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READY TO DEPLOY TOMORROWS
4G MOBILE SYSTEMS?

. JAL RF/ MICROWAYE COMPONENTS NEEDED TO

MESH LTE / WIMAX NETWORKS WITH EXISTING INFRASTRUCTURE.

Since the early days of Series | AUTOPLEX
thru recent national deployments of UMTS and
E-911, MECA has long been the “backbone”
of high performance wired and air-interfaced
networks for commercial wireless.

We continue to offer a wide variety of
models specifically designed to mesh your
next generation networks with existing
infrastructure including Attenuators, Bias Tees,
Circulators, DC Blocks, Directional & Hybrid
Couplers, Isolators, Power Divider/Combiners
and RF Loads.

MECA ELecTtrONICS, INC.

459 East Main Street, Denville, NJ 07834 o 973-625-0661 e fax: 973-625-9977
866-444-6399 e sales@e-MECA.com  www.e-MECA.com
Since 1967 e Made in USA
THE FASTEST SOLUTIONS TO YOUR RF/ MICROWAVE COMPONENT NEEDS

of supply to ALL major US / Canadlian service
providers because of our uncompromised
reputation for delivering rugged and reliable
components to the field on-time, every time!
Engineers, Product Managers and Equipment
Installer alike trust MECA for critical projects and
rely on our superior product performance and
extraordinary delivery (STOCK - 2 weeks ARO)
to stay on schedlule.
We proudly offer a 36 month warranty
on ALL of our American-made RF/Microwave
components.

Visit http://mwj.hotims.com/28490-50 or use RS# 50 at www.mwjournal.com/info


mailto:sales@e-MECA.com
http://www.e-MECA.com
http://mwj.hotims.com/28490-50
http://www.mwjournal.com/info

Picoprobe elevates pro

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

testing instruments.

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

Through unique design

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 -

i‘-ﬁ W

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

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

P.0. BOX 10958 -
Fax (239) 643-4403 «

®

200
' cards to a higher level...
(-

E-mail email@ggb.com

"

W77 z /

110 GHz to be exact.)

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

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18dB 15dB

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

NAPLES, FL 34101

www.picoprobe.com
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_ SPLITTERS
> COMBINERS

from2 kHZ fo ’8 GHZ e ¢

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

Mini-Circuits... Your partners for success since 1969 Product availability is

listed on our website.

-t '\-" ‘F'-*u-

®

1SO 9001 ISO 14001 AS 9100 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 w.
&; ’ m oo ’ ) ' minicirguits.com
ol 2 The Design Engineers Search Engine finds the model you need, Instantly < For detailed performance specs & shopping online se+
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Technology On the Move
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Gavity Filters Surface Mount Girculators

Waveguide Isolators Power Combiners Goaxial Girculators
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DEPENDABLEV

The IiGEHL Erlters w/ zZana| ®ﬁ1ter selection program helps customers quickly

determine which filter products best meet their application needs.

Visit www.klifilterwizard.com, provide your desired specifications, and the
software will return a list of products that match, placing response graphs,
outline drawings, and downloadable s-parameters at your fingertips.

There are better ways to get help with your filter design.

B

MICROWAVE

A © DOVER | COMPANY

% Cartifind Syan

anning
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"

World largest and leading 6" GaAs foundry now offers both ADS and AWR
!EDA tools for WIN's PDK, Now you can complete all your MMIC design with ease!

® WIN's PDK Supports: ADS from Agilent f MWO from AWR
® WIN’s PDK Includes: Device Model, Layout, DRC, and LVS
#® WIN's PDK Advantage: Customization, periodic optimization, and great technical support

Visit http://mwj.hotims.com/28490-107 or use RS# 107 at www.mwjournal.com/info

®
v
’ % WIN Tel:+886-3-397-5999 Fax: +886-3-397-5069

SEMICONDUCTORS E-mail:sales@winfoundry.com http://www.winfoundry.com
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From Maury Microwave

Right Performance
Right Price 7 ( & 2_[ ca I Solutions

Introducing an entirely new line o msrrument-grade coaxial and waveguide
calibration standards and componenta
exacting requirements that hm F)
industry for over 50 years. V'S 1EeUCEl™ Calibration Standards are ideal for
applications that don't require Hﬁﬁﬁlnw gra
of confidence you only get with Maury pﬁ}duma -
Maury's IEc{fm line Cif Caliblsation

products the Gold Standard of the

naards and Components are
1 fuggedness and durability

Mau&s 1zci{Cal™ Calibration Standards am:l Components include 500
coaxial VNA Calibration Kits, Opens, Fixed Loads and Shorts in 1.85mm, 2.4mm,
3.5mm, and Type N. It also includes Coax-to-Coax (in-series and between series)
Adapters, with Waveguide-to-Coax Adapters coming soon. Look for the Maury
1&ciiCal™ label when you need the best in instrument-grade calibration
standards and you'll always Measure With Confidence.

Call or visit our website for more information about Maury 1zci/Cal™ and
metrology-grade calibration standards, or about any of our full line of Device Charac-
terization Solutions.

2900 Inland Empire Blwd Ontario, Gallfurnla 91?64 USA
%EEEWAVE Tel: 909-987-4715 -? 2| yi

CORPORATION
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FEATURES

COVER FEATURE

ZQ 2010 GaAs Foundry Services Outlook
Pat Hindle, Microwave Journal Editor

How GaAs foundries and Si and GaN technologies measure up in the battle for various commercial and military markets

MVP: MOST VALUABLE PRODUCT

30 A 2.4 GHz Low Power, Short-range Transceiver

Analog Devices

Introduction to a low power, short-range transceiver designed for operation in the global 2.4 GHz ISM band

TECHNICAL FEATURES

B6 New NanoSecond Switch Technology
Timothy Boles and Andrew Freeston, M/A-COM Technology Solutions

Introduction to modifications made to existing PHEMT process and device structure to improve switching speed

62 A Comparison Study of High-frequency Characteristics for Ball and Ribbon Bonding
Chien-Cheng Wei, Chin-Ta Fan, Ta-Hsiang Chiang, Ming-Kuen Chiu and Shao-Pin Ru, Tong Hsing Electronic Industries Ltd.

Measurement of wiring self-inductance, self-resonant frequency and insertion loss in comparing the high-frequency

performance of ball and ribbon bonding

76 Design of a Microstrip Open Loop Resonator BPF with Wide Stopband for WLAN
Xiao Qun Chen, Ling Xia Wang, Chang Yun Cui and Xiao Wei Shi, Xidian University

Demonstration of an open loop resonator bandpass filter using spurline and quarter-wavelength open-circuited stubs to
improve outband response
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COBHAM SENSOR SYSTEMS

WHERE THE POWER OF INTEGRATION IS WORKING FOR YOU

Cobham Sensor Systems is
comprised of the following groups: -‘ ;&\ = %&

Sensor Electronics, Microwave
Electronics, and Microwave
Components. For added assurance,
all our products, from the smallest
MMIC components to the largest
antenna subsystems, are designed,
manufactured, tested and inspected
to meet the most stringent
customer specifications.

Count on Cobham for all your
product needs -- Electronic Warfare,
Homeland Security, Radar,

Ground & Mobile Communications,
Smart Munitions, Search &
Surveillance, Force Protection,
Missiles, Space, Satellite
Communication, SIGINT,

and Overhaul & Repair.

\&

e

COBHAM
www.cobham.com

ATLANTIC POSITIONING SYSTEMS www.atlanticpositioners.com 727.299.0150 ATLANTIC MICROWAVE www.atlanticmicrowave.com 978.779.6963
CONTINENTAL MICROWAVE www.contmicro.com 603.775.5200 KEVLIN www.kevlin.com 978.557.2400 LANSDALE www.cobhamdes.com 215.996.2000
M/A-COM www.macom.com North America 800.366.2266 Europe +44 0 1908.574200 Asia / Pacific +81.44.844.8296 NURAD www.nurad.com 410.542.1700
REMEC DEFENSE & SPACE www.remecrds.com 858.560.1301 SIVERS LAB AB www.siverslab.se +46 8 477 6811
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FEATURES

TUTORIAL

88 An Overlooked Class of N-way Power Dividers Combining

Resistive and Reactive Dividers

Harry Chapell, Retired Professional Engineer

Presentation of the design equations with theoretical and measured
performance values of a partial resistive divider compared to other types of
dividers

PRODUCT FEATURES

96 32 GHz True Analog Bandwidth Oscilloscope

Agilent Technologies Inc.

Development of a real time oscilloscope with 32 GHz of true analog bandwidth

100 Novel GaN Technology Enhances S-band Radar Performance

Integra Technologies Inc.

Design of a series of devices for radio frequency, pulsed power for S-band
radar applications using GaN on a silicon substrate

106 A GPs Disciplined OCXO Frequency Standard & NTP Reference

Clock
Quartzlock (UK) Ltd.

Introduction to a GPS controlled frequency and timing source with a 10 MHz
output phase noise specification of -110 dB¢/Hz at 1 Hz offset

TECH BRIEF

114 Hittite Launches Two Low Cost, Highly Flexible RMS Power

Detectors

Introduction to RMS power detectors for RF power measurement/control
between DC and 5.8 GHz
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“I need robust MMICs for my most
demanding applications.”

So do we.
If you're an engineer working in a field requiring robust products
that perform to spec in a wide range of real world conditions, we

can relate. Agilent requires instrument-grade MMICs to design and

_ build the world’s finest measurement

Highly linear mixers equipment. So we manufacture our
High power/high fidelity amplifiers ~ own MMICs that offer exceptional
High TOI attenuators performance over a broad spectrum of
Microwave MEMS variables. And you can order them now.
PR S A That's performance. That's Agilent.

* Certain restrictions apply

© 2010 Agilent Technologies, Inc.

Agilent Technologies

Agilent and our Distributor Network North America: Avnet Express Europe: BFi OPTiLAS
Right Instrument. Right Expertise. Delivered Right Now. www.em.avnet.com/agilent www.bfioptilas.com

Visit http://mwj.hotims.com/28490-7 or use RS# 7 at www.mwjournal.com/info
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Go to
www.mwjournal.com

Online |

The latest industry news, product updates, resources and
web exclusives from the editors of Microwave Journal

Free Webinars

Understanding MIMO OTA Testing: Simple
Solution to a Complex Test

This webinar will explain the fundamentals of
MIMO Over-the-Air (OTA) testing, providing an
understanding of system performance and the
core elements that facilitate systematic and
repeatable performance measurement of MIMO
devices. The session will highlight technical
features of the system as well as commercial
benefits of this emerging testing technology.

Sponsored by Elektrobit and ETS-Lindgren
Live webcast: 6/15/2010, 11:00 am (ET)

MWJ]/Besser Associates Webinar Series:

RF System Architecture Overview

This webinar presents the critical RF parameters in
wireless transceiver technology, understanding the
various trade-offs in different architectures and
understanding the balance of analogue to digital
processing for cost-effective design solutions.
Sponsored by Avago Technologies and AWR

Live webcast: 6/22/2010, 11:00 am (ET)

Online Technical Papers

The Advantages of E Systems in Mobile
Backhaul E-band Wireless Applications

White Paper, Siklu

RF Switch Performance Advantages
of UltraCMOS™ Technology over GaAs
Technology

Application Note, Peregrine Semiconductor

Reinventing the Transmit Chain with
Next-Gen Multimode Wireless Devices

Parker Vision

Using X-Parameters to Characterize
and Model Long-term Memory Effects of
Wideband Modulated Signals

Agilent Technologies Inc.

14

Executive Interview

YC Wang, VP of Marketing, WIN
Semiconductor, talks about his company’s
success as the world’s leading pure-play GaAs
foundry, his customers’ benefits of being
fabless, their process technology roadmap and
which growth markets are showing the greatest
potential.

Expert Advice

Derek Smith, Director of

Marketing and Sales at OMMIC,
considers the standing of III-V
processes in the technological
landscape, both now and in the
future. He considers how higher
performance, higher integration

and integrated options, together &
with more stringent requirements, have not
only made III-V devices essential today, but are
ensuring that they will remain so for many years
to come.

EDAFocus

MiG’s latest release of WASP-NET® (v8.0)
introduces a new 3D structure editor, a data

file import option, and two new 3D solvers:

a finite-element/boundary integral solver for
arbitrary 3D waveguide, antenna and microstrip
structures; and an integral equation solver

for large-scale, open, scattering and radiating
structures.

MarketWatch

Mario Rivas, President and
CEO of Anadigics, talks about
his company’s 25th anniversary,
their GaAs technology and

their relationship with WIN
Semiconductor, the handset and ;
cable markets, and the advantage §
of GaAs-based 3G power
amplifiers over competing technologies.

i
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[26.4dBm IIP3 ]

RFin
LO2

[odBm LO Drive

LO1

[SdB Conversion Gain]

LTC5541

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

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

WV 3.3V Passive Mixer Family

V Info & Free Samples

www.linear.com/554X

Parameters LTC5540 LTC5541 LTC5542 LTC5543
Input IP3 26dBm 26.4dBm 26.4dBm 24.5dBm
Conversion Gain 8dB 8dB 8dB 8dB
Noise Figure (NF) 9.9dB 9.6dB 9.9dB 10.2dB
NF @ 5dBm Blocking 16.2dB 16.0dB 17.3dB 17.5dB
Power Consumption 0.66W 0.63W 0.65W 0.66W

1-800-4-LINEAR

Fres Wireless
Solutions
Brochure

e

www. linear.com/wireless

A7, LTC LT, LTM, Linear Technology and the Linear logo are
registered trad ks of Linear Technology Corporation. All other
7

LY YR

ks are the property of their respective owners.
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VERY LOW DISTORTION

MIXERS

+36dBmIP3 2 t0 3100 MHzZ /. 9.:

Mini-Circuits shielded LAVI frequency mixers deliver the breakthrough combination of very high

IP3 and IP2, ultra-wideband operation, and outstanding electrical performance. By combining our
advanced ceramic, core & wire, and semi-conductor technologies, we've created these evolutionary
patented broadband mixers that are specially designed to help improve overall dynamic range.

With a wide selection of models, you'll find a Lavi mixer optimized for your down converter and

up converter requirements. Visit the Mini-Circuits website at www.minicircuits.com for comprehensive

performance data, circuit layouts, and environmental specifications. Price & availability for on-line
ordering is provided for your convenience.

Check these Lavi Mixer outstanding features!

* Very wide band, 2 to 3100 MHz e Super high isolation, up to 52 dB
e Ultra high IP2 (+60 dBm) and IP3 (+36 dBm) e High 1dB compression, up to +23 dBm
e -73 dBc harmonic rejection 2LO-2RF, 2RF-LO e Extremely low conversion loss, from 6.3 dB

O RoHS compliant U.S. Patent Number 6,807,407

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

®

1SO 9001 ISO 14001 AS 9100 CERTIFIED
g - P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
. :!5 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online sep—ﬁ—'&
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Mark Your CALENDAR

Toronto, Ontario, Canada

44+ A

I Microwave Power|

Denver, CO
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4 5 6 7 l 8 9 10
ANSOFT
HFSS Product
Training
Boston, MA
" MhAgS 0 14* International Symposium on Antenna Technology and LA ’}
Applied| Electromagnetics (ANTEM) & the American Electromagnetics
Conference (AMEREM)
Ottgwa, Ontario, Canada
11 12 13 14 15 16 17
Agilent Technologies
MIMO Array
Antenna Design
Tools and
Techniques
At your PC
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»

18
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COMING EVENTS

EuMW 2010
C.AI'I'.FOR PAPERS EUROPEAN MICROWAVE WEEK
Radio Wireless Week 2011 September 26-October 1, 2010 © Paris, France
Deadline: July 30, 2010 www.enmweek com if
’ ril
MILCOM 2010 TE— ¢

Deadline: August 13, 2010 OCTOBER

AOC 2010

47™ ANNUAL AOC INTERNATIONAL SYMPOSIUM
AND CONVENTION

October 36, 2010 o Atlanta, GA

Microwave Update (MUD)
Deadline: September 1, 2010

o ONLINE WWW.CI’OWS.OI'g
MM X L e =
nJFT SO o U MwP 2010
e - e INTERNATIONAL ToPICAL CONFERENCE ON

MiIcrROWAVE PHOTONICS
October 5-9, 2010 ® Montreal, Canada

For complete coverage of the IMS  mw»2010.0r

2010 conference, event news,

exhibitor product information and AMTA 2010
special reports from the editors of ANTENNA MEASUREMENT TECHNIQUES
Microwave Journal, visit AssOCIATION

www.mwijournal.com/events. October 10-15, 2010 ® Atlanta, GA
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2010 GAAS FOUNDRY
SERVICES OUTLOOK

n the 1980s, the running joke was “GaAs
Iis the future and always will be.” Up un-

til that time it had shown great promise,
but was having a hard time living up to its
performance potential and was plagued by
high material costs and inconsistent processes.
However, due to large investments by the gov-
ernment/military (mostly the DARPA MIMIC
programs) in the 1980s and high commercial
demand for wireless applications in the 1990s
(such as satellite TV and cellular handsets), it
has become the mainstay of the RF/microwave
industry for the last couple of decades. Many
companies built large GaAs fabs in the ‘80s
and ‘90s, but today most rely either totally or
partially on foundries for their supply of chips.
This allows for greater flexibility in fast chang-
ing markets and many “fabless” companies
have leveraged this business model to develop
lower fixed cost businesses that have flourished
over the last ten years.

SQUEEZE PLAY

Today, GaAs is being squeezed more than
ever by competing Si technologies and newer
high voltage compound semiconductor mate-
rials like GaN and SiC. Recent developments
in Si CMOS and BiCMOS processes have
achieved cut-off frequencies over 300 GHz,!
allowing it to compete in many applications
where GaAs had mostly dominated. Si chips
have a large cost advantage in high volumes

and offer superior digital integration opportu-
nities for single chips solutions (BiCMOS). In
addition, LDMOS processes have significantly
advanced with higher voltage designs that pro-
duce robust transistors capable of output pow-
er performance as good as GaN and SiC, but at
a much lower cost. There is also competition
from UltraCMOS™ (Peregrine Semiconduc-
tor) for lower power, fast switching applica-
tions. They are now expanding the process with
several other types of devices to further com-
pete with GaAs. SiGe processes are creating
highly integrated single chip solutions at high
frequencies such as automotive radar at 24 and
77 GHz and point-to-point radios. There are a
large number of RF Si foundries that have high
capacities available such as Taiwan Semicon-
ductor (TSMC), Tower/JAZZ Semiconductor,
IHP Microelectronics, IBM, austriamicrosys-
tems, etc., so the costs for large volumes are
relatively low with available capacity.

As Si technologies mostly squeeze GaAs
from the lower frequency and lower power ap-
plications side, other compound semiconduc-
tors such as GaN and SiC are squeezing GaAs
from the high frequency, high power side
where it has always excelled. As with GaAs in
the 1980s, these other compound semiconduc-

PATRICK HINDLE
Editor; Microwave Journal
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tor technologies are benefiting from
government/military funding and the
commercial demand for more effi-
cient “green” technologies. GaN (typ-
ically grown on Si or SiC substrates)
has a wider band gap (higher break-
down voltages of 100 V or more) and
higher gain, which means it has an
advantage in high power applications.
Although most GaN development is in
high power applications, it also shows
good low noise properties giving it
the ability to produce LNAs that can
withstand higher input voltages in the
receive chain. This will enable multi-
function LNA/switch MMIC devices
in addition to high power amplifiers.
Table 12 shows a comparison of ma-
terial properties for various semicon-
ductor materials.

Higher gain GaN devices are start-
ing to make a significant impact in mil-
itary programs and cellular infrastruc-
ture applications; GaN can achieve 5
W/mm or more compared to GaAs,
which has about 1 W/mm (some spe-
cial high voltage GaAs processes can
reach about 1.5 W/mm). With all that
heat being created from these high
power devices, the packaging costs
can be relatively high and swing back
in favor of GaAs. GaAs also typically
has higher linearity than other semi-
conductor type devices, which can be
a big advantage in the newer 3G/4G
systems that require high linearity for
OFDM. RFMD recently announced
the opening of its GaN fabrication fa-
cility for foundry business to join oth-
ers such as TriQuint, United Mono-
lithic Semiconductors (UMS), Eu-
dyna/Fijitsu, Cree and Nitronex. Most
GaAs foundries plan to start offering
GaN services this year if they have not
already announced it.

Another high voltage compound
semiconductor material, SiC, has
demonstrated impressive high-power
devices for lower frequency, pulsed
applications from companies like
Microsemi. These devices also have
much higher breakdown voltages than
GaAs and superior thermal conduc-
tivity properties. However, the wafer
sizes are smaller and are much more
expensive than some competing tech-
nologies. So far SiC has been compet-
ing in the relatively lower frequency
ranges for pulsed applications.

COST AND PERFORMANCE
GaAs has fought back on both

22

TABLE I
COMPARISON OF RF SEMICONDUCTOR MATERIAL PROPERTIES

Si GaAs InP SiGe SiC GaN
Lattice 5.4 ol 5.9 595 3.1 3.2
constant (A)
Saturation 1 X 107 0.8 X 107 2.2 X 107 - 2 X 107 2.5 %X 107
velocity (cm/S)
e- mobility 1350 8000 10000 3000 900 1500
(ecm2/Vs)
Eg bandgap 1.1 14 0.7-1.1 3.3 (4H) 3.4
(eV)
Fy (GHz) FET 20 150 300 50 20 150
Power density 0.2 0.5 0.3 10 >30
(W/mm)
Thermal 1.5 0.5 49 ~2.0
conductivity
(W/emK)

[ miurary [ WIRELESS COMMUNICATIONS

[ r-o communicaTions [ consumER [] AUTOMOTIVE & OTHER

the cost and per-
formance side of

the battle. GaAs

foundry wafers

cost up to $2500 a =g 5000
wafer versus a Si 5 on
CMOS wafer of =
about $1000 and a f 3000
SiGe wafer of about = &
$2500; however, g —
both Si processes g 1000
are on larger 8 inch A

wafers compared to
6 inch GaAs wafers

2008 ' 2009 ' 2010' 2011' 2012 ' 2013 ' 2014

o) they yleld about A Fig. 1 Projected GaAs market value by application from 2008 to
4

twice as many die.?

Therefore, the chip cost is far less for
Si-based processes including the more
specialized SiGe processes based on
volume.

However, there are two other cost
factors that can make GaAs less expen-
sive. First, GaAs mask sets typically
cost from about $25 to $50k versus Si-
based processes that cost from about
$50 to $300k3 so the initial investment
is larger. Second, about 95 percent of
RF cellular handset front-end devices
are done by Integrated Device Manu-
facturers (IDM), whose internal costs
are far less because they own their own
fabs.3 The internal wafer for IDMs is
about the same as a Si CMOS foundry
walfer so they are competitive with Siif
produced for internal use. Therefore,
looking at the total cost, lower to me-
dium volume applications will prob-
ably be cheaper on GaAs while high
volume applications (tens or millions
or more) will be cheaper on Si-based
technologies. One possible exception
in the market today is millimeter-wave

radios/automotive radar applications
where SiGe single chip solutions have
been custom developed to leverage
high levels of integration (single chip
radios) and are displacing some GaAs-
based solutions. NXP is an example of
a company making a significant push
to replace GaAs devices with SiGe
products as they recently announced
they are releasing 50 new products by
the end of 2010 for this purpose.

GAAS FOUNDRY MARKET

The GaAs market in 2008 grew 6
percent year-on-year, but really de-
clined in the fourth quarter of that
year according to Strategy Analytics.
Strategy Analytics then reported the
market declined by over 10 percent
in 2009. However, the outlook going
forward is better as they are project-
ing the GaAs market to be worth over
$4.3 B by 2014 growing with a CAGR
of 6 percent. Figure 1* shows the
GaAs market size for the major ap-
plication areas with wireless commu-
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37%

A Fig. 2 GaAs market share by company.>

nications being the primary growth
market. The dominant market within
wireless communications is for hand-
set applications for front-end modules
in the cellular market.

The current total market size data
from Strategy Analytics for the GaAs
foundry business is about $360 M with
TriQuint and WIN Semiconductor
neck-in-neck with a market share of
a little over a third each (see Figure
2).5WIN is the largest pure play GaAs
foundry and has rapidly closed the gap
with the market leader TriQuint over
the past couple of years.

These two market share leaders are
followed by Advanced Wireless Semi-
conductor Co. (AWSC) and Global
Communication Semiconductors
(GSC). United Monolithic Semicon-
ductor (UMS) and OMMIC are the
major European players that tend to
concentrate on lower volume applica-
tions like defense and aerospace, so
they are not major players in the over-
all market share data. In the 2007 time
frame, several pure play GaAs found-
ries folded, including Knowledge On,
Suntek and GCTC. WIN, ASWC and
GSC are now the remaining major
pure play foundries in the market.

There are many other captive GaAs
fabs around the world, some of which
do offer specialized foundry services.
These include mostly defense com-
panies such as Northrop Grumman,
Cobham, Raytheon, BAE, etc., who
will offer foundry services for specific
large government programs or oppor-
tunities that utilize their design exper-
tise and fit into their specific markets.
However, they are mostly captive in
the use of their fabs and not typically
available for most applications. Other
large captive commercial GaAs found-
ries include Skyworks, M/A-COM
Technology Solutions, Anadigics, Ava-
go, RFMD and Eudyna/Sumitomo.
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devices, etc., can be

integrated onto the

[ |

-— same MMIC die.
Gl:za:é . RO e Another devu.:e
- = oLanion PHEMT  PHEMT technology  avail-
£ e $P 8 4 e able is metamor-
| = élGaAs/lnGaAs PHEMT phig .high cle cjcron
mobility  transistor
(MHEMT), which

InGaP A .
is very good for high

A Fig. 3 Cross-section diagram of WIN Semiconductor BBHEMT

device structure.®

GaAs devices first evolved from
discrete implanted FETs to metal-
eptiaxial-semiconductor  field-effect
transistor (MESFET) technology for
integrated circuits (MMICs), but over
the last decade, heterojunction bipo-
lar transistors (HBT) have been used
for most power amplifiers and pseu-
do-metamorphic high electron mobil-
ity transistors (PHEMT) for low noise
and high frequency devices. These
device types, in general, outperform
MESFET technology, although the
material costs are a little higher. Origi-
nally, only depletion-mode PHEMTs
were available, but now foundries
offer E/D PHEMT (enhancement/
depletion mode PHEMT) devices,
allowing for both types of transistors
on a circuit. Logic type devices can
be realized using enhancement mode
FETs and depletion mode devices are
typically used for other functions. This
allows more capability on a single chip
as digital logic, amplifiers, switches,
LNAs, attenuators, mixers, passive

frequency, low noise
applications but are
not widely available. These devices
have lower breakdown voltages so they
are not suitable for power devices.
With excellent low noise, high fre-
quency characteristics, they are mostly
used in space-based applications and
thus serve more niche type, low vol-
ume markets.

A significant trend in GaAs foundry
processes over the last few years and a
logical next step has been to combine
both HBT and PHEMT technologies
on the same MMIC so that optimal
devices of all types can be realized on
a single chip. This allows even more
integration on a single chip while opti-
mizing the performance of the circuit.
These BBHEMT or BiFET processes
(analogous to Si BiCMOS) allow
HBT-based power amplifiers to be
integrated next to PHEMT logic cir-
cuitry, switches and LNAs. TriQuint
and WIN Semiconductor started re-
leasing these processes in 2007. Tak-
ing a different approach than some
other manufacturers who grow the

TABLE Il
GaAs FOUNDRY PROCESSES OFFERED BY THE MAJOR COMPANIES AROUND
THE WORLD
Process TriQuint WIN AWSC GCS OMMIC UMS
InGaP HBT v v v v v v
.5 pm power PHEMT v v v
.25 pm power PHEMT v v v v
5 pm switch PHEMT v v v v v
.25 pm switch PHEMT v
.15 pm PHEMT v v v v
<.15 pm PHEMT v v v
.5 pm high linearity HFET v J
.25 pm high linearity HFET J
BiHEMT v coming
MHEMT v v v
MESFET v
Diodes v v v v v
Passives v v v
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FET within the emitter or collector
structure, TriQuint and WIN both
grow the epi layer by MOCVD on
semi-insulating GaAs using a stacked
layer structure with the InGaP HBT
on top of the PHEMT (see Figure
3).6 In this architecture, the HBT
device is processed and then the rest
of the remaining HBT material is
etched away to expose the PHEMT
layers that are then processed. Etch
stops are used between layers and the
HBT device structures are isolated
from the PHEMT devices for optimal
performance. This structure is suit-
able for high-volume, low-cost manu-
facturing and is a good trade off with
manufacturability and performance.
Some other manufacturers grow the
PHEMT layers within or under the
HBT structures, which might simpli-
fy the epi structure but degrades the
FET performance to some degree.
Table 2 shows the various processes
offered by the major GaAs foundries
as we surveyed the six major players.

