 
high performance analog and mixed signal cir-
cuits, such as 60 GHz transceivers, analog circuits 
up to 200 GHz and DAC components > 20 GSps.
IHP – Innovations for High Performance 
Microelectronics, Frankfurt (Oder), 
Germany +49-335 5625 647,
www.ihp-microelectronics.com/12.0.html.

Booth 336 

3D EM Field Solver
The new version of EMPIRE XCcel 5.51 is 
even further optimised to solve huge simulation 
domains, hundreds of wavelength in size. It is one 
of the leading 3D EM field solvers for RF and 

power monitoring circuit complexity. It effec-
tively replaces active diode detectors and other 
semiconductor devices and dramatically im-
proves circuit reliability.  
EMC Technology,  
Stuart, FL (800) 544-5594,   
www.emc-rflabs.com.

Booth 435

Injection-moulded Absorbers
VENDORVIEWV

Eccosorb® MF-PP represents a family of injec-
tion-moulded absorbers based on a thermo-
plastic material with high magnetic loss. It is the 

ideal absorber 
for medium to 
high volume ap-
plications. Ec-
cosorb MF-PP 
products are 
used as attenua-

tor and termination in waveguides, coaxial or 
stripline applications. Other applications in-
clude phase shifters in phased array antennas 
and structural absorbers for board-level and 
above board EMI suppression.
Emerson & Cuming Microwave Products, 
Geel, Belgium +32 14 56 25 00,  
www.eccosorb.eu.

Booth 423

EMC, Antenna and Wireless 
Testing

ETS-Lindgren is a leader and innovator in EMC, 
antenna and wireless testing. A fully integrated 
company of more than 750 employees supply 
complete test solutions and individual compo-
nents, such as antennas, powerline filters, ab-
sorber and probes. The company’s solutions cov-
er the frequency range of DC to 110 GHz. 
ETS-Lindgren Europe,  
Eura, Finland +358 2 8383 300,  
www.ets-lindgren.com.

Booth 401F

Measurement and Testing
Evans Analytical 
Group (EAG) 
provides materi-
als characteriza-
tion, surface 
analysis and 
electronic test-
ing services for 

the defense and microelectronics industries. 
EAG offers expertise across a full range of mate-
rials measurements and electronic testing, in-
cluding:  SIMS, XPS, XRF, GDMS, TEM, burn-
in/reliability and ESD testing. This extensive 
range of materials characterization and electron-
ic testing services, combined with highly skilled 
scientists provide unmatched capacity that en-
ables fast turnaround time, superior data quality 
and excellent results.
Evans Analytical Group, Shinfield, 

state-of-the-art 
technology to 
produce a high-
ly efficient sys-
tem capable of 
generating vari-
able power in 

excess of 100 W at 2.45 GHz, with superior re-
flection measurement capability and tempera-
ture stability. For industrial and scientific appli-
cations, inquire about the ISYS245.
Emblation Ltd.,  
Inglewood, Alloa, UK  
+44 (1259) 236132,   
www.emblationmicrowave.com.

Booth 133

Smart Detector
VENDORVIEWV

EMC Technolo-
gy’s Smart De-
tector is a pas-
sive, internally 
t e m p e r a t u r e 
compensated, 

true RMS RF power sensor.  Designed to be 
used for power monitoring over a frequency 
range of DC to 6 GHz, it can also be used as a 
high power VSWR detector with an appropriate 
directional coupler. The Smart Detector com-
bines an RF termination and a signal detector 
into one completely passive device, reducing 

New Waves
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optimizing for fast switching speed, low 
phase error and serial or parallel control 
capability. The phase shifters are available 
in 4 mm 24-Lead PQFN packages and fea-
ture a built-in CMOS driver, that allows for 
serial or parallel control. Operating from 

1.4 to 2.4 GHz, the phase shifters maintain low phase error and low attenu-
ation variation over the 360° range. 
M/A-COM Technology Solutions,  
Lowell, MA (978) 656-2500, www.macomtech.com.

