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electromagnetic compatibility, and significantly
increase the equipment design complexity,
manufacturing costs and system weight. 

One factor in particular that is gaining more
and more importance is the noise exhibited by
electronic modules. Today it is mandatory to
realise high frequency receivers with very low
noise behaviour. This requirement conflicts
with the demand for increased operating fre-
quencies, the reduction of power consumption
and the rise in the number of users. Further-
more, the presence of several transmitters op-
erating simultaneously on the same platform
with multiple receivers requires very high dy-
namic range receivers, ultra-clean transmitters
and careful attention to the overall electromag-
netic compatibility design of the system. This
usually requires filtering on both transmitters
and receivers to ensure that they do not inter-
fere with each other. Furthermore, the multi-
plication of the standard requires electronic
modules to possess a certain degree of agility in
order to optimise communication. The receiver
or the transmitter has to switch to the standard
or to the operator featuring the more efficient
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ROBERT PLANA
CNRS
Paris, France

The ‘information age’ has seen the signif-
icant emergence of wireless applica-
tions mainly dedicated to improving the

quality of people’s lives (especially disabled
and senior citizens), improving health, in-
creasing the efficiency of air and road traffic,
and bettering the environment. Over the last
twenty years there has been a radical change
from the days when communications were ex-
clusively dedicated to military and govern-
mental applications serving relatively few
users to the situation today where the trend
has been reversed with most applications de-
voted to the civilian market. The result is a
huge increase in the number of customers, to-
gether with an increase in the number of ap-
plications, which results in an overcrowded
frequency spectrum resulting from the contin-
uous rise in the allocated frequencies and a
radical change concerning the performance of
the electronic modules required.

As is evident, there are various factors im-
pacting on the development of RF components
and systems that are being researched and in-
vestigated. For general communications sys-
tems, for example, there is the continuous
movement towards smaller, secure systems that
have increased functionality and reduced pow-
er consumption. These demands place severe
constraints on circuit power dissipation and

WHAT’S HOT
IN RF COMPONENTS
AND SYSTEMS
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III-V-based materials are still offering
superior performance with respect to
alternative silicon-based technology.

As for materials for passive ele-
ments, we are seeing that the multi-
layer approach results in an improve-
ment in electromagnetic propagation.
The use of polymer technologies
(through thick layer) is an interesting
alternative, especially as it is easily
compatible with any other technology
(such as GaAs, GaN, InP and SiGe). 

Another solution that is emerging
is the exploitation of the microma-
chining capabilities of semiconductor
materials such as silicon, GaAs and
InP. In particular, silicon is a very
promising candidate as it is very easy
to micromachine and all the techno-
logical processes are very mature. Ad-
ditionally, these technologies will be
compatible with the integrated cir-
cuits (IC) process (including digital
ones) that will make it possible to re-
alise high frequency modules featur-
ing a high level of integration. Anoth-
er attractive advantage of silicon-
based technologies relates to its
mechanical properties that make it
possible to realise mobile regions
through electrostatic, magnetic or
thermal excitation that will result in
devices featuring tuneable behaviour. 

All these concepts come under the
name of microelectromechanical sys-
tems (MEMS). MEMS technology of-
fers the performance advantages of
electromechanical components on size
scales commensurate with single solid-
state components. In many cases, a
single MEMS component replaces
and outperforms an entire solid-state
circuit. In other cases, a judicious as-
sociation of MEMS components with
active devices will result in smart com-
municating devices. This defines a
new concept for microwave and mil-
limetre-wave systems that will com-
bine MEMS technology with integrat-
ed circuits. This concept is referred to
as MEMSIC and could be achieved in
two different ways. One option is
MEMS in IC, where all the devices
are fabricated on the same chip and
the appropriate micromachined
process executed to improve the per-
formance of the passive circuit, release
the multifunctionality properties and
have the antenna surrounding the
chip. This approach is risky and proba-
bly will be developed in five to 10
years. A less risky approach consists of
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characteristics. There are also similar
requirements concerning battery and
performance management. In fact, re-
lating to the electromagnetic environ-
ment, the performance of the receiv-
er/transmitter can be more or less re-
laxed in order to save energy, which is
a key issue in the case of portable
communications. In this case the sys-
tem has to be smart enough to choose
the best configuration by trading off
the electrical performance (that is, lin-
earity and noise figure) and the power
consumption.

These requirements can be sum-
marised by the statement: “The RF
chip has to work properly anywhere,
anytime and has to be as cheap as
possible.” The task of the system de-
signers then can be tricky, as they
have to identify the technology that
will meet all of these requirements.
To do so, the different ways that are
being investigated today include:
• Miniaturisation
• Multifunctionality
• Heterogeneous integration
• Convergence between hardware

and software technologies

These four main issues are explored
through research at the material, tech-
nology, design, modeling and architec-
ture level. With regards to the material
level, competition now exists between
the conventional approach that has
been used in the past (GaAs, InP) and
silicon-based materials (SiGe, MOD-
FET, SiGe and HBT). For III-V
based-materials, the more promising
way seems to be the ‘metamorphic’
HEMT that combines the advantages
of InP materials with those offered by
GaAs. Furthermore, there is still re-
search into heterogeneous epitaxy to
grow III-V-based materials on silicon
substrates and the emergence of a new
family of nitride-based materials. GaN-
based technology is showing very at-
tractive capabilities for power applica-
tions in very harsh environments and
has recently demonstrated interesting
potential in the field of low noise appli-
cations, opening the way for very high
integrated microwave systems in such
conditions.

Concerning the silicon-based ap-
proach, SiGe-based technology
(MODFET and HBT) is currently
exhibiting frequency performance in
the 400 GHz range. At the same time
CMOS silicon-on-insulator (SOI) is
showing significant potential with fre-
quency performance above 100 GHz,
thus opening up new paths for very
highly integrated receivers featuring
both analogue and digital processing
potential offering more intelligence.
CMOS for high frequencies necessi-
tates research into dielectric materi-
als in order to overcome the very
high leakage current associated with
reduced dimensions. This is achieved
by using ‘high k’ material.

Finally, researchers are investigat-
ing an alternative approach that ex-
ploits nanomaterials and nanotech-
nologies. Some interesting results have
already been produced that present
the potential of carbon nano tubes,
nanowires and the DOTFET ap-
proach that uses the quantum proper-
ties of a germanium-based island.

With regard to passive elements,
the situation is becoming more com-
plex as it is difficult to have materials
featuring low insertion loss and a high
quality factor from the microwave to
millimetre-wave range. This is a major
issue, particularly for miniaturisation,
multifunctionality and heterogeneous
integration. Here, we are seeing that

COVER FEATURE

 2M27 FINAL  1/30/06  10:35 AM  Page 24

http://www.locusmicrowave.com
http://mwj.ims.ca/7956-57


9 2 7  T h o m p s o n  P l .  •  S u n n y v a l e ,  C A  9 4 0 8 5  •  4 0 8 - 5 2 2 - 3 8 3 8  •  F a x  4 0 8 - 5 2 2 - 3 8 3 9
w w w . t e l e d y n e - c o u g a r . c o m   •  e m a i l :  A m p @ c o u g a r c o r p . c o m

Te l e d y n e  Co u g a r  –  
b u i l d i n g  q u a l i t y  h i g h  p e r fo r m a n c e  

R F  a n d  m i c rowa ve  c o m p o n e n t s  
fo r  ove r  18  ye a r s .

ISO 9001-2000 • MIL-PRF-38534 
Class H & Class K Certified

Teledyne Cougar’s acquisition of the Avnet MTS product
lines and value-added services benefits Cougar customers
not only with the addition of MTS’ line of standard RF and
microwave components, but also now provides one-stop
shopping for all value-added requirements.

Environmental Screening

Electrical Test Capabilities

Microcircuit and Semiconductor
Die Evaluation

Passive Element, Substrate,
and Package Evaluation

Standard Hybrid Assembly - 
Build to Print

Standard Hybrid Screening Flow

Die Packaging, Sorting,Testing

Custom and Standard Packaging

Carrying on the Avnet MTS heritage of successful value-added
services, Cougar supports standard military specifications, and
customer proprietary requirements. We offer full-service MIL-
PRF-38534, MIL-PRF-38535, MIL-PRF-19500, and MIL-STD-883
screening and program management capability.

For more detailed information, please contact 
our Teledyne Cougar sales staff, or check online.

VALUE-ADDED
SERVICES

VALUE-ADDED
SERVICES

grafting the functionality on existing
integrated circuits that is known as
‘MEMS above IC.’ Here, the system
performance is tailored by grafting ad-
ditional material and devices above
the integrated circuits that could also
include the antenna.

MEMS technology can also aid in
the development of new transceiver
architecture based on mechanical res-
onance properties, which today can be
used in the 10 to 100 MHz range (the

only limitation being related to the
size of the component). However,
moving to the ‘nanoscale world,’
specifically nano electromechanical
system (NEMS) devices will see a
transfer to resonance frequencies in
the microwave range. The general be-
lief today is that future telecommuni-
cations systems will encompass such
devices. Nevertheless, it is important
to assess their performance and to in-
vestigate the best technological

process in terms of cost, reliability,
performance and compatibility with
integrated circuits. Besides these ef-
forts at both the material and technol-
ogy level, it is also important to assess
the efforts that will be needed in the
field of modeling, design, and compo-
nent and system architecture.

As for the design and modeling,
miniaturisation, multifunctionality and
heterogeneous integration in relation to
an increase in the multi-physic cou-
pling and the multi-scale problems,
which are currently not very well cov-
ered by commercial tools, it is impor-
tant to develop research in this area. It
is also understood that now we have to
take into account all of these phenome-
na in the design process and it is impor-
tant to develop a modeling strategy that
will integrate these issues.

The requirements for the compo-
nent architecture are on a different
level. First of all, we need to define a
component architecture that features
high bandwidth characteristics in or-
der to cover high bit rate require-
ments. Another important considera-
tion is the power amplifier where it is
crucial to feature high power-added
efficiency and exhibit high reliability.
In the field of low level signals and
ultra stable signals and clocks, the key
challenges are to fabricate low noise
amplifiers that are not affected by the
matching termination and feature ul-
tra-low noise figures and high band-
width. For RF and microwave
sources, the phase noise is a quantity
that determines the performance of
the overall transceiver, and efforts are
being made to propose architectures
that minimize the phase fluctuations.
Finally, for all these components, it is
important to assess their potential for
the reconfigurability that is achieved
in different ways — the analogue ap-
proach using MEMS technologies
and the digital one using the CMOS
gates.

System architectures will need to
be very compact, very secure and
composed of the relevant building
blocks in order to have a very robust
design phase. This is a major issue in
the effort to develop highly complex
microwave and millimetre-wave sys-
tems featuring reconfigurability, and
repair and testability functionalities.
Here, the architecture should be re-
visited as there needs to be high con-
vergence between analogue and digi-
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tal technologies so as to better exploit
the potential of each approach. To-
day, for instance, there is a tendency
to avoid the testing of microwave and
millimetre-wave systems by having
the test facilities embedded in the
chip itself. This is defining a new
family of systems called millimetre-
wave built in self-test (MWBIST) cir-
cuits. Another very promising appli-
cation is the development of sensor
networks deployed ‘everywhere,’ fea-

turing a very high level of autonomy
and intercommunication to carry out
different missions. In this field, re-
search is being instigated to develop
ultra small intelligent systems utilis-
ing sensors, actuators, information
processing and communication media
through ad hoc networks. These ultra
small systems will need to feature ad-
vanced architectures combining ana-
logue and digital facilities and should
have some software embedded.

These small communicating sys-
tems are known as ‘smart dust’ and
represent a key challenge for mi-
crowave and millimetre-wave systems
as they will combine hardware and
software architectures in order to fea-
ture advanced functionalities and in-
telligence. They will be used in dif-
ferent applications in the industrial,
civil and health sectors as well as the
defence sector. This kind of RFID
network is beginning to be imple-
mented, although there is a strong
need for networks featuring a high bit
rate and then communicating in the
millimetre-wave range.

This will necessitate research efforts
at the material level in order to empha-
size the heterogeneous integration,
miniaturisation and multifunctionality.
At the system level, research will be
conducted in the design and architec-
ture phase in order to define appropri-
ate partitioning between hardware and
software technologies to have intelli-
gence embedded in these smart dusts.

As a final conclusion, future RF
systems will result from a two-fold
convergence in order to give some in-
telligence and autonomy to these sys-
tems — a convergence between dif-
ferent technologies and materials, and
a convergence between hardware and
software technologies. They should
also be as small as possible to be trans-
parent with respect to potential users
that will be surrounded by billions of
chips proposing services for different
sectors. This will be the wireless revo-
lution for ubiquitous communication
that will be a strong economical chal-
lenge in the 21st century.  ■

Robert Plana was
appointed director of
the information and
communication
department at CNRS in
2005 and is now
director of the
engineering sciences
department. In 2000,
he became professor at
Paul Sabatier
University and Institut

Universitaire de France, and started a research
team at LAAS-CNRS in the field of micro and
nanosystems for RF and millimetre-wave
communications. Its main activities are in the
technology, design, modeling, test,
characterisation and reliability of RF MEMS
for low noise and high power millimetre-wave
applications, and the development of the
MEMS IC concepts for smart microsystems.
He has also built the AMICOM European
Network of Excellence in this field, which
encompasses 25 research groups.
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ment applications require more sophisticated security as pro-
vided by Harris Falcon II Tactical Radios, utilizing Harris
Citadel® military-grade encryption and anti-jam technology.
Falcon Watch also features capabilities for digital imaging
and the option to display data and images on the Harris RF-
6910 Falcon II Situational Awareness system.

The US Air force has
awarded Northrop

Grumman Corp. a five-
year, $532 M contract for
the Joint Surveillance Tar-
get Attack Radar System
(Joint STARS) System Im-
provement Program to pro-
vide system design and de-
velopment improvements
to the E-8C Joint STARS

fleet. The contract covers the engineering, design, devel-
opment, integration, test and delivery of various enhance-
ments and upgrades to the Joint STARS fleet for the peri-
od of the contract. It also includes items such as technical
orders, support equipment, initial spares and training and
procurement of production and support system retrofit
kits and documentation. 

“This is an important step toward upgrading these low
density, high demand aircraft to maintain their viability to
the warfighter,” said Dave Nagy, vice president of the
Joint STARS program for Northrop Grumman. “Joint
STARS will be the Defense Department’s intelligence,
surveillance and reconnaissance constellation for many
years to come, so it is important that we can continue to
add capability to this unique aircraft.” The E-8C Joint
STARS is the world’s most advanced, wide-area airborne
ground surveillance, targeting and battle management
system. It detects, locates, classifies, tracks and targets
hostile ground movements, communicating real-time in-
formation through secure data links with Air Force and
US Army command posts. 

All Joint STARS aircraft are assigned to the Georgia
Air National Guard’s 116th Air Control Wing, a “total
force blended wing,” based at Robins Air Force Base,
Warner Robins, GA. The wing comprises active-duty Air
Force, Army and Air National Guard personnel.

Development of an air-
borne radar that can

search broadly for ground
targets while transmitting
data about them at Ka-band
is the objective of the Af-
fordable Adaptive Confor-
mal ESA Radar (AACER)
program awarded to
Raytheon by the Defense
Advanced Research Project

Agency (DARPA). Raytheon was selected to proceed with
Phase II of a planned three-phase, four-year program after a

AACER System

Would Detect

Ground Targets

Northrop Grumman

Receives Joint STARS

Upgrade Contract

Worth $532 M

Harris Corp. unveiled an
advanced sensor system

product line that offers re-
mote, unattended intrusion
detection and surveillance
capabilities ideally suited to
the defense of military in-
stallations and perimeters, as
well as for the protection of
borders and other assets as-
sociated with homeland de-

fense. The Harris Falcon Watch™ Remote Intrusion Detec-
tion and Surveillance system was developed by the Harris
Sensor Systems Group, which is part of a new growth initia-
tive within the Harris RF Communications Division, char-
tered to design products that are synergistic with the divi-
sion’s highly successful tactical radio business and adjacent
markets. The Falcon Watch system includes the RF-5405 In-
telligent Gateway, a communications node that receives
alarms from multiple sensors and fuses the data into action-
able reports for relay to command centers; and the RF-5400
Falcon® II Sensor Node, which is integrated with Harris Fal-
con® II tactical radios to provide situational awareness for the
mobile user. The Harris Falcon Watch system utilizes seis-
mic detectors, which detect ground vibration caused by vehi-
cles or pedestrians; magnetic detectors, which detect the
movement of metal objects such as weapons or vehicles; and
passive infrared (PIR) sensors, which detect the movement
of thermal signatures such as vehicles or pedestrians. The in-
put is processed at the point of detection and then the result-
ing alarms are transmitted by radio to a monitoring point.
Multiple radio relay nodes can be used to extend the system
to protect larger-scale perimeters. The Harris Falcon Watch
system is modular and configurable to address a broad range
of threat or topographical environments. The system is
specifically designed to withstand the rigors of harsh environ-
ments while operating in remote locations for very extended
periods without battery replacement. The Harris Falcon
Watch system detects the movement of vehicles and people
while filtering out non-threatening, naturally occurring
events. It transmits alarms to the Harris Falcon II RF-
5400V-HH Advanced VHF Tactical Handheld Radio or the
Falcon II RF-5800M-HH Advanced Multiband Tactical
Handheld Radio. This allows the user to receive real-time
sensor alerts directly, without carrying additional monitoring
hardware. The sensor alarms can also be displayed by the
Harris RF-6910 Situational Awareness System to provide a
complete operational picture at a command center. The Fal-
con Watch Sensor system is available in various configura-
tions. The Force Protection configuration is ideal for tactical,
on-the-move missions by smaller squads and for temporary
set-ups and deployments. It is small, lightweight, easy to use
and features extended operational life as a result of its ad-
vanced low power techniques. Tactical radio integration re-
sults in less equipment that the soldier is required to carry
and provides immediate notification of area intrusions. The
Perimeter Surveillance of the Falcon Watch Sensor system is
designed for applications requiring more complex detection
and surveillance such as military installations, weapons de-
pots and power-generation facilities. These extended deploy-

Harris Corp.

Introduces Falcon

Watch Remote

Surveillance System
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competitive down-select at the end of Phase I with Northrop
Grumman Electronics Systems. The AACER system is a
DARPA funded program being administered by the US
Army Research Laboratory in Adelphi, MD. Intended for
use on rotary, unmanned aerial vehicles in development by
DARPA and the Army, the AACER system will feature
ground moving target detection and track, dismount detec-
tion, synthetic aperture radar imaging and high data rate
communications capability at Ka-band. The technology for
electronic processing combines elements of Raytheon’s
APG-79 electronically scanned array radar for the F/A-18
and seeker technology from the company’s Advanced Medi-
um Range Air-to-Air Missile with innovative new low cost
millimeter-wave hardware designs.

A Raytheon Co.-pro-
duced Standard Mis-

sile-3 (SM-3) destroyed a
ballistic missile target out-
side the earth atmosphere
during a Missile Defense
Agency/Aegis Ballistic De-
fense (BMD) Program
flight test over the Pacific
Ocean. It was the sixth suc-
cessful intercept for the

Raytheon Standard

Missile-3 Intercept

Challenging Ballistic

Missile Target

Aegis BMD program using the SM-3. The November 17
mission was the first test against a separate ballistic missile
target. The SM-3 Block I initial deployment round used
in the test was an operational missile delivered by
Raytheon last year for testing and availability for emer-
gency deployment. In the operationally realistic scenario,
the SM-3 was launched from the USS Lake Erie, an Aegis
BMD cruiser, and hit the target missile that had been
launched from the US Navy’s Pacific Missile range facility
on Kauai, HI. The ship’s crew was not informed of the tar-
get launch time and operational testers observed the exer-
cise to ensure a realistic wartime environment. “SM-3
continues to perform flawlessly in increasingly challenging
scenarios. This test, using a missile right from the Navy’s
inventory, was conducted in operational conditions,” said
Edward Miyashiro, Raytheon Missile Systems vice presi-
dent, Naval Weapons Systems. “Continued success pro-
vides confidence that the nation can increase the number
of systems deployed and make missile capability improve-
ments. We are even seeing our international allies taking a
closer look at SM-3 for their homeland defense. Sea-
based ballistic missile defense provides a global capabili-
ty.” Japan has decided to procure SM-3 and the Aegis sys-
tem for its Kongo class ships. Raytheon’s Missile Systems
business in Tucson, AZ, is developing SM-3 and leads the
integrated team effort, which includes Alliant Techsys-
tems, Aerojet and the Boeing Co.  ■

Visit http://mwj.ims.ca/7956-101
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InSb is a III-V compound semiconductor. This class of
semiconductor is used for a variety of discrete and small-
scale integrated devices such as radio-frequency ampli-
fiers, microwave devices and semiconductor lasers. Al-
though researchers from Intel and QinetiQ have previous-
ly announced transistors with InSb channels the new
prototype transistors have a gate length of 85 nm, which is
half the size of those previously disclosed. This is the first
time that enhancement mode transistors have been
demonstrated. 

Ken David, director of components research for Intel’s
Technology and Manufacturing Group, commented, “By
providing 50 percent more performance while reducing
power consumption by roughly 10 times, this new material
will give us considerable flexibility because we will have abili-
ty to optimise for both performance and power of future
platforms.”

Avago Technologies has
begun operations as the

world’s largest privately held
independent semiconductor
company. Its creation follows
the completion of the acqui-
sition of Agilent Technolo-
gies Inc.’s Semiconductor
Products Group by Kohl-
berg Kravis Roberts & Co.
(KKR) and Silver Lake Part-

ners in a $2.66 B transaction. Its heritage of technical innova-
tion dates back to its Agilent/Hewlett-Packard roots. 

The new company serves three primary product cate-
gories comprising RF/microwave components, optoelec-
tronics and enterprise ASICs. It boasts an extensive port-
folio of more than 5500 products, which are sold into a
broad set of applications and end markets, including wire-
less and wired communications, industrial, automotive,
consumer electronics, and storage and computing. Prod-
ucts are sold to more than 40,000 customers through both
a worldwide distributor network and direct sales force.

Avago Technologies is co-headquartered in Singapore
and San Jose, CA, US. It had net revenue of $1.8 B in fis-
cal 2005 and begins with 6500 employees of which 1000
are analogue design engineers. The company has over 35
years of operating history in Asia, where approximately
three-quarters of its employees are located and where a
significant portion of its products are produced. 

Avago Technologies, Europe starts with a total of 220
employees in seven different countries. Sales and Market-
ing is headquartered in Boeblingen, Germany, and all 108
employees there have transferred from Agilent to the new
company. Avago Technologies, Europe has an R&D site in
Turin, Italy, a design centre in Germany and one in the
UK as well as a sales presence in seven countries. Globally
it maintains highly collaborative design and product de-
velopment engineering resources, including five design
centres in Asia, four in the United States, together with
the two in Europe.

Avago Emerges 

from Agilent

Semiconductor

Group Acquisition

Following a two-day
meeting of the Euro-

pean Space Agency’s (ESA)
ruling Council the Minis-
ters responsible for space
in the ESA’s 17 Member
States and Canada formu-
lated a coherent plan for
discovery and competitive-
ness for Europe in space.
They accordingly endorsed

the continuation of a set of ongoing programmes and
agreed to undertake major new initiatives designed to give
Europe a clear vision and tangible means to further
strengthen its space exploration and exploitation activities.
They emphasised the need for Europe to maintain a com-
petitive space sector able to lead the search for new dis-
coveries, guarantee access to strategic data and new serv-
ices, and consolidate its share of the global commercial
market. 

The Ministers reaffirmed the strategic importance of Eu-
rope continuously improving its scientific, technological and
industrial capabilities in the field of space so as to enable it to
better respond to the expectations of its citizens concerning
the environment, quality of life and security. They also noted
the increase in the volume and quality of the Agency’s rela-
tions with its international partners. The Ministers recog-
nised that the global scenario in the space sector is evolving
rapidly, in particular with increasing numbers of players mas-
tering major space technologies and offering competitive
conditions for civil and dual-use applications.

A major political step was achieved with the approval of
an overall European launcher policy ensuring coherence be-
tween the launcher and satellite fields. The Ministers also
recognised that it is crucial to continuously foster European
cooperation on space activity by further developing an over-
all European Space Policy encompassing ESA, the Euro-
pean Union, plus national and industrial programmes, and to
allocate the available resources and capabilities to common
European initiatives, so as to achieve the critical mass need-
ed to face the worldwide competition.

As a result of research un-
dertaken in conjunction

with QinetiQ, Intel Corp.
has announced development
of a new, ultra-fast, yet very
low power prototype transis-
tor using new materials that
could form the basis of its
microprocessors and other
logic products beginning in
the second half of the next

decade. The two companies’ researchers have jointly demon-
strated an enhancement-mode transistor using indium anti-
monide (InSb) to conduct electrical current. Intel anticipates
using this new material to complement silicon, further ex-
tending Moore’s Law.

Intel and QinetiQ

Announce Chip

Technology

Breakthrough 

European Ministers

Formulate Space

Strategy
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In what is a major step
forward for the Galileo

European satellite radio
navigation project, the fu-
ture Galileo Concession-
aire has agreed upon the
locations of the various fa-
cilities under its responsi-
bility that are required for
the successful deployment
of the programme. 

Under the agreement the Headquarters of the Galileo
Concessionaire will be located in Toulouse, France, with
the Operations Company to be located in London, UK.
The two Control Centres (Constellation and Mission) will
be located in Germany and Italy as well as the two Perfor-
mance Evaluation Centres supporting the concessionaire
headquarters. Spain will host facilities that include redun-
dancy for the Control Centres, and are related to Galileo
safety critical applications. Furthermore, a new consor-
tium of German companies will join the team, adding
core competencies to the Concessionaire.

Following on, as it does, from the recent budgetary
consensus, this landmark agreement clears the way for the
efficient implementation of the programme supporting a
commercial and best value for money approach to the
Galileo Public Private Partnership.

Galileo

Concessionaire 

Maps Out 

Key Locations

Chipcon, a designer of
short-range, low power

wireless transceiver de-
vices, has been acquired by
Texas Instruments (TI) Inc.
in a transaction valued at
approximately $200 M. At
the time of going to press
the transaction was expect-
ed to be completed during
January 2006. 

Under the agreement Chipcon, which employs about
120 people, becomes a wholly-owned subsidiary of TI and
continues to operate from its Oslo, Norway headquarters.
Its other facilities include a software design centre in San
Diego, CA, and sales offices in New Hampshire, Ger-
many, Hong Kong and Tokyo. Chipcon’s president and
CEO, Geir Forre, will lead TI’s group integrating short-
range wireless personnel and products from both Chipcon
and TI.

It is envisaged that combining Chipcon’s design ex-
perience in RF transceiver and System-on-Chip
devices with TI’s advanced analogue silicon technolo-
gies and broad systems expertise will enhance TI’s abil-
ity to offer customers complete short-range wireless so-
lutions for consumer, home and building automation
applications.  ■

Chipcon 

Acquired by 

Texas Instruments 

Visit http://mwj.ims.ca/7956-118
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and secure communications among the various state agen-
cies,” said John Vaughan, vice president and general manag-
er, M/A-COM Wireless Systems. “Working together with a
team of partners that includes Alcatel, we are proud to pro-
vide the State with a turnkey system that addresses the criti-
cal needs of public safety and homeland security communi-
cations.” The state-funded communication network features
Alcatel microwave digital radio system and cross-connects
that will be used for backhaul transmission at more than 300
sites in New York State. The Alcatel MDR-8000 microwave
digital radio provides point-to-point wireless communica-
tions links, while Alcatel 1630-GSX cross connect stream-
lines narrowband and broadband capabilities into a single
platform. This combination simplifies operation and mainte-
nance requirements, offers unparalleled bandwidth and se-
curity, and insures consistent portable and mobile communi-
cations among essential personnel. “Deploying public safety
communications networks has become an important priority
for Alcatel,” said Hubert de Pesquidoux, president of Alca-
tel’s North American activities. “Alcatel’s comprehensive so-
lution, as part of M/A-COM’s overall network solution, will
provide the State of New York with a robust network that en-
sures maximum uptime and reliability.”