FOUNDRY SERVICES

Customer service and support are
major factors when considering which
foundry to work with. Items to con-
sider range from design support to
capacity, through-put and prototype
turn-around. Most foundries provide
various supporting services such as de-
sign assistance, modeling, packaging
and testing. They have design libraries
and models that can be accessed for
designing circuits and devices, which
can typically be found on their web
sites. Most foundries also support sev-
eral design and layout tools, as shown
in Table 3.

We surveyed the major players and
found the typical lead times for most
GaAs foundries is 6 to 8 weeks with
some longer times for more custom-
ized or complicated circuits. WIN
quoted the shortest lead times of 23 to
48 calendar days. Most major found-
ries use 6 inch wafer lines for higher
volume processes, but many 4 inch
lines are still running and make sense
for lower volume processes. Typical
capacities range from a couple hun-
dred to a couple thousand wafers per
month.

Some of the unique features that
specific foundries offer include Tri-
Quints vertical PIN (VPIN) diode,
MHEMT, BiHEMT and GaN on SiC
processes; WIN Semiconductor’s 0.1
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TABLE Il
DESIGN AND LAYOUT TOOLS SUPPORTED BY THE MAJOR GaAs FOUNDRIES
Tool TriQuint WIN AWSC GCS OMMIC UMS
Agilent ADS v v v v v v
Ansoft Nexxim Vs
(design/layout)
AWR Microwave Office v v v v v
Cadence v v v v
ICED v
Mentor Graphics v
TABLE IV
TRIQUINT AND WIN SEMICONDUCTOR OPTICAL LITHOGRAPHY PROCESSES

TriQuint

TriQuint

WiN PP25-1x WIN PP25-1x

TQP13N TQP15N (Ku-band) (Ka-band)

Wafer size (mm) 150 150 150 150
Gate length (ym) 0.13 0.15 0.25 0.25
F, (GHz) 95 75 60 70

IDSS (mA/mm) 100 300 36 480
P1dB (dBm/mm) 254 27.5 29 28

Idmax (mA/mm) 500 550 490 630
Gm (S/mm) 700 400 400 540

um PHEMT and BiHEMT process-
es; GCS’s low phase noise VCO HBT
(-105 to -110 dBc/Hz at 100 KHz off-
set), high speed HBT (f; up to 300
GHz) and THz Schottky diode pro-
cesses; UMS’s defense/space qualified
processes and Schottky diode process
(BES up to 200 GHz); and OMMIC's
specialty high frequency processes
including  commercially — available
MHEMT processes (2.2 dB NF at 94
GHz LNA MMIC with 18 dB gain).

ONGOING IlI-V DEVELOPMENTS

As Si has put more cost pressure
on GaAs, another significant trend in
GaAs foundry processes over the past
few years has been the use of optical
lithography for higher frequency milli-
meter-wave processes to greatly reduce
wafer processing costs. Typically, small
geometries (less than 0.5 microns) are
difficult to image using optical lithogra-
phy because of the diffraction of opti-
cal light from dimensions of that size.
Instead, e-beam systems are typically
used. Unfortunately, e-beam systems
are much more expensive and much
slower as they typically use direct write
systems versus a mask stepper process.
There are many processing technolo-
gies available today that can avoid the
optical imaging resolution issues to form
very small geometries. Shorter wave-

length stepper systems and special-
ized photoresists stacks have overcome
many of these limits. As an example,
TriQuint released its optical millime-
ter-wave processes in 2008 with pro-
cesses for 0.25, 0.15 and 0.13 micron
geometries on PHEMT wafers; WIN
Semiconductor has a couple of 0.25 mi-
cron PHEMT processes available (see
Table 4).

Another trend is outsourcing GaAs
wafer fabrication to realize greater
flexibility, higher margins and faster
time-to-market. While fabless com-
panies have been doing this for years,
IDMs have recently been outsourcing
a portion of their business to realize
similar flexibility and higher mar-
gins for larger volume applications.
Companies such as Skyworks, M/A-
COM Technology Solutions, Avago,
Freescale, Anadigics and others have
been doing more of this over the last
few years to compete in the up and
down semiconductor markets. This is
certainly favorable for the foundries
as they become more important to a
wider base of companies.

The main European foundries,
UMS and OMMIC, have been spe-
cialty players for the most part, espe-
cially in the high performance aero-
space markets. They did not benefit
from large government funding in the
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Frequency Attenuation Frequency Attenuation
Model Range (GHz) Range (dB) Notes  Model Range (GHz) Range (dB) Notes
150-11 dc-18.0 0-11/1 3200-1 dc-2.0 0-127/1
150-75-3 dc-18.0 0-75/5 3200-2 dc-2.0 0-63.75/.25
150-70 dc-18.0 0-70/10 3200-1E-2 dc-3.0 0-127/1
150-70-1 dc-18.0 0-70/10 3200-2E-2 dc-3.0 0-63.75/.25
151-11 dc-4.0 0-11/1 3201-1 dc-2.0 0-31/1
152-90-3 dc-26.5 0-90/10 3201-2 dc-2.0 0-120/10
150T-11 dc-18.0 0-11/1 * 3206-1 dc-2.0 0-63/1
150T-15 dc-18.0 0-15/1 * 3200T-1 dc-2.0 0-127/1 *
150T-31 dc-18.0 0-31/1 * 3206T-1 dc-2.0 0-63/1 *
150T-62 dc-18.0 0-62/2 * 3250T-63 dc-1.0 0-63/1 *X
150T-70 dc-18.0 0-70/10 * 3406-55 dc-6.0 0-55/1 New
150T-75 dc-18.0 0-75/5 : 3408-55.75 dc-6.0 0-55.75/0.25 New
150T-110 dc-18.0 0-110/10 3408-103 dc-6.0 0-103/1 New i
151T-110 dc-4.0 0-110/10 * 4216-63 0.8-3.0 0-63/1 A passion for performance.
152T-55 dc-26.5 0-55/5 * 4218-127 0.8-3.0 0-127/1
153-70 dc-40 0-70/10 New 4238-103 .01-2.5 0-103/1
153-110 dc-40 0-110/10 New

Notes: 4 SmartStep® Control Circuitry, X = 75 Ohm Model
For a complete list of available models/designs, visit our website @ www.aeroflex.com/weinschel-programmables
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Impulse
Generators
100 - 2000 MHz

MAJOR GAAS FOUNDRY PLAYERS AT A GLANCE

TriQuint Semiconductor

TriQuint is the world’s largest commercial GaAs foundry and is located in Hillsboro, OR, USA.
They offer OEMs, fabless semiconductor and wireless startup companies one of the industry’s
broadest in-house technology portfolio. Their current technology portfolio includes a host

of different types of process technologies including GaAs FETs (PHEMT, MHEMT and
MESFET), InGaP HBT, BiHEMT and GaN.

WIN Semiconductors

WIN Semiconductors was founded in 1999 as the first pure-play 6-inch GaAs foundry and has

an advanced GaAs wafer fab in recognition of the growing demand for low cost manufacturing of
high speed and high quality GaAs MMICs and RFICs. They provide dedicated foundry services
to design houses as well as IDM partners. WIN supplies HBT and PHEMT MMIC fabrication
services to worldwide IC manufacturers. They are based in Tao Yuan Shien, Taiwan, ROC.

Advanced Wireless Semiconductor Co. (AWSC)

Advanced Wireless Semiconductor Co. is a GaAs HBT and PHEMT pure-play foundry service
company. They utilize cost-effective mainstream GaAs manufacturing process technology

and optimal process equipment, device layout and material structures for both wireless and
optoelectronic communication applications. They were established in 1998 and are located at
Tainan Science-Based Industrial Park of Taiwan, ROC.

Global Communications Semiconductors (GCS)

Global Communications Semiconductors is a compound semiconductor foundry service provider
for wireless telecommunication, high-speed networking, optoelectronics and automotive
industries. Their baseline processes include GaAs-based HBT and PHEMT technologies, which
meet most requirements for wireless, high speed optics and millimeter-wave applications. They
are headquartered in Torrance, CA, USA.

OMMIC

OMMIC, formerly known as Philips Microwave Limeil, was formed in 2000 with the mission
to focus on ITI-V activities. This change has enabled OMMIC to fully develop activities in
innovative ITI-V ICs and epitaxial material. OMMIC is developing new techniques for epitaxial

28 \Visit hitp://mwj.hotims.com/28490-34

foundries, so they never seemed to
expand beyond their regional aero-
space and defense market needs. But
they are now starting to expand inter-
nationally. UMS has opened a design
center in Boston, MA, and a sales of-
fice in Shanghai, China, in an effort
to expand its global reach. OMMIC
has traditionally excelled at high fre-
quency, low noise applications, but is
becoming more commercially aware
of its markets and more efficient in
its technology development efforts to
compete globally.

Going forward many GaAs found-
ries have immediate plans to begin of-
fering GaN devices this year if they are
not already providing them. TriQuint
and RFMD are major players in the
GaN market along with several oth-
ers who specialize in this area. Most
foundries see the millimeter-wave and
high linearity applications as a growth

HPUT AR | e wafer production, advanced PHEMT and MHEMT technologies as well as innovative circuits
mopmL | 1SR m PULSE for 40 Gb/s and new generation wireless standards. They are located in Limeil-Brévannes Cedex,
(MHE] [ P .y;t France.
BBA1008 100 12 ] United Monolithic Semiconductors (UMS)
United Monolithic Semiconductors designs, produces and markets RF and millimeter-wave
G004 00 g Ll components and solutions for telecom infrastructure, space, defense/security, automotive and
ISM applications. The company’s strategy is to position itself as a “one-stop” supplier, offering a
GRZE0A 250 -1 80 broad range of standard and custom designed MMICs, along with an open foundry service. They
have production facilities, at Ulm in Germany, and Orsay in France.
RS0, 1] 1% B ‘ . .
1980s and ‘90s like most US-based  area and are developing GaAs process-

es optimized for these opportunities.
They are also expanding their services
by working with design companies to
develop design kits and developing
advanced services or processes such as
wafer bumping, chip scale packaging,
multi-project wafers and Known Good
Die (KGD). KGD come from a wafer
that is 100 percent tested and the re-
ject die are marked and/or removed so
only fully tested, good die are delivered
to the customer.

THE BATTLE HEATS UP

Si technologies are steadily improv-
ing as they increase their operating
frequencies and levels of integration.
They are starting to displace GaAs in
some targeted millimeter-wave ap-
plications such as automotive radar
and threatening to encroach upon
the mainstream handset market. New

(Continued on page 112)
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SHORT RANGE
RF TRANSCEIVER 1

ANALOG |

The ADF7242 is a low power, short-range
transceiver designed for operation in the
global 2.4 GHz ISM band. It complies with
the IEEE 802.15.4-2006 2.4 GHz PHY requirements
with a fixed net data rate of 250 kbps and DSSS-
0QPSK modulation. Additionally with GFSK/FSK
modulation, the ADF7242 supports a wide range
of data rates, and is therefore equally suitable
for proprietary applications. The agile frequency
synthesizer of the ADF7242, together with short
turnaround times, facilitates the implementation
of FHSS transmission systems.

The ADF7242 has been designed with empha-
sis on flexibility, robustness, ease of use and low
current consumption. The receive path is based
on a zero-IF architecture enabling high blocking
and selectivity performance. The transmit path
is based on a versatile direct closed-loop VCO
modulation scheme to allow the device to work
with a variety of modulation schemes and data
rates with a very low modulation error rate. The
ADF7242 features an excellent performance ver-
sus power consumption metric, making it espe-
cially suitable for battery-powered systems.

The ADF7242 features a flexible dual-port RF
interface with support for switched antenna di-

MosTt VALUABLE PropuUCT

= A 2.4 GHz Low
Powes,
TRANSCEIVER

SHORT-RANGE

versity (see Figure 1). An integrated biasing cir-
cuit is also provided to significantly simplify the
interface to external PAs. Its applications can
include the areas of smart metering, industrial
control, home and building automation, health
care and consumer electronics.

DUAL-MODE FUNCTIONALITY

The fact that the ADF7242 supports both IEEE
802.15.4 and GFSK/FSK modes allows a user to
design a network that can incorporate hoth a
standardized communications protocol and a
proprietary link using one transceiver. For exam-
ple, in a smart metering application the ADF7242
enables communications with standard ZigBee
sensors in the home while meter information
could be relayed in the neighborhood area net-
work using a proprietary link.

RF PERFORMANCE
Receiver
The 2.4 GHz ISM band offers the advantage

ANALOG DEVICES
Norwood, MA
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UWB Series

MOS Series

Model Bands

VHF - Ku
VHF - Ku
L-Ku

Step
Size

1 kHz
1 kHz
ilshiz
1 kHz
1 kHz
1 kHz
1 kHz
125 kHz
100 kHz
100 Hz
>25 MHz

2.2
1.1
Multioctave
Multioctave
1
2
1
1.5

synthesizens

Features:-

SLFS Series

Band Coverage from

VHF through Ka-Band ’

Low Phase Noise and
Spurious Performance .

Serial or Parallel Interfac'e

Small Modular Assemblies
from 2.25” x 2.25” x 0.6”

New Models to satisfy th
most demanding

specifications

Extended Temperature

Range available

Typical Phase Noise

100

1K

10K

100K 1M

| Hugintern |

Output
Frequency

12.72 GHz
5.3 GHz
14.84 GHz
12.50 GHz
5.50 GHz
12 GHz
20 GHz
3.3 GHz
5 GHz
350 MHz
12.5 GHz

/_wul it o

Output
Power
(dBm, Min.) »

For additional information or technical support, please contact our
Sales Oepartment at [B31) 433-9220 or e-mail componentsE@miteq.com

—_—

100 Davids Drive, Hauppauge, NY 11788

(631) 436-7400 FAX: {(631) 436-7430

wiww mitegicom
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RFIO2P

tion is still success-
ful when a CW inter-
ferer at 5 MHz offset
from band edge is as
high as -26 dBm.

Transmit

The transmitter
has programmable
output power from

-20 to +4 dBm with

BALUN| prio2N | ] {LNA.~ good stability over

TXEN_GP5 supply and tempera-

GaAs ‘E ture. The transmitter
PHEMT FET

A Fig. 2 Typical external PA applications circuit.

of being able to operate globally. How-
ever, this advantage means that it can
be a busier/noisier environment. Thus,
for robust and efficient operation, resil-
ience to interferers is particularly im-
portant in this band. The value of good
sensitivity and low current will be con-
strained if the reception is not success-
ful, necessitating retransmissions in
this real world environment. The zero IF
architecture of the ADF7242 facilitates
its robust performance in the presence
of interferers. It does not suffer from the
inherent finite image channel rejection
of alow IF architecture. In IEEE 802.15.4
mode, for example, the ADF7242 can
successfully receive in the presence of
another IEEE 802.15.4 signal in either an
adjacent channel, which is 48 dB high-
er or an IEEE 802.15.4 signal, which is
two channels away and is 62 dB higher.
With the signal level at -92 dBm recep-

32

incorporates a PA

ramping control-

ler, which minimizes

spectral splatter gen-
erated by the transmitter. Upon entering
the Tx state, the ramping controller au-
tomatically ramps the output power of
the PA from the minimum output power
to the specified nominal value. The
ramp rate is user programmable. Par-
ticular emphasis has been placed on
the versatility of the transmitter to sup-
port the IEEE802.15.4 standard as well
as FSK or GFSK modulation schemes
with data rates ranging from 2 Mbps
down to 50 kbps. The transmitter typi-
cally achieves a 3 percent EVM in the
IEEE802.15.4 mode and 8° RMS phase
error in 2 Mbps GFSK mode at 3 dBm
output power.

RF PORT INTERFACE FEATURES
External PA Interface

For applications where higher out-
put power is desirable, the ADF7242

offers an integrated biasing block for
the external PA circuits. It is especially
suitable for external PA circuits based
on a single GaAs MESFET and a wide
range of integrated PA modules. The
key elements are a switch between
pin VDD_BAT and pin PAVSUP_ATBS3, a
5-bit DAC and a bias servo loop, all of
which are controlled by control logic.
This interface is enabled either under di-
rect control of the MCU or automatically
while the ADF7242 is in the Tx state.

Using this internal switch allows
the supply to an external circuit to be
switched on or off, which is useful for
circuits that have no dedicated power
down pin and/or have a high power-
down current. In addition, the PABIOP_
ATB4 pin can act as a programmable
current source or sink.

When the PA circuit is based on a
single external FET, the bias servo can
be used to stabilize its output power
by controlling the gate bias voltage of
the external FET such that the current
through the supply switch is equal to a
reference current. The reference cur-
rent for bias servo is generated by the
current DAC (see Figure 2).

DUAL RF PORT: CONFIGURATIONS/
ANTENNA DIVERSITY

The ADF7242 is equipped with two
fully differential RF ports. Port 1 is ca-
pable of receiving; Port 2 is capable of
receiving or transmitting. Only one of
the two RF ports will be active at any
one time. The availability of two RF
ports facilitates the use of switched
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MMIC AMPLIFIERS

50 MHz to 20GHz

AVA-24+ :
$19.95c.. : ' PHA-1+
k $1 4966

\

WO COVER 50 MHz to 20 GHz WITH ONLY 2 AMPLIFIERS!

A wide operating bandwidth can mean a tradeoff in performance. Not with these amplifiers. With just two
Mini-Circuits MMICs, you can cover the entire spectrum from 50 MHz to 20 GHz, with outstanding electrical
performance — making them an exceptional value for their price.

The PHA-1+ is a highly advanced E-pHEMPT amplifier poised to be a workhorse for your wireless applications.
Why? It offers ultra-high dynamic range but with low noise, and has among the highest IP3 performance
(42 dBm typical at 2 GHz) of any amplifier in its class. The PHA-1+ has good input and output return
losses over an extremely broad frequency range (50 MHz to 6 GHz) and can work without external matching
components - saving you cost, design time and board space. The PHA-1+ is ideal for use in LTE and
TD-SCDMA systems. ACLR and EVM data is available on our website.

The AVA-24+ can cover 5 to 20 GHz with excellent gain flatness (+/- 0.8 dB) across its entire frequency range,
with integrated matching circuits and bias circuit in an easy-to-use surface-mount package. Its high isolation
(37dB typical) makes it very useful as a buffer amplifier. This design approach makes the AVA-24+ an extremely
flexible MMIC that is simple and straightforward to use.

Full electrical, mechanical and environmental specifications for both of these models, as well as characterization
data including S-parameters and performance curves, are available at minicircuits.com. These models are in
stock for immediate shipment. Mini-Circuits... Your partners for success since 1969

®
1SO 9001 ISO 14001 AS 9100 CERTIFIED

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
é'.,l. d’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see_r—
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FroM 500 MHZ TO 110 GHz
SIMPLE OR COMPLEX

WE MANUFACTURE THE

CusTOM

COMPONENTS YOU NEED

ADEN

MILLIMETER

PHONE (530) 642-9123
FAX (530) 642-9420

WWW.NORDENGROUP.COM
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MATCH
NETWORK

A Fig. 3 RF interface configuration options (A: Single antenna; B: Antenna diversity; C: Exter-

nal LNA/PA; D: Dipole antenna).

antenna diversity. For receive antenna
diversity, the link margin is maximized
by selecting the optimum antenna
based on the RSSI level of the desired
signal received with each antenna. As
an additional parameter, the measured
link quality can be used. Suitable algo-
rithms for the selection of the optimum
antenna depend on the particulars of
the underlying communication system.
In a static communication system, it is
often sufficient to select the optimum
antenna once during setup.

The dual RF ports also simplify the
application circuit if the ADF7242 is
connected to an external LNA and/or
PA. Connecting to an external PA and/
or LNA is possible with a single external
Rx/Tx switch, reducing the cost and loss
associated with an additional switch. In
addition to the external PA support de-
scribed, the ADF7242 provides two sig-
nals to automatically enable an exter-
nal LNA and/or a PA while in Rx or Tx
state, respectively.

Figure 3 shows some of the differ-
ent possible RF PORT configurations.
In configuration A, a single antenna is
connected to RF Port 2. In configuration
B, a dual-antenna configuration is suit-
able for switched antenna diversity. In
configuration C, the PA is configured to
transmit on RF Port 2. RF Port 1is config-
ured as the receive input. Configuration
D is similar to configuration A, except
that a dipole antenna is used. In this
case, a balun is not required.

EASE OF USE/FLEXIBILITY IN DATA
PROCESSING

In FSK/GFSK a sync word of up to
24 bits can be programmed and op-
tionally be used to activate the SPORT
interface on sync word detection in re-
ceive mode. In IEEE 802.15.4-2006 mode
a total of 256 bytes of TX_BUFFER and
RX_BUFFER are provided to decouple
the over-the-air data rate from the
MCU processing speed. The integrated
automatic packet handling includes the
insertion of preamble, SFD and FCS in
transmit and SFD detection and FCS
checking in receive mode. Allowing
additional flexibility, an alternative to
the standard IEEE 802.15.4-2006 SFD byte
can optionally be selected by the user
and used by the ADF7242 packet han-
dling processes. Additionally, a firmware
download is available to control timing
critical activities in IEEE 802.15.4-2006
mode. This includes address filtering,
auto acknowledge and CSMA-CA.

In conclusion, the ADF7242 provides
a flexible and robust solution for the
2.4 GHz ISM band market, incorporat-
ing dual-mode operation, excellent RF
performance and a range of features to
facilitate ease of use.

Analog Devices,
Norwood, MA
(800) 262-5645,
www.analog.com.

RS No. 301
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HYBRIX

is added to our collection

Highest Coupler Performance
IS the intersection of Art and Science

» LTCC or multi-layer PTFE constructions to meet any requirement
* Low insertion loss, high isolation, improved phase & amplitude balance
* The broadest coupler offering from 64 MHz to 6 GHz

» LTCC offers robust power handling capability ; SR
» Traditional PTFE offers competitive performance & cost W
* Footprint compatible or custom architectures u

8851 SW Old Kansas Avenue, Stuart, FL 34997 USA [ .abs
Phone: 772-286-9300 or 800-544-5504 =l =
www.rflabs.com —
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= Military Reliobility & Qualificotion

* Various Options: Temperature Compensation,
Input Limiter Protection, Defectors/TTL & More

# Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPI.IFIERS

and AS91008
CERTIFIED

Model No. reg (GHz)  Gain (d8) MIN  Noise Figure dB)  Power-out@pide 3rd Order [P VSWR
CA01-2110 28 . , 0. +10 +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
(A24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CA01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA0T-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27-29 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 5.4-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 1.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A1315-3110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41dBm  2.0:1
(A34-6116 SIS 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 59-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(AB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Freti 6Hz)  Gain (@) MIN  Noise Flgure @)  Power-out@pid  3rd Order [P VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 +10 +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
CA26-3110 2.0-6.0 26 2.0 MAX, 1.5TYP +10 MIN +20dBm  2.0:1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (6Hz)  Input Dynamic Range OutpuT Power Ru e Psat  Power Flatness dB  VSWR
(CLA24-4001 20-40  -281t0+10dBm +7 to +1 +/-1.5MAX  2.0:1
CLA26-8001 2.0-6.0  -50to+20 dBm +14 10 +1 8 dBm +/-1.5MAX  2.0:1
(lA712-5001  7.0-12.4  -211t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(LA6181201  6.0-18.0  -50 to +20 dBm +14 10 +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN  Noise Figure @)  Power-out@pid8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 5.0 MAX, 3.5 +1 30 dB MIN 2.0:1
CA05-3110A 0.5-5.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
(A1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CAT518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20 dB MIN 1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fregl (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA00T-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX 2.8 TYP +15 MIN +25 dBm 2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.
Visit our web site at www.ciaowireless.com for our complete product offering.
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AEGIS Upgrades Drive Advanced Electronic
Market Demand

lobal naval forces rely on radar to defend and aug-
Gment ship offensive capability, the most prevalent

of which is the Aegis Combat System. The Strategy
Analytics Advanced Defense Systems (ADS) service re-
port, “Electronic Component Demand Scenarios for the
Aegis Combat System,” predicts that the annual market for
electronics will grow at an overall CAAGR (compound an-
nual average growth rate) of 5 percent through 2020, with
upgrades to existing platforms becoming an increasingly
prevalent portion of this market.

The Aegis Combat System’s increasingly sophisticated
mission, which now includes Ballistic Missile Defense and
in-shore protection, is creating opportunities for advanced
electronic components. The annual market for electronics
will show steady growth, increasing from $590 M in 2009
to $677 M in 2020. The market itself is largely US-centric
with a handful of companies involved, including Lockheed
Martin, Northrop Grumman and Raytheon.

“Integrating all of the

...the annual market Aegis Combat  System
, , functions together cre-
for electronics will

ates opportunities for a
grow at an overall wi(je var}ilety1 of electronic&

and technologies,” note
CAAGR 0f5 Percent Asif  Anwar gat Strategy
through 2020... Analytics.  “Increasingly
sophisticated mission re-
quirements are driving in-
novation, which is leading to increased use of phased array
radars, commercial off-the-shelf (COTS) components and
computing power.”

Lockheed Martin GPS Ill Team in Critical
Design Review Phase

The Lockheed Martin team developing the US Air
Force’s next-generation Global Positioning System
(GPS) satellite, known as GPS III, continues to main-
tain schedule performance and meet or exceed key mile-
stones in the Critical Design Review (CDR) phase of the
program. To date, the team has successfully executed 26
of 65 GPS III CDRs, most recently completing individual
CDRs for the satellite’s power regulation unit, batteries and
space vehicle antenna assemblies. Preparations were made
to conduct the TT&C, ACS and L2, L3 and L5 transmitter
assembly CDRs. By the end of April, the team had com-
pleted over 50 percent of the planned CDRs and is well
on its path to conduct the overall space vehicle CDR in
August, two months ahead of the planned schedule. These
rigorous CDR events demonstrate comprehensive designs
and embody the core GPS III program focus on strong sys-
tems engineering and program management fundamen-

DEFENSE NEWS

Dan Massé, Associate Technical Editor
tals. GPS III will improve

position, navigation and
timing services, and pro-
vide advanced anti-jam
capabilities yielding supe-
rior system security, accu-
racy and reliability.

The new generation
GPS IIIA satellites will deliver significant improvements
over current GPS space vehicles, including a new interna-
tional civil signal (L1C), and increased M-Code anti-jam
power with full earth coverage for military users. Lockheed
Martin, Newtown, PA, along with teammates ITT of CLif-
ton, NJ, and General Dynamics of Gilbert, AZ, is work-
ing under a $3 B Development and Production contract
awarded by the Global Positioning Systems Wing of the
US Air Force Space and Missile Systems Center, Los An-
geles, CA, which includes production of up to 12 GPS IIIA
satellites. The team is on track to launch the first GPS IITA
satellite in 2014.

The GPS constellation provides critical situational
awareness and precision weapon guidance for the mili-
tary and supports a wide range of civil, scientific and com-
mercial functions—from air traffic control to the Inter-
net—with precision location and timing information. Air
Force Space Command’s 2nd Space Operations Squadron
(2SOPS), based at Schriever Air Force Base, CO, manages
and operates the GPS constellation for both civil and mili-
tary users.

To date, the team
has successfully
executed 26 of 65
GPS III CDaRs...

Raytheon-Boeing Team Fires First Joint
Air-to-Ground Missile

aytheon Co. and The Boeing Co. fired the first Joint

Air-to-Ground Missile during a test funded by the

two companies. The weapon, fired from a ground-
based rotary-wing launcher, performed a series of prepro-
grammed maneuvers and flew to a predesignated location,
validating the flight control software and Brimstone air-
frame. The mission met all primary test objectives.

“The Raytheon-Boeing JAGM is on track to demon-
strate our low-risk entry into the engineering manufactur-
ing development (EMD) phase of the program,” said Bob
Francois, Raytheon Vice President of Advanced Missiles
and Unmanned Systems. “The missile uses existing tech-
nologies to provide the warfighter a cost-effective, low-risk
and highly capable solution for destroying a wide range of
stationary and moving targets in all weather conditions.”

The Raytheon-Boeing JAGM features proven compo-
nents from other Raytheon and Boeing programs includ-
ing the Raytheon GBU-53/B Small Diameter Bomb II and
Boeing Brimstone. “We had a successful flight of the con-
trol test vehicle and anticipate achieving additional mile-
stones with a successful series of guided test vehicle missile
firings as a culmination of our technology demonstration

~
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phase,” said Carl Avila,
Director of Boeing Ad-
vanced Weapons and Mis-
sile Systems. “Our system-
solution approach to the
JAGM program will carry
forward into EMD, set-
ting the stage for success.
Boeing’s extensive experi-
ence integrating weapons
on the F/A-18 E/F Super Hornet and AH-64D Apache
Longbow combined with Raytheon’s proficiency in seeker
design and integration make our JAGM the lowest-risk and
lowest total-cost solution.”