Booth 422

Mixed-Signal Active Load Pull Systems
Maury Microwave, partnering with Ante-
verta-mw, has released the turnkey 
MT2000-series of Mixed-Signal Active 
Load Pull systems.  The MT2000 is unique 
in its ability to measure up to 1000 imped-
ance/power states per minute and operate 
under CW, pulsed-CW, multi-tone and 
modulated-signal conditions.  The MT2000 

is the only load pull system with the capability of controlling up to 120 MHz 
of instantaneous impedance response, making it the only suitable solution 
for amplifiers operating under realistic wideband modulated conditions, 
such as WCDMA.  The MT2000 is available in both fundamental and har-
monic load pull configurations.
Maury Microwave Corp.,  
Ontario, CA (909) 987-4715, www.maurymw.com.

Booth 401A 

µWave Wizard™ 
µWave Wizard™’s radiation module now includes a reflector antenna anal-
ysis and optimization tool. The incident EM-field on the reflector is calcu-
lated by using the spherical wave expansion of the radiated horn antenna 
field. The calculation of the farfield of basic reflectors such as parabol, hy-
perbol and ellipsoid is being perfomed by physical optics approximation. 
The radiated reflector field is also available as spherical-wave-expansion. 
The definition of the reflector geometry is completed by just a few param-
eters and includes an automatic mesh generation. Any optimization of the 

microwave antennas, components and sys-
tems. New speed records: cluster solver 
5560 MCells/s, 12 Intel Core i7-920 com-
puters, single PC solver 2650 Mcells/s on 
Intel Dual Xeon X5680 and single PC solver, 
2120 MCells/s on Intel Core i7-2600. For 
further information, visit www.empire.de.

IMST GmbH,  
Kamp-Lintfort, Germany +49 (0) 2842-981-0, www.imst.com.

Booth 622 

Surface-mount Switch
JFW’s latest innovation in high powered 
RF switching is the 50S-1887 SMT. It is a 
surface-mount switch that can handle up 
to 100 W (average RF input power) and it 
is capable of hot-switching 20 W.  The 
50S-1887 SMT is designed to operate 
from 225 to 400 MHz, but other frequen-

cy ranges may be available upon request.
JFW Industries Inc.,  
Indianapolis, IN (317) 887-1340, www.jfwindustries.com.

Booth 225

Signal Integrity Network Analyzer
The LeCroy SPARQ is a new class of instru-
ment: the Signal Integrity Network Analyz-
er. SPARQ, which stands for “S-parameters 
Quick,” is a TDR/TDT-based analyzer that 
measures 40 GHz, up to 12 port S-parame-
ters with a single button press, and at a frac-
tion of a cost of a VNA. Fully automatically 
calibrated measurements can be made in 

minutes, and without any need to connect or disconnect cables to calibration 
kit standards or electronic calibration modules (models from 2 to 12 ports).
LeCroy Ltd.,  
Slough, Berkshire, UK +44 (0) 1753 725377, www.lecroy.com/europe.

Booth 318

Subsystem Designer/Manufacturer 
Link Microtek will highlight its capability to design and 
manufacture RF and microwave subsystems for custom-
ers’ specific requirements. The company offers a com-
prehensive subsystem service, encompassing design, 
fabrication, assembly and test. Working from customers’ 
concepts, Link can design the subsystem in its entirety or 
make recommendations for improvements to the origi-
nal design. The company then sources any standard com-
ponents, produces the necessary customised hardware in 

its in-house machine shop and assembles the subsystem. Finished units can 
be tested at up to 40 GHz in Link’s own test and environmental laboratories. 
Link Microtek Ltd.,  
Basingstoke, Hampshire, UK +44 (0)1256 355771,  
www.linkmicrotek.com.

Booth 124 

Surface-mount Limiter
Linwave is pleased to announce the release of the first 
in a range of high performance system building blocks 
for the radar and EW markets. The QFN packaged 
limiter offers industry leading insertion loss and flat 
leakage performance in a small 5 × 5 mm package, 
along with 50 Ω internal matching for ease of system 
integration. The LW48-700117 is a 5 W CW wideband 
two-stage limiter operating over a 2 to 20 GHz fre-

quency range and is also available with integrated LNAs.
Linwave Electronic Manufacturing Services,  
Lincoln, UK +44 (0) 1522  681811,  
www.linwave.co.uk.