W ireless mesh network-
ing looks set to

achieve a stellar growth rate
by the end of the decade,
but most of the growth will
be in market segments not
served by existing infra-
structures. According to a
new study from ABI Re-
search, the increase will
mostly come from deploy-

ment by alternative service providers and municipalities,
rather than incumbent service providers. There will also be
some “campus” style deployments in academic, corporate
and resort environments, as well as temporary rollouts at
conferences or fairs. The new study, “Wireless Mesh Net-
working: Technology and Deployment Strategies for Met-
ropolitan and Campus Networks,” examines the trends for
both metro-scale and campus-scale wireless mesh network-
ing technology on a worldwide basis. “I think that the
growth rate will be dramatic,” says Sam Lucero, senior ana-
lyst of wireless connectivity. “It is an interesting market that
has a lot of potential for alternative service providers such
as Earthlink — ISPs who do not have their own facilities at
present. It is an essential means for them to remain viable
in the provision of services. Wireless mesh networking al-
lows them a relatively cost-effective way to deploy their
own facilities within targeted areas. But they are not posi-
tioning this as directly competitive to triple-play services.”
Incumbents — both cable operators and telcos —– have
not significantly embraced the mesh concept, but it is note-
worthy that several of them have invested in mesh network-
ing companies. The announcement by Cisco Systems of
new wireless mesh solutions also supports ABI Research’s
optimistic view of this market. Lucero comments, “Cisco’s

Mesh Network

Market May See

Tenfold Growth 

in Five Years

The Enhanced Wireless
Consortium indicated

last month that its propos-
als for the draft 802.11n
standard are now substan-
tially aligned with the work
of the IEEE’s working
group. This is good news
for most of the stakehold-
ers in the process. ABI Re-
search has reported on this

process before, most notably when a group of companies
led by Intel formed the EWC, apparently in opposition to
the groups (TGn Sync and WWiSE) responsible for the
so-called “joint proposal” for the new standard. When
EWC was formed, observers suggested it was a spoiling
action aimed at Airgo, the innovative chipmaker whose
MIMO designs — never claimed as “pre-n” — were al-
ready in wide use. Some also feared that the new group
would create a stalemate with the IEEE standard working
group. ABI Research disagreed that this development
would derail the process. The just-released update to its
comprehensive ‘Wi-Fi Research Service’ notes “While
this has led to media reports suggesting the IEEE process
has been ‘hijacked’ by the EWC and is now irrelevant,
ABI Research believes this view is far-fetched.” That view
now appears justified. “It looks as if the EWC’s proposals
and the existing ‘joint proposal’ dove tail well,” says senior
analyst Sam Lucero, “and we hear that a draft standard
may appear as early as January.” Does this development
hurt Airgo? If so, they are putting on a brave face. “They
say that they have all the fundamental technical pieces to
do what EWC is recommending,” Lucero notes. “But
they had a good 18 to 24 month lead on the rest of the
market in terms of pushing this MIMO-based technology
out. Suddenly that has been erased. If EWC’s proposals
are accepted, tiny Airgo will be up against Atheros, Mar-
vell, Intel and others.” On the positive side, ratification of
a standard would move the whole market forward, bene-
fiting everyone. Either way, we will see real “11n” and
“pre-11n” chipsets on the market by the end of 2006.

Alcatel announced it has
signed a subcontract

with M/A-COM Inc., a
leader in critical communi-
cations technologies, to
equip the State of New York
with an advanced public
safety communications net-
work to enhance communi-
cations interoperability
among public safety first re-

sponders. The Statewide Wireless Network, for which M/A-
COM will act as prime with the State of New York, will im-
prove data transmission and quality of service, and enable
faster emergency response and increased public safety. “The
state of New York will now have the most advanced public
safety communications network of its kind, ensuring reliable

Alcatel Selected 

by M/A-COM 

for New York State

Public Safety

Communications

New Hope 

on the Horizon 

for 802.11n
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introduction of a wireless mesh networking product family
represents further validation for an already fast-growing
metro-scale wireless mesh networking market. In addition,
with the company’s significant customer base for enterprise
WLAN equipment and its emphasis on centralized control
of unified indoor WLAN/outdoor wireless mesh networks,
Cisco may be able to jumpstart the campus-scale wireless
mesh networking market in a way that its competitors have
largely been unable to do to date.”

Near Field Communica-
tions (NFC) appli-

cations will transform
consumer commerce, con-
nectivity and content con-
sumption, beginning with
trials through 2006 and vol-
ume deployments into 2007,
according to a new study
from ABI Research. NFC, a
short-range contactless com-

munication protocol, enables easy-to-use, secure Bluetooth
and Wi-Fi connectivity between devices. It provides high
bandwidth content acquisition and transfer, contactless pay-
ment capability and smart object interaction. That means, for
instance, interactive advertising posters and kiosks, instant

Near Field

Communications

Approaches Three

Critical Years

ticketing and transmitting audio, video and pictures. NFC
brings convenience to increasingly connected digital cus-
tomers. “Near Field Communications” details NFC’s global
business applications, market players and opportunities. Ac-
cording to Erik Michielsen, the firm’s director of RFID and
ubiquitous networks, the story of NFC’s growth from ‘infan-
cy’ to ‘young adult’ status will play out over three years. 2005,
he says, has seen the groundwork laid. The NFC forum in-
dustry association now counts 60-plus members and this year
has demonstrated the critical ability of many players — wire-
less carriers, handset OEMs, application developers, pay-
ment processors, infrastructure providers, content owners,
card issuers, bank and merchants — to collaborate. “2006
will be a year of trials and trial data digestion,” says
Michielsen. “NFC standards, licensing and interoperability
will solidify. Commercial NFC products will reach market.”
By 2007, the research indicates, higher volume NFC deploy-
ments will be common, first in wireless handsets, then in
other kinds of consumer electronics, from PCs to cameras,
printers, set-top boxes and more. However, certain condi-
tions are essential to NFC’s success. Michielsen states:
“Open, interoperable, standards-based NFC environments
are critical to stabilizing NFC ecosystem working relation-
ships and commitments, especially with wireless carriers
seeking clarity on NFC business benefits. 2005 and 2006
NFC trials will be important to help them understand how
the numbers add up.” ■

 2M17 FINAL  1/30/06  10:49 AM  Page 42

http://www.ims-resistors.com
http://mwj.ims.ca/7956-48


INDUSTRY NEWS Center (NEDC), is part of the company’s ongoing efforts
to work more closely with strategic partners and cus-
tomers on development of next generation wireless mod-
ules and components. The 15,000 square foot NEDC, lo-
cated in the Boston suburbs, consolidates design and en-
gineering support activities previously handled at
locations in Lowell, MA and Nashua, NH.

■ Trilithic Inc., a designer and manufacturer of RF and
microwave passive components and filters, announced the
opening of a new sales office in Europe. With this expan-
sion, Trilithic will provide local sales support for all cus-
tomers and sales agents in Europe as well as initiating new
business development projects. Located outside of Lon-
don, Trilithic Europe’s office is managed by David O’Con-
nell (doconnell@trilithic.com) and sales support is provid-
ed by Amanda O’Connell (aoconnell@trilithic.com).

■ Taconic, Petersburgh, NY, recently held a ribbon cut-
ting ceremony at the site of its new manufacturing facility
in Cheonan, Korea. Awards for outstanding performance
were handed out to key contributors who made the open-
ing possible including a local construction company as
well as several Korea Taconic employees.

■ RF Micro Devices Inc. (RFMD) announced that the
company’s board of directors has approved the expansion
of RFMD’s assembly operations in China. The expansion,
which is projected to be on-line during the June quarter
of 2006, is expected to increase RFMD’s internal assem-
bly capacity by approximately 50 percent, representing
approximately 25 percent of the company’s assembly re-
quirements.

■ In line with its multidomestic strategy, Thales has es-
tablished commercial representation in Bratislava, under
the management of Marc Duflot. The intention is for this
office to become a Central Office for the region and capi-
talize on opportunities arising throughout Central Eu-
rope. The company’s increased presence follows the
strong development of the Slovak Republic, which is a
member of both the European Union and NATO. The
new office demonstrates Thales’ strategy to cooperate
with local industry partners in order to create a solid basis
for a mutually beneficial relationship through a progres-
sive transfer of advanced technical know-how.

■ Rohde & Schwarz has taken an important step for-
ward towards further growth and innovation with the
opening of a 16,000 m2 Technology Center in Munich,
Germany. In doing so it claims to have created an opti-
mum work environment that supports the creativity of its
employees. The center will also be a major recipient of
the company’s recruitment drive as it aims to attract 200
new employees — mainly engineers — in Germany alone,
the majority of them for research and development.

■ M2 Global Technology Ltd. has announced that it
will be moving to a new 25,000 square foot facility by
March. The new facility will allow the local company to
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AROUND THE CIRCUIT

■ On October 21st, 2005, Bill Reich, marketing and
communications manager for Narda Microwave East,
an L3 Communications company, passed away at the
age of 62. A Narda employee for 25 years, Reich initial-
ly headed the organization’s publications department,
and later oversaw the company’s sales activities. “Bill
Reich was both my long-term customer and friend,”
said Ed Johnson, associate publisher, Microwave Jour-
nal. “He was the most knowledgeable MARCOM I
knew. He was cognizant of all aspects of his company’s
operations. He is sorely missed, and will live on in the
hearts and minds of all who knew him.”

AROUND THE CIRCUIT

■ SciTech Publishing Inc., Raleigh, NC, and Noble
Publishing, Thomasville, GA, have reached an agreement
whereby SciTech will acquire all assets of Noble. Closing
is subject to standard terms and conditions. SciTech as-
sumed operation of Noble as of January 2, 2006.

■ EMS Technologies Inc. announced the signing of a
definitive agreement for the sale of its Satellite Networks
(SatNet) division to Advantech Advanced Microwave
Technologies Inc., a manufacturer of satellite and terres-
trial wireless communication equipment, with corporate
headquarters in Montreal, Canada. The parties are seek-
ing to close the transaction as soon as possible, subject to
certain customer and supplier consents.

■ Andrew Corp. has signed a definitive agreement to
acquire Skyware Radio Systems GmbH, Krefeld, Ger-
many, a producer of state-of-the-art electronic products
for broadband satellite communications networks. Under
terms of the agreement, which is subject to review by
German antitrust authorities, Andrew will pay approxi-
mately $9 M in cash, with additional cash consideration
possible if certain financial performance goals are reached
over a two-year period. Privately-held Skyware generated
approximately $12 M in sales during its fiscal 2004. Its
products are in use primarily within the Europe, Middle
East and Africa markets. In related news, Governor Mike
Easley announced that Andrew Corp. will move into a
new facility in Wayne County, NC, in 2006 adding 204
new jobs and retaining and relocating 232 existing jobs
from the company’s Smithfield, NC facility. The project
represents an investment by Andrew of $11.5 M over six
years.

■ TECOM Industries Inc., a Smiths Interconnect com-
pany, and Rockwell Collins have entered into a long-
term purchase agreement for the HGA-2100 high gain
antenna to meet the Boeing 787 SATCOM high gain an-
tenna requirement. The HGA-2100 is the latest addition
to TECOM’s line of SATCOM antenna products.

■ TriQuint Semiconductor Inc. has announced the
opening of a new design and support center in Chelms-
ford, MA. The facility, known as the New England Design
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bring all of its operations, including electronics manufac-
turing, welding, mechanical assembly and sheet-metal
services under one roof. The company will be moving into
an existing building, located at 5714 Epsilon Drive, San
Antonio, TX 78249.

■ Polytec Inc., a provider of advanced, light-based vi-
bration, speed and length, and topography measurement
systems to North America, has opened a dedicated east
coast regional office in Hopkinton, MA. The new office
will service customers from the southeastern United
States north to the New England states and eastern Cana-
da. In addition, an engineering lab facility will soon be
completed, permitting characterization of customer-sup-
plied structures and MEMS devices.

■ Aeroflex and Centro de Tecnología de las Comu-
nicaciones (Cetecom Spain) have entered into a long-
term, global distribution partnership under which
Aeroflex will become the sole worldwide sales and sup-
port channel for Cetecom’s mobile communications inte-
grated tester (MINT) RF conformance test platform for
2G/2.5G/3G mobile handsets.

■ TestMart announced an agreement with XL Mi-
crowave (now Pendulum Instruments Inc.). The deal
provides the US government and federal contractor a
marketplace with special pricing on select frequency
counters and standards, wireless test instrumentation and
other products.

■ AMI Semiconductor, a designer and manufacturer of
state-of-the-art integrated mixed-signal and structured
digital products, and Mentor Graphics® Corp. have part-
nered to offer a state-of-the-art analog/mixed-signal tech-
nology design kit containing comprehensive and proven
building blocks at the device level. This kit enables semi-
conductor companies and electronic systems manufactur-
ers to jump-start their design cycles on AMI Semiconduc-
tor’s foundry process using Mentor’s analog/mixed-signal
IC flow, thereby cutting time-to-market and ensuring
manufacturing success of analog, low data rate wireless,
mixed-signal and system-on-chip ICs.

■ Summitek Instruments has announced a licensing
agreement with Willtek Communications, a provider of
test and measurement solutions to the wireless industry.
Summitek Instruments, a manufacturer of software prod-
ucts designed to automate spectrum management as well
as S-parameter measurements, has signed an agreement
to license the OASIS Spectrum Monitoring software to
Willtek as an option for its line of 9101 and 9102 hand-
held spectrum analyzers.

■ Technical Research and Manufacturing (TRM),
Bedford, NH, has announced a new low cost, quick turn
coupler and divider/combiner program. On selected prod-
ucts, TRM is guaranteeing less than two-weeks delivery
for quantities of one to five, with low, monolithic pricing
for these same quantities. 

■ UltraSource Inc., a manufacturer of custom thin film
circuits and ceramic interconnect devices, has achieved
ISO 9001:2000 registration. The successful completion of
the certification culminated months of intense activity
that resulted in the rewriting of the company’s Quality
Manual, redefining the company Quality Policy and docu-
menting the Quality Management Systems.

■ Merrimac Industries Inc., a designer and manufac-
turer of RF microwave components, has been granted a
patent for its Multi-Mix® Microtechnology from the Unit-
ed States Patent and Trademark Office entitled “Method
of Manufacturing Multilayer Microwave Couplers Using
Vertically-connected Transmission Line Structures.” This
patented technology reduces the size of surface-mount
RF couplers and enables low loss implementation of RF
interconnects between layers in multilayer stripline struc-
tures leading to further miniaturization of integrated
module designs.

■ QUALCOMM Inc. announced that the company has
shipped two billion chips since 1996 when it delivered its
first commercial CDMA solutions to wireless handset and
infrastructure customers. QUALCOMM marked the ship-
ment of its first billion chips in 2003.

■ Avago Technologies announced that it has shipped
its 200 millionth film bulk acoustic resonator (FBAR) fil-
ter. Strong demand by handset manufacturers has driven
Avago to increase its shipments to more than 15 million
per month. FBAR filters are used in mobile phones, data
cards and other wireless products.

■ Tyco Electronics has named TTI Inc. its North Ameri-
can Distributor of the Year for 2005. The award was pre-
sented in Fort Worth, TX, where executives from both
companies were meeting.

CONTRACTS
■ Agilent Technologies Inc. announced it has been
awarded a $19.73 M contract by the US Air Force to pro-
vide Agilent microwave measuring receivers to the Air
Force Metrology and Calibration Lab (AFMETCAL). Ag-
ilent also has received a $2.3 M contract to deliver low
noise signal generators to the lab. The microwave measur-
ing receiver, which provides frequency coverage up to 50
GHz, will be used by AFMETCAL for calibrating signal
generators and step attenuators to meet stringent govern-
ment and commercial accuracy requirements. 

■ L-3 Communications Cincinnati Electronics (CE)
has been selected by General Dynamics Land Systems
(GDLS) Division to provide the advanced infrared ther-
mal imager for the Stryker Mobile Gun System (MGS).
CE has begun delivery of 72 thermal imagers to be in-
stalled in the Commander’s Panoramic Viewer that pro-
vides situational awareness and target assessment for the
Stryker MGS.

■ TiaLinx Inc., a developer of wafer scale antenna arrays,
announced that it has received a Small Business Innova-
tive Research (SBIR) Phase 1 award from the Defense
Advanced Research Project Agency (DARPA). The
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objective of this program with DARPA is to address feasi-
bility of using TiaLinx’s proprietary integrated RF beam-
forming technology, focusing on ultra-wideband modula-
tion operating at extreme frequencies for Giga-band sig-
naling applications. The device will require low power to
operate and offers a substantial reduction in mass and
volume.

PERSONNEL
■ Hittite Microwave Corp. announced that Stephen
G. Daly, president and chief executive officer and a di-
rector of the company, has been elected to the addi-
tional office of chairman of the board. He succeeds the
company’s founder, Yalcin Ayasli, who will remain on
the board and serve as chairman emeritus. Daly joined
the company in 1996, has served as president since Jan-
uary 2004 and chief executive officer since December
2004.

■ Alec Reader and Philip Nelson have been appointed
to the board of directors of Innos, the UK research and
development company for innovations in nanoscale tech-
nology. The appointment of Reader coincides with his
promotion to the role of sales and marketing director.
Nelson was previously director of the Institute of Sound
and Vibration Research and was appointed deputy vice-
chancellor of the University of Southampton in 2005. He
brings a proven pedigree in acoustics — currently serving
as president of the International Commission for
Acoustics — and an in-depth knowledge of creating in-
dustry sponsored research grants.

■ Interconnect Devices Inc. (IDI) an-
nounced the appointment of Rick
Thompson to the position of chairman
of the board and CEO. Thompson will
lead both IDI and its sister company
Synergetix.® Thompson, one of the
original founders of the company,
served as IDI’s first president from
1979 to 1985. He has served as a mem-
ber of the IDI board of directors since 
its beginning. Thompson returned to

the CEO position with the recent departure of Edward J.
Schifman, who served as IDI’s president and CEO since
1985.

■ Lars Marcher took up the position
as chief financial officer of Terma A/S
with the title of executive vice presi-
dent and CFO. Since 2004, he has held
the position of president and CEO of
Dataram Corp., which manufactures
memory modules for large computer
systems and complex simulation pro-
jects. He has a broad international
management experience, attained over 
19 years of key management positions

in a number of companies, which include Purup Electron-
ics, The East Asiatic Co. and Apple Computers.

▲ Lars Marcher

▲ Rick Thompson

North America
Rosenberger of North America, LLC
Greenfield Corporate Center
P.O.Box 10113
USA – Lancaster, PA 17605-0113

Phone: 717-290-8000
Fax: 717-399-9885
info@rosenbergerna.com

Europe
Rosenberger
Hochfrequenztechnik GmbH & Co. KG
P.O.Box 1260
D-84526 Tittmoning

Phone: +49-86 84-18-0
Fax: +49-86 84-18-499
info@rosenberger.de

Advanced technology:

Surface Mount Connectors

RF Surface Mount Coaxial Connectors (SMCC) from Rosenberger
are available in various standard interfaces:
l coaxial series, e. g. SMP, Mini-SMP, MCX, SMA, QMA or – 

new -FMC

l FAKRA-RF automotive connectors

l high-precision test & measurement connectors

Our SMCC products convert signals from coaxial to planar 
waveguide mode inside the connector via an innovative miniature
transition.
This innovative design leads to excellent return loss, isolation 
performance, a low dispersion transmission characteristic and 
optimized performance – e. g. for MCX connectors to 12 GHz, 
although specified to 6 GHz.

Rosenberger SMCC connectors are supplied in tape & reel 
packaging (blister tapes) for automatic placement.

Ask us for more information:

Visit http://mwj.ims.ca/7956-110
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■ Guy Petignat has joined Huber +
Suhner as COO Fiberoptic + Cable
Technology, and member of the Execu-
tive Group Management. He is a Swiss
and Australian citizen with a master’s de-
gree in mechanical engineering from the
Swiss Federal Institute of Technology
(ETH), and an MBA from Harvard Busi-
ness School. He was previously COO for
Kaba Key + Ident Systems Europe and 
Asia Pacific. Petignat has a genuine in-

dustrial background and a proven track record with several
years of experience with the Kaba group, as well as among
others, more than 10 years with Ascom. 

■ Silicon Laboratories Inc. announced the appointment
of Necip Sayiner as president and chief executive officer.
Sayiner replaces interim chief executive officer Nav
Sooch, who will continue to play an active role in the
company as chairman of the board of directors. Prior to
joining Silicon Laboratories, Sayiner held various leader-
ship roles at Agere Systems.

■ WJ Communications Inc. announced that it has appoint-
ed Morteza Saidi as vice president of engineering. Saidi
brings over 25 years of successful experience in managing
and developing RF products. He served most recently as
founder and CEO at S-Communications, a fabless semicon-
ductor company. Prior to that, he was the co-founder,
CTO/VP of RF and Analog for Resonext Communications
(acquired by RF Micro Devices in 2002).

■ TRAK Microwave Corp. has appoint-
ed Michael J. Kujawa as vice president
of sales and marketing in Tampa, FL.
Kujawa will be responsible for marketing
communications, new business develop-
ment and all worldwide sales efforts. Ku-
jawa joins TRAK from MI Technologies
where his last position was vice president
sales. His career spans 20-plus years of
experience in the RF/microwave indus-
try, including entrepreneurial ventures

and leadership experiences focused on business develop-
ment and operations management.

■ MI Technologies announced the ap-
pointment of Kirk Anderson to the
position of strategic account manager.
Prior to his appointment at MI Tech-
nologies, Anderson held key positions
at Hewlett Packard and Agilent Tech-
nologies, first as an RF/microwave ap-
plications engineer from 1984 to 1988
and later as a principal project manag-
er for systems and services from 1994 
to 2005.

■ AR Worldwide Modular RF, a division of AR Worldwide,
welcomes senior RF engineer, Charles Ohiri. Ohiri’s exper-
tise will enable the company to expand its engineering capa-
bilities above 1 GHz. He brings 19 years of hands-on experi-

▲ Kirk Anderson

▲ Michael J. Kujawa

▲ Guy Petignat

AR Worldwide Modular RF provides power
amplifiers for virtually every kind of wireless system.
GSM, EGDE, CDMA, WCDMA, CDMA2000, Tetra,
Wibro, WiFi, WiMax, and all types of OFDM signals
used in Wireless Local Loop Systems.  We also have
HDTV power amplifier modules and systems.

Amplifier modules and systems are available in the
following frequencies/operations:

• DTV Band – 470 to 860 MHz
• Cellular Band – 800 to 970 MHz
• PCS (Personal Communication Systems) 

Band – 1.8 to 2 GHz
• UMTS (Universal Mobile Telecomm System) 

Band – 2 to 2.3 GHz
• WiMax, WiFi, Wibro and other OFDM 

Bands – 2.3 to 3.7 GHz
We also create semi-custom amplifier modules to the

most demanding specifications.  We recently designed
and built a WiMax band 802.16d compliant 20-watt
module in 45 days.

For more information, contact us at 
425-485-9000 or on the web at ar-worldwide.com

WE PUT THE POWER
IN WIRELESS

COMMUNICATIONS

modular rf
rf/microwave instrumentation • modular rf • receiver systems • ar europe

Copyright© 2006 AR Worldwide. The orange stripe on AR Worldwide products is Reg. U.S. Pat. & Tm. Off.

Visit http://mwj.ims.ca/7956-18
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ence in radio and RF design and system application. His
most recent focus has been on highly linear wireless commu-
nication base station amplifier design.

■ Renaissance Electronics Corp. an-
nounced the appointment of Sheenu
Chacko-Thomas as sales and market-
ing specialist for the Ferrite Product
Group. Chacko-Thomas will focus pri-
marily on the New England and east-
ern North American territories.
Chacko-Thomas, who graduated from
Loyola University Chicago with a de-
gree in marketing, will also be market-
ing products for Renaissance. She

comes to the company with extensive experience in both
marketing and sales. She can be reached at (978) 772-
7774 x13 or via e-mail: schacko-thomas@rec-usa.com.

REP APPOINTMENTS
■ Renaissance Electronics Corp. announced the ap-
pointment of Wavelength RF Supply, Colleyville, TX.
Wavelength RF Supply will service the Texas territory
and will represent all product lines of Renaissance. Ryan
Krier of Wavelength RF Supply can be contacted at (817)
428-3506 or e-mail: sales@wavelengthsupply.com.

■ MITEQ Inc., a supplier of RF and microwave compo-
nents, has appointed Associated Technical Sales LLC,
Tustin, CA, as its exclusive sales representative for south-
ern California. Associated Technical Sales can be contact-
ed at (877) 287-1737.

■ G.T. Microwave Inc., Randolph, NJ, has appointed
BT Gu of Weisher Technologies Co. Ltd. to represent
the company in China. Weisher Technologies is a private-
ly owned vendor for RF and microwave products and
services. The company has offices in Beijing, ShenZhen,
Nanjing and Chengdu. Weisher Technologies’ main office
is located at Room 1602-1604, Huaying Building Nan-
shang Road, Nanshan District, ShenZhen, P.R. China
518054 and the e-mail address is botao.gu@weisher.com.

■ Sullins Electronics, a designer and manufacturer of
connectors and interconnect systems, announced the
signing of a distribution agreement with Bisco Industries
Inc., an international distributor of specialty fasteners and
electronic components. The agreement, effective immedi-
ately, allows Bisco to promote, supply and support both
the Sullins and Micro Plastics lines of connectors and in-
terconnect systems throughout North America. 

WEB SITE
■ ANADIGICS Inc., a supplier of wireless and broad-
band solutions, announced that the company’s web site
now includes an on-line store to provide a convenient
channel for ordering product samples. Users can easily or-
der samples of the company’s GSM/GPRS and WCDMA
power amplifiers, base station amplifiers and RF switches
at www.anadigics.com.

▲ Sheenu 
Chacko-Thomas

Visit http://mwj.ims.ca/7956-26
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TECHNICAL FEATURE

During the past decade, there has been sig-
nificant progress in monolithic Ku-band pow-
er amplifiers operating over both narrow and
broad bands. Many different technologies, in-
cluding MESFET, HBT and HEMT, are be-
ing pursued to develop MMIC power ampli-
fiers1–6 in order to obtain the maximum out-
put power (Pout) and power-added efficiency
(PAE) from a single chip. Progress in this
area, for Ku-band MMIC power amplifiers,
has been summarized in Table 1. The perfor-
mance listed is the minimum over the fre-
quency range. MMICs with greater than 1 W
output power were selected for comparison.
The gain shown is taken at the minimum pow-
er level. Although MIC technology can be
used to develop broadband power amplifiers,
power MMIC amplifiers, in general, offer
smaller size and lightweight, higher gain,
wider bandwidth, higher reliability, lower cost
and much better unit-to-unit amplitude and
phase tracking capability, when manufactured
in large volume. MMIC power amplifiers have
the following potential advantages as com-
pared to commonly available internally
matched power amplifiers:
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INDER J. BAHL
M/A-COM, Roanoke, VA

This article presents the design approach
and test results of 1, 1.5, 2 and 5 W, Ku-
band MMIC power amplifiers devel-

oped using the high performance MSAG
MESFET technology. Both single-ended and
balanced topologies were used. A minimum
power-added efficiency (PAE) of 27 percent,
an output power (Pout) of 5 W and an associat-
ed gain of 21.5 dB were achieved over the
12.5 to 14.5 GHz frequency range. To the au-
thor’s best knowledge, these results represent
the state-of-the-art in MESFET-based MMIC
Ku-band power amplifiers.