The weapon...
performed a series
of preprogrammed
maneuvers and flew
to a predesignated
location...

Harris Corp. Receives Order for
High-frequency Radio Systems

arris Corp., an international communications and
Hinformation technology company, has received a

$139 M order to provide additional Falcon II® AN/
VRC-104 high-frequency (HF) tactical radio systems for
the US Department of Defense (DoD) Joint Mine Resis-
tant Ambush Protected (MRAP) Vehicle Program. The ra-
dio systems will be installed in new standard-size MRAP
vehicles and MRAP All-Terrain Vehicles (M-ATV).

Products Applications

e Coaxial Switches e Avionics
Pin Diode Switches e Defense
Switch Matrices ¢ Industrial
Couplers Medical
W/G Ferrite Products

Request a Free copy of our NEW Coaxial Switch Catalog at
www.ducommun.com/mwj or phone: 310-513-7214.
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“The DoD’s Joint MRAP Program has standardized on
our AN/VRC-104 vehicular system, which includes the
AN/PRC-150(C) HF radio, for long-range communica-
tion requirements,” said Steve Marschilok, President, US
Department of Defense business, Harris RF Communi-
cations. “This software-defined radio system will provide
beyond-line-of-sight communications in the rugged and
mountainous terrain of Afghanistan. We're continuing to
provide our US and international defense customers the
broadest portfolio of field-proven, future-focused commu-
nications technologies that meet mission needs today and
tomorrow.”

The AN/VRC-104 system is a vehicular transceiver/
amplifier that includes the AN/PRC-150(C), a Type-
1 certified HF radio. In addition to the AN/VRC-104
and AN/PRC-150(C), Harris radios systems in a range
of configurations have been installed in MRAP vehicles
across the DoD’s fleet. Harris RF Communications is a
supplier of secure radio communications and embed-
ded high-grade encryption solutions for military, gov-
ernment and commercial organizations. The company’s
Falcon family of software-defined tactical radio systems
encompasses manpack, handheld and vehicular applica-
tions. Falcon III is the next generation of radios sup-
porting the US military’s Joint Tactical Radio System
(JTRS) requirements, as well as network-centric opera-
tions worldwide.

Ducommun Technologies

e RF/Microwave Products since 1969

e Heritage includes: Dynatech, DB Products
& WiseWave
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A—/NTERNAT/ONAL REPORT

GSA Reports Global March of Mobile
Broadband

he Global mobile Suppliers Association (GSA) has
Treleased a new set of reports—3G/WCDMA-HSPA
Launches Worldwide, HSPA Operator Commitments,
Global HSPA+ Network Commitments and Deployments,
HSPA Devices Survey and Evolution to LTE—that confirm
the march of mobile broadband into the global mainstream.

The facts and figures show that the path to mobile
broadband began with 3G/WCDMA, which is now com-
mercially available on 347 networks in 144 countries. Its
first evolution, High Speed Packet Access (HSPA), has
now been deployed and commercially launched on 341
networks. There are now almost 1,000 models of HISPA-
enabled phones on the market, with smartphones being
the key growth segment.

For the uplink, the number of HSUPA devices has
expanded by 77 percent since October 2009 with 609
products now launched and the commercial launch of
100 HSUPA networks in 53 countries. Further improve-
ments in data speed, capacity and performance come with
Evolved HSPA (HSPA+). Fifty-two HSPA+ systems are
now in commercial service in 32 countries and 103 opera-
tors in 51 countries having committed to HSPA+ network
deployments.

The reports maintain that LTE is the main direction for
the industry. There are now 64 firm LTE network commit-
ments in 31 countries, with a further 24 technology trials
underway around the globe. GSA anticipates that the num-
ber of commercial LTE networks will increase steadily to
reach 22 networks launched by the end of 2010.

HSPA Peak Downlink Speeds

15%
14.4 Mbps
%

Up to 3.6 Mbps
45%

y

Source: Global mobile Suppliers Association (GSA), www.gsacom.com

Mobile Broadband Infrastructure: BuNGee
Project Bounces into Action

CObham Antenna Systems, Microwave Antennas has

been awarded a contract to participate in a consor-
tium on a new initiative named Beyond Next Gen-
eration (BuNGee) aimed at achieving a tenfold increase
in mobile broadband infrastructure capacity. The €4.7 M
initiative, which is planned to continue through June 2012,

Richard Mumford, International Editor

is funded largely by the
European Commission
and will draw upon col-
laboration among the
consortium  members
comprising  European
service providers, tech-
nology equipment ven-

...the BuNGee
consortium’s
objective will be to
increase the overall
mobile network

dors, universities and mfr astructure
research organisations. :
capacity...
Organised  under p Y

the Seventh Framework

Programme for Research and Technological Development
(FPT7), the BuNGee consortium’s objective will be to in-
crease the overall mobile network infrastructure capacity
density to beyond what is promised by current technolo-
gies, targeting the challenging goal of 1 Gigabit per second
per square kilometre. The project will identify network
deployment strategies especially suited for dense urban
environments where the demand for wireless broadband
access is highest.

To achieve its stated objectives, the BuNGee project
will target the following breakthroughs: unprecedented
joint design of access and backhaul over licensed and li-
cense-exempt spectrum; unconventional below-rooftop
backbone solutions exploiting natural radio isolations; be-
yond next-generation networked and distributed MIMO
and interference techniques; autonomous architectures
capitalising on very aggressive spatial and spectral reuse;
and a protocol suite facilitating autonomous ultra-high ca-
pacity deployment.

The success of this project is critically dependent upon
achieving the correct antenna beam characteristics to sup-
port high density communications networks. Cobham An-
tenna Systems, Microwave Antennas will be responsible for
the design of appropriate individual radiating elements that
will be optimized by EM simulation, the development of ar-
rays of these structures, and the provision of a beam forming
network that will control the various antenna beam shapes.
Antennas will then be provided for field trials.

Centre for Energy-efficient
Telecommunications Established in
Australia

Alcatel—Lucent’s research arm, Bell Labs, the Univer-

sity of Melbourne and the Victorian State Govern-

ment are partnering to establish a AU$10 M research
centre that will be devoted to innovation in energy-efficient
networks and technologies. Bell Labs and the University of
Melbourne will share governance of the Centre for Ener-
gy-Efficient Telecommunications (CEET), which will be
based at the university. It will have a staff of researchers
and technology experts that will build to a team of 22 over
the next three years.

~
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The centre will conduct research on a broad range of tele-
communications network infrastructure elements and will
focus on how those elements can be made more energy ef-
ficient. In achieving its goals, CEET will draw on Bell Labs’
decades of achieving breakthrough innovations and its ex-
tensive experience in managing collaborative research proj-
ects as well as on the University of Melbourne’s world-class
research in telecommunications network infrastructure.

Both the University
of Melbourne and Bell
Labs are members of the
GreenTouch™ initiative, a

global, industry-wide con-

The centre will
conduct research
on a broad range of

telecommunications s°rtium formed to achieve

s a dramatic improvement in
network infrastructure energy efficiency by driv-
elements... ing a radical redesign of

communications networks.
Accordingly, the research activities undertaken by the Cen-
tre will be used to further the GreenTouch initiative and its
objectives.

AESA Radar Centre of Excellence for Brazil

ELEX Galileo has concluded an agreement with AT-
MOS, a subsidiary of ATECH, to establish them as
the Brazilian AESA Radar Centre of Excellence and

Airborne Radar Systems
House. The agreement
is in accordance with the
Brazilian Defence Strate-
gy’s intention to strengthen
the country’s national de-
fence industrial capability.

The agreement focuses
on the individual target
programmes, such as the
Raven ES-05 AESA for
Gripen Next Generation, and details the development, pro-
duction, training and support activities to be carried out by
ATMOS. The agreement also covers all radars in the SELEX
Galileo portfolio, including the Seaspray 5000E and 7000E
AESA surveillance radars and the Gabbiano T20 mechani-
cally scanned (M-Scan) surveillance radar system.

This range of surveillance radars is being offered to
meet a wide range of major Brazilian Air Force require-
ments including maritime patrol aircraft and helicopter
operations. The collaboration will provide ATMOS with
in depth training on radar systems, development activities
in the Raven ES-05 AESA, including full participation in
the final testing and flight trials, plus the skills necessary
to test and fully support the radar in Brazil. In the longer
term joint development of advanced radar sub-systems will
take place to ensure the future needs of the Forca Aérea
Brasileira (Brazilian Air Force) are fully met.

This range of
surveillance radars
is being offered

to meet a wide
range of major
Brazilian Air Force
requirements...
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+20 dBm Power Amplifiers with a choice of gain!

GVA AMNPLIFIERS

D C to 7 G/_/Z fme$1§%ty.25)

Mini-Circuits” monolithic, surface-mount GVA amplifiers are
extremely broadband, with wide dynamic range and the
right gain to fit your application. Based on high-performance
InGaP HBT technology, patented GVA amplifiers cover DC* to
7 GHz, with a selection of gain choices 10, 15, 20 or 24dB,
(measured at 1GHz). They provide better than +20 dBm
typical output power, with typical IP3 performance as high

US patent 6,943,629 *Low frequency determined by coupling cap.

as +41 dBm at 1 GHz. Supplied in RoHS-compliant, SOT-89
housings, low-cost GVA amplifiers feature excellent
input/output return loss and high reverse isolation. With
built-in ESD protection, GVA amplifiers are unconditionally
stable and designed for a single 5-V supply. For more on
broadband GVA amplifiers, visit the Mini-Circuits’ web site
at www.minicircuits.com.
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The patented MCAIT series of ceramic mixers now feature castellated gold-over-nickel plate
connections. These drop-in replacements have the same footprint as our leaded models and
offer the same high level of wideband performance with an even higher level of reliability.

Pick from 16 models with LO levels from 4 to 17 dBm and isolation up to 40dB. MCA1T mixers
contain their circuitry in a compact, tough-as-nails ceramic package, making them temperature-
stable and able to withstand most environmental conditions. And the variety of wideband models
means you can use these mixers in many different applications.

Detailed technical specifications are available at minicircuits.com. And, as always, Mini-Circuits is
ready to help with quick, off-the-shelf shipments, Tast turnaround, and even custom design.
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MODEL

MCA1T-85L+
MCA1T-12GL+
MCA1T-24+
MCA1T-42+
MCA1T-60+
MCA1T-85+
MCA1T-12G+
MCA1T-24LH+
MCA1T-42LH+
MCA1T-60LH+
MCA1T-80LH+
MCA1T-24MH+
MCA1T-42MH+
MCA1T-60MH+
MCA1T-80MH+
MCA1T-80H+

LO
Level

Freq.
Range

(dBm)  (MHz)

13
17

2800-8500
3800-12000
300-2400
1000-4200
1600-6000
2800-8500
3800-12000
300-2400
1000-4200
1700-6000
2800-8000
300-2400
1000-4200
1700-6000
2800-8000
2800-8000

Conv.

Loss
(dB)
6.0

000 DD PNODO D
NAN =L OO NN = = 0

6.

LO-RF  Price
Isol. $ea.
(dB) (Qty.10-49)

35 7.95
38 10.45
40 4.95
35 5.95
32 6.45
37 7.45
38 9.45
40 5.45
38 5.95
35 6.95
35 8.45
40 5.95
35 6.45
27 7.45
27 9.45
35 10.45

Dimensions: (L) 0.35" x (W) 0.28” x (H) 0.09”
U.S. Patent # 7,027,795

Visit http://mwj.hotims.com/28490-58 or use RS# 58 at www.mwjournal.com/info

minicircuits.com

479 Rev Orig.


http://minicircuits.com
http://mwj.hotims.com/28490-58
http://www.mwjournal.com/info
http://minicircuits.com

A I
3G Handset Sales Eclipse 2G Market

“ espite ash clouds over Europe, handset shipments
Dglobally for 1Q-2010 powered ahead to 303 million,
up 19 percent Year-on-Year,” says Jake Saunders, VP
for Forecasting at ABI Research. “This bodes well for 2010
as a whole: shipments could well reach 1.3 billion. It is also
notable that 3G handset shipments eclipsed 2G handset
shipments.” Strongest handset shipment growth was seen
in the Middle East and Africa (20 percent YoY) followed
by the Americas, particularly the US (11 percent). Europe,
on the other hand, is languishing with single-digit growth.

Nokia’s market-share stood at 34 percent. New smart-
phones such as the N8 are helping the manufacturer to
shore up its handset portfolio, as its loss of traction in the
smartphone sector hit sales hard. In response, revamped
efforts with Symbian A3 and A4 are intended to help Nokia
regain momentum. Nokia is counting on smartphones ex-
panding into the mid-tier and low tier segments where it
believes it has strength.

Samsung had a strong quarter, securing 21 percent.
Over the past year, Samsung has been cultivating deeper
relationships with US and European carriers, which helped
the firm grow its shipments 40.2 percent YoY.

LG’s market-share, 8.9 percent, has suffered from a weak
smartphone portfolio in the North American market. LG
has been traditionally strong in the enhanced phone sector,
and has been giving a number of its older enhanced phones
a smartphone twist. For example, its Chocolate phone has
gone wide-screen. Shipments grew 20 percent YoY.

Motorola is benefiting from its initial success (2.8 per-
cent) with the Droid and is keen to back it up with new
products such as the Quench, but the market is overtaking
it. Motorola is hoping the strong social networking theme
to its smartphone line-up will help it to curry favor with the
youth and prosumer market.

Handset Vendor Market Share
World Market: 10 2010

Apple iPhone Motorola
2.9% 28 HTC
Blackberry
35

Sony Ericsson
35

Samsung
21.2%

Source: ABI Research

COMMERCIAL MARKET

Dan Massé, Associate Technical Editor

UMS USA Inc. Celebrates One Year of Exercise

United Monolithic Semiconductors (UMS), a European
leader in microwave and millimeter-wave MMIC solutions,
is celebrating the first year of operation of its new design
and customer support center in the United States. Located
in Lowell, MA, United Monolithic Semiconductors USA
Inc. increases UMS’s presence to better serve its expanding
customer base in North America.

The new office fully supports sales and application engi-
neering inquiries. It actively contributes to the expansion of
UMS’s product offering with components operating from
DC to 100 GHz and dedicated to US market sectors such as
telecommunication infrastructures, SATCOM, automotive,
defense & space, instrumentation and industrial sensors.

Cellular and Mobile Broadband PC Modem

Market Up 55 Percent
Cellular and mobile broadband PC modem shipments

grew more than 55 percent in 2009. In 2008, a total

of 46.4 million such modems (including USB models,
PC Card modems and wireless routers) shipped; in 2009,
that figure grew to more than 72 million, according to the
latest market data released by ABI Research.

“The USB modem continues to flourish,” says Senior
Analyst Jeff Orr. “They remain amazingly popular. 2009
was actually a good year considering we were in a reces-
sion; there was somewhat surprising year-over-year growth
in both shipments and revenue. And at the end of 2009
there was a surge of consumer adoption. Business adoption
was less robust.” USB modems” popularity can be attrib-
uted to their low cost, flexibility and portability, as well as to
subsidies frequently offered by network operators.

Raytheon Installs Frost Protection System

in Canadian Vineyard
Afanadian horticulture research center has contracted

with Raytheon Co. to install a prototype microwave

rost protection system at its Ontario vineyard. Temp-

wave™ is a Raytheon-developed system that uses low-level

microwave radiant heat to prevent frost damage to crops.

Microwave energy is transmitted from towers located in an

orchard or vineyard changing the energy balance that slows
cooling to prevent freeze damage.

“The agreement lever-
ages Raytheon’s expertise
in radio frequency appli-
cations with the Canadian
research centers mandate
to introduce innovative
horticulture technologies,”
said Lee Silvestre, Vice
President for Mission In-
novation at Raytheon In-

...a Raytheon-
developed system
that uses low-level
microwave radiant
heat to prevent frost
damage to crops.
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tegrated Defense Systems. Mission Innovation is charged
with exploring and applying Raytheon technical expertise to
address global challenges outside Raytheon’s traditional core
business interests in defense, homeland security and other
government markets. The Vineland Research and Innova-
tion Centre in Ontario, Canada, is a center for horticultural
research and innovation whose charter includes commercial-
izing and delivering new technologies to market.

“This new prototype technology will help ensure On-
tario vineyards and orchards are protected when tempera-
tures fall below freezing and jeopardize tender fruit and
grape production,” said Jim Brandle, the Centers Chief
Executive. “Our partnership with Raytheon is a new chap-
ter in Vineland’s on-going research to protect Canada’s

food supply.”

Latest Trends in Mobile Handset Design

Global mobile handset shipments totaled approximately
1.15 billion in 2009, with enhanced phones and smart-
phones capturing approximately 81 percent of all
handset shipments, according to the latest data from ABI
Research. According to Industry Analyst Celia Bo, “In re-
cent years the major technology and application trends in
handset design have focused on 3G (and beyond) capabilities
including web surfing, social networking, multimedia, con-
nectivity, better cameras, VoIP, pico projectors and more.”

COMMERCIAL MARKET

Current State of the Art:
* 3.5G Models: The 3.5G handset category is the fast-
est-growing segment among all the models announced by
vendors. Fifty-six percent of handset models in 2009 were
3.5G-ready devices, while the number of 2G and 2.5G
models dropped in comparison.
* GPS Handsets: The Global Positioning System has
secured a solid position in the automotive segment and is
gaining traction in mobile phones, becoming a hot wireless
connectivity application for smart phone designers and man-
ufacturers. The penetration rate in new models reached 48
percent in 2009 compared to 29 percent in 2008.
e Form Factors: In 2009, the bar form factor led the
market, accounting for 51 percent of announced handset
models, followed by slider handsets at 27 percent. After a
long decline, clamshell handset models picked up 19 per-
cent market share among announced models.
® Operating Systems: Microsoft Windows Mobile still
has the highest adoption rate among operating systems of
newly launched models, with Symbian taking second place.
* Handset Chipsets: The chipset is at the heart of a
handset; it integrates multiple function blocks and aligns
them to different operating system platforms. While Qual-
comm’s Snapdragon, TI's OMAP, Intel’s Atom and Nvidia’s
Tegra are driving the markets for 3G and 3.5G technol-
ogy, the development of 4th Generation LTE and WiMAX
chipsets is primarily led by Altair Semiconductor, Wavesat
and Comsys Mobile, among others.

The Best Performance in Convertibility...........

WEST-BOND’s 747677E Wedge & Ball Bonder

Our exclusive X-Y-Z controlled manual Ultrasonic Wire bonding Machine:
The 747677E Wedge-Wedge and Ball-Wedge Wire bonding machine, with
convertibility for either 45° or 90° feed, and Ball Bonding, all in one machine.

45° and 90° Wire Feed Convertibility
Wire or Ribbon Bonding
Ball-Wedge Bonding

Throatless Chassis

ESD Protection

Adjustable Work Platform
Orthogonal X, Y, and Z Axes

See the West-Bond Model 747677E and other fine West-Bond equipment at
SEMICON West, San Francisco, Moscone Center, Booth # 6451, July 13, 14, 15, 2010.

www.westbond.com
Ph. (714) 978-1551 Fax (714) 978-0431
e-mail: sales@westbond.com
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MilitarylslCommercial
Eastern Wireless TeleComm understands just how much Wireless:e @33’519
is on the line with each and every product we make.
We continually provide the highest quality filter products,
design support, and service to our customers each and
every time. Where Performance Counts, Count on EWT.

Specializing in custom design and manufacturing of
RF and Microwave filters and filter based products to 50 GHz.

www.ewtfilters.com

Eastern Wireless TeleComm, Inc.
Tel: 410.749.3800 Fax: 410.749.4852
sales@ewffilters.com
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INDUSTRY NEWS

Pamtech founder, George F. Grund IIl,
passed away on April 2314, Grund was the
founder of Pamtech (Passive Microwave
Technology) in March 1976. The compa-
ny, located in Camarillo, CA, designs and
manufactures high performance ferrite
products such as circulators and isolators.
Pamtech is privately owned with an annual revenue of
$10 to $20 M, employing a staff of approximately 10 to
19. Grund started Pamtech as a spin off of E&M Labs of
Westlake, CA after TRAK of Tampa, FL bought that
company in 1975.

Tektronix Inc., a supplier of test, measurement and moni-
toring products and solutions, completed the acquisition
of SyntheSys Research Inc. The details of the transaction
were not disclosed.

Symmetricom® Inc. announced the company will col-
laborate with Alcatel-Lucent on solutions that use Sym-
metricom’s IEEE 1588 Precision Time Protocol (PTP)
synchronization technology. This technology is used by ser-
vice providers migrating to Ethernet transport for mobile
backhaul and opting for IEEE 1588-2008 as the Node-B
timing solution. Synchronization of base stations is a criti-
cal component in ensuring quality of service in Ethernet-
based networks.

Electronic Design Automation (EDA) industry organiza-
tions, Accellera and The SPIRIT Consortium, announced
that the organizations have completed their merger (re-
vealed in June of last year). The new organization takes on
the Accellera name and will continue to develop electronic
design language-based and Intellectual Property (IP) stan-
dards of benefit to the electronics industry. The new orga-
nization is aligned on the path to create formal standards
through the IEEE, and currently has eight standardiza-
tion subcommittees operating. These standards include:
SystemRDL (Register Description Language), IPtagging,
Interface Technical Committee (ITC), Open Verification
Library (OVL), Unified Coverage Interoperability (UCI),
Verilog Analog/Mixed Signal (AMS), Verification IP (VIP)
and IP-XACT.

Nitronex and Modelithics have released the first state-
of-the-art nonlinear model for Nitronex’s high power gal-
lium nitride (GaN) NPT1012 device. The model combines
heating effects, static and dynamic bias characteristics
with large-signal performance to deliver accuracy un-
like other GaN HEMT device models. The collaborative
model predicts performance of the NPT1012 in broad-
band application circuits specifically targeting the military
communications, electronic warfare and radar markets.

AROUND THE CIRCUIT

Jennifer DiMarco, Staff Editor

Anritsu Corp. announced it is the first test equipment
vendor in the world to achieve GCF-approved test case
validations for both LTE (Long Term Evolution) RF and
protocol conformance testing. LTE is the next-generation
wireless communications service supporting 100 Mbps
downlink and 50 Mbps uplink data communications, which
is 5 to 10 times faster than current 3G services.

Mini-Circuits, Brooklyn, NY, was recognized by Rock-
well Collins as its top supplier for 2010 when it was pre-
sented with the President’s Award by Jeff Moore, Senior
Vice President of Operations, during the company’s An-
nual Supplier Conference. For 27 years, the Rockwell Col-
lins President’s Award has served as an acknowledgment
of significant contributions made over the past year based
upon quality, delivery, total cost of ownership, lead time
and customer service. Mini-Circuits also was named the
Crystal Products Commodity Supplier of the Year.

AVX Corp. received the Capacitor Supplier of the Year
2010 award from Rockwell Collins for the third consecu-
tive year. The award was presented to AVX by Jeff Moore,
Senior Vice President of Operations at Rockwell Collins, at
its Annual Supplier Conference. The Capacitor Supplier
of the Year 2010 award acknowledges significant contribu-
tions made during the year by suppliers, and is based upon
quality, delivery, total cost of ownership, lead-time and cus-
tomer service.

ZTE Corp. recently honored Andrew Solutions, the
CommScope Inc. division that is a leader in wireless
communication systems and products, with its 2009 Best
Partner award, a distinction Andrew has now won for the
fourth consecutive year. ZTE, a Chinese telecom equip-
ment provider, granted Andrew the award based on the
company’s superior performance in designing, supplying
and delivering innovative products and solutions for wire-
less networks, especially base station antenna systems.

Aeroflex/Metelics announced that the company has re-
ceived JANS certification for the company’s diode line by the
Defense Supply Center Columbus (DSCC). The product
families covered by the JANS certification include: switch-
ing diodes and rectifiers; Zener and temperature compen-
sating diodes; current regulators; and Schottky rectifiers.

CONTRACTS

The US Army Communications-Electronics Life Cycle
Management Command recently awarded SRCTec a con-
tract valued at $94,386,209 for urgently required Counter
Remote Control Improvised Explosive Device Electronic
Warfare, or CREW Duke V2 systems.

Comtech Telecommunications Corp. announced that
its Santa Clara, California-based subsidiary, Comtech

For up-to-date news briefs, visit www.mwjournal.com :k
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Since 1985 we have offered our custom design filters
and sub-assemblies in combline, interdigital and
suspended-substrate technologies.
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Visit us at

IMST Products
APS-URSI in Toronto

<2 EMPIRE XCcel™

The new 3D EM solver EMPIRE XCcel 5.40 covers nearly all today’s
desi.gh'fﬁ-allenges for RF designers, like antennas, passive circuits,
packages, waveguides or EMC/EMI problems. Due fo ifs efficient
implementation it is possible to model large scale problems with up to,
e.g. 1000 million FDTD Cells using EMPIRE XCcel on a 24 GByte PC* with
a performance of up fo 2200 MCells/s. In order to cover even larger
problem sizes EMPIRE XCcel has been extended to solve single jobs
very efficiently on multiple PCs. Test drive it yourself with a free demo CD.
F +49-2842-981-499

Created by engineers for engineers!
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z EMPIRE
E empire@imst.de | e

| "www.empire.de XCoal-

T +49-2842-981-400

EMPIRE XCcel™ is a product of IMST GmbH
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Xicom Technology Inc., and its Tempe, Arizona-based
subsidiary, Comtech EF Data Corp., received satellite
communications equipment orders totaling $12.1 M from
a major government prime contractor. The orders are for
follow-on procurements of high-power tri-band amplifiers,
high-power Ka-band amplifiers and satellite earth station
modems for transportable USAF satellite terminals, and
will be utilized to expand an existing military network.

TiaLinx Inc. announced it has received a Phase II award
from the Defense Advanced Research Project Agency’s
(DARPA) Microsystems Technology Office. The SBIR
Phase II award includes delivery of an advanced V-band
high-bandwidth communication link and a high-precision
radar system. The integrated system-on-chip is considered
a key element within the entire dual function system to both
implement precision object detection, and serve as a wire-
less link to transfer large data files.

Cobham’s Mission Equipment strategic business unit has
been awarded further production contracts by The Boeing
Co. to supply more than 500 BRU-61/A carriage systems
for the Small Diameter Bomb (SDB) program. The BRU-
61/A is a pneumatic multi-store system designed for car-
riage and release of Boeing’s SDB weapon system, which
has been in service since 2006 on the Boeing F-15E Strike
Eagle. To date, Cobham has supplied more than 900 car-
riages in support of worldwide operations. The BRU-61/A
is manufactured at Cobham’s facility in Orchard Park, NY.

LeCroy Corp. announced that it has received a contract
award from the US Navy to supply digital oscilloscopes to
the US Navy’s Supply Systems Command. The contract has
a Best Estimated Quantity (BEQ) of up to 200 WaveRun-
ner oscilloscopes per year for five years. LeCroy’s Wave-
Runner 64Xi-A-N oscilloscopes passed stringent technical
requirements as part of a competitive bid to qualify for US
Navy acceptance.

Camstar Systems Inc. announced that REMEC Broad-
band Wireless, a manufacturer and EMS provider of broad-
band wireless devices, components and subsystems, includ-
ing transceivers and microwave radio ODUs, has selected
Camstar’s ElectronicsSuite™, configured for the electronics
industry on the Camstar Enterprise Platform, to support its
manufacturing, quality and customer satisfaction goals.

Aeroflex announced that Silicon Laboratories has select-
ed Arendar® 2009 Suite from VI Technology, an Aeroflex
company. Arendar 2009 Suite is an enterprise software so-
lution that utilizes a modular architecture, integrated secu-
rity, comprehensive API and web accessibility to shorten
test cycles and speed time-to-market.

PERSONNEL

AWR Corp. announced that Chief Executive Officer Dane
Collins has been elected to the Electronic Design Auto-
mation Consortium (EDAC) board of directors. The EDA
Consortium is an international association of more than
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More than just
an amplifier.

With the new R&S®BBA100, Rohde & Schwarz now offers the
most flexible and sophisticated broadband amplifier on the
market:

1 The R&S®BBA100 is modular from top to bottom. This means
that complex systems can be set up in very small spaces.
Subsequent expansions are also easy.

1 The R&S®BBA100 is more than an amplifier. It's an entire sy
stem. It includes an integrated system controller, configurable
interlock loops and other system components, eliminating the
need for any external add-on equipment.

