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NOTE FOR NOTE, THESE SUPER DIVAS
OUT-SING OTHER AMPLIFIERS... AND
OVER A RANGE OF EIGHT OCTAVES!

WE'RE TALKIN' A SUPER BROADBAND OF 20 TO 3000 MHz.
DELIVERING HIGH-POWER OUTPUT WHILE PERFORMING ON
LOW-POWER CONSUMPTION. BRAVO!
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————————— | 5WattModel 9165
-q—_h""ﬁ____:______‘--___ with Fin Option
E —— package that is
available on either
model
1 Watt Model 9167 :
Sy
K ]
1 WATT MODEL 9167 5 WATT MODEL 9165
PARAMETER MIN TYP MAX MIN TYP MAX UNITS CONDITIONS
Operating Frequency 20 3000 20 3000 MHz
Gain 37 40 43 45 48 51 dB
P1ds 28.0 28.5 36.0 36.5 dBm
PsdB 30 37 dBm
IP3/IP2 40/50 46/60 dBm
Noise Figure 2.8 3.0 2.8 3.0 dB
In/Out VSWR 1.5:1/2:1 1.5:1/2:1
Maximum Input +18 +18 dBm
DC Power 500 600 725 800 mA
Operation Voltage 12 15 May Specify for 1 watt: 10V to 15V,
5 watt: 12V to 28V
Humidity 0 100 0 100 % Non-Condensing
Altitude 0 50,000 0 50,000 ft
Operating Temperature -20 65 -20 65 °C
RF/DC Connectors SMA/Pins
Dimensions 2.212" x 1.625" x 0.565" Inches  Fin Option height: 1 watt 1.313"”
5 watt 1.813”

Common specifiations to both models are in lighter type face.

By giving these two superstars the ability to deliver an ex-
traordinary broad frequency range, Daico again goes center
stage now with performers that cover the broad band with
as many as eight octives. High power output with low power
consumption is part of their built-in repertoire.

We make a world
of difference

1SO 9001:2000 CERTIFIED

Your designs will take the spotlight when you cast one of
these divas in your next production. And, if your plans need
range and power requirements to even reach further, call us
and discuss the possilbilities of how Daico can get you there.
Daico is always ready to flex its muscles beyond convention.

d:

DAICO Industries, Inc.
1070 East 233rd Street
Carson, California 90745
Phone 310 507 3242

Fax 310 507 5701
www.daico.com

Industries

Visit http://mwj.hotims.com/16340-33 or use RS# 33 at www.mwjournal.com/info
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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 -«
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ards to a higher level...

.110 GHz to be exact.)
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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.O. BOX 10958 -
Fax (239) 643-4403 -«

E-mail email@ggb.com
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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

Visit http://mwj.hotims.com/16340-47 or use RS# 47 at www.mwjournal.com/info
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10t06740MHz .$11%...

Want a miniature surface mount, shielded plug-in, or rugged
connectorized voltage controlled oscillator with the right stuff Rol-ls
for your project ? Contact Mini-Circuits! From custom designs to OMPLIAN

standard catalog models always in stock, we'll supply extra ROHS models avaiable, consuit factory.

robust, 100% tested VCO solutions you need at a price you can afford. Choose from narrow, to broad, to
octave bandwidths. Select from models with low phase noise, linear tuning, load insensitivity, dual output,

wide modulation bandwidths, or 5V models optimized for PLL ICs and synthesizers. And pick from an innovative
array of miniature surface mount packages as small as 0.25" square, all featuring our exclusive glue-down
process on each circuit component to give you ultimate reliability during reflow soldering. You can quickly find the
model you need using our online catalog or "The YONI2 Search Engine" at the Mini-Circuits web site.

Just enter your specs into YONI2...click...and immediately start evaluating suggested VCO solutions using the
actual measured performance data displayed. But perhaps you need a custom design. Not a problem!

Contact us for our fast response, low prices, and quick turnaround. For your commercial, industrial,

and military applications, choose Mini-Circuits VCOs!

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



Agilent Technologies

For high reliability, all Mini-Circuits
V/COs are tested with the

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

Detailed Performance Data & Specs For Mini-Circuits VCOs
Available Online at. www.minicircuits.com/oscillat.html

[ JMini-Circuits’ minteircuits.

ISO 9001 1SO 14001 CERTIFIED
P.O. Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
& 1’2 The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
Fatentenaing IF/RF MICROWAVE COMPONENTS 402 Rev G
Visit http://mwj.hotims.com/16340-77 or use RS# 77 at www.mwjournal.com/info
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Helping Customers Innovate, Improve & Grow

Our Markets

VECTRON

INTERMNATIOMNAL
A [ DOVER | COMPANY

Products for

Wireless Applications

Today and tomorrow's network
requires precise timing. Our
Disciplined Oscillator Modules help
you meet your stringent timing
requirements. We can work with
you to design a custom solution
that fits your applications needs
and get your end product to
market quickly with unparalelled
quality.

"‘

Signal in gl Signal out

A

Disciplined Oscillator Module

Vectron International is both a
product manufacturer and a
solutions provider, leading with
our advanced packaging and
established crystal and SAW
technology. These innovations
and capabilities reflect the
trend towards higher frequencies, lower
cost designs and unique integrated
solutions. Our goal is to help you
innovate, improve and grow your
business.

* In-house ASIC Design Team \@/ G D m D | E't:e

® Crystal Design Capabilities
® HFF Crystal Capabilities
® SAW Fabrications

® QRM™ Low G Sensitivity Solutions =

Fully Tested

Solution

To Your
Reqguirements

® High Temperature Modules
® Leading Edge Packaging
® |ntegrated Solutions

Visit http://mwj.hotims.com/16340-147 or
use R'S's 147 a‘ www.mwjournal.com/info

‘More product information,visit..... WWW.vectron.com

i
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Filter Solutions

K&L Chebyshev and Elliptic Response

MICROWAVE Single Filters to Multiplexers
_@m COMPANY Power Handling from Milliwatts to Several Hundred Watts
. Configurations Include Surface Mount, Cables, or Connecto

Small Sizes and Custom Packages

Product Spotlight

Wide Band
Notch Filter

K&L S/N 109
Iﬁfh‘#ﬂ -897. 5!)(255*0!0

The 6IN40-897.5/X265-0/0 filter
uses elliptic response lumped element
design techniques to enhance broad band
communications from DC to 765 MHz
and 1030 to 3500 MHz, while blocking
out wireless communication traffic.

! "."'-l'izar--:iSM software simplifies selection of the right filter
product fur ynur application from a vast number of designs. Provide desired ( )
specifications, and Filter Wizard"" returns response data and outline drawings
for matching products. Visit www.klfilterwizard.com today!

IMLCrowave

group
K&L Microwave, Inc. * 2250 Northwood Drive * Salisbury * MD + 21801 + P: 410-749-2424 « F: 443-260-2268

www. kimicrowave.com = www.kifilterwizard.com « sales@klmicrowave.com + sales@kleurope.com B v
Visit http://mwj.hotims.com/16340-58 or use RS# 58 at www.mwjournal.com/info
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when you know so many
capable professionals
stand with you.”

Today, it's a rare thing to be able to take
pride in what you do and who you represent. But
Narda'’s Product Representatives, like Bob Forester
don't have to think twice about it. They know
they represent the finest products available on

the planet, and are backed by a network of

L =l
DT

orester

dedicated professionals from the bottom up.

If you want to put our 50 years of
microwave experience and excellence to work
for your company, and view the broadest and
most highly respected product line in the

business, please visit our web site.

narda

microwave-east

an ‘ communications company

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

Visit http://mwj.hotims.com/16340-99 or use RS# 99 at www.mwjournal.com/info
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Confidence In Measurement

Means Accuracy & Repeatability You Can Trust At Every Connection!

MAURY products are designed to give you that confidence!

Trusf MAURY for test & measurementtnofs yout can re.'y on!

PHECISION CALIEJFMTFGFJ KITS CALKIT COMFONENTS | _.'

For VNAs, PNAs & ENAs Opens, Shorts, Loads, Air Lines, Etc.
'Suppaﬂm ElA WR430 - Wﬁm 1.7-1 !aGHz

CORENAYECUILELPAIFIERE
Combinations of Most Common Types & Sizes
*» Waveguide-to-Coax Up To 50 GHz
* Precision Coaxial To 67 GHz
* [n-Series & Between-Series
» VNA Test Port Adapters/
Test Port Connector Savers

 Space-Qualified Versions %

TEET FOLRT EEEENTIALE

Connector Gage Kits Test Port Cable & Adapter Kits
« Verify Critical Dimensians * Waveguide & Coax Adapfers e
» Metrology & Production Test — ElA WR229 =

= Digital & Analog Models Through WR28
& T -2.4, 2892 3.5,
7 & 14mm,
N, & TNC
* Phase Stable
Cables

Precision Torque Wrenches

* For All Popular Coax Connectors
= Improves Repeatability
* Prevents Damage

- . ﬁé =
MAURY 2900 Inland Empire Blvd. E. 4 @, §é$

Ontario, California 91764 USA R @ o
MICROWAVE Tel: 909-987-4715 » Fax: 909-987-1112 L ANl =

WIWWW. M AURY MW, COM Email: maury@maurymw.com Nz 7, = ﬁ}@&’ o f
Visit http://mwj.hotims.com/16340-66 or use RS# 66 at www.mwjournal.com/info - é" @ .\é’
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FEATURES

FROM THE PUBLISHERS: THEN AND NOW

The Old Order Changeth... Once Again

Carl Sheffres, Publisher, Microwave Journal

Microwave Journal’s longtime Technical Editor Frank Bashore says goodbye to a lengthy career in the microwave industry,
while Patrick Hindle becomes the magazine’s newest member

COVER FEATURE: THEN AND NOW

Similarity Considerations for Varactor Multipliers

A. Uhlir, Jr., Microwave Associates Inc.

First published in July of 1962, this article explored the connection between the varactor equivalent circuit and harmonic
generator performance

An Historical Perspective on 50 Years of Frequency Sources

Steve Maas, Applied Wave Research Inc.

Tracing the 50-year evolution of microwave sources from large, hot, difficult to fabricate devices to electronic and solid-state
components

TECHNICAL FEATURES

Phase Noise: Theory versus Practicality

John Esterline, Greenray Industries Inc.
Introduction to phase noise, including its definition and calculations, ways to reduce phase noise in oscillator design, real
oscillator phase noise plots and outside noise/interference effects on phase noise

A Novel N-way Distributed Doherty Amplifier with Improved Efficiency at High PAR Signals

Kyoung-Joon Cho and Wan-Jong Kim, Dali Wireless; [i-Yeon Kim and Jong-Heon Kim, Kwangwoon University;
Shawn P. Stapleton, Simon Fraser University

Presentation of a three-way distributed Doherty amplifier with improved efficiency at high peak-to-average ratio signals

A High Efficiency and Gain Doherty Amplifier for Wireless Mobile Base Stations

X.Q. Chen, Y.C. Guo and X.W. Shi, Xidian University

Presentation of a high gain and efficiency Doherty amplifier for a wireless local area network mobile base station with three
advanced methods

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

Photocopy Rights: Permission to photocopy for internal or personal use, or the internal or personal use of specific clients, is granted by Microwave Journal for users through
Copyright Clearance Center provided that the base fee of $5.00 per copy of the article, plus $1.00 per page, is paid directly to the Copyright Clearance Center, 222 Rosewood
Drive, Danvers, MA 01923 USA (978) 750-8400. For government and/or educational classroom use, the Copyright Clearance Center should be contacted. The rate for this use is

5 7 Years 0.03 cents per page. Please specify ISSN 0192-6225 Microwave Journal International. Microwave Journal can also be purchased on 35 mm film from University Microfilms,

Periodic Entry Department, 300 N. Zeeb Rd., Ann Arbor, MI 48106 (313) 761-4700. Reprints: For requests of 100 or more reprints, contact Wendelyn Bailey at (781) 769-9750.

Of PUb/ISh/ng POSTMASTER: Send address corrections to Microwave Journal, PO Box 3256, Northbrook, IL 60065-3256 or e-mail mwj@omeda.com. Subscription information: (847) 291-

Excellence

5216. This journal is issued without charge upon written request to qualified persons working in that part of the electronics industry, including governmental and university
installation, that deal with VHF through light frequencies. Other subscriptions are: domestic, $120.00 per year, two-year subscriptions, $185.00; foreign, $200.00 per year,
two-year subscriptions, $370.00; back issues (if available) and single copies, $10.00 domestic and $20.00 foreign. Claims for missing issues must be filed within 90 days of date
of issue for complimentary replacement.

©2008 by Horizon House Publications Inc.
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M/A-COM WIMAX components...
for next generation wireless

MASW-000822-12270T
SPDT T/R Switch

* 0.5t0 6.0 GHz

* 8 Watts power handling
« 1IP3 of 65 dBm

« 3 mm PQFN package

Tyco Electronics
provides one of
the broadest
lines of reliable
WIMAX RF
components with
M/A-COM amplifiers, attenuators, drivers, mixers,
circulators, and switches. These components cover
the 2.5, 3.5 and 5.0 GHz frequency bands for CPE,
mobile and base station applications.

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

North America 800.366.2266 ¢« Europe +44 (0)1908.574200
Asia/Pacific +81.44.844.8296 + www.macom.com

M/A-COM, TE Logo and Tyco Electronics are trademarks.

Featured Amplifiers
Part Number

Driver Amplifiers

MAAMSS0072 2.5/3.5
MAAMSS0073  2.5/3.5
MAAPSS0096  4.9-6.0
Power Amplifiers
MAAPSS0103 2.5
MAAPSS0104 3.5
MAAP-008170 2.5/3.5
MAAP-008171 2.5/3.5
—

Freq (GHz) Gain

P1dB
24/22 27/27
22/20 30/30
205 28
34 32
32 32
10/8  37/37
8/7  40/40

Pout

20/20
23/23
19

26
26
27/27
30/30

Ids/V

235/5
490/5
230/5

600/5
600/5

Package

4 mm PQFN
4 mm PQFN
4 mm PQFN

4 mm PQFN
4 mm PQFN

210/12 3 mm PQFN
420/12 4 mm PQFN

. Tyco Electronics

Our commitment. Your advantage.

Visit http://mwj.hotims.com/16340-64 or use RS# 64 at www.mwjournal.com/info



http://www.macom.com
http://www.macom.com
http://mwj.hotims.com/16340-64
http://www.mwjournal.com/info

126

134

M”ic'f wave
Jaurnales

FEATURES

TECHNICAL FEATURES

A Self-offset Phase-locked Loop

Bogdan Sadowski, Harris Stratex Networks Inc.

Introduction to a class of phase-locked loop enabling a large reduction in the
division ratio of the main divider resulting in an increased open-loop gain

A Broadband Class-E Parallel-circuit VHF Power Amplifier with
High Harmonic Suppression

Kumar Narendra, Sangaran Pragash and Chacko Prakash,

Motorola Technology; Lokesh Anand, M.F. Ain and S.1.S. Hassan,

University Science Malaysia

Use of a parallel-circuit load network and a reactance compensation technique
to achieve high harmonic suppression in a broadband class-E amplifier design

TUTORIAL

Standard Cell-based Modular CMOS Transceiver IC Designs

Louis Fan Fei, Garmin International

Discussion of each of the major building blocks in a modern wireless
transceiver for use in most wireless applications

PRODUCT FEATURES

A Fundamental Wideband Low Noise VCO Series

154

Sivers IMA AB

Design of a series of low noise voltage-controlled oscillators covering the
frequency range from 2 to 25.5 GHz with an output power of 15 dBm

Synthesized Local Oscillators Offer Wide Choice of Output
Frequency
AtlanTecRF

Development of a synthesized local oscillator module covering the frequency
range from 5 to 14.55 GHz

QMA Connectors with Improved Frequency Response,
Durability and Variety
Times Microwave Systems

Introduction to a series of QMA connectors with improved tines and special

plating

DEPARTMENTS
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Tensolite is releasing its new line of low loss phase stable
flexible coaxial cable up to 40 GHz.

TLLAO-T I TIA (“125” type) and TLL4O-1 1 30A (150"
type) were designed and engineered to terminate with
Tensolite’s high performance microwave connectors for
optimum performance. Furthermore, this new solution
was designed to meet the needs of any application
where performance and stability at the higher frequency
range is critical. e

The TLL4O-11 I A and TLL4O- A \

| 1 30A product families are ideal for r
multiple application requirements that

include military/aerospace and test &

measurement.

Tenéolite@

A [(#TITET: Company

(866) 282-4708 phone * (562) 494-0955 fax * For more information go to www.tensolite.com

Visit http://mwj.hotims.com/16340-143 or use RS# 143 at www.mwjournal.com/info



http://www.tensolite.com
http://mwj.hotims.com/16340-143
http://www.mwjournal.com/info

Micriswave
Journal

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

Webinars

MWJ]/Besser Associates Webinar Series
Tune-up your skills. Join the thousands of
engineers and managers who have participated
in this monthly series on RF/microwave theory
and practical applications.
Ultra-wideband
Antennas: Antenna

design and performance

must continue to evolve to
meet the demanding

needs of modern wireless
communication systems.
Ultra-wideband applications
are no exception. This month’s
seminar presents an introduction to ultra-
wideband (UWB) antennas and the challenges
designers face developing these antennas for
real world systems.

Presented by Besser Associates and
Microwave Journal.

Live webcast: 4/15/2008, 11:00 am (EDT)
Sponsored by Rogers Corp. and CST America

Online Technical Papers

A Dual-band-reject Design for a Cross
Semi-elliptic Monopole Antenna
Wen-Shan Chen, Chi-Huang Lin and Mao-Kai Hsu,
Southern Taiwan University of Technology

A Novel 3D CP-FDTD Thin Slot Algorithm
for Shielding Analysis

Xu Li, Ji-hui Yu, Quan-di Wang and Yong-ming Li,
Chonggqging University

Microwave Point-to-point Systems in 4G
Wireless Networks and Beyond
Harvey Lehpamer, HL Telecom Consulting

Phase Diversity and Optimal I/Q Signal
Combining Methods on a UHF RFID
Reader’s Receiver

Byung-Jun Jang, Kookmin University

14

Expert Advice

Microwave Journal asks a noted industry expert
to provide commentary related to the month’s
editorial theme. Respond with
comments and win a
complimentary copy of Electrical
Engineering: A Pocket Reference
from Artech House (see
www.mwjournal.com for
details). Come join the
discussion, happening now.

April: Dan Nehring, VP of
engineering, Frequency Control
Products, Valpey Fisher Corp.,
talks about considerations when
specifying frequency control
modules and oscillators to
optimize system jitter and phase
noise.

Executive Interview

In this month’s executive
interview, Olle Westblom,
managing director of Sivers IMA
AB, provides insight into the
workings of an independent
Swedish company that has been
making advanced microwave
oscillator products for over 50
years. He focuses on the
development of ultra-wideband
VCOs, the use of MMIC technology and the
virtues of collaboration.

f B

Event

MW] editor, Patrick Hindle, reports on
RF/microwave exhibitor news from CTIA
Wireless 2008, Las Vegas, NV Convention
Center, April 1-3.

A WIRELESS 2008
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The Agilent U2000A Series power sensors go anywhere you go.
Whether you're making power measurements in manufacturing or in
the field, these power sensors are up to the mission.

Plus, you can get an out-of-this-world deal on the companion Agilent
N1918A Power Analysis Manager software:

* Buy one U2000A Series power sensor — or one N1911A, N1912A
or N8262A power meter — and get a 50 percent discount on one
N1918A license

* Or buy one N1918A license and get a 50 percent discount on
a second license

Simply plug the U2000's USB cable into your PC — or certain
Agilent instruments — and start monitoring and analyzing with

the Power Analysis Manager software. You'll be making single- &
multi-channel power measurements almost anywhere.

www.agilent.com/find/USBpowerpromo

© Agilent Technologies, Inc. 2008

Visit http://mwj.hotims.com/16340-9 or =
use RS# 9 at www.mwjournal.com/info

Save 50% on Power Analysis Manager

with qualifying purchase”
* Offer good through September 30, 2008

Agilent N1918A Power Analysis Manager software

« Configure numerical, analog, trace and multi-list displays
« Display multiple channels on one screen

« View a complete set of pulse characterization parameters
* Set limits and alerts for multi-channel monitoring

* Download a 30-day free trial copy

Agilent Technologies
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From THE PUBLISHERS: THEN AND Now

The Old Order Changeth... X

(Reprinted from the March 1994 issue of Microwave Journal)
Harlan Howe, Jr.

| am very pleased to announce that Mr. Frank

with a number of early microwave companies in New
Jersey, Frank moved fo Mew England to assume a

Bashore has joined the Microwave Journal as Techni-
cal Editor. Frank replaces Martin Stiglitz, who has
stepped down from that pesition after nine
years of faithful service. Martin started a
second career with the Microwave Journal
in 1985, after retiring from the laboratory at
the Hanscom Air Force Base in Massachu-
setts. Since that time he has been the prin-
cipal technical contact with the many au-
thors who have published with the Micro-
wave Journal. Martin solicited papers,
served in our many review meetings, wrote
special reports, was the principal author of
our book reviews and did almost all of our
technical editing. His wit, insight and fa-
mous, or perhaps infamous, red pen will be missed.
Frank Bashore is also starting a second career, as
have |, after years of experience as a design engineer
and engineering manager at a number of prestigious

.mmpanias in our industry. After an apprenticeship

series of managerial positions at Frequency Sources

Inc. which subsequently became part of Loral
Corp. From Fraguency Sources, he went to
Anzac Division of Adams Russell as director
of Custom Products. He left Anzac briefly to
wark for Microsonics Inc. as Director of Oper-
ations, only to return fo Anzac as Engineering
Manager, which iz when | first had the oppor-
tunity of working with him. On the basis of
that experience, | am confident that Frank will
make a positive and continuing contribution
to the Microwave Journal. After the acquisi-
tion of Adams Russell by M/A-COM, Frank
became the Manufacturing Manager in the
M/A-COM Microelectronics Division prior fo his joining
Microwave Jourmal,

| look forward to working with Frank in the months

and years ahead. Welcome aboard!

... Once Again

CARL SHEFFRES

countless product demos, Frank Bashore is retiring

as Technical Editor of Microwave Journal. Frank
became a staple at the MTT-S IMS and other
events over the years, meeting with company
representatives to discuss their latest products
and surveying the landscape for the latest tech-
nical innovations. He served as the main contact
for our many contributing authors, working with
them to insure that their articles were published
with the high standards expected in MW].

I've had the good fortune to have worked
with Frank for all of these years, gaining a gen-
uine respect for his talent, work ethic and good
nature. We've travelled together to some exotic
and some not so exotic destinations, played
many rounds of golf and shared many lastin
memories. His daily presence will be missed by all of us at
MW/, but we're comforted in knowing that he will remain
on our editorial review board, along with Harlan Howe, so
they will both still grace us with their monthly presence.
We wish Frank all the best in his well deserved retire-
ment.

3 fter 14 years, thousands of articles edited and

16

Frank’s worthy successor is Patrick Hindle. I'm pleased
to announce that Pat has joined Microwave Journal as
Technical Editor. Pat brings more than 20 years of experi-
ence in the RF/microwave industry to his new
position. He has held managerial positions at
Raytheon, Alpha Industries/Skyworks, MIT and
most recently at M/A-COM Tyco Electronics.
His technical background and marketing exper-
tise are assets that will serve our authors, read-
ers and advertisers well in today’s dynamic pub-
lishing environment. Pat will contribute to the
print magazine and our numerous electronic
media products, bringing the latest product and
technology innovations to our valued readers.

I've had the pleasure of working with Pat on
various MW] projects during his years at M/A-
COM and have come to appreciate his profes-
sionalism, creativity and pleasant demeanor. I look for-
ward to working with him in the years ahead.

Pat can be reached at phindle@mwijournal.com. Wel-

come aboard! % 74 M
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W From ea Qty 1000

Mini-Circuits LTCC coupler family offers versatile, low cost solutions
for your 5t0 4200 MHz needs with rugged connectorized
models from .74"x.50" to surface mount couplers from
12"x.06" the smalllest 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 technology

[JMini-Circuits’

delivering both minimal insertion loss and high directivity with
models handling up to 65 W. All of our couplersare 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...we’re redefining what VALUE is all about!

ALLNEW
minicircuits.c

ISO 9001 ISO 14001 CERTIFIED
P.O. Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
g\l 1’2 The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
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COMING EVENTS

EUROPEAN MICROWAVE WEEK ANTENNA MEASUREMENT TECHNIQUES
CALL FOR PAPERS October 27-31, 2008 AssociaTioN (AMTA 2008)
. Amsterdam, The Netherlands November 16-21, 2008 ® Boston, MA
Antenna Measurement TeChnlques www.eumweek.com www.amta2008.org
Association -
by May 12, 2008 MiLITARY COMMUNICATIONS CONFERENCE
e NOVEMBER (MILCOM 2008)
November 17-19, 2008 ¢ San Diego, CA
APRIL WCA INTERNATIONAL SYMPOSIUM AND ExPO www.milcom.org
November 4-7, 2008  San Jose, CA
WCA 2008 WWW.Weai.com

April 21-23, 2008 ® Washington, DC

WWW.Weai.com

MAY

IEEE COMCAS 2008
May 13-14, 2008 o Tel-Aviv, Israel
www.microwave.co.il

et e comce o0 == Upside Down in;
== Your Design?

May 26-30, 2008 ® Rome, Italy
www.radarcon2008.org

JUNE

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
Symposium (RFIC 2008)
June 15-17, 2008  Atlanta, GA

www.fic2008.org

IEEE MTT-S INTERNATIONAL MICROWAVE
Symposium AND ExHigrmon (IMS 2008)
June 15-20, 2008 o Atlanta, GA

www.ims2008.org

715t ARFTG CONFERENCE
June 19-20, 2008 o Atlanta, GA

www.arftg.org

AUGUST S8  Introducing the Temperature &
IEEE EMC SympOsium - _ FPNUWF mthn

August 18-22, 2008 o Detroit, MI .
www.emc2008.0rg & We understand your design & performance

SEPTEMBER challenges and our engineering team is ready
to offer the support you need.