Booth 332

Digital Phase Shifters
VENDORVIEWV

These phase shifters facilitate easy implementation in communication an-
tennas, phased array radars, commercial weather radars and electronic war-
fare receivers. The GaAs PHEMT 4-Bit and 6-Bit digital phase shifters 
meet the high performance requirements of system manufacturers by 
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antenna performance parameters, including the 
reflector, is supported.
Mician GmbH,  
Bremen, Germany +49 421 168 993 51, 
www.mician.com.

Booth 322

Precision Fixed Attenuator
VENDORVIEWV

BW-S20-2W263+ is a coaxial precision 
fixed attenuator. Features of this  

2 W, 20 dB atten-
tuator include 
DC to 26 GHz, 
precise attenua-
tion, excellent 
VSWR (1.07 typ-
ical) and stainless 
steel SMA male 

and female connections. Applications include 
matching, instrumentation and test set-ups.
Mini-Circuits,  
Brooklyn, NY (718) 934-4500,  
www.minicircuits.com.

Vector Signal Analyzer
The NI PXIe-
5665 is one of 
the highest per-
formance vector 
signal analyzers 
(VSA) in the 
market with a 
frequency range 

of 20 Hz to 14 GHz, a phase noise of -129 dBc/
Hz at a 10 kHz offset and an average noise floor 
of -165 dBm/Hz. This instrument is 20 times 
faster than traditional boxed instruments for au-
tomated tests, can support multiple wireless 
and data standards, such as WCDMA and LTE, 
and can be synchronized to less than 1° for 
phase coherent and MIMO applications.
National Instruments,  
Austin, TX (800) 258-7022, www.ni.com.

Booth 517

PXI RF Switches
Pickering Inter-
faces is expand-
ing its range of 
PXI RF switches 
with the intro-
duction of the 40 
to 755 multi-
plexer, which 
supports up to 
10 off SP4T RF 

switches in a single module and is available in 
two different versions based on a common 

New Waves

switch design. The high density version occu-
pies just one slot of a 3U PXI chassis and uses a 
multi-way connector that is suitable for switch-
ing frequencies to 500 MHz. The higher fre-
quency two-slot version uses SMB connectors 
and is suited for switching signals to 1.8 GHz. 
Pickering Interfaces,  
Clacton-on-Sea, Essex, UK  
+44 (0) 1255 687900,  
www.pickeringtest.com.

Booth 533

Oscilloscope Series
The PicoScope 
9000A Sam-
pling Oscillo-
scope Series are 
multi-function, 
all-in-one in-
struments for 
characterising 

electrical or optical signals, pre-compliance test-
ing of data communication/telecom signals and 
TDR/TDT testing. Unlike traditional, bulky 
bench-top instruments that contain a PC and a 
display, the PicoScope 9000A Series takes very 
little space on your workbench. The analyser 
connects to any Windows computer with a USB 
port. There are no extra software modules to 
buy – all the software you need is included in the 
initial cost.
Pico Technology,  
St Neots, UK +44 1480 396 395,  
www.picotech.com.

Booth 114

Extended Range Filters
Pole/Zero, designer and supplier of agile RF fil-
ters for communications, cosite, EW, SIGINT 
and other high dynamic range applications intro-
duces two of the smallest 30 to 512 MHz agile 
Extended Range Filters (ERF) on the market.  
The MINI-ERF and MICRO-ERF SMT devices 
integrate high performance 30 to 512 MHz filter 
technology with 1 W and 1 mW power handling, 
respectively. Both filters provide selectable Par-
allel or Serial Peripheral (SPI) control interfaces 
and both SMT packages have been qualified to 
25 G vibe and 40 G shock profiles.
Pole/Zero,  
West Chester, OH (513) 870-9060,  
www.polezero.com.

Booth 235 

Printed Circuit Boards
P.W. Circuits Ltd. manufactures a diverse 
product range – flexi, flexi rigid, copper/in-
var/copper, controlled impedance, high layer 
count multilayers, heatsink, bonding, micro 
vias, buried and blind vias and double/single 
sided printed circuit boards. A wide range of 
materials – FR4, polyimide film, ED/RA, Rog-
ers, Arlon, phonolic, aluminum backed copper, 
PTFE, ceramic, high TC FR4 and various cop-
per weights and finishes – are available.
P.W. Circuits Ltd.,  
South Wigston, Leicester, UK  
+44 (0)116 278 5241,  
www.pwcircuits.co.uk.