KU-BAND MMIC POWER
AMPLIFIERS DEVELOPED
USING MSAG MESFET
TECHNOLOGY

TABLE I
SUMMARY OF Ku-BAND REACTIVELY MATCHED 

MEDIUM POWER AMPLIFIERS

Frequency No. of Gain Po PAE Device Year
Range (GHz) Stages (dB) (W) (%) Technology Reference

8 to 13.5 2 – 2.5 38 0.2 µm pHEMT 19961

8 to 14 2 15 2.8 36 HBT 19982

13 to 15.0 2 – 6.0 – 0.15 µm pHEMT 20023

Ku/K 3 22 6.0 30 0.25 µm pHEMT 20034

13.5 to 15 3 22 8.0 22 0.25 µm pHEMT 20045

14.0 to 14.5 2 15 1.8 22 0.25 µm pHEMT 20046

12.5 to 14.5 3 19 7.0 27 0.4 µm MESFET this work
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• Multistage designs have higher
gain (20 to 30 dB)
• Higher overall power-added effi-
ciency (PAE)
• Compact in size and lightweight
• Lower parts count, higher reliabil-
ity and lower cost
• No external biasing chokes are re-
quired

Several high efficiency C- and X-
band power MMIC amplifiers have
been developed successfully using

the high performance, low cost and
highly reliable multifunction self-
aligned gate (MSAG) MESFET IC
process7–16 at the M/A-COM facility
in Roanoke, VA. These amplifiers
have demonstrated PAEs in excess of
55 and 40 percent with associated
output powers of 14 and 12 W, at C-
and X-band, respectively, over ap-
proximately a 15 percent band-
width.12,13 These results represent
the state-of-the-art power amplifier

performance at C- and X-band and
the MSAG MESFET technology pro-
vides a low cost solution to the power
section of active aperture phased-
array T/R modules.

In this process, the ion-implanted
active devices use 0.4 µm gates, de-
posited by employing low cost optical
lithography, leading to higher through-
put and lower cost. The MSAG
process has unique features: it does
not use air bridges, has polyimide
scratch protection, multi-level plating
capability15 for low loss passive com-
ponents, no hydrogen poisoning sus-
ceptibility and is very reproducible
unit to unit. These features all lead to
a mean time to failure (MTTF)
greater than 100 years at a channel
temperature of 150°C, higher assem-
bly yields with MSAG chips and pro-
vide cost-effective solutions.

The MSAG process also uses three
layers of polyimide (εr = 3.2): inter-
level dielectric (3 µm thick), inductor
crossover layer (7 µm) or low loss mi-
crostrip (10 µm thick) and a scratch
protection buffer layer (7 µm thick)
for mechanical protection of the fin-
ished circuitry. Three metal layers are
used: metal 1 (0.5 µm thick), first
plated gold (4.5 µm thick) and second
plated gold (4.5 µm thick). The multi-
level plating (MLP) process allows a
reduction in the chip size and lowers
the resistive loss in passive compo-
nents. Low capacitance metallization
crossovers are achieved by a poly-
imide intermetal dielectric layer. The
front side processing is completed by
depositing a polyimide buffer layer.
The buffer layer provides mechanical
protection of the circuit structures
during backside processing, dicing
and subsequent assembly operations.
Finally, the wafers are thinned to
their final thickness of 75 µm,
through-wafer vias are etched and
the backside is metallized.

This article describes the design
and test results of several fully mono-
lithic, class AB, Ku-band MMIC
power amplifiers, designed to operate
at a nominal power supply voltage of
8 V. The amplifiers described include
a high gain, high PAE and linearity
1.5 W amplifier; a broadband 1.5 W
amplifier; a 2 W balanced amplifier;
and a 5 W high power amplifier. The
general design approaches, along
with salient features of each design,
are also discussed.
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SATELLITE SIMULATOR
The Performance of Satellite Loop-back Test, Without the Cost

T h e  R a p i d  R e s p o n s e  S u p p l i e r  o f  C h o i c e

For applications where training is critical
for reliable team performance, but the

expense of live satellite time is a constant
roadblock,Tampa Microwave offers an
affordable solution that enables satellite
terminal training, evaluation and trouble-
shooting without the need for “paid”

satellite time. The LTT-03-W-198
“Satsim” provides users with the 

performance required to
effectively train, evaluate and
troubleshoot your satellite 
terminals, in one rugged, highly
portable unit.

• Simultaneous C, X, Ku and Ka band
operation 

• Reduces system operation costs
• Enables training without satellite time
• Improve efficiency – multitask 

exercises using one Satsim
• Enables communication between 

terminals 
• Small, lightweight, easy to operate,

easy to install 
• Set it and forget it!

Tampa offers a selection of in-stock 
products for immediate delivery as well 
as quick turn custom products: Block Up
and Down Converters,Transmitters, Loop
Test Translators, Custom Rack-Mount
Subassemblies.

Call us today for a rapid response 
proposal for your product needs.

ISO9001:2000

Tel: 813.855.2251
www.tampamicrowave.com

GENERAL DESIGN APPROACH
The MSAG MESFET technology

was selected to develop Ku-band
power amplifiers because of its high
across-the-wafer uniformity, excellent
linearity and low cost capabilities.
One of the basic requirements for
achieving high power output and
PAE on a single MMIC chip is the
high across-the-wafer uniformity of
the saturated drain-source current

(IDSS) and device cut-off frequency
(ƒT) in order to combine all unit FET
cells efficiently. The high across-the-
wafer uniformity for efficient power
combining becomes more important
at higher frequencies. The MSAG
transistors, based on a self-aligned
gate approach, have a planar channel
structure contributing to better
across-the-wafer uniformity, repro-
ducibility and manufacturability.

FET Size
The design of the MMIC power

amplifier starts with the selection of
the number of stages and unit FET
sizes required, based on the gain,
PAE/linearity and output power re-
quirements. The choice of FET cell
size impacts the matching networks,
combining topology, chip size and
electrical performance. Larger FET
cell sizes reduce the chip area be-
cause fewer combiners are required.
However, they have lower input and
output impedances, which increase
the impedance matching ratio of the
matching networks, increasing circuit
mismatch loss and reducing band-
width. In addition, there is a reduc-
tion in the FET’s performance due to
increased parasitic reactances and re-
sistances. This latter effect is mini-
mized with careful FET design.

Except for the 5 W HPA, the unit
FET’s gate periphery was restricted
to less than 0.8 mm. The Ku-band
MMICs have demonstrated power
densities of 0.6 W/mm at VDS = 10 V
and 0.48 W/mm at VDS = 8 V, which
are used to determine the total FET
periphery needed in the design of
these power amplifiers. This trans-
lates to eight 1.8 mm gate periphery
FETs with offset vias arranged edge-
to-edge creating effectively an eight-
feed 14.4 mm FET to achieve 5 W
output power at VDS = 8 V. The large
gate periphery 1.8 mm FET shown in
Figure 1 uses offset vias and has a
lower source inductance (higher gain)
than in-line via FETs of similar gate
periphery. FETs with a smaller than
0.8 mm gate periphery have in-line
source vias. A binary corporate feed
combining, that is two FETs, driving
four FETs, which finally drive eight
FETs, was used to realize better lin-
earity and to maintain good layout
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▲ Fig. 1  Physical layout of the 1.8 mm FET
with offset vias.
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• Multi-Octave Power Divider/Combiners
• Octave Band Directional Couplers 
• Attenuators, Terminations, Isolators/Circulators
• L, S, C, X and Ku Bands

Toll Free: 866.444.6322 • Phone: 973.625.0661
Fax: 973.625.9277 • sales@e-meca.com • www.e-meca.com

MECA ELECTRONICS, INC.
459 East Main Street • Denville, NJ 07834

Designing & Producing Value-Added RF/Microwave 
Components and Sub-Assemblies Since 1961

MECA DELIVERS HIGH FREQUENCY
COMPONENTS OFF THE SHELF!

MECA IS THE BEST KEPT SECRET IN
THE HIGH FREQUENCY WORLD

New Catalog Supplement
“Focus on High Frequency”

symmetry to obtain maximum possi-
ble performance.

After the selection of FET sizes,
the FET’s gate periphery, the number
of fingers in each FET cell and gate-
to-gate pitch are finalized. The unit
gate width for each FET is the FET
size or periphery, divided by the
number of fingers, and is a function
of device type and frequency of oper-
ation. The gate pitch determines the
area over which the FET dissipates
power; a larger pitch reduces the
FET channel temperature. The de-
sign of the output FETs is key in re-
ducing the chip area. Keeping in
mind the electrical, physical and ther-
mal design requirements for each de-
sign, appropriate physical dimensions
were selected for each FET.

Thermal Design
The thermal modeling of semicon-

ductor devices can be performed by
using numerical techniques such as
the finite difference and finite ele-
ment analyses or by using simple ana-
lytic methods such as the Cooke
model.17 Based on published data
and the measurements carried out at
M/A-COM, it is believed that the
Cooke model predicts FET channel
temperature accurately. The first step
is to calculate the thermal resistance
(RTH) of each FET used in the de-
signs. The thermal resistance is calcu-
lated, based on the FET structure
(gate-to-gate pitch, unit gate width
and FET size) and the substrate
properties. The maximum channel
temperature rise can then be ob-
tained, knowing the power dissipated
in the device. Table 2 summarizes
the thermal resistance calculations
for several FETs used in the designs.
The GaAs substrate thickness and
thermal conductivity at room temper-
ature are 75 µm and 0.46 W/cm°C,
respectively. The difference in the
temperature, ∆T, from the bottom
surface (carrier) to the top surface
(channel) of the MMIC chip is calcu-
lated using ∆T = RTH x PDC, where
PDC is the net power dissipated in the
device. For these calculations, the
thermal resistance goal is chosen
based on the maximum allowed junc-
tion temperature of 150°C.

Consider a FET having a 100 µm
unit gate width and a 24 µm gate-to-
gate spacing. According to Cooke’s
model, the incremental increase in
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TABLE II
SUMMARY OF THERMAL ANALYSIS OF Ku-BAND FETs

Thermal Net PowerFET No. of Gate-Gate Resistance Dissipated (W) ∆T (°C)Size (mm) Fingers Pitch (µm) RTH (°C/W) Based on 0.5 W/mm

0.3 4 30 267.9 0.15 40.2

0.625 6 30 132.2 0.313 41.3
0.625 6 20 146.8 0.313 45.9
0.75 6 30 110.2 0.375 41.3

1.80 18 24 51.0 0.90 45.9
14.4 144 24 6.5 7.2 46.8
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RTH value per unit width of a FET
from fingers 1 to 2, 2 to 4, 4 to 18 and
18 to 144 fingers is 19, 14, 9 and 2
percent, respectively. This means that
the RTH value for closely spaced heat
sources is about 45 percent higher
than the isolated heat source. Thus,
any physical separation between the
FETs helps in lowering the RTH val-
ue. In the Ku-band amplifiers, all
FETs are isolated, except the 1.8 mm
FET used in the output stage of the 

5 W HPA. In the 5 W HPA, the out-
put stage eight FETs are treated as
one FET of 14.4 mm gate periphery
for thermal resistance calculations.

The next step is to calculate the net
power dissipation in the FETs under
RF drive. An in-house program was
used to calculate the power delivered
to each FET and the power delivered
out of each FET in order to calculate
the net power dissipated in the devices.
Based on these calculations and the

measured hybrid FET performance
data, an average value of 0.5 W/mm
power dissipation was used to calculate
the value of ∆T for each FET.

Load Impedance
A unit cell of 625 µm FET was

characterized at 10 V and 14 GHz us-
ing a load pull technique. The mea-
sured load for this FET is equivalent
to the parallel combination of a 90 Ω
resistor (RL) and a –0.10 pF capacitor
(CL). In the design, for other FET
peripheries, the load impedance was
obtained by using the following scal-
ing relationships

where

Wg = total FET periphery in  mm
VDS = operating drain voltage in

volts

As a first-order approximation, the
reactive part of the load is assumed to
be independent of the drain voltage.
The negative sign in Equation 2 rep-
resents an inductive reactance. For
example, for a 1 mm FET, operating
at 8 V, the values of RL and CL are

RL = 45 Ω
CL = –0.304 pF

This scaling method for obtaining
the load impedance works reasonably
well for a 6 to 10 V operation, for gate
peripheries less than 3 mm and up to
20 GHz, when the FET’s output feed
is designed or scaled accordingly.

Hybrid amplifiers at 14.5 GHz were
designed using the aforementioned
load pull data. Typical measured per-
formance obtained for the 0.625 mm
FET biased at 10 V and 20 to 30 per-
cent IDSS is shown in Table 3.
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TABLE III
SUMMARY OF MEASURED

PERFORMANCE AT 14.5 GHz 
OF A 0.625 MSAG FET BIASED 
FOR CLASS AB OPERATION

ValueParameter @10 V @8 V

Power gain (dB) 8.4 8.5

Power output (dBm) 27 26

PAE (%) 60 62

VGS (V) –2 –1.8
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Linear and Nonlinear Models 
The design of Ku-band amplifiers

was based on both the linear and
nonlinear MSAG FET models. For
linear simulations, equivalent circuit
(EC) models and small-signal S-para-
meters obtained over 0.5 to 40 GHz
at the operating bias point were used.
The EC model topology used is typi-
cal of most FET models in the com-
mercial simulators. The Q-point of
the FETs was selected for class AB
operation (approximately 30 percent
IDSS) of the device, in order to obtain
the maximum Pout, PAE and linearity.
Four sets of S-parameter data, corre-
sponding to device low gain, high
gain, low current and high current,
were used in the amplifier designs.

The nonlinear FET model used to
simulate the Ku-band amplifiers is
based on a modified Materka mod-
el,18 optimized to predict accurately
the output power and PAE. The non-
linear model has I-V equations along
with improved capacitance equations
compiled into a commercial CAD
tool. The model parameters were ex-
tracted using extensive S-parameter
data, load pull data and pulsed I-V
data. The nonlinear model was veri-
fied for the standard 0.625 mm FET
using extensive hybrid measurements
at 14.5 GHz.

Table 4 summarizes the electrical
performance of MSAG FETs at 12
GHz calculated using the nonlinear
model. The device gain and PAE are
reduced significantly by increasing
the device size from 0.625 to 2.5 mm. 

AMPLIFIER DESIGN
CONSIDERATIONS

In this section, a summary of de-
sign considerations, used in the de-
sign of Ku-band power amplifiers, is
described. This includes chip size,
loss in matching networks, electromi-
gration requirements and stability
considerations. 

Chip Size
In general, larger sizes used in

power amplifier MMICs perform
better in terms of RF parameters and
thermal design. However, reducing
the chip area will be a significant cost
saving requirement, provided that all
other characteristics such as reliabili-
ty and RF yield are almost the same.
Reducing the chip area contributes to
MMIC cost reduction in two ways: a
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TABLE IV
SIMULATED DATA FOR SEVERAL MSAG FETs 

USING NONLINEAR MODELS AT 12 GHz, BIASED AT 10 V

FET Gate-Gate No. of
Size (mm) Pitch (µm) Fingers Gmax (dB) Po (dBm) GA (dB) PAE (%)

0.625 30 6 13.8 27.1 9.5 64

0.94 30 10 13.4 28.5 9.3 60
1.50 30 14 12.5 30.6 8.4 58

1.8 24 18 11.5 31.5 8.0 57

2.50 20 24 10.4 32.7 7.5 55
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larger number of chips per wafer, and
higher visual and functional yields.
For example, M/A-COM’s yield mod-
el for MSAG processing predicts that
reducing the chip area from 40 mm2

to 20 mm2 will improve MMIC visual
and functional yields by a factor
greater than 1.2. Thus, reducing the
chip area of power amplifiers is an
important factor to reduce their
costs. An 18 mm2 chip area was se-
lected for the 5 W HPA to achieve a

goal of better than 0.3 W/mm2 power
density at 10 V.

Low Loss Matching Networks
It is desirable to lower the dissipa-

tive loss in the power amplifier’s out-
put matching network (using lumped
inductors and microstrip lines) in or-
der to improve the Pout and PAE per-
formance. The dissipation loss in the
microstrip matching networks was
improved by using the modified mi-

crostrip structure shown in Figure 2.
This structure is compatible with
MMIC fabrication using a multi-level
plating (MLP) process.15 The strip
conductor is fabricated on a thin
polyimide dielectric layer, which is
placed on top of the GaAs substrate.
This allows more of the electric flux
lines in the air and thus resembles a
suspended microstrip line, which has
a much lower dissipation loss than a
conventional microstrip. Another way
to think of this is that instead of in-
serting 50 to 75 µm of additional
GaAs beneath the line, a thinner lay-
er of 10 µm thick polyimide (a mater-
ial with lower permittivity) has been
inserted in order to reduce the dissi-
pative loss by half.19 The impedance
of such lines can be increased by 40
to 60 percent as compared to stan-
dard lines on the given base sub-
strate. This modified structure also
helps in the fabrication of the feed
structure of the offset via FETs.

The additional thick metallization
layer available in the MLP process of-
fers benefits as well, mostly in the
area of DC current routing/high pow-
er design and extending the usage of
passive components to lower fre-
quencies. Most straightforwardly, the
designer now has the flexibility to use
9 µm thick transmission lines. The
current handling for such lines is 20
mA/µm.20–22

A second benefit of the additional
thick metal layer is the option to cre-
ate high current structures, such as
spiral inductors. Previously, spiral in-
ductors could be current limited,
based on the width of the thin metal-
lization underpass to get from the
center of the spiral, typically 2
mA/µm as compared to 10 mA/µm for
4.5 µm thick lines. With MLP, a spiral
inductor can be fabricated with 4.5
µm thick spirals and 4.5 µm thick un-
derpasses.

In this design, low loss microstrip
lines on a 10 µm thick polyimide
layer19 are used to lower the loss, es-

TECHNICAL FEATURE

Microstrip Polyimide

10 µm 

75 µm GaAs

Ground Plane

▲ Fig. 2  Multilayer microstrip
configuration.
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pecially in the output matching net-
work. Since the lines on polyimide
have poor thermal conductivity, a
thermal design for such lines is also
performed.23,24

Electromigration Requirements
Electromigration requirements

dictate the microstrip and inductor
line widths carrying DC current. A
conservative current density of 2.2 ×
105 A/cm2 is used as an electromigra-
tion limit for the 4.5 µm thick gold
conductors. This translates to a maxi-
mum allowed current per unit line
width of 10 mA/µm. The maximum
current expected in the output FET
for this design is approximately 2A.
This dictates that, in the output
matching network, dual drain bias
lines should be used, and each line
must be 100 µm wide. The require-
ment for such wide, low impedance
shunt lines complicates efforts to
shrink the chip area, and also gives
rise to unbalance in the output feed
lines due to junction discontinuity ef-
fects, impacting significantly the cir-
cuit bandwidth. Compact lumped el-
ements are used in the earlier stages
where power and current densities
are less.

Stability
For MSAG FETs, the experience

has been that the standard even
mode (K > 1) and odd mode stability
analyses are adequate to avoid mi-
crowave oscillations. However, under
a large-signal condition and pulsed
operation, it is necessary to design a
worst-case K-factor greater than 1,
based on S-parameter data for vari-
ous bias conditions from VDS = 3 V
and 50 percent IDSS to VDS = 10 V
and 25 percent IDSS, to ensure the
amplifier’s stability. This approxi-
mately replicates the envelope a full
cycle of the input signal experiences
during the large signal and pulsed op-

eration. It was found that imposing a
K > 2.0 condition for VDS = 10 V and
25 percent IDSS small-signal S-para-
meters is adequate to ensure uncon-
ditional stable operation under all
conditions. Exercising special care in
maintaining the symmetry in the am-
plifier’s layout and properly selecting
isolation resistors prevents odd mode
oscillations.

Design Methodology
Traditionally, a power amplifier

can be designed based on the load
line method.25–28 The design of Ku-
band MMIC power amplifiers was
based on a design methodology using
small signal and nonlinear FET mod-
els and load pull data obtained at the
operating bias point. In this method,
initially, the load line technique25,26 is
used to optimize the circuit parame-
ters. For example, in a three-stage, 5
W power amplifier, the optimum load
impedances ZL1, ZL2 and ZL3 at the
drain of the first, second and third
stage FETs, respectively, which are
necessary to realize maximum output
power and PAE, are shown in Figure
3. Then the design is simulated using
the nonlinear model to calculate the
power compression of each stage and
the output power and PAE as a func-
tion of input power. Since it is very
difficult to realize the required load
impedances over wide bandwidths
and to optimize a circuit using a non-
linear model, the above design
process is repeated so that an opti-
mum solution for simultaneous
match for load impedances at the
drain of each FET and best gain,
power and PAE are achieved.

The Ku-band amplifiers were de-
signed using a low loss matching
(LLM) design technique.29 This tech-
nique has been successfully applied
to the design of power amplifier dri-
vers and high power amplifiers at
M/A-COM’s Roanoke facility. In this

scheme, both the resistive or dissipa-
tive loss (DL) and mismatch loss
(ML) for each stage are calculated
and controlled as required in the de-
sign. Generally, DL and ML for the
output match are kept at a minimum
and the ML for each interstage is
minimized. The controlling factors
for DL and ML for each interstage
include stability criteria and electrical
performance. This also helps in opti-
mizing the FET aspect ratios. The
dissipative loss is for the individual
passive stage, that is interstage, out-
put, etc., and the mismatch loss is the
difference between the required de-
vice’s optimum load impedance and
the transformed 50 Ω output imped-
ance at the drain terminal of the
FET. The previously described
method is based on the assumption
that the device input impedance de-
pends strongly on the load connected
at the drain terminal rather than its
large-signal parameters. For FETs
and HEMTs, this assumption is fairly
accurate and is the cornerstone of the
multistage Ku-band designs.

In the matching networks, a reac-
tive binary matching topology was
used, employing low pass and high
pass networks that provide higher
power output and PAE. Both lumped
elements and distributed circuit ele-
ments were used for impedance
matching networks. In the design op-
timization using the load line tech-
nique, four sets of S-parameter data,
corresponding to low gain, high gain,
low current and high current, were
used. These data files represent the
possible fabrication changes and al-
low a design to be realized that is
more tolerant to process variations.

The input stage, which has a limit-
ed gain compensation network, was
designed for good input match as
well as for maximum power transfer
at the high frequency end. The inter-
stage matching networks were de-
signed to provide a flat gain response
and enough output power to the suc-
ceeding stage FETs for achieving
maximum output power and PAE.
The output matching elements were
selected to provide an optimum load
match with minimum possible inser-
tion loss, since the efficiency is re-
duced to a greater extent by a given
amount of loss due to decreased pow-
er out, gain and available DC power
at the FET drain pads. Each stage as
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▲ Fig. 3  Three-stage power amplifier configuration depicting the load required at the drain of
each FET stage.
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well as the complete amplifier were
designed to be unconditionally stable
over a 3 to 10 V drain power supply

and 25 to 50 percent IDSS drain cur-
rent. EM simulations were used ex-
tensively during circuit optimization
for closely packed passive circuit
components and discontinuities.

HIGH GAIN, PAE/LINEARITY
POWER AMPLIFIER

The four-stage design consists of a
0.3 mm, a 0.625 mm, two 0.625 mm
and four 0.625 mm FETs in the first,
second, third and fourth stages. All

FETs have a 30 µm gate-to-gate
pitch. The FET 2:1 aspect ratio main-
tains a better linearity. The circuit
was designed for high 1 dB power
compression (P1dB) and high gain.
Single drain pad and single gate pad
supply operations were used. The
first three stages use small resistors in
the drain bias lines for stabilization.
The values of the resistors and their
sizes were selected so that the voltage
drop across them is less than 0.5 V
and they also meet the electromigra-
tion requirements. In the gate bias
lines, the isolation resistors values
were 200 Ω per mm of FET periph-
ery. The nominal drain supply voltage
is 8 V and the gate voltage is –2 V.
Figure 4 shows the physical layout of
the MMIC amplifier.

BROADBAND POWER AMPLIFIER
The three-stage design comprised

of a 0.625 mm FET at the input dri-
ving two 0.625 mm FETs and driving
four 0.625 mm FETs at the output.
The FET 2:1 aspect ratio, in this
case, is required to obtain high power
and PAE over a larger bandwidth.
This design also uses a single drain
pad and single gate pad supply opera-
tion. Figure 5 shows the layout of
the three-stage broadband amplifier.

BALANCED 2 W POWER
AMPLIFIER

The 2 W power amplifier uses a
balanced configuration, as shown in
Figure 6. In this design, Wilkinson
divider/combiners with 90° phase off-
set 50 Ω lines were used instead of
Lange couplers. In this case, the re-
flected signals from the two single-
ended amplifiers have a 180° phase
difference across the 100 Ω isolation
resistor. Thus, the out-of-phase re-
flected signals are absorbed in the
isolation resistor. This topology mini-
mizes the reflected signals at both the
input and output terminals and pro-

TECHNICAL FEATURE

▲ Fig. 4  Layout of the Ku-band linear
power amplifier (chip size is 4.3 x 1.8 mm).

▲ Fig. 5  Layout of the broadband power
amplifier (chip size is 3.0 x 1.8 mm).
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vides good VSWR. Also, the effect of mismatch on the
output power and PAE, due to bond wires and package
lead frame, is minimum.

The single-ended amplifier’s FET topology is the same
as for the broadband amplifier using a 2:1 FET aspect ra-
tio. This design requires a bias supply from both sides.
Figure 7 shows a photograph of the balanced 2 W
amplifier.

5 W HPA
The 5 W HPA design uses two 1.8 mm FETs driving

four 1.8 mm FETs and driving eight 1.8 mm FETs. Here,
the FET aspect ratio is 2:1 and the
circuit is designed for maximum Pout
and PAE under saturation. The
matching circuit microstrip lines are
on 10 µm polyimide. Figure 8 shows
a photograph of the 5 W MMIC
HPA. This design requires a bias sup-
ply from both sides.

TEST DATA FOR THE KU-BAND
MMIC CHIPS

Several MMIC amplifier chips for
each design were assembled on gold-
plated Elkonite (Cu-W alloy) carriers
for RF characterization after “on-
wafer” pulsed power screening. The
Elkonite material was chosen for its
good thermal conductivity and good

TECHNICAL FEATURE

Wilkinson
Divider

Wilkinson
Combiner

3-Stage
Amplifier

Output

100 Ω

70.7 Ω
λ/4@14GHz

50 Ω
λ/4@14GHz

Input

▲ Fig. 6  2W, Ku-band, balanced power amplifier configuration.

▲ Fig. 7  Photograph of the Ku-band
balanced 2W amplifier (chip size is 4.4 x 
3.4 mm).

▲ Fig. 8  Photograph of the Ku-band 5W
amplifier (chip size is 4.2 x 4.4 mm).
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thermal expansion match to GaAs
and alumina. The ICs were die at-
tached on a pedestal, using gold-tin
(AuSn) at 300°C, in order to keep the
bond wire lengths to a minimum be-
tween the chip and the input and out-
put microstrip feed lines, which were
printed on 15-mil thick alumina sub-
strates. The test fixtures were fitted
with high performance microstrip-to-
coaxial connectors having return loss
better than 20 dB up to 18 GHz. All

chips were tested under CW condi-
tions.

High Gain, PAE/Linearity Power
Amplifier

The average measured perfor-
mance of the four-stage linear power
amplifier at VDS = 8 V is shown in
Figure 9. The gain was approximate-
ly 32.5 ±1 dB over the 14 to 14.5
GHz frequency range. At P1dB the
output power was greater than 31.5

dBm and the PAE greater than 28
percent. The output third-order in-
tercept point (TOI) was greater than
39.5 dBm. The noise figure and sec-
ond harmonic levels were also mea-
sured. Their values were less than 5
dB and -48 dBc, respectively.

Broadband Power Amplifier
The typical measured Pout and

PAE for the three-stage broadband
amplifier MMIC at VDS = 8 V and Pin
= 18 dBm are shown in Figure 10.
The amplifier has an output power
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▲ Fig. 9  Typical measured gain, P1dB, PAE
and output third-order intercept versus
frequency.
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▲ Fig. 10  Output power and power-added
efficiency vs. frequency at VDD = 8V and Pin
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greater than 31 dBm and a PAE bet-
ter than 30 percent, over the 12 to
15.5 GHz frequency range. Over 11
to 16 GHz, the output power was
better than 30 dBm. The output pow-
er was increased to 32 dBm at VDS =
10 V. The variations of small-signal
gain and input VSWR as a function of
frequency are shown in Figure 11.
The input VSWR is better than 2:1
over the 10.9 to 16.4 GHz range. 