IEEE INTERNATIONAL CONFERENCE ML g
ON ULTRA-WiDEBAND (ICUWB 2008) : TFE (Temperature & Frequency Equalizer)
September 10-12, 2008 ® Hannover, Germany # X g
www.icuwh2008.0rg e can compensate for gain losses simultaneously

B over temperature and frequency (2-18 Ghz)
ANTENNA PARAMETER MEASUREMENTS BY NEAR- - Y .
FIELD TECHNIQUES e s totally passive

September 16-18, 2008 ® Boulder, CO - - ble to corre
. s’ oy et

wvvw,nist.gov Ly * X

WIMAX WORLD AMERICAS
September 30-October 2, 2008 ® Chicago, IL
www.wimaxworld.com

OCTOBER emct.com ¢ rflabs.com

772-286-9300
AOC INTERNATIONAL SYMPOSIUM AND 1SO 9001 and. 14001 Certified
CONVENTION
October 19-22, 2008 ® Reno, NV
VVWW,CI‘OVVS.OI‘E
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2008 IEEE MICROWAVE
THEORY AND TECHNIQUES
(MTT) SHORT COURSE

M Topics: “WiMAX Opportunities,
Challenges and Concepts” is a short
course designed to provide an overview
of WiMAX opportunities among other
competitive and complementary wire-
less solutions. WiMAX standard
progress, definitions and special fea-
tures will be covered. This will be fol-
lowed by design challenges at the an-
tenna and RF front end, base band and
system design. Qualification tests and
requirements for full fledged WiMAX
components will then be examined.

B Site: Menlo Park, CA

Bl Date: April 19, 2008

B Contact: For more information,

visit www.mtt-scv.org.

ANTENNA ENGINEERING

B Topics: This course provides an
overview of the theory and practice of
antenna engineering, including a range
of antenna types, applications and elec-
tromagnetic properties from basic to
state-of-the-art. Explore a wide spec-
trum of frequencies from 550 kHz to
550 GHz, with primary emphasis in the
VHF, UHF and microwave regions.
Examine communications and radar,
commercial and military applications.

B Site: Atlanta, GA

M Dates: Aprﬂ 21-25, 2008

B Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

IEEE COMCAS 2008

B Topics: This two-day technical pro-
gram covers a variety of complemen-
tary subjects and a technology exhibi-
tion. The idea is to create a very diverse
and multidisciplinary conference where
engineers and scientists from various
complementary electronics disciplines
can meet and discuss subjects of com-
mon interest. Emphasis will be on ap-
plications oriented research and devel-
opment, from antennas and device en-
gineering to circuit applications to
systems and software.

B Site: Tel-Aviv, Israel

B Dates: May 13-14, 2008

B Contact: ORTRA Ltd., 1 Nirim
Street, P.O. Box 61092, Israel +972-3-
6384455, www.microwave.co.il.

e |/ ORKSHOPS & COURSES

ANSsSOFT DESIGNER TRAINING

B Topics: This one-day course uses
examples and exercises to provide a
comprehensive understanding of De-
signer. The course is intended for be-
ginners and intermediate users and
assumes no prior knowledge of De-
signer. Covers using the Ansoft De-
signer Desktop features, creating and
manipulating Clrcmt/System/PLmar
EM models, and working with differ-
ent data types. Includes basic sections
on field visualization and high level
and low level data manipulation.

M Site: San Jose, CA

B Date: May 22, 2008

B Contact: For more information,
visit www.ansoft.com.

PRINTED CIrRcuIT BOARD DESIGN
FOR REAL-WORLD EMI CONTROL

B Topics: The primary focus of this
seminar is to help working engineers
understand the causes of EMC prob-
lems so this knowledge can be applied
to real world product design immedi-
ately. Formulas and equations are not
required and are minimized through-
out the seminar. Understanding the
causes of EMC problems will allow
engineers to make difficult design
trade-off decisions.

B Site: Oxford, UK

H Date: June 2008

B Contact: University of Oxford
Continuing Education, Rewley
House, 1 Wellington Squale Oxford
OX1 2JA +44 (0)1865 270360, or visit
www.conted.ox.ac.uk.

THE ENTREPRENEURIAL ENGINEER
B Topics: This short course is an effi-
cient and memorable introduction to
the personal, interpersonal, business
and organizational skills necessary to
help engineers of applied science and
mathematics perform at high levels in
today’s increasingly opportunistic or-
ganizations and enterprises. For more
information, visit http://online.engr.
uiuc.edu/shortcourses/tee/index.html.

B Site: Archived on-line course.

B Dates: Archived on-line for any-
time viewing.

B Contact: University of Illinois at
Urbana-Champaign, 117 Transporta-
tion Bldg., 104 S. Mathews Avenue,
Urbana, 1L 61801 (217) 333-0897 or

e-mail: deg@uiuc.edu.
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NOISE COM
RISING ABOVE THE NOISE.

Sure. other companies talk about diodes, generators and components, but why work with an imitator when
you can work with Noise Com? With 25+ years’ experience and knowledge, only Noise Com can deliver total
noise solutions. From custorn components to complex instrumentation, you'll find the reliability and control you

need, and the results you expect.

COUNT ON THE NDISE LEADER. COUNT ON NOISE COM FOR:
» Custom designs
» Complete line of noise solutions
* Analog and digital noise
= Passion for innovation
* Proven expertise

NOISECm
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Defense
Electronic
Systems

Cobham Defense Electronic Systems is Assemblies. CDES has 11 locations
comprised of three synergistic divisions in the USA, England, Sweden and

that include the Cobham Microwave Mexico. Our proven solutions are
Group (CMG) for Sensor and Antenna used primarily in Electronic Warfare,
Systems, Integrated Waveguide Communications, Radar, Munitions,
_ Systems and Rotating Systems; Missiles and Location Systems.
Cobham Defense Communications All products, from the smallest
(CDC) for Vehicle Intercom Systems components to the largest antenna
and Situational Awareness Equipment; subsystems, are designed, manufac-
and REMEC Defense & Space for tured, tested and inspected to meet

advanced Integrated Microwave stringent customer specifications.

ATLANTIC POSITIONING SYSTEMS www.atlanticpositioners.com 727.299.0150 ATLANTIC MICROWAVE www.atlanticmicrowave.com 978.779.6963
COBHAM DEFENSE COMMUNICATIONS Ltd. www.cobhamdcweb.com +44 01254 292020 CONTINENTAL MICROWAVE www.contmicro.com 603.775.5200
KEVLIN www.kevlin.com 978.557.2400 LANSDALE www.cobhamdes.com 215.996.2000 NURAD www.nurad.com 410.542.1700

REMEC DEFENSE & SPACE www.remecrds.com 858.560.1301 SIVERS LAB AB www.siverslah.se +46 8 477 6811
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the power of integration in...

Sensor & Antenna Sy_stem;

Single Source for Integrated Antenna Systems,
Electronic Warfare Subsystems, Sensor
Positioning Systems, Composites & Radomes

Sensor & Antenna Systems (SAS), a division of Cobham
Defense Electronic Systems, is a world-wide leader
in the supply of products for Electronic Warfare,
Communications, Radar and Electro-Optical
applications. SAS is comprised of products and
technologies from Atlantic Microwave, Atlantic
Positioning Systems, Continental Microwave,
Lansdale, formerly BAE Systems Surveillance

and Attack Unit and Nurad Technologies.

The capabilities, products and defense
technologies we offer are suited for
ground based, airborne and
shipboard applications.

Atlantic Microwave
Datalinks & Communications Antennas
978-779-6963

Atlantic Positioning Systems
Sensor Positioning Systems
727-299-0150

Continental Microwave
Planar Arrays

603-775-5200

Nurad Technologies
Antennas & Radomes
410-542-1700

Lansdale, Inc.
ES/EA Subsystems
215-996-2000

For more information, go to our Web site
www.cobhamdes.com

A Cobham plc subsidiary
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SIMILARITY CONSIDERATIONS
FOR VARACTOR MULTIPLIERS

DR. A.

UHLIR, JR.

SEMICONDUCTOR RESEARCH & DEVELOPMENT
MICROWAYE ASSOCIATES, INC,

Burlington

INTRODUCTION

This paper is concerned with the connection berween
the varacror equivalent ciscuit and harmonic generator per-
formance. Substantial progress has recently been made in
the detailed analysis of multiplier circujes by several work-
ers; these results will likely be published in the near fu-
ture, Instead of borrowing from these new resuls, the
present paper will show the extent o which the problem
can be surrounded by general arguments based mainly on
dimensional analysis,

In fact, the combination of a few eardy experimenal
results with dimensional analysis provides o basis for pre-
liminary multiplier design — particularly the initial selec-
riom of varctor diodes.

The discussion can and will be carried our withour any
citcuit diagrams. But it will be apparent that important ex-
istence assamprions about circuis are involved. Tt i3
implicitly assumed, for example, that ar least ane optimum
multiplier citcuit exists for a given order of muleiplication.

QUALITATIVE DESIGN CONSIDERATIONS

One of the most important qualitacive considerations in
multiplier and multiplies chain design is the harmonic num-
ber. If the inpur and outpur frequency ate prederermined,
the choice is restricted o the prime factors of the frequency
ratio, or products thereof, When the requirement is solely
for an outpuc ac a given frequency, the designer is ar liberty
to choose the input frequency. The last is the case, for
example, in self-contained solid-stare micrownve  power
sources consisting of crysmal-controlled ransiscor oscillators,

& Sypheded in part by the Elecromic Tecbyelogy Laboratory of
she Weiphe Air Deeelopmens [Neditow, wyder Cowlrace Mo
AFiz{616)-7232,

l July, 1962

Massachusetts

rransistor power amplification at some VHF frequency,
and multiplication by a varacror chain

In the recent history of varactor muldipliers, some have
expressed the belicf thar doubler chains would be vastdy
more efficient, for converting a low Frequency o a much
higher frequency, than any combination of higher order
multipliers. This idea arosge aot caly from experiments but
also from approximate theoretical analyses'®  This view
cannor be confidencly held today in the face of more recent
CXperiments,

The key m obraining good cfficiencies in high order mol-
ripliers is the use of “idler” circuits which permir current
flow ar intermediare harmonics.” One must permit current
to flow ar the second harmonic o generare appreciable
quantiries of awy highee harmonic; other idler frequencies
are also meeded for best resules in mulriplication by more
than four times .

It iz true thar a doubler has many advanmges. It is the
simplest type of frequency multplier. It i% alio the most
efficiens, bur it cannoc be compared to higher-order mul-
tipliers on the basis of efficiency alone, because the higher-
order multipliers accomplish a larger frequency conversion.

An application where the doubler excels is in generation
of the highest frequencics, When the output frequency is
gs much as one-tenth of the varscror curolf frequency, the
doubler is decidedly more efficient than any higher-order
mulripliers. Thus, with present varactors, any mulriplies
chain inrended o generate millimerer-wave power should
have a doubler as the final stage

It seems obvious that doubler chains are w0 be pre-
ferred when a wide-band swept cutput is o be obrained.
In principle, one might approach octave bandwidths.

However, there are severe difhculdes in designing effh-
cient mulriplier chaing, even using doublers, for wide input
frequency ranges. Resonant circuits which function sacis-
factorily over one or two per cent bandwidth have o be

]
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RLC has the exact solution
vou’re looking for.

Our complete line of Directional Couplers covers cellular, octave and broadband frequencies.
Designs include micro-strip, stripline and airline for high power applications.

B Frequencies from 10 MHz B Low loss, high directivity B Directional detectors
to 40 GHz
B Single or dual directional B Very low passive
B Power ratings up to 500 intermodulation designs
watts average B Low coupling variation

B Standard connector types

B Custom design & packaging B Surface mount
B Waveguide

For more detailed information on Directional Couplers and Directional Detectors, visit our web site.

RLC ELECTRONICS, INC.
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E-mail: sales@ricelectronics.com ¢ www.ricelectronics.com r—
visa. | (@&

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

Visit http://mwj.hotims.com/16340-120 or use RS# 120 at www.mwjournal.com/info



mailto:sales@rlcelectronics.com
http://mwj.hotims.com/16340-120
http://www.mwjournal.com/info
http://www.rlcelectronics.com

26

r

replaced with more complicared broadband filters. To ac-
complish this broadbanding without incurring parametsi-
cally excited oscillations at some points of the band, ane is
usually forced mo sacrifice efficiency.

Higher-order multipliers are sometimes suggested by
frequency aflocarions or existing low-frequency equipment,
For example, eriplers are popalar for adapeing 150 Mc
maohile radic equipment to 450 Me bands, 2 kMe micro-
wave relay components o 6 kMc, and 3 kMc radar compo-
nents o 9 kM.

BIAS

Most of the available experience on high-power, high-
efficiency mulripliers is with silicen varactors. Semiconduc-
tor marerials such as germanium and gallivm arsenide will
differ primarily in two factors: de bias and in the limia-
fhons on capacitance variation imposed by the conductance
asociated with the juncrion.

To the extent that the device is a variable capacitor rather
than & rectifying element, the dc bias should be specified in
terms of volrage rather than current. The suitability of
operation withour external bins might be expected o de-
pend upon the breakdown voltage of the juncrion and the
power level of operation, High efficiency mulripliers have
been made with open-circuit dc for silicon varacoors having
breakdown voltages from & wo 120 volrs.

One of the advantages of operating withour an external
bias is that bias leads are subject w pickup. Multipliers are
quite sensitive o pickup, since they acr as up-converters
and amplify low-frequency interference in the process of
converting it t sidebands of the harmonics. Mercury cells
may be built inm the multiplies to avoid the pickup and
filtering problem if it is found chae biss is desirable.

Some varnctor mulsipliers have been operated with an
optimized dc return resistance. Such cirouits require that
the rectification characteristics of the varactor be con-
orofled.

VARACTOR SELECTION

The requirements on the varacros diode for power har-
monic generation include, first, the ability to convert the
given power without being driven beyond irs voltage limi-
ration. This property will be termed “réactive power capa-
bility” and is characeeristic of the juncricn element.

The second problem is o have low elecrrical Iosses for
efficiency and minimum hear generation. The series re-
sistance, as eepresented by the cumtf frequency, has gener-
ally been the dominant loss mechanism, with rectification
secondary.

The third requirement is to have o strocture with suffi-
ciene thermal dissipation o carry away the heat generated
by the elecerical losses remaining after everything possible
Thas been done 1o minimize these losses.

The distinction berween thermal dissiparion and reacrive
power capability can be illusrrated by considering shoer
pulses of fundamental power. For very short pulses (in-
cluding, nevertheless, many cycles), the power dissipacion
can be reduced 1o o small valoe, bue the varactor will not
function properly unless it has sufficient reactive power
capability for the peak power.
a6

SIMPLE ESTIMATES OF REACTIVE POWER
CAPABILITY

Far specified capacitance-voltage characreristics, it should
in principle be possible o analyze analytically or with a
compater the detailed performunce of any harmonic gen-
CIATOr Cincuit.

However, very simple equarions can be used for practi-
cal selection of varscrors. These relationships can be de-
rived by similimede (dimensional analysis). Similimude s
casily applicable w varactors because all of the leading
rypes can be approximarely represented by a capucinance-
voltage characreristic of the following form:

Cio}
CV) =17 ~a<V<+s (1)
where ¥ is the voltage, ¢ is o so-called "built-in” potential,
and ¥ is an exponent that usually lies in the range of 0.33
(.30, This relation applies to the depletion-layer capaci-
mnce. Other mechaniems carry one ouside of the present
theoey, as discussed below under LIMITATIONS. Equa-

tion (1) may be rewritten in the form
o Vo ok & 37
Civ) _C'""'(-V+q‘-) {2}

where Crya = C{— V). This form of the rclation has
roro advantages. One of passing interest here is thar the
remperarire dependence can be almost completely repre-
sented by remperamre variation of the parameter ¢ in this
Equaticn (2}, bur not in Equation (1) because of varia-
rion in C00).

The particular significance of Equation (2) for che
present dicussion is that fws quantities, & + Vg and Coiy,
characterize the relation apare from the choice of the de
biasg voltage. In everything ehar is said further, it will be
asgumed that the de hias is adjuseed 1w the optimum value,
Obviously, a theory of this namre cannoc give logical as-
surance that operadon withour de bias will be successful,
Experiments alone afford encouragement in chis direction.

For present diodes, W is at least several woles, while
¢ i3 less than one vole. Thus, Vi can be used as o good
approximation for ¢ + Vg in all caloulations.

The reactive power formula can be derived by o simple
argument without formal dimensional analysis. Current
theough a capacitance is proportionzl to the capacitance,
o the frequency, and o the of volmge. Under condirions
of similarity, the f volrage will be proportional 6 + Vy
of, approximately, Vg, Hence, the carrent § will be pro-
portional o f Cain Vi The wolt-amperes or reactive
power will therefore be given by

VA =%;'l Can Vo' (3}

In this equation, K is a dimensionless quantity depending
on 1 and £/f, for a given C —V characteristic. The de-
nominator 2 has been included as an arbitrary constane.
One can remember the quantity oy Ve®/2 as the coergy
stored ar a volrage ¥ in a linear capacitor having a capaci-
tance Coin. The smount of energy that can be smored in
the waractor is proportional o this quantity, as is the power
that can be nsformed per cycdle. The use of input fre-
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* Popular frequency bands
(S, C, X, Ku, Ka-Band)

¢ Ka-band noise figure < 6.0 dB

¢ 30 to 50 dB typical gain

e High P1dB (models up to +30 W)

e Internal sequential bias protection
e Optional input and output isolators

e Customizable bias, mechanical and
electrical configurations

e Temperature compensation option
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Search our complete line
of amplifiers online!

www.endwave.com

A powerful new line up from Endwave

Endwave’s acquisition of ALC Microwave combined with our renowned,
building-block approach, has created an industry-leading suite of rack mount
and modular power amplifiers. These dependable amplifiers are available

in the widest selection of power levels and frequencies. Across frequency
variants, they employ 85% common parts to ensure repeatability and speedy
delivery. They are built for the most demanding radio communication and

VSAT applications. Endwave and ALC. Together, we’ve got the power.

Endwave. Plug us in.

(cETl
Frequency  Gain  Noise Figure Gain Flatness Power Out DC Current

Range GHz dB Min dB Max +/-dB Max  P1dB Min IP3 dB Typ +15v, VDC

APA2123-36 2.1t023 47 3.5 0.5 36 46 28 A
APA3438-35 3.4t03.6 30 35 0.5 35 45 28A
APA3438-38 3.4t03.6 30 3.5 0.5 38 48 34A
APA3438-41 3.4t03.6 30 3.5 0.5 a1 51 55A
APA3642-39 3.6to4.2 40 4.0 1.0 39 49 33A
APA4450-40 4.41t05.0 40 4.0 1.0 40 50 55A
APA4450-42 44t05.0 40 4.0 1.0 42 52 33A
APA4450-44 44t05.0 40 4.0 1.0 44 54 95A
APA5964-36 59t0 6.4 40 4.5 0.5 36 46 26 A
APA5964-42 59t06.4 40 4.5 1.0 42 52 53A
APA5964-44 591t06.4 40 4.5 1.0 44 54 95A
APA5864-46 5.8t0 6.4 40 4.5 1.0 46 56 11.0A
APA6472-36 6.4t07.2 40 4.5 0.5 36 46 26 A
APA6472-42 6.4t07.2 40 4.5 1.0 42 52 59A
APA7785-39 7.7t0 8.5 40 4.5 1.0 39 49 36A
APA1112-36 10.7to 11.7 40 4.5 0.5 36 46 26 A
APA1112-42 10.7to 11.7 40 4.5 1.0 42 52 59A
APA1414-37 14.0 to 14.5 40 4.5 0.5 37 47 26 A
APA1414-40 14.0 to 14.5 40 4.5 0.5 37 47 26 A
APA1414-43 14.0 to 14.5 40 4.5 0.5 37 47 26 A
APA3031-36 30.0 to 31.5 27 6.0 1.0 36 43 5.6 A

*APA prefix indicates modular amplifiers operating off DC bias of +12 to +15VDC. To order rack mount amplifiers
that operate off 120-140 VAC, change the prefix to APR.

All units have a maximum I/O VSWR of 2.0:1, without isolators.
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' quency i, is an arbitrary choice from the standpoint of
dimensional analysis bue seems m make K less dependent

wpon harmonic number n than would be the case if outpat
frequency were wsed. Values of K up o 10 have been ob-
served for efficient VHF mulcipliers, but K = 0.5 w0 1.0
seems to be a conservative range to use in initial design,
especially in the microwave region, The wide variations
in obscrved values of K suggest that the basic equivalent
circuir is an oversimplificacion.

At present, no serious miscaleularions would result from
the notion thar the varacoor must store a certain amount of
energy and thar it delivers chis energy t0 a harmonic once
per oycle, However, it may be important to disavow this
implication to preclude possible future misundersrandings.
We do not ask the varacior t0 slore enefgy — ir must frans-
form it from ome frequency to another. Storage and trans-
formation are not the same thing. They are boch, of course,
proposcional o junction area and this is what Equarion {3}
basically indicares. For a given type of junction material,
with a fixed breakdown volmge and capacitance-voltage
characteristic, the ability to transform eneegy is proportional
oy wrea and for this reson proportional © capacizance.

Similarly, it would be a porential mistake for e fumre
o suppese thar & large value of Cay, is desirable. This is
oot tree our of the contexr of an assumed capacitance-
voltage characteristic, On the contrary, it would be en-
rirely desirable if o fxed amount could be subtraceed from
the vamctor capacitance for all volages,

THE EFFECT OF CUTOFF FREQUENCY

Similitude between different muoltipliers can be exact only
for equal values of the ratio of the operaring frequency w
the curoff frequency f, = 1/2=R, Cuw. The cuff fre-
quency is a convenient way of bringing the series resistance
int dimensional analysis of mulripliers; thus

7 = nin, foun/fe) {4)

where f.., is ourpur frequency.
One can make a simple argument that goes beyond di-

mensional analysis, as follows.

The effect on the efficiency of a small series resistance
R. will be an iR, loss at all frequencies at which currents
flow, (This includes of cowrse the inpue frequency and
the ourput frequency but generally cuseents ar other fre-
quencies, especially for high-order mulripliersy. 1f one as-
sumes that the currents themselves are not affected o firse
order by the small series resistance, the effciency 5 muse
have the approximate form

o= g — const. By (B, small} (3)
where , is the efficiency in the absence of series resistance
(e = 1 unless special restrictions are placed on the rype of
circuit ). By combining Equations {4) and (5), one ob-
mins the result for "efficient” mulripliers

,.,:ﬂ,\,[l 5. {f....i,-*m] (6)

where o, is a dimensionless conseant.
An cqually good way of weiting the approximation is

e [ 7

July, 1962

which is equivalent w0 Bquation (6} for small valees of R,
However, Equation (7} is found empirically 1o have o
wider range of validity than Equation (6); Equation (7)
is probably useful for eficiencies as low as 10 per cene
Also, Equation (7) is especially convenient for disoussing
mulriplier chains {see below ).

For doublers, first estimates of o. indicare a valoe of
aboue 10 for the entice range of ¥ = 0033 w0y = 0.5, For
the triplers, it appears that e, is abour 15, Both of these
values are provisional and subject to more socurate de-
rermination. It may evenmally be esrablished exactly how
they vary as ¥ varies. The difference berween v, and uniry
represents the generation of unwanted harmonics and re-
flecrion of the fundamental.

MULTIPLIER CHAINS

Since the overall effciency »y of a complete multiplier
chain is the product of the efidencies of the individual
stages, the approximate formula for efhciency, Equaton
(7}, is an especially convenient form for caloulacing the
overall efficiency. In pareicular, one is ofren interested in
the best choice of harmonic orders o construce & chain
This question will be creared for the special case where all
varactors in the chain are assumed o have the same curoff
frequency and each multiplier is of the same order n. Then,
using m multipliers to generate n frequency n™ times the
input frequency £, one has

oy o (mefin/fe + b + oMb/

(&)

Expressing the sum in closed form, one has

D S i1 8 B
e G SRR (9)

™=
or
- n Euul. e ftn

o T e ™ fe L8

One can see that the quanticy ﬂTnn, is & measure for

1
comparing the various ofders of multiplication. On this
basis, doubler and eripler chains are practically equivalent;
#e, the choice of order of multiplicadon will not be made
on the basis of theoretical efficiencies *

= A sheoretical gualviis of weeliiplioes (wich idlerr swber regquired)
Bt By made by B L Digwond, Livcoly Laberatory repord
760002, 13 Derember 1960, mrmg the deplerion-layer capa-
chumre asimmprion with = 0.3 {whrapr juoction typed, Ex-
amivarion of by eeswls (By prapbical merbods, bewce appeaxic
e ) gives jor domblers, feiplers, guadraplers, aud sexiuplers,
refrecifvely, the following ralues for g0 10.6, 130, 16.6, 188,

and for rhe guawnty =

PR i 2512 190 331 XX The

ralmer of o, ond g, are guile close to phe cited garly experimenial
reswlts Jor wavactovs of the praded janchion eavicty {y = 0.33),
The weareguliry of the vl of ?{.'} xa Phowy thar phe

theeretical eficiency of @ chaie doer wor depend mach wpom
oraler of mufipfiamion. 1 pxpecied thar rbii analyils will be
pachisidned,

BT
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e,

I is intercsting to note thar the lasc stage of such a
{theoretical ) chain always has a lower efficiency than the
combined efficiency of all previous stages, no marer how
loow the starring frequency. Ir also follows thar the optimum
fundamental frequency will not be determined on the basis
of theorerical efficiencies, bur on considerations such as sim-
plicity and signal purity.

The above conclusions are based on the approximations
for “efficient” mulipliers. When the required outpur fre-
quency is s high thar che last stage must be inefficient, the
last stage should be 3 doubler regardless of the arrangements
used in che lower-frequency parts of che chain,

Also, the simple relations like Equation {10) are based
on the assumprion of consant cutoff frequency, while the
reduced reactive power requirements at the high-frequency
end of a chain permic one tw choose varacioes of the highess
cutoff frequencies.