Booth 537

Omni Directional Antenna
An ultra-wideband omni directional antenna 
covering the frequency range 1 to 40 GHz,  it is 
appealing to a wide variety of organisations in-
volved in monitoring and managing the RF 
spectrum. The antenna is a versatile, small sized, 
unobtrusive substitute for multiple  

2135 Ringwood Avenue
San Jose, CA 95131

Email your resume to 
Attention:Sandeep Sareen 
sales@akoninc.com (email)
(408) 432-1089 (fax)

We are looking for talented  
engineers with 5-7 years expe-
rience in the design of RF 
microwave components such 
as amplifiers, power dividers, 
multiplexers who want utilitze 
their technical expertise in a 
sales and marketing career. sales and marketing career. 
BSEE or higher required.

We are also looking for sales 
and marketing professionals 
with 7-10 years experience in 
the RF/Microwave compo-
nents and subsystems 
industry.

LOOKING FOR
A CAREER CHANGE
IN SALES AND 
MARKETING?
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series is being 
expanded to 
1.85 mm, DC to 
65 GHz, version 
in a high and low 
silhouette 

mounting block. These high performance con-
nectors are designed to provide the industry’s 
lowest VSWR for single-layer or multilayer cir-
cuit boards with the microwave layer on top. 
They are ideally suited for high frequency chip 
set evaluation, demo boards, test fixtures and 
board characterization. The connector requires 
no soldering, and they are reusable and repair-
able.
Southwest Microwave Inc.,  
Tempe, AZ  
(480) 783-0201,  
www.southwestmicrowave.com.

Booth 432

Hybrid Rotary Joint Assemblies
Spinner is a sup-
plier of hybrid 
systems for 
highly integrat-
ed rotary joint 
assemblies.  The 
whole range of 

applications, such as RF rotary joints, slip rings, 
fibre-optic rotary joints, fast Ethernet transmis-
sion, media joints and encoders, are offered in a 
compact and highly reliable design.
SPINNER GmbH,  
München, Germany  
+49 (0)89 12601-0,  
www.spinner-group.com.

Booth 123

for use in high 
frequency and/
or high reliabili-
ty applications. 
Rogers will be 
showcasing its 
wide range of 

products including RO4000® LoPro™, RT/du-
roid® 6035HTC and RT/duroid 5880LZ high 
frequency laminate materials. 
Rogers Corp.,  
Chandler, AZ (480) 961-1382,  
www.rogerscorp.com.

Booth 118

3D Planar EM software
Sonnet Software introduces the latest in its 3D 
planar EM software, the Sonnet Suites Release 
13, featuring up to 3 faster analysis for large 

circuits, efficient 
micro-via array 
meshing, en-
hanced integra-
tion to its high 
frequency EDA 
design frame-

work partners and introducing diagonal ports 
and components. In Release 13, Sonnet’s entry-
level EM software suites have been revamped to 
double the allowed memory from previous re-
leases and offer more features than ever before.  
Sonnet Software,  
North Syracuse, NY (877) 776-6638,  
www.sonnetsoftware.com.

Booth 429

End Launch Connectors
Southwest Microwave’s End Launch connector 

antennas cur-
rently deployed 
in the electronic 
warfare and sur-
veillance com-
munities. Fea-
tures include a 
VSWR of typi-
cally < 2.3:1, ele-
vation 2 dB 

beamwidth of 102º to 21.4º, gain of -2 to 5.5 dBi 
(1.5 dBi at 2 GHz) and a K type connector. The 
power rating is 20 W CW, the weight is 1.5 kg and 
its size is 100 × 90 mm.
Q-par Angus Ltd.,  
Barons Cross Laboratories,  
Herefordshire, UK  
+44 (0) 1568, 612138, www.q-par.com.