Balanced 2 W Power Amplifier
Figure 12 shows the typical mea-

sured Pout and PAE for the balanced
amplifier MMIC at VDS = 8 V and Pin
= 18 dBm. The amplifier has an out-
put power greater than 33 dBm and a
PAE better than 22 percent over the
12 to 15.5 GHz frequency range.
When the supply voltage was in-
creased to 10 V, the output power was
better than 34.5 dBm. Figure 13

shows the small-signal gain and input
VSWR versus frequency. The input
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▲ Fig. 12  Output power and power-added
efficiency vs. frequency at VDD = 8V and Pin =
18 dBm.

G
A

IN
 (

dB
)

FREQUENCY (GHz)

30

25

20

15

10

5

V
SW

R

6

5

4

3

2

1
11.5 13.0 14.5 16.0

▲ Fig. 13  Small-signal gain and input
VSWR vs. frequency at VDD = 8V.

P o
ut

 (
dB

m
)

FREQUENCY (GHz)

50

40

30

20

10

0

PA
E 

(%
)

50

40

30

20

10

0
12.5 13.0 13.5 14.0 14.5

▲ Fig. 14  Output power and power-added
efficiency vs. frequency at VDD = 8V and Pin =
23 dBm.

P1
dB

 (
dB

m
)

FREQUENCY (GHz)

50

40

30

20

10

0
12.5 13.0 13.5 14.0 14.5

VDD=8V
VDD=6V
VDD=4V

▲ Fig. 15  1 dB compression point vs. drain
voltage.

78 MICROWAVE JOURNAL ■ FEBRUARY 2006Visit http://mwj.ims.ca/7956-35

 2M32 FINAL  1/30/06  11:10 AM  Page 78

http://mwj.ims.ca/7956-35
mailto:vco@emhiser.com
http://www.emhiser.com/vco


Aerospace, Defense, Medical 
... state of the art resistors

USA made, technology you can’t resist.

When a window of opportunity can’t be missed.

When being on target saves lives. 

When a life depends on it. 

You need State of the Art resistors.

Superior quality... established reliability.

2470 Fox Hill Road, State College, PA 16803-1797
Phone: 800-458-3401 or 814-355-8004
Fax: 814-355-2714, E-mail: sales@resistor.com

State of the Art, Inc.
RESISTIVE PRODUCTS
www.resistor.com

QUALIFICATIONS

ISO9001 & AS9100
MIL-PRF-55342
MIL-PRF-32159
MIL-PRF-914

50 million
in stock

VSWR is better than 1.5:1 over the
11.5 to 15 GHz range.

5 W HPA
The typical measured Pout and

PAE for the 5 W amplifier MMIC at
VDS = 8 V and Pin = 23 dBm are
shown in Figure 14. The amplifier
has an output power greater than
38.5 dBm and a PAE better than 27

percent over the 12.5 to 14.5 GHz
frequency range. Figure 15 depicts
the P1dB power levels at various
drain voltages. The variations of
small-signal gain and input VSWR as
a function of frequency are shown in
Figure 16. The input VSWR is bet-
ter than 2:1 over the 13.1 to 14.8
GHz range. The measured second-
and third-harmonic power levels at
VDS = 8 V and Pin = 23 dBm were be-
low –40 and –75 dBc, respectively.

CONCLUSION
A variety of Ku-band power ampli-

fier MMICs has been developed us-
ing M/A-COM’s MSAG MESFET
technology. The power amplifiers
have demonstrated excellent power
performance: greater than 5 W output
power with power-added efficiency of
32 percent at 13 GHz for the 5 W am-
plifier, and an outstanding PAE (36
percent) and linearity (TOI = 40
dBm) at P1dB compression and 14
GHz for the 1.5 W amplifier. This
outstanding power performance was
only possible because of high across-
wafer uniformity of saturated drain-
source current (IDSS) and cut-off fre-
quency (fT) for the MSAG process.  ■
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WiMAX as a substitute for the existing broad-
band wire-line infrastructure in the last mile,
people are now designing and testing WiMAX
CPE and BTS operating at around 3.5 GHz.
Properly designed circuits on a FR4 board can
help to reduce the transceiver cost. Based on
theoretical analysis and ADS simulation, this
article presents a successful WiMAX LNA
built on a FR4 board using the ATF-54143 
E-pHEMT. 

TARGET ANALYSIS
With a single 3.6 V supply, the E-pHEMT

LNA delivers a measured 0.82 dB noise figure
(NF), 12.8 dB gain, +19 dBm output power at
1 dB gain compression (P1dB), 36.7 dBm
third-order output intercept point (OIP3), –20
dB input return loss (IRL) and –12 dB output
return loss (ORL) at 3.5 GHz.

To arrive at a balance between noise fig-
ure, gain and linearity, the device drain
source current (Ids) was chosen to be 60 mA
with a 3 V drain-to-source voltage; the gate-
to-source voltage was 0.59 V. According to
the ATF-54143 data sheet,3 this transistor
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This article presents the design of a 3.3 to
3.8 GHz LNA, suitable for IEEE
802.16a WiMAX customer premise

equipment (CPE) and base transceiver sta-
tions (BTS), built on inexpensive FR4 copper
laminate epoxy glass board material using the
Agilent Technologies ATF-54143 E-pHEMT
(enhancement-mode pseudomorphic high
electron mobility transistor).

The high loss tangent (tan δ) and relatively
variable dielectric constant (εr) of the FR4
copper laminate epoxy glass material (tan δ =
0.04, εr = 4.6) generally limits its use to appli-
cations below 3 GHz.1 For higher frequencies,
designers usually use more expensive materi-
als such as the Rogers RO4350B glass-rein-
forced hydrocarbon/ceramic laminate2 with
tan δ = 0.003 and εr = 3.48. Normally, the in-
sertion loss for the FR4 board will increase
rapidly when the operating frequency goes
above 3 GHz, and designing 3 GHz circuits
using FR4 material is usually not recommend-
ed. When using high performance devices
such as the ATF-54143, however, circuits de-
signed on FR4 material can meet the cus-
tomer’s requirements for noise figure, gain
and linearity. The biggest benefit to customers
is the lower cost of the FR4 material. This is a
critical concern for customers’ main produc-
tion. With the increasing acceptance of

BUILDING A 3.3 
TO 3.8 GHZ 802.16A
WIMAX LNA 
ON FR4 MATERIAL
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has the following typical features at
3.5 GHz: Fmin = 0.65 dB, Ga = 14.5
dB, OIP3 = +37.2 dBm, S11=0.608
∠ 149.60 (VSWR≈4.1), Γopt = 0.32 
∠  –1700.

The circuit can be simulated in
both linear and nonlinear operation
modes by using the Agilent EEsof
Advanced Design System (ADS) soft-
ware. A two-port S-parameter file in
the Touchstone format was used to
simulate the gain, noise figure and in-
put/output return loss; an ADS model
based on the data sheet3 was applied
to simulate the bias conditions and

linearity. Accurate equivalent models
for the resistors, inductors, capacitors
and microstrip lines are critical for
exact simulation because they deter-
mine the tuning elements on the cir-
cuit board. Thus, device models from
Toko and Murata are adopted to
model the capacitors and inductors
from these two vendors, and board
properties provided by the FR4 ven-
dor are adopted to model the mi-
crostrip lines. Figure 1 shows the cir-
cuit schematic and the corresponding
ADS simulation file that includes all
the models.

RF INPUT MATCHING
The RF input matching always

plays a key role in an LNA design. It
is not only a way to achieve a low NF,
it is also the way to obtain higher
IIP3, higher gain and better input re-
turn loss. In addition, since a filter ex-
ists before the LNA in some trans-
ceiver systems, a poor input return
loss will degrade the performance of
the filter, and thus impact the total
performance of the system. There-
fore, the goal for the input matching
is to achieve good return loss and
noise figure while maintaining ac-
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▲ Fig. 1  ATF-54143 low noise amplifier’s (a) circuit schematic and (b) ADS simulation.
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ceptable gain and IIP3. According to
Figure 2, the transistor has an S*

11 =
0.608 ∠ –149.60, which is a little far
away from Γopt = 0.32 ∠ –1700. This
means that if a good input return loss
is desired, the noise figure will be
high; if a good noise figure is desired,
the VSWR will be high. The best way
to resolve these opposing require-
ments is to obtain good noise figure
and good return loss by pulling S*

11
close to Γopt by using a feedback net-
work.

NEGATIVE FEEDBACK TO PULL
S*

11 CLOSER TO Γopt
According to Nyquist theory, the

noise from any impedance is deter-
mined by its resistive component,4
and an ideal lossless element will not
impact the NFmin if it is applied as
the feedback network.5

In Figure 3,

In Figure 4 , when adding a
source inductance Ls in the FET’s
source lead, the input voltage can be
rewritten as

V I R
j C

I g V j L

g g g
gs

g m c s
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⎛

⎝
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Then Vg can be expressed as

Thus, the equivalent input imped-
ance is
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▲ Fig. 3  Simplified FET model.6
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▲ Fig. 4  FET model with an external
source inductance.
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▲ Fig. 2  Input S*
11 and Γopt for the ATF-54143 transistor.
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In Equation 5, the term

is an “added” input impedance intro-
duced by the source inductor, and the
added resistive and reactive compo-
nent both help to pull the S*

11 closer
to Γopt.

Normally, Ls should be a small in-
ductor optimized according to Equa-
tion 5. Based on the analysis above, a
small microstrip line (width = length
= 16 mil) together with a via-hole was

g L
C

j Lm s

gs
s+ ω

Z
V

I
R j L

j C
g L
C

in
g

g
g s

gs

m s

gs

'

(

= = +( )

+ +
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

ω

ω
1

55)

introduced on both of the source
leads to work as a small inductor. Ac-
cording to the measured results, the
microstrip lines actually pull the S*

11
closer to Γopt while not changing the
value for Γopt (necessary for NFmin).
Since the feedback is negative, there
is an accompanying decrease in gain
with increasing feedback. In this cir-
cuit, the gain did not decrease too
much.

INPUT MATCHING NETWORK
DESIGN

Since the LNA operates around
3.5 GHz, a high pass filter is required
for input matching. When pulling S*

11
closer to Γopt =  0.32 ∠  –170°, the
matching network should also main-
tain the gain.

In Figure 5, the input conjugate
S11 is 0.38 ∠ –162° after proper allo-
cation of the capacitor, inductor and
microstrip lines. Figure 6 is the
equivalent circuit. According to the
measured results, this input matching
network will lead to S11 = –20 dB and
NF = 0.82 dB. The measurement re-
sults are in line with the theoretical
analysis and ADS simulation.

PASSIVE DC BIASING
Once the RF input matching has

been established, the next step is to
establish the DC biasing. Since the
DC biasing conditions are Vgs = 0.59
V, Vds = 3 V and Ids = 60 mA, it is easy
to determine the DC biasing
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▲ Fig. 5  Implementation of the input matching.
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▲ Fig. 6  Simulation of the input circuit
matching.
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where

Vdc= power supply voltage, 3.6 V
Vds = device drain to source voltage,

3 V
Vgs = device gate to source voltage,

0.59 V
Ids = device drain to source current,

60 mA

DETERMINING DEVICE VALUES
To achieve low input return loss,

low noise figure and high gain, the

R
V V

I

R
R R

V

V

dc ds

ds
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d
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3 6 3

60 10
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1
1 2

3
= =

×
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= ≈0 59

3
1
5

6
.

( )

values for C1,
TL43, L1 and TL24
in the simulation
are established ac-
cording to the
analysis of the input
matching network
design. The width
and length of L2
and L3 are deter-
mined according to
the ADS simulation.
The SRF (series
resonant frequency)
for C5 is selected to
be 3.5 GHz to ter-
minate the frequen-
cy around 3.5 GHz
and thus help im-
prove linearity. C3
and C6 are used as
a low frequency by-
pass to terminate
the high frequency
second-order har-
monics and thus
help improve lin-

earity. The resistor R5 helps termi-
nate the low frequencies, and can im-
prove the in-band stability by pre-
venting resonant frequencies
between the two bypass capacitors.
Table 1 summarizes the bill of mate-
rial for the LNA board.

MEASURED PERFORMANCES OF
THE ATF-54143 LNA AT 3.5 GHz

With a drain current of 60 mA, the
measured and simulated perfor-
mances of the LNA are compared
with good agreement. Figure 7
shows a gain of 12.8 dB at 3.5 GHz
and a noise figure of 0.82 dB is
achieved (see Figure 8). Figure 9

TECHNICAL FEATURE

TABLE I
COMPONENT PART LIST 

FOR THE ATF-54143 WiMAX AMPLIFIER

Devices Vendor’s Part No.

C1 1 pF Murata GRM1885C1H1R0CZ01D

C4 3.6 pF Murata GRM1885C1H3R6CZ01D

L1 33 nH Toko LL1608-FH33NJ

L4 10 nH Toko LL1608-FH10NJ

C2,C5 3.6 pF Murata GRM1885C1H3R6CZ01D

C3,C6 10 nF Murata GRM188R71E103KA01D

J1,J2 SMA connectors E.F. Johnson 142-0701-881

Q1 E-pHEMT Agilent Technologies ATF-54143

R1 300 Ω chip resistor

R2 1200 Ω chip resistor

R3 10 Ω chip resistor

R4 50 Ω chip resistor

R5 10 kΩ chip resistor

L2,L3 strap each source pad to the 
ground pad with 16 mil 
width and 16 mil length 
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▲ Fig. 7  Comparison of the measured and
simulated gain of the LNA.
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▲ Fig. 8  Comparison of the measured and
simulated noise figure of the LNA.
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shows the comparison between the
simulated and measured input return
loss, both of which are 20 dB at 3.5
GHz. The simulated and measured
output return loss are shown in Fig-
ure 10, both of which are greater
than 11 dB. The response is wide
enough to cover the operating fre-
quency range from 3.3 to 3.8 GHz.
Figure 11 depicts the comparison
for the isolation (S12), while Figure
12 is the comparison for OIP3.

CONCLUSION
Based on theoretical analysis and

ADS simulation, this article demon-
strates a 3.3 to 3.8 GHz WiMAX
LNA built on a FR4 board material.
Since it has a high linearity (P1dB 
> +19 dBm, OIP3 > +36 dBm), this
LNA can also be used as a PA driver
for radio cards and CPE. The mea-
sured RF results verify the feasibility
of 3.5 GHz WiMAX designs built on
a FR4 board. Over the 3.3 to 3.8
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▲ Fig. 9  Comparison of the measured and
simulated input return loss of the LNA.
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▲ Fig. 10  Comparison of the measured and
simulated output return loss of the LNA.
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GHz operating frequency range, the
FR4 board does not significantly im-
pact the noise figure and gain. ■
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cal insertion loss of 0.83 dB and a return loss
of nearly 21 dB. In addition to having differ-
ent turns-ratios on the transformers, the inter-
connections are somewhat different than for a
conventional coupler. Since there is no need
to access the isolated port, it is made floating.
This allows the shunt transformer T1 to be an
autotransformer, which simplifies construction
and improves performance. This ideal 8 dB
coupler has a theoretical loss of 0.83 dB,
whereas the requirement allows a loss of 1.45
dB, which leaves about 0.6 dB to account for
core losses, skin-effect losses and any reflec-
tion mismatches within the windings them-
selves. As it turns out, this 0.6 dB extra loss is
a tough requirement; ordinary commercial 8
dB couplers have nearly twice this extra loss.

HIGH FREQUENCY DESIGN
Since the high frequency loss is the hardest

to meet, extensive modeling and measure-
ments were done to minimize the losses and
the reflective mismatches. To make the trans-
formers perform well at high frequencies, the
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Acoupler with a through loss of less than
1.45 dB from 5 to 900 MHz was need-
ed in a 75 Ω system and only commer-

cial couplers of 10 dB (or more) could offer
this low through loss, particularly at the high-
est frequencies. Unfortunately, another re-
quirement was to produce a very high RF lev-
el at the input port when the coupled port was
driven. This required a high power driver with
very high linearity on the coupled port. The
greater the coupling loss, the higher the pow-
er required to drive the coupled port so it was
advantageous to have an 8 dB coupler rather
than a 10 dB coupler. It was also found that
the amplifier could drive more power into a
50 Ω load than a 75 Ω load because of voltage
swing limitations. The coupler described in
this article gave some freedom not available

on commercial couplers. For
example, the isolated port was
not used, so it could be buried
inside the coupler.

THE BASIC COUPLER
Using ideal transformers, the

circuit shown in Figure 1 is an
8 dB coupler, which has a 50 Ω
impedance looking in the cou-
pled port. It also has a theoreti-

A SPECIALIZED
LOW LOSS 8 DB COUPLER

3:6

6:2

Input
(75 Ω)

Output
(75 Ω)

60 Ω

Coupled Port

Isolated Port

42 Ω

T1 

T2 

Fig. 1  Schematic of the 
8 dB coupler. ▼
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windings must be modeled as cou-
pled transmission lines. The total
length of the windings is restricted by
the phase shifts at the highest fre-
quency, which limits the core size and
the number of turns. This, in turn,
limits the wire size to fine magnet
wire so skin and proximity losses
alone contribute a little over 0.1 dB.
Even if reflective mismatches are
eliminated at high frequencies, this
leaves only 0.5 dB total loss for the
two cores. A clever way was found to
wind the cores to give overall good
performance and still provide an in-
sertion loss of approximately 1.35 dB
at 900 MHz. Although more exacting
to wind (extra cost), no tuning is re-
quired. The construction details and
rationale follow.

THE SHUNT TRANSFORMER:
MODELING TURNS AS
TRANSMISSION LINES

Consider the two-turn helix (in
air) shown in Figure 2. It can be
modeled as a simple two-wire trans-
mission line, which is folded back
upon itself. If the spacing between
the turns is known, the Z0 of the line
is known. The electrical length of the
line is simply the length of one turn
modified by εr, the relative dielectric
constant. Knowing just these two
characteristics, high frequency mod-
eling can quite accurately predict the
performance. This assumes an air
core and that there is no radiation.
Even though the coil may be wound
on a ferrite core, at the highest fre-
quencies, the ferrite can be substitut-

ed with air (except for core losses).
Since most of the winding anomalies
show up at high frequencies, this is
an excellent modeling tool. For a
multi-turn helix, the assumption is
that only the next adjacent turns have
significant effect on high frequency
performance. Under this assumption,
a helix is simply the composite of
multiple double-coupled transmission
lines. A six-turn helix, with a tap at
two turns from ground, can thus be
modeled, as shown in Figure 3.

SKIN AND PROXIMITY EFFECTS
At 900 MHz, the skin effect re-

stricts the current flow in the wires to
a thin layer less than 2.54 µm thick.
Additionally, the current is highly
concentrated on the sides of the wire
that are in close proximity to other
conductors. The net result is that at
approximately 0.1 dB, the copper
conductor losses are approximately
twice that predicted by skin effect
alone. The copper losses might be
slightly reduced by using a larger
wire — #34 wire, for example — but
core losses may increase in the series
transformer because the wires are
forced to be closer to the lossy ferrite
in the tightly packed core hole.

TWISTED PAIR TRANSMISSION
LINES

In the 50 to 75 Ω range, the char-
acteristic impedance, Z0, of the twist-
ed pair is quite sensitive to the tight-
ness of the twist because even a few
spots of slight wire separation signifi-
cantly change (increase) Z0. The pri-
mary function of twisting the wires is
to assure intimate tight spacing of the
wires, even as the pair (or triple) is
wound around the core. Within rea-
son, the tighter the twist, the lower
Z0, and the more securely the wires
of the pair are held in intimate con-
tact. Instead of twisting, the same re-

sult might be ac-
complished if the
pair (or triple) was

co-extruded with insulation that held
the spacing of the wires constant. The
presence of the magnetic core affects
the Z0 of the twisted pair. That is, a
twisted pair may have a Z0 of 70 Ω in
air, but may increase to 75 Ω when
wound about a ferrite core. The rea-
son is that the core allows more flux
linkages, which increases the effec-
tive inductance of each wire. In-
creased inductance means a higher
Z0. The increase in Z0 and the in-
crease in core loss are closely related.

CORE LOSSES
It is obvious that the core material

should have low losses for a fixed
number of turns. For cores with
roughly equal cross-section area with
six turns, the losses of commercial
cores range from approximately 0.2
to 0.4 dB in a 75 Ω system. Another
core requirement is that it has a high
enough inductance at the lowest fre-
quencies so as to maintain high re-
turn loss and low insertion loss. A
third requirement (in the present sys-
tem) is that it has about 110 dB of lin-
earity for 65 dBmV signals at the cou-
pled port up to approximately 70
MHz. If a core is wound with a fixed
number of turns and is placed across
a voltage source, to a close approxi-
mation, the core losses are propor-
tional to (Bf)2, where B is the mag-
netic flux density in the core and f is
the frequency. At a fixed frequency, B
increases linearly with applied volt-
age, so the core losses are proportion-
al to B2 and hence to V2, just the
same as for an ordinary resistor. If the
applied voltage is held constant while
the frequency is increased, B de-
creases as 1/f. The net result is that
core losses of the shunt transformer
tend to be constant with frequency,
which is borne out by network ana-
lyzer measurements. At high fre-
quencies especially, current-carrying
wires that lie close to the ferrite ma-
terial cause core losses. This applies
especially to the series transformer.
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Tap
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▲ Fig. 2  Shunt transformer modeled as
transmission lines.
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▲ Fig. 3  A six-turn helix model.

x

▲ Fig. 4  Two wires with opposite current direction in a ferrite core. 
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Even if there is no net magnetic flux
encircling the hole in the core, there
are locally intense magnetic fields
around the current-carrying wires,
which cause losses in the ferrite.
Consider the case of just two wires
passing through the hole in a core,
each of which carries identical cur-
rent in opposite directions (see Fig-
ure 4). Clearly, there is no net flux

around the core because the cancel-
ing currents create no net H field.
Yet, as shown, there are local H fields
in the close vicinity of the wires,
which set up local B fluxes in the
core. Wherever there are B fluxes in
the ferrite, there are losses, and since
the currents in the wires of the series
transformer tend to be constant, the
local H field tends to be constant. As

stated before, the core losses tend to
increase as (Bf)2, so although the per-
meability of ferrite decreases with
frequency, the local B fluxes do not
drop fast enough to make up for the
higher ferrite losses at higher fre-
quencies. The net result is that core
losses in the series transformer are
very low at low frequency, but rise
rapidly at high frequency. The skin-
effect losses also rise with frequency,
but rise relatively slowly as ��f.

If the two wires are moved away
from the ferrite, the core losses are
reduced because the local H field
drops off as 1/x. Instead, if the two
wires are closely paired but still
touching the ferrite, local H fields are
reduced and core losses are also low-
ered, but are still significant. Finally,
if the two wires are paired and moved
away from the ferrite, core losses are
dramatically reduced because the H
field tends to drop off as 1/x2. For
lowest core losses, the lesson is to
pair the wires with opposite currents
and keep them away from the core
surfaces.
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▲ Fig. 5  Series transformer modeling.
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▲ Fig. 6  Series transformer with two outer conductors in series.
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MODELING THE SERIES
TRANSFORMER

The series transformer monitors
current in the main transmission path,
has a turns-ratio of 3:6 and must have
an isolated secondary. To set up the
transmission line model, consider the
diagram shown in Figure 5. The
main transmission path is broken and
a 75 Ω, two-wire transmission line is
inserted. Except for additional phase
shift, the main path is not affected.

However, the RF current in one con-
ductor is of the same magnitude but
opposite polarity to the current in the
other conductor. Now assume that the
center conductor has a wire on either
side of it, each of which has a Z0 of
150 Ω. The center conductor still sees
a net Z0 of 75 Ω, but each of the outer
conductors carries only one half of the
current of the center conductor. Next,
connect the two outer conductors in
series, as shown in Figure 6. If the

lines are electrically short enough, the
result is an isolated 2:1 current trans-
former. Finally, one end can be lifted
from ground and a resistor to ground
can be inserted (see Figure 7). Al-
though the resulting current trans-
former is no longer “perfect” because
of the phase shift between the two se-
ries sections and the imperfect
ground at the resistor end, it is still
good enough for this coupler applica-
tion. Instead of grounding one end of
the series connection, the center con-
nection can be grounded and a resis-
tor can be placed at each end of the
series connection. This now makes a
push-pull output, which may have
great benefit in certain applications.

The end view of this three-wire
arrangement is shown in Figure 8.
Simulations indicate that the high
frequency performance is somewhat
improved if the outer two wires are
tightly coupled to each other. In fact,
simulations indicate that the Z0 of the
two “outer” wires should be about 25
Ω, although in practice it is difficult
to get lower than approximately 40 to
50 Ω, which, fortunately, still gives
good performance. The “center” con-
ductor still needs to have a Z0 of 75 Ω
between itself and the pair of tightly
coupled outer conductors.

These two Z0 requirements can be
met by pre-twisting three #36 AWG
magnet wires as follows: Two of the
wires are first tightly twisted (about 16
twists per inch) in the clockwise direc-
tion. This forms the two “outer” wires,
which need tight coupling. Next, the
“center” wire is twisted (about 8 twists
per inch) about the first pair, but in a
counterclockwise direction (see Figure
9). This gives a Z0 close to 75 Ω be-
tween the center wire and the tightly
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▲ Fig. 7  Series transformer with one end 
of the secondary loaded.

Center

▲ Fig. 8  Three wire arrangement.
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twisted outer pair. If the center wire is
twisted in the same direction around
the outer pair, Z0 is much lower than
75 Ω because it tends to lie close to the
outer pair throughout the spiral. Twist-
ing in the opposite direction allows the
center wire to just touch the outer pair
in a few spots and hence produces an
acceptably higher Z0.

This specially made twisted triple
should not be tightly wound on the
series transformer so as to keep the
current-carrying wires away from the
lossy ferrite core. Ideally, the twisted
triple should touch the ferrite at only
four corners for each turn. This adds
slightly to the turn length, but the
benefits of lower core loss at high fre-
quency outweigh the detriment of ex-
tra phase shifts.

WINDING THE TWO-HOLE CORE
The Series Transformer

Take the #36 pre-twisted triple with
“center” wire a-A and two “outer” wires
b-B, c-C and insert it in the left-hand
hole of the ferrite core, as shown in
Figure 10. Connect ends a and b to
the solder tabs shown. Make sure there
is a least one twist of a and b between
the tabs and the entrance hole; do not
widely space these wires. Leave end c
free and unconnected for the moment.
Wind two more turns (for a total of
three turns) of the triple through the
left-hand hole. Do not tightly wind the
triple against the core in order to mini-
mize core losses. Connect ends A and
C on the tabs as shown. Again, make
sure there is at least one twist of A and
C between the tabs and the core hole.
Now take ends c and B and snugly pull
them against the existing windings,
twist together and solder the connec-
tion, as shown in Figure 11.

The Shunt Transformer
Take a single #36 wire and attach

it to tab e, as shown in Figure 12.
Wind four turns through the right-
hand hole as a single-layer, closely
bunched winding. As the wire exits
from the fourth turn, wrap one turn
around tab f then continue winding
two more turns. Connect the end at
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▲ Fig. 9  Twisted wire configuration.
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▲ Fig. 10  Winding the series transformer in the ferrite core.
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the inductive impedance looking back
into the tap. This extra capacitance
may be incorporated into the winding
arrangement of the turns of the shunt
transformer. Conversely, if a small ca-
pacitor is placed between the tap and
ground, the apparent Thevenin voltage
at the tap is raised at high frequencies.
Note also that the impedance on the
isolated port has been changed to an
RC network.  ■

Cecil W. Deisch received his MSEE degree
from New York University and has spent most
of his career at AT&T Bell Labs, concentrating
mostly on magnetics and analog circuit design.
In addition to being awarded several patents,
he has published many technical papers in
various branches of electrical engineering and
is an AT&T fellow. During his career, he has
designed circuits covering the frequency range
from 20 Hz (telephone ringing voltage) to 1
GHz. He now works for Tellabs, where he
developed this new low loss coupler
configuration.