IMPEDANCE CONSIDERATIONS

For a given reactive power, a variety of varactors may
serve having different capacitances and breakdown voltages
bur the same pominal reactive power. The input and out-
put admirtances are peoportional o Gy, and whenever
high power and high frequency are involved, increase in
power by use of larger valoes of G, leads o very bow
circuit impedances. For this reason, in mulriplicr stages
below 1000 Mc outpur frequency, it is generally desirabie
to use u relarively high breakdown volmge.

A somewhar more quantitative estimare of impedance
may be suggested at lense for doublers and triplers. In the
low-frequency region where high efficiencies are obrainable,
one can reasonably expect dhe sescrunce corresponding o
Ciuie 1o be ar least 10 rimes the source impedance, The re-
actanve of C., ar the ourpur frequency would then be
three o five times the ourpar impedance if the latter were
equal 0 the source impedance. OF course, any impedance
estimates based on the diode characreristics can be modified
by the use of transformers in the input and ourpue circuits,
Such rransformarion should be particularly easy w achieve
for parrow-band muoleipliers. Accordingly, while a 50 ohm
source impedance is the commonest preference in UHE
and microwave circoitry, it is oot unressonable w consider
o vamctor thar would suggest 4 five ohm or even lower
source impedance, On the other hand, 2 500 ohm source
impedance séems o be a reasonable upper limit  There
fore, the capacitive reactance of Cuy, should fall in the
range of 30 o $000 chms with a preference for 500 ohms.

Ar the other extreme, where the curoff frequency is noc
much higher than the signal and outpue frequencies, the
effective impedance of the varacor must approach the
series resistance.  Opuimum power transfer will chus re-
quire source and losd impedance approximarely equal
the series resistance as transformed m the varacror. Such
multipliers are very incfficient, of course.

The cutoff frequency of the lower-voltige varactors is
generally berter than char of high-voltage varactors (al-
though the margin of difference is not as large as formerdy ).
For any type of junction, however, it is difficule to make (or
0 Measurer ) series resismances much below 0.5 ohms,

As frequency is increased, it becomes desirable 0 use
lowevoleage waracrors in low impedance circuitry o rake
advantage of high cumff frequency (often 200 kMe), Skin-
effect Insses incrense with frequency, making it more diffi-
cule 1o work at low impedunces ar high frequencies. This

GE

dilemma is no surprise to anyone experienced in microwave
circuies; diffcultios usually increase when frequency goes
up. Each case muse be examined in detail, but the trend is
toward the use of lower-valtage varactors at higher fre-
quencies and the wotal power oatput per varactor accord-
ingly diminishes with frequency.

MNORMALIZATION POWER V5. REACTIVE
PORER

The cutoff frequency and the nominal reactive power
ell & grear deal of information about the electrical charac.
teristics of the juncrion. An alternarive involves the wse
of cutoff frequency and “normalization power” P, As far
as information content is concerned, these two sers of
parameters are equivalent since they are relared by the for-
mula

P, =dr £.P. = (V5 + ¢)%/R. ]
The nominal renctive power P, is preferable if one is con-
cerned with comparatively efficient multipliers and wishes
m specify varscrors thar are likely 10 be replacenble in o
given circuit. The normalization power approach has some
advantage if one wants o cstimare maximum powet har
can be extracted at a given frequency from a particular
:;]':_l-;iml‘ by oprimizing the circuir especially for the chosen

inele,

Suppose, for example, that an efficiens multiplier circute
was designed for 2 given vasactor and then improvement
in fabricarion technigques resulved in the possibility of re-
ducing the series resistance withour changing any of the
other characteristics of the juncrion. The improved varic-
tof would have o have the same capacitince and nominal
reactive power as the older type. A higher efficiency (and
berrer eelinhility because of cooler operation) would resule
from the improved cotoff frequency,

Thus, for efficient mulripliers, one should think of the
series resistance as a second-order paramerer, For this ren-
som, the nominal reactive power characterization seems
preferuble w the normalization power, in which the series
fesistance appears as o ficse-order quanciry.

LIMITATIONS

While the above design theory i a logical consequence
of the assumprions, the assumptions are not completely
faithful o the physics of the device. For example, the as.
sumed capacimnce-volnge characteristic implies that the
capacitance goes o infinity ar a forward voleage oqoal m ¢
At this voltage, the hole and electron diouds on eicher side
of the juncrion are suppoded o meet each other. OF course,
such an abrupt event does nor occur because of the thermal
fuzzing of the exacr boundaries of the diseribation. More-
over, the equations imply rthat the amount of charge intro-
duced into the diode in the forward direction is finite; ae
least the equations do not say what should happen afrer
this point is reached. In face, the holes and elecorons con-
tinue o approach cach other and intermingle. Some of
this imtermingling ocours even before the depletion region
is oblitesated and it continues as a charge-storage mecha-
nism for an almost unlimiced amount of charge.

This mechanism i3 useful enly ac sufficiently low fre-
quencies where the delay due w0 the finite speed of carsier
motion is u very small fraction of o cycle, The delay is, of
course, dependent upon the juncrion structure and is ex-
pecred o be shorter for diodes with Inwer breakdown vol-
tage (because the junctions are narrower ).
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Charge-storage by the intermingling of holes and elec-
trons { somerimes called "minority carrier stoeage” or Tin-
jection capacitance’ ) would be expecred o increase the
power handling capabilities almost withour limir, according
mw the following reasoning. This mechanism leads o a
capacitance-voltage characteristic of the form®
qV/ kT (11)
This capacitance becomes dominant for forward biases. Ac
comparatively low frequencies, the reactance of this large
capacitance may be much larger than che series resismnce
and therefare useful in harmonic generation. In facr, there
can be a wide range over which R, and C,.., are electrically
insignificant and the predominant characteristic is the ca-
pacitance given by Equarion (11}, In chis range one has
the remarkable result that the reactive power capability is
not dependent upon juncrion ares, sincs one can incredse
the capacitance a5 desired by approptiste change in vol-
tage. Also, as the power is increased for o given diode, the
effective capacitance (however defined } will increase, the
operating cutoff frequency will decrease (if R, is approxi-
mately constant), and the efficiency will decrease. This
behavior differs from the depletion-layer case where effici-
ency increases with power level wp o the reactive power
limir.

All of the predicted phenomenn have been observed in
high power VHF muleipliers: anomalonsly high valoes of
10 m 20 for K in Bquation (3], reduced dependence of
elecrrical performunce upon junction area, and pradual de-
crease of efficiency with increasing power.

Larger-arén junctions have the advantage of lower R
and better thermal dissipation, so thar ulrimare powsr capa-
hility is approximarely proportional to aren, The ultimane
reactive power capabiliy is s0 enhanced by the injection
capacitance thar the i°R, thermal limitation is usually the
conerolling factor in dessrmining maximum CW power,

C == constant x &

Multiplicr testing of power vamctors,

CONCLUSIONS

The systemization of varactor mulriplier resules by the
methods of dimensional annlysis shows that edditional ex-
perimental work is required o develop o better equivalent
circuir e represent the varector in che VHF region. De-
railed mathematical analyses based on the depletion-layer
will nevertheless be of considerable value, since it is likely
that this equivalent ciscuit is approached in the micoowave
Tegion.

The results that have been derived for efficient mult-
pliers show thar theoretical analyses of efficiency will noc
likely form the basis of choosing the harmonic order m be
preferred in pracrical mulcipliers, nor will such theories
provide an indicarion of oprimum fundamental frequency.
These choices will be based on practical considerations such
as circuit simpliciey and trangistor availabilicy.
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INVITED PAPER

AN HISTORICAL
PERSPECTIVE ON S50 YFARS
OF FREQUENCY SOURCES

his year is the 50th anniversary of Mi-
I crowave Journal. As is frequently the
response to such noteworthy occasions,
the editors, in their unquestionable wisdom,
have invited old codgers like me to create ret-
rospectives on microwave technology. I never
thought it would have happened, but the older
I get, the more I tend to say things like “in my
day” and to mutter more or less conventional
complaints about the younger generation. In
technology, we happily become the old guys
that, in our youth, so thoroughly annoyed us.
This month, Microwave Journal is high-
lighting a 1962 article by Arthur Uhlir, one of
the true pioneers of nonlinear component re-
search. The article, while seemingly rather
specialized, touches on many of the then-cur-
rent considerations in the design of such com-
ponents. In view of all this, it seems like a
good occasion to talk a little about sources,
and to show how we got where we are.

VACUUM SOURCES

At the time of Uhlir’s paper, there were few
options for generating microwave signals. The
simplest, although rarely the most desirable,
was a microwave tube.l2 Three types of tubes
used for generation of microwave signals were
magnetrons, reflex klystrons and backward-
wave tubes. More or less conventional triode
tubes could also be configured to work in the
lower microwave range.

Magnetrons

Magnetrons, invented in England during
the second world war, were the earliest mi-
crowave tubes. Magnetrons, more than any
other technology, made radar possible, and,
because of their low cost and high power ca-
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pability, are still in use. Your mi-
crowave oven, for example, uses one.
Magnetrons operate by accelerat-
ing electrons and spiraling them in a
magnetic field. The electrons pass
apertures in a periodic structure
composed of resonators, giving up
energy to the electric field in the
aperture (see Figure 1). The princi-
ple has been compared to creating a
tone by blowing across the open top
of a bottle. Like other microwave
tubes, magnetrons are noisy and diffi-
cult to stabilize. As such, they are
rarely used for receiver local oscilla-
tors, but for applications that require
large amounts of raw power, such as
radar transmitters and, of course,
your microwave oven, they are ideal.

RESONATORS

OUTPUT
WAVEGUIDE

A Fig. 1 A magnetron is one of the simplest
and earliest microwave tubes. Electrons
emitted from the cathode are accelerated
toward the anode, but a magnetic field causes
them to spiral in the space between those
elements. The spiraling electron cloud excites
fields in the coupled cylindrical cavities in the
anode.

Reflex Klystrons

Reflex klystrons were common at
frequencies from the lower mi-
crowave range well into the millime-
ter. In an amplifying klystron (see
Figure 2), an electron beam first
travels through a microwave cavity,
where it is velocity-modulated by the
electric field. The beam continues
through a drift space, where the
faster electrons catch up to the slow-
er ones, forming “bunches” of elec-
trons in the beam. When the
“bunched” beam finally passes
through a second cavity, it gives up
some of its energy exciting the fields
in that cavity, providing greater out-
put power than input power; that
power, in effect, is extracted from the
beam. In a reflex klystron, only a sin-
gle cavity is used. A reflector element
bends the beam back into that same
cavity that velocity-modulated it, ef-
fectively providing feedback neces-
sary for oscillation. Reflex klystrons
were capable of providing high pow-
er, but they were difficult to stabilize
and generated substantial AM noise.
In many millimeter-wave receivers,
the AM noise from the klystron,
downconverted by the klystron local
oscillator (LO) itself, was the domi-
nant source of noise.

Backward-wave Tubes
A  backward-wave oscillator
(BWO) is a variant of a travelling
wave tube, or TWT. In a TWT, a
wave is allowed to
interact with an

CoVER FEATURE: Now

right conditions, the wave modulates
the beam and the beam gives up en-
ergy to the wave, in a manner not ter-
ribly different from a klystron. The
main difference, however, is that a
cavity is not used, so TWTs can oper-
ate over broad bandwidths.

Backward-wave oscillators are pos-
sible because, contrary to all intu-
ition, the beam can support a back-
ward wave resulting from the for-
ward-travelling wave. This creates the
feedback necessary for oscillation.
Furthermore, just as TWTs are
broadband, BWOs can have remark-
able tuning ranges. Many of us re-
member using BWO test sources,
from the lower microwave region to
the millimeter-wave, having octave-
band outputs.

While BWOs are largely obsolete,
TWTs are still in use. Although the
preference today is for solid-state am-
plifiers, many spacecraft in use today
still have TWTs. They are used be-
cause of their high efficiency, high
power, reasonable linearity and broad
bandwidth. Especially, TWTs can be
made adequately reliable for space
applications. It’s not an exaggeration
to say that, without TWTs, broad-
band, high-volume satellite commu-
nication would probably not have
been possible until very recently.

Although they were essential for
early microwave technology, vacuum
devices had limitations that encour-
aged system designers to abandon
them as soon as adequate solid-state
alternatives were available. As we

Wg\lleTGPl':lll-'l.)E elec‘tr()n beam over  have noted, tubes were notoriously
a falrl}" long region difficult to stabilize. Throughout the
(see Figure 3). The 1960s and 70s, communication sys-
P wave must propa- tems became progressively more so-
® |cAvTY gate on a slow-wave phisticated, and frequency and phase
1 H e e strl}cturej usuall}{ a stability requirements became more
helix, so its velocity severe. Although it is possible to
ELECTRON GUN  ~ ELECTRON g]a,tCheS[}hzg of tlhe phase-lock certain kinds of tubes (the
] | ) eam. Under the  reflex klystron is probably the easi-
ANODE / E'-gm?" OUTPUT TERMINATION “\_/j
H Y
[ O AN
l—— —| ]\ HELIX ELECTRON
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A Fig. 2 In a reflex klystron, the beam is first velocity-modulated in

a microwave cavity, then reflected back into the cavity to provide
feedback necessary for oscillation. As the cavity is part of the body of
the tube, it is necessarily at ground potential and a negative voltage is

applied to the cathode.
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A Fig. 3 A backward-wave oscillator is similar in many respects to a
travelling-wave tube, but it makes use of a backward wave that
propagates on the helical slow-wave structure. This provides feedback

necessary for oscillation.
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est), it is indeed not much fun to try.
Even then, the AM noise problem
was severe, especially for low-noise
millimeter-wave receivers used in ra-
dio astronomy and other radiometric
applications. Finally, and probably
most importantly, the problem of reli-
ability motivated the move from
tubes to solid-state sources. All tubes
have a lifetime, usually no more than
a few thousand hours of operation.
Even so, and perhaps paradoxically,

the tubes themselves often were reli-
able enough, but the necessary high-
voltage power supplies were not.
High voltage is inherently unreliable,
especially in space applications,
where rarefied gasses are easily ion-
ized and support arcing. Another mo-
tivation was safety; as this author, who
once superimposed himself across
the 1800 V output of a klystron power
supply can attest, high voltages are
inherently dangerous.
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Conventional Vacuum Tubes

Even before the 1960s, a number
of vacuum tubes could generate use-
ful signals at UHF and lower mi-
crowave frequencies.> Most of these
were triodes, tubes having a single
grid. World War II military equip-
ment often used the 955 “acorn” tube,
invented in 1935.4 T have seen 955s
used up to 500 MHz, but with proper
cavity construction, they could possi-
bly operate to 1 GHz. The 2C40
“lighthouse” tube’s cylindrical symme-
try made it ideal for mounting in
coaxial cavities. 2C40s could oscillate
above 3 GHz. The 5675 “pencil” tube,
also designed for use in coaxial cavi-
ties, could produce a half watt at 1.7
GHz. Finally, one of the best known
tubes, and perhaps the last gasp of
high-frequency receiving-tube tech-
nology, was the 6CW4 “Nuvistor”
from RCA.5 It was used in many high-
frequency commercial applications,
primarily television tuners, and could
provide low-noise oscillation and am-
plification to almost 1 GHz.

In the solid-state world, we focus
almost entirely on resistive and capac-
itive parasitics. Conventional vacuum
triodes, however, were limited in their
operation by cathode-to-plate elec-
tron transit times. Making devices
smaller and operating at higher plate
voltage reduced the transit time; un-
fortunately, small size and high volt-
age were competing trade-offs and, in
any case, a triode could be made only
so small. It seems inevitable, then,
that transistors, which have much
shorter transit times, would be viewed
as the next high-frequency devices,
and it is no surprise that great effort
was put into the development of mi-
crowave transistors. Indeed, not only
were transistors improved beyond all
expectations, but new, unforeseen sol-
id-state microwave devices were cre-
ated as well. It's not an exaggeration
to say that solid-state technology cre-
ated a golden age of microwave elec-
tronic technology.

Varactor Frequency Multipliers

At the time of Uhlirs paper, prac-
tical microwave transistors didn’t ex-
ist. Rapid progress in solid-state tech-
nology was made throughout the
1960s, however, and by the early 70s
we had good, low-noise bipolar tran-
sistors useful to a few gigahertz.
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The earliest solid-state device useful
for generating microwave energy was
the varactor diode. Varactor frequency
multipliers date from the late 1950s,
when they were realized in both dif-
fused-junction and point-contact form.
It seems that good varactors, useful for
efficient microwave frequency multipli-
cation, were available quite early, and
practical multipliers were produced
well before 1960. While some aspects
of the operation of reactive microwave

Integrated Microwave
Assemblies

devices were becoming clear by the
mid-1950s (for example, the classic
treatment of power in such devices by
Manley and Rowe),% a good under-
standing of the theory of such devices
followed well behind practical applica-
tion. For example, another paper by
Uhlir at this time” shows that the oper-
ation of even simple point-contact
diodes (in which a metal contacting
“whisker” actually forms a crude Schot-
tky junction) was not well understood.
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A good theoretical understanding
of varactor multipliers was developed
fairly quickly, however, and papers of
that era show a remarkably complete
theoretical basis for varactor multipli-
ers.89 The paper by Ullir, reprinted in
this issue, shows a mature understand-
ing of multiplier theory by 1962. One
of my favorite books on varactor cir-
cuits, although focussed primarily on
parametric amplifiers, is that of Black-
well and Kotzebue.10 It hit the streets
in 1961. Not much later, Burkhardt’s
classic paper on multiplier design was
published;!! it became the standard
for the design of such multipliers.

Early on, it was recognized that a
varactor diode’s voltage was a quadratic
function of charge, and, as such, could
generate only second harmonics di-
rectly. Higher harmonics required the
use of idlers, resonators that supported
voltage components at intermediate
harmonics, allowing higher harmonics
to be generated through a mixing
process. Although Manley and Rowe
showed that 100 percent efficiency was
theoretically possible in reactive multi-
pliers, the efficiency, in practice, de-
creased fairly quickly with harmonic
number. Uhlirs paper takes issue with
that idea, largely for theoretical rea-
sons, and it is important to note that it
was published before more complete
analyses such as Burkhardt’s. Even so,
it indicates quite a bit of activity in the
theoretical work surrounding these
components.

In the early 1960s, there existed
few solid-state methods for generating
microwave signals. The most common
was to use a crystal oscillator, operat-
ing below 100 MHz, followed by a se-
ries of bipolar-transistor frequency
multipliers. The multipliers raised the
frequency to a few hundred mega-
hertz, at which the signal was ampli-
fied and applied to a string of varactor
multipliers. If the multiplier chain had
more than a few varactor stages, the
input power to the varactor portion of-
ten had to be a few watts. This would
result in a few tens or hundreds of
milliwatts at the output. To attain this
modest output power, the source had
to dissipate several watts of heat. Not
only was this inefficient, but disposing
of the heat, especially in space applica-
tions, could be a major difficulty.
Apart from efficiency considerations,
varactor multipliers were generally
narrowband and prone to instability.

MICROWAVE JOURNAL = APRIL 2008


http://mwj.hotims.com/16340-29
mailto:marketing@bmd.cpii.com
http://www.cpii.com/bmd

HALLENGING CONCEPTS

J."m WD 575 L
He a £f

hj

i -
:l DETSS - 1AH I:

Tuner/Receiver Couplers
0.1 to 18 GHz

UMTS Signal Generator

-

Linear Power Amplifier

The most challenging design concepts require the
most creative solutions. At Mid-Atlantic RF Systems,
Inc. our goal is to provide cost-effective solutions for
all microwave and RF applications. We design and
manufacture a variety of couplers, switches,
amplifiers, assemblies and low-cost receivers for both
the commercial and military markets. Value-Added
assembly (contract manufacturing) offers a fast and
precise way to fulfil complex microwave and RF
assembly requirements from prototyping to short run.
For more information on product specifications, call
Mid-Atlantic RF today!

MID-ATLANTIC RF SYSTEMS, INC.
PO Box 745, Forest Hill, MD 21050
Tel:410/893-2430 « Fax:410/638-5193
E-mail:info@midatlanticrf.com

Web:www.midatlanticrf.com
Visit http://mwj.hotims.com/16340-74 or j

use RS# 74 at www.mwjournal.com/info



mailto:info@midatlanticrf.com
http://www.midatlanticrf.com
http://mwj.hotims.com/16340-74
http://www.mwjournal.com/info

Making them work well was a tricky
business.

On the positive side, the use of a
crystal oscillator guaranteed good sta-
bility. Transistor frequency multipliers
generated little noise, and varactors,
being reactive devices, generated only
negligible levels of noise. As a result,
such sources could be quite low-noise.
This combination of low noise and sta-
bility made varactor multiplier chains
extremely valuable in modern radar
and communication systems.

Other Solid-state Sources

Probably the most successful solid-
state microwave source is the Gunn
oscillator, also known as the trans-
ferred-electron oscillator. Such oscilla-
tors make use of negative resistance
that can occur in certain bulk semi-
conductors, all of which are III-V ele-
ments. These semiconductors have a
“satellite” conduction band, in which
the electron mobility is relatively low.
When the electric field in the semi-
conductor is great enough, electrons
are transferred into this band, their ve-
locity decreases and current decreas-
es. The resulting negative resistance
can be used to create an oscillator.

The possibility of such negative-
resistance oscillation was predicted in
papers by Hilsum!2 and by Ridley
and Watkins!3 before it was observed
experimentally by Gunn.4 Commer-
cial oscillators were readily available
by the early 1970s, and the technolo-
gy quickly matured. Indeed, mi-
crowave engineers could hardly be
luckier: put in DC, get out mi-
crowaves. What could be better?

Gunn oscillators had low noise,
were easy to tune electronically (so
they could be stabilized in phase-
locked loops), could operate at mil-
limeter wavelengths, and had decent
output power and efficiency (a couple
hundred milliwatts at 30 GHz was
typical). GaAs Gunns had an upper
frequency limit around 100 GHz es-
tablished by the time required to
transfer electrons to the satellite
band. Other materials, particularly in-
dium phosphide, were not so limited,
and InP oscillators above 100 GHz
were regularly produced. Not cheap-
ly, of course, but for a price, they
could be obtained.

The main disadvantages of Gunn
oscillators were relatively high 1/f
noise, which resulted in phase noise,
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the need to mount the device in a mi-
crowave cavity, and like all negative-
resistance devices, a tricky design and
development process. As a result,
Gunn oscillators required a signifi-
cant amount of labor in the form of
fabrication and tuning to produce
them. This meant, in turn, that costs
were difficult to minimize, even with
significant technological advances:
making a Gunn oscillator still re-
quired several hours work by both a
skilled machinist and an experienced
technician. This probably was the
greatest cause of the Gunn’s eventual
obsolescence.

Another important device was the
impact-avalanche transit-time device,
or IMPATT, along with its alphabet
soup of cousins (TRAPATT,
BARITT,...). IMPATTS: are also nega-
tive-resistance devices, but their neg-
ative-resistance results from transit
time through the device. The device,
a kind of PIN diode, is allowed to go
into avalanche breakdown at reverse-
voltage peaks. Then, delays in the
build-up of avalanche charge and
transit through the device result in a
current pulse that is out of phase with
the voltage that generated it. The re-
sult is negative resistance and result-
ing oscillation.

Avalanche breakdown is a noisy
process, so IMPATTs were unavoid-
ably noisy. They were rarely used in
receivers. On the positive side, how-
ever, they were capable of substantial
power, often tens of watts at X-band.
This made them serious contenders
for tube replacement in various kinds
of transmitting hardware. Even
though the thought of using a device
based on avalanche breakdown sent
reliability engineers into post-trau-
matic shock, IMPATTs were eventu-
ally made reliable enough for space
applications. They replaced a lot of
TWTs in microwave systems.

WHAT DOES ALL THIS TELL US?
Of course, it would be easy to re-
peat the tired idea that those who
don’t learn from history are con-
demned forever to quote Santayana
(or something like that). Even so, I
find that there is often little under-
standing among technologists of the
history of their technologies, and, es-
pecially, the phenomena that motivat-
ed their evolution. A result is re-
search into technologies (often in

CoVER FEATURE: Now

academic settings, I'm afraid) that
seem to push that evolutionary
process backwards. The best way to
prevent that malady is to understand
that evolutionary process.

Microwave sources have evolved
continuously from large, hot devices
with a lot of mechanical parts that are
often difficult to fabricate into elec-
tronic and solid-state components.
The motivations have been, almost
exclusively, cost (broadly defined)
and reliability. Of course, perfor-
mance is also a factor; however, in
many cases, it has been quite accept-
able to sacrifice performance for cost
and reliability. A perfect example is
the move from TWT to solid-state
transmitters on spacecraft. The pow-
er of early solid-state amplifiers could
not match that of tubes, and the effi-
ciency was often no better. But the
need to improve reliability and re-
duce size (for greater functionality
within weight limits) was so great that
solid-state amps were simply made to
work: improve the receivers and an-
tennas a bit to pick up a couple dB,
accept a small reduction in link mar-
gin, and it all works.

Indeed, most tubes and many of
the older semiconductor devices had a
cost or reliability floor that simply
could not be pushed any lower. When
there appears to be no technological
route around such limitations, the
pressure to develop—and to adopt—
new technologies becomes irresistible.
That's exactly what happened.

A continual problem in the early
days of microwave solid-state sources
was the lack of any concrete design
procedure, to say nothing of circuit
simulation capability. Producing a
Gunn or IMPATT oscillator, or a var-
actor frequency multiplier, for that
matter, was like trying to catch a very
angry cat in a dark cellar. It involved
many hours at a lab bench, tweaking
the beast into existence. The design-
er, like the cat catcher, rarely
emerged unscathed.