1 The R&S®BBA100 is extremely reliable. With our expertise as
the market leader in TV transmitters, we designed it for
maximum operational availability. Its plug & play amplifier
modules can be replaced in just minutes so that downtime is
no longer a concern.

The R&S®BBA100 ushers in a brand-new level of sophistication
in broadband amplifier design. Want to know more? Visit us at:

www.rohde-schwarz.com/ad/bba/mwj

ROHDE&SCHWARZ
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100 companies that develop EDA tools and services for the
design of communications, computer, and aerospace
systems, medical and industrial equip-
ment, and consumer electronics. Collins
possesses a broad perspective, spanning
job functions from integrated circuit de-
signer and EDA tool developer to cor-
porate executive, as well as company
environments from small start-ups like
EEsof, High Level Design Systems and
AWR, to large commercial and military
corporations such as Cadence Design
Systems and General Dynamics.

A Dane Collins

Auriga Microwave announced the creation of a Department
of Defense (DoD) Industry Advisory Board and the appoint-
ment of four advisors. Appointed to Auriga’s Advisory Board
are: General (ret) Tom Hobbins, USAF retired as Com-
mander of US Air Force in Europe (USAFE); Brigadier
General (ret) John Meincke, USAF retired from the US
Air Force as director of command, control, communications
and computer systems (J6) at the US Central Command; Rear
Admiral (ret) George Wagner retired from the Navy as
Commander of Space and Naval Warfare Systems Command
(SPAWAR); and Anthony M. Valletta has spent 40 years in
the C3/C4ISR and IT business area. He is presently an inde-
pendent consultant, assisting companies in the DoD space.

AROUND THE CIRCUIT

RF Monolithics Inc. announced that with the continued
strengthening and maturing of the M2M market, addi-
tional emphasis and resources will be directed towards it.
Additionally, the company has appointed Farlin A. Halsey
as Senior Vice President of Marketing and M2M Business.

Millennium Microwave Corp. is pleased to announce that
John Devlin has joined the company as General Manager.
Devlin brings over 30 years experience
in the microwave industry, in engineer-
ing, management and sales. Millennium
designs and manufactures integrated
subassemblies, switched filter banks,
solid state switches and switch matrices
covering frequency ranges from DC to
26.5 GHz.

NDK (Nihon Dempa Kogyo Co. Ltd.)
announced the addition of Jason Glavy
as Sales Executive responsible for the
Southern California region. He will be
supporting NDK’s sales representatives,
CK Associates, and their offices in Los
Angeles, Orange County, San Diego, CA
and Arizona. Among his key tasks will be

A Jason Glay 46 Jaunch of NDK’s new QPL oscillators
and their COTS products for Hi-Rel/Demanding Applica-
tions into the defense and aerospace industries. He will
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RoHS models available,
consult factory.
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Want a miniature surface mount, shielded plug-in, or rugged
coaxial voltage controlled oscillator with the right stuff
for your project? Contact Mini-Circuits! From custom
designs to standard catalog models always in stock,
we’ll supply extra robust, 100% tested VCO solutions
you need at a price you can afford. Choose from narrow to
broad to octave band widths. Select linear tuning, low
phase noise, and 5V models optimized for PLLs and
synthesizers. And pick from an innovative array of
miniature SM packages as small as 0.370” square
for a variety of designs and applications. You can
quickly find the model you need using “The YONI2
Search Engine” at the Mini-Circuits web site. Justenter
yourspecifications into YONI2...click...and immediately

start evaluating suggested VCO solutions using the
actual measured performance data displayed. But
perhaps you need a custom design. Not a problem!
Contact us for our lightning fast response, low prices, and
quick turnaround. Give the competition real competition...
specify Mini-Circuits VCOs!

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

: - Agilent Technologies |

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

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

®

ISO 9001 ISO 14001 AS9100 CERTIFIED
WW P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
i e‘ﬂ!% The Design Engineers Search Engine finds the model you need, Instantly  For detailed performance specs & shopping online see_k—r"L
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also support NDK’s traditional OEMs and work with the
chip set designers in the area of reference designs.

REP APPOINTMENTS

Molex has become a licensed second source for Radiall
SMP-MAX board-to-board coaxial connectors and as such
will manufacture and market the connectors. The SMP-
MAX connector line offers cost-effective large misalign-
ment tolerance, making it simpler and more reliable to make
connections even in blind-mate applications. The connec-
tors address the demanding wireless telecom applications
required for the new generation of infrastructure compact
equipment such as base stations or handheld devices.

Eclipse Microwave Inc. announced the appointment of
Steward Technology as its Arizona and Northern California
sales representative. Based in Tempe, AZ and San Jose, CA,
Steward Technology is also a supplier of precision microwave
connectors, microwave diodes, filters, microwave chip resis-
tors, chip capacitors and terminations, and discrete semicon-
ductor products. Contact Steward at (408) 568-9159 or visit
the company’s website at www.stechrep.com.

SemiProbe has appointed Inseto as its representative for
the UK, Ireland and Scandinavia. Inseto provides advanced
manufacturing equipment, assembly materials and related

consumable products for electronic production, including
semiconductor, micro and nanoelectronic assembly, as well
as products for general industrial manufacturing.

Endwave Corp. has announced the hiring of a collection
of new sales representatives as part of a global market-
ing effort to promote the MMIC product line introduced
last September. Trionic will cover the territories of New
York, New Jersey and Pennsylvania, and can be reached
either by phone or e-mail (516-466-2300, info@trionic.
com). Youngewirth & Olenick will represent Endwave in
Southern California, Arizona and New Mexico (contactus@
yando.com, www.yando.com). Mid-Atlantic Microwave
is a representative of the RF and microwave components
in the Maryland, Washington, DC, and Virginia territo-
ries, and can be reached by phone or e-mail, or by visiting
their website (301-421-0266, mamsinc@verizon.net, www.
mamsinc.net). Costar, a Silicon Valley-based technology
sales company, will represent Endwave in Northern Cali-
fornia (401-946-9339, dlikens@costar-rep.com), Innovative
Marketing & Sales will cover Arkansas, Texas, Louisiana
and Oklahoma (972-462-1281, imstexas@earthlink.net), and
Matrix Sales Inc. will cover sales in the New England states
(978-459-4000, matrix@matrixsalesinc.com).

Richardson Electronics Ltd., whose new website features
the latest products from top manufacturers for the most
important RF/wireless and power conversion applications,
announced it has signed a global distribution agreement
with longtime engineering partner LS Research to distrib-
ute its line of innovative embedded solutions products.

When They're Counting on You, You Can Count on Us.
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Products Applications

e Amplifiers
e Mixers

¢ Oscillators ¢ Missile Guidance

e Passive Waveguide Components ¢ Level Sensing Radars

Integrated Assemblies

Email mwj@ducommun.com to request a
FREE copy of our Sensor Brochure.
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¢ Law Enforcement Radar
¢ Surveillance Radars

e Communications Systems
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Ducommun Technologies

¢ Design & manufacture of Millimeter Wave Products
e Heritage includes WiseWave, acquired in 2006
¢ Lean Manufacturing Implemented
e AS9100 Registered
Customer Focused - Engineered Solutions

Ducommun
Technologies
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NEW NANOSECOND
SWITCH TECHNOLOGY

aAs MESFET-based switches have
been a mainstay of the celluar tele-
phony marketplace for more than two
decades. These switches have and continue to
deliver high performance over the entire cel-
lular spectrum. Additionally, they are capable
of very broadband performance; able to handle
moderate power levels; and accomplish this at
low voltages with essentially no current draw.
This makes them ideal for hand-held, battery-
powered applications. Until recently, one key
limitation of this switch technology lies in the
fact that, while moderately fast, 10 to 90 per-
cent switching speeds in the 50 nanoseconds
range were achieved, an extremely long 90 to
98 percent settling/gate lag times on the order
of several hundred microseconds were routine-
ly observed. Previously, while these very long
delays in the completion of the on/off charac-
teristic switch response have not been a factor
in the overall performance of many systems,
most new high frequency applications cannot
tolerate these extremely long 2 to 98 percent
switching times.
The fundamental problem of long switch
settling times can be understood at the ba-
sic device level by understanding how charge

moves and is stored within the MESFET
structure. The RF switching time is dominated
by the charge in the gated channel region, as
well as the ungated recessed regions adjacent
to the gate between both the source and drain
ohmic contacts. The device turn-on time is the
time required to move charge from the source
through the channel region to the drain after
the application of the control signal. The turn-
on time is a function of the delay associated
with filling the channel region with charge.
This includes both the channel charge associ-
ated with the gate capacitance and the surface
trap charge in the ungated recess regions. The
turn-off time is dependent on the reverse of
this process, with full turn-off not being com-
plete until all charge is removed from the chan-
nel and recess regions.

The majority of the charge is associated with
the channel charge in the depletion region
directly under the gate. This charge can be
moved into and out of the gate region relatively

quickly by applying the proper polarity bias on

TiMOTHY BOLES AND

ANDREW FREESTON
M/A-COM Technology Solutions, Lowell, MA
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the gate terminal. On the other hand,
the charge in the ungated recessed
regions between the gate and the
source and drain contacts is tied up in
the semiconductor/passivating nitride
surface states and interface traps. This
trapped charge is relatively insensi-
tive to applied bias and can only be
charged or discharged through an RC
circuit formed by the Schottky diode
gate capacitance and the Ry, series
resistance of the FET.

In order to address these issues
with the long RF switching times asso-
ciated with the long times due to gate
lag dominated change of state, a num-
ber of patent pending modifications
were made to the existing PHEMT
process and device structure. First,
the number of surface states and in-
terface traps were reduced at the un-
gated GaAs surface via a combination
of cleaning techniques and the depo-
sition of a passivating dielectric. Sec-
ond, the formation of the Schottky di-
ode gate was modified to both reduce
gate resistance with no additional gate
capacitance in order to minimize the
RC charging time associated with de-
vice turn on and turn off. Lastly, a pro-
prietary III-V layer was added to the
PHEMT structure to further reduce
the channel resistance and enable en-
hanced movement of charge through
the device especially from the ungated
recess region. This process optimiza-
tion for low gate lag not only resulted
in a dramatic improvement in the 90
to 98 percent switch settling time, but
also exhibited reduction in the 10 to
90 percent switching speed.

Figures 1 and 2 present measured
gate lag data taken
on standard and
optimized  process/
structure PHEMT
switches. In Figure
1, it can be seen that
a gate lag delay of
274  microseconds
was obtained as the
switch transitioned
from a 90 to a 98
percent level of the
RF envelope. With
the new PHEMT
structure, the data

TECHNICAL FEATURE

the RF envelope of only 18.4 nano-
seconds. This is an improvement of
almost a factor of 15,000 times. In ad-
dition, measurements of the 10 to 90
percent RF levels on this FET struc-
ture resulted in a switching speed of
only seven nanoseconds as compared
to a typical 50 nanoseconds on stan-
dard PHEMT switches. Combin-
ing these two improvements, a total
switching speed for a 2 to 98 percent
transition of 25 nanoseconds was ob-
tained.

On an absolute level, while the
above improvements in the switch set-
tling time and in the overall switching
speed are very significant, a compari-
son relative to similar GaAs PHEMT
switches and other semiconductor
technologies, which is presented in
Table 1, are very revealing. This ta-
ble was compiled by a combination
of data sheet information and direct
measurement at M/A-COM Technol-
ogy Solutions of the settling time and
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2 0.05 08
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0.04 1%
g o
3 0.03 -2§
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& o002 -32
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Fig. 1 Standard PHEMT switch pro-
cess—90 to 98% RF gate lag time = 247 ps.

in Figure 2 shows a

total gate lag delay

at the same 90 to
98 percent level of time = 18.4 ns.

Fig. 2 Optimized PHEMT switch process—90 to 98% RF gate lag
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TABLE |
SWITCH TECHNOLOGY COMPARISON
Parameter Units
Settling Time ns 18.4 284,000 109 <2000* 78 1650 30.4 23.4
(2%-98%)
Switching Speed ns 14 15 30 - 55 350 28.2 15.4
(10%-90%)
Insertion Loss dB 0.6 0.75 0.95 1.0 0.6 1.8 1.2 25
Isolation dB 23 26 62 19 24.5 40 W 30
Py 1as dBm 28.5 26 20 385 13# 33 13 16
*Based on Datasheet Information; #P_; oqp
the overall switching speed of specific memory, and CMOS-based micropro- different suppliers. Commercially

switches that were felt to be repre-
sentative of different industry tech-
nologies and were purchased through
commercially available distribution
channels.

If only the GaAs PHEMT switch
processes are considered, the set-
tling time for the new nanosecond
switch process is truly in a class by
itself. When compared to industry
standard processes, the new low gate
lag switch structure has a settling time
that is measured in nanoseconds and
compares to the standard processes
settling times measured in microsec-
onds or hundreds of microseconds. If
the previous “Fast Switch” is used for
comparison, the gate lag time of ap-
proximately 100 nanoseconds, while
much better than standard PHEMT
switches, still does not measure up
when compared to the new nanosec-
ond PHEMT structure.

Extending the comparison into
silicon-based RF switch technologies,
Table 1 lists the same switch param-
eters that were used to characterize
all of the GaAs PHEMT devices for
Silicon-on-Sapphire (SOS) technol-
ogy. SOS was pioneered as a techno-
logical replacement for standard sili-
con CMOS by RCA in the early 1970s.
The advantages of SOS over standard
CMOS included a significant reduc-
tion in size, much lower access time,
and higher frequency operation when
applied to timing circuitry, DRAM

60

cessors. While RCA only exists today
as a brand name, other companies
have picked up the SOS technology
baton and significantly advanced the
performance by application of shorter
gate lengths, and tighter, more dense
design rules, resulting in a true RF ca-
pability combined with CMOS logic.

Referencing Table 1, when the
new nanosecond GaAs PHEMT tech-
nology is compared to two SOS high
frequency switches, the settling time
is significantly worse for either SOS
switch with absolute times for gate lag
ranging from tens of nanoseconds to as
high as several microseconds. In addi-
tion, the standard switching speed to a
90 percent level exhibits similar pro-
portional delays when compared to
the new nanosecond PHEMT switch
structure. The basic switch parame-
ters shown in Table 1 indicate that the
insertion loss of the SOS is generally
higher, the isolation comparable, and
the typical linearity, P, 45 . is signifi-
cantly worse when measured against
the nanosecond GaAs PHEMT tech-
nology. In fact, the standard high fre-
quency switch parametric of P45
for linearity is not even specified, but
the much less capable parameter of
P 145 is employed.

The last two silicon RF tech-
nologies that were compared to the
nanosecond PHEMT technology are
RF CMOS and Silicon-on-Insulator
(SOI), FET-based switches from two

available high frequency switches in
both RF CMOS and SOI technologies
have settling times and overall switch-
ing speeds that are certainly compa-
rable to the new nanosecond PHEMT
switches; however, these silicon RF
switches suffer from generally higher
insertion loss and severely degraded
P 1qp linearity. This demonstrates
that the new patent pending nanosec-
ond GaAs PHEMT switch process/
structure is in a class by itself when it
comes to overall RF and microwave
performance. B
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A COMPARISON STUDY

OF HIGH-FREQUENCY
CHARACTERISTICS FOR BALL
AND RIBBON BONDING

In many microwave applications above 10 GHz, ribbon wire bonding is usually
used because of its high frequency and high power characteristics. In general,

ribbon bonding with a rectangular-shaped wire will provide lower impedance

and inductance at higher frequency than a round wire. However; these results

were not reached under a fair comparison for ribbon and round wires. In

this article, two objective comparisons for these two wires were compared

under the same wire cross-section and surface area. Therefore, three types of

bonding wires were measured up to 20 GHz individually to analyze their high-

frequency characteristics of self-inductance, insertion loss (IL) and self-resonant

frequency (fy) with the same cross-section or surface area conditions. Based on
the measurements, two wires with the same surface area provide very similar

characteristics due to the skin effect. It clearly demonstrates that the surface area

of bonding wire determines the current carrying ability instead of the cross-
section area, and dominates the high-frequency performance of the wire.

ire bonding is the most common in-

s ; s / terconnect method for providing the
interconnection between an inte-

grated circuit (IC) and a printed circuit board
(PCB), IC-to-IC, or PCB-to-PCB. The two
main wire-bonding technologies are ball bond-
ing and wedge bonding. Although ball bond-
ing is faster and much more popular, wedge
bonding offers advantages that are well suited
for optic-electronic and power devices, where
reliability and performance outweighs bonding
speed. However, ribbon bonding is a form of
wedge bonding where flat ribbon wire is used
instead of round wire. Ribbon bonding first
came into use in the defense electronics sec-
tor, where it was the first interconnection level
of choice for GaAs MMICs in millimeter-wave

radar. Compared with the round wire, the rib-
bon wire bonding results in higher reliability
because of the larger cross-section at the heel
of the bond. There is also less cratering with
a ribbon wire because the bond force and ul-
trasonic are distributed over a larger area.! In
the past few years, several published papers>+
have compared the mechanical properties for
ball and ribbon bonding, but very few papers

discussed their electrical performance.

CHIEN-CHENG WEI, CHIN-TA FAN,
TA-HSIANG CHIANG, MING-KUEN

CHIU AND SHAO-PIN RU
Tong Hsing Electronic Industries Lid.
Taipei Hsien, Taiwan
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In this article the electrical char-
acteristics of ball and ribbon bond-
ing (round and ribbon wires, shown
in Figure 1) were compared, such
as wire self-inductance, self-resonant
frequency (fgg) and insertion loss
(IL). In order to objectively compare
these parameters, three types of wires
were adopted to satisfy the same com-
parison conditions: 0.5 X 2 mils rib-
bon wire, 2 mils round wire and 0.8
mils round wire. These wires, made of
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the same material (gold), loop height
and wirelength, were measured up
to 20 GHz, to obtain their electrical
properties for further comparison.

TEST METHOD

To carry out the high-frequency
measurements for round and ribbon
wires, all wires were bonded on the
designed test board individually and
measured from DC to 20 GHz, us-
ing an Agilent E8364A network ana-
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lyzer and G-S-G RF probes. These
designed test patterns were fabricated
on high-resistive Al,O4 substrate. The
spacings between the first and second
bond pads were chosen as 75, 60, 45
and 25 mils, for different wire length,
as shown in Figure 2. Thus, through
these measurements, each bonding
wire can be characterized for a com-
prehensive high-frequency compari-
son.

Based on the different wire shape
of round and ribbon wires, however,
two comparison conditions were set
according to the wire cross-section
and surface area. For round wire, the
cross-section area can be defined as
®r? due to its circular shape; r is the
radius of round wire. On the other
hand, the rectangular-shaped ribbon
wire has a cross-section area of W X
L, where W and L are the wire cross-
section width and thickness.>6 There-

A Fig. 1 Two types of wire bonding tech-
nologies: (a) ribbon bonding and (b) ball
bonding.

A Fig. 2 High frequency test system.
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fore, under the same wire length, two
0.8 mil round wires and a single 0.5 X
2 mil ribbon wire have the same cross-
section area of approximately 1 mil?.
A 2 mils round wire and a 0.5 X 2
mils ribbon wire have almost the same
surface area. A total of three types of
bonding wires were selected to see
the performance difference at high-
frequency region, as shown in Figure
3: ball bonding with a 2 mils round
wire (a), ball bonding with two 0.8 mil

round wire (b) and 0.5 X 2 mils rib-
bon bonding (c).

MEASUREMENT COMPARISONS
For characterizing the bonding
wire, probe testing was used to dimin-
ish most extra parasitic effects from
the test fixture. The network analyzer
measured each wire individually to ac-
quire their high-frequency character-
istics on wiring inductance, fqp, and
IL from S- and Z-parameters. Howev-
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er, even though probe testing is used,
all measurements still include not
only the wire characteristics but also
the external parasitics from the test
pattern, such as bond-pad inductance
and resistance, bond-pad to bond-pad
coupling capacitance, and capacitance
to ground, etc. Here, however, these
parameters were not removed since
all measurements and comparisons
were accomplished under the same
test patterns and method. More ac-
curate data for bonding wire can be
achieved by using a de-embedding

procedure.

BALL BONDING WITH ROUND
WIRE

At first, ball bonding with 2 mils
round wires was systematically test-
ed and compared for different wire
lengths (75, 60, 45 and 25 mils) and
loop height (10, 15 and 20 mils). Fig-

e
A Fig. 3 Three types of bonding wires.
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ure 4 shows the measured inductance
and insertion loss values for these
different wire lengths. From these
measurements, it clearly shows that
the longer wire will induce a larger in-
ductance and the values will increase
slowly with increased frequency. The
10 mils height wires, with 60 and 25
mils lengths, provide approximately
1.29 and 2.98 nH at 10 GHz before
de-embedding, respectively. How-
ever, since the wire inductance and

the parasitic capacitance from the test
pattern resonate at a specific frequen-
cy, the inductance becomes a capaci-
tance above the measured frequency
fsr- The 25 mils long wire has an fgy
greater than 20 GHz, which is approx-
imately 7 GHz higher than for a 75
mils wire length. Undoubtedly, these
values depend on the design of the
test pattern. A designed test pattern
with lower (higher) parasitic capaci-
tance increases (decreases) the wire
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inductance value and its fgp. For a
simple comparison, these data can be
objectively compared to other round
or ribbon wires, but may not be too
accurate for other cases.

Meanwhile, the wire length also
affects the insertion loss directly. The
measured insertion loss of the long
wire shows an insertion loss 2 dB
higher than that of the short wire at 20
GHz. It clearly indicates that the wir-
ing length must be as short as possible
when the operating frequency goes
up above 10 GHz. The higher inser-
tion loss is due to the impedance mis-
match. In order to further compare
the ball bonding and wedge bonding
for the same cross-section area wires,
two wires with 60 and 25 mils length
were measured for comparison. From
the measured results displayed in
Figure 5, it is shown that two wires
using ball and wedge bonding with
the same cross-section have almost
the same frequency response up to
20 GHz. It clearly points out that the
bonding type does not affect the high-
frequency performance dramatically.
However, the wiring shape is the most
important factor dominating the wir-
ing characteristics.
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A Fio. 4 Inductance (a) and insertion loss
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(b) measured for 2 mils ball bonding wires of

different lengths.
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BALL BONDING VS. RIBBON
BONDING (SAME WIRE CROSS-
SECTION AREA)

Measurements were taken to com-
pare the high-frequency performance
between ball and ribbon bonding of
wires of the same cross-section area.
Therefore, a single 0.5 X 2 mils rib-
bon wire and double 0.8 mils round
wires were measured with a spacing
of 5 mils between the double round
wires. Figure 6 shows the measure-
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allel, which provide a larger current
flow area; therefore, the inductance
values were decreased even though
they have the same cross-section area
as the ribbon wire. In addition, once
the spacing between two round wires
was increased from 5 to 10 mils, the
inductance values will be reduced to
3.7 and 2.5 nH for wire lengths of 75
and 45 mils. This is because the wider
spacing between the two wires gener-
ates a lower mutual inductance than
the narrow spacing. However, a single
0.8 mils round wire does provide the
largest inductance and the lowest fqr
compared to the other wires, due to
the smallest conductor area and sig-
nificantly high-frequency parasitic ef-
fects. All the measured inductances
and insertion losses are shown in Fig-
ure 7.

The insertion losses of all wires
shown, round and ribbon wires, are
measured with the same wire length
(60 mils). Under the same cross-
section area, three types of bonding
wires, 0.5 X 2 mils ribbon wire, dou-
ble 0.8 mils round wire, with 5 and 10

2 mil ball bond
2 mil wedge bond
40
I
‘i; = 60 mils wire distance ZSJ_milxwire
= t
w
] 10 7
Z o—  —
<
G -10 4
3
z -20
-30
-40
4 6 8 10 12 14 16 18 20

FREQUENCY (GHz)

A Fig. 5 Measured inductance for ball and
wedge bondings of the same 2 mils round wire.

Double 0.8 mils ball bond
0.5 X 2 mils ribbon bond

75 mils wire
60 distance x 45 mils wire,

distance
4

o ]

INDUCTANCE (pH)
=)
\

6 8 10 12 14 16
FREQUENCY (GHz)

18 20

A Fig. 6 Measured inductance for ribbon
and wedge bonding of wires of the same
cross-section area.
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mils separation, have almost the same
ILs below 2 GHz. However, these val-
ues increase with frequency, as well as
the loss difference among them. The
lowest insertion loss was achieved by
using double round wires with 10 mils
spacing, because of their smallest wire
inductance. The insertion loss of this
double round wire is approximately
2 dB lower than that of single round
wire at 20 GHz.

BALL BONDING VS. RIBBON
BONDING (WIRE SURFACE
AREA)

Measurements were performed to
compare both round and ribbon wires
with the same surface area, 0.5 X 2
mils ribbon wire with 2 mils round
wire. The measured inductance re-
sults are shown in Figure 8. In this
comparison, it is shown that the two
wires have similar high-frequency
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characteristics from low frequency to
20 GHz, since the main influence is
the “skin effect”. However, for a DC
current (zero frequency) applied to
the wire, the electron flow is uniform
throughout the wire. However, when
a high-frequency signal is carried, the
electron flow moves toward the wire
surface. Therefore, due to the skin ef-
fect for the bonding wires, the same
cross-section round wire has much
higher current carrying capability

than ribbon wire, and achieves small-

0.5 X 2 mils ribbon bond

Single 0.8 mils ball bond

Double 0.8 mils ball bond with 10 mils spacing
Double 0.8 mils ball bond with 5 mils spacing

80
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A Fig. 7 Measured inductance (a) and
insertion loss (b) for ribbon and ball bonding
with different wiring conditions.

2 mils ball bond
0.5 X 2 mils ribbon bond

100
[ [ [ 1

60 mils wire length 4~

40 25 'Zl:l;tvlrire

4 6 8 10 12 14 16 18 20
FREQUENCY (GHz)

A Fig. 8 Measured inductance for ribbon
and ball bonding of wires of the same surface
area.
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TABLE |
MEASURED INDUCTANCE, INSERTION LOSS AND Fq, FOR DIFFERENT WIRES

Single Double 0.8 Double 0.8
0.8 mil mil round mil round  Single 2 mils 0.5 X 2 mils
round wire wire round wire ribbon wire
wire (5=10 mils) (=5 mils)
Inductance
@ 10 GHz (nH) 4.238 2.509 2.769 2.98 3.077
Insertion loss
@ 10 GHz (dB) 3.24 2.06 2.29 2.47 A
Self-resonant
frequency (GHz) 158 13.4 14.6 14.82 14.8
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er effective inductance and less signal
loss. It also illustrates that the surface
area of the conductor determines
the current carrying ability instead
of the cross-section area. To achieve
the same surface area, a round wire
needs more cross-section area than
a ribbon wire. Moreover, this article
demonstrates that the main factor
dominating the wire high-frequency
characteristics is the surface area of
a bonding wire. Finally, all measured
inductances and fgy results for three
types of bonding wires are summa-
rized in Table 1.

CONCLUSION

A comparison study of the high-fre-
quency performance of ball and ribbon
bonding was presented in this article.
Different wire types, 0.5 X 2 ribbon
wire, 0.8 and 2 mils round wires, were
systematically measured up to 20 GHz,
under two different conditions: same
wire cross-section area and same sur-
face area. The wiring self-inductance,
fsp and IL parameters were measured.
The experimental results show that the
high-frequency performance for round
and ribbon wires are almost identical
when they have the same surface area,
due to the “skin effect”, and that these
characteristics are quite different when
the two wires have the same cross-sec-
tion area. It points out that the surface
area of a bonding wire mainly deter-
mines the current carrying ability,
rather than the cross-section area, and
dominates the electrical performance
at high frequencies. This data can be
very useful for RF designers when se-
lecting the suitable bonding types for
their applications. l
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DESIGN OF A MICROSTRIP
OPEN LOOP RESONATOR
BPF witH WIDE STOPBAND

FOR WLAN

A new microstrip open loop resonator bandpass filter (BPF) for wireless local

area networks (WLAN) with a wide stopband response is presented in this

article. The BPF consists of a pair of M2 open loop resonators and two additional

resonators operating at the center frequency of 2.44 GHz. The novel resonator

consisting of asymmetrical spurlines and quarter-wavelength open-circuited

stubs are used at the input and output (I/O) feed lines to improve the stopband

characteristics. The current distribution is demonstrated and analyzed. For the

out of band spurious response suppression, its stopband attenuation loss is better
than 20 dB from 2.6 to 10 GHz, and its insertion loss is as low as 1.05 dB. Good
agreement is achieved between simulated and measured results.