G as shown. This winding has six
turns with a tap at two turns from
ground. This winding may be wound
tightly against the core because this
winding nominally carries no current.
It is all right (probably advantageous)
to wind the last two turns in contact
with the first turn in order to slightly
increase the capacitance.

MODIFICATIONS TO IMPROVE
PERFORMANCE

In the real world, there are always
parasitic impedances, which, to some
extent, can be compensated. Experi-
mentation shows that the best overall
performance is obtained by adding
components and changing imped-
ances, as shown in Figure 13. At high
frequencies, the apparent turns-ratio
of T1 is slightly changed by adding a
small capacitor (0.2 to 0.4 pF) between
the top and the tap of T1. This capaci-
tor does not change the phase shift of
T1 much, but does lower the Thevenin
voltage at the tap by canceling part of

MICROWAVE JOURNAL ■ FEBRUARY 2006 111Visit http://mwj.ims.ca/7956-96

TECHNICAL FEATURE

a

A

B

c

C

b

▲ Fig. 11  Series transformer connections.
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▲ Fig. 13  Final configuration of the 8 dB
coupler.
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▲ Fig. 12  Winding a shunt transformer 
on the ferrite core.
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have been introduced, which offered signifi-
cant size, weight and cost advantages over cav-
ity and dielectric resonator designs.1 Several
authors, dealing with the advances of novel
materials and fabrication technologies,2–5 have
discussed the filtering characteristics of differ-
ent configurations. These types of filters were
ideally suited for narrow bands. A new genera-
tion of microwave dual-mode filters, using
square ring resonators with enhanced 
L-shaped coupling arms, was later discussed.6
Advantages of low insertion loss, sharp rejec-
tion band and wide passband were obtained.
Subsequently, the area of the overall filter
structure was reduced and a sharper passband
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Recently, more attention has been paid
to applications of ultrawideband
(UWB) technology on wireless commu-

nication. It offers advantages of decreased cost
and increased capabilities, compared with oth-
er conventional radio technologies. Standards
activities for UWB systems are promoting a
global perspective for not only technology but
also regulations. UWB has the characteristics
of low cost, bulk data transmission rate and
very low power consumption that make it at-
tractive in local area networks, position loca-
tion and tracking, and radar systems. Planar
bandpass filters, with a wide bandwidth of 3.1
to 10.6 GHz, are highly suitable for integra-
tion of UWB front-ends. A planar bandpass
filter, based on a microstrip structure, can pro-
vide the advantages of easy design, lower fab-
rication cost and compact size, and has been
widely used. In addition, a dual-mode res-
onator is often built into the microstrip related
bandpass filter design to improve the pass-
band and rejection. Planar dual-mode filters

DESIGN OF A UWB LOW
INSERTION LOSS BANDPASS
FILTER WITH SPURIOUS
RESPONSE SUPPRESSION
This article describes a new ultrawideband (UWB) microstrip bandpass filter
based on a dual-mode ring resonator with spur-line structures placed at the input
and output ports. This type of filter is characterized by its compact size, sharp
rejection, low insertion loss and wide stopbands. The spur-line structure
generates a band rejection to suppress the spurious response without changing
the prototype design. In addition, the resonance frequency of the spur-line
bandstop filter can be accurately and conveniently calculated. The highest
attenuation of the spurious levels in the proposed filter is greater than 33 dB
without degradation of the performance of the bandpass filter.
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was provided. However, the presence
of spurious harmonics was a funda-
mental drawback.7 A number of im-
proved structures, such as an I/O tap-
ing line, defected ground structure
(DGS), split ring resonator (SRR)
and photonic band-gap (PBG), have
proven to be effective in suppressing
spurious harmonics. These tech-
niques either increase the complexity
of fabrication or enlarge the compo-
nent’s size. It has been proven that a
filter, incorporating two spur-lines at
the input and output feed lines of the
coupled ring, can increase the rejec-
tion band of the bandpass filter.8 The
ideas demonstrated in this article are
to implement spur-line structures in
the square ring resonator to suppress
the spurious harmonics without
altering the passband response of the
filter.

DUAL-MODE, WIDEBAND
MICROSTRIP BANDPASS FILTER

A novel bandpass microstrip filter,
based on a ring resonator, is shown in
Figure 1. The input and output ports
are directly connected to the ring res-
onator at 180° and 270°. Two stepped-
impedance tuning stubs are imple-
mented within the resonator at 0° and
90°, and a 0.5 by 0.5 mm perturbation

is positioned at 45°. The circumference
lr of the ring resonator is given by
Equation 1, where n is the mode num-
ber and λg is the guided wavelength

lr = nλg (1)

The ring resonator and the λ/8
stepped-impedance stubs are de-
signed for a resonance frequency of
4.2 GHz and fabricated on an
RT/duroid 6010.2 substrate with a
thickness h = 25 mil and a relative di-
electric constant εr = 10.2. The di-
mensions of the filter are l = 7.4 mm,
m = 3.55 mm, n = 0.7 mm, t = 2.6
mm, w = 0.6 mm and p = 0.5 mm.
The simulated results of the filter are
shown in Figure 2. The perturbation
stubs can generate two transmission
zeros, or dual modes, on either side
of the passband within the 2.68 to
2.87 and 5.56 to 5.99 GHz bands.
The filter has a 3 dB fractional band-
width greater than 56 percent and an
insertion loss better than 0.3 dB.

SPUR-LINE BANDSTOP FILTER
CONFIGURATION

Figure 3 shows the configuration
of the spur-line filter. The parameters
k and g, the length of the spur and
the gap, determine the resonant fre-
quency of the spur-line bandstop fil-
ter. Based on the analysis introduced
by Nguyen and Hsieh,9 a spur-line
bandstop filter on a homogeneous
medium can support two quasi-TEM
modes, that is an even and odd mode,
and each mode propagates with a dif-
ferent phase velocity. The equivalent
circuit model in matrix form can be

constructed through manipulations of
the impedance matrix of parallel-cou-
pled transmission lines and termina-
tion conditions. It is proven that the
filter type, either bandstop or band-
pass, is mainly dominated by the odd
mode of propagation, and the compu-
tations for the two parameters k and
g are related by the effect of the odd
mode fringing capacitances. The
length of the spur-line is given by8

where the center frequency of the
designed filter is f0 and Keffo is the
odd mode effective dielectric con-
stant. The modifying term ∆k is an ef-
fective length resulting from the ef-
fect of the gap g. In this case, k and g
are 3.4 and 0.2 mm. This designed
spur-line filter was embedded in the
input and output microstrip lines of
the ring resonator, as shown in Fig-
ure 4 . A new ultrawideband mi-
crostrip bandpass filter, based on a
dual-mode ring resonator with spur-
line structures placed at input and
output ports, is created.

k
f K

k
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= ×3 10

4
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8
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▲ Fig. 5  The proposed UWB bandpass
filter.

l

m
PORT 1

PORT 2

t

p

w
n

▲ Fig. 1  Dual-mode, wideband bandpass
filter.
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▲ Fig. 4  UWB bandpass filter with input
and output spur-lines.
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MEASUREMENTS
The overall size of the filter is 15.7

by 15.7 mm, and the prototype filter is
shown in Figure 5. The passband and
stopband responses of the designed
bandpass filter are shown in Figure 6.
The perturbation stubs can generate
two transmission zeros or dual modes
on either side of the passband within
2.70 to 2.89 GHz and 5.65 to 5.73
GHz. The filter has a 3 dB fractional
bandwidth of 57 percent, an insertion
loss better than 0.8 dB and a return loss
greater than 10 dB in the passband
from 3.1 to 5.6 GHz. The spurious re-
sponse of the designed filter is effec-
tively suppressed. The rejection of the
spurious response from 5.8 to 8.5 GHz
is successfully suppressed to a level
lower than –20 dB through the effect of
the input and output spur-lines. 

CONCLUSION
The design for a UWB bandpass fil-

ter with spurious response suppression
is proposed and shown in this article.
Its characteristics are compact size,
sharp rejection, low insertion loss and
wide stopbands. The measured perfor-

mance shows good agreement with the
simulated results. The slight difference
between the simulated and measured
results may be due to a fabrication er-
ror, which can be improved by more
precise fabrication technology. With
the addition of the spur-line structures,
another transmission zero can be creat-
ed to suppress the spurious response
without changing the prototype design.
In addition, the maximum attenuation
in the stopband of the proposed filter is
more than 33 dB without degrading the
performance of the bandpass filter.
Specifically, the resonance frequency of
the spur-line bandstop filter can be ac-
curately and conveniently calculated.
These features make spur-line band-
stop filters more attractive in modern
communication applications.  ■
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band-gaps. The relative bandwidth of the
stopband can usually reach 30 percent.1,7 In
this article, a new photonic band-gap structure
for microstrip lines is proposed. The periodic
2-D patterns, consisting of slots in the shape
of crosses with squares in the middle (scalari-
form) etched in the ground plane of mi-
crostrip lines, can effectively increase the
bandwidth of the stopband. The relative band-
width can reach 40 to 50 percent. The pro-
posed slot structure can easily be designed
and fabricated using conventional printed cir-
cuit board technology.

PBG STRUCTURE DESIGN 
As is well known, if the period of the PBG

elements is chosen to be half the guided wave-
length at the center frequency of the stop-
band, the electromagnetic band-gap structure
produces a stopband in which propagation is
suppressed. The PBG structure is implement-
ed by etching slots in the ground plane, as
shown in Figure 1. The dielectric constant of
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Photonic band-gap (PBG) structures were
initially proposed in the optical compo-
nent field. In the microwave field, PBG

periodic structures suppress the propagation
of electromagnetic waves whose frequencies
are within certain bands. They allow shifting
the rejected frequency band by simply chang-
ing the geometry parameters of the PBG ele-
ment or the physical characteristics of the
PBG structure. In recent years, because of
these special properties, PBG structures have
been widely used in the control of propagation
of electromagnetic waves. 

In the past few years, much research has
been done in one- or two-dimensional PBG
structures.1–9 Most of the PBG structure ele-
ments are formed by simple geometries, such
as a circle or a rectangle.4,5 Because PBG
structures are periodic, most of them will gen-
erate periodic band-gaps from higher order
modes. Although the bandwidth of the main

band-gap can be increased, the
main band-gap is often not
wide enough and the required
bandwidth cannot be extended.
This is due to an appreciable
distance between the center
frequencies of the periodic

MICROSTRIP LINE
WITH A NOVEL BROADBAND
PBG STRUCTURE
A new scalariform cross (a cross with a square in the middle) slot structure is
proposed for a broadband photonic band-gap (PBG) microstrip line. Compared
to other PBG structures of simple geometries, wider frequency stopbands, greater
than 40 percent and with rejection of at least 35 dB, are achieved with this
structure. The experimental and simulated results are in good agreement.

Fig. 1  Ground plane of the
microstrip line with slots
etched with the proposed
geometry. ▼
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the substrate is εr = 10 and its thick-
ness is h = 0.8 mm. The length of
every side of the cross-slot is kept
constant and equal to 0.9 mm; the

period is 5.4 mm. The microstrip line
width is 1 mm for Z0 = 50 Ω. The cir-
cuit simulation was performed using
HFSS. To make a comparison, other
structures composed of simple geom-
etry patterns such as squares and
crosses are also simulated, as shown
in Figures 2 and 3. All these PBG
structures are composed of patterns
of 7 × 7 elements.

In general, the stopband center
frequency f0 is a function of the peri-
od of the structure. The three struc-
tures are all based on the same sub-
strates and have the same period.
Consequently, in all three cases, the
center frequency of the stopband is
approximately 10 GHz. The magni-
tude and bandwidth of the stopband,
however, depend on the geometry of
the PBG pattern. The simulated per-
formances for the three patterns are
shown in Figures 4, 5 and 6. The
comparative data is listed in Table 1.
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▲ Fig. 2  Ground plane of the microstrip
line with square slots etched.

▲ Fig. 3  Ground plane of the microstrip
line with etched cross slots.
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▲ Fig. 4  Simulated S11 and S21 for the
proposed PBG microstrip circuit.
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▲ Fig. 5  Simulated S11 and S21 for a PBG
microstrip line with square patterns.
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▲ Fig. 6  Simulated S11 and S21 for a PBG
microstrip line with cross patterns.

TABLE I
PERFORMANCE OF THE THREE PBG STRUCTURES

Period ∆f (3 dB) Relative Depth of εr = 10, h = 0.8 mm (mm) f0 (GHz) (GHz) Bandwidth (%) Stopband (dB)

scalariform cross slot 5.4 10.3 4.35 42.2 –35

square slot 5.4 10.3 3.63 35.2 –26

cross slot 5.4 10.3 3.73 36.2 –28

It can be easily observed from the
simulated results that the perfor-
mance of the PBG structure with the
proposed scalariform pattern is much

▲ Fig. 7  A fabricated PBG microstrip
sample.

▲ Fig. 8  The experimental setup.
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▲ Fig. 9  Measured (a) S21 and (b) S11
performance of the three PBG patterned
microstrip lines.
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better than that of the PBG structures with square and
cross patterns.

EXPERIMENT AND MEASUREMENTS
Experiments were performed to demonstrate the sup-

pression of the propagation of electromagnetic waves. A
fabricated PBG sample, with a pattern arrangement of 7 ×
7 elements, is shown in Figure 7. Figure 8 shows the ex-
perimental setup used for the measurements. The two
ends of the microstrip line are soldered to two SMA con-
nectors. The results are shown in Figure 9. The PBG
sample with the proposed pattern has a rather wide band-
width characteristic. The central frequency of the stop-
band is 10.5 GHz; the bandwidth is about 5 GHz. In the
stopband, the rejection level can reach –47 dB. Outside
the stopband, the return loss of the microstrip line is less
than 1.5 dB. The measurement results agree well with the
simulation results.

CONCLUSION
A novel microstrip line with a scalariform (cross plus

square) slot PBG structure has been proposed. The new
PBG structure can effectively increase the width of the
stopband compared with some other PBG structures
composed of simple geometry slots. Both the simulated
and experiment results have shown that a wide stopband
is achieved for this PBG structure.  ■
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SPECIAL REPORT

Seeing the boy’s interest, Marconi, who was
then a tenant in the uncle’s house, supposedly
said: “So, you’re interested in that, are you,
young’un? If you’d like to work with me, I’ll
take you on.”2 In this manner, ten-year-old
Gay-Balmaz became Marconi’s little helper,
very excited at the idea of carrying such fasci-
nating equipment. He enjoyed helping this
kind and generous summer resident, a man
very different from the area’s customary
tourist. Without realizing it, Gay-Balmaz was
about to play a role in one of the most signifi-
cant adventures of our time.3

Overlooking the village of Salvan is a flat-
topped erratic rock called “Pierre Bergere”
(The Shepherdess Stone) (see Figure 2), on
which Marconi installed his transmitter. His
equipment consisted of a battery, a Ruhmkorff
induction coil, a Righi spark generator and an
antenna (see Figure 3). A few meters away
from the rock, the boy held a two-and-a-half-
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In 1965, inhabitants of Salvan, Switzerland,
located above Martigny in the Mont Blanc
region, “remembered” that a senior citizen

of their village had lived a very unusual experi-
ence seventy years before, when he was a

young boy. A radio reporter was
vacationing nearby, and Mau-
rice Gay-Balmaz, by then 80
years old (see Figure 1), told
him how he had met a “nice
young man,” who had arrived
with heavy equipment along the
mule path ascending from the
Rhone valley.1 The recordings
made at the time describe a
crucial episode in the develop-
ment of wireless communica-
tions, which was until then un-
known to Marconi’s “official”
biographers.

AN OLD MAN TELLS AN
OLD STORY

The young Gay-Balmaz,
born in 1885, was playing near
his home in Salvan, when he
noticed some odd-looking bits
and pieces lying in the grass.

SALVAN: 
CRADLE OF WIRELESS
How Marconi Conducted Early Wireless Experiments in the Swiss Alps

On September 26, 2003, the IEEE dedicated a “Historical Milestone,”
acknowledging some of the first wireless experiments conducted in 1895 by
Guglielmo Marconi in Salvan, Switzerland, a picturesque resort in the Swiss
Alps. This historical development had been described in detail by an elderly
citizen, who had assisted Marconi during his short stay in Salvan.

Fig. 1  Maurice 
Gay-Balmaz. ▼

 2M38 FINAL  1/30/06  12:20 PM  Page 124



meter long pole,
along which ran a
metallic wire con-
nected to a receiver,
probably consisting
of a Branly coherer,
a battery and a bell
(see Figure 4). Ac-
tually, the Italian
word for pole is “an-
tenna.” This term,
introduced at the
time by Marconi,
has since been used
worldwide to desig-
nate what was pre-
viously called an

“aerial.” Part of the equipment had
been brought from Bologna by Mar-
coni and his elder brother Alfonso,
who by then had returned to Italy. 

A lot of time and effort was need-
ed to get the system to operate. Gay-
Balmaz recalled the long waiting pe-
riods: “At first the bell would not
ring, and then, after careful trials,
evaluations and adjustments of his
apparatus, it did ring at such a dis-
tance. Marconi’s face was beaming,
and he shouted to me ‘it is fine, now
it is starting to work!’ He asked me to
move farther, maybe a hundred me-

ters away. And then
it took some time,
maybe half a day of
trials before the bell
rang again. But it
did ring! And we
went along in the
same way.”2

With a broken
voice full of emo-
tion, the old man
showed the places
where he had
placed the receiver
and described how
the tests pro-
gressed. Soon, the
distance became
too large to talk or

to shout to each other, and flags were
used to exchange messages. Whenev-
er the bell rang, the boy raised a red
flag to show that the signal had been
received, while a white flag meant
“not yet, keep trying!” The receiver
was moved farther and farther away
from the Shepherdess Stone, the four
or five initial meters soon becoming
hundreds of meters, finally reaching a
location at the top of the next village
of “Les Marécottes,” at a distance of
roughly one and a half kilometers
(see Figure 5). The transmitter’s lo-
cation was not always visible from the
receiver, and then Gay-Balmaz had to
change his position in order to indi-
cate the result of the test. The first
transmission without direct visibility
was thus realized in Salvan.

This last information is particularly
significant because, at that time, peo-
ple believed that electromagnetic
waves could only propagate along
straight lines — just like light — and
therefore could not reach the other
side of hills and mountains. It was
also felt that the curvature of the
earth would drastically limit the
transmission length. But such beliefs
had not been verified, and Marconi
proved that they were incorrect.

After several weeks of testing,
Marconi returned to Italy, leaving in
Salvan only some copper wire forgot-
ten in his room. But he did not forget
his young helper, who received a let-
ter from Italy. Gay-Balmaz remem-
bers, “I did not realize that he would
become so famous. So when he wrote
inviting me to come to Rome for a
few days, I did not even keep the let-
ter. Alas, I was still very young, and
my parents did not let me go.” For
the rest of his life, Gay-Balmaz re-
sented this irrevocable decision. He
became a carpenter and spent his
whole life in and around Salvan,
working as a general handyman in a
sanitarium. He died in 1975 at the
age of 90.

Marconi’s life, on the other hand,
was extremely active. A few months
after the Salvan episode, a gunshot
sounded in the grounds of Villa Grif-
fone, near Bologna in Italy. It an-
nounced the successful transmission
of a message over two and a half kilo-
meters.5 By then, flags were no
longer sufficient for signaling. In
1896, Marconi filed patent No. 12-
039 in London, followed in 1897 by
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▲ Fig. 2  The Shepherdess Stone in Salvan.

▲ Fig. 3  Reconstruction of Marconi’s
transmitter at the Salvan Marconi Museum.

▲ Fig. 4  Reconstruction of Marconi’s receiver at the Salvan Marconi
Museum.

▲ Fig. 5 Panorama from the Shepherdess Stone, showing the places where Gay-Balmaz carried
the receiver.

1. Les Marécottes; 2. La Combaz; 3. Ladray; 4. Creté dy Serré; 5. Les Maraiches
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the wireless transmission over all of
fourteen kilometers, between Laver-
nock Point and Flat Holme Island in
the Bristol Channel, officially record-
ed by the British Post Office.6 A sig-
nal crossed the English Channel in
1899, and in 1901 Marconi managed
the incredible feat of sending a wire-
less message across the Atlantic
Ocean, from Poldhu in England to
Signal Hill in Newfoundland.7

Marconi’s realizations were ac-
knowledged by the highest honors,
among them a dozen “honoris causa”
doctorates (quite a feat for a man
who had failed the entrance exams
for the University of Bologna) and
many scientific awards throughout
the world, including the Nobel Prize
in physics in 1909. He kept traveling
all around the globe and kept a close
watch on the evolution of his com-
mercial ventures, until a heart attack
ended his activity in the early hours
of July 20, 1937.8 What followed is
well known. Is it possible to imagine
the world today without radio, televi-
sion and cellular phones?

FUZZINESS OF HEARSAY
HISTORY 

For a historian, oral testimony like
the one given by Gay-Balmaz always
contains some elements of doubt. It
is well known that memory does not
register facts, but interpretations
made by the observer. In addition,
when a story is reported seventy years
after the event, one may expect some
inaccuracies. Independent testimony,
or some written documents would be
welcome, to complete and corrobo-
rate oral descriptions. Unfortunately,
Marconi did not leave any report de-
scribing his experiments in Salvan, so
that one can only rely on hearsay
gathered many years later.9 In his tes-
timony, Gay-Balmaz recalled that he
was about twelve years old, in which
case the encounter should have taken
place in 1897, but this cannot be true,
because by then Marconi’s waves
were traveling over much longer dis-
tances. Gay-Balmaz also reports that
Marconi was then around 26 or 27
years old,1 which is some five or six
years older than he actually was at the

time. This is not too significant, per-
haps, because it is notoriously diffi-
cult for young children to estimate
the age of adults. The chronological
sequence of events shows that Mar-
coni’s experiments in Salvan were
made during the summer of 1895,
but a discrepancy of several years in
the testimony of Gay-Balmaz does
not shed doubt upon its validity. Who
can remember, within plus or minus
one or two years, what was going on
when he or she was ten years old?

Two articles10,11 describe Mar-
coni’s stay in Salvan as shrouded in a
thick veil of mystery; the first of
which even wonders whether Gay-
Balmaz might not have made up the
whole story, supposedly to impress
his wife. But the honesty of the old
man was proverbial, and only some-
one who did not know him could
shed any doubt on his testimony.
Many inhabitants of Salvan told of
this young gentleman, roaming
around the rocky woods and steep
meadows with a local boy, carrying
odd machines, poles and flags, and
the story remains part of the “collec-
tive memory” of the village. Gay-Bal-
maz’s testimony is remarkably de-
tailed and precise, describing in a
plausible way how Marconi operated,
and it provides interesting informa-
tion about what took place at that
time.1 One should also note that, in
the absence of written documents,
Marconi’s official biographers are
faced with the very same situation
concerning this part of his life. They
must also rely on oral reports told
much later by family members, ser-
vants or guests at the Villa Griffone.
For instance, a servant remembered
digging a hole in the ground to bury a
large metal plate. It is known now
that, among other things, Marconi
discovered that by earthing his equip-
ment he could lengthen the transmis-
sion range considerably. Marconi was
a man of action, who did not take
much time off to “look back” and to
write his memoirs, so that some ques-
tions may remain forever unan-
swered.

THE BEGINNINGS OF RADIO 
For a long time, a recurring ques-

tion has been frequently asked, “Who
actually invented radio?” To answer it
properly, an indisputable manner of
what is meant by ‘invent’ and by ‘ra-

128 MICROWAVE JOURNAL ■ FEBRUARY 2006Visit http://mwj.ims.ca/7956-139

SPECIAL REPORT

 2M38 FINAL  1/30/06  12:22 PM  Page 128

http://mwj.ims.ca/7956-139
mailto:sales@umt-tw.com
http://www.umt-tw.com


dio’ should be defined. For reasons of
national prestige, several countries
claimed at various times that the sole
and unique “inventor of radio” was
one of their outstanding citizens. For
many years, unfortunate priority
quarrels poisoned the scientific com-
munity. Fortunately, these sterile dis-
putes have somewhat quieted by now.
The invention of radio, or rather its
development, is a long adventure in
which many scientists took part dur-
ing the nineteenth and twentieth cen-
turies. This saga was marked by
many, more or less important, mile-
stones. The existence of electromag-
netic waves was first predicted by
theory and then confirmed by experi-
ment. It was then found that these
waves could transmit messages,
equipment was developed for this
purpose and information was for-
warded over increasingly longer dis-
tances, reaching by now the confines
of the solar system. At first, the mes-
sages were primitive, made up of
spark noise modulated by the dots
and dashes of the Morse code. Later
on, technical developments made
possible the transmission of voice,
music, images and, finally, of comput-
er data. New technologies appeared:
solid-state detectors, electron tubes,
transistors, integrated circuits,
masers, sophisticated transmission
codes and so on.

It is generally accepted that the
original “forerunner” of radio was the
Danish physicist Hans Christian Oer-
sted, who in 1820 showed that an
electrical current could rotate the
magnetized needle of a compass,
demonstrating for the first time that
electricity and magnetism are some-
how related to each other. One year
later, the French mathematician An-
dré Marie Ampère repeated and
completed the experiment, and de-
veloped a theory to account for it.
Michael Faraday (1791–1867) discov-
ered magnetic induction and intro-
duced the concept of lines of force.
Since he was an experimental re-
searcher without an academic back-
ground (like Marconi later on), how-
ever, this concept was disputed until
the great physicist James Clerk
Maxwell made use of it to establish
his famous equations in 1864.
Maxwell’s theory predicted the exis-
tence of electromagnetic waves. It
still had to be discovered whether

these waves actually existed.6 During
the winter of 1886–1887, Heinrich
Hertz, experimenting in Germany
with spark generators and dipoles,
detected for the first time the pres-
ence of electromagnetic waves and
thus validated the theory developed
by Maxwell in 1864. His detector had
a very low sensitivity, so that the
transmission range did not exceed a
few meters. Hertz died in 1894 at the
age of 34. Hertz’s work had been
closely monitored by Oliver Lodge, in
England, who carried out a detailed
study of tuned circuits. In 1893, he
introduced in his receiver a “coherer”
recently developed in France by Ed-
ward Branly, who noticed that the re-
sistivity of iron filings decreased
sharply when close to an electric
spark discharge. Lodge could then
transmit signals up to some tens of
meters, which was sufficient for
demonstrations to the Royal Institu-
tion and to his students. But he was a
fundamental scientist and did not
look for practical applications until
Alexander Muirhead, a telegraph en-
gineer, pointed out that waves could
carry messages. The two collaborated
later on to develop wireless systems.
Lodge’s main contribution was proba-
bly the memorial lecture presented at
the Royal Institution in 1894, in
which he described Hertz’s work and
some of his own experiments. This
lecture, and several articles published
shortly afterwards,13,14 had a very
strong impact. The whole world
heard of developments that had re-
mained mostly confidential until
then, and scientists in many places

started experimenting with electro-
magnetic waves, among them Augus-
to Righi at the University of Bologna. 

Many other scientists developed
interest in electromagnetism and ob-
tained more or less conclusive results
or filed patents, but did not con-
tribute significantly to the develop-
ment of wireless before Marconi’s
first successful transmissions.15 A cer-
tain amount of technical background
had been established at that time, in
theory as well as in practice, but the
spark of genius had yet to be fired.
This was the situation encountered
by Marconi when he started experi-
menting. People believed then that
electromagnetic waves propagated
along straight lines and traveled only
over short distances. It was not obvi-
ous that they could be used in practi-
cal applications. In addition, tele-
graphic transmission across several
continents and oceans had been avail-
able for some time. Why should one
spend time and effort to develop an-
other system, which, if it did work,
would only duplicate an existing one?
Apparently, no one had thought of
the potential use of wireless transmis-
sion for maritime communications.