Indeed, the lack of circuit-level
models for devices could be cited as a
reason for the lack of systematic de-
sign methods. Such models could have
helped. However, without computer
circuit-simulation technology or other
supporting technologies, such as accu-
rately de-embedded microwave mea-
surements, they would not have been
terribly useful. I remember engineers
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in this era being openly contemptuous
of computers, not entirely without rea-
son. Using a computer in the 1960s
and 70s was an exercise in slow motion
that often could be outrun by some ju-
dicious lab work.

An important lesson of this experi-
ence is that the lack of a perfect, com-
plete technology doesn’t necessarily
prevent its development. A curious as-
pect of technological advance is evident
the way that a complete technology of-

ten arrives late in the game, frequently
when we are ready to move on to new
ones. This emphasis on the pragmatic
and a willingness to work, often in the
dark, with whatever is available, has re-
sulted in extraordinarily fast technologi-
cal progress. Compare this, say, to med-
ical research, where the mindset is in-
variably first to understand the theory,
then hope that practical results arise
from it. We technogeeks are a lot faster,
and, I dare say, more successful. l
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consulting company, in 1993. He is currently chief
scientist of Applied Wave Research Inc. (AWR). He is
the author of Microwave Mixers (Artech House, 1986
and 1992), Nonlinear Microwave Circuits (Artech
House, 1988; second edition 2003), The RF and
Microwave Circuit Design Cookbook (Artech House,
1998), and Noise in Linear and Nonlinear Circuits
(Artech House, 2005). From 1990 until 1992 he was
the editor of the IEEE Transactions on Microwave
Theory and Techniques and from 1990 to 1993 was
an Adcom member and publications chairman of the
IEEE MTT Society. He received the Microwave Prize
in 1989 for his work on distortion in diode
mixers and the MTT Application Award in
2002. He is a Fellow 0]10 the IEEE.
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Within the vast, modern landscape of satellite communications, one RF supplier
stands alone when it comes to delivering superior performance in a much smaller
footprint. Combining a fractional-N PLL, low phase noise VCOs, LO buffers and
high-linearity RF mixers, the RF205x family of products from RFMD® offers
engineers a highly integrated yet flexible solution that performs well over a

broad range of frequencies. Readily adaptable to a variety of radio systems and
applications, the RF205x devices also significantly reduce development time and
risk while guaranteeing yields. In an industry filled with uncertainty, it's reassuring
to know your supplier is sharply focused on what makes tomorrow’s most reliable,
compact and cost-effective end products.

RF205X Famlly of Products

* 2.7 to 3.6V operation * Wide reference frequency range: 10MHz to 104MHz
* 100MHz to 2500MHz RF/IF range ¢ Integrated LO buffers and high-linearity RF mixers
* 300MHz to 2400MH LO range * Programmable linearity mixers for power saving
* Fractional-N synthesizer - 1.5Hz resolution * Two frequency registers for FSK modulation
¢ Integrated low phase noise VCOs ¢ Three-wire serial control interface
RFMD® is a trademark of RFMD, LLC. ©®2008 RFMD. ISO 9001: 2000 Certified / ISO 14001: 2004 Certified

RFMD &

www.rfmd.com/RF205X

[Invention is the art of science.]
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LET THIS BE YOUR GUIDE

TriQuint Semiconductor now
offers an extensive product
selection guide designed
around your RF needs!

Filling your bill of materials just got
easier thanks to TriQuint's new Product
Selection Guide. \We took all the superb
designs RF engineers have relied on
for years, plus some great new ideas,
and put them together in one spot.

TriQuint's new guide delivers a
powerful selection of the industry’s
best commercial and military

RF devices.

TriQuint created many of
the GaAs, SAW and BAW
processes inside the world's
most popular RF products.
Buy with confidence from
a product innovator.

Let us be your guide
to a new world of
products built around
your RF design needs.

Visit www.triquint.com/rf and register for TriQuint
product & process updates. Also get your copy of our
new Product Selection Guide.

TriQuint @
SEMICONDUCTOR

Phone: +1-503-615-9000 | Fax: +1-503-615-8900
E-mail:_info-sales@tgs.com | Website; www riguintcom  Connecting the Digital World to the Global Network®
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TriQuint manufactures world-class MMICs for millimeter wave
applications including PTP radio and VSAT ground terminals using
proven 0.5um, 0.25um and 0.15um power pHEMT processes.
When coupled with 3MI high-density interconnect technology,
TriQuint processes deliver exceptional performance at the
industry’s most competitive prices — a winning combination to

support your high-performance, cost-sensitive commercial
application needs. TriQuint's power MMICs, supporting S- to Ka-
Band frequencies, have output levels from 20mW to 7W. Most
devices are available in both industry standard packages and
as chips for maximum flexibility. All products are 100% DC and
RF tested on-wafer to ensure compliant performance.

Take a Peek Inside...

mmWave Power Devices for PTP Radio and VSAT Ground Terminal Applications
Frequency Range | P1dB (Psat)/0IP3 | Gain| NF/PAE |Voltage / Current| Package | Part

Description (GHz) (dBm)
Driver Amp, SB
2W HPA

4W HPA

2W HPA, PD

K Band HPA

HPA, AGC, PD

2W HPA
4W HPA
Driver Amp

HPA 36-40 30/-
NOTES: *=New, SB = Self Biased, PD = Power Detector

This table contains a subset of the total selection of products available from TriQuint. If you are unable to
locate the product you need, please contact your local sales representative or the factory for more information.

Visit www.triquint.com/rf and register for TriQuint product & process updates.
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s Competitive Pricing & Fast Delivery
» Military Reliability & Qualification
* Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & Mare
# Unconditionally Stoble (100% tested)

and AS91008
CERTIFLED

OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. reg 6Hz)  Gain (@) MIN  Noise Figure )  Power-out @Pid8 3rd Order ICP VSWR
CA01-2110 28 MAX, 0.7 TYP +10 MIN 0dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBdm 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 +20dBm  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 0.4-05 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A78-4110 7.25-7.75 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
(A13153110 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 +41 dBm  2.0:1
CA34-6116 3.1-35 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Fret{ (6Hz)  Gain (@) MIN  Noise Figure (@)  Power-out@pid8  3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +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
(A02-3112 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, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 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 BBm  2.0:1
LIMITING AMPLIFIERS
Model No. Freq (6Hz)  Input Dynamic Range  Output Power Range Psat  Power Flainess dB VSWR
(CLA24-4001 2.0-4.0 -28 to +10 dBm +7 to +11 dBm +/-1.5MAX  2.0:1
CLA26-8001 2.0-6.0 -50 t0 +20 dBm +14 t0 +18 dBm +/-1.5MAX  2.0:1
(lA712-5001  7.0-12.4  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
CLA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (6t Gain @8) MIN  Noise Figure @8  Power-out@p1d8 Gain Affenuation Range VSWR
CA00T-251TA  0.025-0.150 21 5.0 MAX, 3.5TYP  +12 MIN 30 dB MIN 2.0:1
CA05-3110A 0.5-5.5 23 2.5 MAX, T.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, T5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 2.0TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freti (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p18  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
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1 ¢
(A003-3116 0.01-3.0 18 4.0 MAX, 2.8 TY +25 MIN +35dBm  2.0:1
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1 4
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.
Visit http://mwj.hotims.com/16340-23 or use RS# 23 at www.mwjournal.com/info
Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012

Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com
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arris Corp., an interna-

tional communications
and information technology
company, and Cisco, the
worldwide leader in net-
working, have teamed to
speed the installation of
Type 1 secure wireless net-
works for intelligence and
civilian agencies of the fed-
eral government. The two
companies combined their core strengths to provide Se-
cure Wireless Architecture Type 1—a solution that ex-
pands the ability of federal agencies to view and share
classified data over wireless information technology net-
works. “Harris and Cisco have industry-leading reputa-
tions for reliable, secure, mission-critical assured commu-
nications,” said Richard Rzepkowski, vice president of
communications security products, Harris RF Communi-
cations. “Federal agencies can now obtain the best of
Harris and Cisco products and expertise to develop pre-
mier Type 1 wireless solutions that meet their require-
ments for data confidentiality and integrity, user and de-
vice authentification, asset tracking and intrusion detec-
tion.” The combined Harris and Cisco solution includes
Harris SecNet 54° device, the fastest Type 1 wireless en-
cryption product available today, along with networking
engineering, installation, management, support and train-
ing through the Harris Information Services business.
Cisco will provide routers and controllers and other net-
working equipment along with networking design and en-
gineering services. “In the past, the number of Type 1
wireless solutions was limited at the federal level due to
policy mandates for wireless networking and other proto-
cols governing access to classified data,” Rzepkowski said.
“Harris and Cisco offer a complete solution that is backed
by experts in wireless technology, system integration, in-
stallation and support, and the highest level of informa-
tion security, along with a broad distribution network.”

Harris and Cisco
Team to Enhance
Secure Wireless
Networking

US Air Force modern-
ized Global Positioning

Lockheed Martin

DEFENSE NEWS

Each ITR-M satellite includes a modernized antenna pan-
el that provides increased signal power to receivers on the
ground, two new military signals for improved accuracy,
enhanced encryption and anti-jamming capabilities for
the military, and a second civil signal that will provide
users with an open access signal on a different frequency.

“All of us at Lockheed Martin are proud of our long-
standing partnership with the Air Force and the block
ITR-M’s impressive record of performance,” said Don De-
Gryse, Lockheed Martin’s vice president of navigation sys-
tems. The GPS constellation provides critical situational
awareness and precision weapon guidance for the military
and supports a wide range of civil, scientific and commer-
cial functions—from aircraft traffic control to the Inter-
net—with precision location and timing information.

Lockheed Martin and its navigation payload provider
ITT of Clifton, NJ, designed and built 21 IIR spacecraft
and subsequently modernized eight of those spacecraft
designated Block ITR-M for the Air Force. The final satel-
lite, which includes a new demonstration for the new civil
signal, known as L5, has just completed final integration
testing and is on track for shipment to Cape Canaveral in
preparation for launch in June.

The Global Positioning System enables properly
equipped users to determine precise time and velocity
and worldwide latitude, longitude and altitude to within a
few meters. Air Force Space Command’s 214 Space Oper-
ations Squadron (2SOPS), based at Schriever Air Force
Base, CO, manages and operates the GPS constellation
for both civil and military users.

Lockheed Martin is also leading a team which includes
ITT and General Dynamics in the competition to build
the US Air Force’s next-generation Global Positioning
System, GPS Block III. The next-generation program will
improve position, navigation and timing services for the
warfighter and civil users worldwide and provide ad-
vanced anti-jam capabilities yielding improved system se-
curity, accuracy and reliability. A multi-billion dollar de-
velopment contract is scheduled to be awarded by the
Global Positioning System Wing, Space and Missile Sys-
tems Center, Los Angeles, CA, in early 2008.

Successfully
Launches 6th
Modernized GPS
Satellite

System Block IIR satellite,
built by Lockheed Martin,
was successfully launched
from Cape Canaveral Air
Force Station aboard a Unit-
ed Launch Alliance (ULA)
Delta II launch vehicle. The
satellite, designated GPS

Raytheon Missile
and Radar Play
Critical Roles in
Satellite Intercept

Raytheon Co. played a
pivotal role in the Feb-

ruary 20th successful inter-
cept of a non-functioning
satellite. The company’s
Standard Missile-3 was spe-
cially modified for its unique
operation, performing be-

IIR-19M, is the sixth in a
line of eight GPS IIR satellites that Lockheed Martin Navi-
gation Systems, Valley Forge, PA, has modernized for its cus-
tomer, the Global Positioning System Wing, Space and Mis-
sile Systems Center, Los Angeles Air Force Base, CA.

This mission represented the third successful launch of
a GPS IIR-M satellite in under five months and is one of
the final three Block IIR-M satellites planned for launch
in 2008 to sustain and improve the GPS constellation.
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yond its intended capabili-

ties to intercept the target

153 miles over the Pacific

Ocean. Much engineering and technical expertise went into

modifying the software on three SM-3 missiles for this one-

time mission. Throughout the process, Raytheon engineers
worked closely with its customer to ensure mission success.

At the same time, the Sea-based X-band radar, de-

signed and built by Raytheon, tracked the satellite prior to
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the missile engagement and performed the hit assessment
afterward. The radar performs the critical functions of cu-
ing, tracking and discriminating a target. Its home port is
Adak, Alaska, located approximately midway along the
Aleutian Islands chain.

orthrop Grumman

Corp. is one of two
companies awarded a con-
tract by the US Army to de-
sign and demonstrate a pro-
totype missile interceptor
weapon system that will de-
fend warfighters against
rocket, artillery and mortar
(RAM) threats. As part of
the first phase of a multi-
phase program spanning five years, Northrop Grumman will
design, fabricate, integrate and test hardware and software
for a new battle element (BE) that is part of the Extended
Area Protection and Survivability Integrated Demonstration
(EAPS ID) program. The purpose of the EAPS ID is to cre-
ate a mobile missile system (or BE) that can engage multiple,
in-flight RAM threats accurately and protect forward de-
ployed forces over a large defended area at a much lower
system cost, and cost-per-hit, than is currently possible.

Northrop Grumman
Wins US Army
Missile Interceptor
System Contract

the power of integration in...

DEFENSE NEWS

“The EAPS ID program is another opportunlty that
builds on Northrop Grumman’s leadership in force pro-
tection systems and 50 years of missile systems excel-
lence,” said Frank Moore, vice president of the Missile
Defense Division at Northrop Grumman’s Mission Sys-
tems sector. “We are applying existing technologies with
an innovative approach to demonstrate to the Army a pro-
totype system that is low cost, mobile, accurate and able
to defeat RAMs within this extended area of coverage, a
much needed capability for our future force.” The US
Army Aviation and Missile Command/Research, Develop-
ment and Engineering Center at Redstone Arsenal in
Huntsville, AL, is managing this contract. Over the next
five years, the N01throp Grumman team will demonstrate
the technology for a complete kinetic energy weapon sys-
tem battle element. The BE includes a low cost missile, a
launcher, fire control radar and fire control computer to
defeat a wide range of RAM threats. By the end of the
contract, the Northrop Grumman team will have demon-
strated this new capability to the Army during interceptor
system testing at the Yuma Proving Ground, Yuma, AZ.

Northrop Grumman is leading an experienced techni-
cal missile and fire control team that includes Mitec Corp.
and Torch Systems, both located in Huntsville. The initial
award, option one, is for $6 M and extends through No-
vember. Options two through five will be executed annu-
ally for a total contract value of up to $40 M. H

REMECG Defense & Space

Trusted Partner for Leading Edge Integrated RF,
Microwave and Millimeter Wave Technology

REMEC Defense & Space, Inc., a division of Cobham

Defense Electronic Systems, supplies products for:

ELECTRONIC WARFARE MISSILES
RADAR COMMUNICATIONS SPACE

Product technologies include:
MMIC
Filter

Multiplier
Amplifier

e Control System

¢ Integrated Microwave
Assembly

e Subsystem

REMEC Defense & Space
www.remecrds.com
858-560-1301
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The Lorch trademark—
a promise of quality, value, and service

Lorch Microwave is the leading supplier of RF and Microwave components and systems.

For more than four decades, Lorch Microwave has been providing innovative solutions
for the most demanding applications to military, industrial, and commercial customers
worldwide. We incorporate the latest technology in design and manufacturing to

provide the highest quality products quickly and affordably—the Lorch commitment to

our clients and to their complete satisfaction.
Salisbury, Maryland 21802 - USA
800.780.2169 - 410.860.5100

LO RCH Brackenholme YO8 6EL. UK
m Tel/Fax +44 (0) 1757 633 755 smttths
WWW. |.0 rCh .Com bringing technology to life
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ESA and EC Commit
€624 M to Space
Sentinels Project

The European Space
Agency’s director gener-
al Jean-Jacques Dordain and
European Commission di-
rector general for Enterprise
& Industry, Heinz Zourek,

have signed an agreement,
which establishes the alloca-
tion of an EC budget of
€624 M to ESA as a contri-
bution to the implementa-
tion of the GMES Space Component (GSC). This funding
will be provided in two stages: €419 M for Segment 1 and
€205 M for Segment 2 of the GSC programme.

The progressive implementation of GMES is made
possible by the activities and investments of EU and ESA
Member States. This is the second flagship initiative of
the European Space Policy, following in the footsteps of
the navigation system Galileo.

This agreement, together with the financial contribu-
tions from ESA Member States, will enable ESA to devel-
op and launch the first three Sentinel satellites (Sentinel 1,
2 and 3), to set up the related ground segment for the re-
ception, processing and dissemination to users of the satel-
lite data (from the Sentinels and other satellites) and to un-
dertake the development of further elements to come.

ESA’s role is to implement the dedicated GMES Space
Component, which involves developing the Sentinel satel-
lite series and its ground segment, coordinating data ac-
cess to the Sentinels and to other missions mainly from
ESA Member States that contribute to fulfilling GMES

service requirements.

lomerics” MicReD sub-

MicReD Plays
sidiary will play a major

Major Role in
NANOPACK
Research

role in the recently an-
nounced European-funded
NANOPACK project,
which aims to address ther-
mal barriers to continued
performance increases in

INTERNATIONAL REPORT

Richard Mumford, European Editor

higher accuracy than is possible today. The project results
will be disseminated through the organization of yearly
public NANOPACK workshops in connection with the ex-
isting THERMINIC Workshops.

TASL and EADS TATA Advanced Systems
TASL), a wholly owned

subsidiary of Tata Industries,
along with leading Tata tech-
nology companies (TATA
Consultancy Services and
TATA Power SED) is joining
forces with EADS Defence
& Security (EADS DS) to
form a high tech team part-
nership to bid for the Indian
Army’s $1 B advanced tactical communications system pro-
ject, which is expected to be announced later this year. Other
technology partners include other TATA entities, Raytheon
and Precision Electronics Ltd.

The proposed Indian Army Tactical Communications
System is intended to replace the current AREN system
and will make use of state-of-the-art technology. The new
fully mobile communications system will be contemporary
when fielded and will put the Indian Army on par with
the most sophisticated tactical mobile systems currently in
development for deployment around the globe. The part-
nership combines international lead systems integration
expertise with local domain knowledge of the Indian mar-
ket to provide an India Centric System with the latest
technology and complete security.

Stefan Zoller, CEO of EADS Defence and Security,
said, “India holds an important place on the world’s stage
and this programme recognises the need for India’s armed
forces to have the latest available technology. EADS De-
fence & Security and TATA can design and deliver one of
the most sophisticated battlefield communications sys-
tems in the world, and at the same time, will make a sig-
nificant contribution to India’s high tech economy.”

Partner for Indian
Army Bid

semiconductors and power

electronics by developing

new technologies and ma-
terials for low thermal resistance interfaces and electrical
interconnects.

The NANOPACK consortium, which is coordinated by
Thales Research & Technology, will explore systems such as
carbon nanotubes, nanoparticles and nano-structured sur-
faces using different contact-enhancing mechanisms com-
bined with high-volume compatible manufacturing tech-
nologies such as electro-spinning. Recent groundbreaking
work on nested channel interfaces will be utilized to exploit
the beneficial properties of the new materials.

Within the NANOPACK project, MicReD and Bu-
dapest University of Technology & Economics (BUTE)
will collaborate to create an intelligent micro-scale tester
for thermal interface materials enabling thermal resis-
tance measurements with at least one order of magnitude
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Anglo/German
Partnership on LTE
Base Stations

UK company picoChip is
collaborating with Ger-
man counterpart, mimoOn,
to deliver the industry’s first
complete Long Term Evolu-
tion (LTE) base station ref-

erence design. The new
PC86xx family of LTE refer-
ence designs cover the full
range of eNode Bs from
femtocells to multi-sector
macrocells and is supported on the same common hardware
platforms as picoChip’s WiMAX products.

The LTE reference design empowers OEMs with
faster time-to-market and lower development costs as
they can focus their resources on adding value and differ-
entiating their products. As a software-defined solution, it
is future-proof and can be upgraded as the LTE standard
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is refined and updated. Finally, the common platform also
supports WiMAX, with Wave 2 and MIMO available now,
and upgrades for Release 1.x (FDD) and 16m.

“MimoOn’s expertise enabled the development of this
LTE base station solution—we are proud to be partnering
with them,” said Guillaume d’Eyssautier, president and
CEO, picoChip. “It is crucial that we continue to provide
our customers with the ability to develop systems on the
latest wireless standards as they become available, to im-
plement software upgrades as those standards are ratified,
and to have the flexibility to improve them going forward.
That is the picoChip chip advantage.”

UK Scientists K neutron scientists

are tackling the chal-
lenge of cosmic radiation
and its damaging effect on
sensitive microchips in the
aviation industry in the
drive to develop more ro-
bust electronic equipment.
Accelerated testing of mi-
croelectronic components
at the Science and Tech-

Investigate Cosmic
Rays and Microchips
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nology Facilities Council’s (STFC) ISIS neutron research
centre replicates the effect of thousands of hours of flying
time in just a few minutes.

Initial tests occurred at the end of 2006 at the ISIS
neutron source in Oxfordshire, UK, and a £140 M new
‘target station” or neutron source is in the final stages of
completion alongside the original ISIS neutron source.
The plan, subject to funding, is for the ISIS Second Tar-
get Station to include a dedicated and full-time instru-
ment to test the effects of Single Event Effects (SEEs)
and chip irradiation.

Results from this testing will allow manufacturers to
mitigate against the problem and build triple redundancy
into their electronic components. This increased confi-
dence in the quality of electronic systems will help to
make both civil and military aircraft safer.

Chris Frost, project leader of chip irradiation research
at the ISIS neutron source, explained, “At ISIS we have
the ability to produce intense beams of neutrons with sim-
ilar energy ranges to those occurring naturally. This en-
ables accelerated reliability testing of microelectric ele-
ments used in the aerospace industry. Once manufactur-
ers understand where the biggest susceptibility problems
lie, they can begin to redesign circuitry on a more robust
basis.” W

e
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Base Station
Standardization:
The New Innovation

One oft-cited maxim in
the communications
world states that standard-
ization is the enemy of in-
novation: its premise is that
once something is stan-

dardized there is, by defini-
tion, no room to alter or
improve it and hence no
remaining freedom in
which to innovate. Indeed,
this is frequently cited as an argument against standard-
ization—the fact that kills innovation. What is perhaps
more relevant is that once something is standardized, the
market for that product can become commoditised; this is
generally good for the customer or consumer and not so
good for the profit margin of the supplier. This “fact’ is
conveniently overlooked by those opposed to standardiza-
tion in a particular area.

The Open Base Station Architecture Initiative
(OBSAI) has produced a set of standards for the internal
interfaces within a mobile communications base station.
Far from killing innovation, the advent of the OBSAI
standards and their widespread adoption in the industry
has actually stimulated innovation and is enabling ground-
breaking infrastructure solutions to find their way into
OEM products much more quickly and easily than would
otherwise have been the case.

In an OBSAI-based base station, such as the Flexi Base
station platform from Nokia Siemens Networks, all of the
interfaces are defined and these definitions, along with
comprehensive test specifications, are publicly available to
everyone to download from www.obsai.com, free of
charge. This enables an innovative start-up company to
design a set of requirements for which it knows there is a
potential end-market and which it is able to comprehen-
sively demonstrate compliance (by means of the test spec-
ifications). Such a start-up can therefore design a product,
confident in the knowledge that it can quickly and easily
be incorporated into any OEM base station that follows
the OBSAI standard, either to offer a niche solution
which the OEM may not have thought of, or to offer a sig-
nificant benefit in a mainstream product area (e.g. im-
proved PA efficiency). Since OBSALI is not restricted to a
single OEM, this also helps to diversify the product devel-
opment risk somewhat; a further important benefit to a
start-up.

From an OEM perspective, it simplifies the testing of a
potential new product from a third-party supplier, in a
real base station scenario, as it eliminates the need to
spend months educating said supplier in the details of a
proprietary interface. In many cases, the OEM simply
does not have the time or spare resources to undertake
such an activity and this represents a significant barrier to
entry for new technologies in the infrastructure market-
place.

The advent of the OBSALI specifications has allowed a
number of start-up companies to develop innovative prod-
ucts for the base station space. One area, in particular, has
benefited greatly from OBSAT’s success: remote radio
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heads. Two start-ups that probably would not exist, but for
the success of the base station standardization process are:
Ubidyne and Axis Network Technology.

The Open Base Station Architecture Initiative is a fo-
rum of over 140 telecommunications companies—span-
ning module, component and base station vendor activity.
Together they have created both open internal interface
specifications for base station architecture and module
specification covering the areas of Transport, Control,
Baseband and Radio.

Ultra-wideband n 2006, it appeared that

the market launch of ul-

Equipment tra-wideband (UWB) was

. ... imminent. Several factors
Shipments Will conspired to delay that, but

S ABI Research now expects

Exceed 400 Million (" "0 Vo . .
—— growth starting in 2008,

finding its first success in

laptops and computer pe-

ripherals and eventually in
mobile handsets. Forecasts indicate that shipments of
UWB-enabled devices will grow from virtually nil today,
to more than 400 million in 2013.

“The ultra-wideband market did not come out of the
starting gate in 2006 as we had anticipated,” says senior
analyst Douglas McEuen. “There are several reasons for
the delay, including a shakeout from three competing fla-
vors of the technology to one, and the absence of global
standards.”

Now, however, conditions are ripe for a rapid takeoff.
We are starting from “Year Zero”: in 2007, only about
40,000 UWB-equipped devices shipped. This year, there
will be perhaps a million, and ABI Research expects the
curve to rise sharply thereafter. Because an official UWB
standard has now been ratified in the US, North America
is expected to lead this market for some time to come.

The current “sweet spot” in this market is UWB’ ap-
plication as a wireless USB enabler, connecting computers
(especially notebooks) with printers, hard drives and other
peripherals. An initial UWB “hub and dongle” configura-
tion will enable users to retrofit the vast number of exist-
ing PCs and related equipment with wireless connections.
UWB modules are just starting to appear in selected lap-
tops (initially from Lenovo, Dell and Toshiba), but true
silicon integration will take more time.