F and microwave microstrip BPF's with
Rhigh selectivity, low insertion loss, sup-

pression of spurious sideband and wide
stopband are widely used in recent wireless
communication systems.1 In 2002, the IEEE
extended the 802.11b standard in the 2.4 to
2.4835 GHz frequency range; the fast develop-
ment of WLAN communications has also made
high performance essential for RF BPFs.2
However, many microstrip planar BPFs have
spurious resonant frequencies, which may be
close to the operating frequencies, with severe
influence on the system.? Although quarter-
wavelength resonator filters have their first
spurious passband at 3f,,, where f, is the cen-
ter frequency, they require short circuit con-
nections with via holes, which creates a para-
sitic effect difficult to cancel.* BPF's using low
temperature co-fired ceramic and stepped
impedance resonators are able to control the
spurious responses, but they can only be imple-
mented in certain filtering configurations with

high insertion loss.>% The open loop resonator
filter has a pair of attenuation poles at finite
frequencies, making it a viable intermediate
between the Chebyshev and elliptic-function
filters.”8 Defected ground structures (DGS)
have been applied to improve the spurious re-
sponse of the microstrip open loop resonator
BPF; it also results in some problems such as
high insertion loss and electromagnetic com-
patibility interference.”

In this article, a 0° feed open loop resona-
tor WLAN BPF is presented, using a spurline
and quarter-wavelength open-circuited stubs
to improve the out of band response. The use
of the spurline and quarter-wavelength open-
circuited stubs realizes a wide range of spuri-
ous response suppression without changing the

X1A0 QUN CHEN, LING X1A WANG,

CHANG YUN Cul AND X1A0 WEI SHI
Xidian University, Shaanxi, China
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passband performance. By modifying
the dimensions of spurline and quar-
ter-wavelength open-circuited stubs,
different stopband frequencies are
obtained. The proposed 0° feed open
loop resonator BPF shows stopband
attenuation losses better than 20 dB
from 2.6 to 10 GHz and insertion loss
as low as 1.05 dB. This BPF is charac-
terized by two attenuation poles, low
insertion loss and high out of band
rejection.

SPURLINE AND QUARTER-
WAVELENGTH OPEN-CIRCUITED
RESONATORS

Figure 1 shows the configuration
of conventional asymmetric spurlines,
which are etched on the microstrip
transmission line.10-11 This is different
from the DGS, which is located on the
ground side. The spurline is etched as
an inverted “L” shape slot on the mi-
crostrip transmission line. Generally,
the spurline dimension parameters
include slot width

TECHNICAL FEATURE
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of 2.65 and a thickness of 1 mm for b L /
simulation. The transmission charac- g -20 fl
teristics of the spurlines are simulated Z 30 e
using the electromagnetic simulator 3 [sullsaal |57 £
IE3D. Figure 2 shows the transmis- B | £,
sion characteristics of the asymmet- R e 7 s 5 0
ric spurlines for various 1. The other FREQUENCY (GHz)

dimensions include: s = 0.2 mm, |,
=12 mm, h = 0.6 mm and w = 2.73
mm. When 1, is increased from 6 to 8
mm, the resonant frequency shifts to
a lower range, from 8.56 to 6.52 GHz.
It is also found that the resonant fre-
quency caused by 1; changes slightly
at 4.3 GHz. It is concluded that the
asymmetrical spurlines provide obvi-
ous dual-band gap characteristics, with
two resonant frequencies, and the res-
onant frequencies can be controlled by

adjusting the length of 1, and L,

A Fig. 4 Stopband characteristics of the
proposed resonator.

Figure 3 shows the layout of the
proposed resonator, which consists
of the asymmetric spurlines and two
quarter-wavelength  open-circuited
stubs using a folded shape for com-
pact size. As is known, a quarter-
wavelength open-circuited stub has a
bandstop property at a finite frequen-
cy range, similar to a single spurline.
The proposed resonator structure
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PLLs w/ INTEGRATED V(COs

New Product Line Covers 780 MHz to 13.4 GHz !

' _

HMC764LP6CE & HMC824LP6CE
Low Phase Noise PLL + VCO ICs

¢ 10 kHz Closed Loop SSB Phase Noise:
-120 dBc/Hz - HMC824LP6CE @ 870 MHz
-102 dBc/Hz - HMC764LP6CE @ 7.8 GHz

¢ Fully Integrated LO Solution
Just Add Crystal Ref. & Loop Filter

¢ 6x6 mm QFN Package
Low Cost, Ultra Compact LO Solutions for Cellular BTS & Microwave Radio

Tx IF

Rx IF
12 NEW IN-STOCK LOW PHASE NOISE PLLs w/ INTEGRATED VCOs
Frequency Clos_ed Loop SSB Phase Ope_n Loop VCO Phase Pout BMS Jitter Integrated PN Fractional Package Part
(GHz) Noise @10kHz Offset Noise @1 MHz Offset (dBm) Fractional Mode (fs) Mode (deg rms) Number

0.78 - 0.87 -120 dBc/Hz -147 dBc/Hz +12 190 0.05 LP6C HMC824LP6CE
0.99 - 1.105 -118 dBc/Hz -145 dBc/Hz +10 190 0.07 LP6C HMC826LP6CE
1.285- 1.415 -116 dBc/Hz -142 dBc/Hz +10 190 0.10 LP6C HMC828LP6CE
1.33-1.56 -115 dBc/Hz -142 dBc/Hz +10 190 0.10 LP6C HMC822LP6CE
1.72-2.08 -113 dBc/Hz -140 dBc/Hz +10 190 0.12 LP6C HMC821LP6CE
1.815-2.01 -112 dBc/Hz -141 dBc/Hz +9 190 0.13 LP6C HMC831LP6CE
2.19-2.55 -110 dBc/Hz -139 dBc/Hz +10 190 0.17 LP6C HMC820LP6CE
3.365 - 3.705 -107 dBc/Hz -135 dBc/Hz 0 190 0.25 LP6C HMC836LP6CE
7.3-8.2 -102 dBc/Hz -140 dBc/Hz +15 196 0.55 LP6C HMC764LP6CE
7.8-85 -102 dBc/Hz -139 dBc/Hz +13 193 0.58 LP6C HMC765LP6CE
11.5-12.5 -100 dBc/Hz -134 dBc/Hz +11 181 0.78 LP6C HMC783LP6CE
12.4-134 -98 dBc/Hz -134 dBc/Hz +8 175 0.81 LP6C HMC807LP6CE

Ideal for Cellular/4G, Microwave Radio, Industrial /| Medical
Test Equipment, Military Communications & Sensors
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TECHNICAL FEATURE

can generate a wide
stopband with four
attenuation  poles

by modifying the di-

le—— S —>]
(4

mension parameters
I, fori=1,2,3,4. As
shown in Figure 4,
the resonator has a

wide stopband from

5.13 to 8.25 GHz

Zy 0 Zy 01
(a) a with a return loss
lower than 13 dB
L and has little effect
<<t at the low frequency
— range. The dimen-
L] || J ] sions include: d = 3
k—1y — |<l—3.| m, s = 0.2 mm, ¢
|_—| < 11| =1mm, h=1mmnm,
f— =L£ w=273mm,[; =8
(12! mm, [, = 7 mm, [; =
(b) el 5.8 mm and [, = 4

A Fig. 5 Layout of a conventional BPF (a) and of the proposed BPF
with spurlines and stubs at the 1/0 feed lines (b).

CONVENTIONAL BPF
PROPOSED BPF

s | A T s,
3 20 l/ \ /\\
8 -30/y N
B -0 I N
& -s0 - '
3 o0

-70

1 2 3 4 5 6 7 8 9 10
FREQUENCY (GHz)

A Fig. 6 Full-wave simulated performance
of the conventional BPF and the proposed
BPF.

mm. The attenua-
tion poles are gener-
ated by the quarter-
wavelength ~ open-
circuited stubs and
spurlines. For the
resonator, the resonant frequencies
f, = 6.65 GHz, f, = 8.03 GHz, f4 =
5.81 GHz and f, = 6.38 GHz are cor-
responding to [}, Iy, I and [,. It dem-
onstrates that the proposed resonator
could be effectively applied for out of
band suppression by controlling the
dimensions [y, according to different
spurious responses.

OPEN-LOOP RESONATOR
BANDPASS FILTER

Figure 5 shows the layout of a
conventional open-loop resonator fil-
ter, which is made up of two square
open loop A2 resonators witha 0°
feed structure. The electric coupling
between resonators

ods  INPUT
-24d8
-4d8
-6dB
-8dB
-1048
-12dB
-14d8
-16 dB
-18dB
-20dB
-2248
-2448
-26 dB
-28dB
Tsoan INPUT, (b)
-3248
-34d8
-36dB
-38 dB

is used to design the
filter with a pair of
attenuation poles for
sharp skirt. For the
0° feed folded open
loop A2 BPF, which
has a 0° difference
between the electric
delays of the up-
per and lower paths,
and where 6, and
0, are the electrical
lengths of the upper
{ " | and lower path, the

OuTPUT

A Fig. 7 Simulated current distribution of the BPF at the resonant
frequency with different input phase: (a) 0 = 0° and (b) 0 = 90°.

transmission matrix
of the two paths can
be expressed as
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RMS Power DeTECTORS

New Low Cost RMS Power Detectors Offer Wideband Performance!

Analog, Digital & Mixed-Signal
ICs, Modules, Subsystems & Instrumentation

@ 10,000 pcs @ 10,000 pcs
DC - 5.8 GHz, Single-Ended, DC - 3.9 GHz,
40 dB Dynamic Range 60 dB Dynamic Range

These Products Feature Dynamic / Flexible RF Power Control

¢ Digitally Programmable ¢ RF Signal Wave Shape &
Integration Bandwidth Crest Factor Independent
¢ Integrated Op-Amp Enables ¢ Excellent Temperature Stability

Log Slope / Intercept Adjustments

IN-STOCK POWER DETECTORS: RMS, LOG & SDLVA

Frequency Function Dynamic  RSSI Slope RF Threshold Bias Package ECCN Part
(GHz2) Range (dB) (mV/dB) Level (dBm) Supply Code Number
NEwW! DC-3.9 RMS 60 +1 37 -69 +5V @ 50mA LP4 EAR99 HMC1010LP4E
NEw! DC-5.8 RMS, Single-Ended 40 +1 37 -69 +5V @ 42mA LP4 EAR99 HMC909LP4E
50 Hz - 3.0 Log Detector / Controller 74 +3 19 -66 +3.3V @ 29mA LP4 EAR99 HMC612LP4E
0.001-8.0 Log Detector / Controller 70 £3 -25 -61 +5V @ 113mA LP4 EAR99 HMC602LP4E
0.001 - 10.0 Log Detector / Controller 73 +3 -25 -65 +5V @ 103mA Chip EAR99 HMC611
0.001 - 10.0 Log Detector / Controller 70 3 -25 -65 +5V @ 106mA LP4 EAR99 HMC611LP4E
0.01-4.0 Log Detector / Controller 70 3 19 -68 +3.3V @ 30mA LP4 EAR99 HMC601LP4E
0.05-4.0 Log Detector / Controller 70 3 19 -69 +3.3V @ 29mA LP4 EAR99 HMCG600LP4E
0.05-8.0 Log Detector / Controller 54 +1 17.5 -55 +5V @ 17mA LP3 EAR99 HMC713LP3E
01-27 Log Detector / Controller 54 +1 17.5 -52 +5V @ 17mA MS8 EAR99 HMC713MS8E
8-30 Log Detector 54 +3 13.3 -55 +3.3V @ 88mA LP3 EAR99 HMC662LP3E
0.1-20 SDLVA 59 14 -54 +3.3V @ 83mA LC4B EAR99 HMC613LC4B
NEW! 0.6-20 SDLVA 59 14 -54 +3.3V @ 80mA Chip EAR99 HMC913
0.6-20 SDLVA 59 14 -54 +3.3V @ 80mA LC4B EAR99 HMC913LC4B
1-20 SDLVA 59 14 -67 +12V @ 86mA C-10/SMA EAR99 HMC-C052
NEW!  2-20 with LimiSteD(Ij_\Ii{ﬁ Output 50 45 -45 +1§:// g ggg:RA C-21/SMA EAR99 HMC-C078

See www.hittite.com For Our Complete Power Detector Product Line!
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Y, sin 6, sin 0,
oC

cos(8, +0,)+ jZy sin(6; +92)—jmsgjciez

m m

. Y02 sin 0, sin 0,

Y, sin 0, sin 6
7Y, sin(0, +0,) + Bl i 2%
Yo sin(0y +0) + j oC

0s(0; +6,) +
cos(0, +6,) pve

m m

where Y,=1/Z,, and C,, is the coupling capacitance be-
tween the upper and the lower path. According to circuit
theory, the transmission matrix of the whole circuit can be
written as

(A B
C D]
A,B +AB, B, B,
B, +B, B, +B
[AB,+AB, ][B.D+BD, |-(B,+B)2 B D +BD,
(B, +B))B,B, B, +B,

FERRITE PRODUCT RANGE

“, P

buy online at www.meslmicrowave.com
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o)
Y, sin 6, sin @ Y, cos 8, cos .
onsin(91+90)+j70 S Yy S cos(91+62)+70 05T 05Ty
L - (‘Dcm m
A Bl:|:
LG Dy
i Y, cos0; cosB, o ,cos 0 cos 0,
cos(0; + 92)+Tm jZ,sin(6; +6,) - Jf )

TECHNICAL FEATURE

From Equations 1 and 2, it is found that A + A} = D,
+ Dy, B, = Bjand C, = C;. The transmission matrix can be
simplified as

A, +A B,
A B 2 2
= 2 (4)
C D (A, +A))" =4 A +A
2B, 2

The transmission coefficient is
g 4B 7,

21 _ (5)
B, +2(A, +ADBZ; +[ (A, +A)? -4z,

where 7 is the system impedance. If Sy, = 0, there are
attenuation poles existing. This means that the sufficient
and necessary conditions for the existence of the poles are
the denominator of Sy, not equal to zero and B, = 0. It is
found that

m@+m%=7&7 (6)
0

m

Because C,, is usually very small, 1/Z,0C,, is consid-
ered large enough at certain low frequency range. Gener-
ally, it is considered that 8,7 6, for the external qualify
factor. Equation 4 can be simplified as

Circulators

Isolators

Packaged Drop-ins

Microstrip Drop-ins

Coaxial

Waveguide

Iso-hybrid

Surface mount

From 0.3 to 40 GHz

High Power Ferrite Subsystems
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UK & China manufacture

mesL

Mmicrowaove

For more information contact:

+44 131333 2000
sales@meslmicrowave.com

MICROWAVE JOURNAL m JUNE 2010



http://www.meslmicrowave.com
mailto:sales@meslmicrowave.com
http://mwj.hotims.com/28490-51

141

CERAMIC FILTERS

LOW PASS BANDPASS HIGH PASS

Value Packed 9 9¢
Recession Busters!  from ea. qty. 1000

In today’s tough economic situation there is no choice: Reducing cost while
improving value is a must. Mini-Circuits has the solution...pay less and get more
for your purchases with our industry leading ultra small ceramic filters.

Over“t2Q.models...45 MHz to 13 GHz
Measuring only 0.12" x 0.06", these tiny hermetically sealed filters utilize
our advanced Low Temperature Co-fired Ceramic (LTCC) technology to Wild Card KWC-LHP LTCC Filter Kits on/y$98
offer superior thermal stability, high reliability, and very low cost, making ‘?! Choose any 8, LFCN, HFCN models.
Bl

them a must for your system requirements. Visit our website to choose ?w..f
and view comprehensive performance curves, data sheets, pcb layouts, s A

Receive 5 of ea. model, for a total of 40 filters.
T 4 &7 Order your KWC-LHP FILTER KIT TODAY!

and environmental specifications. And you can even order direct from () RoHS compliant uss. Patent 6,943,646
our web store and have a unit in your hands as early as tomorrow!
Mini-Circuits...Your partners for success since 1969

Wiz

i . . . § R . . minicirguits.col
2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see—%—2

Patent Pending

®

ISO 9001 ISO 14001 AS9100 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

IF/RF MICROWAVE COMPONENTS 432 oy

Visit http://mwj.hotims.com/28490-61 or use RS# 61 at www.mwjournal.com/info



http://mwj.hotims.com/28490-61
http://www.mwjournal.com/info
http://minicircuits.com

High Power! & Broadband!

[ 500~1000MHz | 100W/400W
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o o]

tan®, =1/ Z,0C,, (7)
or
tan 0, =1/ Z,0C, 8)

That is to say the attenuation poles
occur when the electrical length of the
upper and lower path satisfies 0, = /2
or 0, = /2. Figure 6 shows the com-
parison of the frequency responses of
the conventional 0° feed folded open
loop BPF and the proposed one. The
dimensions used include: a = 14 mm, b
=9.5mm, w=276mm, m=15mm, g
=3mm, t=0.6mm,e=8mm,f=257
mm, ¢ =1mm,s=0.2mm,d=3mm,
h=1mm,l =11 mm,l =133 mm,l;
=85 mm,l, = 125 mm, I'; = 7.8 mm,
I'y=7.6mm,I';=3.5mm, I, =85mm,
0, = 66.3° and 6, = 113.7°. Both filters
have the center frequency of 2.44
GHz. The conventional BPF has two
spurious passbands at approximately
4.89 and 7.32 GHz. The two resonators
at the I/O feed lines are applied for the
lower and higher out of band suppres-
sion, respectively. The resonator at the
input feed line with the longer length
of L corresponds to the lower range;
the other at the output feed lines with
shorter length of I’ corresponds to
the higher range. The proposed filter
achieves better spurious response sup-
pression below -21 dB. The out of band
property is effectively improved by us-
ing two harmonic suppression resona-
tors, with their stopband characteris-
tics easily controlled.

Simulated current distributions of
the BPF at resonant frequency are
depicted in Figure 7, with different
input phase 0. As shown in the figure,
the input port of the filter is driven by
the current (6 = 0°) while the output
port is terminated to 50 Q microstrip
line. High current density distributions
(red area) are mainly concentrated at
the area where it is distorted by the
spurlines. It is similar when the filter is
driven by current (6 = 90°). Figure 8
shows the simulated

TECHNICAL FEATURE

tioned above, the proposed resonator
at the input feed line generates a wide
stopband with four poles correspond-
ing to asymmetric spurlines and two
quarter-wavelength open-circuited
stubs. It is clear that a different reso-
nant frequency corresponds to a differ-
ent stub length or spurline length. The
two resonators at the I/O feed lines
with their resonant frequencies are
shown in Table 1.

EXPERIMENTS AND
MEASUREMENT

Figure 9 shows the proposed BPF,
which consists of two folded open-
loop M2 resonators with spurlines

-2dB By
-4dB |
-6 dB = F-
-8 dB
-10d8 TET— ==t
i -
Jisan - | | B
e -
Jsan
Zoan
-22dB (a) (b)
Ert
e
b
T
Er
-3448 —— —
-36dB
-3848B l I

() (d)

A Fig. 8 Simulated current distribution of
the proposed resonator at four frequencies
at the input feed line.

A Fig. 9 Photograph of the fabricated open
loop BPF with spurlines and stubs.

°=ﬁ v NN
-10— [sul
-20 A

s Is21] SIMULATED|
70 MEASURED

MAGNITUDE (dB)
A
o

1 2 3 45 6 7 8 910
FREQUENCY (GHz)

A Fig. 10 Comparison between measured
and simulated results.

current distribu- TABLE |
tions of the proposed
resonator at four fre- LENGTH OF RESONRAggR: NAggsTHEIR RESONANT

F (V] (|
quencies at the input
feed line, for (a) 11 _ Length (L,) Resonant Length (11;) Resonant
11 mm, £, = . (b) 12 Frequency Frequency
- 133 mm. £, = 4.05 | L=11 mm 4.39 GHz =78 mm 6.42 GHz
GHz, (¢)l;=8.5mm, |1,=13.3 mm 4.05 GHz 1',=7.6 mm 6.51 GHz
f3 ;255-17 GHZyd (‘ip Ly [1,-85 mm 5.17 GHz [y p— 8.45 GHz
= 125 mm an =
334 GHyz. As m‘é o =125 mm 3.34 GHz I',=8.5 mm 5.17 GHz
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and quarter-wavelength open-circuit-
ed stubs at the feed lines for harmon-
ics suppression. It is fabricated on a
Teflon substrate, which has a relative
dielectric constant of 2.65 and a thick-
ness of 1 mm. The measurements are
carried out on Agilent Vector Network
Analyzer N5230A. The simulated and
measured results are shown together
in Figure 10. The center frequency of
the BPF is 2.44 GHz and its 3 dB band-
width covers 112 MHz. The filter has a
wide stopband with attenuation of 20

da’s In-Stock
er Dividers

You can depend on them for critical

applications
B Excellent tracking
B Low input VSWR

B Large choice of power levels

B High isolation between ports

Shown here is the
4456-2 Multi-Octave
2-Way Power Divider

narda

microwave-east

an b commuhications company

435 Morelahd Road 2y,
~Hauppauge; NY 11788 i |

Tel: 631.231.1700 » Fax: 631.231.1711
i e*mail: nardaeast@L-3comicom

www.nardamicrowave.com/edst’,

dB up to 10 GHz, using two additional
harmonics suppression resonators. Its
insertion loss is as low as 1.05 dB. It is
obvious that the measured results are
in good agreement with the simulation.

CONCLUSION

A novel open-loop BPF with a wide
stopband for WLAN is presented in
this article. Its spurious responses are
effectively suppressed by adding two
resonators, which are composed of
asymmetrical spurlines and quarter-

AlLl'1Iavii3id

The Most Trusted Link to RF & Microwave Solutions.
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wavelength open-circuited stubs. Em-
ploying the harmonics suppression
resonators, its stopband is controllable
by adjusting the dimension parameters
of two resonators. The BPF has an out
of band attenuation better than 20 dB
from 2.6 to 10 GHz. The measure-
ment results have shown good agree-
ment with the simulated results. It is
believed that this newly proposed BPF
can be used in WLAN systems. l
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AN OVERLOOKED (CLASS OF
N-wAY POWER DIVIDERS
COMBINING RESISTIVE AND
REACTIVE DIVIDERS

An overlooked class of in-phase, equal power split, N-way power dividers
combines resistive and reactive dividers. This “partial resistive divider” (PRD)
has a series input transformer similar to reactive dividers and series resistors at
the output ports similar to resistive dividers. In appropriate circumstances, it
has significant advantages over not only the resistive and reactive dividers, but
also over Wilkinson dividers. Design equations and theoretical and measured
performance values are presented.

he “partial resistive divider” (PRD)isof- ~ (PRD) and Wilkinson divider circuits. There
ten overlooked when selecting a power  are 1 through N equal output branches.
divider circuit. This article compares its
attributes with those of resistive, reactive and
Wilkinson divider circuits. Figure 1 shows the Resistive dividers offer minimum size and
basic resistive, reactive, partial resistive divider ~ a perfect match without transformers. The
tradeoffs are a path loss twice the split loss,
isolation only twice the split loss, a low (1 to

100 mw) input power limit, and only an equal
TRANSFORMER power split.
The PRD match is limited only by the input
transformer, which has an impedance ratio of
J\é\k x\i\/& approximately half the number of outputs. The
path loss is less than 3 dB more than the split

OUIS @i el N ey loss. Isolation is twice the path loss and up to 6
RESBEILE dB better than the resistive and reactive divid-

i TRANSFORMER IN er isolation. The input power handling is more
than twice that of the resistive divider, but less

than the reactive and Wilkinson circuits. As

with the resistive divider, it is limited to equal

OUTN OuT1 OUTN ouT 1 power divisions.
REACTIVE WILKINSON

HARRY CHAPELL
A Fig. 1 Families of equal power dividers. Retired Professional Engineer
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The reactive divider input power is
limited only by the transmission lines;
the output power split can be unequal.
Its input match is limited only by the
input transformer, but that has an im-
pedance transformation twice that of
the PRD. Its output VSWR is almost
twice the number of outputs. Also, a
failure at one of the output loads can
short out all the outputs.

The Wilkinson input match has the
same impedance transformation as
the reactive divider. The input power
can be large, but will be limited if the
output loads are not perfect. The out-
put powers can be unequal. The out-
put match and isolation can be very
good. Wide bandwidth with multiple
outputs or unequal output powers
is very difficult in an individual unit.
Cascading units to obtain multiple
outputs adds to path losses and match
problems.

The values in Table 1 assume per-
fect transformers and resistors. The

TUTORIAL

TABLE |
N-WAY DIVIDER PARAMETERS

Type Resistive PRD Reactive
Path Loss (dB) -20Log(N) -10Log(2N-1) -10Log(N)
Isolation (dB) -20Log(N) -20Log(2N-1) -20Log(N)
Output VSWR 1.0 1.0 2N-1
Transformer Z ratio 1.0 N2/(2N-1) N
Series R (ohm) Zo(N-1)/(N+1) Zo(N-1)/N None

input and output impedances are as-
sumed to be equal (Zo). The values
obtained from Table 1 can be used to
design a PRD for any number of out-
puts. Figure 2 shows the path losses
and isolation for the three different
power dividers. A narrow band and a
wide band application are described
below.

This unit was prototyped for pos-
sible use in Iridium communications

A Tradition of Quality / A Commitment to Customer Service

Broadband RFIMicrowave Solutions

90 Visit http://mwj.hotims.com/28490-103

REACTIVE PATH LOSS
PRD PATH LOSS
RESISTIVE PATH LOSS and ISOLATION
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Ar ig. 2 Path loss and isolation values for

different power dividers.

Ar ig. 3 Photograph of a 22-way PRD.

satellites. The path loss (27 dB) of a
resistive divider would be excessive.
The high output VSWR (43:1) of a
reactive divider ruled it out. (Adding
circulators to a reactive divider would
add complexity and weight.) A cascad-
ed Wilkinson divider would be much
more complex. A single-stage, 22-way
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TABLE Il
22-WAY POWER DIVIDER PERFORMANCE
Parameter Frequency GHz Measured Theory
Input VSWR 1.7 1.08 1.0
Output VSWR 0.1to4 1.18 max 1.04
Path loss (dB) 1.7 16.8 max 16.3
Unbalance (dB) 1.7 0.2 max 0
Isolation (dB) 1.7 31 to 33 32.7
Isolation (dB) 0.1to4 28 min =
TABLE Il
SPECIFICATIONS FOR A BROADBAND 8-WAY PRD
Parameter Specification Units
Frequency 475-7700 7700-8050 MHz
Input VSWR 1.8:1 1.8:1 Max
Output VSWR Sl 2:1 Max
Path Loss 135 14.0 dB Max
Ripple 1.4 2.2 dB Max
Unbalance 14 1.6 dB Max
Isolation 18 18 dB Min
Wilkinson divider would not be prac-
tical. Cascaded unequal power split
Wilkinson dividers would be complex, TAPER INPUT.
large and lossy. / )
The PRD unit is pictured in Fig-
ure 3. This unit uses an axial quarter
wavelength coaxial input transformer.
The prototype body size was deter- IN;?&:?"},N

mined by the minimum clearances re-
quired between the SMA output con-
nectors. In the final system configura-
tion, with direct soldered output pins,
the diameter would be much smaller.
The as-built test results are summa-
rized in Table 2. Note the broadband
isolation and output VSWR. Although
it met expectations, the unit was not
used in production because the cus-
tomer changed the requirement to
an unequal output power split. This
is one of the limitations of the simple
PRD approach. All output powers are
equal and in-phase.

This unit is an 8-way partial resistor

A Fig. 4 Eight-way PRD.

divider, which covers the frequency
range from 475 to 8050 MHz. Resis-
tor dividers were a real possibility, but
would have had an unacceptably high
(approximately 20 dB, including cir-
cuit loss) path loss.

A reactive divider would have a
longer transformer and high output
VSWR (15:1). Three stages of cascad-
ed 2-way Wilkinson dividers would be
larger with high path loss. This unit
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IN-PHASE N-WAY DIVIDER SELECTION

1. Select a when:

* High (2N-1) output VSWR and inferior (-20Log(N)dB) isolation are ac-

ceptable

e Arbitrary power division, or minimum (-10Log(N)dB) path loss (or high

power handling is required)

2. Select a when:

* Reactive divider VSWR is unacceptable
e Higher (-20Log(N)dB) path loss and inferior (-20Log(N)dB) isolation are

acceptable

e Ultra broad bandwidth (from DC) or minimum size is required

3. Select a when:

® Reactive and resistive dividers will not meet requirements
® Moderate (-10Log(2N-1)dB) path loss and (-20Log(2N-1)dB) isolation are

acceptable

4. Select when:

¢ Need more isolation or less path loss than resistive and PRD dividers pro-
vide; or need an unequal power division

* Need more isolation or lower VSWR than reactive dividers provide

* Bandwidth can be met without losing path loss advantage (~3 dB) over

PRD

shows both the PRD design capabil-
ity and some of its shortcomings. The
input transformer is a 3/8 wavelength
at 475 MHz Klopfenstein microstrip
tapered line. The taper includes two
mitered 90 degree bends. A copper
alloy block on top of the microstrip
at the split point spreads the resistor
heat over a larger area.