THEN MARCONI CAME
In 1894, Marconi was on vacation

with his family in Andorno, near San-
tuario di Oropa in the Italian Alps.
He learned of the death of Heinrich
Hertz, and became fascinated by a
technical article describing electro-
magnetic waves. Marconi had lived in
Leghorn, the main port of central
Italy, and right away foresaw that
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▲ Fig. 6  How the village of Salvan looked in 1937.
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these waves would offer tremendous
possibilities for maritime communica-
tions. He decided that he would
“transmit a message without any
metallic connection between trans-
mitter and receiver.” Marconi had
seen Augusto Righi’s equipment in

the University of Bologna and proba-
bly started by repeating Hertz’s ex-
periments in the Villa Griffone attic.
He increased the distance covered by
the transmission across a room, then
along a passageway, and then be-
tween the house and the surrounding

fields. It must be realized that, at that
time, he did not have technical man-
uals, nor suitable measuring instru-
ments, neither analysis nor simulation
tools, and could not call any special-
ized troubleshooter to repair defec-
tive equipment, all things taken for
granted by engineers nowadays. It is
hard to visualize what difficulties he
encountered. He was on his own, a
young beginner with a limited techni-
cal background, who had failed the
entrance examinations for Leghorn
Naval Academy and for the Universi-
ty of Bologna. In addition, he gener-
ally met with a climate of skepticism
and incredulity, and even with hostili-
ty from his father, who did not ap-
prove of his son’s manual activities.
But from his youngest age, Marconi
had been a genial tinkerer, interested
in everything mechanical or electri-
cal, and he possessed the exceptional
practical sense and indomitable moti-
vation that allowed him to carry on in
the face of adversity and failure.12 As
Marconi kept increasing the trans-
mission range, the attic in the family
house became too small and he had
to move his equipment into the gar-
den, in full view of the whole family,
servants and visitors. At first, he was
pleased with the interest encoun-
tered, but later on he disliked the
time-consuming interruptions. He
looked for a quiet and remote place
to pursue his experiments, and select-
ed a “climacteric” alpine resort well
known at that time: Salvan (see Fig-
ure 6). He had only crude equip-
ment to start his activity, and he
wanted to avoid disturbance while
adjusting it. Marconi already knew
that his cut-and-try endeavors, if suc-
cessful, would lead to a very signifi-
cant breakthrough and he wanted to
avoid any premature disclosure. Mar-
coni’s youngest daughter, princess
Elettra Marconi-Giovanelli, visited
Salvan in March 2001 and described
how her father was looking for a quiet
place, where nobody would under-
stand what he was doing. As he said
later on, “the idea was so elementary,
so simple in logic, that it seemed dif-
ficult for me to believe that no one
else had thought of putting it into
practice. There must be many more
mature scientists than myself who
had followed the same line of thought
and arrived at an almost similar con-
clusion.”16 In his biography, his
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daughter Degna indicates that her fa-
ther was afraid that someone would
discover his secret, as if a ghost was
haunting him.5 Marconi did not ac-
cept any limitation, and devoted his

entire life to fulfilling the vision he
had had in 1894 in Andorno, the va-
lidity of which he started to check the
following year in the scenic surround-
ings of Salvan. In spite of the overall

skepticism, he obstinately pursued an
endeavor that went contrary to gener-
ally accepted beliefs, and was never
discouraged by difficulties and fail-
ures. He succeeded in doing what
many others had considered impossi-
ble. A key to his success is that he re-
alized, quite early in his research, that
his activity had to be self-supporting.
Therefore, he set up a commercial
wireless telegraph service that en-
sured his financial independence. In
rather sharp contrast, several other
researchers spent considerable time
and effort locating and trying to con-
vince sponsors, and some even died
in abject poverty. As Marconi’s
daughter Elettra said,4 “The village of
Salvan can pride itself in having of-
fered its ideal setting for the first
stages of one of the most important
discoveries of our time, wireless
telegraphy.”

IEEE HISTORICAL MILESTONE
Feeling that this major episode in

the development of radio deserved
more widespread recognition, the au-
thors started the procedure to having
the location “officially” acknowledged
by the IEEE. The necessary docu-
ments were formulated and submit-
ted to the IEEE History Center,
where experts scrutinized them and
gave a positive response. The History
Committee of the IEEE acknowl-
edged Marconi’s early wireless exper-
iments in Salvan as a “Historical
Milestone” and a commemorative
plaque (see Figure 7) was dedicated
on behalf of the IEEE by Raymond
Findlay, IEEE Past President, on
September 26, 2003, in the presence
of both Princess Elettra Marconi-
Giovanelli, youngest daughter of
Guglielmo Marconi (see Figure 8),
and Pascal Couchepin, president of
Switzerland.17,18 The speakers re-
called that Salvan had been the the-
atre of a major event in the history of
electrical engineering and of man-
kind, as Marconi’s discovery brought
people closer together. Through his
intelligence and doggedness of pur-
pose, Marconi, father of wireless
communications, provided an exam-
ple of creativity and inventiveness to
younger generations. Couchepin con-
cluded hoping that this ceremony
would prompt us to meditate on the
importance of science and technical
progress in our civilization.  ■
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APPLICATION NOTE

transistors into a single monolithic device with
minimal packaging overhead. By combining
thin-film-on-silicon wafer fabrication technolo-
gy with an advanced wafer-level chip scale pack-
aging (CSP), dual flat no-lead (DFN) or quad
flat no-lead (QFN) packaging process, compo-
nent manufacturers can now provide designers
with an integrated passive and active device so-
lution that saves PCB real estate while at the
same time offering remarkable electrical perfor-
mance. This article discusses the thin-film-on-
silicon technology used in the manufacturing of
integrated passive and active devices in CSP,
DFN and QFN packages. The article outlines
typical functional applications including associ-
ated performance characteristics of line filter-
ing, ESD protection, high speed bus termina-
tion, tunable filters and switching transistors. 
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Over the past five years, an explosion in
growth of the portable electronics in-
dustry has provided numerous oppor-

tunities for manufacturers of RF components.
Today, the designers of compact electronic
systems, especially handheld/wireless devices,
are faced with tightening board space con-
straints, thus driving the requirement for al-
ternative integrated passive technologies. For
a cell phone or PDA designer, success in the
market comes from the ability to produce
small handheld devices with long battery life
in very high volumes. The handheld/wireless
devices are attaining smaller practical size
with miniaturization coming from the reduc-
tion in size of components and their associated
packages. Functional integration and minia-
turization is the key to this success.

To aid this miniaturization campaign, a new
generation of integrated components has
emerged, which offers the capability to inte-
grate resistors, capacitors, inductors, diodes and

INTEGRATED PASSIVE
AND ACTIVE DEVICES
USING CSP, DFN 
AND QFN PACKAGING
FOR PORTABLE ELECTRONIC
APPLICATIONS
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THIN-FILM-ON-SILICON
TECHNOLOGY

Thin film passive components
have been available to the electronic
designer for many years. The thin
film resistors are fabricated using a
tantalum nitride (TaN) layer as the
resistive material and an aluminum
metal layer for interconnect and con-
tacting purposes. The aluminum met-
al layer and tantalum nitride layers
are uppermost in the resistor con-
struction (except for the passivation
layers), while the required resistor
value is arrived at using the pattern
geometry (R = ρL/W) as the primary
design parameter. Thin film capaci-
tors are normally fabricated using an
aluminum metal layer as the top elec-
trode providing low parasitic resis-
tance and inductance values for the
interconnect. A silicon nitride layer is
used as the dielectric and the carrier
silicon substrate as the bottom elec-
trode plate. The thin film capacitor
value (C = εA/d) represents the sur-
face area of the top metal plate area
over a lower silicon plate with a di-
electric material between the plates.
The thin film inductor can be con-
structed in a spiral or square layout
where the inductor value is a function
of the outer diameter, inner diameter,
and number of turns and thickness of
the metal layer. Inductors are fabri-
cated using the top aluminum metal
layer over a TaN layer. A lower alu-
minum metal layer provides the ‘lead’
into the inductor through a via-hole.

Thin film resistors, capacitors and in-
ductors are renowned for their stabil-
ity, temperature characteristics and
reliability. Typical thin film resistor
values are in the 10 Ω to 100 kΩ
range with ±10 percent tolerance, ca-
pacitor values are in the range of 20
to 300 pF with ±20
percent tolerance,
and inductors range
between 1 and 15
nH, also with ±20
percent tolerance.
These elements ex-
hibit excellent per-
formance over a
broad frequency
range.

Underneath the
thin film layers, the
silicon substrate can
be used to integrate
bipolar transistors
and diodes of vari-
ous types (Schottky,
zener and varactor).
These elements can
be constructed on
the silicon substrate
using the material
properties of the N
or P silicon. With
no board-level, cop-
per-trace intercon-
nections between
these elements to-
gether with the
most direct connec-
tion possible from

component terminals to board pads,
the behavior of these devices is easily
controlled and highly repeatable.

CHIP SCALE PACKAGING
Given that thin-film-on-silicon in-

tegrated passive and active devices
fundamentally form an integrated cir-
cuit (IC) or application-specific inte-
grated circuit (ASIC), the package
choice has, up to now, been restricted
to SOIC, QSOP, TSSOP and the like.
These packages have the disadvan-
tage of being unwieldy for most
space-sensitive applications and can
often be counter-productive when
compared to a discrete passive solu-
tion. Furthermore, the presence of
bond wire parasitics renders such
packages electrically unsuitable for
high frequency applications. In the
last few years, there has been some-
what of a revolution in the IC packag-
ing world, where the birth of a gener-
ation of extremely space-efficient
packaging solutions has been seen.
Prominent among these is the wafer-
level chip scale packaging process,
which effectively allows individual die
on silicon wafers to be “packaged” in

APPLICATION NOTE

TABLE I
COMPARISON OF INSTALLED COST 

FOR A DISCRETE SOLUTION vs. INTEGRATED SOLUTIONS

DISCRETE SOLUTION
BOM Costs Component Qty Price (ea) Subtotals Total

0402 resistor 12 $0.0029 $0.03
0402 capacitor 6 $0.0081 $0.05
SOT Zener 23 3 $0.0251 $0.08 $0.15

Placement Costs All 21 $0.01 $0.21 $0.21
Total Installed Cost $0.36

INTEGRATED SOLUTION
BOM Costs Component Qty Price (ea) Subtotals Total

15 Bump CSP 1 $0.15 $0.15 $0.15
Placement Costs 15 Bump CSP 1 $0.01 $0.01 $0.01
Total Installed Cost $0.16

INTEGRATED SOLUTION
BOM Costs Component Qty Price (ea) Subtotals Total

12 Lead DFN 1 $0.15 $0.15 $0.15
Placement Costs 12 Lead DFN 1 $0.01 $0.01 $0.01
Total Installed Cost $0.16

Note: fully scaled drawings

DISCRETE SOLUTION
6x T Filters Implemented with 0402 Chips

2x Channel ESD Protection per SOT 23

6.75 mm

10.5 mm

SOT 23 SOT 23 SOT 23

INTEGRATED SOLUTIONS

DFN 6 Channel ESD & EMI Filter

1.40 mm

3.00 mm
1.33 mm

2.96 mm

CSP 6 Channel ESD & EMI Filter

▲ Fig. 1  Comparison of real estate usage with a discrete solution vs.
integrated solutions.
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advance of the dicing operation. The
CSP uses a dual-layer dielectric sys-
tem of benzocyclobutene (BCB),
where the BCB layers provide an ad-
ditional passivation layer on the origi-
nal die surface, a planarizing dielec-
tric coating and the definition of the
solder ball wettable area. The under
bump metallization (UBM) pad is
constructed by sputtering Al/NiV/Cu
material on the wafer and, after etch-
ing, is only present in the pad areas.
For RoHS Pb-free compliance, the
solder bumps use an Sn 95.5/Au 3.9/
Cu 0.6 alloy, so a solder ball is con-
structed on the pad and reflowed.
Following singulation from the wafer,
the resulting package can be consid-
ered as a “scaled-up flip-chip” com-
ponent, which can be soldered direct-
ly to the printed circuit board using
conventional SMT processing.

DUAL/QUAD FLAT NO-LEAD
PACKAGING

Another low cost small size pack-
age that is available is the dual flat
no-lead (DFN) package, which is a

plastic leadless chip carrier with dual
(two opposite) populated sides and an
exposed thermal pad with a typical
package height of 0.8 mm. All sur-
face-mount contact pads have 100
percent Sn terminations and 0.5 mm
contact pitch. This rectangular pack-
age conforms to the JEDEC package
outline MO-229 and provides 4, 6
and 8 I/O options. For easier PCB
routing and higher density of contact
pads, the quad flat no-lead (QFN)
package offers a plastic leadless chip
carrier with quad (four opposite)
populated sides and an exposed ther-
mal pad with a typical package height
of 0.75 mm. All surface-mount con-
tact pads have RoHS Pb-free compli-
ant 100 percent Sn terminations and
0.5 mm contact pitch. This square
package conforms to JEDEC package
outline MO-220 and provides 16 and
20 I/O options. For both package op-
tions, the singulated die is attached to
the center paddle lead frame and
then wire-bonded to the external I/O
lead frames. The die and wire bonds
are then over-molded to achieve the

nominal height of 0.75 mm making
them ideal for high volume SMT pro-
cessing.

COST CONSIDERATION
Cost is a factor that will inevitably

spring to mind in the context of inte-
grated passive and active devices. Af-
ter all, thin film passive component
technology has traditionally been as-
sociated with such applications as
precision instrumentation, high accu-
racy converters and ultra-low noise
amplifiers. Here, the reader may be
pleasantly surprised to learn that the
installed cost of a well-designed inte-
grated passive and active device can
usually compare favorably with the
discrete solution that it is intended to
replace. The term “installed cost” is
the key. When doing the math, it is
important to consider that the cost of
installation does not end at the bill of
materials. The main elements of the
total installed cost include the price
of the discrete components, the
placement cost, cost of procurement
and storage. The placement costs for
discrete chip and/or SOT compo-
nents are nearly always significantly
higher than the cost of the compo-
nents themselves. With this in mind,
the IPAD using CSP becomes a very
attractive proposition, especially
when one considers the electrical and
mechanical performance advantages
already discussed. The costs given in
Table 1 relate to the circuit in Fig-
ure 1. From this example, it is clear
that there is a potential savings of
nearly $0.20 per part. Additional ad-
vantages include the use of less solder
paste and a reduced number of sol-
der joints (45 for the discrete solution
and 15 for the CSP solution). Fur-
thermore, the integrated passive and
active devices are electrically tested
during the manufacturing process,
whereas the discrete solution can
only be tested once it is assembled
onto the PCB.

INTEGRATED PASSIVE AND
ACTIVE DEVICE APPLICATIONS
ESD Protection

Many handheld devices have ex-
ternal ports, which are potential
paths for ESD to enter the handheld
device and damage the internal cir-
cuitry. A suitable solution for this
type of problem, where board area is
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an issue, is an integrated passive and
active device with ESD protection
from contact discharges in excess of
±8 kV and air discharges of ±15 kV.
For this and most handheld devices,
the applicable test method is the IEC
61000-4-2 specification.

Line Termination
System bus speeds are increasing,

making line termination a more im-
portant consideration. Transmission
line effects, such as reflections, must
be controlled to prevent misinterpre-
tation of data or other malfunctions.
Terminating bus lines using high
speed Schottky diodes is an effective
method in terms of both performance
and cost. 

ESD Protection and EMI Filters
Handheld devices, such as cell

phones, often have data/audio ports,
which are used to connect the device
to external devices such as laptop
computers and headsets. Cell phones
by their nature generate RF noise
and this noise can be coupled into the
data/audio port. Combining ESD
protection and a low pass filter will

attenuate the RF noise, which may
otherwise interfere with the internal
baseband circuitry of the cell phone.
For a GSM, CMDA or 3G cell
phone, some devices can offer atten-
uation of 30 dB minimum from 800
MHz to 3 GHz. Typically, the low
pass filter is used to protect data/au-
dio ports on wireless devices and
LCD screen interfaces. A typical
schematic is shown in Figure 2.

CONCLUSION
It is hoped that this article has

shed some light on the capabilities of
thin-film-on-silicon integrated passive
and active devices. In particular, the
intent was to demonstrate how the
advent of wafer-level chip scale pack-
aging (CSP), dual flat no-lead (DFN)
and quad flat no-lead (QFN) packag-
ing technology has made these versa-
tile devices attractive to designers of
miniature handheld wireless products
by eliminating any disadvantages at-
tributable to previous packaging
forms. The integration of resistors,
capacitors, inductors, diodes and
transistors into single, ultra-minia-
ture, monolithic packages has opened
the door to a new level of component
count reduction. This allows the bill
of materials to shrink, pick and place
cycles to decrease and overall prod-
uct manufacturing costs to come
down. In addition, manufacturers re-
ceive the advantage of reduced board
real estate usage and improved elec-
trical performance.  ■

Ian Doyle received his
BEng degree from the
Cork Institute of
Technology, Ireland, in
1994. From 1994 to
1998, he was employed
with M/A-COM
Eurotec, Cork, Ireland,
as a staff engineer,
where he designed RF
passive components for
the broadband CATV

and cellular base station markets. In 1998, he
joined Bourns Electronics Inc., Cork, Ireland,
as product line manager, where he is
responsible for the product development of
integrated passive and active devices, using a
combination of thin-film-on-silicon substrates
with CSP, DFN or QFN packaging technology.
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APPLICATION NOTE
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▲ Fig. 2  ESD and EMI filter channel’s 
(a) schematic and (b) modeled and measured
performance.
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AN ULTRA-
BROADBAND
2 TO 18 GHZ
DIGITAL ATTENUATOR
WITH HIGH
RESOLUTION
AND 105 DB
DYNAMIC RANGE

The function of an attenuator is to re-
duce the amplitude level without sub-
stantially distorting the waveform of a

microwave signal in the process. It contains a
lossy element along the direction of the elec-
tromagnetic field vector, in order to dissipate
the RF energy. This article describes a digital
attenuator to adjust a signal to a desired am-
plitude level via an electronic command.

The theory of operation is to reduce the lev-
el of a known source of power by a predeter-
mined amount expressed in decibels, which
are obtained from the logarithm of the power
ratio desired. The RF topology for this digital
attenuator consists of a transmission line with
diodes spaced optimally to cover the desired
frequency range and digital-to-analog drive cir-
cuitry to control the variable analog attenuator.

The key component of the attenuator is the
choice of diodes. It is an important design
consideration. The diodes are mounted in a
shunt configuration with and without Q spoil-
ing networks. Diodes oriented in the same di-
rection eliminate bi-directional currents for

improved temperature compensation. Using
chip diodes with a ribbon lead has its draw-
backs. In a high frequency broadband applica-
tion, the inductance of the ribbon lead ad-
versely affects the attenuation and bandwidth.
A beam-lead diode, installed using a propri-
etary technique, reduces the series inductance
and provides a significant improvement in
performance. To minimize the adverse effects
from biasing, the network is buried as far as
possible from the input and output ports.

In the RF design of a digital attenuator, the
preferred transmission media is microstrip,
which allows access to the circuitry while be-
ing measured. This provides for a more pre-
cise tuning capability. This technique yields an
overall improvement in both optimization and
performance. Even with the improvement in
microwave performance, it is the control cir-
cuitry that provides the absolute accuracy for

G.T. MICROWAVE INC.
Randolph, NJ

PRODUCT FEATURE
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the overall device. It has to be capa-
ble of canceling the nonlinear effect
of the PIN diodes and provides a mo-
notonic linear control of the input
slope characteristic. In order to
achieve the absolute accuracy re-
quired for the attenuator, the digital
section has a 64K resolution capabili-
ty to control and compensate the per-
formance. For any desired resolution,
the optimal performance values for
each digital attenuator are stored in
the driver’s EEPROM, ready to be
commanded from the external digital
control input. This is accomplished
by using a computer with I/O and
IEEE controller cards, a G.T. Mi-
crowave proprietary program and a
vector network analyzer. The com-
puter’s I/O port sets the external con-
trol input for the desired digital at-
tenuation, then ramps the driver’s
64K of resolution down the dynamic
attenuation range, using another I/O
port to an internal control input.
While ramping the digital attenuator
driver, the vector network analyzer
measures the attenuation at each step
and sends the data to the computer
via the IEEE bus. When the optimal
condition is determined, the comput-
er programs the driver’s EEPROM
for the external control input count.

The digital attenuator described is
optimized over a 9:1 bandwidth, 2 to
18 GHz with 105 dB of dynamic at-
tenuation range and 0.03 dB resolu-
tion, 12 bits of TTL compatible bina-

ry logic, and is capable of switching
between any state within 350 ns. The
insertion loss is 5.0 dB, the attenua-
tion flatness is ±1.0 dB to ±8 percent
of the set attenuation value and the
VSWR is 2.2. The digital attenuator
envelope is 3.0" × 2.0" × 0.75". Using
the techniques described herein, the
test data shown in Figure 1 illus-
trates the typical performance
achieved. 

This technology hosts a variety of
products, which include, but are not
limited to BPSK, QPSK and vector
modulators, phase shifters and phase
free attenuators. Models are offered
with options that include digital con-
trol with up to 64K of resolution, lin-
earized or any desired control input
slope characteristic, narrowband opti-
mized performance, temperature
compensation, video filtering and
sub-assembly integration.

New modulation techniques will
demand a technology requiring a new
generation of components. These
components will need an improved
performance at a lower cost. Industry
can now welcome the arrival of ultra-
broadband digital attenuators that
will provide tomorrow’s capability, at
the leading edge in performance and
available today.

G.T. Microwave Inc., 
Randolph, NJ (973) 361-5700,
www.gtmicrowave.com.

RS No. 300
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▲ Fig. 1  Digital attenuator typical performance.
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A DUAL-CHANNEL
DIGITAL RECEIVER

Adual-channel, very high speed data ac-
quisition and real-time digital signal
processing module has been developed

that is useful in applications such as electronic
warfare (EW), radar and software-defined ra-
dios. The board incorporates two Atmel
AT84AS008VGL, 2.2 Gsa/sec, 10-bit analog-
to-digital converters and up to three Virtex-4
field programmable gate arrays (FPGA). The
board also has two high speed serial (Hotlink)
interfaces and a VME64 interface.

PRODUCT DESCRIPTION
The board incorporates two Atmel

AT84AS008VGL A/Ds that feature a maxi-
mum sample rate of 2.2 Gsa/sec at 10-bits
with a 3.3 GHz full power input bandwidth.
Their spurious free dynamic range (SFDR) is
58 dBc (7.4 effective bits at FS = 1.4 Gsa/sec,
fIN = 700 MHz). A companion device, the
AT84CS001, demultiplexes the high speed,
10-bit LVDS A/D outputs onto a 40-bit, differ-
ential bus running at 1⁄4 of the sample rate. The
A/D’s sampling delay and gain can be adjusted

LNX CORP.
Salem, NH

PRODUCT FEATURE

to support synchronizing and interleaving
multiple A/D boards. The output of the de-
multiplexer is connected to a Virtex-4 using a
40-bit, differential bus and clock.

Also, on the new receiver board are sites
for three Virtex-4 FPGAs. There is an
XC4VSX55s directly connected to each A/D
channel and also an XC4VLX200. High speed
differential buses connect all three devices.
The XC4VLX200 is used to implement the
Hotlink and VME interfaces. A soft processor
(CPU) is integrated into the XC4VLX200 for
board level control and communication.

The CPU module is used to provide a user
interface, local control, and to read and write
from Flash. This module also provides an
RS232 interface for test; a simple command
set is used to configure the board and control
data collection and processing. There are 64
Mbytes of flash memory that can be used to
store FPGA configuration data.
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The high speed serial links are im-
plemented using the CYP15G0101-
DXA HOTLink II™ transceiver from
Cypress Semiconductor. It contains
all of the logic to support the serial-
ize/de-serialize (SERDES) function
and clock recovery, and supports data
rates from 200 to 1500 Mbaud. Fig-
ure 1 displays a downconverted 1250
MHz signal, sampled at 1600 Gsa/sec
showing the receiver’s SFDR perfor-
mance exceeding 55 dBc.

The VMEbus interface is designed
to conform to the VME64x specifica-
tion and requires the 160 pin connec-
tors with the added ground pins and
+3.3 V power pins. The interface was
designed to support A32/D32 slave
data transfer.

Typical power consumption is 
60 W; all power is derived from the
VME standard power supplies using
on-board DC-DC converters. The
board can be used in convection or

conduction cooled applications and is
rated for operation from –40° to
+85°C.

ADDITIONAL CAPABILITIES
In addition, LNX can develop cus-

tom algorithms based on customer
specifications as a result of the com-
pany’s significant investment in sys-
tem simulation, algorithm develop-
ment and FPGA logic synthesis tools.
These tools allow the company to de-
velop and simulate fixed-point DSP
algorithms in Matlab™ and automati-
cally convert those algorithms into
VHDL for synthesis and implementa-
tion on the FPGAs. This allows LNX
engineers to rapidly develop, simu-
late and test new algorithms without
having to manually convert new algo-
rithms to VHDL or Verilog.

CONCLUSION
A very high speed data acquisition

and real-time DSP processing plat-
form has been introduced that is
ideal for use with EW, radar and soft-
ware-defined radio applications. With
the company’s in-house tools and ca-
pabilities, new receiver designs can
be easily tailored, using lower cost
design techniques as necessary to im-
plement new requirements.

LNX Corp., 
Salem, NH (603) 898-6800,
www.lnxcorp.com.

RS No. 301
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A HIGH PASS FILTER
WITH A LIMITED
REJECTION BAND

Most typical high pass filters pass fre-
quencies above their specified cut-
off frequency with little or no attenu-

ation and then start to attenuate frequencies
below the cut-off frequency in a continuous
slope depending on the configuration of the
filter. Little attention is paid to the character-
istics of the stop band other than to make sure
it is below a predetermined level. A new re-
quirement was recently placed on the high
pass filter’s stop band performance to meet a
specific military requirement. The new filter’s
attenuation band had to be controlled and set
to a specific attenuation level. Thus, a relative-
ly simple high pass filter suddenly became
more complicated.

This particular filter was designed with a
high pass band of 470 MHz to 1 GHz while
the stop band is 10 to 470 MHz and has ap-
proximately –23 dB of rejection over the full
stop band. In addition, the VSWR over the
full 10 MHz to 1 GHz operating band was
specified at 2.0:1 maximum.

The new filter is currently being used as a
gain equalizer in a military aircraft system, pro-
viding gain correction over the full operating
band. The particular system problem was that at
frequencies below 450 MHz there was a specific
amount of additional gain. This excess gain from
20 to 450 MHz had to be attenuated while not
interfering with the gain level above 450 MHz.

The resulting filter’s insertion loss and re-
turn loss is shown in Figure 1. The actual
specification for the military application was
from 20 MHz to 1 GHz with an insertion loss
meeting a particular specified profile, and
with an input and output VSWR of 2.3 maxi-
mum over the entire 20 MHz to 1 GHz oper-
ating band. As can be seen in the data plots,
the attenuation level in the stop band re-
mained constant to within 2 dB and the
VSWR easily remained 2:1 or below.

Although this particular filter was designed
and delivered for a specific military require-
ment, the product design is easily adapted to
similar frequency ranges and applications, mili-
tary or commercial. Other frequency ranges and
attenuation levels are available upon request.

Planar Filter Co., 
Frederick, MD (301) 662-5019,
www.planarfilter.com.

RS No. 302
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Fig. 1  The limited rejection
high pass filter’s insertion
loss and return loss vs.
frequency. ▼
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EMC TEST SOFTWARE
The model SW1006 is the latest version of the company’s radiated sus-
ceptibility, conducted immunity and precompliance emissions soft-
ware. Model SW1006 automatically performs both calibration and im-
munity testing in full compliance with IEC 61000-4-3, 4-6, MIL-STD
461/462 RS103, CS114, RTCA/DO160 Section 20 specifications. The
software also supplies the user with selectable test parameters and a
“thresholding” mode for pre-compliance investigation of equipment
susceptibility, as well as closed loop leveling. Pre-compliance emission
testing can be done with the use of a spectrum analyzer and either a
pre-amp or LISN. The SW1006 software is designed for use with the
supplied NI PCI-GPIB interface card for instrument communication. 