Later, other kinds of customer electronics such as digi-
tal cameras and camcorders, HDTVs and portable music
devices will start to build the numbers, but, says McEuen,
“Real market acceleration will only occur when UWB de-
buts in mobile handsets, where it will be used—possibly
bundled with Bluetooth—to transfer music, pictures and
video files. Even a small handset market penetration will
deliver huge numbers. For UWB to see adoption in hand-
sets, however, the price of the chipset must fall quite sig-
nificantly.”

“Ultra-wideband Connectivity” analyzes critical UWB
market conditions, from drivers and obstacles to global

57


http://www.obsai.com

regulations and standards. Key market semiconductor
vendors are profiled. The study concludes with an in-
depth market forecast that traces both positive and nega-
tive market forces numerically.

Mobile WiMAX From a mobile operator
perspective, mobile

More Opportunity WiMAX or 802.16e pro-
vides more of a service

Than Threat for complement than a com-
petitive threat, reports In-
Stat. The mobile standard
for WiMAX has been the
subject of debate since its
inception, the high-tech
market research firm says.
Mobile operators and vendors have disputed how this
technology will impact their existing opemtlons The de-
bate can be broken into two camps. “One camp, led by
select equipment vendors with no stake in WiMAX has
taken an either/or approach to discussing mobile
WIMAX,” says Daryl Schoolar, In-Stat analyst. “Any gain

Mobile Operators

COMMERCIAL MARKET

by WiMAX comes at the expense of other 3G data tech-
110100'168 In the other camp, infrastructure vendors like
Alcatel Lucent, Motorola and Nokia Siemens see a world
where multiple mobile wireless broadband technologies
will co-exist. In-Stat believes that the latter camp’s view
will prevail.”

Recent research by In-Stat found the following:

e IMT-2000 acceptance will open new markets for
802.16e.

e Mobile WiMAX will be more successful with laptop,
external laptop adaptors and other consumer electronics
than in phone handsets. It is these devices outside the
handset where WiMAX provides the greatest competitive
challenge to traditional cellular te(hnologleq

o WiMAX will create new revenue opportunities for ex-
isting mobile operators.

The research, “Complement or Threat—WiMAX
Strategies for Mobile Operators,” covers the worldwide
market for WiMAX and how 802.16e fits into the world
of mobile operators. It discusses the impact of IMT-
2000 acceptance of 802.16e as a 3G technology and ex-
amines three different mobile operators” strategies for
WiMAX. It also pIO\ ides device forecasts f01 both
802.16e and 3G.
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INDUSTRY NEWS

B The IEEE International Reliability Physics Sympo-
sium’s (IRPS) 46t annual conference will feature new
technical sessions and invited papers on the latest mi-
croelectronic reliability issues. This year’s IRPS takes
place from April 27 through May 1, 2008, at the Hyatt
Regency Phoenix at Civic Plaza in Phoenix, AZ. Keep-
ing pace with the rapidly evolving challenges in the mi-
croelectronics industry, the IRPS introduces new ses-
sions this year in nanoelectronic device reliability and
thin film devices. Other key topics include assembly,
interconnects, extreme environments, failure analysis,
products and circuits, MEMS, memory, dielectrics (in-
cluding transistor High-K), transistor, process integra-
tion, compound devices, soft-error rate (SER), electro-
static discharge (ESD) and latch-up. This year’s techni-
cal program includes a record number of papers; more
than 160 have been accepted for platform and poster
presentations.

B RF Micro Devices announced the completion of its
acquisition of Filtronic Compound Semiconductors
Ltd., a wholly owned subsidiary of Filtronic PLC. Un-
der the terms of the transaction, RFMD paid an acqui-
sition price of approximately £12.5 M in cash for Fil-
tronic Compound Semiconductors. The acquisition
price included the purchase of Filtronic Compound
Semiconductors’ six-inch GaAs wafer fabrication facili-
ty at Newton Aycliffe, United Kingdom, and the pur-
chase of Filtronic Compound Semiconductors” millime-
ter-wave RF semiconductor business. RFMD expects
the addition of Filtronic Compound Semiconductors’
high-volume GaAs fab will significantly reduce
RFMD’s GaAs pHEMT manufacturing costs and pro-
vide incremental GaAs manufacturing capacity suffi-
cient to support near-term anticipated growth. Addi-
tionally, RFMD expects the addition of Filtronic
Compound Semiconductors’ microwave and millime-
ter-wave component business will strengthen the prod-
uct portfolio of RFMD’s Multi-Market Products Group
(MPG) and be accretive to RFMD’s target margin pro-
file for its multi-market business.

B Pendulum Instruments, Stockholm, Sweden, an-
nounced the acquisition of Rapco Electronics Ltd., a
test and measurement company in Basingstoke, Hamp-
shire, UK, specializing in high-precision time and fre-
quency standards generation and distribution. Pendulum
Instruments acquires all assets and operation of the pri-
vately owned Rapco company, by purchasing all outstand-
ing shares. Rapco develops and produces precision time
and frequency products, mainly for use by governmental,
military, telecom, broadcasting and scientific customers.
The product portfolio comprises high accuracy GPS-con-
trolled master clocks, portable GPS-controlled frequency
standards, time code generators, frequency and time-code
distribution systems. Harald Kruger, Pendulum Instru-
ments” CEO, says, “The inclusion of the Rapco product
line with Pendulum Instrument’s world-leading range of
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time and frequency products will strengthen our product
portfolio and fill some gaps in the current program. The
Rapco products fit perfectly in our worldwide distribution
network.”

B Planar Monolithics Industries (PMI) announced its
merger with Planar Electronics Technology (PET) and
Planar Filter Co. (PFC). The synergy between these
three Frederick, Maryland-based corporations enables
the offering of upgraded hybrid MIC/MMIC RF and mi-
crowave components, subsystems and systems to their
customers, as well as enhancing their ability to support
major military and defense contractors.

B Microwave Communications Laboratories Inc.
(MCLI), St. Petersburg, FL, announced that it has suc-
cessfully acquired its ISO9001:2000 Quality Certification.
MCLI has been independently audited by SAI Global and
assigned the Certification Number: QEC15974. This cer-
tification comes at a time when MCLI is celebrating it
20th anniversary as a manufacturer of precision RF com-
ponents.

B Compel Electronics SpA, Milan, Italy, a designer
and manufacturer of interconnection systems and cable
assemblies, celebrated the 10th anniversary of Compel
Electronics GmbH, the company’s German branch.
Compel Electronics GmbH was set up in 1998 due to
Compel Electronics SpA’s need to develop and consoli-
date its presence in the interconnection market in Cen-
tral and Eastern Europe. Over the years, Compel Elec-
tronics GmbH has established a series of important
partnerships, such as with MP Systems, a Nor-
wegian-based company, set up over 40 years ago that
specializes in the development of Flexi-Racks and ac-
cessories, and Response Microwave, a Boston, MA-
based company.

B AAE Systems Inc. announced that it has expanded its
operations with the opening of an office in India to pro-
vide regional sales, engineering and customer support.
AAE says that it is confident that the geographic proximity
of the new office to South Asia customers, seeking local
engineering design and support services, will create even
further business opportunities. The majority of the sys-
tems engineering design personnel will remain at AAE’s
headquarters in the US. Corporate functions, research
and development, and manufacturing of AAE’s Eclipse
Digital Satellite Router product family will also remain at
AAE’s headquarters.

M Talley Communications Corp. announced the open-
ing of a new warehouse and sales facility in Dallas, TX.
The new facility will expand Talley’s logistic footprint to
seven locations. This facility’s primary focus will be to
service contractors and carriers in the south central region
of the United States. Andrew as well as CommScope ca-
ble and accessories will be stocked along with all neces-
sary site hardware including tower steel, components and
consumables.
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B LPKF Laser & Electronics has expanded its North
American headquarters and moved to Tualatin, OR. The
18,000 sq. ft. space features administrative offices, a ware-
house and product demonstration rooms. The expansion
will help support the company’s ongoing growth and help
to further better service the company’s North American
customer base.

B Cadence Design Systems Inc. announced that STMi-
croelectronics has successfully taped out its newest lead-
ing-edge mobile multimedia Nomadik platform using the
Cadence Incisive Enterprise verification family. The ad-
vanced verification solution for verification engineers in-
cluded the Incisive Specman Elite Testbench and Incisive
Enterprise Manager, a powerful combination of technolo-
gy within the Plan-to-Closure Methodology for automat-
ing the verification process. The STMicroelectronics No-
madik family of multimedia application processor chips
enables portable devices to play music, take pictures,
record video and host two-way video communication in
real time. Many of ST’s latest networking designs include
ARM-based cores and use the internal STBus for much of
the underlying infrastructure.

B Agilent Technologies Inc. announced a comprehen-
sive solution for monitoring and troubleshooting new mo-
bile soft switch (MSS) networks and the Voice over IP
(VoIP) services they deliver. Agilent’s enhanced QoS ana-
lyzer and session trace applications further extend the as-
sureME application portfolio by simplifying the process of
managing MSS networks. Network and service quality is
ensured through rapid identification and analysis of po-
tential issues, and in-depth troubleshooting for early
problem resolution. Deploying mobile soft switches is a
critical step to ensure that mobile operators remain com-
petitive in their key service, voice telephony. The solution
enables mobile operators to track a new extensive set of
key performance indicators (KPIs), including voice quali-
ty, to manage soft switch infrastructure, and to deliver an
acceptable service experience.

CONTRACTS

B Mercury Computer Systems Inc. announced that its
wholly owned subsidiary, Mercury Federal Systems Inc.,
has received a $2.5 M contract award from the US Army
Ft. Monmouth’s CECOM in New Jersey, for develop-
ment and demonstration of a testbed to support the Joint
Counter Radio-Controlled Improvised Explosive Device
Electronic Warfare (JCREW) program. The testbed will
be used by the US Government to develop and test ad-
vanced open-architecture technology for counter-IED
systems development. Mercury also announced a related
agreement with ITT Electronic Systems to demonstrate
algorithm component portability for the JCREW testbed
architecture, which is an important element of the R&D
objectives of the program.

B nGimat has received a Small Business Innovation Re-
search (SBIR) Phase IT award from the US Navy to proto-
type a low cost, miniaturized tunable filter for use in X-
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band active electronically steered antenna (AESA) array-
based radar systems. This is a two-year contract with a
funding of $750,000. “We have developed an X-band tun-
able filter with a steep roll-off (> 30 dB at £10% {,), as
well as moderate tunability and loss,” said Zhiyong Zhao,
program manager for nGimat. “We will further perfect
the design and improve the materials and processing, and
a fully functional device will be delivered to the Navy by
the end of Phase I1.”

B TRAK Microwave, a Smiths Interconnect business,
and University of South Florida (USF), College of Elec-
trical Engineering, have jointly won a full matching grant
from the Florida High Technology Corridor program.
The grant sponsors research programs aimed at “Measur-
ing and Modeling of Phase Noise Conversion in Ampli-
fiers and Frequency Multipliers.” This is the second phase
of the project started several years ago to advance the test,
measurement and modeling relationships between 1/f
noise and phase noise conversion in active microwave and
millimeter-wave circuits.

B Tyco Electronics announced it has received a $2 M
contract award from Raytheon Missile Systems to pro-
duce products for Raytheon’s precision-guided, long-
range Excalibur artillery projectile. Tyco Electronics will
produce M/A-COM telemetry transmitter modules, Glob-
al Positioning System (GPS) antennas and telemetry an-
tennas to support Excalibur and contribute to the projec-
tile’s accuracy in both urban and complex terrain and re-
duce collateral damage.

B Eutelsat Communications has awarded Thales Ale-
nia Space the contract for the W3B communications
satellite. As prime contractor, the company will be in
charge of the design, manufacturing, test and delivery of
the satellite. Planned for a launch during the second
quarter of 2010, the satellite will provide broadcast and
telecommunications services over Europe, the Middle
East and Africa. Designed with a lifetime of more than
15 years, W3B will provide three Ka-band and 53 Ku-
band transponders. It will be equipped with three de-
ployable and two fixed antennas, have a maximum
launch mass of 5.4 tons and will deliver more than 12
kW of electrical power at the end of life.

B Following Thailand’s purchase of an integrated air sur-
veillance system from Sweden in a government to govern-
ment deal, FMV, the Swedish Defense Material Adminis-
tration, has placed a contract with Saab valued at $310 M
for the development and production of the systems. De-
liveries will take place during 2011. The order comprises
six Gripen fighters of the C/D version, two Saab 340 air-
craft, of which one will be equipped with the company’s
radar surveillance system Erieye, and associated equip-
ment and services. Also included in the agreement is a
command and control system, which will be the link be-
tween the Erieye system and the Gripen fighters. The
complete system will be used for air surveillance and pro-
tection of Thailand’s territory.

PERSONNEL

B Tony Belotis, co-founder of GT Microwave, passed
away on February 20, 2008. A proud US Navy veteran,
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analyzer and a Tektronix Real-Time Spectrum Analyzer running DPX™,
each detecting an identical signal that changes every 1.28 seconds.

Tektronix DPX
technology —see what
you’ve been missing.

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

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

Tektronix-
Enabling Innovation
© 2008 Tektronix. All rights reserved. Tektronix products are covered
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Tektronix logo are registered trademarks of Tektronix, Inc.
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and a member of the Association of Old Crows, Belotis
had worked at CTI, Triangle, Merrimac, AT&T and Flex-
co prior to starting GT Microwave.

B Roberto Pinto da Silva, formerly
vice president of sales for Radio Fre-
quency Systems (RFS) Latin America
since 2005, has replaced Luis Antonio
Alves de Oliveira as president of RFS
Brazil. Oliveira leaves RFS to pursue
new endeavors outside the telecom in-
dustry. RFS Brazil’s new president
counts more than 30 years of experi-
ence in the technology business. Over
26 years, Pinto rose through the ranks
of IBM and gained responsibility for the company’s entire
line of medium-sized computers in Brazil. He oversaw the
development of many business partnerships, including
joint ventures, as well as technology and production li-
censes. In 1998, he was hired by Allen Telecommunica-
tions of Dallas, TX, to coordinate and implement the
launch of the company’s production and sales operations
in all of South America. Pinto’s international expertise is
the result of his five-year tenure in the United States
(where he acted as a technical liaison, business negotiator
and training expert), coupled with his extensive travels in
Europe, Asia and South America.

A Roberto Pinto da Silva

B Orbit’s board of directors has ap-
pointed Ehud Netzer as president and
CEO of Orbit Technology Group. Pri-
or to joining Orbit, Netzer held the po-
sition of vice president and head of
Rafael Advanced Defense Systems di-
vision, the second largest division with
over 1000 employees. During this peri-
od, the sales of the division increased
by 20% annually. Previously, Netzer
held senior positions at Rafael, includ-
ing: head of naval systems, intelligence and EW, head of
the naval combat systems line, and head of the dynamics
and control section. In addition, he served as director for
Opgal, a subsidiary of Rafael and Elbit Systems. Netzer
holds a PhD degree in mechanical engineering from Stan-
ford University and BA and MSc degrees in mechanical
engineering from Technion University in Israel. Netzer
has also participated in the advanced management pro-
gram at Harvard Business School. He replaces Shlomo
Yariv, who was Orbit’s president and CEO since 2003.

A Ehud Netzer

M Strategy Analytics announced the promotion of Chris
Ambrosio to executive director, wireless practice. Am-
brosio’s experience is focused on device manufacturer is-
sues in the areas of strategic business planning, market as-
sessment and competitive analysis. In addition to his ex-
perience working with top global handset suppliers, he
has also worked intensively with service providers, semi-
conductor vendors and software suppliers in areas of cel-
lular product planning and enabling technologies assess-
ments.
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B Rohde & Schwarz announced that Jack Cowper has
been appointed president and COO of Rohde & Schwarz
Inc., reporting to CEO Wolfgang Schmittseifer. He will
also retain the position of president of Rohde & Schwarz,
Canada, which he has held since June 2007. In his new
position, he will be responsible for all operational areas of
Rohde & Schwarz in North America. Cowper has more
than 15 years of experience in the test and measurement
industry. He joined Rohde & Schwarz in 2000 and has
served as marketing manager, director of marketing and
as vice president during his tenure with the company. Be-
fore joining Rohde & Schwarz, Cowper served in product
and strategic marketing, and corporate management posi-
tions at Tektronix and Applied Microsystems. He received
his BSEE degree from Pennsylvania State University, his
MBA degree from the University of Oregon, and has
completed the Harvard University Program for Manage-
ment Development.

B Aperto Networks, a builder of WiMAX base stations
and subscriber units, announced the appointment of
Ruchir Godura as vice president, global customer service
and South Asia sales. Godura brings over 14 years of expe-
rience in the telecom industry to Aperto. Over his career
in India and North America, he has managed sales, cus-
tomer service, and product management for a variety of
communication technologies including WiMAX, CDMA,
DSL, Metro Ethernet and IPTV. Most recently, Godura
was CMO, Enterprise Services, at Bharti Airtel, India’s
largest GSM operator. Before Airtel, Godura helped es-
tablish the WiMAX business at Telsima as head of world-
wide sales. Prior to that, he spent nearly nine years with
UTStarcom, setting up the company’s global customer
support services in New Jersey before moving to India to
lead its South Asia operations. Godura holds a BS degree
in computer science and engineering from the Indian In-
stitute of Technology, Delhi, and a MS degree in comput-
er science from the University of Delaware.

B Technical Communities, a service provider for techni-
cal organizations that sell to US government agencies,
military organizations and prime federal contractors, an-
nounced that Jeremiah Cunningham is joining the com-
pany as a vice president, business development. Cunning-
ham, who will be based in Technical Communities” Wash-
ington, DC regional office in Herndon, VA, comes to
Technical Communities from CDW-G, where he was the
director of strategic sales. As a vice president, business
development, Cunningham will assume responsibility for
a strategic approach to the company’s continued business
expansion of GSA distribution of IT products and serv-
ices. He will be directly responsible for the establishment
of agreements between Technical Communities and man-
ufacturers as well as ongoing sales strategy.

B Peregrine Semiconductor Corp., a supplier of RF-
CMOS and mixed-signal communications ICs, announced
the appointment of former Qualcomm executive Jeffrey
Belk to its board of directors. Belk brings a wealth of in-
dustry experience to Peregrine’s Board from his 14-year
tenure at Qualcomm, where he held a variety of senior
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management positions, including his most recent role as
senior vice president of strategy and market development.
In this position, Belk examined changes in the wireless
ecosystem and formulated approaches to help accelerate
mobile broadband adoption and growth.

REP APPOINTMENTS

B Aethercomm Inc. appointed Rick Biggs, BA-Sales,
Denton, TX, as its exclusive sales representative covering
Texas, Oklahoma, Arkansas and Louisiana. BA-Sales will
represent and support Aethercomm’s entire product line
offering. BA-Sales can be reached at (972) 679-5871,

www.ba-sales.com.

M Allied Electronics, a subsidiary of Electrocomponents
ple, has signed an agreement to distribute Quest Tech-
nology’s new LightStar fiber optic products. Allied is cur-
rently the exclusive catalog distributor of Quest’s entire
LightStar product line, which features new epoxyless
field-terminated fiber optic connectors featuring patented
impact mount technology.

B Sprague-Goodman Electronics Inc. has appointed
JLF Engineering Inc., Spencer, MA, to represent its line
of trimmer capacitors, transformers, fixed and variable in-
ductors and tuning tools in Connecticut, Maine, Massa-
chusetts, New Hampshire and Vermont. JLF represents a
wide selection of RF/microwave products and companies
throughout the Northeast. Contact JLF Engineering at

(508) 769-5035, jlfengineering@charter.net.

B MU-DEL Electronics Inc. has signed two new repre-
sentatives to market its RF multicouplers, RF frequency
converters, RF switching distribution systems and special-
ized RF products. Kelley Systems Co. (KSC), Lake Gun-
tersville, AL, will be supporting MU-DEL in Alabama,
Tennessee and Mississippi. Contact KSC at (256) 582-
8677. Tech Marketing Associates Inc. (TMC), Moun-
tain View, CA, will be supporting MU-DEL in Northern
California and northern Nevada. Contact TMA at (408)
736-3687 or (650) 968-0102.

B The Evans Capacitor Co. has engaged René Terrien of
Firadec, St.-Nazaire, France, to represent its products in
Europe. Representing a full line of capacitors, Terrien brings
a breadth of experience to capacitor design and selection.
Contact him at +33 240 01 26 51 or rene.terrien@firadec.fr.

Connectorized Synthesizers
Provide Complete Package!
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SLFS/SLS Series

Frequency Range: 50MHzto12GHz  Phase Nois: (Fout=2GHz): <-100dBc/Hz @10 KHz
Bandwidth: Fixed, up to 30% Phase Noise (Fout =12 GHz): < -85 dBc/Hz @ 10 KHz
Step Size: 10KHzto10MHz  Package: 15" x15"x0.6"

Supply Voltage:  +5, 48, or+12 VDC (381x381x152) mm

Optional internal references, excellent phase noise, custom designs available

EM Research, Inc.

The Witimate Source for Miniature Frequency Synbhesizers

Quality ¢ Consistency ® Performance
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Serial & Parallel Control
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A SELECTION OF OUR IN STOCK COMPONENTS
FOR MICROWAVE & MILLIMETERWAVE RADIO BANDS

Function 7/8 GHz 11 GHz 13/15 GHz 18 GHz 23 GHz 26/28 GHz 32/38/43 GHz 44-66 GHz 71-86 GHz
Low Noise Amplifier HMC392L.C4 HMC516LC5 HMC516LC5 HMC517LC4 HMC341LC3B HMC341LC3B HMC263 HMC-ALH382 HMC-ALH459
HMC392LH5 HMC564LC4 HMC565 HMC519LC4 HMC517LC4 HMC517LC4 HMC566 HMC-ALH509
HMC564LC4 HMC565LC5 HMC565LC5 HMC565 HMC519LC4 HMC518
Driver Amplifier HMC441LP3E  HMC441LP3E HMC441LC3B HMC383LC4 HMC383LC4 HMC383LC4 HMC383LC4 HMC-ABH209 HMC-AUH317

HMC451LC3 HMC451LC3 HMC451LC3 HMC442LC3B HMC442LC3B  HMC283LM1 HMC-APH403 HMC-ABH241 HMC-AUH318
HMC516LC5 HMC516LC5 HMC490LP5E HMC498LC4 HMC498LC4 HMC499LC4 HMC-APH473 HMC-ABH403 HMC-AUH320

HMC-APH510
Power Amplifier HMC486LPSE  HMC487LPS5E ~ HMC489LP5E HMC-APH196 HMC498LC4 HMC499LC4 HMC283LM1 HMC-ABH209 HMC-AUH317
HMC590LP5E HMC592 HMC592 HMC-APH462 HMC-APH462 HMC-APH196 HMC-APH473 HMC-ABH241 HMC-AUH318
HMC591 HMC608 HMC-APH462 HMC-APH478  HMC-APH518 HMC-APH460 HMC-APH510 HMC-ABH403 HMC-AUH320
HMC591LP5E HMC608LC4 HMC-APH596  HMC-APH596 HMC-APH608 HMC-AUH256
Wideband HMC634LC4 HMC633LC4 HMC606LC5 HMC463LH250 HMC635 HMC-ALH140 HMC-ALH310 HMC-ALH376
(Distributed) HMC-AUH232  HMC-ALH435 HMC-ALH102 HMC-ALH216 ~ HMC-ALH311  HMC-ALH244 HMC-ALH313 HMC-AUH312
Amplifiers HMC-AUH249  HMC-ALH444 HMC-ALH476 HMC-ALH435 HMC-ALH476  HMC-ALH313 HMC-ALH369

HMC-AUH312  HMC-ALH482 HMC-AUH312 HMC-ALH445 HMC-AUH256 HMC-ALH364 HMC-ALH376
Attenuator: Analog HMC346LP3E  HMC346LP3E ~ HMC346LP3E HMC-VVD102  HMC-VVD102 HMC-VVD102 HMC-VVD106 HMC-VVD106 HMC-VVD104

Divide-by-2 HMC361S8GE HMC364S8GE ~ HMC492LP3E HMC492LP3E
Divide-by-4 HMC362S8GE HMC365S8GE ~ HMC493LP3E HMC447LC3 HMC447LC3 HMC447LC3
Divide-by-8 HMC363S8GE HMC363S8GE ~ HMC494LP3E
Multiplier: Active X2 HMC368LP4E  HMC573LC3B  HMC573LC3B  HMC448LC3B HMC448LC3B HMC448LC3B HMC449LC3B
HMC575LP4E  HMC561LP3E HMC561LP3E HMC576 HMC576 HMC577LC4B HMC578LC3B
HMC561LP3E ~ HMC-XDB112 HMC-XDB112 HMC576LC3B HMC576LC3B HMC578LC3B HMC579
Multiplier: Active X4 HMC443LP4E ~ HMCS370LP4E
Multiplier: Passive X2 HMC189MS8E HMC189MS8E HMC204MS8GE HMC204MS8GE HMC205 HMC331 HMC331
1/Q Receiver HMC567LC5 HMC568LC5 HMC569LC5 HMC571 HMC572 HMC572
HMC571LC5 HMC572LC5 HMC572LC5
1/Q Mixer / IRM HMC520LC4 HMC521LC4 HMC521LC4 HMC523 HMC523 HMC524 HMC404 HMC-MDB171
HMC525LC4 HMC527LC4 HMC522L.C4 HMC523LC4 HMC523L.C4 HMC524L.C3B HMC555 HMC-MDB207
HMC620 HMC527LC4 HMC524 HMC-MDB172 HMC556
HMC620LC4 HMC528LC4 HMC-MDB172 HMC-MDB172
Mixer: HMC219MS8E HMC411MS8GE HMC411MS8GE HMC260LC3B HMC260LC3B HMC292LC3B HMC294 HMC-MDB169
Fundamental HMC220MS8E HMC412MS8GE HMC412MS8GE HMC292LC3B HMC292LC3B HMC329LC3B HMC329LM3
HMC553LC3B  HMC553LC3B  HMC553LC3B HMC554 HMC557LC4 HMC560
HMC558LC3B HMC558LC3B  HMC558LC3B  HMC554LC3B HMC560LM3 HMC560LM3
Mixer: HMC258LC3B HMC264L.C3B  HMC265LM3 HMC338 HMC-MDB218
Sub-Harmonic HMC258LM3  HMC338LC3B HMC338LC3B HMC339
Switch HMC547LP3E HMC607 HMC547LP3E HMC547LP3E HMC-SDD112 HMC-SDD112
HMC641 HMC641 HMC607 HMC641
VCO & PLO: HMC506LP4E ~ HMC515LP5E HMC529LP4E  HMC429LP4E** HMC431LP4E** HMC515LP5E** HMC505LP4E
**Requires X2 or X4 HMC532LP4E  HMC534LP4E ~ HMC535LP5E HMC531LP5E** HMC506LP4E

HMC586LC4B HMC582LP5E ~ HMC584LP5E
HMC587LC4B  HMC588LC4B  HMC632LP5E
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PHASE NOISE: THEORY
VERSUS PRACTICALITY

Modern electronics rely on fast low noise time bases for a variety of applications.
As a result, oscillator designers must always push the limit of low noise design.
One of the major hurdles in this endeavor is phase noise. Phase noise is an
undesirable entity that causes distortion and high bit error rates. It is therefore
important to understand this phenomenon and reduce its effects on higher level
systems. This article discusses different time bases and their properties, crystal

oscillator properties, phase noise definition and calculations, ways to reduce

phase noise in oscillator design, real oscillator phase noise plots, and outside

noise/interference effects on phase noise. It will be shown that phase noise is

unavoidable but manageable. Through careful oscillator design, phase noise can

be reduced, and through informed consumer system design can accommodate the

real world oscillator.

odern electronics use time bases for
M a wide variety of applications. Com-

munications systems rely on time
bases for modulation and demodulation of
data, GPS systems rely on them for accurate
positioning, and a host of other applications
rely on time bases to manage the flow of data
within their system. As the range of applica-
tions grows and the frequency increases, de-
signers need time bases that are tighter in sta-
bility and lower in noise. As a result, oscillator
designers need to continually push the limit of
tight stability, low noise design.