Booth 243

BMR-Spring Connectors
Radiall BMR-
Spring connec-
tors can handle 
a minimum 
board-to-board 
or rack and pan-
el distance tol-
erance of at 

least 0.078" (2 mm) with custom misalignment 
of 3 mm or more. It also features a 6 degree tilt 
radial travel.  It has an operating frequency 
range of DC to 8 GHz, a 1.1 max VSWR guar-
anteed up to 3 GHz, and it can handle up to  
350 W at 2.7 GHz. The Radiall BMR-Spring 
adapter features a unique non-slotted spherical 
interface for improved electrical performance, 
high vibration and shock resistance, and an 80 
dB of shielding up to 3 GHz. A self-alignment 
mechanism makes the BMR-Spring particularly 
ruggedized for blind-mate applications. The 
spring-loaded adapters are symmetrical to avoid 
any assembly issues. Custom configurations are 
also available.
Radiall Inc.,  
Paris, France 0033 149 353535,  
www.radiall.com.

Booth 435

Vector Network Analyzer
VENDORVIEWV

The new R&S 
ZNB from Ro-
hde & Schwarz 
features a dy-
namic range up 
to 140 dB, a 
sweep time of  

4 ms with 401 points and excellent stability. De-
signed for demanding applications in the pro-
duction and development of RF components, 
the R&S ZNB covers the frequency ranges 
from 9 kHz to 4.5 GHz or 8.5 GHz. Its large 
touchscreen allows users to access all instru-
ment functions with no more than three operat-
ing steps and offers plenty of space to display 
the measurement results.
Rohde & Schwarz GmbH & Co. KG, 
Munich, Germany +49-89 4129-12345, 
www.rohde-schwarz.com.

Booth 201

Laminate Materials
VENDORVIEWV

Rogers Corp.’s Advanced Circuit Materials Di-
vision is a global technology leader providing 
high performance laminates and components 

 Satcom • Wireless • Radar • Military • Commercial
 High performance up to 50GHz

• Filters
• Diplexers
• Circulators/Isolators
• Adapters
• Terminations
• Couplers
• OMTs
• Rotary Joints
• Output Assemblies
• Subsystems
• Waveguide Assemblies
• Custom Assemblies

Filtel Microwave Inc.
424 Aime Vincent
Vaudreuil-Dorion, Quebec
Canada, J7V 5V5
Tel: 450-455-6082
E-Mail: sales@fi ltel.com
Web: www.fi ltel.com
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Laser Ablatable Substrate
Taconic will feature Taclamplus, which is a non-reinforced, laser ablat-
able substrate for mm-wave applications, metal based for superior heat 
dissipation and performance, fastrise27, a non-reinforced bondply for 
multilayer, as well as TRF-45, low loss base material with a Dk equivalent 
to FR4. Taconic ADD is a global supplier of RoHS-compliant low-loss 
materials for RF, microwave and high speed digital applications. Its prod-
uct range of high performance materials, with Dk values from 2.17 to 10, 
makes Taconic a market leader and a partner of the RF and PCB industry. 
Taconic Advanced Dielectric Division, Westmeath, Ireland 
+353/44/9396500, www.taconic-add.com.

Booth 442

Thick-Film SOI 
The TowerJazz thick-film SOI process combines a 4/6 met-
al layer 0.18 µm CMOS process with a 1000 -cm high resis-
tivity thick-film SOI substrate and dual gate 1.8 and 3.3 V or  
5 V regular and “native” Vt MOSFETs and a 5 V RF LDMOS and Ft of 19 
GHz and BVDSS of 20 V. The 3.3 and 5 V FETs facilitate the integration 
of HVCMOS blocks, the 1.8 V FETs are suitable for the design of logic 
functions. The LDMOS device provides for reliable, high performance 
RF power devices.
TowerJazz,  
Newport Beach, CA (949) 435-8181,  
www.towerjazz.com.

Booth 515

Digital Variable Gain Amplifier
VENDORVIEWV

TriQuint’s innovative TQM8M9077 is the 
first of three new integrated digital vari-
able gain amplifier solutions the company 
will release that offer high linearity over 
the entire control range (50 to 4000 
MHz), low noise and digital variable gain 

with 31.5 dB range in 0.5 dB steps through a 6-bit serial mode control 
interface. The product includes matching circuits – no external matching 
is required, which can reduce the BOM. The TQM8M9077 comes in a 5 
 5 mm standard surface-mount leadless package and is ideal for 3G/4G 
base station transceiver and repeater applications. 
TriQuint Semiconductor,  
Hillsboro, OR (503) 615-9000,  
www.triquint.com.