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

RS No. 310

MATERIAL MEASUREMENT SOFTWARE
Cavity™ is a versatile software package for Microsoft Windows and
Macintosh OS X that performs all of the major functions associated
with collecting and processing data to determine material constitutive
properties, such as permeability and permittivity from a variety of cavi-
ty types and resonators. The program controls common network ana-
lyzers made by Agilent, Anritsu and Rohde & Schwarz; the program
leads the user through calibration and measurement steps. A variety of
data processing options are available to determine mu, epsilon and
other parameters.

Damaskos Inc., 
Concordville, PA (610) 358-0200, www.damaskosinc.com.

RS No. 312

PARAMETRIC PRODUCT SEARCH TOOL
The parametric product search tool is designed for the RF engineer to
specify important product parameters and view the company’s prod-
ucts that match a specific requirement in a specification-compliance
format. Unlike conventional search engines which eliminate products
that narrowly fall outside of specification, the parametric product
search tool can show these products allowing the engineer to make in-
telligent design trade-off decisions to “fine tune” the requirement to
specific needs. View this and other product software support tools in-
cluding Product Cross Reference, PLL Phase Noise and Mixer Spur
Chart Calculators on the company’s site.

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

RS No. 313

3D EM SIMULATOR
The Time Domain 3D EM simulator, CST MICROWAVE STUDIO,®
is available in its new release, version 2006. Users can now benefit
from a major re-design in the architecture and substantial new func-
tionality. The most significant change is the use of the CST DESIGN
ENVIRONMENT™ as a common access point to CST’s solver tech-
nology. Structures are presented in 3D and schematic views and the
comparison of models and co-simulation has been facilitated by a new
multi-document interface.

CST of America Inc.,®
Wellesley Hills, MA (781) 416-2782, www.cst.com.

RS No. 311
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EM DESIGN SOFTWARE
Version 7 of the MicroStripes electromagnetic design simulation soft-
ware for microwave and antenna design substantially increases the
speed with which users can tune their designs. It automatically runs a
series of simulations while varying one or more design parameters over
a user-specified range. This feature is supplemented by improvements
in the accuracy of the automatic meshing algorithm. Also, Version 7
enables users to inspect simulation results quickly by simply running
the mouse over the graphical output. It uses the Transmission Line
Matrix (TLM) method for solving Maxwell’s equations, which when
applied to antenna design solves for all frequencies of interest in a sin-
gle calculation, capturing the full broadband response of the system in
one simulation cycle. 

Flomerics Ltd., 
Hampton Court, UK +44 (0) 20 8487 3000, www.flomerics.com.

RS No. 314

PAD SCALABLE MODELS
The CLR Library 4.0 is a substrate- and part value-scalable surface-
mount model library that includes pad scalability on selected compo-
nents. The company’s Global Model™ has input parameters that allow
users to specify custom pad dimensions to meet specific design re-
quirements. The 4.0 version will include 13 new models expanding the
total library to 61 Global Models. Additional models include 0201’s,
0402’s, 0603’s, 0805’s and DC blocking capacitors with vertical and hor-
izontal orientation selection.  

Modelithics Inc., 
Tampa, FL (813) 866-6335, www.modelithics.com.

RS No. 316
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MODULATION TOOLKIT
This Modulation Toolkit 3.1 is a flexible, software-defined approach to RF
and communication system design and test that builds on the LabVIEW
intuitive dataflow-based programming model and transforms modular in-
struments into communication systems. The LabVIEW add-on includes
software for signal generation, analysis, visualization and processing of stan-
dard digital and analog modulation formats including bit generation, en-
coding, interleaving and signal equalization. The toolkit provides ASK,
FSK, MSK, PSK, PAM, QAM, AM, FM, PM and many of their derivatives
– even generation and analysis of custom modulation formats. The Modu-
lation Toolkit also comes standard with algorithms such as Reed-Solomon,
Hamming, Golay and Convolution that improve transmission efficiency
and noise immunity to serve countless communications applications.

National Instruments Corp., 
Austin, TX (800) 531-5066, www.ni.com/rf.

RS No. 317

DESIGN SIMULATION SOFTWARE
JTIsoft® version 1.3 is comprised of two advanced design simulation
software programs, MLCsoft® and MLIsoft®. It provides complete S-
parameter and SPICE modeling data on the company’s line of RF
multilayer ceramic capacitors and inductors over the frequency range
of 1 MHz to 20 GHz. In MLCsoft, the interface allows the user to se-
lect one of six MLCC sizes plus other part variables and displays the
complete part number for accuracy when ordering. In MLIsoft, the
user can select one of three MLCI sizes plus other part variables and
display the complete part number for accuracy when ordering.

Johanson Technology Inc., 
Camarillo, CA (805) 389-1166, www.johansontechnology.com.

RS No. 315
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FULL-WAVE ELECTROMAGNETIC SOLVER
XFDTD, version 6.3, is now released and offers many new features and
improvements, including enhanced PML boundary conditions, new multi-
ple plane wave excitation, full 3D far zone plotting with extended data
presentation, new CATIA interface, enhanced Pro-E and STEP inter-
faces, and greater flexibility in the adaptive meshing based on the Rem-
com FAST MESH algorithm. Further, a new Bio-Heat optional module is
available for temperature rise due to SAR. Engineers, designers and scien-
tists use the capabilities of XFDTD, a full-wave 3D electromagnetic simu-
lation, in such applications areas as microwave, RF, antennas, scattering,
biological EM, photonics, packaging, EMC and specialized materials.

Remcom, 
State College, PA (814) 861-1299, www.remcom.com.

RS No. 318

EXPANDED PXI-BASED TEST SOLUTION
The new version 2.3 of the enhanced generic test software library (EGT-
SL) for in-circuit tests, expands the company’s Open Test Platform R&S
CompactTSVP into a more powerful multi-purpose tester. The software
provides a previously unavailable level of openness that lets users expand
the test solution at any time by adding further test methods for new com-
ponents. An automatic test generator and the intuitive graphical user in-
terface enable users to implement error-free in-circuit test applications
quickly without requiring much previous experience. Thus, the Compact-
PCI/PXI-based test platform makes it possible to perform configuration
and function tests of electronic modules on one system.

Rohde & Schwarz GmbH, 
Munich, Germany +49 89 4129-13779, www.rohde-schwarz.com.

RS No. 319

SOFTWARE UPDATESOFTWARE UPDATE

Visit http://mwj.ims.ca/7956-67
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650 Suffolk Street, Suite 205 • Lowell, Massachusetts 01854 USA
phone 978-441-1117 • fax 978-441-2666 • www.auriga-ms.com

Auriga Synthetic Instruments provide solutions
in Vector Network and Spectrum Analysis as
well as Noise, Power and Frequency measure-
ments–all in a space-saving VXI format with a
wideband front end, virtual front panel, and all
necessary drivers. Combining these instruments
can provide a 50% reduction in system size and
equal cost savings. 

Inspired by the A/D primes, this innovative
platform represents the next horizon in 
automatic testing. Visit the all-new Auriga 
website at www.auriga-ms.com to learn what all 
of our drum-banging is about.

Some people’s idea of 
a synthetic instrument:

Here’s ours:
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SOFTWARE UPDATE

ELECTROMAGNETIC SOFTWARE
SONNET® Software’s interface to the Cadence® Virtuoso® environ-
ment enables customers to use Sonnet Suites Professional™ complete-
ly within the Cadence environment. Sonnet uses layout cells to quickly
and seamlessly extract EM analysis projects based on a user’s Cadence
technology files and process information. Model data views (including
Broadband Spice extraction models) are automatically generated and
installed in a library, available with a choice of circuit analysis tool.
Sonnet Software Inc. is a member of the Cadence® Connections Pro-
gram.

Sonnet Software Inc., 
North Syracuse, NY (877) 776-6638, www.sonnetsoftware.com.

RS No. 320

FAST EM SIMULATION
SEMCAD X Eiger is the latest release of the company’s powerful EM
TCAD package. Efficient and user-friendly, it is claimed to be the only
one featuring Conformal and ADI in addition to conventional FDTD
solvers, providing the right solution for any EM-related requirements. By
offering 64-bit support of over one billion voxels and exclusively integrat-
ing the aXware hardware accelerators, real problems can be solved within
only a few minutes by computing at up to 400 MCells/s. This EM simula-
tion tool is suitable for the most complex EM challenges, including opti-
mization and failure/safety evaluations of sensor systems as well as im-
plants or transmitters operating inside or near the human body.

SPEAG, Schmid & Partner Engineering AG, 
Zurich, Switzerland +41 (0) 44 245 9700, www.speag.com.

RS No. 321
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SOFTWARE UPDATE

3D SOFTWARE
This recent version of the 3D software CONCERTO computes and
predicts electromagnetic performance with confidence, giving users
the ability to produce competitive and innovative products while keep-
ing costs to a minimum. The diverse range of applications that can be
analyzed with CONCERTO include antennas, waveguides, filters and
cavities. This latest addition to CONCERTO is a Moment Method
module that is ideal for antenna installed performance and radar signa-
ture prediction. Using the same geometric modeler, it complements
the FDTD module that is recommended for component design.

Vector Fields Inc., 
Aurora, IL (630) 851-1734, www.vectorfields.com.

RS No. 322

ON-LINE CONFIGURATION TOOL
This on-line interactive design guide provides simple step-by-step in-
structions for configuring GORE™ High Flex Flat Cable or GORE
Trackless Cable from standard components, with five-day lead times.
This configurator simplifies the cable design process and generates a
3D downloadable CAD model via a quick, streamlined step-by-step
procedure. Users can take an interactive tour to learn more about the
configurator, and then proceed to design a cable and submit an RFQ
using the simple step-by-step configuration tool.

W.L. Gore & Associates Inc., 
Elkton, MD (302) 292-5100, www.gore.com/designacable.

RS No. 323
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NEW WAVES: RF Components and Systems
■ SP2T Terminated Switch
The model SWN-218-2DT option NS is a sin-
gle-pole, two-throw, terminated switch module 

that offers an in-
sertion loss of 1.2
dB typical, high
isolation of 80 dB
minimum and an
integral TTL dri-
ver. This switch is
designed for ul-
tra-low video

transient, high power and operation between
3.1 to 3.5 GHz.
American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com.

RS No. 216

■ RF Capacitor
The SQ series is a porcelain and ceramic di-
electric multilayer capacitor chip that offers a 

new internal con-
struction. These
chips are ideal for
RF and mi-
crowave applica-
tions ranging
from 10 MHz to
4.2 GHz, includ-
ing microwave
RF/IF amplifiers,
mixers, oscilla-
tors, low noise
amplifiers and fil-
ter networks.

Available in 1210 and 0605 sizes with voltages
up to 500 VDC, the SQ series offers good sta-
bility under the stresses of changing voltage,
frequency, time and temperature. Price: $0.10
to $0.75. Delivery: stock to six weeks.
AVX Corp., 
Myrtle Beach, SC (843) 448-9411,
www.avx.com.

RS No. 217

■ Coaxial Adapter Kit
The EI2205-KIT is an adapter kit that includes
reverse polarity and standard coaxial adapters 

in BNC, TNC,
SMA, N, MMCX,
UHF and RCA.
These adapters
are made of
brass / s ta in les s
steel with gold
plating. The kit
comes with 40
adapters. High
precision adapter
kits are also avail-
able up to 40
GHz. These kits

were designed to solve the problem of quick
interconnection that sometimes develops in
wireless design and development, standard and
reverse polarity type connectors that are used
in various telecommunication systems.
Electronika International Inc., 
Cleveland, OH (440) 743-7034,
www.electronikainc.com.

RS No. 218

■ Dual Reject Filter
The model BPF2G-10 is a dual reject filter
that offers two passbands: one at 1995 to 2130 

MHz with rejec-
tion 1) at 1980
MHz and 2150
MHz: 10 dB min-
imum, 2) at 1950
MHz and 2180
MHz: 40 dB min-
imum, 3) at 1850

MHz and 2300 MHz: 60 dB minimum. Inser-
tion loss is 0.9 dB maximum. The second pass-
band is 2450 to 2494 MHz with rejection 1) at
2445 MHz and 2500 MHz: 10 dB minimum, 2)
at 2420 MHz and 2540 MHz: 40 dB minimum.
Insertion loss is 1.5 dB maximum. These filters
operate in a temperature range from –30° to
+50°C. Size: 4.640" × 4.570" × 1.28".
Filtel Microwave Inc., 
Ottawa, ON, Canada (613) 731-5882,
www.filtel.com.

RS No. 219

■ Co-location Filter
The model 6FVSP-00078 is a co-location filter
that is designed to minimize the interference 

between co-locat-
ed Inmarsat and
Iridium systems.
Locations such as
ships and aircraft
have space at a
premium creating
interference be-
tween these two

systems. This co-location filter has low inser-
tion loss in the Iridium band while providing
40 dB of rejection in the adjacent Inmarsat
transmission band. Independent tests have in-
dicated that utilizing the company’s filter re-
duces the required antennae spacing for ac-
ceptable operation of both systems from as
much as 700 m to as few as 1 m, depending on
application.
K&L Microwave, 
Salisbury, MD (410) 749-2424,
www.klmicrowave.com.

RS No. 220

■ DPDT Switch
The model MASWSS0184 is an RoHS-compli-
ant DPDT switch that maximizes system lin-

earity perfor-
mance while re-
ducing DC pow-
er consumption.
This high power
switch is de-

signed for 802.16 (WiMAX) and MESH net-
work applications that require high power han-
dling at P1dB of 40 dBm, low typical insertion
loss of 1 dB and a high isolation of 30 dB. Typi-
cal applications for this product include two
antenna solutions requiring diversity switching
in linear systems, thus connecting the receiver
and transmitter to both antennas. Size: 3 × 3
mm. Price: $2.25 (10,000).
M/A-COM Inc., 
Lowell, MA (800) 366-2266,
www.macom.com.

RS No. 223

■ High Power Splitter/Combiners
The VXL series of high power, 0° splitter/combin-
ers are available in two-, three- and four-way con-

figurations, and
operate from 800
through 2500
MHz. This series
exhibits low
VSWR, high isola-
tion and can han-

dle up to 50 W CW of power. Delivery: stock to
two weeks.
Vista RF Inc., 
Roseville, CA (916) 529-4799, www.vistarf.com.

RS No. 231

■ Hybrid Band Reject Filter
The model 6BRX-1575/X20-S is a hybrid band
reject filter with bi-directional inputs. This fil-

ter features 65 dB
of notch depth at-
tenuation from
1565 to 1585
MHz. The typical
3 dB bandwidth is

150 MHz. The VSWR is 2.0 from DC to 2900
MHz excluding the notch area. Size: 1.50 ×
0.750 × 0.40 excluding SMA female connectors.
Lorch Microwave, 
Salisbury, MD (410) 860-5100,
www.lorch.com.

RS No. 222

■ Directional Couplers
These directional couplers provide a conve-
nient and accurate means for sampling mi-

crowave energy,
which is ideally
suited for moni-
toring incident
and reflected
power. Direction-
al couplers are of-
fered in octave,

broadband and high power models (100 W
model shown). A wide range of dB values are
available in many frequencies. SMA and N
connectors are standard. Most items are in
stock and ready for immediate delivery.
Microwave Communications 
Laboratories Inc., 
Saint Petersburg, FL (727) 344-6254,
www.mcli.com.

RS No. 224

■ Low Pass Filters
The LFTC series of low pass filters operate in a
frequency range from DC to 5400 MHz. The 

filters can handle
more than 10 W
and cover cut-off
frequencies up to
6 GHz. This series
is ideal for applica-
tions dealing with
rejection of har-

monics, intermods and avoiding unwanted sig-
nals from creeping into the system. Size: 0.15" ×
0.15" × 0.028". Price: $3.75 each (Qty. 10–49).
Mini-Circuits, 
Brooklyn, NY (718) 934-4500,
www.minicircuits.com.

RS No. 225

172 MICROWAVE JOURNAL ■ FEBRUARY 2006Visit mwjournal.com/info and enter RS# to request information 

 2M5 FINAL  1/30/06  12:53 PM  Page 172

http://www.vistarf.com
http://www.americanmicrowavecorp.com
http://www.filtel.com
http://www.lorch.com
http://www.avx.com
http://www.klmicrowave.com
http://www.mcli.com
http://www.electronikainc.com
http://www.macom.com
http://www.minicircuits.com
http://mwjournal.com/info


■ Seven-channel Switch Filter
Bank 

The model 7SFB-0R258R3-5-15-SFF is a switch
filter bank that features seven bandpass 

filter channels
within the 0.25 to
8.30 GHz fre-
quency range and
maintains > 60
dBc rejection up
to 20 GHz. Pass-
band insertion loss
is better than 5

dB. Switching speed is 0.8 µs maximum. The unit
operates from +5 and –12 VDC supplies. Size:
2.6" × 2.5" × 0.41".
Planar Filter Co., 
Frederick, MD (301) 662-5019,
www.planarfilter.com.

RS No. 253

■ Quadrature Hybrid
The model QC-052-YR3 is a 3 dB quadrature
hybrid that when a signal is applied to any port 

the hybrid will
split that signal
equally between
the ports on the
side away from
the input with
the port adjacent
to and on the
same side as the
input port re-
maining isolated.
The direct port

and the coupled port will be 90° out of phase.
This hybrid/coupler operates in a frequency
range from 0.5 to 2 GHz. Size: 1.45" × 0.75" ×
0.22" and the SMA connectors are removable
for surface-mounting the hybrid.
Planar Monolithics Industries Inc.,
Frederick, MD (301) 631-1579,
www.planarmonolithics.com.

RS No. 226

■ End Launch Connectors

These end launch connectors are now available
with SMA (27+ GHz), 2.92 mm (40+ GHz) and
2.40 mm (50+ GHz) male or female connec-
tors. The connectors are shipped fully assem-
bled. These connectors attach to boards using
only two through holes and are intended for
multi-layer boards with coplanar waveguide,
but are also suitable for thinner microstrip
boards. The connectors also offer low VSWR.
Southwest Microwave Inc., 
Tempe, AZ (480) 783-0201,
www.southwestmicrowave.com.

RS No. 229

■ Wideband Miniature Filter
The model 5BM-3.0G-2.0G-SX11 is a wideband
miniature filter centered at 3 GHz with a mini-

mum 1 dB pass-
band of 2 to 4
GHz. This filter of-
fers 0.8 dB of inser-
tion loss, a VSWR

of 2:1 (max.) and 40 dB of attenuation at 1 GHz
and 5 to 10 GHz. This model is available with SMA
or PIN connections. Size: 0.38" × 0.38" × 1.5".
Reactel Inc., 
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 227

■ Surface-mount
Isolators/Circulators

The SLE series of low power surface-mount iso-
lators/circulators operates from 380 to 2200 

MHz. This device
is miniature in
size, which makes
it a perfect fit for
tomorrow’s tele-
com applications.
This device is also

available in a circulator version. Both versions are
available in tape and reel format for high speed
automated assembly. Models are available in typi-
cal bandwidths of 5 percent with isolation > 17
dB and insertion loss < 0.8 dB.
Renaissance Electronics Corp., 
Harvard, MA (978) 772-7774, 
www.rec-usa.com.

RS No. 228

■ In-phase Power Divider
The model SPC-PD2-CP-860 (PD2-860) is a
high isolation, two-way, in-phase power divider 

with a minimum
isolation of 40 dB.
Power handing
capability is 20 W.
Operating fre-
quency is from
800 to 950 MHz.

Insertion loss is less than 0.5 dB, and ampli-
tude and phase balance is less than 0.2 dB and
3 degrees, respectively. Impedance is 50 Ω.
Connector type is SMA/Female, but other con-
nector types are available. Size: 0.44" × 1.5" ×
2". Delivery: two to four weeks.
SPECOL Inc., 
Landing, NJ (973) 770-3454,
www.specolinc.com.

RS No. 230

■ Front-mount Bulkhead Jacks
The N series of front-mount bulkhead jacks is
designed for RG-316, LMR-100, RG-188 and 

RG-174. These
are robust con-
nectors that oper-
ate from DC to
12.4 GHz. Typi-

cal applications include Fleet Management
Systems, Wi-Fi, WiMAX and WLAN.
Lighthorse Technologies Inc., 
San Diego, CA (858) 292-8876,
www.rfconnector.com.

RS No. 221
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AMPLIFIERS
■ High Power Amplifier

The model SSPA 1.2-1.4-500-RM is a high
power, rack-mounted, L-band, solid-state pow-
er amplifier (PA) that operates over the 1215 to
1400 MHz L-band radar band. This rack-
mounted PA was designed for high power L-
band radar applications. The peak RF power is
55 dBm minimum. Power flatness across the
entire band is ±0.5 dB typical. Minimum small-
signal gain is 54 dB. Input VSWR is 2.0 maxi-
mum and output VSWR is 2.0 maximum.
Noise figure is 10 dB maximum. Harmonics
are –30 dBc maximum. 
Aethercomm Inc., 
San Marcos, CA (760) 598-4340,
www.aethercomm.com.

RS No. 232

■ High Power Amplifier
The model AMP2G18-20-27P is a broadband
high power amplifier that operates in a fre-

quency range
from 2 to 18 GHz
with a minimum
of 20 dB gain.
Gain flatness is
better than ±1.75
dB with typical
values of ±0.75

dB. This amplifier features a P1dB of at least
+27 dBm and VSWR is typically better than
2.0. The AMP2G18-20-27P is equipped with
SMA(f) input and output connectors and draws
less than 750 mA in DC current. Input voltage
is 12 V.
Amplical Corp., 
Verona, NJ (201) 919-2088,
www.amplical.com.

RS No. 233

■ Broadband Amplifier
The model 800A3 is a broadband amplifier fea-
turing a switchable transformer that allows
users to select an output impedance to match
the load tolerance. Model 800A3 drives loads
without mismatch at 12.5, 25, 50, 100, 150, 200
and 400 Ω. This 800 W, 10 kHz to 3 MHz am-
plifier is ideal for applications that require high
voltage and high impedance, such as chemistry,
physics and ultrasonic cleaning. A modified
version of the 800A3 allows users to select
higher output impedances up to 2000 W. 
AR Worldwide RF/Microwave
Instrumentation, 
Souderton, PA (215) 723-8181, 
www.ar-worldwide.com.

RS No. 234

■ High Power Amplifier
The model XP1017 is a gallium arsenide
(GaAs) monolithic microwave integrated cir-

cuit (MMIC) two-
stage high power
amplifier that in-
tegrates an on-
chip tempera-
ture-compensated
output power de-
tector. Using 0.15

micron gate length GaAs pseudomorphic high
electron mobility transistor (PHEMT) device
model technology, this device covers the 30 to
36 GHz frequency bands and delivers 33 dBm
OIP3 and 16 dB small-signal gain. The bal-
anced design and Lange couplers help achieve
good input and output match. This amplifier is
well suited for millimeter-wave point-to-point
radio, LMDS and SATCOM applications.
Mimix Broadband Inc., 
Houston, TX (281) 988-4600,
www.mimixbroadband.com.

RS No. 235

■ Low Noise Amplifier 
The model LNA2-40DB-1.7DB is a low noise
amplifier that offers 35 dB typical gain from 7  

to 9 GHz. The
gain flatness is
better than ±1.5
dB, noise figure
is < 2.5 dB and

the OP1dB > 10 dBm. This amplifier offers an
in/out VSWR of 2.0 maximum and the current
is 150 mA at +12 VDC maximum. Up to 75 dB
gain is available.
Planar Electronics Technology, 
Frederick, MD (301) 662-5019,
www.planarelectronicstechnology.com.

RS No. 236

■ GaN Power Amplifier
These GaN HEMT power amplifiers are de-
signed for WiMAX manufacturers in the US, 

Europe, Canada
and Korea. These
transistors offer
high power, high
efficiency, high
linearity, wide
bandwidth, wide

supply voltage and low cost at 2.7 W per 1 mm.
The 2, 10, 20 W GaN HEMT power transistors
are already in production and the OFDM 30 to
39 dBm, 20 to 40 dB gain hybrid power ampli-
fiers and modules were just released for the 2.6
and 3.6 GHz WiMAX market.
RFHIC, 
Suwon, Korea +82-31-250-5011,
www.rfhic.com.

RS No. 237

■ Two-stage Drive Amplifier
The model AH212 is a high dynamic range, 
1 W, two-stage drive amplifier, housed in a low
cost SMT lead-free/green/RoHS-compliant
SOIC-8 package. The InGaP/GaAs HBT is
able to achieve good performance for various
narrowband-tuned application circuits, featur-
ing 25 dB gain, +46 dBm OIP3 and +30 dBm
of compressed 1 dB power. This device oper-
ates over the 1800 to 2200 MHz frequency

band and provides good in-band gain flatness.
WJ Communications Inc., 
San Jose, CA (408) 577-6200,
www.wj.com.

RS No. 239

■ RF Power Amplifier
The model SM5759-37HS is a GaAs FET am-
plifier that is designed for various ISM band 

applications. The
unit operates
from 5.7 to 5.9
GHz with a P1dB

of +37 dBm and an OIP3 of +50 dBm. Small-
signal gain is 37 dB with a flatness of ±0.5 dB
across the band. Standard features include a
single +12 VDC supply, thermal protection
with auto reset and over/reverse voltage pro-
tection. Size: 4.7" × 2" × 0.54".
Stealth Microwave Inc., 
Trenton, NJ (609) 538-8586,
www.stealthmicrowave.com.

RS No. 238

DEVICES
■ P-band Transistors
The model 0910-60M, model 0910-150M and
model 0910-300M are high power transistors 

that cover the fre-
quency for P-
band radar appli-
cations from 890
to 1000 MHz
with a pulsed out-
put power of 60,
150 and 300 W,

respectively. These transistors are designed to
handle medium pulse widths of 150 µs with a
duty cycle of 5 percent minimum. 
Advanced Power Technology RF, 
Santa Clara, CA (408) 986-8031,
www.advancedpower.com.

RS No. 240

■ Noise Diodes
The NW-diode series of broadband noise diodes
offers a symmetrical white Gaussian 

noise voltage dis-
tribution while
maintaining a flat
power spectral
density versus fre-
quency response.
This series covers
the frequency
range of 0.1 Hz to
11 GHz with high
output ENR. The
series is available
in an axial leaded
version for audio
frequency applica-
tions, a low cost
s u r f a c e - m o u n t
version for higher

frequency coverage and a ceramic package for
high microwave frequency operation.
NoiseWave Corp., 
East Hanover, NJ (973) 386-1119,
www.noisewave.com.

RS No. 241
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SOURCES
■ Voltage-controlled Oscillator

The model HMC588LC4B is a wideband HBT
MMIC voltage-controlled oscillator (VCO) that
operates in a frequency range from 8 to 12.5
GHz. This VCO incorporates the resonator,
negative resistance device and varactor diode.
This fully integrated MMIC VCO provides an
output tuning range of 8 to 12.5 GHz, high
output power of +5 dBm and low SSB phase
noise of –93 dBc/Hz at 100 kHz offset. This
VCO is ideal for industrial/medical test and
measurement equipment, military communica-
tions, electronic warfare and electronic coun-
termeasures applications.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 243

■ Voltage-controlled Oscillator
The model V418ME03 is a high performance
voltage-controlled oscillator that operates in a 

frequency range
of 390 to 406
MHz within 0.5
to 4.5 VDC tun-
ing range making
it ideal for quick
integration into
PLLs where the
error voltage can

be taken directly from the IC’s charge pump
circuitry. This compact performer exhibits a
spectral purity of –119 dBc/Hz, typically, at 10
kHz from the carrier while preserving precious
battery life. The V418ME03 consumes only 14
mA, typically, while operating from a 4.7 VDC
supply. Size: 0.50" × 0.50" × 0.13". Delivery:
stock to four weeks. 
Z-Communications Inc., 
San Diego, CA (858) 621-2700,
www.zcomm.com.

RS No. 244

TEST EQUIPMENT
■ RF Design Kit
This radio frequency design methodology kit is
targeted to address key challenges in wireless
design. It leverages the latest technologies for
intelligently managing parasitic extraction and
linking system-level design with IC implemen-
tation, and accurately, yet rapidly, verifying
complete wireless designs that span digital,
analog and RF. The kit includes an 802.11 b/g
WLAN transceiver reference design, a full
suite of RF verification IP, test plans and ap-
plicability training on the RF design and analy-

sis methodologies. It focuses on front-to-back
RF IC design and addresses behavioral model-
ing, circuit simulation, layout, parasitic extrac-
tion and resimulation, and inductor synthesis.
Cadence Design Systems Ltd., 
Bracknell, UK +44 (0) 1344 360 333,
www.cadence-europe.com.