One of the major issues facing oscillator de-
signers is the phase noise phenomenon. Phase
noise is an undesirable entity that is present in
all real world oscillators and signal generators.
It can cause distortion or complete loss of in-
coming information in traditional receivers
and high bit error rates in phase modulated
applications. This makes it a necessity to
quantify and understand this noise in the os-
cillator, so that its effect on the higher-level
product is minimized.

Time is a concept all humans innately grasp
as a function of life. It defines our world into
days, months and years. When we look at a
clock we know what time it is. However, do
we really understand time and how it is de-
fined? Like all measurements, time is mea-
sured with a degree of uncertainty. In engi-
neering applications we use time bases that
are by nature imperfect, adding uncertainties
into the applications that are driven by them.
A byproduct of this uncertainty is phase noise.
The inherent instability present in every oscil-
lator manifests itself as a spectrum of noise
around the frequency of the oscillator. This
noise band is generally measured from the
carrier to 1 MHz away from the carrier. It is
depicted as a graph of dBc/Hz vs. f(Hz), which
shows how far down from the carrier power
the noise power is at a given frequency in the

JOHN ESTERLINE
Greenray Industries Inc.
Mechanicsburg, PA

MICROWAVE JOURNAL = APRIL 2008



GITAL ATTENUATORS
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+55 dBm IIP3, DC - 6 GHz

4 0.5dB LSB Steps to 31.5dB
¢ Dual Mode CMOS Interface
¢ Power-Up State Selection

A SELECTION OF OUR DIGITAL IC ATTENUATORS

Parallel Control

+50 dBm IIP3, DC - 4 GHz
¢ 0.25 dB Resolution

¢ 5Bit TTL/ICMOS Control
¢ +/- 0.05 dB Typical Step Error

Frequency Function Loss Atten. Input IP3 Control Part
(GHz) (dB) Range (dB) (dBm) Input (Vdc) Number
DC-5 1-Bit Digital 1 10 50 TTL/CMOS HMC541LP3E
0.7-4.0 2-Bit Digital 0.9 41012 54 0/+3V HMC291E
DC-6 3-Bit Digital 0.7 1to7 50 TTL/CMOS HMC468LP3E
DC-5.5 4-Bit Digital 0.8 1to 15 50 TTL/CMOS HMC540LP3E
NEW! DC -6 4'?;;332?&;?:‘:" & 2.5 45 50 0/+5V HMC629LP4E
0.7-37 5-Bit Digital, Serial Control 2.1 1to 31 48 Serial TTL/CMOS HMC271LP4E
0.7-3.8 5-Bit Digital 21 1to 31 48 0/+3V HMC273MS10GE
0.7-3.8 5-Bit Digital, Serial Control 1.5 0.5t0 15.5 52 Serial TTL/CMOS HMC305LP4E
0.7-3.8 5-Bit Digital 1.5 0.5t0 15.5 52 0/+3V HMC306MS10E
DC-3 5-Bit Digital 1.3 1to 31 45 TTL/CMOS HMC470LP3E
DC-4 5-Bit Digital 0.7 0.25to 7.75 50 TTL/CMOS HMC539LP3E
DC-3 6-Bit Digital 1.5 0.51t0 31.5 45 TTL/CMOS HMC472LP4E
DC-3 6-Bit Digital, Serial Control 1.2 0.5t0 31.5 45 Serial TTL/CMOS HMC542LP4E
NEW! DC -6 6'?,';?;3:%;‘::'0‘1' & 2 0.5t031.5 55 0/+5V HMC624LP4E
DC - 13 6-Bit Digital 4.0 0.5 t031.5 32 0/-5V HMC424LP3E
2.4-8.0 6-Bit Digital 3.2 0.5 t031.5 40 0/+5V HMC425LP3E
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following article. Many topics will be
discussed, including:
e Different time bases and their
properties
* Crystal oscillator properties
e Phase noise definition and calcula-
tions
e Ways to reduce phase noise in os-
cillator design
* Real oscillator phase noise plots
e Qutside noise/interference effects
on phase noise

The following information will
show that phase noise is a manage-
able problem. Oscillator designers
can work to minimize the phase noise
in oscillators, and system designers
using the oscillators can better design
their systems and choose the correct
oscillator for their needs. It is also
clear that outside noise and interfer-
ence degrades the phase noise per-
formance of oscillators. Engineers
need to be aware of these factors, so
that their effects can be anticipated
or avoided.

TIME BASES

Engineers are used to looking at a
frequency counter and reading the
display to determine at what frequen-
cy an oscillator is operating at. But
what is the accuracy of that measure-
ment? The uncertainty of the mea-
surement is dependant upon the ac-
curacy of the time base the counter
uses to drive its internal circuitry.
This time base is not perfect and
therefore skews the results of the fre-
quency reading. For those applica-
tions requiring very precise frequen-
cy measurements, the accuracy of
this time base is of the utmost impor-
tance.

Time, like every other measure-
ment man has ever made, has an un-
certainty. However, time is the most
accurate standard that mankind has
produced. The second is defined as
the resonant frequency of cesium 133
(Cs-133), which is 9,192,631,770 Hz.8
Therefore, by measuring these vibra-
tions of cesium, a standard for time is
established. NIST (National Institute
for Standards and Technology) is the
keeper of the time standard for the
United States. As of 2005, the NIST
standard has an uncertainty of
5X10-16 s, which means it would nei-
ther gain nor lose a second in 60 mil-
lion years.? Cesium clocks, despite
their accuracy, have several draw-
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backs making them unsuitable for
mass usage in commercial electron-
ics. The cost of cesium standards is
prohibitive for using them as a time
base. Secondly, they are large. The
NIST standard fills a good portion of
a room, and while smaller cesium
standards are readily available they
are not a portable item. The cesium
standard due to its nature has a
warm-up time; therefore, keeping
power supplied to it is important, be-
cause a break in power could mean
degradation in accuracy. Lastly, ce-
sium standards use fuel; the cesium
naturally depletes, rendering the de-
vice effectively ‘out of gas.’

Since cesium cannot effectively be
used for commercial electronics or
for most lab applications other timing
sources must be considered. Rubidi-
um offers extremely accurate fre-
quency generation similar to cesium,
although it suffers from the same pit-
falls. Being only slightly less accurate
than cesium, the rubidium standards
have a high cost associated with
them. They are not portable devices
and must be in a fixed location. The
rubidium standards also have the
same depletion problem as cesium.

The choice for most consumer
electronics is the quartz crystal oscil-
lator. Quartz operates via the piezo-
electric effect. Voltage applied to the
crystal causes it to vibrate in a very
stable and predictable way. A desired
frequency of oscillation can be ob-
tained by cutting and shaping the
quartz. Quartz has many advantages.
For example, it is inexpensive (com-
pared to cesium and rubidium), it is
small (crystals can be obtained in
package sizes less than 3.2 x 2.5 mm)
and has a high Q (> 500K for larger
blanks). These traits have made
quartz the industry choice for timing
devices for many decades.

QUARTZ CRYSTAL OSCILLATORS

Crystal oscillators (XO) come in
many types, shapes and sizes. XOs
are comprised of a quartz crystal and
driving circuitry. These bare bones
clocks are inexpensive and small, but
offer limited accuracy as the crystal
will wander in frequency approxi-
mately 130 ppm over temperature.
Temperature-controlled crystal oscil-
lators (TCXO) use a compensation
voltage to correct for the crystal’s nat-
ural temperature drift. This is accom-
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plished with a classic thermistor resis-
tor network or a polynomial genera-
tor. TCXOs are tighter stability over
temperature (£0.25 ppm can be ob-
tained) and are small (2.0 X 2.5 mm is
available) with low power consump-
tion (2 mA in some cases). Micro-
processor controlled crystal oscilla-
tors (MCXO) use a microprocessor to
correct for the crystal’s natural tem-
perature drift by sensing the temper-
ature of operation and using that data
to correct the frequency of the oscil-
lator. These oscillators can achieve
stabilities of 0.1 ppm over tempera-
ture, but have a slightly larger foot-
print, consume more power and have
degraded noise characteristics due to
the microprocessor running in the os-
cillator. Oven-controlled crystal oscil-
lators (OCXO) and double oven-con-
trolled crystal oscillators (DOCXO)
offer the greatest stability that quartz
crystal oscillators have to offer. By
heating the circuitry, the crystal stays
at an almost constant temperature,
nearly eliminating the natural tem-
perature drift of the crystal. Stabili-
ties of parts in 10-10 over tempera-
ture are achievable, but at the trade-
off of footprint (at least 1 inch
square) and power consumption (pos-
sibly over 1A).

Despite having a high Q, the
quartz crystal oscillator is not perfect.
Ideally a sinusoidal oscillator would
produce a voltage such that

V(t)=V, cos(2nft) (n)

where

V, = amplitude

f, = frequency

t =time

However, real world oscillators have
some amplitude fluctuations and

phase fluctuations present within
them and behave as in#

V(t)=[V, +A(t) ] cos(2nf,t +(t))
(2)
where

AMt) = amplitude fluctuation
®(t)= phase fluctuation

The frequency of the oscillator is
affected by several factors; tempera-
ture, long-term drift and short-term
instability. Quartz is quite sensitive to
temperature variations, and the fre-
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quency generally drifts between +30
ppm over the temperature range of
the crystal. Long-term drift, also
called aging, is a natural phenomenon
of the quartz and is well understood.
The aging characteristic is defined as

f)=A(n(B+1)+£,)  (3)
where

t = time in days

A, B and f_= constants determined
from least squares fit
(as per MIL-PRF-
55310D)7

Figure 1 shows the aging charac-
teristic of quartz is a natural log func-
tion that slows over time. This means
that the frequency drift of the oscilla-
tor will diminish as time passes. This
is a desirable effect in terms of long-
term performance. The oscillator will
drift but that rate of change will slow
and the oscillator in effect will be-
come more stable.

Short-term stability or Allan vari-
ance (AVAR) is a measurement of the
short-term frequency variations from
the oscillator. Generally AVAR is
specified relative to a particular gate
time. For example, a 20 ms gate time
may be selected and 100 samples tak-
en and applied to the following for-
mula:

AVAR=mi(f(i)—f(i—l))2

i=0
(4)
where f(i)-f(i-1) is the difference be-
tween successive frequency measure-
ments (as per MIL-PRF-55310D).7
The result provides an approxima-
tion for how stable the oscillator is
reading-to-reading at the given gate
time. By lengthening the gate time,
the oscillator’s Allan variance decreas-
es showing it is more stable over
longer averaging periods.

|AcTUAL DATA MIL FIT|

-04 |
.02 T

A
.06
i

FREQUENCY DEVIATION
FROM NOMINAL (ppm)

12 24 36
TIME (DAYS)
A Fig. 1 Typical TCXO aging data.
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JITTER

This measurement shows that the
instantaneous frequency of the oscil-
lator is not constant, but varies slight-
ly about the nominal frequency creat-
ing an uncertainty in the frequency at
any given point in time. This frequen-
cy change can be viewed as a change
in time of the waveform edge from
the ideal nominal frequency edge.
This change in time of the edge is
called jitter. Figure 2! illustrates the
jitter effect on a square wave.

Jitter can be measured in the time
domain and is expressed in a peak-to-
peak time variation of the edge. How-
ever, this method may not be very
useful in some applications because
the variations in the edges are coming
from the entire band of frequencies
and exaggerating the magnitude of
the jitter. Most real world applica-
tions will operate within a certain
band of frequencies and therefore
the jitter effect only needs to be mea-
sured in that band. To effectively see
and measure jitter over a particular
frequency band, conversion to the
frequency domain must take place.

PHASE NOISE

This conversion to the frequency
domain results in a measurement
called phase noise. It is expressed as a
graph of power vs. frequency. To un-
derstand this measurement the jitter-
to-phase noise conversion must be ex-
plored. One way to measure jitter is to
measure the variance of each period
from the average period, such that?

03 = lim (% i (Tn = Tavg )QJ (5)

N—oo =1

This RMS cycle jitter can then be
used to calculate the phase noise at a
given frequency, as

203
ot
P (f) — ~cosc (6)
2
f
IDEAL TRANSITION  TRANSITION
WAVEFORM  TOO EARLY TOO LATE

\

i

=
JITTER

A Fig. 2 Time domain representation of

jitter.
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where

f, s = frequency of the oscillator
f = frequency offset from the

carrier?

This computation can be done at
many discrete frequencies and com-
piled into graphical form. Equations
5 and 6 assume that there is no I/f
noise or burst noise.? In real world
oscillators these noise sources are
present.

If real world components and the
noise that is generated in real world
circuits is taken into account the
phase noise calculation gets more
complex. The Leeson equation as
shown below provides an estimation
for how circuit noise and circuit ele-
ments factor into the phase noise
measurement.6

§B(fm)=1010g{;11(T {1+ff—°

2

£2 £,
" 2mel (1+Ej (7>

where
Q =loaded Q of the circuit
f, = frequency from the carrier
f. = flicker noise corner frequency
f, = carrier (oscillator) frequency
T = temperature in Kelvins
P, = power through the resonator
9 dB/OCTAVE
N 6 dB/OCTAVE
) LEESON'S EQUATION
3 APPLIES
-]
3
&
1/f Fo/2Q
FLICKER
OFFSET FREQUENCY

A Fig. 3 Phase noise plot showing
determining factors.6

S IR
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F = noise factor of the active
device
k = Boltzmann constant

Figure 3 shows how this equation
fits into the plot of phase noise. It can
be seen that close into the carrier,
flicker noise dominates the curve and
has a cut-off frequency of the corner
frequency of the active device. The
middle portion of the phase noise
plot follows Leeson’s equation and is
a combination of loaded Q, noise fac-
tor, power and temperature.5 For fre-
quencies above [ /(2Q)), the floor is
determined by noise factor, tempera-
ture and power.

From this plot it is fairly easy to
come up with guidelines for minimiz-
ing phase noise in oscillator designs.
Use devices with low flicker noise.
Since the 9 dB/octave section is domi-
nated by this quantity, reduction of
circuit flicker noise is of great concern.
BJTs have a much lower flicker noise
than FETs making them more suitable
for low phase noise applications. The 6
dB/octave section implies that a higher
circuit Q is of great interest as is noise
factor and power. OCXOs utilize crys-
tals with higher Qs than TCXOs.
Higher drive power is also desirable
because that is the driving factor for
the phase noise floor (frequencies
above £,/(2Qy)). This comes with a
tradeoff because higher drive levels
usually result in some phase noise
degradation close in to the carrier.

PHASE NOISE MEASUREMENT

Measuring phase noise is not an
easy feat. Most spectrum analyzers do
not have the resolution to measure
the phase noise of a crystal oscillator
directly. Figure 4 shows the normal
configuration for phase noise testing.
An ‘ideal” source that is the same fre-
quency as the oscillator under test is
mixed against the oscillator. This pro-
duces the products of these two sig-
nals and also the
difference. Using a

—2f, 0

CLK SOURCE(f.)
UNDER TEST

2f, low pass filter, the
products are
stripped away leav-

C(t)
=D
= MIXER
FILTER

ing only the differ-

ence, which will be

sin (2nfct)
90° J
‘ @—» PHASE
f. SHIFT |cos (2nfct)
CLEAN sine
WAVE AT f,

A Fig. 4 Phase noise test setup.?

ﬂ SPECTRUM
ANALYZER ‘
\ the oscillator noise,
:L ‘ if the ‘ideal” source
[ is exactly the same
frequency as the os-
cillator.
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This resulting noise signal can
then be measured by a spectrum ana-
lyzer and displayed as a graph of
dBc/Hz vs. Hz. This graph is display-
ing in terms of power how far the
noise (at each particular frequency) is
below the carrier (oscillator’s desired
signal). Figure 5 shows an OCXO
(two-inch square package) plot that
has a floor of around —170 dBc and a
10 Hz performance of approximately
-130 dBc. Figure 6 depicts the
phase noise performance of a 5 mm X
7 mm TCXO, which has a floor of
around —155 dBc and a 10 Hz perfor-
mance of approximately —90 dBc.
Both plots are typical phase noise
measurement plots.

OCXO phase noise performance is
commonly much better than that of
TCXOs. This is due to several factors.
The OCXO is inherently more stable
than the TCXO giving it improved
phase noise performance. This is be-
cause the crystal in the OCXO is
thermally stable where the TCXOs
crystal is responding to the environ-
mental changes. Even though there is
compensation for those ambient tem-
perature changes it is nowhere near
as stable as the OCXO. Secondly,
OCXOs use different crystal cuts
than TCXOs and as a result have a
higher Q. A TCXOs crystal Q is ap-
proximately 30,000 to 40,000, where
an SC-cut ovenized crystal may have
a Q approaching 1,000,000. This
higher Q directly improves phase
noise in the oscillator. Lastly, TCXOs
are designed to be much smaller and

507
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phase noise performance.
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have very low power consumption.
This means most of them are con-
structed using FETs instead of BJTs.
FETs have a much higher inherent
flicker noise, which worsens the
phase noise characteristics of the os-
cillator. Ovenized units designed for
stability use BJTs, which have lower
noise specifications and in turn better
phase noise performance.

MEASUREMENT FLAWS

One of the issues with this mea-
surement system is that the oscillator
is mixing under test against an ‘ideal
noise free” oscillator. Since there is no
such real world device the oscillator
must be mixed under test against
something known to be much better
than the unit under test and assume
that the ‘reference’ injects no noise.
Another option is to mix it against
something that is equivalent to the
unit under test, and assume equal con-
tribution from both oscillators. Both of
these methods are inherently flawed.
By mixing against something better
one is assuming no degradation from
the reference. If a reference that is 10
times better is available, the effects
are minimal, but there is still degrada-
tion in the measurement. By mixing
against an equal source and assuming
equal contribution, 3 dB is added to
the target, which allows the operator
to accept results that really exceed the
intended specification because there is
another noise source. However, how
does one really know that they are
equal? In fact, most times they are not
equal. One source will have better
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noise characteristics than the other
and this creates ambiguous data. Actu-
ally, if the unit picked as a ‘reference’
ends up being a relatively clean source
and equal contribution is assumed, the
operator could be accepting results
that are in reality failing, but he or she
has no way of knowing.

OUTSIDE NOISE/INTERFERENCE

Aside from the circuit characteris-
tics, measurement assumptions and

random crystal fluctuations, the oscil-
lator and its phase noise behavior are
affected greatly by the power sup-
plied to the oscillator. Figure 7
shows a TCXO with a noisy power
supply. Spurs can be seen between 80
and 1000 Hz with an amplitude of ap-
proximately —40 dBc. Figure 8 shows
the same TCXO tested with a cleaner
supply and only two spurs remain
with amplitudes of approximately —20
dBc. The oscillator manufacturer has
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no control over what power supply
the operator uses in their application
and therefore just the oscillator’s
phase noise performance is charac-
terized and not the impact of the sup-
ply on the oscillator. As a result, the
cleanest possible supplies are used
for these measurements.

Nearby interference can also show
up in phase noise measurements.
Figure 9 shows the TCXO with a
clean supply running it, but a com-
puter monitor running about three
feet away from the oscillator and test
set. Figure 10 shows the same test
with the monitor turned off. Again,
the spurs appearing in Figure 9 are
not from the oscillator and are there-
fore eliminated by shutting off the
computer monitor during testing.

These real world plots show where
the disconnect between consumer
and manufacturer comes into play.
Oscillator manufacturers attempt to
characterize just the oscillator’s phase
noise performance, and as a result go
to great lengths to accomplish this.
Clean power supplies or even batter-
ies are used in an attempt to reduce
the noise injected from the outside,
reducing or eliminating any nearby
interference such as computer moni-
tors or other equipment running in
the immediate area. Some manufac-
turers even build a Faraday cage, or
shielded room to reduce outside in-
terference. Many use baffles or
buffers to reduce airflow around the
oscillator making it more thermally
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stable. What is wrong with that? The
result of all of these efforts is an at-
tempt to eliminate all outside inter-
ferences so just the oscillator’s perfor-
mance can be measured. However,
customers purchasing the oscillators
may not realize that these great
lengths were taken and the impact of
the external effects. Secondly, the os-
cillator is not going to be running in a
shielded room all by itself. It will be
in a larger assembly with temperature

gradients and non-ideal power sup-
plies and probably other machinery
or computers running nearby. There-
fore, if a user looks at a phase noise
plot and assumes this is what they
have in their system there could be a
substantial descrepancy. If no head-
room is allowed for in their design,
serious problems could occur.

Lastly, there are two other factors
that directly affect the phase noise
performance that the oscillator man-
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Human intell
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ufacturer has no control over. Vibra-
tion affects the phase noise of crystal
oscillators, as described in the follow-
ing formula:

L(f,)= ZOlog(l;/ij 8)

where

I' = oscillator’s g-sensitivity

A = amount of gs in the vibration
f, = frequency of the oscillator

f, = frequency of the vibration!?

Most military designers are well
aware of this degradation and work
with the manufacturer to understand
and characterize the oscillator under
the vibration it will see in the field.
Another factor that hinders phase
noise performance is multiplication.
Many users will purchase an oscilla-
tor in the megahertz region and mul-
tiply it up into the gigahertz range.
This is acceptable and will provide a
stable oscillator but its phase noise is

reduced by
if(f) = ZOIOg(N) (9)
where

= factor of multiplication!?

Vibration and multiplication are
two processes that the user might be
subjecting the oscillator to that the
manufacturer would have no idea
about and cannot give the user an in-
dication about performance degrada-
tion. Therefore, if at all possible, it is
important for designers to under-
stand the affect these variables have
on the time base and to work with the
oscillator manufacturer so that the re-
quired quality of the timing device is
appropriate for a particular applica-
tion.

Phase noise is a very important as-
pect of any real world time base.
From the previous discussion an os-
cillator designer can come to several
key conclusions that will help mini-
mize the phase noise in an oscillator
design. Maximizing Q, using low
noise active devices and increasing
resonator power are the three main
things to be done when reducing the
phase noise in an oscillator. The oscil-
lator designer can also see that the
method of testing greatly affects the
results of the test. Low noise supplies
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or batteries can be used to reduce
phase noise from supply ripple. Near-
by interference from computers,
lighting, or other machinery should
be eliminated. Finally, thermal
buffers can be used to ensure that the
test is only measuring the oscillator’s
noise and not noise from outside enti-
ties.