Although unrelated to the divider
design, the blind mate OSP connector
design may be of interest. The “shells”
are machined into the body, thus elim-
inating another build up of true posi-
tion error, which separate shells would
introduce. Figure 4 shows the resis-
tor’s installation in the 8-way PRD.

The unit performance shows the
effect of finite element size and circuit
losses. The insertion loss increases up
to 2.2 dB with frequency. The longer
path length to end ports introduces up
to 1.6 dB output amplitude unbalance
at high frequencies. The isolation rolls
off to 18 to 19 dB at 8050 MHz (com-
pared to 23 dB theoretical isolation
with ideal elements). The production
specifications are shown in Table 3.

The design of partial resistor di-
viders is straightforward using avail-
able equations. They can use either

lumped element or distributed ele-
ment input transformers. Measured
results show that the partial resistor
divider is a useful in-phase, equal
power split, design approach. ll

Harry F. Chapell received his BS degree
in Physics from Worcester Polytechnic
Institute in 1954. From 1954 to 1955 he
was a member of the technical staff at Bell
Telephone Laboratories. He developed
high power crossed field oscillators and
amplifiers at Raytheon Power Division
from 1955 to 1963. He advanced to Vice
President of Research and Development
at Sage Laboratories while developing
passive microwave devices over the period
from 1963 until his retirement in 1996.
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32 GHz TruUE

A Fig. 1 The industry’s first 30 GHz prob-
ing system.

926
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he Agilent Infiniium 90000 X-Series is
I a real time oscilloscope with 32 GHz of
true analog bandwidth, and features the
industry’s lowest noise floor, lowest jitter mea-
surement floor and flattest frequency response.
This combination of performance results in a
real time oscilloscope with industry leading ac-
curacy. In addition, the 90000 X-Series comes
with a complete lineup of probes and acces-
sories rated to 30 GHz (see Figure 1) and a
comprehensive set of measurement specific
software. The complete combination of hard-
ware performance, probing and software al-
lows any designer and debugger to complete
their tasks faster and to specify
tighter specifications with their
devices, ultimately leading to
greater profitability for their
company.

The Infiniium 90000 X-Se-
ries is the first Agilent equip-
ment to take advantage of a new
transistor technology developed
internally by Agilent using In-
dium Phosphide (InP) double
hetero-junction bipolar transis-
tor (DHBT) technology. The
InP technology extends the ca-

£a t - ANALOG
- BANDWIDTH
" OSCILLOSCOPE

pabilities of well established InGaP/GaAs HBT
IC technology, enabling oscilloscope perfor-
mance up to 32 GHz without sacrificing the re-
liability and manufacturability associated with
GaAs bipolar devices. The InP-based process
provides cut-off frequency to 200 GHz. While
InP is rarely mass produced as it is difficult to
achieve excellent economies of scale, it is ideal
for test and measurement equipment, which
need thousands of chips as opposed to millions.

In addition to the InP-based process, the
company achieved the unprecedented perfor-
mance using proprietary advanced thick film
microcircuit processes and design techniques,
known internally as Quick Film 3D Microcir-
cuits. Unlike traditional thick film dielectrics,
the Quick Film dielectrics are characterized
by very good broadband electrical properties
that are stable through microwave frequencies.
These microcircuits are used to package the
90000 X-Series and InfiniiMax IIT InP chipsets
and optimize their outstanding pulse fidelity,
low jitter and flat broadband response. Using
the quick film technology, Agilent has devel-
oped its new multi chip module (MCM). This

AGILENT TECHNOLOGIES INC.
Santa Clara, CA
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A Fig. 2 Front-end module for Infiniium
90000 X-Series.

MCM houses five newly developed
InP-based chips (see Figure 2) in-
cluding a new pre-amplifier (rated to
the full 32 GHz) and the fastest edge
trigger at > 20 GHz. A “lid” is then
placed on the MCM to shield the cir-
cuit and ensure high signal integrity.
Comparing the 90000 X-Series os-
cilloscope with its predecessor, the
90000A Series oscilloscope, the 90000
X-Series features significantly lower
noise, % the jitter measurement floor,
and two and 1% times the true analog

bandwidth. The 90000 X-Series fea-
tures a pre-amplifier bandwidth of 32
GHz, resulting in true analog band-
width performance to the full 32 GHz.
This compares to other products that
only achieve 16 GHz of pre-amplifier
performance, meaning the 90000 X-
Series has double the analog perfor-
mance, avoiding techniques such as
digital signal processing (DSP) boost-
ing or frequency interleaving to achieve
> 16 GHz bandwidth. While these
techniques allow for higher bandwidth,
they cause tradeoffs that designers may
not want. DSP boosting causes nearly
a doubling of oscilloscope noise den-
sity. F requency interleaving can cause
significant harmonic distortion and in-
creasing of noise density over the ana-
log hardware performance. The 90000
X-Series, with its true analog band-
width to 32 GHz, results in significantly
less noise and none of the tradeoffs as-
sociated with other technologies used
to increase bandwitdth.

In addition to the low noise, the
90000 X-Series has a sample clock jit-
ter that is less than 150 fs, which com-
bined with its low noise floor, means
a jitter measurement floor (the actual

™)
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jitter measured) of less than 150 fs. In
comparing similar bandwidths from
other comparable oscilloscopes, this is
as much as 1/10" the jitter measure-
ment floor.

In addition to being targeted at
fast serial busses, the 90000 X-Series
is also targeted at satellite and radar
communications. The bandwidth al-
lows one to directly digitize signals
in the L-, S-, C-, X-, Ku-, Ka-, K- and
low Q-band. This means the ability to
directly digitize signals from 1 to 32
GHz, avoiding the need to down con-
vert and add unnecessary noise. The
90000 X-Series will also come stan-
dard with “tune and zoom™ software,
allowing for locking on a carrier fre-
quency and re-sampling the interest-
ing content around the frequency of
interest. This provides industry lead-
ing speed on its FFTs. The low noise
down, which can be tuned to 7 mV/
div in hardware and 1 mV/div through
software expansion, provides details
on signals at high frequencies that
previously would be buried in oscillo-
scope noise. The 90000 X-Series can
also be combined with Agilent’s 89600
Vector Signal Analyzer software, mak-
ing it possible to easily look at constel-
lation diagrams and diagnose complex
modulation. The 90000 X-Series pro-
vides segmented memory, which is
ideal for radar applications, enabling
it to only capture the needed signal at
avery fast capture rate. In segmented
mode, the 90000 X-Series can provide
up to 4 Gpts of deep memory. Finally,
the 90000 X-Series provides higher ef-
fective bits at higher frequencies (cur-
rently > 6 effective bits at > 15 GHz)
than any other real time oscilloscope.

The 90000 X-Series is the fastest
real time oscilloscope available today.
Its world class hardware makes it pos-
sible to see details that are buried in
other oscilloscope’s noise. The scope
is ideal for many technologies includ-
ing high speed serial busses, high end
physics, satellite and radar commu-
nications. The performance reduces
oscilloscope noise caused by tradeoffs
found in other oscilloscopes.

Agilent Technologies Inc.,
Santa Clara, CA

(800) 829-4444,
www.agilent.com.

RS No. 303
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\ NovreL GaN

he current trend in the growing S-band

I market demands wider bandwidths,
higher power levels and wider pulses,
which are best served with a new technology to
satisfy these advanced requirements. AlIGaN/
GaN HEMT on silicon substrate technology is
a viable alternative to traditional technologies
for high power transistors used in pulsed ap-
plications because of the lower thermal stress
of pulsed operation compared to CW. The
IGN2731M25 from Integra Technologies Inc.
is the first in a series of devices designed for
RF, pulsed power for S-band radar applications

using GaN on a silicon substrate.

The IGN2731M25 utilizes
a 6 mm GaN HEMT chip on
silicon substrate and is housed
in an industry standard single-
ended package (see Figure 1).
The device has 50 pm gate-gate
spacing and 100 pm gate finger
length. Source pads are outside
of the active area and connect-
ed to each source metal region

A Fig. 1 IGN2731M25 produces over 25 W
from 2.7 to 3.1 GHz (32 V, 300 ps and 10%
duty cycle).

100

by a dielectric overlay, i.e. no
air bridge technology has been

used. The semiconductor chips

) TEecHNOLOGY
ENHANCES S-BAND
RADAR PERFORMANCE

are 4 mils thick after wafer thinning, resulting
in excellent thermal performance.

RF characterization of the IGN2731M25
device was conducted with approximately 5
mA/mm of forward bias current and 32 V of
drain bias. The device was characterized with
pulsed input signal conditions with a 300 ps
pulse width and 10 percent duty cycle. The
device electrical characterization of the Al-
GaN/GaN HEMT is shown in Figure 2. The
power drive-up curve shows output power
performance exceeding 4 W/mm across the
frequency band of operation between 2.7 and
3.1 GHz while exhibiting more than 50 percent
efficiency in this range.

The input return loss performance across
power level and over frequency is shown in
Figure 3. An input matching network has been
implemented using a silicon MOSCAP and the
inductance of the bond wires under the lid of
the package. The device also has good isolation
and is very stable with a 3:1 VSWR on the load.

Output power droop is a critical measurement
parameter for system level performance. Figure

INTEGRA TECHNOLOGIES INC.
El Segundo, CA
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4 demonstrates the power droop from
2.7 to 3.1 GHz, which exhibits almost
no droop, i.e. less than 0.25 dB even
when the devices are saturated. Since
power droop is typically attributed to
heating, the demonstrated droop per-
formance is another testament to the
thermal performance of the GaN on
silicon device geometry design.
Existing GaN on silicon technology
operates at 28V, whereas GaN on SiC
is available at both 28 and 50 V. Clearly
50 V operation with its higher power

Microwave Multi-ODctave

rower Dividers

density capability is a much desired
feature in the high power S-band radar
market. The GaN HEMT technology
processed on silicon versus the more
expensive substrate material is attrac-
tive both from a current cost basis
standpoint and the possibility of man-
ufacturing on larger wafers.

GaN on silicon technology for opera-
tion at 28 V is already standard; however,
a robust AlGaN/GaN HEMT technol-
ogy for operation at 50 V has not yet
reached the market. The GaN HEMT

10 fo 30 watlts power handling.

Power Frec. Ranpe Insertion lsalation Amplitude Moded

Divislon (GHZ) Loss (dB) (B8] Balance MNumber
2 1.0-27.0 2.0 16 0.5 dB P52-61
2 A4.0-27.0 1.0 18 0.5de P52-50
2 0.5-18.0 1.7 16 0.6 dB P32-20
2 6.0-40.0 20 12 1.0dB PS2-52
3 2.0-18.0 15 18 0.4 dB P53-50
3 2.0-20.0 1.8 16 0.5 di P33-51
4 1.0-27.0 4.5 15 0.8 dB P34-51
4 5.0-27.0 1.8 16 0.5dB PS4-50
4 0.5-18.0 4.0 18 0.5dB PS4-17
4 2.0-18.0 1.8 T 05de PS4-10
4 15.0-40.0 20 12 0.8d8 P34-52
8 0.5-8.0 15 20 0.4 dB Ps8-12
2] 0.5-18.0 6.5 18 1.2dB PS8-16
a8 2.0-18.0 2.2 15 0.6 dB PS8-13
B 3.0-15.0 1.3 15 0.5d8 PS8-15

SMA and Type M conneciors available o 18 GHz.

MICROWAVE CORPORATION

O www.pulsarmicrowave.com

A8 Industrial West, Cliften, M 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sabes@pulsarmicrowave.com
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A Fig. 3 Gain and input return loss vs.
input power for IGN2731M25.
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A Fig. 4 Power droop vs. output power for
IGN2731M25.

process flow described earlier has been
modified to include a major feature that
improves RF performance in the S-band
region: A gate connected field plate to
improve breakdown and, therefore, op-
eration at higher voltage. Although 50
V GaN on SiC solutions for S-band are
available in the marketplace from sev-
eral vendors, this device is the first GaN
silicon technology operating at 50 V. This
enhancement can be accomplished by
using a dielectrically defined gate result-
ing in breakdowns well above 100 V and
allowing 50 V operation. The higher op-
erating voltage accounts for higher per-
formance, as seen in Figure 5, where at
a fixed input power of 3 W the device
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80% of product ideas never make it
to market. Let multiphysics simulation
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With COMSOL Multiphysics® you are empowered to build

the simulations that accurately replicate the important

View Multiphysics applications at:

characteristics of your designs. The key is the ability to
include all physical effects that exist in the real world. This
multiphysics approach delivers results — tangible results

that save precious development time and spark innovation.

0 COMSOL
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produces  another

40 .
30 percent more = i
power across the <36 Voo 1 32V
operating frequen- % 5, Vop = 48V
cy band. Table 1 ~Q
demonstrates how 5§ ————
the gain parameter Ez4
improves by more © 20
than 1 dB and gain 27 28 29 30 31
flatness is negligible FREQUENCY (GHz)

measuring 0.1 dB A Fio. 5 Outout P .
2. uipu ower vSs. Jrequency a
ZV7€ It-jgoll\élglzzfrom Vop =g32 and ZS Vt’for IGN273?M25.y
GaN HEMT
technology has
excellent  power
density and thus
small parasitic die
capacitance result-
ing in higher im-
pedances for the
designer to work
with. The single
stage input match
results in  more
than 3 ohms of real
impedance while
the  unmatched v
output stage has 5
ohms of real im-
Pedal.lce’ which A Fig. 6 Impedance vs. frequency for
.contrlbutes to the IGN2731M25,
improved  band-
width response of

TABLE |
the transistor (see
Figure 6) The GAIN FLATNESS OVER FREQUENCY AT

high ) d VARIOUS VOLTAGE BIAS CONDITIONS
1gher mped- FOR IGN2731M25

ance facilitates the
matching networks
at the PCB level in | VDD(V) 2.7 2.9 3.1
a 50 ohm system. |32 128dB | 128dB | 12.3dB
_ Although this g 137dB | 138dB | 13.7dB
first generation
technology demonstrates high performance, the GaN road-
map includes future designs with shorter gate lengths result-
ing in better frequency response and improved gain. The
next generation targets 0.5 pm gate length, which is expect-
ed to have performance suitable for C-band applications.
The advantages of GaN technology serving several
pulsed applications with small, high impedance, and reli-
able products addressing the radar and avionic bands are
clear. As market demand grows and requires a new tech-
nology with higher voltages and broader bandwidths, ad-
ditional RF power transistors will be developed that will
continue to reduce system size, weight and cost leading to
a host of new applications that can be served.

(1) 2700 MHz
(a) 3.5

(2) 2900 MHz
(a) 5.5
+j7
(b) 5.51
-j1.69
3) 3100 MHz
) (a) 3.5

+j5
(b) 5.42
-j0.64
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Power up with PIN diode switches
and replace those tired MMICs

METELICS

Configuration

F (MH2)*

Isolation | CW. |
Lo dB) | Power

0

_ SP2TT-R Switch

20-1000

0.5 57

~ SP2TT-R Switch

400-4000

P2TT-R Switch

20-100i

2T T-R Switch

400-40

etrical SP2T

20-10!

etrical SP2T

400-4(

trical SP2T

20-1

trical SP2T
trical SP3T
trical SP3T

400—
20-1
400—

00 MHz, 400-400
hotims.com/2849

New, surface mount
PIN diode switches from
Aeroflex / Metelics are
the preferred alternative
to lower power QFN
packaged MMICs. These
SP2TT-R and symmetrical
SP2T and SP3T switches
provide:
+ 158 W C.W. incident power
handling @ +25° C

*630W @ 10 pS,
1% duty incident power
handling @ +25° C

* 0.15 dB insertion loss
* 57 dB isolation
* Class 1C HBM ESD rating

Compare this superior
performance to the

average QFN MMIC switch,
which offers just 20 W
C.W. or 100 W peak input
power, and see how your
military radio, WiMAX, IED
and MRI designs excel.

These devices are RoHS
compliant. RF and PIN
diode driver evaluation
boards are readily available.

Call 888-641-7364 or visit
our website for datasheets,
quotes, and samples:

www.aeroflex.com/metelicsMJ

(\EROFLEX

A passion for performance.
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A GPS DiscIpLINED
OCXO FrrqQuency
STANDARD & NTP
RrreRENCE CLOCK

&l BIEHEEN EG000 GPS GA cods tima & fraquancy relarence - -

-

he Quartzlock ES000 represents a
Tbreakthrough in low cost, 1U rack-

mount, traceable, calibration-free ‘off
air’ frequency and time standards. It is a GPS
controlled frequency and timing source, with
both 10 MHz frequency output and 1 PPS tim-
ing mark synchronized to GPS time. Features
include a holdover function on both the timing
(1 PPS) and the frequency output. The module
may be configured with a variety of controlled
oscillators, from low cost OCXOs to rubidium
standards, with the short-term stability (Allan
variance) and holdover performance being a
function of the controlled oscillator. The 10
MHz output phase noise specification is -110
dBc/Hz at 1 Hz offset.

GPS RECEIVER

A key component of the ES000 is a special
GPS receiver module, which has enhanced
performance for timing applications. This is
significant as the choice of GPS receiver is vital
in the design of a GPS controlled frequency/
time standard. All GPS receivers make a calcu-

® W B N

lation of GPS time every update interval, often
one second. However, methods of using this in-
formation, and communicating it to the outside
world, vary.

The GPS receiver chosen for the ES000 has
a programmable frequency output. This is a
square wave generated from an NCO (a simple
version of a DDS without the DAC) clocked
from the internal 120 MHz clock. Every oc-
casion that the time solution is calculated, the
phase of the NCO is adjusted so that the fre-
quency output is accurate. This frequency out-
put means that a phase lock loop can be used
to lock the controlled oscillator to GPS time.

TIME SOLUTION ACCURACY

A further consideration in the choice of GPS
receiver is the accuracy of the time solution.
A conventional navigation receiver will have a
typical variation in its timing calculation of 0.5

QuaRrTzLOCK (UK) LTD.
Totnes, Devon, UK

MICROWAVE JOURNAL m JUNE 2010



OFF-THE-SHELF

o Different Types of Synthesizers fromZ 9 aty. 1-9

Offering the needs of a wide range of systems and applications

« Fixed Frequency

 Tunable Narrow Bandwidth

» Tunable Medium Bandwidth
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many more custom units designed into major programs supporting a wide range of applications.
TDSCDMA CDMA Repeaters WCDMA EDGE GSM TDMA PCS UMTS L-Band Satellite
Wireless LAN Point-to Point Radio Test Equipment Microwave Radio High Data Transfer Rates

Need a custom model? Please contact our applications department.
We invite you to visit our Website and view our standard models containing comprehensive
performance curves, data sheets, PCB layouts, and environmental specifications. ALL catalog models
are available for immediate delivery, direct from our web store. Have a unit in your hands for test
and integration as early as tomorrow.

Mini-Circuits... Your partners for success since 1969
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ISO 9001 ISO 14001 AS 9100 CERTIFIED
g P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
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GaN
Power Amplifiers

Nowadays, high efficiency
directly translates to “Green”
which is one of main concerns
for policy makers and our end
users.

With high efficiency, thermally
robust design and surprisingly
low price, it is now time to
change your solution to high
performance GaN amplifiers.

-
«

RFHIC GaN wideband amplifiers
are perfect for :

o

- Digital TV - WCDMA

- Radio - VSAT

- Jammer - Wideband

- WiMAX - Radar

- LTE -TRS
Part Number Frequency(MHz) P3dB(dBm)
RFC1G18H4-24 20~1000 36
RFW2500H10-28 20~2500 36
RWP05020-10 20~1000 43
RWP05040-10 20~1000 45
RWP06040-10 450~880 45
RWP15020-10 1000~2000 43
RUP15020-11 500~2500 40
RUP15030-10 500~2500 44
RUP15050-10 500~2500 46
RWP15020-G1 1000~2000 43
RWP25020-G1 2000~3000 43
RWMO03125-10 20~520 50.8
RWS05020-10 20~1000 43
RWS05040-10 20~1000 46
RUM15050-A1 500~2500 47
RUM15085-10 500~2500 49
RWM03060-10 30~520 49

=8 BB e Active RF & MW component Company
BFHIC ...

ridwide
; Tel) 82-31-250-5011 / Fax) 82-31-250-5088
www.rfhic.com E-rr)1ail) U

USA Office
Tel) 919-710-1645
E-mail) samkim @ rfhic.com
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to 2 ps RMS. This is a random varia-
tion caused by noise and ionospheric
effects. There will also be a systematic
longer term (minutes to hours) varia-
tion due to the satellite constellation
continuously changing.

A navigation receiver needs at least
four satellites to calculate a 3D posi-
tion and time. More satellites will
add redundancy, and will thus re-
duce errors in the position and time
calculation. A special timing receiver
assumes that the receiver is station-
ary; therefore, the position does not
change. The pseudo range measure-
ment from each satellite is only used
to calculate the time, giving greater
redundancy and less jitter.

If the position is not correct, then
the 1 PPS time output will have a sys-
tematic error. In order to avoid this, a
timing receiver will have a self-survey
mode where the position is calculated
and averaged continuously for several
minutes. After the self-survey is com-
plete, the receiver switches into posi-
tion hold mode.

A timing receiver operating in posi-
tion hold mode will have an RMS jitter
on the GPS time calculation of between
5 and 50 ns RMS. The GPS receiver
chosen for Quartzlock designs, includ-
ing the E8000, has a measured RMS
jitter on the outputs of about 7 ns.

HOLDOVER MODE

A GPS receiver used for timing
applications will often have a built
in monitor of the likely timing accu-
racy. The algorithm used was devel-
oped by Motorola, and is called the
Time-Receiver Autonomous Integrity
Monitoring (TRAIM) algorithm. If
the predicted error in the time cal-
culation increases above a threshold,
default 300 ns, the GPS receiver will
go into holdover mode. In this mode
the 1 PPS output time is held, and the
frequency output is locked at its cur-
rent frequency. The GPS receiver will
also set its digital output to indicate
that the receiver is in holdover. The
microcontroller can then freeze the
tuning voltage of the controlled oscil-
lator, putting this into holdover mode.

The drawback with this simple de-
sign is that the GPS receiver uses a
low quality internal TCXO for its in-
ternal clock. When the GPS receiver
goes into holdover, it freezes the out-
put time of the 1 PPS. However, as

the 1 PPS is timed internally from the
TCXO, it will drift and will not give
very good holdover performance.
What is required is a 1 PPS time pulse
that is timed from the controlled oscil-
lator. In this way the holdover perfor-
mance of the 1 PPS will be identical to
that of the controlled oscillator.

If the controlled oscillator is a ru-
bidium standard (E8010), then the
holdover performance will be 1 ps a
day. The solution is to use the GPS re-
ceiver in external clock mode. If this is
done when the GPS receiver goes into
holdover, the 1 PPS timing will come
from the controlled oscillator.

LOCKING CIRCUIT

The hardware and software used to
lock the controlled oscillator to GPS
time is a classic PLL implemented
digitally using a microcontroller. The
frequency output from the GPS re-
ceiver is set to 2.5 MHz. This is then
compared with divided outputs, also
at 2.5 MHz, from the controlled oscil-
lator using a quadrature phase detec-
tor. The microcontroller then samples
the outputs from the phase detectors
and implements the PLL.

This PLL is slightly unusual in that
the controlled oscillator has an effect
on both inputs of the phase detector.
On one input the controlled oscilla-
tor is divided down to 2.5 MHz and
is applied directly to the phase detec-
tor. On the other input the 2.5 MHz
comes from the GPS receiver, which
is clocked from the controlled oscilla-
tor multiplied to 20 MHz. The effect
of the GPS lock may be considered as
a variable divider, which sets the fre-
quency output to 2.5 MHz regardless
of the frequency of the controlled os-
cillator.

However, there will be regular
phase adjustments. These occur be-
cause the binary NCO in the GPS
receiver cannot divide by the exact
decimal divider required to gener-
ate 2.5 from 120 MHz (the GPS re-
ceiver internal clock). These regular
phase adjustments are filtered out
by the narrow bandwidth of the digi-
tal PLL.

A further effect is that the response
of the GPS receiver to a change in
frequency of its clock is not instanta-
neous. There is a delay between a shift
in clock frequency and the restoration
of the frequency output to its nomi-
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Well connected

Rosenberger
Coaxial Connectors
and Cable Assemblies

play a key role in many high-tech-applica-
tions — such as telecommunications, radio
base stations, automotive electronics,
test&measurement applications, aerospace
engineering, modern data networks, medical
electronics etc.

Our comprehensive product range covers
RF-coaxial connectors, automotive con-
nectors, adaptors or test &measurement
products such as high-precision connectors,
calibration Kits, test cables and many more.

New:

I Multiport coax connections —
for semiconductor test equipment
applications

| Passive intermodulation analyzers —
rack and portable types, site analyzers.

Rosenberger of North America, LLC Rosenberger Hochfrequenztechnik GmbH & Co. KG
Greenfield Corporate Center P.O.Box 1260

P.O.Box 10113 - USA — Lancaster, PA 17605-0113 D-84526 Tittmoning
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MIMIC

P1dB 19dBm~31dBm

- Transient and ESD protected
- Low current consumption
- Extremely low distortion

SOT-143 SOT23-6L

Perfect for :

- Digital TV Multi-Tuner

- Optical Node, RFoG

- TV Set-top box, Cable modem
- CATV Booster, Trunk Amplifier
- LTE, WiMAX, WCDMA

Freq. Range 5~100MHz
45~1000MHz
45~2600MHz

400~4000MHz

Gain 12~25dB

N.F 0.8~3dB

IP3 30~48dBm

P1dB 19dBm~33dBm

Voltage 3v~12V
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A Fig. 1 ES000 with high quality OCXO,
reference passive H maser.

nal value. The effect of this delay is
to add a further time constant to the
PLL loop filter. This unavoidable ex-
tra filter means that PLL bandwidths
cannot be too wide without loop insta-

bility developing.

SWITCH-ON SEQUENCE

For the ES8000, the time from
switch-on to the frequency standard
becoming useable is a function of
many things. These include the GPS
receiver cold start, self-survey time,
reference oscillator warm-up, and
PLL locking and stabilization time.
Sometimes a switch-on will follow a
change in position of the receiver, but
more often the position will remain
unchanged. In spite of this, for design
and user simplicity, it is assumed that
the receiver has moved after every
switch-on. Thus, the GPS receiver
will carry out its self-survey after ev-
ery switch-on. This takes about 15
minutes.

Most controlled oscillators are very
far from their final frequency during
warm-up. An OCXO may be 10 ppm
in error, and a rubidium will sweep its
OCXO during warm-up in order to
find the atomic resonance. The GPS
receiver will not operate properly if its
external clock is not stable to within 1
ppm. For this reason the GPS receiver
is held in reset until the controlled os-
cillator has warmed up.

At this point the PLL is activated
and starts locking. As the tuning volt-
age for the controlled oscillator is
stored in EEPROM from the last time
the PLL was in lock, the frequency
error at the phase detector should be
very small. However, there may be an
initial phase error of up to 2r radians.
This applies when the phase/frequen-
cy detector is in use, which it is during

1.0E-11 : .
= ~N
~‘-‘; 1.0E-12 =N
= ~r\.
1.0E-13
1.0E-1 1.0E+1 1.0E+3 1.0E+5
(S)

A Fig. 2 ES8000 with rubidium, reference
passive H maser.

initial locking. Correction of the initial
phase error can only be made by off-
setting the frequency of the controlled
oscillator. This is quite normal for any
PLL. In order to minimize the phase
pull in time the PLL bandwidth is set
to a maximum during locking.

MEASURED PERFORMANCE

The ES000 has been tested with a
variety of controlled oscillators. For all
the tests the GPS antenna was on a flat
roof with an unobstructed view of the
sky. The Allan variances (AVAR) can
be seen in Figures 1 (OCXO) and 2
(rubidium). With a rubidium oscillator,
the measured Allan variance was be-
low 1X10-12 at averaging times longer
than 100 seconds, with a floor of about
4x1013. With a high quality OCXO
the Allan variance was about 1Xx10-11
between two seconds and 100 seconds,
and fell to less than 1X10-2 at 10,000
seconds.