Booth 323

Precision Trimmer Capacitors
Voltronics Corp. designs and manufactures precision trimmer capacitors. 
The company’s engineering team works with customers to develop tech-
nologies to solve all  tuning needs. Voltronics trimmers include air, glass, 
sapphire and PTFE dielectrics that can be used from 1 MHz to more than 
2 GHz and at voltages up to 15 KV. Voltronics also offers a line of non-
magnetic components for the NMR and MRI industries.
Voltronics Corp.,  
Denville, NJ (973) 586-8585, 
www.voltronicscorp.com.

Booth 235

Foundry Services
WIN Semiconductors Corp., established in 1999, has become the world’s 
largest 6" GaAs pure-play wafer foundry. Its current capacity from 2 fabs 
is 14,000 wafers per month. In addition to 1 µm, 2 µm and high volt-
age HBT processes, 0.5 µm E-D, 0.15 µm low noise and power, HFET, 
BiFET(H2W), and Ka/Ku-band 0.25 µm PHEMT processes, WIN is now 
offering 8 V, 0.25 µm and 0.1 µm power PHEMT processes. WIN has an 
experienced technical team, mature manufacturing capability and a pure-
play business model.
WIN Semiconductors Corp.,  
Tao Yuan Shien, Taiwan +886-3-397-5999,  
www.winfoundry.com.

Booth 223
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New Waves

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

Over-The-Air Testing of Diversity and MIMO 
Capable Terminals
Jamsa, Malm – Elektrobit; Gross, Scannavini - SATIMO

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

Frequency Matters .

 
Phased Array Antenna Design Using Matlab and 
HFSS 
White Paper, ANSYS 

 
Coexistence Tips the Market for Wireless System 
Simulation
Chris Aiden, Mathworks

3D Electromagnetic Field Simulation in Microwave 
Ovens: a Tool to Control Thermal Runaway
Presented by COMSOL

 
Active Device Characterization in Pulsed  
Operation Using the PNA-X
White Paper, Agilent Technologies
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www.vectrawave.com contact@vectrawave.com
IMS booth #4513

X Band HPA and MPA

HPA 8 12 GHz 17dB 40dBm VWA 50028 AA
HPA SMA package VWA 00080 AA
MPA 8 12 GHz 22dB 27dBm VWA 50035 AA
MPA SMA package VWA 00097 AA
Power controller VWA 50011 AA

ULTRA-WIDE BAND MMIC

MPA DC 28GHz 17dB 21dBm VWA 50014 AA
MPA DC 35GHz 10dB 15dBm VWA 50015 AA
MPA DC 35GHz 14dB 18dBm VWA 50015 AB
MPA DC 35GHz 10dB 15dBm VWA 50015 AC
MPA DC 45GHz 11dB 15dBm VWA 50025 AA

MPB-2090
June 14, 2005
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Colors: 4C
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Format: live

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 – WILTON – NH – 03086
(603) 654-2002 – Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com

S HP

REVOLUTIONARY 
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of 
MIL-STD-348, but utilize unique housing 

interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package materials

MPB-4181
Date: June 13 2011
Set By: JRL
Colors: 4
Size: micro
Format: PDF

Modco MCR840-870MC covers 
840MHz to 870MHz with a Tuning 
Voltage of 1.0Vdc to 12Vdc. It has 
exceptionally low Phase Noise of 
-130dBc @ 10kHz offset. Package is 
industry standard 0.500 inch square 
and height of 0.235 inch

www.modcoinc.com

29th

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+ with Models to 110 GHz

MICRO-ADS

Westford, MA 
978-692-6180
LaserServicesUSA.com

Frozen epoxies & absorber materials 
in stock.
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ISBN: 978-1-60807-057-2 
$139/£92

For complete descriptions and to order, visit 
ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