Understanding the phase noise
phenomenon and characterizing its
effects are paramount to communica-
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tion system design. From a user’s per-
spective this article should be helpful
as a tool to understanding phase
noise better and also understanding
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performance. There have been many
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RF + MICROWAVE FILTERS
AND ASSEMBLIES

T iy, Tl

= e F5
= 20+ Years

B of Excellence

- . -:'
.
¥ _x....._.a.l..-:u E
NEW PRODUCTS* [ ;

NIC introduces its CV series
line of cavity filters designed
to support ruggedized
applications. Features include:

¢ High “Q" & Low Loss

¢ Narrow bandwidths and
high selectivity

e Custom designs (combline
& interdigital) available

Typical Specifications

CF 3t0 12 GHz
3-dB BW 1t010 %

LL 0.5to 4 dB
Return Loss 16 dB (typical)
Operating Temp. -40 °C to +90 °C

Standard & Custom Packages Available

913.685.3400

15237 Broadmoor
Overland Park, KS 66223

www.hnickc.com
e-mail: sales@nickc.com

86 Visit http://mwj.hotims.com/16340-100

TECHNICAL FEATURE

performing the phase noise test. The
attempt is made to eliminate any and
all outside influences on the oscillator
so that the oscillator’s noise charac-
teristics can be assessed. This is legit-
imate and understandable, but the
consumer of this product needs to be
aware that the device will be used in
less than ideal conditions and certain-
ly more interference is present than
was present when the phase noise
was measured by the manufacturer.
As noted above, other factors in the
end application can cause phase noise
issues that the user did not anticipate
such as vibration and multiplication
of the signal. At the very least system
designers should communicate with
the oscillator manufacturer to let
them know what is the likelihood of
noise in their system so that the oscil-
lator manufacturer can relate a more
realistic picture of the phase noise
performance of the oscillator that is
being purchased. W
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TECHNICAL FEATURE

A NOVEL N-wAY
DISTRIBUTED DOHERTY
AMPLIFIER WITH IMPROVED
EFFICIENCY AT HIGH

PAR SIGNALS

A novel three-way distributed Doherty power amplifier, with improved efficiency
at high peak-to-average ratio (PAR) signals such as W-CDMA and OFDM, is
presented. This distributed Doherty amplifier consists of one main amplifier and

two peaking amplifiers. In order to improve the efficiency at a high back-off

power; the peaking amplifier structure is based on a dual-fed distributed

amplifier form. The results of the three-way distributed Doherty amplifier,
measured at 2140 MHz, produced a power gain of 11 dB. At that point, a
power-added efficiency (PAE) of 39.5 percent was measured for a 9.5 dB PAR
signal. A high linearity performance of -54 dBc ACPR is achieved after using

memory-compensated digital predistortion.

systems, such as IS-95, PCS, W-CDMA,

OFDM and so on, power amplifiers have
progressed towards having a wide bandwidth
and a large number of carriers. Recently, or-
thogonal frequency division multiplexing
(OFDM) modulation has become an attractive
technique for transmitting information effi-
ciently within a limited bandwidth like
WiBRO and WiMAX. However, since the
OFDM signal consists of a number of inde-
pendently modulated sub-carriers, it produces
a higher peak-to-average power ratio (PAR)
signal. A typical PAR for a 64-subcarrier
OFDM signal is approximately 8 to 13 dB.
When the number of sub-carriers is increased
to 2048, the PAR is also increased to 11 to 16
dB. The available efficiency of the power am-
plifiers designed for these high PARs will be
significantly deteriorated.

l n modern digital wireless communication

The Doherty amplifier is known as a tech-
nique for improving the efficiency at high out-
put back-off power. Its primary advantage is
the ease of configuration when applied to high
power amplifiers, unlike other efficiency en-
hancement amplifiers or techniques such as
switching mode amplifiers, EER, LINC and
so on.! Recent results have been reported on
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its use as a symmetric Doherty structure,? an asymmetric
Doherty structure with uneven power transistors® and as
an N-way Doherty structure using multi-paralleled tran-
sistors.4 In the case of the symmetric Doherty amplifier,
the maximum efficiency point is obtained at a 6 dB back-
off power. The asymmetric Doherty amplifier can obtain a
high efficiency at various back-off powers using a combi-
nation of uneven power device sizes for the main and
peaking amplifier. Unfortunately, it is difficult to optimize
the gain and output power of the asymmetric Doherty
amplifier because of the different device matching cir-
cuits and the delay mismatch between the main and peak-
ing amplifier. The conventional N-way Doherty amplifier
has an efficiency enhancement over a conventional two-
way Doherty structure by using multiple parallel transis-
tors of identical devices. Its one drawback is that the total
gain will be reduced due to the loss of the N-way input
power splitter. Under low gain situations, this will increase
the power dissipation of the driving amplifier.

In order to prevent the total gain of the Doherty am-
plifier from degrading, the peaking amplifier is designed
using a dual-fed distributed amplifier structure. Distrib-
uted amplification is a technique whereby the power com-
bining is performed directly at the transistor level without
the need for an N-way power combiner.> Therefore, it is
an easy configuration for combining peaking amplifiers.

OPERATIONAL PRINCIPLES OF AN N-WAY
DISTRIBUTED DOHERTY POWER AMPLIFIER

The distributed power amplifier, which was described
by Eccleston,? is a simple and feasible way to increase the
gain performance of a power amplifier. The balanced
dual-fed distributed amplifier approach shown in Figure
1 can be formed by using a pair of identical single-ended
distributed power amplifiers and quarter-wave hybrid
couplers. As viewed on the single-ended distributed struc-
tures, a hybrid is used to feed both ends of the gate lines
and another hybrid combines the waves appearing at the
ends of the drain lines, thereby increasing the gain. The
FET drain voltages and currents are equal when the
FETs are spaced by a half-wavelength at the center fre-
quency when using an input and output power
splitter/combiner and an even number of FETS.

Figure 2 is the schematic of a new N-way distributed
Doherty power amplifier, based on a distributed struc-
ture. The distributed Doherty amplification approach

uses a power com-

OuTPUT biner and a splitter

—_I—-:'-l RN at the outputz and

90° the input, respec-
180° 90° tively. This will im-
prove the isolation
between the main
amplifier and the
peaking amplifier.
180° 90° Both the N-main
90° amplifiers and N-

peaking amplifiers
INPUT o— |-|:|l

90° 180°

90° 180°

are combined us-
— ing half-wave and
quarter-wave mi-
crostrip lines.

A Fig. 1 Diagram of a conventional
balanced dual-fed distributed amplifier.

90

TECHNICAL FEATURE

In order to understand the load impedance variation of
the N-way Doherty amplifier, it can be analyzed by the
equivalent conversion of AC multi-current sources. Fig-
ure 3 shows the operational principle of load modulation
for the N-way distributed Doherty power amplifier. Im,M
and Ip,P are ideal AC current sources for the carrier am-
plifiers and peaking amplifiers, respectively. The —90°
phase difference between the main source and the peak-
ing source is selected to compensate for the phase shift by
the quarter-wave transformer, which is necessary to the
Doherty operation. The output node voltage, V,,, through
the load resistor, Ry/(M+P), can be given by

VO = RO(I‘M + IP>/<M +P) :RO(IM4900 + 11)4—900)/<M+P>

(1)
Thus, the impedance of the main amplifier, which can be
seen from the quarter-wave transformer, Z', , can be writ-
tem as

m>

C Ve _R(Iu+lp)
Z‘“_I'M — (M+P)I @

Then, assuming that Iy; and Ip are ML, and PL,, respec-
tively, the impedance of the main amphfler whith can be
seen from the main current souce, Z,,, can be found by

m>

p)
7 - Re _(M+P)R,I, -
7'~ MI, +PI,

If identical devices are used in the main and peaking
amplifiers, the load impedance of an N-way Doherty am-
plifier could be modulated as a function of the number of
N-ways. Finally, the load impedance of the N-way Doher-
ty amplifier as a function of three operational regions of
the peaking amplifier could be divided by:

e When Ip is 0, the load impedance becomes (1+P/M)
Ro.

e When I is equal to I
R,.

e When I is smaller than I
sits from NP R, to R,.

The eff1c1ency of an N-way Doherty amplifier, which is
comprised of M, class B biased, main amplifiers and P,
class B biased, peaking amplifiers, can also be divided into
three input power regions (low, medium and peak
levels).4

> the load impedance becomes

m» the load impedance tran-

I
Z’VOZVH]‘JX
2
\%
[R5
v \
n= g . S SV SV, (@)
—+9 o -1 (+1)
Vmax
\% v
4AM v (PH]
M
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N-WAY PEAKING AMPLIFIER

MA4@Zum \_wAY MAIN AMPLIFIER

TECHNICAL FEATURE

where

v, = output voltage
for a given
power level

vV =maximum

o

M2 A2

M2 A2

M2 A2

max
A4 output voltage

for a given
g
power level

Figure 4 shows
the calculated effi-

Al4@Zp '\l)

RFin

A Fig. 2 Schematic of a new N-way distributed Doherty amplifier.

A Fig. 3 Load impedance variation of the
N-way distributed Doherty amplifier.

R 2.5-WAY (M:2, P:3) 2-WAY
90 3-wAY (M:1, P:2)
80
70
60
50
40
30
201
10

EFFICIENCY (%)

“95ia8! 6B |
12dB 7.9/dB | 3.5!B
-20 -15 -10 -5

OUTPUT BACK-OFF (dB)

A Fig. 4 Calculated efficiency of the N-way
Doherty amplifier at various back-off powers.

ciency of the N-way
Doherty amplifier,
for different topolo-
gies, at various
back-off powers:
3.5, 7.9, 9.5 and 12
dB. The desired lo-
cation of the peaking point of an N-
way Doherty amplifier can be easily
derived from Equation 4. This peak-
ing point is defined as the extended
back-off state, X, and is given

Xpo = 20log,, [%+1) [dB] (5)
where

P
M

number of peaking amplifiers
number of main amplifiers

The schematic of the proposed
three-way distributed Doherty ampli-
fier is shown in Figure 5. In order to
provide high efficiency at a back-off
power of 9.5 dB, two peaking ampli-
fiers are combined using the dual-fed
distributed structure. It consists of
half-wave and short-circuited quar-
ter-wavelength microstrip lines. This
structure should insure that the total
gain of the N-way distributed Doher-
ty amplifier should not be degraded

MAIN AMPLIFIER OFFSET LINE
INPUT ouTPUT
HYBRID —| L —H
B MATCHING MATCHING fcm
RFiN S
PEAKING AMPLIFIER 1 S —
OuTPUT A J Z
INPUT ~@|z,52
MATCHING '% MATCHING 402
A2
PEAKING AMPLIFIER 2
INPUT OUuTPUT
MATCHING MATCHING
= A4
I R

A Fig. 5 Schematic of the proposed three-way distributed Doherty amplifier.
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compared to the conventional N-way
Doherty amplifier.

DESIGN AND SIMULATION

The proposed three-way distrib-
uted Doherty amplifier design uses
the same device for the one main am-
plifier and the two peaking ampli-
fiers. The main amplifier is biased in
the class AB mode and the peaking
amplifiers are biased in the class C
mode. The devices are Freescale high
power MRF21045 LDMOS FETs
with a peak envelope power (PEP) of
45 W. The simulation for the Doherty
circuit was performed using Agilents
ADS software.

Optimization of the N-way distrib-
uted Doherty amplifier required the
following:

e Evaluating the optimum number
of main amplifiers (M) and peaking
amplifiers (P) for the given back-off
power

¢ Bias adjustment of the main am-
plifier in class AB mode

* Gate bias adjustment of the peak-
ing amplifiers in class C mode

* Offset line optimization for achiev-
ing a peaking point at the desired
back-off power

45
3-WAY DISTRIBUTED

40| DOHERTY AMPLIFIER
(9.5 dB BO)
£ 351  2-wav CONVENTIONAL

30 .  DOHERTY AMPLIFIER
r4 (6 dB BO)
< 25

220

15 P
S ! 6(dB BO)
10 —~—

il 1
25 30 35 40 45 50 55
OUTPUT POWER (dBm)

I (dB)

%), G

PAE

(-]

A Fig. 6 Simulated PAE and gain
performance of the proposed three-way
distributed Doherty amplifier.

A Fig. 7 The three-way distributed
Doherty amplifier.

TECHNICAL FEATURE

The shunt capacitors, Cp, are in-
serted so that both gain and efficien-
cy of the Doherty amplifier are opti-
mized. The other shunt capacitor,
Cyp. is also used for optimizing the
linearity.6

Figure 6 shows the simulated
PAE and gain performance of the
proposed three-way distributed Do-
herty amplifier using a single tone at
2140 MHz. The operating point of
the class AB biased main amplifier is:
Tpo =510 mA, Vg = 3.2 V and Vg
= 27 V. The operating points of the
class C biased peaking amplifiers are:
Peaking amplifier 1:

Ipg=0mA, Vgg=24Vand Vg, =
27V.
Peaking amplifier 2:
27 V.

The output impedance of the
combined peaking amplifier using a
dual-fed distributed structure was
(4.65+j 2.1)Q. The offset line is nec-
essary to prevent leakage power be-

50
42.7 %
39.5% e
;2540 I / :
N—
<
a 30
=
@
< 20}
Z
<
Y10 : :
9.5 dB BO PEP

o 1 1 1 H 1 1

25 30 35 40 45 50 55
OUTPUT POWER (dBm)

A Fig. 8 Measured PAE and gain

performance of the proposed three-way
distributed Doherty amplifier.

PAE (Cp: 5:1 pF)
PAE (Cp: 9:1 pF) GAIN (Cp: 9.1 pF)
PAE (Cp: 15 pF) GAIN (Cp: 15 pF)

50| MAIN PA: 3.89 V
PEAK1: 2.0V
PEAK2: 2.0V

GAIN (dB), PAE (%)

10 :
9.5 dB BO | \ PEP|
° I 1 L 1 I
25 30 35 40 45 50 55
OUTPUT POWER (dBm)

A Fig. 9 Measured PAE and gain as a
4 4
function of the shunt capacitance Cy,.
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tween the main amplifier and the
peaking amplifier. An offset line of
approximately 0.25 A was inserted;
this corresponds to an optimum out-
put resistance of 521 Q. From the
simulated results, a 43 percent PAE
was obtained at a PEP of approxi-
mately 200 W. Consequently, a 40
percent PAE at 9.5 dB back-off pow-
er from the peak efficiency point was
achieved. This was an efficiency im-
provement of approximately 7 per-
cent compared to that of the two-way
conventional Doherty amplifier at a 6
dB peaking point. A gain of approxi-
mately 10.5 dB was obtained from
2130 to 2150 MHz. This was similar
to that of the conventional two-way
Doherty amplifier.

FABRICATION AND
MEASUREMENTS

A new three-way distributed Do-
herty amplifier using Freescale’s
MRF21045 was fabricated and mea-
sured at a center frequency of 2140
MHz and a single carrier W-CDMA
signal with a peak-to-average ratio of
9.8 dB. Figure 7 is a photograph of
the three-way distributed Doherty
power amplifier. Figure 8 shows the
measured PAE and gain performance
of the proposed three-way distributed
Doherty amplifier, using a single-
tone, 2140 MHz signal. The main
amplifier’s operating point is: IDQ:
480 mA, Vgg= 3.9 V. The operating
points of the peaking amplifiers are:
Peaking amplifier 1: 1o = 0 mA,
Veg=21V.

PAE (PEAK1 & PEAK2: 2.0 V), Cp = 10 pF
PAE (PEAK1 & PEAK2: 2.5 V), Cp = 10 pF
PAE (PEAK1 & PEAK2: 2.0 V), Cp = 15 pF

GAIN (PEAK1 & PEAK2: 2.5 V), Cp = 10 pF
GAIN (PEAK1 & PEAK2: 2.0 V), Cp = 15 pF

60

MAIN PA: 3.89 V

3

GAIN (dB), PAE (%)
w
o

9.5 dB BO { PEP

% 30 35 40 45 50 55
OUTPUT POWER (dBm)

A Fig. 10 Measured PAE and gain
variation as a function of Cp and peaking
amplifier’s bias.

TECHNICAL FEATURE

Peaking amplifier 2: I = 0 mA,
VGS = 19 V

Shunt capacitors, Cp = 15 pF and
Cy = 0.5 pF, are used. A 42.7 percent
PAE at a PEP of 131 W and a 39.5
percent PAE at 9.5 dB back-off are
achieved. A gain of approximately 11
dB was obtained at 9.5 dB back-off.

Figure 9 shows the measured
PAE and gain as a function of the
shunt capacitor CP values of 5.1, 9.1
and 15 pF, in order to find the opti-
mal capacitance that could affect the
gain and PAE of the Doherty amplifi-
er. It was tested with a single-tone,
2140 MHz signal and the gate biases
of the main amplifier and peaking
amplifiers are fixed to 3.89 and 2.0 V,
respectively.

Figure 10 shows the measured
PAE and gain variations as a function
of the shunt capacitor, Cp, and the
bias of the peaking amplifiers using a
single-tone, 2140 MHz signal. Opti-
mization of Cp and of the bias point
of the two peaking amplifiers pro-
duced efficiency and gain improve-
ment of approximately 8 percent and
2 dB at 9.5 dB back-off, even though
the PAE is reduced at PEP. Conse-
quently, a high PAE of the distributed
Doherty amplifier could be obtained
by adjusting the shunt capacitor, Cp,
and the bias of the peaking ampli-
fiers.

Figure 11 shows the measured
W-CDMA, one-carrier spectrum of
the three-way distributed Doherty
amplifier before and after optimiza-
tion of Cy;, and after digital predis-
tortion. The test bench set-up of
the digitally pre-distorted power
amplifier and the operation princi-

BEFORE OPTIMIZATION OF Cy

AFTER OPTIMIZATION OF Cy

AFTER MEMORY-LESS PREDISTORTION
AFTER MEMORY PREDISTORTION

—20
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FREQUENCY (MHz)

Pourt =41 dBm

(dBm/30 kHz, RBW)
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2150

A Fig. 11 Measured WCDMA one-carrier
spectrum of the three-way Doherty amplifier.

MICROWAVE JOURNAL = APRIL 2008


http://mwj.hotims.com/16340-72
mailto:mfcsales@microwavefilter.com
http://www.microwavefilter.com

VCOs and PLLs from
Crystek Microwave

Choose Crystek when you need truly innovative
frequency control technology. Our YCOs and
PLL Synthesizers offer the broadest mix of
frequency ranges, standard packaging, and N
custom design options from a single supplier. !t:li
Plus, with Crystek, you get unsurpassed .L
achievements in engineering and manufacturing,
coupled with outstanding support and customer
service. Choose Crystek for VCOs that perfarm. &

Low Phase Moise Micro-Strip and Coaxial Designs Octave Tuning

.=y CRYSTEK

150 90012000 Regstarad = CORPORATION _
Certificate i |r~.ﬁ-{ﬁ1§;& r— . Chsubry Preducrs, B Susenor Sereos S 1658 [mh’
10/20/2000 Tel: 8B00.237.3061 » 238.561.3311 [Compliant 8
www.crystek.com

Visit http://mwj.hotims.com/16340-30 or use RS# 30 at www.mwjournal.com/info



http://mwj.hotims.com/16340-30
http://www.mwjournal.com/info
http://www.crystek.com

TECHNICAL FEATURE

TABLE |

RESULTS FOR THE PROPOSED THREE-WAY DISTRIBUTED DOHERTY AMPLIFIER

Three-way Distributed Doherty PA

Contents

Before Opt.

After Opt.

Memoryless

Three-way Distributed Doherty PA
Using Digital Predistortion

Memory

(CM = 0 pF)

ACPR (dBe)

(@2.5 MHz offset) =

Main PA: VGS=39 V

(CM = 0.5 pF)
-37

Main PA: VGS=39 V

Operating Peak PA1: VGS=2.1 V Peak PA1: VGS=2.5V
Points Peak PA2: VGS=1.9V Peak PA2: VGS=2.4 V
CP=15 pF CP=10 pF
PAE (%)
(10 dB back-off) e i

(7t Order)

(7th Order + 2 Terms)
51 —54
Main PA: VGS=3.79 V
Peak PA1: VGS=3.1 V
Peak PA2: VGS=2.5 V
CM=9.1 pF, CP=0.5 pF

33

ples have been published previous-
ly.8 After optimization of Cyy, a lin-
earity improvement of 7 dB was
achieved at a +2.5 MHz offset fre-
quency. The operating points were
Vs =3.79 V (Main PA), Vg = 3.1 V
(Peaking PA1l) and Vgg=2. 5V
(Peaking PA2). Shunt capacitors, Cp
= 9.1 pF and Cy; = 0.5 pF, were

used. In order to achieve high lin-
earity, both memory-less and mem-
ory-based digital predistortions
were applied. The ACLR perfor-
mance of —51 dBc after memory-
less and —54 dBc after memory
compensation were obtained at 41
dBm output power and +2.5 MHz
offset frequency.
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Table 1 shows the summary re-
sults of the proposed three-way dis-
tributed Doherty power amplifier.
This research confirms that both high
efficiency and high linearity for W-
CDMA and OFDM power amplifiers
can be achieved.

CONCLUSION

A novel Nth-way distributed Do-
herty amplifier was proposed to ob-
tain high efficiency at various back-
off power states. The peaking ampli-
fiers of the N-way distributed
Doherty amplifier were combined us-
ing a dual-fed distributed structure.
From the measured results, the
three-way distributed Doherty ampli-
fier yielded a 39.5 percent PAE at 9.5
dB back-off power and a power gain
of 11 dB. After final optimization for
linearity and efficiency, —54 dBc
ACPR and 33 percent PAE are
achieved, using memory compensat-
ed digital predistortion. W
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A HiGH EFFICIENCY

AND GAIN DOHERTY
AMPLIFIER FOR WIRELESS
MOBILE BASE STATIONS

his article presents a high gain and ef-
I ficiency Doherty amplifier for WLAN
mobile base stations with three advanced
methods. First, a Doherty amplifier is devel-
oped with uneven power drive, which provides
more input power to the peak amplifier for full
power operation and appropriate load modula-
tion. Second, a special inverted Doherty topol-
ogy is proposed in order to optimize the aver-
age efficiency of the Doherty amplifier. Finally,
a three-stage structure is adopted to increase
the total gain. These methods are applied to
implement a Doherty power amplifier using
Freescale MRF6S21050L devices. The power-
added efficiency (PAE) and adjacent channel
leakage ratio (ACLR) are 33 percent and —42
dBc, which represents an improvement of 3.2
percent and 2 dB, respectively, compared with
a conventional Doherty power amplifier and its
gain reaches 45 dB by adopting a three-stage
structure.

Wireless communications have recently
progressed to require an increase in bandwidth
and the number of carriers for high data rate
capability. In addition to the wide bandwidth,

the instantaneous transmit power of the wire-
less communication systems, such as wide-
band code division multiple access (WCDMA)
or orthogonal frequency division multiplex
(OFDM), vary widely and rapidly, carrying
high peak-to-average ratio (PAR) signals.! The
mobile wireless base station power amplifi-
ers for the systems require a high linearity to
amplify the high PAR signal source without
distortion.2? Another requirement of power
amplifiers for mobile wireless communications
systems is high efficiency.# The communica-
tions systems are reduced in both size and cost
but require a power amplifier with high effi-
ciency.>7

In order to accomplish these requirements,
the techniques that can improve the linearity
and efficiency of the mobile base station power
amplifier and overcome the wideband effect
are hot issues in the research community. As for
conventional techniques, the simplest method

X.Q. CHEN, Y.C. Guo AND X.W. SHI
Xidian University
Xi’an, China
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is to back-off signals from the satura-
tion region to the linear region at the
cost of reduced efficiency of the pow-
er amplifier. Class-A, -B, or -AB may
be used with a low efficiency from 12
to 20 percent, due to the output back-
off.8 Other methods involve predis-
tortion or elimination and restoration
techniques or feedforward.®-11 How-
ever, these techniques need additional
components that result in an increase
in cost, size and power dissipation.!?
In order to solve these problems, a
Doherty amplifier is the most prom-
ising candidate for the application, as
shown in Figure 1.

The fundamental operation theory
has been well described in previous
literature. It has high linearity and
efficiency for wideband signals and
has been studied extensively for the
application, as depicted in Figure 2.
However, the conventional Doherty
power amplifier has its limitation. Be-
cause of its lower bias point, the cur-
rent level of the peaking cell is always
lower than that of the carrier. The
load impedances of both cells cannot

CLASS-AB
CARRIER
AMPLIFIER

-

POWER
SPLITTER

G~

CLASS-B/C
PEAK AMPLIFIER

A Fig. 1 The classical Doherty power amplifier.

| DOHERTY CLASS-AB CLASS-A |

151
101

EFFICIENCY (%)
N
o

Vin, max/2
INPUT VOLTAGE (V)

A Fig. 2 Efficiencies of the Doherty, class-A
and class-AB amplifiers.

Vin, max

104

be fully modulated at the value of the
optimum impedance for a high power
match. Thus, neither cell can gener-
ate full output power. In this article,
two advanced methods that represent
good approaches to solve these prob-
lems are presented. First, when the
magnitude of the instantaneous input
signal increases, the gate bias voltage
of the peak cell increases according to
the signal’s envelope. Therefore, un-
even power drive is possible to achieve
agood Doherty operation. Second, the
inverted Doherty topology is another
efficient method to improve the car-
rier cell efficiency at low levels when
the peak cell is off. The implementa-
tion of the amplifier is simple and re-
sults show excellent performance.

ADVANCE DESIGN METHODS OF
A DOHERTY POWER AMPLIFIER
Uneven Power Drive
Figure 3 depicts the different
fundamental current characteristics
of the Doherty power amplifier with
even drive and uneven drive. Usually,
in even drive, the load impedances of
the carrier amplifier
and the peak ampli-
fier cannot be com-
pletely modulated at
the optimum imped-
ance and the peak
amplifier cannot
generate full power
because it is biased
in class-C, and its
current Ip remains
at a low level.13 The
linearity of the even
drive amplifier is
= more complex than
that of a class-AB
amplifier.

PEAK (EVEN)
PEAK (UNEVEN)
CARRIER

FUNDAMENTAL CURRENT
T

Vin, max/2 vin, max
INPUT VOLTAGE (V)
A Fig. 3 The Doherty amplifier’s

fundamental current vs. input voltage.

TECHNICAL FEATURE

Figure 4 shows the load imped-
ance of both amplifiers versus input
voltage.

— -0< Vin < Vin,max/2

1
P
ZL [1 + I_] 4 _Vin,max/Z < Vin < Vin,max

) (1)

2, -0< Vin < Vin,ma_X/Z

1
P
ZL (1 + I_J’ _VimmaX/Q < Vin < Vin,max

(2)

where

Z;, = load impedance of the Doherty
amplifier

I = fundamental currents of the
carrier amplifiers

Ip; = fundamental currents of the
peak amplifiers

Z¢ = output load impedances of the
carrier amplifiers

Zp = output load impedances of the

peak amplifiers

In the low power region, the linear-
ity of the amplifier is entirely deter-
mined by the carrier cell. Therefore,
the carrier cell should be highly linear
for its optimized load impedance. In
the high power region, the current
level of the peaking cell plays an im-
portant role in determining the load
modulation of the amplifier. For the
asymmetric amplifier with even power
drive, the fundamental current of the
peaking cell is insufficient to achieve
the full load modulation. The load
impedances of both cells are larger

Z,,, PEAK AMPLIFIER
Z., CARRIER AMPLIFIER

6Zopt
5Zopt
4Zopt
3Zopt|
zzopt

Zopt B

LOAD IMPEDANCE (<)

Vin, max/2

INPUT VOLTAGE AMPLIFIER (V)

Vin, max

A Fig. 4 Load impedance vs. input drive.
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than the optimum values in the high-
power region. As a result, the carrier
and peaking cells are driven into satu-
ration without producing full power.
Thus, the amplifier’s linearity is seri-
ously affected, as is its power level.