CONCLUSION

The ES000 now has a standard
performance level of -110 dBe/Hz at 1
Hz offset for phase noise and a short-
term stability of 8X10-1%/s. Optional
-115 dBc/Hz at 1 Hz offset and AVAR
of 6X10-13/s are also available. This
performance and choice in a low cost
GPS time and frequency reference is
a major breakthrough. The E8000 has
full NTP server plus separate RS232
for GPS View/WinOncore 12.

Quartzlock (UK) Ltd.,
Totnes, Devon, UK

+44 (0) 1803 862062,
sales@quartzlock.com,

www.quartzlock.com.

RS No. 300
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uniq“ennn
Yet Universal
SMPM-T

The SMPM-T is the smallest threaded open source

connector on the market. Its unique and innovative
combination of a MIL-STD-348 SMPM Female Interface
Connector together with a retractable threaded Nut
provides an integrated solution offering unprecedented
electrical and mechanical performance. The SMPM-T
handles high density requirements with a connector
centerline-to-centerline spacing of just 0.20 in. while
offering unmatched electrical stability at frequencies up
to 65 GHz in even the harshest operating environments
(>12,000g Shock). The SMPM-T Connector is available
along with Astrolab’s industry driving microbend™
“Bend-To-The-End” technology and is already qualified for
any Aerospace application with complete MIL-DTL-17,
MIL-PRF-39012, MIL-PRF-55427, MIL-STD-202, and MIL-
STD-810 heritage. The SMPM-T is designed to comply
with the hi-rel material restrictions of NASA while still
offering full compliance to RoHS and REACH Legislation
in the commercial market.

ASTROLAB .

Tel: 732.560.3800
Email: sales@astrolab.com
www.astrolab.com

Visit http://mwj.hotims.com/28490-13 or use RS# 13 at www.mwjournal.com/info
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(Continued from page 28)

market entries, such as Javelin Semi-
conductor, Black Sand Technologies
and RFaxis, are preparing for battle
with replacement parts to GaAs front-
end modules and will probably see
some Si solutions start to challenge
the GaAs dominance in this market.
Most of the designs from these play-
ers include single chip Si solutions for
applications such as handset front-
ends, WiFi, Bluetooth and ZigBee.
For the high volume handset front-

end market today, however, GaAs
is still the preferred technology and
offers the best performance, proven
reliability and fastest time to market.
The emerging Wireless HD technolo-
gies for using short-range millimeter-
wave technologies (typically 60 GHz)
are single chip Si technologies as their
range is limited so power levels are
adequate from Si solutions (SiBeam
and several of the large consumer
electronics companies are involved
in this technology). In addition, the

GrROVTH
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The MWJ/Besser Associates

Webinar Series
Grow your technical skills & professional prospects
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millimeter-wave automotive radar
systems are migrating to highly inte-
grated SiGe solutions to meet the cost
constraints to bring this technology
into mainstream cars (Autoliv—for-
merly M/A-COM, Infineon, etc.).

GaN is being inserted into future
high power military radar and com-
munications systems so it will displace
GaAs to some extent in those applica-
tions, but the design cycles are long
and it will take a while for this to take
effect. Although most of the GaN
work is being done on power devices,
expect to see some GaN LNA/switch
MMIC:s being designed to take advan-
tage of its low noise advantages and
high breakdown voltages so limiters
could be eliminated improving over-
all performance in the receive chain.
GaN is just starting to prove its worth
in cellular infrastructure applications,
but will also have to fight with Si
LDMOS for high power solutions.

The integration technologies of
GaAs have improved with the recent
BiHEMT processes to enable higher
performance single die solutions for
applications such as Wi-Fi and bias
circuitry in handsets, so GaAs is not
standing still. GaAs foundries are also
reducing costs with optical lithogra-
phy for smaller dimensions and con-
tinued cost efficiencies. With expect-
ed CAGR growth of 6 percent over
the next five years, the GaAs market
still has some legs in it and should for
the next several years as it battles Si
and GaN with both hands. Over this
time period, however, Si and GaN
technologies will take away noticeable
market share in select markets such as
short-range millimeter-wave and high
power military applications. H

A special thanks to Asif Anwar, Program
Director at Strategy Analytics, for contrib-
uting gmﬁhs and market data to this article
along with consultation.
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MMIC

AMPLIFIERS

DCto20GHz
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GVA, PHA

AVA, PMA
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NFiom 0.5dB, IP31©+48dBm, Gain10:30dB, Pout:+30dBm

Mini-Circuits offers one of the industry’s broadest selections of low-cost, MMIC Amplifiers up to 20 GHz.
These ultra-broadband InGaP HBT and PHEMT ampilifiers satisfy a wide range of commercial, industrial and military
applications with a variety of gain, low noise and high IP3 performance to address the most difficult specifications.

Tight process controls produce consistent performance across multiple production runs, ensuring repeatability
and confidence with every unit. In fact, cascading multiple ampilifiers often produce less than 1dB total gain variation at
any given frequency. Operating from supply voltages as low as 2.8V, current consumption down to 20 mA and packages
as small as our SOT-363, these MMIC amplifiers can meet critical size and power consumption system requirements.

Visit our website to locate the amplifier that meets your specific needs. Each model includes full electrical,
mechanical and environmental specifications and a full set of characterization data including S-Parameters.
Also - look for our application notes that provide characterization of our MMICs for complex modulation such as
WCDMA, LTE, QAM and other digital standards. All models are in stock for immediate shipment.
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ittite Microwave has launched

two new low cost, highly flex-

ible RMS power detectors
for RF power measurement/control
in Cellular/3G, LTE/WiMAX/4G,
broadband, test equipment and mili-
tary applications between DC and 5.8
GHz. Ideal for the measurement of
complex modulated waveforms with
large, dynamically changing crest fac-
tors, the HMC1010LP4E RMS Pow-
er Detector provides 60 dB of dynam-
ic range, a nominal logarithmic slope
of 37 mV/dB and a nominal intercept
of -68 dBm. The HMCI1010LP4E ex-
hibits superior detection accuracy of
+1 dB compared with any RMS de-
tector in the market for a price point
of only $1.99 at 10,000 piece volumes.

TECH BRIEF

Hirmite LAuncHes Two Low
Cost, HiGHLY FLExiBLE RMS
PowEerR DETECTORS

It exhibits less than 0.1 dB modulation
error at 900, 1900 and 2200 MHz.
The HMC909LP4E Single-ended
RMS Power Detector provides 40 dB
of dynamic range, a nominal logarith-
mic slope of 37 mV/dB and a nominal
intercept of -70 dBm over its entire DC
to 5.8 GHz range. The HMCO09LP4E
combines superior detection accuracy
and better modulation performance
than the competition at a price point
of only $1.49 at 10,000 piece volumes.
It exhibits less than 0.1 dB modula-
tion error at 900, 1900, 2200 and 3500
MHz and 0.4 dB at 5800 MHz.
Flexibility and dynamic control fea-
tures have been designed into both the
HMCI1010LP4E and HMC909LP4E
RMS Power Detectors. Both products

introduce a new digitally programma-
ble integration bandwidth feature that
permits the use of different integration
bandwidth settings on the same system
platform. Temperature stability is ex-
cellent with less than +1 dB total error
from -40° to +85°C maintained over
the entire DC to 3.9 GHz frequency
band. Both products’ RF inputs are
externally matched to 50 ohms, oper-
ate from a +5 V single supply and are
housed in a 4X4 mm plastic leadless
surface-mount package.

Hittite Microwave Corp.,

Chelmsford, MA

(978) 250-3343,

sales@hittite.com, www.hittite.com.
RS No. 302
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4G World™ is the first and only conference and expo covering
the entire ecosystem of next-generation technologies that
enable the mobile Internet revolution, including mobile network
infrastructure, advanced devices, applications and content.
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Visit www.4GWorld.com to register today.
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For additional information or technical support,
please contact our Sales Department at [(6B31) 439-9220
or e-mail components@miteq.com

100 Davids Drive, Hauppauge, NY 11788
(631) 436-7400 FAX: (631) 436-7430
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\WEB UPDATE

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE FEATURING \¥)VENDORVIEW STOREFRONTS

HI-REL Components

This website outlines the newest addition to
Aeroflex/Metelics” product family. Aeroflex/
Metelics now offers JAN-qualified diodes
and transistors due to the company’s recent
acquisition of HI-REL Components of Law-
rence, MA. DSCC qualification has been
received to MIL-PRF-19500N/578 and /609.
The company’s Hard Glass Switching Diodes
and Small Signal Zener Diodes recently re-
ceived DSCC qualification. Watch for more
new products in the coming months.
Aeroflex/Metelics,

54 Grenier Field Road,

Londonderry, NH 03053

www.aeroflex.com/
metelics-hirelcomponents

AR's Knowledge Center
\VENDORVIEW

The AR Knowledge Center is a convenient
virtual library featuring the company’s com-
plete educational and informative offerings
including software and software updates,
application notes, newsworthy articles and
exciting product demonstrations. All materi-
als are available for download including the
Orange Book of Knowledge.

AR RF/Microwave Instrumentation,

160 School House Road,

Souderton, PA 18964

www.ar-worldwide.com

116

Components and Subsystems
JVENDORVIEW

Aeroflex/Weinschel’s website outlines the
company’s wide variety of standard RF and
microwave components and subsystems that
operate over the DC to 50 GHz frequency
range. Aeroflex/Weinschel also designs and
manufactures custom RF and microwave
components and subsystems for application
speciﬁc customer requirements.
Aeroflex/Weinschel,

5305 Spectrum Drive,

Frederick, MD 21703

www.aeroflex.com/weinschel

€ AURIGA

Microwave Solutions

Auriga’s new website provides greater infor-
mation on the company’s design and manufac-
ture of RF front-end capabilities and its suc-
cess in the SBIR (Small Business Innovative
Research) program. Auriga will continue to
develop and manufacture test equipment, but
anticipates long-term growth to come from its
leading-edge design and manufacture of high-
performance power amplifier modules.
Auriga Microwave,

650 Suffolk Street, Suite 410,

Lowell, MA 01854

www.aurigamicrowave.com

Test and Measurement Solutions

YVENDORVIEW

Anritsu Co. is the American subsidiary of
Anritsu Corp., a provider of innovative com-
munications test and measurement solutions
for more than 110 years. Anritsu provides so-
lutions for existing and next-generation wired
and wireless communication systems and op-
erators. Anritsu products include wireless,
optical, microwave/RF, and digital instru-
ments as well as operations support systems
for R&D, manufacturing, installation and
maintenance.

Anritsu Co.,

1155 East Collins Blvd., Suite 100,
Richardson, TX 75081

Components, Subsystems and
Transceivers

Daico produces advanced IF/RF and micro-
wave control products and amplifiers for the
defense electronics, aerospace, commercial
aircraft, wireless and other high-end com-
mercial industries. From commercial space to
advanced wireless applications, the company’s
custom high-reliability products are integral
to complex operations of major satellite, radar,
navigation, communications, electronic war-
fare and missile systems.

Daico Industries Inc.,

1070 East 233rd Street,

Carson, CA 90745

www.daico.com
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To build the next world class .
MMIC design empire

Besides design capability
You also need world class professional foundry

R Weare
R the world largest GaAs pure-play foundry

and we can make MMIC designer's
dreams come true!
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ICs, Modules, Subsystems and
Instrumentation

JVENDORVIEW

Hittite’s redesigned website includes a dy-
namic homepage featuring full specifications
for over 825 products across 25 product lines,
press releases and featured articles. Compre-
hensive Individual Product “Splash Pages”
containing product information and technical
content are located on one page. Engineers
will find Product Support and Quality & Reli-
ability pages containing reference materials.
Hittite Microwave Corp.,

20 Alpha Road,

Chelmsford, MA 01824

| ittncom
New 2010 Release!

Wafer-Level Testing and Test During

Burn-In for Integrated Circuits
Sudarshan Bahukudumbi, Intel Corporation, and Krishnendu
Chakrabarty, Duke University

testers;

S

il IIHEE

Radome Engineering and
Manufacturing

MFG Galileo Composites is an ISO 9001 cer-
tified radome engineering and manufactur-
ing company with an unmatched composites
engineering capability. MFG Galileo delivers
technology leadership, a commitment to in-
novation and superior customer service. MFG
Galileos ground-based and shipboard ra-
domes support L-band through Ka-band ap-
plications. The company has an installed base
of more than 500 radomes around the world
and is part of Molded Fiber Glass Companies.
MFG Galileo Composites,

18361 Galileo Drive,

Opp, AL 36467

Constantly increasing test and packaging costs mean steeper
product costs and lower profit margins. These costs can be
better controlled and reduced through the use of wafer-level test
and burn-in (WLTBI) techniques. This practical book serves as
your personal tutorial, guiding you in implementing test solutions
that can help you achieve higher shipped-product quality and
lower product cost, especially for emerging technologies such
as three-dimensional integrated circuits. This concise, yet
comprehensive guide helps you:

B Implement wafer-level testing of integrated circuits under
various resource constraints;

B Enable next generation products using previous generation

W Utilize the latest industry practices and trends in WLTBI.

Hardcover » 198 pp. 2010  ISBN: 978-1-59693-989-9 $99/£65

\WEB UPDATE

Antennas and Antenna Systems

TECOM Industries Inc., part of Smiths Inter-
connect, is a leader in innovative design and
manufacturing of high performance anten-
nas and antenna systems for aerospace, de-
fense and commercial wireless applications.
TECOM'’s antenna systems meet challenging
RF requirements in telemetry, electronic war-
fare and broadband communications. As a key
partner to customers, the TECOM team is
adept at development and production of high
volume antenna systems with excellent qual-
ity, reliability and on-time delivery.

TECOM Industries Inc.,

375 Conejo Ridge Avenue,

Thousand Oaks, CA 91361

Reduce
test and
packaging
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Visit ArtechHouse.com for a complete description and to order

Order at www.artechhouse.com or contact the office nearest you: [Tl FAX Purchase orders and credit card orders to 1-781-769-6334

PHONE Toll-Free 1-800-225-9977, ext. 4030 or 1-781-769-9750 E-MAIL artech@artechhouse.com m FAX Purchase orders and credit card orders 24 hours
a day to +44 (0)20 7630-0166 PHONE +44 (0)20 7596-8750 E-MAIL artech-uk@artechhouse.com All orders plus shipping/handling and applicable taxes.

.
?, ARTECH HOUSE B80STON |LONDON

685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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Thermopad® provides Passive Attenuation
from the Sahara to the depths of space

We are the Global Leader in Temperature Variable
and Fixed Attenuation from DC to 50 GHz

» Solves temperature compensation problems with a passive device
» SMT components in all frequency ranges up through Q band

» A workhorse in telecommunication applications for 15 years

* 35 years of space heritage
» Wire-bondable and coax versions available

» Nominal attenuation from 1 to 10dB, power up to 2 watts

e

8851 SW OIld Kansas Avenue, Stuart, FLL 34997 USA
Phone: 772-286-9300 or 800-544-5594
www.emct.com
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Exhibit at Europe’'s Premier
Microwave, RF, Wireless and
Radar Event

European Microwave Week 2010 will provide:
e 7,500 sqm of gross exhibition space ¢
¢ 5,000 key visitors from around the globe
* 1,700 - 2,000 conference delegates ¢
¢ In excess of 250 exhibitors ¢

Running alongside the exhibition are 4 separate, but
complementary conferences plus workshops and short courses.

Interested in exhibiting? Book online NOW!

www.eumweek.com

For further information please contact:

Kristen Anderson
Horizon House Publications Inc.
685 Canton Street
Norwood, MA 02062, USA
E:kanderson@mwjournal.com
Tel: +1 781 769 9750
Fax: +1 781 769 5037

Richard Vaughan
Horizon House Publications Ltd.
16 Sussex Street
London SW1V 4RW, UK
E:rvaughan@horizonhouse.co.uk
Tel: +44 20 7596 8742
Fax: +44 20 7596 8749
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The 40th European Microwave Conference
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European Radar Conference

European Radar Conference
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European Microwave Integrated
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European Wireless
Technology Conference
Co-sponsored by:

MTT-S°


http://www.eumweek.com
mailto:rvaughan@horizonhouse.co.uk
mailto:kanderson@mwjournal.com
http://www.eumweek.com

You Have Load Pull Needs - We Have You Covered!

Maury Microwave Has the Most Complete Selection of Load Pull Solutions

MAURY's Mixed-Signal Active
Load Pull Allows Wideband
Modulated Impedance Conirol
for Base Station PAs

Active and Hybrid Load Pull
Using PNA-X Simplifies
Harmonic Tuning with
Gamma =1

Pulsed-Bias Pulsed-RF
Harmonic Load Pull
for GaN and Wide Band-Gap
Devices

P —
Era :I'—_.-_".‘_'-'_'_-;_ = ¢

X-Parameter Modeling for
First-Pass Advanced Amplifier
Design at over 200W!

Ultra-Fast Noise Parameter
Method Gives More Accurate
Results in Less Than 1/100th
the Time to 110 GHz!

Stability and Conformance
Testing of Mobile Phones for
GSM, CDMA, WCDMA...

Advanced Integration of
On-Wafer Load Pull and Noise
Parameters to 110 GHz

USB and TCP-IP Tuners for
Do-It-Yourself Programing
Using DLL or Direct ASCII

Commands

The Most Accurate and

Repeatable Manual Tuners for
Simple Tuning Requirements

Maury Microwave - Your Complete Measurement & Modeling Solutions Partner

On the Web at MAURYMW.COM

2900 Inland Empire Blvd., Ontario, California 91764 s USA - Agilent Technologies
Tel: 909-987-4715 » Fax; 909-987-1112 » Email: maury @ maurymw.com

MAURY
MICROWAVE

COoORPORATIHON

—— Salotions Pariner
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New Waves: Semiconouctors/MMICs/REICS

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING W VENDORVIEW STOREFRONTS

GaAs MMIC Devices
Y)VENDORVIEW

Freescale Semiconductor entered the GaAs
MMIC marketplace with the introduction of
four new devices designed and optimized spe-
cifically for high performance in macro base
stations, repeaters and femtocells employed in
wireless networks. The devices address low-
noise amplifiers and transmit power amplifiers,
two elements of wireless infrastructure equip-
ment for which extremely high RF performance
is critical. The devices are also designed for low
power consumption, resulting in optimized en-
ergy efficiency and long-term reliability.
Freescale Semiconductor,

Austin, TX (800) 521-6274,

www.freescale.com.

RS No. 215

THz Schottky Barrier Diode
Foundry Process

The planar Schottky diode process features cut-
off frequency (fco) > 1 THz with an ideality fac-
tor of 1.1. The low diode turn-on voltage (< 500
mvy) allows mixer operation with a LO power
below 10 dBm and a conversion loss of 6.5 dB at
W-band. GCS’s process can be integrated with
other passive components, such as MIM caps,
spiral inductors, thin film resistors and trans-
mission lines to realize diplexers and filters
monolithically. The monolithic integration
eliminates unwanted parasitic elements from
wire bond, which is highly undesirable at mmW
frequencies. For microwave frequency trans-
ceiver components, this THz diode is ideal for
low conversion loss mixers, with options to be
monolithically integrated with HBT circuits
(LO and linear PA) and HEMT circuits (LNA,
switch and PA).

Global Communications Semiconductor,
Torrance, CA (310) 530-7274,
WILW.ZCSINCOrp.com.

RS No. 216

Sub-harmonic SMT MMIC
Upconverter

YVENDORVIEW

The HMCT711LC5 is a GaAs MMIC Sub-har-
monic upconverter that delivers a small-signal
conversion gain of 15 dB and wide IF band-
width of DC to 3.5 GHz. The HMC711LC5
utilizes a double-balanced mixer that is driven
by an active x2 multiplier and followed
by a high linear-
ity amplifier.
This  compact
upconverter ac-
cepts LO input
frequencies from
9.5 to 13.6 Gz,
and LO power
levels as low as 0 dBm, allowing it to be driven

122

directly from a synthesizer output. The
HMCTI1LC5 also exhibits +28 dBm output
IP3 and +17 dBm output P1dB, and operates
from a single +5 V supply. This high linearity
converter is a much smaller alternative to hy-
brid style sub-harmonic upconverter assemblies
and eliminates the need for wire bonding by al-
lowing the use of surface-mount manufacturing
techniques.

Hittite Microwave Corp.,

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

RS No. 217

High Frequency References
YJVENDORVIEW

The product is
available as free
running  VCOs
and phase
locked sources
with other fre-
quencies possi-
ble from 300 to
2500 MHz.
Model HFSO1000-12 is a free running VCO
operating at 1000 MHz, with +12 V supply,
typical tuning range of 100 kHz and phase noise
-153 dBc/Hz at 10 kHz offset. This ultra-low-
noise VCO is packaged in a compact surface-
mount enclosure measuring 12.5 x 12.5 x 4.6
mm. The phase locked option model
FCTS1000-X is also available as a surface-
mount package measuring 23.9 x 23.9 X 5.6 mm
and can be phase locked to an external crystal
oscillator source for the required frequency sta-
bility. An SMA connectorized package is also
available with dual outputs, and can include the
internal TCXO or OCXO reference source.
Synergy Microwave Corp.,

Paterson, NJ (973) 881-8800,
www.synergynmwave.com.

RS No. 218

GaAs RF Transistors

These 4 W, 4
GHz GaAs RF
transistors  are
highly versatile.
TriQuint’s new-
est GaAs PHEMT
discrete transistor,
TGF2021-04-SG,
is a versatile so-
lution for a wide range of applications from 20
MHz to 4 GHz. The TGF2021-04-SG operates
at 12 V and produces 4 W (P1dB) with 12 dB
gain at 4 GHz. It is well suited as a pre-driver in
handheld wireless devices, base station systems
or other applications up to 4 GHz.

TriQuint Semiconductor Inc.,

Hillsboro, OR (503) 615-9000,

www.triquint.com.

Juirrt
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Components

RF Coaxial Cable Assembly

The CCK40 Series cable assembly is a new ad-
dition to the companys line of low-loss RF

coaxial cable assemblies. Designed to operate
up to 40 GHz, the CCK40 features rugged
stainless-steel solder-clamp construction and
heavy duty strain reliefs. This low-loss cable
provides an attenuation value of 0.90 dB/ft. at
40 GHz. The CCK40 Series cable offers shield-
ing effectiveness of greater than -90 dB with an
operating temperature range of -535° to +85°C
(extended range of -55° to +125°C available
through special order). The CCK40 Series ca-
ble offers a minimum bend radius of 1.0" and is
available in-stock with 2.92 mm (K) connectors.
Crystek Corp.,

Fort Myers, FL (239) 561-3311,

www.crystek.com.
RS No. 220

Injector-Diplexer

Microlab an-
nounced a new
low cost injector-
diplexer, to sepa-
rate or combine
the VHF-UHF
band from 80 to
520 MHz from
all the wireless
frequency bands from 698 to 2700 MHz. Using
suspended substrate, the wireless frequency loss
is minimized to less than 0.5 dB, and the loss at
VHF-UHF frequencies is less than 0.3 dB.
‘Tuned-by-Design™ eliminates the high cost of
adjusting multiple cavities in conventional de-
signs, while maintaining high isolation between
key bands, sufficient for most diplexer applica-
tions, such as sharing a common antenna or dis-
tributed antenna system.

Microlab,

Parsippany, NJ (973) 386-9696,
www.microlab.fxr.com.

RS No. 221

Solid-state RF Switch
Y)VENDORVIEW

The ZFSWA2-63DR+ is a general-purpose
SPDT solid-state absorptive RF switch. With its
broad frequency range, fast 35 ns switching
time and excellent RF performance, the
ZFSWA2-63DR+ is an excellent choice for
many  applica-

tions. In addi-

- \*'é‘ tion to its versa-
ZFSWA2-63DR+

is designed for
easy integration into prototype design applica-

tility  within
tions. This RF switch provides a wide band-

system  block
diagrams, the
width of 0.5 to 6 GHz, high isolation of 65 dB at
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Directional/Bi-Directional

From

Mini-Circuits LTCC coupler family offers versatile, low cost
solutions for your 5§ kHz to 4600 MHz needs with rugged
connectorized models from .74”x.50” to surface mount
couplers from 12”x.06; the smallest in the world! Choose
from our 50&75 Q directional and bi-directional couplers with
coupling ranging from 6-22 dB and with capability to pass
DC. Mini-Circuits offers the world’s most highly evolved LTCC

ea Oty 1000

>

5

LTCC COUPI.ER FAMILY :

technology delivering both minimal insertion loss and high
directivity with models handling up to 65 W. All of our couplers
are ESD compliant and available as RoHS compliant. For full
product details and specifications for all our couplers, go to
Mini-Circuits web site and select the best couplers for your
commercial, industrial and military requirements.

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

®

ISO 9001 1SO 14001 AS9100 CERTIFIED

%

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

7 minicircuits.col
odl2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see—?—r‘nr

Patent Pending

IF/RF MICROWAVE COMPONENTS
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NEw PRODUCTS

1 GHz, fast switching of 35 ns and a rugged case
with internal hermetically sealed ceramic semi-
conductor module. Price: $69.95 (Qty. 1 to 9).
Mini-Circuits,

Brooklyn, NY (718) 934-4500,
www.minicircuits.com.
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Even Harmonic Mixer

\VENDORVIEW

MITEQ’s new even harmonic mixer is now
available for radar, communication and related
test system  applications. The  model
SBE1040LW1 covers from 10 to 40 GHz on the

‘,..-.-'

www.miteq.com.

RF input and
only requires 5
to 20 GHz for
the LO, with an
output IF of DC
to 4 GHz. The
even harmonic
nature of this
mixer reduces
the need for
high frequency
LO sources. This model operates over a -54° to
+85°C temperature range, and is ideal for rug-
ged military systems applications.

MITEQ Inc.,

Hauppauge, NY (631) 436-7400,

RS No. 223
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Variable RF Attenuators
)VENDORVIEW

The model
794M calibrated
0-to-40-dB vari-
able attenuator
provides flat fre-
quency response
from 4 to 8 GHz
and provides di-
rect readout of attenuation values. Its precision
makes the model 794M an excellent choice for
measurement applications. Model 794M has at-
tenuation accuracy of #2.5 dB, handles 10 W
average and 5 kW peak RF input power, and has
a maximum VSWR of 1.25:1 and insertion loss
of 0.5 dB or less. It is housed in a rugged enclo-
sure, utilizes Type-N female input and Type-N
male output connectors, and measures 8.5" X
5.2" x 1.7" and weighs 5.7 Ib. The model 794M
is accompanied by the model 793FM, which
has an attenuation range of 0 to 20 dB and has
identical characteristics to the model 794M ex-
cept for accuracy of = 1 dB. Both models are
available from Narda for immediate delivery.
Narda Microwave-East,

Hauppauge, NY (631) 231-1700,
www.nardamicrowave.com.

RS No. 224

Custom Microwave

Sub-assemblies

Phase Matrix’s Microwave Components group
designs and manufactures custom RF and mi-
crowave sub-assemblies and components up to
50 GHz for commercial and military applica-
tions. Circuit designs include built-in control,
monitoring and
test  functions.
Manufacturing
techniques em-
ployed include
soft-board, thin-
film chip and
wire, and sur-
face-mount assembly as required for specific
applications. Phase Matrix specializes in repro-
ducing replacement parts for Avantek and Wat-
kins-Johnson custom oscillator sub-assemblies.
In addition, Phase Matrix has supplied custom
amplifiers, VCOs, DTOs, up/downconverters,
frequency multipliers, diplexers, SPMT switch-
es, filters, variable attenuators and phase-locked
oscillators.

Phase Matrix Inc.,

San Jose, CA (408) 428-1000,
www.phasematrix.com.

RS No. 225

Directional Coupler

Pulsar model
CS20-52-436-9
is a new 20 dB
coupler that oper-
ates in the fre-
quency range of 2
to 40 GHz with
1.6 dB insertion
loss. Directivity is
greater  than 10 dB  and flamess s
+0.5dB 2 to 20 GHz and 1.0 dB 2 to 40 GHz. The
VSWR s 1.80:1 maximum and the unit can handle 20
W into a 1.20:1 load. Connectors are 2.92 mm female.
Pulsar Microwave,

Clifton, NJ (973) 779-6262,
www.pulsarmicrowave.com.

RS No. 226
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High power, small footprint
broadband power amplifiers
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2 to 18 GHz 8W
power amplifiers

= High linearity

= Small and lightweight

= Custom designs available

Space switches

= Direct replacement for
legacy switches

= High isolation >45dB

= Compact hermetic packages

= |ntegrated control logic

= Available in Class K

Broadband power amps
= Designs up to 65GHz
= High efficiency and linearity
= Power up to 150W pulsed,
120W CW
High reliability

At Aeroflex Plainview, we're all
about experience, and offering
cost-effective solutions that do
not sacrifice performance and
quality. We combine extensive
space design and packaging
expertise with cutting-edge,
proven technologies to provide
highly-integrated microwave
assemblies, amplifiers, switch-
es, and up/down converters
that operate up to 65GHz.