Volume I: Fundamentals and 
Radiometry
Presents the fundamentals of microwave 
measurements of the Earth and develops the 
concepts necessary for designing systems 
that can observe the Earth with microwaves.
Hardcover. 456 pp. 1981
ISBN: 978-0-89006-190-9  $49/£32

ARTECH HOUSE

ARTECH HOUSE

Volume III: From Theory to 
Applications
Offers expert guidance on active and passive 
microwave remote-sensing applications, vol-
ume scattering and emission theory. 
Hardcover. 1120 pp. 1986
ISBN: 978-0-89006-192-3 $49/£32

685 Canton Street, Norwood, MA  02062  USA 
16 Sussex Street, London SW1V 4RW UK

B O S T O N   L O N D O N

Classic Microwave Remote Sensing 
Volumes Are Back in Print…

At New Low PRiCeS!

Volume II: Radar Remote Sensing 
and Surface Scattering and 
Emission Theory
Covers the fundamentals of radar scattering 
measurements of land and ocean surfaces 
and reviews system-design aspects for scat-
terometers, as well as for real-aperture and 
synthetic-aperture imaging radar systems.
Hardcover. 608 pp. 1982
ISBN: 978-0-89006-191-6 $49/£32

Microwave Remote Sensing: Active and Passive
Fawwaz T. Ulaby, University of Michigan, Richard K. Moore, 
University of Kansas, Adrian K. Fung, University of Texas

“Monumental as a compilation of the present engineering state of the 
art of microwave remote sensing.” —international Journal of Remote Sensing

Special Low Price on the Complete Three-Volume Set!  $99/£66

THE BOOK END

T he history of magnetic materials 
began with spinel ferrites, but the 
discovery of ferromagnetic gar-

nets began a period of intense activity 
through to the late 1970s. With more of 
these devices being produced to more 
stringent requirements for today’s cel-
lular phones, the body of information 
generated in the 1970s is being rein-
vestigated and expanded to explain and 
improve today’s materials and devices.
This book hopes to fi ll the consequent 
generation gap in experience.

Dielectric materials, by contrast, did 
not become a topic of major interest for 
microwave engineers until the cellular 
revolution, and there is a much more 
continuous thread of development of 
plastic composites, laminates and ce-

The book is aimed mostly at engi-
neers designing components like fer-
rite isolators and circulators, dielectric 
based fi lters, and antennas and radomes 
where there are signifi cant specialist 
materials requirements. Because of the 
emergence of tunable device applica-
tions, a section on the potential tuning 
attributes of ferrimagnetic, dielectric 
and paraelectric materials is presented.  
This book is a good introductory piece 
on the subject and it is written by an in-
dustry expert so it presents a practical 
approach for engineers and managers.

ramic materials from then until now. 
It seems likely the continuous pressure 
to reduce size in wireless infrastructure 
will continue to fund the search for 
the ultimate material: a high dielec-
tric constant, high Q material that is 
temperature-stable, cheap and readily 
available.

This book tries to bridge the gap 
between the engineers, scientists and 
students of RF and microwave engi-
neering involved in passive devices, 
and the corresponding group who 
design and manufacture materials for 
them. This includes managers directly 
or indirectly involved in the manufac-
ture and use of these materials. The 
intention is to give a more system-
atic understanding of the chemistry 
and physics of the materials for RF 
and microwave engineers and to pro-
vide some insight into the microwave 
world for materials engineers.  The 
treatment is intended to be nonmath-
ematical wherever possible, but some 
knowledge of chemistry and micro-
wave engineering is assumed.

Microwave 
Materials 
for Wireless 
Applications

David Cruickshank, 
TransTech Inc.