RS No. 247

■ Bit Error Ratio Tester

The model N4903A is a high performance seri-
al bit error ratio tester with advanced jitter
generation capabilities for jitter-tolerance test-
ing (J-BERT) of serial gigabit devices up to
12.5 Gb/s. This model provides a complete jit-
ter-tolerance test solution for fast, high quality
characterization of next generation serial de-
vices. The next generation of high speed serial
bus standards with data rates of 5 Gb/s and be-
yond is expected by 2006. The increasing
speed will cause significant signal integrity and
jitter issues during the design and test of next
generation serial bus devices.
Agilent Technologies Inc., 
Palo Alto, CA (800) 829-4444,
www.agilent.com.

RS No. 245

■ Handheld with HSDPA/WCDMA
Capability

A High Speed Downlink Packet Access 
(HSDPA) testing capability for the UMTS
Master MT8220A analyzer is claimed to make
it the first portable handheld test instrument
that can verify Node B transmitter perfor-
mance — helping to ensure the successful de-
ployment and installation of HSDPA mobile
networks. When equipped with the HSDPA
option, the analyzer can make all the measure-
ments listed in the 3GPP specification for HS-
DPA base station performance testing. Field
technicians and wireless engineers can quickly
check base station performance using any of
the three options: RF measurement, demodu-
lation and over the air (OTA). All key RF mea-
surements, including band spectrum, channel
spectrum, spectral emission mask and ACLR,
can now be made on HSDPA signals.
Anritsu Ltd., 
Luton, UK +44 (0)1582 433 433,
www.anritsu.com.

RS No. 246

INTEGRATED
CIRCUIT
■ Ultrawideband Chipset
The WQST110 and WQST101 ultrawideband
(UWB) chipset is a commercially-available, 

high performance
silicon chipset that
delivers wireless
communication
speeds up to one
gigabit-per-sec-
ond. This wireless
CMOS integrated

circuit combines a baseband PHY, MAC engine,
high speed security processor, quality of service
manager and a variety of host interfaces, all in
one highly-integrated design. Designed to opti-
mize the UWB system bill of materials, the
WQST110 contains a complete high speed USB
subsystem including controller and transceiver,
removing any additional USB component cost.
The WQST110 eliminates the need for expen-
sive external memory, and the chip’s architec-
ture provides good power control and manage-
ment for longer battery life in mobile devices.
This IC also implements a tightly-coupled inter-
face with the WQST101 RF transceiver.
WiQuest Communications Inc., 
Allen, TX (214) 547-1600,
www.wiquest.com.

RS No. 242
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■ Calibration Kit
This line of (TNC) TNCA calibration kits fully comply with the interface
requirements of MIL-STD-348A. These kits are mode free to 20 GHz 

and exhibit good per-
formance. MIL-STD-
348A is the direct re-
placement for the now
obsolete MIL-C-39012
and is typically used by
the US Armed Forces
— Army, Navy and
Marine Corps. TNCA
is similar to the MIL-
C-87104/2 “AFTNC”
typically used by the
Air Force. However,
mating the TNCA male

connector to the AFTNC female connector could result in a non-con-
tacting condition or “gap” fit between outer conductors. 
Maury Microwave Corp., 
Ontario, CA (909) 987-4715, www.maurymw.com.

RS No. 248

■ Grandmaster Clock
The XLi IEEE 1588 Grandmaster Clock with GPS reference is a proto-
col that enables accurate synchronization over Ethernet LANs and offers 

users the ability to syn-
chronize clocks within
better than one hun-
dred nanoseconds ac-
curacy, with only a net-
work connection. The
company’s first deploy-
ment of the IEEE

1588 protocol is in its versatile XLi GPS time and frequency system.
IEEE 1588 enables sub-microsecond time-of-day synchronization be-
tween clocks over standard Ethernet LAN infrastructure. High accuracy
time distributed over standard Ethernet LAN infrastructure offers bene-
fits in the areas of cable infrastructure cost savings; improved accuracy
for distributed measurements and processes; improved control system
techniques; and leveraging the innovation/investment wave of network
centric technology and solutions.
Symmetricom Inc., 
San Jose, CA (978) 927-8220, www.symmttm.com.

RS No. 250

■ EMF Measurement Option
The 9102 handheld spectrum analyzer with the 9131 EMF measure-
ment option is an easy and lightweight test solution that allows network 

operators, broadcast stations, regulation au-
thorities and engineering offices to test the
actual radiation against defined limits. Sev-
eral antennas for different purposes are op-
tionally available and the analyzer includes
all the control and calculation software
without the need for an external computer.
The electromagnetic field measurement
can be displayed in volts per meter (V/m)
and in watts per square meter (W/m2) over
a frequency range from 100 kHz to 4 GHz.
Willtek Communications GmbH, 
Ismaning, Germany +49 (0) 99641 200,
www.willtek.com.

RS No. 251

■ WLAN Application Firmware
With the R&S FSL-K91 option, the company has developed a WLAN
application firmware solution for the R&S FSL spectrum analyzer. It
features an I/Q demodulation bandwidth of 20 MHz, a displayed aver-
age noise level of –152 dBm (1 Hz) and a total measurement uncertainty
of under 0.5 dB. With the new option, the R&S FSL can now perform
all spectrum and modulation measurements on signals in accordance

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

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

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

Tiina Ruonamaa
Commissioning Editor
Artech House
46 Gillingham Street,
London SW1V 1AH, UK

Tel: +44(0) 207 596 8750
truonamaa@artechhouse.com

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

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

Call for Book and 
Software Authors

www.artechhouse.com

TTE®
Bandpass Filters to 26GHz ∗ Cavity Bandpass Filters to
26GHz ∗  Combline Bandpass Filters to 26GHz ∗ Active
Bandpass Filters to 500kHz ∗ Lowpass Filters to 4GHz ∗
Active Lowpass to 500kHz ∗ Highpass Filters to 2GHz ∗
Active Highpass Filters to 500kHz ∗ Band Rejection Filters to
10GHz ∗ Notch Filters to 10GHz ∗ Active Notch Filters to
10kHz ∗ Balun Transformer to 500MHz ∗ Isolation
Transformers to 500MHz ∗ Matching Transformers to
500MHz ∗ Transmission Line Transformers to 500MHz ∗
Surface Mounting Cases ∗ Through Hole Mounting Cases ∗
Connectorized Cases including SMA ∗ BNC ∗ N ∗ SO239
Bandpass Filters to 3GHz ∗ Cavity Bandpass Filters to
26GHz ∗  Combline BandpassFilters to 26GHz ∗ Active
Bandpass Filters to 500kHz ∗ Lowpass Filters to 4GHz ∗
Active Lowpass to 500kHz ∗ Highpass Filters to 2GHz ∗
Active Highpass Filters to 500kHz ∗ Band Rejection Filters to
10GHz ∗ Notch Filters to 10GHz ∗ Active Notch Filters to
10kHz ∗ Balun Transformer to 500MHz ∗ Isolation
Transformers to 500MHz ∗ Matching Transformers to
500MHz ∗ Transmission Line Transformers to 500MHz ∗
Surface Mounting Cases ∗ Through Hole Mounting Cases ∗

WWW.TTE.COM
Florida Facility: 866.363.0849 / 727.363.0849

Los Angeles Facility: 800.776.7614 / 310.478.8224

America’s No.1 

Filter Choice 

for over 

50 Years!

AMERICA’S FILTER SPECIALIST SINCE 1956

Visit http://mwj.ims.ca.7956-136

Visit http://mwj.ims.ca.7956-19

NEW PRODUCTS
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MICRO-ADS
Visit http://mwj.ims.ca/7956-(RS#)

RS 52

RS 91

RS 51

RS 114

RS 50

RS 4

RS 31

Laboratory

(RF)MicroProbe

Station

Laboratory

(RF)MicroProbe

Station

A ultra compact, manually operated  probe station for engineers,
scientists and students. Measure Microwave, RF and IV parameters of
Semiconductor Devices. Characterize MEMS, wireless, photonic and

nanoelectronic components and assemblies.

• Benchtop Size(1ft2) • 2”  Vacuum chuck  with pump• 1” X-Y-Ø stage with z-lift•
•2 ea. 0.5” X-Y-Z probe positioners, includes 2 ea. 18 GHz probes & DC needles•
•10X/30X Stereo Zoom Trinocular Microscope • Flourescent Illuminator •

•Compatible with additional Magnetic Mount Positioners(optional)•

•Compatible with industry standard microwave probes(optional)•

•Cost effective for research projects•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

(503) 531-9325 [FAX]
www.jmicrotechnology.com

Extremely Low Cost

< $10,000 US

DC/RF/Microwave Test

Research Performance / Student Price

Jmicro Technology

AdvancedAdvanced

Switch

TechnologyTechnology

694 Fortune Cr

 Kingston, On

      K7P 2T3

      Canada
Tel:613 384 3939  Fax:613 384 5026

E-mail: info@astswitch.com

www.astswitch.com
Please request our free catalog

AST’s Extreme Weather Switch

- Excellent in arctic and desert 

  conditions

- Drive head still air tight with cap 

  removed

- “Weather Cap” can be removed 

    manually without the use of tools

For all your microwave switching needs

Personal

Probe

Station

Personal

Probe

Station

J micro  Technology

A compact full featured, modestly priced, manually operated probe
station developed for engineers and scientists.

Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

• Benchtop Size(<1ft2) • Vacuum chuck • X-Y-Ø stage•
•X-Y-Z probe positioners •Top Plate Z-lift •Vacuum Accessory Manifold•

•6.5X-112.5X Stereo Zoom Microscope • Adjustable Halogen Illuminator •
•Vacuum Accessories • Compatible with 40GHz+ probes•

• Accessories for Thermal Chucks and Probe Cards•
•Compatible with Magnetic Mount Positioners•

•Test wafers, microstrip packages and surface mount components•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

(503) 531-9325 [FAX]
www.jmicrotechnology.com

Very Low Cost

High Function

A  P r o b e  S t a t i o n  O n  E v e r y  B e n c h

DI INVERTED ARCH

Automated & Manual

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

2 - 18 GHz Single/Dual Pol

ARCH™ software

Up to 60° Incidence

Other Bands Available

with the IEEE 802.11 a/b/g/j WLAN stan-
dards. Thus, the compact, all-purpose analyzer
fulfills the measurement requirements in the
production of WLAN instruments.
Rohde & Schwarz GmbH & Co. KG,
Munich, Germany +49 89 4129-13779,
www.rohde-schwarz.com.

RS No. 249

■ Noise Figure and Gain Test Set

The SNG series of noise figure and gain test
sets are configured to provide automatic noise
and gain measurement of amplifiers or re-
ceivers in the frequency range of 26.5 to 140
GHz in seven overlapping waveguide bands.
These test sets combine high performance
broadband solid-state noise sources with full
waveguide band down converters (STS Series)
extending the Agilent 8970A/B noise figure
meters to the millimeter-wave frequency
range. A signal generator with output frequen-
cies from 8 to 20 GHz, such as an Agilent
8350B/83550A or 83751B is required by the
down converter unit as an LO. 
WiseWave Technologies Inc., 
Torrance, CA (310) 539-8882,
www.wisewave-inc.com.

RS No. 252

CHECK OUT OUR WEB SITE AT

www.mwjournal.com
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DATA SHEET

This data sheet
provides com-
plete detail on
the company’s
e p i t a x i a l
MOCVD wafers
that are designed
for defense and
commercial mar-
kets. The growth
area is class
10,000 and hous-
es production
and small vol-
ume reactors. Reactors are outfitted to grow
InP- and GaAs-based materials on 2 to 4 inch
diameter wafers with the highest precision
available.
Bandwidth Semiconductor LLC, 
Hudson, NH (603) 689-1225,
www.bandwidthsemi.com.

RS No. 200

PRODUCT
BROCHURE

This brochure
and selection
guide provides a
complete over-
view of the com-
pany’s high speed
optocouplers that
feature speeds up
to 25 Mbps, oper-
ating tempera-
tures to 100°C,
dual 3.0/5.5 V op-
eration and out-
put current as low as 3 mA. The brochure also
characterizes the isolation requirements of vari-
ous applications and recommends the optocou-
plers that best meet these requirements.
California Eastern Laboratories, 
Santa Clara, CA (408) 919-2500,
www.cel.com.

RS No. 202

QUICK
REFERENCE
GUIDE

The new autumn
2005 edition
Quick Reference
Guide now con-
sists of two sepa-
rate brochures,
one for the dis-
c r e t e / M M I C
product line and
one for the switch
product line. The
discrete catalog
features several new broadband MMICs, and its
new line of packaged C-band amplifiers. The
switch catalog also includes several new switch
products for WLAN/WiMAX applications.
Filtronic Compound Semiconductors Ltd.,
Newton Aycliffe, County Durham, UK 
+44 (0) 1325 306 880, www.filtronic.com.

RS No. 201

RF/MICROWAVE
CAPABILITIES
BROCHURE

This RF and mi-
crowave capabil-
ities brochure
highlights the
company’s new
state-of-the-art
manufacturing
facility and her-
itage passive
c o m p o n e n t
products. It also
features the
company’s capabilities in filter and switch filter
technology along with its ability to serve higher
levels of custom integrated multi-function as-
semblies.
Sage Laboratories Inc., 
Hudson, NH (603) 459-1600,
www.sagelabs.com.

RS No. 203

POWER
AMPLIFIERS
DATA SHEET

This data sheet
provides com-
plete detail on
the company’s 25
to 35 W Ku-
band power am-
plifiers, the
MPC2-1220 se-
ries. A product
photograph, de-
scription, perfor-
mance features,
electrical and mechanical specifications, and
outline drawings are also provided.
Sophia Wireless Inc., 
Chantilly, VA (703) 961-9573,
www.sophiawireless.com.

RS No. 204

WIRELESS
PRODUCTS
CATALOG

The 2006 11th

edition of the
LMR® wireless
products catalog
includes the en-
tire range of
LMR cables in-
cluding LMR-
DB, LMR-FR,
L M R - P V C ,
L M R - M A ,
LMR-Ultraflex,
LMR-W, LMR-LLPL and LMR-75 as well as
TCOM® (low PIM cable), FBT® low loss, high
power cables and T-RAD™ leaky feeder ca-
bles. The latest connectors, accessories and in-
stallation tools have also been added.
Times Microwave Systems, 
Wallingford, CT (203) 949-8400,
www.timesmicrowave.com.

RS No. 205

NEW LITERATURE

To see one’s work in print is
the rightful reward of every cre-
ative engineer and scientist. The
editors of Microwave Journal in-
vite you to submit your technical
manuscripts for consideration to
be published in one of  our up-
coming issues. Technical articles,
application notes and tutorial ar-
ticles based on the monthly edi-
torial themes are encouraged.
Editorial themes include wire-
less, radar and antennas; RF
components and systems; test,
measurement and CAD; ampli-
fiers and oscillators; semiconduc-
tors, MMICs and RFICs; satel-
lite and mm-wave applications;
communications and wireless ap-
plications; passive components;
and control devices and modula-
tion.

Design features should
contain new and innovative tech-
nical ideas of practical use and
interest to our predominantly en-
gineering readers. Papers should
be 14 to 16 double-spaced pages
and contain 8 to 12 visual aids in
the form of sketches, graphs,
photographs or tables. 

Papers should be submit-
ted to the attention of the Tech-
nical Editor and will be reviewed
promptly by our Editorial Re-
view Board prior to acceptance.
Articles outside of the monthly
themes also will be encouraged.

SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street

Norwood, MA 02062
(781) 769-9750

Fax (781) 769-5037
e-mail:

fbashore@mwjournal.com
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Floyd M. Gardner
Wiley-Interscience • 447 pages; $84.95
ISBN: 0-471-43063-3

THE BOOK ENDTHE BOOK END

The first edition of this book was pub-
lished in 1966 and the second in 1979.

Phaselock was an unimaginably exotic sub-
ject in 1966, with limited applications and
few practitioners. Now phaselocking is a
mature subject. This book reexamines the
traditional phaselock topics in greater
depth than previously. In addition, much
new material has been included, some of it
never published. Examples of additions in-
clude revised and expanded material on
transfer functions, two chapters related to
phase noise, two chapters related to digital
phaselock loops, a chapter on charge-pump
phaselock loops, expanded material on
phase detectors and a chapter on anom-
alous phaselocking. As in earlier editions,
only minimal space has been devoted to
circuits. The book is concerned with under-
lying principles, which remain valid despite
technology advances, not with implementa-
tions, which change drastically as technolo-

gy changes. Several parts of the second edi-
tion have been omitted: the chapters on
optimization and synchronization, and the
mathematical appendix. Formal optimiza-
tion has not proved to be as important to
design as was earlier anticipated; instead, a
designer is much more likely to perform a
trade-off among the few parameters avail-
able in a practical phaselock loop. The
mathematical appendix has been omitted
on the premise that the level of mathemat-
ics presented should be comfortable for all
electrical engineering graduates. Synchro-
nization, a major discipline of its own, was
deemed to have grown too large to cover
adequately in a book on phaselock loops.
Simulation is another absent topic. Infor-
mation presented in several chapters is
based on simulation. Simulation is crucial
for design and verification of integrated cir-
cuits. However, this topic is too extensive
and deserves a separate book of its own.

Phaselock Techniques, Third Edition

Ferril A. Losee
Artech House • 500 pages; $119, £68
ISBN: 1-59693-010-1

Since the first publication of this book, in
1997, there have been many changes in

the RF field. The goal of this second edi-
tion is to add as much new material and to
be as up-to-date as possible. It is organized
in two parts. Part I, which comprises Chap-
ters 1 through 10, covers RF systems. Im-
portant topics include telephone systems,
wireless communication systems; global po-
sitioning systems (GPS); radar systems; ra-
dio frequency signal propagation; RF noise;
signal modulation techniques; RF subsys-
tems; modulators and demodulators; and
block diagrams of communications systems.

Part II, which comprises Chapters 11
through 19, covers RF components and
circuits. Important topics include trans-
mission lines and transmission line de-
vices; waveguides and waveguide-related
systems; antennas; lumped constant com-
ponents and circuits; RF transformer de-
vices and circuits; piezoelectric, ferromag-

netic and acoustic wave devices and cir-
cuits; semiconductor diodes and their cir-
cuits; bipolar and field-effect transistors
and their circuits; and vacuum tubes and
microwave tubes. An effort has been made
to better consolidate subject material. For
example, nearly all the material on tele-
phone systems is found in Chapter 1
rather than in a number of chapters. Near-
ly all the material on radar is found in
Chapter 4 rather than being disseminated
in a number of chapters. Chapter 3 pre-
sents new material on global positioning
satellite systems. Chapter 7 includes new
material on direct-sequence spread spec-
trum systems and Chapter 13 includes
new material on microstrip patch anten-
nas. One way to make the book interesting
and easy to understand is to make use of
many illustrations and figures. In this sec-
ond edition, there are 163 figures in Part I
and 196 figures in Part II. 

RF Systems, Components and Circuits Handbook, Second Edition

To order this book, contact:
John Wiley & Sons Inc. 

One Wiley Drive 
Somerset, NJ 08875

(800) 225-5945

To order this book, contact: 
Artech House

685 Canton St.
Norwood, MA 02062

(781) 769-9750 ext. 4030
or 46 Gillingham St.

London SW1V 1HH, UK
+44 (0) 207-8750

THE BOOK END
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1 AA MCS  . . . . . . . . . . . . . . . . . . . . . . . . . . .167  . . . . . . . . .+33(0)8 11 09 76 76 +33(0)1 76 91 50 31 http://mwj.ims.ca/7956-1
2 Advanced Control Components Inc.  . . . . .139 . . . . . . . . . . . .732-460-0212 732-460-0214 http://mwj.ims.ca/7956-2
3 Advanced Power Technology RF  . . . . . . . .96  . . . . . . . . . . . .408-986-8031 408-986-8120 http://mwj.ims.ca/7956-3
4 Advanced Switch Technology  . . . . . . . . . .179 . . . . . . . . . . . .613-384-3939 613-384-5026 http://mwj.ims.ca/7956-4
5 Aeroflex  . . . . . . . . . . . . . . . . . . . . . . . . . . . .57  . . . . . . . . . . . .516-694-6700 516-694-2562 http://mwj.ims.ca/7956-5
6 Aeroflex/Inmet, Inc.  . . . . . . . . . . . . . . . . . .115 . . . . . . . . . . . .734-426-5553 734-426-5557 http://mwj.ims.ca/7956-6
7 Aeroflex/Weinschel, Inc.  . . . . . . . . . . . . . .153 . . . . . . . . . . . .800-638-2048 301-846-9116 http://mwj.ims.ca/7956-7
8 Aethercomm  . . . . . . . . . . . . . . . . . . . . . . . .61  . . . . . . . . . . . .760-598-4340 760-598-4342 http://mwj.ims.ca/7956-8

Agilent Technologies, Inc.  . . . . . . . . . . . .81,143  . . . . . . . . . .800-829-4444 415-857-5518 www.agilent.com
9 American Microwave Corporation  . . . . . .109 . . . . . . . . . . . .301-682-6038 301-662-4938 http://mwj.ims.ca/7956-9

10,11 American Technical Ceramics  . . . . . . . . .72,144  . . . . . . . . . .631-622-4700 631-622-4748 http://mwj.ims.ca/7956-10
12 Ametek Specialty Metal Products  . . . . . . .142 . . . . . . . . . . . .203-949-8837 http://mwj.ims.ca/7956-12
13 AML Communications Inc.  . . . . . . . . . . . .51  . . . . . . . . . . . .805-388-1345 805-484-2191 http://mwj.ims.ca/7956-13
14 Anaren Microwave  . . . . . . . . . . . . . . . . . . .107 . . . . . . . . . . . .800-411-6596 315-432-9121 http://mwj.ims.ca/7956-14
15 Ansoft Corporation  . . . . . . . . . . . . . . . . . . .87  . . . . . . . . . . . .412-261-3200 412-471-9427 http://mwj.ims.ca/7956-15
16 Applied Wave Research, Inc.  . . . . . . . . . . .154 . . . . . . . . . . . .310-726-3000 http://mwj.ims.ca/7956-16

17,18 AR Worldwide  . . . . . . . . . . . . . . . . . . . .30–31,52  . . . . . . . . .215-723-8181 215-723-5688 http://mwj.ims.ca/7956-17
19 Artech House  . . . . . . . . . . . . . . . . . . . . . . .178 . . . . . . . . . . . .800-225-9977 781-769-6334 http://mwj.ims.ca/7956-19
149 Auriga Measurement Systems, LLC  . . . . .169 . . . . . . . . . . . .978-441-1117 978-441-2666 http://mwj.ims.ca/7956-149
20 Avtech Electrosystems  . . . . . . . . . . . . . . . .136 . . . . . . . . . . . .800-265-6681 613-226-2802 http://mwj.ims.ca/7956-20
21 Cernex, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . .18  . . . . . . . . . . . .408-541-9226 408-541-9229 http://mwj.ims.ca/7956-21
22 Chelton Microwave  . . . . . . . . . . . . . . . . . . .6 . . . . . . . . . . . . .603-775-5200 603-775-5201 http://mwj.ims.ca/7956-22
23 Ciao Wireless, Inc. . . . . . . . . . . . . . . . . . . . .32  . . . . . . . . . . . .805-389-3224 805-389-3629 http://mwj.ims.ca/7956-23
24 COM DEV Saw Products  . . . . . . . . . . . . . .28  . . . . . . . . . . .647-887-SAWS 519-622-1691 http://mwj.ims.ca/7956-24
25 CPI Beverly Microwave Division  . . . . . . . .17  . . . . . . . . . . . .978-922-6000 978-922-2736 http://mwj.ims.ca/7956-25
26 Crane Aerospace & Electronics  . . . . . . . . .54  . . . . . . . . . . . .480-961-6269 http://mwj.ims.ca/7956-26
27 CST of America, Inc. . . . . . . . . . . . . . . . . . .25  . . . . . . . . . . . .781-416-2782 781-576-5702 http://mwj.ims.ca/7956-27
28 CTIA Wireless 2006  . . . . . . . . . . . . . . . . . .159 . . . . . . . . . . . .202-736-3664 202-785-0721 http://mwj.ims.ca/7956-28
29 CTT Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . .55  . . . . . . . . . . . .408-541-0596 408-541-0794 http://mwj.ims.ca/7956-29
30 Daico Industries, Inc.  . . . . . . . . . . . . . . . . .53  . . . . . . . . . . . .310-507-3242 310-507-5701 http://mwj.ims.ca/7956-30
31 Damaskos Inc.  . . . . . . . . . . . . . . . . . . . . . .179 . . . . . . . . . . . .610-358-0200 610-558-1019 http://mwj.ims.ca/7956-31
32 Dielectric Laboratories Inc.  . . . . . . . . . . . .65  . . . . . . . . . . . .315-655-8710 315-655-0445 http://mwj.ims.ca/7956-32
33 Elisra Electronic Systems Ltd. 

(Microwave Division)  . . . . . . . . . . . . . .27  . . . . . . . . . . .972(3)617-5655 972(3)617-5299 http://mwj.ims.ca/7956-33
34 EMC Technology Inc.  . . . . . . . . . . . . . . . . .15  . . . . . . . . . . . .772-286-9300 772-283-5286 http://mwj.ims.ca/7956-34
35 Emhiser Micro-Tech  . . . . . . . . . . . . . . . . . .78  . . . . . . . . . . . .775-345-0461 775-345-1152 http://mwj.ims.ca/7956-35
36 Empower RF Systems, Inc.  . . . . . . . . . . . .63  . . . . . . . . . . . .310-412-8100 310-412-9232 http://mwj.ims.ca/7956-36
37 Endwave Defense Systems  . . . . . . . . . . . . .23  . . . . . . . . . . . .408-522-3180 408-522-3181 http://mwj.ims.ca/7956-37
38 ET Industries  . . . . . . . . . . . . . . . . . . . . . . .122 . . . . . . . . . . . .973-394-1719 973-394-1710 http://mwj.ims.ca/7956-38
39 EuMW 2006  . . . . . . . . . . . . . . . . . . . . . . . .168 . . . . . . . . . .+ 44 20 7596 8742 + 44 20 7596 8749 http://mwj.ims.ca/7956-39
40 Filtronic Compound 

Semiconductors, Inc.  . . . . . . . . . . . . . .149 . . . . . . . . . . . .408-850-5740 831-621-8074 http://mwj.ims.ca/7956-40
41 G.T. Microwave Inc.  . . . . . . . . . . . . . . . . . .58  . . . . . . . . . . . .973-361-5700 973-361-5722 http://mwj.ims.ca/7956-41
42 GGB Industries, Inc.  . . . . . . . . . . . . . . . . . .3 . . . . . . . . . . . . .239-643-4400 239-643-4403 http://mwj.ims.ca/7956-42
43 Herley Industries, Inc.  . . . . . . . . . . . . . . . .94  . . . . . . . . . . . .781-729-9450 781-729-9547 http://mwj.ims.ca/7956-43
44 Herotek, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .92  . . . . . . . . . . . .408-941-8399 408-941-8388 http://mwj.ims.ca/7956-44
45 Huber + Suhner AG  . . . . . . . . . . . . . . . . . .79  . . . . . . . . .+41 (0)71 353 41 11 +41 (0)71 353 45 90 http://mwj.ims.ca/7956-45

IEEE ICUWB 2006  . . . . . . . . . . . . . . . . . .170 www.ICUWB2006.org
IEEE MTT-S International 

Microwave Symposium  . . . . . . . . . . . .185 . . . . . . . . . . . .781-769-9750 781-769-5037 www.ims2006.org
IEEE Radio and Wireless Symposium  . . .183 . . . . . . . . . . . .781-769-9750 781-769-5037 www.radiowireless.org
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