800-645-8862

aeroflex.com/bband

&
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A passion for performance.
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DUAL WAVEGUIDE & COAXIAL
SWITCH SPECIALISTS

Highest reliability for non-redundant locations
in the majority of ground stations worldwide.
Request your “AF Switch Slide Guide" today!

SECTOR MICROWAVE
INDUSTRIES, INC.
999 Grand Blvd., Deer Park, New York 11729
(631) 242-2300 = FAX: (631) 242-8158
Web: www.seclormicrowave.com

BOARD2BOARD....

Get More with
SMP-MAX at

More Places!

Cost-effective Radiall
SMP-MAX RF Coax
Connectors with
misalignment
tolerances as high | Of

as.078” 2mm) | RADIALL®

and up to 3° tilt. www.radiall.com

Now available at:

molex

www.molex.com
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New ProbuCTS

Terminated Diplexer

Y)VENDORVIEW

Reactel part number 2DMPX-102-N11 is a ter-
minated diplexer. This unit exhibits superior
VSWR performance in both the passband (120
to 1000 MHz) and reject band (20 to 100 MHz).
This high power unit offers 0.7 dB of insertion
loss and greater than 70 dB of rejection. Please
contact the factory for this or any other filter
requirement that you have.
Reactel Inc.,
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 227

High Frequency Test Cables

\

AP

RF Industries offers a line of 18 GHz precision
test cables in standard or custom lengths, suit-
able for production or lab environments. Fea-
turing high-grade, passivated, stainless steel
SMA males with PTFE insulators, this unique
cable is configured for low loss and low VSWR.
With triple shielding for optimum EMI protec-
tion, they are very phase-stable during mechan-
ical and environmental stresses. The cable is
also manufactured in accordance with MIL-
DTL-17, type IX specification. Other features
include high velocity of propagation, wide oper-
ating temperature and blue FEP jacket. Ar-
mored versions for rugged field applications are
also available.

RF Industries,

San Diego, CA (858) 549-6340,

wwwn_ﬂz2.com.

RS No. 228

Power Dividers and Combiners

RLC Electron-
ics” series DCB-
1020 is an in
phase power di-
vider/combiner
with high isola-
tion, small size
and superior per-
formance in a
single package. All microstrip and stripline power
dividers typically pass DC on all ports. These units
utilize microstrip construction with blocking ca-
pacitors on all ports except those that are intended
to pass DC.

RLC Electronics Inc.,

Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 229

Amplifiers

X-band Amplifiers

AML announces
the availability of
a low noise X-
band amplifier,
model number
AMLSI12L3003.
This LNA oper-
ates in the fre-
quency range of
8§ to 12 GHz with small-signal gain over 30 dB
and a noise figure of 1.1 dB typical. Output
P1dB is +10 dBm minimum. This amplifier is
available in a SMA connectorized housing with
internal voltage regulation and reverse voltage
protection.

AML Communications Inc.,

Camarillo, CA (805) 388-1345,

www.amlj.com.

RS No. 230

100 W Amplifier System
YVENDORVIEW

AR Modular RF’s model KAW2020M 16 is a
100 W amplifier system used in simulated com-
bat training environment. This model operates
in a frequency range from 220 to 245 MHz.
This newly designed unit is only 2RU high and
will run cool at full power in harsh environ-
ments. The system features forward and reflect-
ed power indication, with full overdrive, VSWR
and over-temperature protection.

AR Modular RF,

Bothell, WA (425) 485-9000,
www.ar-worldwide.com.

RS No. 241

Small Form Factor Module Designs

Increasing demands for reductions in size and
weight, and ongoing requirements for higher lev-
els of functionality and overall efficiency, are driv-
ing innovations in packaging and amplifier design
at the module level. Building on device knowledge
and integration expertise, Empower has designed
and delivered high performance, multi-function
modules that are integral building blocks in de-
manding defense and commercial applications.
Features include: internal DC-DC converters for
battery operation; advanced control functions and
performance monitoring; high efficiency, Doherty
designs; and latest GaN on SiC Technology.
Empower RF Systems Inc.,

Inglewood, CA (310) 412-8100,
www.empowerrf.com.

RS No. 231
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Backing Materials
Aluminum
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Benefits

Improved Heat Sinking
Dimensional Stability
Easier Component Mounting

Improved RF Grounding
Less Assembly Process Time and Better Yields

When thermal efficiency is critical, choosing a metal-backed board design can provide improved
thermal disbursement capabilities for high power applications. The thick metal ground plane can
provide a rigid, flat base for component attachment increasing the reliability and durability of your
product. At MCN, our 25 plus years of microwave experience has led to the development of
proprietary processes to meet your design requirements for high precision performance. An in-house
technical support team at MCN will work with you from material selection, design for manufacturing
through the assembly process to provide the best solution and value for your board level requirements.

Other Capabilities:
= PTFE Hybrid & Metal Core Multilayers
» Precision Laser Cutting - Conductive Epoxy Attachment

105 E. Jarrettsville Road * PO Box 453 Forest Hill, MD 21050
Tel: 410/879-6553 * Fax: 410/638-7356

Modular Components National www.modularcomp.com
Visit http://mwj.hotims.com/28490-73 or use RS# 73 at www.mwjournal.com/info
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New ProbuCTS

S-band Power Amplifier

The MKU PA
3430 A is a two-
stage  S-band
power amplifier
that has been
built using the
latest 28 V LD-
MOS technolo-
gy. It operates
in the 3400 to 3600 MHz frequency range, has
a typical output power of 20 W (CW), a mini-
mum saturation power of 30 W (CW), weighs
140 g and measures 80 by 59 by 20 mm. Fur-
thermore, the PA has an ON/OFF function and
an output monitor for observing the output
power. It has been developed both for digital
applications (WiMAX) and analog transmission
systems.

Kuhne electronic GmbH,

Berg, Germany 0049-(0)9293-800 939,
www.kuhne-electronic.de.

Modco Dual Band Synthesizers
in a 0.6 inch square package.

The PDM832-1920V1 is a dual band Syn-
thesizer designed to operate at 832MHz and
1920MHz. It offers
exceptional ~ Phase
Noise of -120dBc @
10kHz, -98dBc @
10kHz offset respec-
tively and +1dBm
Power Output. PDF sampling sidebands are
-75dBc, frequency isolation is -30dBc and
Locktime is 3mS. Operating temperature
range is -45 to +85 Degree C Package is 0.6
inch square and 0.138 inch in height. Cus-
tom designs and 0.5" square single band
models are available.

www.modcoinc.com

RS-71

Punctual....

Why are AST’s delivery times better?
At AST we pride ourselves on telling our potential
new customars that we have never been a day late.
Our manufacturing techniques and our ability to
keap many standard switches in stock, maans that
you will never have to wait for a switch again.

In fact, in small quantities, we can ship to you in

1 business weel. Come and see why AST s the only

punctual switch provider .
Advanced
Swilch
Technology
www.astswitch.com
RS-2
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RS No. 232

Power Amplifier Module
\VENDORVIEW

Mimix Broad-
band Inc. intro-
duces a 3.5 to 6
GHz 3 W power
amplifier module
(PAM) housed in
an  RoHS-com-
pliant, 7 X 7 mm
package. This
highly linear
two-stage  am-
plifier delivers
18.5 dB of gain and 34 dBm of power at 1 dB
compression point. Identified as XP1044-QL,
this PAM provides less than 2.5 percent EVM
at 26 dBm output power with 802.16 OFDM
signal and peak to average ratio of 9.17 dB. The
input and output of the device are internally
pre-matched, facilitating a simplified input and
output match. The XP1044-QL is designed for
WiMAX applications between 4.9 and 5.9 GHz,
and the performance can be shifted by adding
external matching components to cover appli-
cations between 3.5 and 5 GHz.

Mimix Broadband Inc.,

Houston, TX (281) 988-4600,
www.mimixbroadband.com.

EPI D0l LS-b0 GHz

IW Powur Amplifier Module

RS No. 233

Power Amplifiers

Y)VENDORVIEW

Skyworks Solutions Inc. has introduced five 3 x
3 mm power amplifier modules (PAM) with an

integrated daisy chain coupler for next-genera-
tion platforms. These PAMs support all re-
quired modulations for a given frequency band
including COMA, WCDMA and LTE handsets
and datacards. In addition, they enable a variety
of compatible baseband/RF architectures.
Skyworks Solutions,

Woburn, MA (781) 376-3000,
www.skyworksinc.com.

RS No. 234

Antenna
S-band Blade Antenna

Cobham Sensor Systems, Baltimore announces
model 11C22900, a rugged and reliable S-band
blade antenna designed for telemetry applica-
tions. The antenna frequency range is 2.2 to 2.3
GHz, VSWR is 2:1 maximum, the polarization
is vertical and its radiation pattern is similar to a
quarter-wave stub. This unit is sealed from wa-
ter and is capable of handling 250 W CW of
power. It is finished in flat black epoxy paint.
Cobham Sensor Systems,

Baltimore, MD (410) 542-1700,

www.cobham.com.

RS No. 235

Material

High Frequency Laminates
Y)VENDORVIEW

Rogers recently launched the RO4360 high fre-

quency laminates, the latest addition to
the RO4000® product family. RO4360 thermo-
set laminate materials are specially formulated to
meet a Dk of 6.15 and exhibit a low dissipation
factor of 0.0038 at 10 GHz. RO4360 laminates
possess a Z-axis coefficient of thermal expansion
of 30 ppm/°C (CTE) for dependable plated-
through-hole (PTH) quality in multilayer circuit
and package designs and are lead free process
capable. Look for Rogers bonding layer with a
matching 6.15 dielectric constant coming soon.
Rogers Corp.,

Chandler, AZ

(480) 961-1382,
www.rogerscorporation.com.

RS No. 236
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tion of 13ma and
powered applic

10kHz Pushing is

Miniature 0.3 inch square CRO

Modco announces its MCS Series CRO’s.
Low Vcc of 3.3V and current consump-

makes it ideal for battery
ations. Model Number

MCS1400-1470CR tunes 1400-1470MHz
with a Vt of 0.3-2.7V It provides 0dBm
output power. Phase Noise is -110dBc @

0.2MHz per volt and Pull-

ing is 0.9MHz. Many models are available.
www.modcoinc.com

NEw PRODUCTS
Software

System Simulation Software

FrFeEFealng
IR ETT o )
o :54@4;@:

ACS recently released Version 1.02 of the LINC2
VSA (Visual System Architect) system simulation
software. This new version adds a measurement op-
tion for tracking signal levels relative to P1dB (one
dB gain compression) at every node in the system.
When plotted, Signal/P1dB shows at a glance wheth-
er the signal level at any component is at, above or
below the component’s P1dB compression point.
Applied Computational Sciences (ACS) LLC,
Escondido, CA

(760) 612-6988,

www.appliedmicrowave.com.

RS-72

SPECIAL

RF ADAFTERS

%)

SMA
Plug or Socket

- acs. o MIL-STD-348A
o

RF INSERT

MIL-C-38026102 or 103

YES,

WE HAVE!

sales.usa@cpeitalia-group.com
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w

Assemblies
&S "= | custom
Since 1993 Connector

PUSH-ON
SMA &N
Adapters

PUSH-ON
SMA Cable

www.rftec.com
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Sources
Frequency Synthesizer

The SLX-4000 is a miniature broadband fre-
quency synthesizer for battery powered military
systems and devices. The unit operates from
2000 to 4000 MHz (octave bandwidth) locked
to a 10 MHz external reference and features 5
MH_z step size. The unit also features +4 dBm
output power, low spurs and extremely low cur-
rent draw (+5 V at 60 mA, typical). Fast switch-
ing units are also available. The SLX Series is
housed in an ultra-miniature 0.5" square pack-
age.

EM Research Inc.,

Reno, NV (775) 345-2411,
www.emresearch.com.

130
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RS No. 238
Voltage-controlled Oscillator

Micronetics introduces a RoHS compliant
MWS500-1838  voltage-controlled  oscillator
(VCO). The MW500-1838 1/2" smt VCO has a
tuning range of 2570 to 2655 MHz from 1 to 5.5V
tuning using a 5 V supply. Output poweris +2 dBm
+1.5 dBm while using less than 30 mA of current.
Micronetics Inc.,

Hudson, NH

(603) 883-2900,

www.micronetics.com.

RS No. 239

Voltage-controlled Oscillator

Z-Communications Inc. announces a new
RoHS compliant voltage-controlled oscillator
(VCO) model SMV3330A-LF in S-band. The
SMV3330A-LF operates at 3300 to 3360 MHz
with a tuning voltage range of 0.5 to 2.5 VDC.
This VCO features a typical phase noise of -84
dBe/Hz at 10 kHz offset and a typical tuning
sensitivity of 125 MHz/V. The SMV3330A-LF is
designed to deliver a typical output power of 5
dBm at 3 V DC supply while drawing 14 mA
(typical) over the temperature range of -5° to
60°C. This VCO features typical second har-
monic suppression of -20 dBc and comes in Z-
Comm’s SUB-L package measuring 0.3" x 0.3"
x 0.08".

Z-Communications Inc.,

San Diego, CA

(858) 621-2700,

www.zcomm.com.

RS No. 240

ERRATA

In “Narrowband Microwave Band-
pass Filter Design by Coupling Matrix
Synthesis,” a Technical Feature by M.
Hagensen that appeared on page 218 of
the April issue, the first math equation
is incorrect; the displacement Af is di-
vided by the ripple bandwidth BW, not

the center frequency f;.

Also, in “Ultra-fast, Simpler and More
Accurate Noise Parameter Measure-
ments,” a Technical Feature by Gary
Simpson and David Ballo that ap-
peared on page 82 of the March issue,
the first math equation is incorrect; the
input signal-to-noise ratio is divided by
the output signal-to-noise ratio, not the
other way around.
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July 25 - 30, 2010, Convention Center
Fort Lauderdale, Florida USA

IEEE International
Symposium on
Electromagnetic
Compatibility
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Learn a lot and have fun too!

Leading Edge Info On:

Electromagnetic
Interference

Electromagnetic
Environments

Lightning

Electromagnetic Pulse
Grounding & Bonding
Transient Suppression
Spectrum Management
RF Radiation Hazards
Electrostatic Discharge

emc 2010 .
Navigating EMC ENG ©IEEE

For Complete Event Details

Visit www.emc2010.org
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1 [EUROPEAN
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WEEK
CNIT Paris

26 September -1 October 2010

EuMW 2010

www.eumweek.com

EVENT DEDICATED TO THE
MICROWAVE AND RF INDUSTRY

European Microwave Week continues its series of successful events, with its 13th at
the CNIT La Défense, Paris. EUMW2010 returns to this wonderful city for what
promises to be an important and unforgettable event. Bringing industry, academia
and commerce together, European Microwave Week 2010 is a SIX day event,
including FOUR cutting edge conferences and ONE dynamic trade and technology
exhibition featuring leading players from across the globe.

THE CONFERENCES
Spanning the length of the week, starting from Sunday 26th September 2010, choose
from 4 separate but complementary conferences:
e European Microwave Integrated Circuits Conference (EuMIC)
- 27-28 September 2010
 European Wireless Technology Conference (EuWiT)
- 27-28 September 2010
¢ European Microwave Conference (EuMC)
- 28-30 September 2010
* European Radar Conference (EURAD)
- 30 September - 1 October 2010

Plus Workshops and Short Courses as well as Exhibitor Workshops and Seminars
provided by several top organisations with superior expertise in Microwave, RF
Wireless or Radar.

SIGN UP!
For full information on attending European Microwave Week visit

www.eumweek.com
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Radio Frequency
Integrated
Circuit Design,
Second Edition
John W.M. Rogers
and Calvin Plett

his newly revised and expand-
I ed edition of the 2003 Artech
House classic, Radio Frequen-
cy Integrated Circuit Design, serves
as an up-to-date, practical reference
for RFIC design. This edition in-
cludes numerous updates, includ-
ing greater coverage of CMOS PA
design, RFIC design with on-chip
components, and more worked ex-
amples with simulation results. The
RFIC designs examined include RF
integrated LC-based filters, voltage-
controlled oscillator (VCO) auto-
matic amplitude control loops, and
fully integrated transformer-based
circuits, as well as image reject mix-
ers and power amplifiers.

4/

—elease!

The book starts off with an intro-
duction to communications circuits
and reviews important theory like
noise, linearity, filtering, system ar-
chitecture and technology issues.
The book demonstrates g{;ow lin-
earity and noise arise by including
specific circuits and numerical ex-
amples. The book proceeds to cover
impedance matching and design of
passive circuit elements, low noise
amplifiers (LNA), mixers, VCOs,
synthesizers and power amplifiers.
This second edition has more in-
formation on RFIC design usin
CMOS transistors than the origina%
which concentrated more on bipolar
transistors.

If you are new to RFIC design,
you can benefit from the introduc-
tion to basic theory and quickly come
up to speed on how RFICs perform
and work together in a communi-
cations device. This is an advanced
level book, however, and the reader
should have some background in ba-

Component Reliability for Electronic Systems

Titu-Marius |. Bajanescu and Marius |. Bazu

This practical book offers you specific guidance on how to design more
reliable components - which means more reliable systems.

You learn how to:

| Optimize a virtual component prototype;

B Accurately monitor product reliability during the entire production process;

B Add the burn-in and selection procedures that are the most appropriate for

the intended applications;

W Ensure that all components are correctly applied, margins are adequate,
and system interfaces cannot lead to failure.

Hardcover e 694 pp. 2010 ® ISBN: 978-1-59693-436-8  $129/£79

THE Book END

sic circuits and transmission lines.
The book includes a thorough ex-
amination of RFIC technology and
explains when RFICs are the right
choice for designing a communica-
tion device. It has over 1,000 equa-
tions and more than 435 illustrations
that support key topics. Radio Fre-
quency Integrated Circuit Design
thoroughly covers the subject and is
recommended as a good source for
designers in industry and academia.

To order this book, contact:

Artech House
685 Canton St., Norwood, MA 02062
(781) 769-9750 ext. 4030;
or
16 Sussex St., London SW1V 4RW, UK
+44 (0) 20 7596-8750

512 pages; $149, £89
ISBN: 978-1-60783-979-8

Reduce
Electronic
Component
Failures!

Visit ArtechHouse.com for a complete description and to order

Order at www.artechhouse.com or contact the office nearest you: [Tl FAX Purchase orders and credit card orders to 1-781-769-6334
PHONE Toll-Free 1-800-225-9977, ext. 4030 or 1-781-769-9750 E-MAIL artech@artechhouse.com m FAX Purchase orders and credit card orders 24 hours
a day to +44 (0)20 7630-0166 PHONE +44 (0)20 7596-8750 E-MAIL artech-uk@artechhouse.com All orders plus shipping/handling and applicable taxes.

J
R ARTECH HOUSE &0570n | LONDON

685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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VIIXERS

RF/LO IF LO Conversion LO-to-RF
Model Frequency Frequency Power Loss (dB) Isolation
Number (GHz2) (GHz) (dBm) Typ./Max. (dB) Min.

DOUBLE-BALANCED VERSIONS

DMO0052LA2 55— DC - 0.5 7 =18
DMO104LA1 DC -1 7-13
DMO0208LW2 DC -2 7-13
DMO0408LW2 DC-2 7-13
DMO0812LW2 DC -4 7-13
DMO0416LW2 4 DC -4 7-13
DB0218LW2 2 DC -0.75 7-13
DB0226LA1 = DC - 0.5 7-13
DB0440LW1 = DC -2 10-15
M2640W1 = DC - 12 10-15

TRIPLE-BALANCED VERSIONS

TB0218LW2 0.5-8 10-15 7.5/9.5
TB0426LWH1 = 05-8 10=1% 10/12
TB0440LWH1 - 0.5-20 10-15 10/12

PASSIVEIDOWERENERS

S

Input Input Output Conversion Rejection
Frequency Power Frequency Loss (dB) (dBc) Typ.
(GHz) (dBm) (GHz) Typ./Max. Fund. Odd Harm.

DROP-IN VERSIONS
SXS01M ! 8-12 1-6 13/16 -20
SXS04M 8-12 4-18 13/15 -20
SXS07M 8-12 6 - 26 13/18 -18

CONNECTORIZED VERSIONS

SXS2M010060 05-3 8-12 1-6 13/16 -20
SXS2M040180 2= 8-12 4-18 13/15 -20
SXS2M060260 3-13 8-12 6 - 26 13/17 -18
MX2M130260 6.5-13 8-12 13 -26 11/13 -15
MX2M004010  0.02 - 0.5 8-12 0.04-1 10.5/13 23

~ Additiona els available with 60 day lead time, please contact MITEQ.
e Above mod Is- also available with optional LO power ranges, please contact MITEQ.
Fastesty

Deliverny == =

Availabie! l WARRANTY

i
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MULTIPLY

UPTO 20GHz

Frequency Multipliers from 95

For your leading-edge synthesizers, local oscillators, and Satellite up/down converters, Mini-Circuits
offers a large selection of broadband doublers, triplers, quadruplers, and x12 frequency multipliers.

Now generate output frequencies from 100 kHz to 20 GHz with excellent suppression of fundamental frequency
and undesired harmonics, as well as spurious. All featuring low conversion loss and designed into a wide

array of, off-the-shelf, rugged coaxial, and surface mount packages to meet your requirements.

Visit our website to choose and view comprehensive performance curves, data sheets, pcb layouts,
and environmental specifications. And you can even order direct from our web store and have a unit
in your hands as early as tomorrow! Mini-Circuits...Your partners for success since 1969

®

1SO 9001 ISO 14001 AS 9100 CERTIFIED
? ’ P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.com-
— dl 2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see
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MWJ PuzzLER

SemiconoucTors/MMICs/RFICs

ANSWERS AVAILABLE ONLINE AT
WWW.MWJOURNAL.COM

Across

3 Largest pure play GaAs foundry (2 words)

8 Class of in-phase, equal power split, N-way power divid-
ers combines resistive and reactive dividers (2 words)

9 A fourth metal terminal added to a FET structure and
biased to improve device performance by affecting the
charge or current flow around the gate area (2 words)

11 Heterojunction bipolar transistor

15 A type of power divider circuit that can achieve isola-
tion between the output ports while maintaining a matched
condition on all ports

17 Pseudo-metamorphic high electron mobility transistor
19 PCB (3 words)

21 The amount of time it takes for a switch to change state
(the measured parameter has reached 90% of its steady-
state value) (2 words)

22 L argest GaAs foundry

23 Complementary metal-oxide semiconductor

138

24 Device technology that integrates HBT and PHEMT de-
vices on the same die

25 is the future and always will be

Down

1 A type of transformer that can convert signals that are
balanced to signals that are unbalanced and vice versa

2 The current controlling terminal in a FET

4 The ratio of the amplitudes of a single pair of voltage and
current waves propagating along the line in the absence of
reflections (2 words)

5 Monolithic microwave integrated circuit

6 The amount of time it takes for a switch to settle to a
completely changed state after 90% of its value has been
reached (2 words)

7 A type of wire bonding that uses a combination of pres-
sure, heat and ultrasonic to attach a flat ribbon to a bonding
pad (2 words)

10 A specialized electronic package where multiple ICs or
other discrete components are packaged onto a unifying
substrate (3 words)

ElMittite
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WWW.HITTITE.COM

12 The contact between a metal and a semiconductor that
does not allow carriers to flow in and out of the semicon-
ductor (high contact resistance) (2 words)

13 When all devices are tested and the reject die are
marked and/or removed so only fully tested, good die

are sold/delivered (3 words)

14 The tendency of a high frequency signal to distribute
current within a conductor so that the current density near
the surface of the conductor is greater than that at its core
(2 words)

16 A type of wire bonding that uses a combination of pres-
sure, heat and ultrasonic energy to attach a round wire to a
bonding pad (2 words)

18 Metal-eptiaxial semiconductor field-effect transistor

20 The contact between a metal and a semiconductor to
allow carriers to flow in and out of the semiconductor (low
contact resistance) (2 words)
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Frequency Gain P1dB OIP3 NF Pout PNat100kHz Current Voltage Package

Device (GHz) (dB) (dBm) (dBm) (dB) (dBm) (dBc/Hz) (mA) (\")] (mm)
XP1043-QH 12.0-16.0 21.5 30.0 41.0 700 7.0 4x4
XP1042-QT 12.0-16.0 21.0 25.0 38.0 500 5.0 3x3
XB1008-QT 10.0-21.0 17.0 19.0 32.0 100 4.0 3x3
XU1014-QH 8.0-18.0 -10.0 2.0 12.0 80 4.0 4x4
XR1007-QD 10.0-18.0 135 40(/P) 27 150 5.0 7x7
XR1015-QH 10.0-16.0 12.0 20(/P) 25 170 4.0 4x4
MAOC-009265  9.4-10.8 6.0 -110 175 5.0 5x5
MAOC-009266  10.2-11.3 9.0 -114 185 5.0 5x5
MAOC-009267  11.2-12.6 3.5 -110 165 5.0 5x5
MAOC-009268  12.7-14.2 7.0 -105 175 5.0 5x5
MAOC-009269 11.4-12.8 3.0 -110 165 5.0 5x5
MAOC-009270  12.2-13.8 6.5 -105 155 5.0 5x5

Learn about all of our 5-40 GHz PtP solutions at m2advantage.com.

M/A-COM Tech's dedicated engineers have

developed many of the most innovative products

in our industry’s history. Now that we've merged

with Mimix and created the m? advantage, we're [the m2 advantagE]
looking to the future and the next generation of
technological advancements. So call  on )
M/A-COM Tech for our visionary range of PtP w IVI I m |7<
solutions from 5-40 GHz and your most challenging

RF, microwave and millimeter-wave requirements. Technology Solutions BROADBAND:w

M/A-COM Tech: The First Name in Microwave o
Delivering Innovative Products by Innovative People = macomtech.com ¢ mimixbroadband.com

m2advantage.com

M/A-COM Technology Solutions Inc. * Lowell, Massachusetts 01851
North America 800.366.2266 * Europe +353.21.244.6400
India +91.80.43537383 * China +86.21.2407.1588 ©2010 M/A-COM Technology Solutions Inc.

Visit http://mwj.hotims.com/28490-53 or use RS# 53 at www.mwjournal.com/info



http://mwj.hotims.com/28490-53
http://www.mwjournal.com/info
http://m2advantage.com
http://m2advantage.com
http://macomtech.com
http://mimixbroadband.com

SOPHISTICATED APPLICATIONS
* JAMMING

* COMMUNICATIONS

. = CO-SITE MANAGEMENT

= REQUIRE,

SOPHISTICATED SOLUTIONS
» MORE POWER
= GREATER BANDWIDTH
= LESS LOSS
* SMALLER PACKAGES

- POWER COMBINERS,/DIVIDERS
- 90° HYBRID COUPLERS

- 0°/180° HYBRID JUNCTIONS
- DIRECTIONAL COUPLERS

DESIGNED TO MEET THE MOST STRINGENT :
OPERATING CONDITIONS.

Werlatone, Inc.
F 2095 Route 22
(3
o

PO Box 47
Brewster, NY 10509
" 1.845.279.6187

= O ¢ g5.279.7404
sales@werlatone.com

') _—
. _|- : Visit hitp://mwj.hotims.com/28490 ' infc :n!“'i www.wer l d t one.com 1 )
.

4 oS

& .


http://mwj.hotims.com/28490-105
http://www.mwjournal.com/info
mailto:sales@werlatone.com
http://www.werlatone.com

	Table of Contents
	FEATURES
	COVER FEATURE
	2010 GaAs Foundry Services Outlook

	MVP: MOST VALUABLE PRODUCT
	A 2.4 GHz Low Power, Short-range Transceiver

	TECHNICAL FEATURES
	New NanoSecond Switch Technology
	A Comparison Study of High-frequency Characteristics for Ball and Ribbon Bonding
	Design of a Microstrip Open Loop Resonator BPF with Wide Stopband for WLAN

	TUTORIAL
	An Overlooked Class of N-way Power Dividers Combining Resistive and Reactive Dividers

	PRODUCT FEATURES
	32 GHz True Analog Bandwidth Oscilloscope
	Novel GaN Technology Enhances S-band Radar Performance
	A GPS Disciplined OCXO Frequency Standard &amp; NTP Reference Clock

	TECH BRIEF
	Hittite Launches Two Low Cost, Highly Flexible RMS Power Detectors

	DEPARTMENTS
	Mark Your Calendar
	Coming Events
	Defense News
	International Report
	Commercial Market
	Around the Circuit
	Web Update
	New Products
	Errata
	The Book End
	Ad Index
	Sales Reps
	MWJ Puzzler