To order this book, contact:
Artech House, 685 Canton St., 

Norwood, MA 02062
(800) 225-9977; 

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

+44 (0)20 7596 8750

Pages: 250, $199, £66
ISBN: 978-1-60807-092-3

See us at EuMW Stand 35
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Networks...Attaining the Value

Baltimore Convention Center

Baltimore, MD

Nov. 7–10, 2011

www.milcom.org

Registration
now open

 www.milcom.org 
early bird rates  |  technical program  |  conference agenda

Technical
Program Tracks:
Track 1: Waveforms and Signal Processing

Track 2: Network Protocols and Performance

Track 3: Cyber Security and Network Operations

Track 4: Middleware Services and Applications

Track 5: Communications and Network Systems

Track 6: Department of Defense Programs

Confi rmed
Speakers Include:

GEN Ann E. Dunwoody, USA
Commanding General

U.S. Army Materiel Command

Lt Gen Michael Basla, USAF
Vice Commander

Air Force Space Command

LTG Susan S. Lawrence, USA
Chief Information Offi cer/G-6

U.S. Army

Lt Gen Ellen M. Pawlikowski, USAF
Commander

Space and Missile Systems Center

Air Force Space Command

 www.milcom.org www.milcom.org www.milcom.org www.milcom.org

Proud to host MILCOM 2011

For more information on becoming an exhibitor, please contact:  J. Spargo & Associates, Inc. at milcom@jspargo.com or 703-631-6200
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For your leading-edge synthesizers, local oscillators, and Satellite up/down converters, Mini-Circuits 
offers a large selection of broadband doublers, triplers, quadruplers, and x12 frequency multipliers. 

Now generate output frequencies from 100 kHz to 20 GHz with excellent suppression of fundamental frequency 
and undesired harmonics, as well as spurious. All featuring low conversion loss and designed into a wide 
array of, off-the-shelf, rugged coaxial, and surface mount packages to meet your requirements. 

Visit our website to choose and view comprehensive performance curves, data sheets, pcb layouts, 
and environmental specifications. And you can even order direct from our web store and have a unit 
in your hands as early as tomorrow!     
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 Frequency Multipliers
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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 
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MWJ Puzzler

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

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

answers available online at www.mwjournal.com

Address unknown

Mr. House would like to visit his old friend Mr. Street, who is living in the main street of a small village. 
The main street has 50 houses divided into two blocks and numbered from 1 to 20 and 21 to 50. Mr. 
House has forgotten the number, so he asks a passer-by, who replies “just try to guess it.” Mr. House 
likes playing games and asks three questions:
1. In which block is it?
2. Is the number even?
3. Is it a square?
After Mr. House has received the answers, he says: “I’m still in doubt, but if you’ll tell me whether 
the digit 4 is in the number, I will know the answer!” Then Mr. House runs to the building in which he 
thinks his friend is living. He rings, a man opens the door and it turns out that he’s wrong. The man 
starts laughing and tells Mr. House: “Your advisor is the biggest liar of the whole village. He never 
speaks the truth!” Mr. House thinks for a moment and says “Thanks, now I know the real address of 
Mr. Street.”
What is the address of Mr. Street?

Infected?
Suppose that 1 out of 1000 people of a specific country are infected with the deadly X-virus. An in-
habitant of that country goes to the hospital and gives some blood for a survey. Her blood is checked 
on the X-virus by a test that gives a correct outcome in 99 percent of the cases. The test points out 
that the woman is infected. After the investigation, a doctor tells the woman that he is 99 percent 
sure that she is infected with the X-virus. Can the doctor be right by making this worrying statement?    

Workaholic Engineer

On a particular evening, an engineer decides to work some hours at his office in London because his 
wife goes out with her friends. After some hard work, he opens the curtains of his office and looks 
outside (see the picture). Immediately he starts to panic. Why?   
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As good as PTS synthesizers
look on paper...

...they look even better
in your system.

www.programmedtest.com
1-978-486-3400

Value
Configure a system to 
fit your needs with our vast 
selection of options

Fast Switching
20 µs frequency 
switching broadband

Selection
Over a dozen models from 
0.1 MHz to 6.4 GHz; custom 
configurations available

Reliability
3-year warranty, 
first in the industry

Low Spurious, 
Low Noise
As low as -152 dBc/Hz 
(100 MHz output, 
100 KHz offset)

For years, engineers and OEMS alike have relied on PTS
frequency synthesizers for unmatched stability, speed, and
spectral purity. With the most complete line of frequency
synthesizers available in the industry, PTS produces fast
switching, low noise synthesizers with the best

performance-to-price ratio on the market. Choose from
over a dozen different models or design your own custom
configuration to meet your testing needs. Visit our website
for complete product specifications and to download a
catalog, or call today to request a printed catalog.
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