In order to enhance the output
power from the peak amplifier, a
Doherty amplifier with uneven power
drive is proposed, applying more pow-
er to the peak cell. Since the amplifier
now has an uneven power drive, the
linearity of the amplifier is improved
due to proper power operation with-

CARRIER
AMPLIFIER

PEAK
AMPLIFIER

A Fig. 5 Inverted Doherty power amplifier topology.

out severe saturation. The linearity
is further enhanced by the harmonic
cancellation of the two cells at appro-
priate gate biases. The carrier cell,
which is biased in class-AB, has gain
compression at high output power lev-
els, while the class-C biased peak cell
has gain expansion. Hence, the gain
expansion of the peak cell can com-
pensate for the gain compression of
the carrier cell. Specifically, the third-
order intermodulation (IM3) level
from the carrier cell increases and the
phase of IM3 is decreased because the
gain of the carrier
cell is compressed.
On the other hand,
when the gain of
the peak cell is ex-
panded with uneven
drive, both the IM3
level and phase in-
crease. To cancel
out the IM3s from
the two cells, the
components  must
be 180° out-of-
phase with the same
amplitudes.

Z =50Q

Ultra Low Noise

TECHNICAL FEATURE

Inverted Doherty Topology

The carrier amplifier operational
theories indicated that the best ef-
ficiency at average envelope power
actually occurred with a load imped-
ance closer to 25 than 100 Q. In or-
der to achieve maximum efficiency at
100 Q, approximately one-quarter
wavelength of a 50 € transmission
line will be introduced in the carrier
amplifier’s output matching network
(OMN,). Similarly, the off-state im-
pedance presented by the peak ampli-
fier is so low that this also suggests ap-
pending a A/4 wavelength 50 Q line to
the peak amplifier’s output matching
network (OMN)) to guarantee high
impedance at t%e combining node.
Size and loss constraints make this
approach undesirable. By reversing
the Doherty combining point, a 25 Q
maximum efficiency load is provided
for the carrier amplifier at the average
envelope power. The impedance in-
version previously accomplished with
the 50 Q, A/4 line is incorporated into
OMN,, which constrains 8S,; = -90°.
In the peak cell, a 50 Q, A/4 line be-
comes the off-state impedance rota-
tion appended to OMNP. The output
is then taken from the carrier ampli-
fier side of the combining node, as
shown in Figure 5. This configuration
is called an “inverted Doherty” power
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amplifier.

This “inverted Doherty” will guar-
antee a high efficiency at low drive
level. However, the biggest challenge
of the Doherty design is the carrier
amplifier output match. In addition
to the —90° phase requirement men-
tioned above, the gain of the carrier
amplifier must decrease by 3 dB as
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understood by noting that the carrier
amplifier’s input power ranges from
average envelope power to peak enve-
lope power, while the required output
power range is from average envelope
power to half of the peak envelope
power. The gain reduction is neces-
sary to accommodate half of the peak
envelope power of the peaking ampli-
fier. With uneven drive, more power
will be delivered to the peak cell.
This creates a constant gain for the
composite Doherty amplifier at lower
power gain, which is an important lin-
earity consideration. To optimize the
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De-mystifying Single Carrier FDMA
The New LTE Uplink

Third-generation wireless communication systems based on W-CDMA (wideband code-division
multiple access) are being deployed all over the world. To ensure that these systems remain competi-
tive, the 3GPP (3rd Generation Partnership Project) initiated a project in late 2004 for the long-term
evolution (LTE) of 3GPP cellular technology.

This article focuses on the physical layer (“Layer 1”) characteristics of the LTE uplink, describing the
new Single-Carrier Frequency Division Multiple Access (SC-FDMA) transmission scheme and some
of the measurements associated with it. Understanding the details of this new transmission scheme
and measurements is a vital step towards developing LTE UE designs and getting them to market.
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The LTE specifications are being documented in Release 8 of

the 3GPP standard. The core specifications are scheduled to be

completed by mid-2008 with the conformance test specifications

following approximately six months later.

With early system deployment expected in the 2010
timeframe, LTE provides a framework for an evolved 3G network,
and aims specifically to achieve the following:

* Increased uplink peak data rates up to 86.4 Mbps in a 20 MHz
bandwidth with 64QAM (quadrature amplitude modulation)

* Increased downlink peak data rates up to 172.8 Mbps in a 20
MHz bandwidth with 64QAM and 2x2 SU-MIMO (single-user
multiple input/multiple output)

* Maximum downlink peak data rates up to 326.4 Mbps using 4x4
SU-MIMO

© Spectrum flexibility with scalable uplink and downlink channel
bandwidths from 1.4 MHz up to 20 MHz

* Improved spectral efficiency, with a 2-4 times improvement over
Release 6 HSPA (high speed packet access)

® Sub-5 ms latency for small IP (internet protocol) packets

* Mobility optimized for low mobile speed from 0 to 15 km/h;
higher mobile speeds up to 120 km /h will be supported with
high performance with the system operating up to 350 km/h

* (o-existence with legacy systems while evolving towards an allHP
network

The LTE Air Interface

There are two primary duplexing modes used in LTE which are
frequency division duplex (FDD) and time division duplex (TDD).
Variants including half-rate FDD are also anticipated. The integration
of the FDD and TDD modes of LTE is much closer than was the case
with UMTS. The downlink transmission scheme is based on orthogo-
nal frequency division multiplexing (OFDM) and the uplink uses a

new transmission scheme called SC-FDMA. This new scheme borrows
from both traditional single-carrier schemes as well as from OFDM.

OFDM and OFDMA
OFDM has been around since the mid 1960s and is now used in
a number of non-cellular wireless systems such as Digital Video
Broadcast (DVB), Digital Audio Broadcast (DAB), Asymmetric Digital
Subscriber Line (ADSL) and some of the 802.11 family of Wi-Fi
standards. OFDM's adoption into mobile wireless has been delayed
for two main reasons. The first is the sheer processing power which
is required to perform the necessary FFT operations. However, the
confinuing advance of signal processing technology means that this
is no longer a reason to avoid OFDM, and it now forms the basis
of the LTE downlink. The other reason OFDM has been avoided in
mobile systems is the very high peak fo average ratio (PAR) signals
it creates due to the parallel fransmission of many hundreds of
closely-spaced subcarriers. For mobile devices this high PAR is prob-
lematic for both power amplifier design and battery consumption,
and it is this concern which led 3GPP to develop the new SC-FDMA
transmission scheme.

Multiple access in the LTE downlink is achieved by using
an elaboration of pure OFDM called orthogonal frequency division
multiple access (OFDMA). This method allows subcarriers to be
allocated to different users. This facilitates the trunking of many
lower-rate users as well as enabling the use of frequency hopping to
mifigate the effects of narrowband fading.

SC-FDMA

SCFDMA is a hybrid transmission scheme which combines the low
PAR characteristics of single-carrier transmission systems - such as
those used for GSM and CDMA - with the long symbol time and
flexible frequency allocation of OFDM. The principles behind SC-
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sequentially. Since this example involves four
subcarriers, four data symbols are transmitted
sequentially in one SC-FDMA symbol period.
cP The SC-FDMA symbol period is the same length
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i as the OFDMA symbol af 66.7ps but due to
sequential transmission, the data symbols are
shorter being 66.7 /M . A consequence

of the higher data rate symbols means more

Figure 1 SC-FDMA signal generation

FDMA signal generation are shown in Figure 1. This is taken from
Figure 1 of the study phase report for the LTE physical layer 3GPP
TR 25.814.

On the left hand side of Figure 1 the data symbols are depicted
in the time domain. The symbols are converted to the frequency
domain using an FFT, and then in the frequency domain they are
mapped to the desired location in the overall carrier bandwidth.
They must then be converted back to the time domain in order to
have the cyclic prefix inserted prior o fransmission. An alternative
name for SC-FDMA is Discrete Fourier Transform Spread OFDM
(DFT-SOFDM).

An alternative description is provided in Figure 2 which
shows, in frequency and time, how OFDMA and SC-FDMA would
each transmit a sequence of 8 QPSK data symbols. For this
simplified example, the number of subcarriers (M) is set fo four.
For OFDMA, four (M) symbols are taken in parallel, each of them
modulating its own subcarrier at the appropriate QPSK phase. Each
data symbol occupies 15 kHz for the period of one OFDMA symbol
which lasts for 66.7pus. At the start of the next OFDMA symbol, the
guard interval containing the cyclic prefix (CP) is inserted. The CP is
a copy of the end of a symbol prepended to the start of the symbol.
Due to the parallel transmission, the data symbols are the same
length as the OFDMA symbols.

In the SC-FDMA case, the data symbols are transmitted

bandwidth is required, so each data symbol occupies 60 kHz of
spectrum rather than the 15 kHz for the slower data symbols used
for OFDMA. After the four data symbols have been transmitted, the
(P is inserted.

Following this graphical comparison of OFDMA and SC-FDMA,
the detail of the SC-FDMA signal generation process is shown in
Figures 3 and 4. A time domain representation of the data symbol
sequence is first generated as shown in Figure 3.
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Figure 3 Creating the time-domain waveform of an
SCFDMA symbol

For this four subcarrier example a sequence of four data
symbols is required to generate one SCFDMA symbol. Using the
first four of the color-coded QPSK data symbols from Figure 2, the
process creates one SC-FDMA symbol in the time domain by com-
puting the trajectory traced by moving from one QPSK data symbol
to the next. This is done at M times the rate of the SCFDMA
symbol such that one SCFDMA symbol contains M consecutive
QPSK data symbols. For simplicity, we will not discuss time-domain

filtering of the data symbol

transifions even though such
filtering will be present in any

QPSK modulating
data symbals

15 kHz

OFDMA,
Data symbols occupy 15 kHz for
ong OFDMA, symbol period

SC-FDMA
Data symbods occupy M5 kHz for
1M SC-FOMA symbol pariods

i, . . 141 - . . A1 1.4 real implementation.
| > Having created an 1Q
R R A m—— represenation in the time do-
e 3z main of one SC-FDMA symbol,

the next stage is to represent
this in the frequency domain us-
ing a discrefe Fourier fransform
(DFT; Figure 4).

The DFT sampling fre-
quency is chosen such that the
fime-domain waveform of one
SC-FDMA symbol is fully repre-
sented by M DFT bins spaced
15 kHz apart, where each bin
represents one subcarrier with

Figure 2 Comparison of OFDMA and SC-FDMA transmitting a series of QPSK data symbols amplitude and phase held
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Figure 4. Baseband and shifted frequency domain
representations of an SCFDMA symbol

constant for the 66.7ps SCFDMA symbol period. There is always a
one-to-one correlation between the number of data symbols o be
transmitted during one SC-FDMA symbol period and the number of
DFT bins created — which in turm becomes the number of occupied
subcarriers. When an increasing number of data symbols are
transmitted during one SC-FDMA period, the time-domain waveform
changes faster, generating a higher bandwidth and hence requiring
more DFT bins to fully represent the signal in the frequency domain.

Multipath Resistance With Short Data
Symbols?

At this point it is reasonable to ask, “How can SC-FDMA still be resis-
tont to multipath when the data symbols are sfill short?” In OFDMA,
the modulating data symbols are constant over the 66.7 s OFDMA
symbol period but an SC-FDMA symbol is not constant over fime
since it contains M data symbols of much shorter duration. The
multipath resistance of the OFDMA demodulation process seems to
rely on the long data symbols that map directly onto the subcarriers.
Fortunately, it is the constant nature of each subcarrier— not the
data symbols — that provides the resistance to delay spread. As
shown earlier, the DFT of the time-varying SC-FDMA symbol gener-
ated a set of DFT bins constant in time during the SCFDMA symbol
period even though the modulating data symbols varied over the
same period. It is inherent to the DFT process that the fime-varying
SC-FDMA symbol - made of M serial data symbols - is represented

in the frequency domain by M time-invariant subcarriers. Thus,

even SC-FDMA with its short data symbols benefits from multipath
profection. Figure 2 shows the SC-FDMA subcarriers all at the same
amplitude but in reality each will have its own amplitude and phase
for any one SC-FDMA symbol period.

To conclude SC-FDMA signal generation, the process follows
the same steps as for OFDMA. Performing an inverse FFT converts
the frequency-shifted signal to the time domain and inserting the CP

provides OFDMA's fundamental robustness against mulfipath.

Figure 5 shows the close relationship between SC-FDMA and
OFDMA. The orange blocks represent OFDMA processing and the
blue blocks represent the additional time domain processing required

for SCFDMA.
UL Signals  Full Name Purpose
DMRS (Demodulation) Used by the base sfation
Reference Signal | for synchronization to the
UE and for UL channel
estimation.
Associated with PUCCH or
PUSCH
SRS Sounding Reference | Used for channel esfima-
Signal tion when there is no
PUCCH or PUSCH
UL Channels  Full name Purpose
PRACH Physical Randon | Call setup
Access Channel
PUCCH Physical Uplink Scheduling, ACK /NACK
Control Channel
PUSCH Physical Uplink Payload
Shared Channel

Table 1 Uplink signals and channels

| Unique to SC-FOMA | ‘Common with OFDMA-
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Figure 5 Simplified model of SC-FDMA generation and reception




The key point to note is that the signal which is
converted from the frequency domain back fo the time domain
is no more than a frequency shifted version of a series of QPSK
symbols. This example illustrates the main reason SCFDMA was
developed: that is, the PAR of the final signal is no worse than
that of the original data symbols, which in this case was QPSK.
This is very different to OFDMA where the parallel fransmission
of the same QPSK data symbols creates statistical peaks - much
like Gaussian noise - far in excess of the PAR of the data symbols
themselves. Limifing PAR using SC-FDMA significantly reduces
the need for the mobile device to handle high peak power. This
lowers costs and reduces battery drain.

Physical Layer Structure

The LTE physical layer comprises two types of signals known as
physical signals and physical channels. Physical signals are gener-
ated in Layer 1 and used for system synchronization, cell identifica-
tion, and radio channel estimation. Physical channels carry data
from higher layers including control, scheduling, and user payload.
Table 1 shows the uplink physical signals and channels.

Uplink Frame Structure

There are two uplink frame structures, one for FDD operation
called type 1 and the other for FDD operation called type 2. Frame
structure type 1'is 10 ms long and consists of ten subframes, each
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Figure 6 Frame Structure 1 for uplink showing mapping for DMRS and PUSCH
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Figure 8 Analysis of a 16QAM SC-FDMA signal

comprising two 0.5 ms slofs. Figure 6 shows how the DMRS and
PUSCH map onto the frame structure. The number of symbols in
a slot depends on the CP length. For a normal CP, there are seven
SC-FDMA symbols per slot. For an extended CP used for when the
delay spread is large, there are six SCFDMA symbols per slot.

Demodulation reference signals are transmitfed in the
fourth symbol (that is, symbol number 3) of every slot. The
PUSCH can be transmitfed in any other symbol.

Figure 7 shows the uplink frame structure type 1 in both
frequency and time. Each vertical bar represents one subcarrier.
Transmissions are allocated in units called resource blocks (RB)
comprising 12 adjacent subcarriers for a period of 0.5 ms. In
addifion to the DMRS and PUSCH the figure also shows the
PUCCH which is always allocated to the edge RB of the channel
bandwidth alternating from low to high frequency on adjacent
slots. Note that the frequency allocation for one UE is typically
less than the system bandwidth. This is because the number of
RB allocated directly scales to the transmitted data rate which
may not always be the maximum. The DMRS is only transmitted
within the PUSCH and PUCCH frequency allocation-unlike the
reference signals on the downlink which are always fransmitted
across the entire channel bandwidth even if the channel is not
fully occupied.

If the base station needs to estimate the uplink channel
conditions when no control or payload data is scheduled then
it will allocate the SRS which is independent of the PUSCH and
PUCCH. The PUSCH can be modulated at QPSK, T6QAM or
64QAM. The PUCCH is only QPSK and the DMRS is BPSK with a
45 degree rotation.

Analyzing an SC-FDMA Signal
Figure 8 shows some of the measurements that can be made on
a typical SCFDMA signal using the Agilent 89601A Vector Signal

Analyzer software. The IQ constellation in frace A (fop left) shows
that this is a T6QAM signal. The unity circle represents the DMRS
occurring every seventh symbol, which are phase-modulated
using an orthogonal Zadoff-Chu sequence.

Trace B (lower left) shows signal power versus frequency.
The frequency scale is in 15 kHz sub-carriers numbered from
-600 to 599, which represents a bandwidth of 18 MHz or 100
RB. The nominal channel bandwidth is therefore 20 MHz and
the allocated signal bandwidth is 5 MHz towards the lower end.
The brown dots represent the instantaneous subcarrier amplitude
and the white dots the average over 10 ms. In the center of the
trace, the spike represents the local oscillator (LO) leakage - 1Q
offset - of the signal; the large image to the right is an OFDM
artifact deliberately created using 0.5 dB IQ gain imbalance in
the signal. Both the LO leakage and the power in non-allocated
sub-carriers will be limited by the 3GPP specifications.

Trace C (fop middle) shows a summary of the measured
impairments including the error vector magnitude (EVM),
frequency error, and IQ offset. Note the data EVM at 1.15 percent
is much higher than the DMRS EVM at 0.114 percent. This is
due to o +0.1 dB boost in the data power as reported in frace
E, which for this example was ignored by the receiver fo create
data-specific EVM. Also note the DMRS power boost is reported
as +1 dB, which can also be observed in the 1Q constellation
because the unity circle does not pass through eight of the T6QAM
points. Trace D (lower middle) shows the distribution of EVM by
subcarrier. The average and peak of the allocated signal EVM is in
line with the numbers in trace C. The EVM for the non-ullocated
subcarriers reads much higher, although this impairment will be
specified with a new “in-band emission” requirement as a power
ratio between the allocated RB and unallocated RB. The ratio for
this particular signal is around 30 dB as trace B shows. The blue
dots in trace D also show the EVM of the DMRS, which is very low.
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Figure 9 Agilent's MXG Vector Signal Generator with LTE Signal Studio software and the MXA Signal Analyzer with
89600 LTE VSA software provides the most comprehensive solution for physical layer festing.

Trace E (top right) shows a measurement of EVM by modula-
tion type from one capture. This signal uses only the DMRS phase
modulation and 16QAM so the QPSK and 64QAM results are blank.
Finally, trace F (lower right) shows the PAR — the whole point of
SC-FDMA — in the form of a complementary cumulative distribu-
tion function (CCDF) measurement. It is not possible to come up
with a single figure of merit for the PAR advantage of SC-FDMA over
OFDMA because it depends on the data rate. The PAR of OFDMA is
always higher than SC-FDMA even for narrow frequency allocations;
however, when data rates rise and the frequency allocation gets
wider, the SC-FDMA PAR remains constant but OFDMA gets worse
and approaches Gaussian noise. A 5 MHz OFDMA 16QAM signal
would look very much like Gaussian noise. From the white trace it
can be seen at 0.01 percent probability the SC-FDMA signal is 3
dB better than the blue Gaussian reference trace. As every amplifier
designer knows, shaving even a tenth of a decibel shaved from the
peak power budget is a significant improvement.

Agilent Design and Test Solutions to Help
You Take LTE Forward

As a world leader in test and measurement solutions, Agilent
Technologies is at the forefront of emerging wireless and broadband
markets, such as LTE. Agilent provides the most complete suite of
LTE tools, offering design and fest solutions for the entire product
development cycle - from RF and digital early design & test through
protocol development to network deployment.

Included in this comprehensive suite of LTE tools are solutions
to design and simulate LTE signals, create and measure LTE encoded
signals with sources and analyzers, and test mixed analog & digital
signals — see figure 9. Just added to Agilent's suite of LTE solutions
is 0 one-box tester that provides the platform for protocol design and
test solutions, in partmership with Anite. This platform will provide RF
and protocol conformance test systems when they are needed. And,
the newly infroduced signaling analyzer enables analysis of the new
LTE/SAE network.

So as you take LTE forward, Agilent will continue to dear the way.
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Useful Resources from Agilent

To order your free copy of Agilent’s new LTE Poster, as well as other valuable resources, please visit

www.agilent.com/find /Ite-mwj
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mentation (LXI). LXI has reached critical mass and momentum for this new

standard is growing worldwide. Now is the time to make sure your test

systems and devices are LXI-compliant.

With the industry’s largest catalog of LXI-compliant test products, Agilent will
* MXA/EXA Signal Analyzers

* ENA/ENA-L Series RF Network Analyzers
» Attenuator Switch Driver
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Doherty amplifier’s average efficiency,
the carrier amplifier’s output match
must be designed for best efficiency
performance at average envelope
power. For the inverted topology, this
occurs at 25 Q. The maximum carrier
amplifier efficiency is limited by the
linearity as a result of its operation,
together with the class-C peaking am-
plifier. The carrier amplifier design is
thus constrained by the gain, phase,
efficiency, linearity and absolute pow-
er requirements.

Operating in class-C, its transfer
characteristic must be smooth, without
evidence of discontinuities. The adja-
cent channel leakage and IMD prob-
lems are made obvious with a two-tone
test. The design of the bypass and de-
coupling networks, as well as the bias
circuit, are crucial to avoid the prob-

TECHNICAL FEATURE

lem of bypass capacitors. The output
contribution of the peaking amplifier
is expected to range from zero to half
of peak envelope power for the same
drive range, which causes the carrier
amplifier to deliver average envelope
power to half of peak envelope power.
Finally, the phase matching network,
@ is 83.88° or an electrical length of
0.223), determined initially from in-
dividual measurements of the carrier
and peaking amplifier, when deliver-
ing half of the peak envelope power.
It is set to provide equal phase lengths
in both signal paths. The final phase
length is optimized for best linearity
and gain flatness.

THREE-STAGE STRUCTURE

In this article, a Doherty power
amplifier with three stages is proposed
because the conven-

tional Doherty pow-

er amplifier always

110

Visit http://mwj.hotims.com/16340-73

'ggﬁ'é;ﬁ.?{ has a single stage
| ATIPLIFIER and its gain is not
RF INPUT RF OUTPUT high enough, from 8
._4{ Pa |pA |pA to 15 dB. Figure 6
is a schematic of the
roposed Dohert
2,-50Q prop Y

PRE-DRIVER: DRIVER

A Fig. 6 Three-stage power amplifier.

A Fig. 7 The Doherty amplifier.
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A Fig. 8 Gain and power-added efficiency

vs. output power.

power amplifier.
The novel Doherty
L amplifier consists of
three stages: pre-
driver, driver and
final stage. The pre-
driver and driver
are used to obtain
a higher output and
power gain. They
both work in class-
A, since this method
makes the two stag-
es work in the small-
signal regime. This
can maintain a low
noise figure for the
entire amplifier, while it also makes
the total PAE a little less. The PAE of
the entire amplifier depends mainly
on the efficiency of the final stage.

AMPLIFIER IMPLEMENTATION
AND RESULTS

A photograph of the power amplifi-
er is shown in Figure 7. The Doherty
power amplifier performance not only
considers the linearity, but also its ef-
ficiency. To satisfy these demands, a
Freescale MFR6S21050L device was
used. A conventional Doherty amplifi-
er was also fabricated for comparison.
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Figure 8 shows the gain and PAE of
the proposed Doherty power ampli-
fier and of an ordinary Doherty power
amplifier with even drive. As with an
uneven power drive (1:2.5), the car-
rier cell is compressed early and the
peaking cell is expanded early and
the region is wider than for the usual
Doherty amplifier. Therefore, the am-
plifier with an uneven drive generates
a more linear power because the early
gain expansion of the peaking cell
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compensates for the gain compression
of the carrier cell over a wide power
range. The power gain of the uneven
case keeps a better linearity compared
to the even drive case. The PAE of the
uneven drive amplifier achieves 33
percent, a 3.2 percent improvement
from the inverted structure with opti-
mum load impedance modulation.
Figure 9 shows the measured
ACLR of the two types of Doherty
amplifier. Compared with the even

Systems and Components
from 10 to 110 GHz

Exceeding the Highest
Industry Standards for—
Performance & Quality

- | '-i-ri |
P Eervin'_g.i_he mm-Wave
| Industry for
Over 30 Years.

WE'RE DELIVERING .~
SOLUTIONS amENET,

Receivers )

Transceivers’

Tran!.mit'te[s.

Switch Matrices

Block Converters

Radar Subsystems

Coherent Converters
Communication Systems
Integrated Amplifier Assemblies

212 East Gutierrez Street, Santa Bar

www.spaceklabs.com | tel (B0

112 Visit http://mwj.hotims.com/16340-132

TECHNICAL FEATURE

case, the uneven case, with an in-
verted output structure, delivers a
improved ACLR performance by 2
dB and 3.1 dB at the average output
power of 45 dBm for a two-tone test at
-5 and +5 MHz tone spacing, respec-
tively. These results confirm that the
proposed bypass and decoupling net-
works in OMN | provides a better ad-
jacent channel leakage performance.

Figure 10 shows the measured
IMD3 of the Doherty amplifier with
both even and uneven power drives
for a two-tone signal. A two-tone sig-
nal is used with =5 and +5 Mz tone
spacing, respectively. The IMD3 of
the amplifier with uneven drive is im-
proved by 10 W compared to the even
case.

CONCLUSION

A high linearity and efficiency
Doherty amplifier is proposed and
fabricated with uneven power drive
and inverted topology. Its PAE
achieves 33 percent, an improvement

ACLR OF UNEVEN (-5 MHz)
ACLR OF EVEN (+5 MHz;
ACLR OF EVEN (-5 MHz
ACLR OF UNEVEN (+5 MHz)

ACLR (dBc)

OUTPUT POWER (dBm)

A Fig. 9 ACLR performance for two-tone
signals spaced =5 MHz.

IMD3 OF EVEN DRIVE (-5 MHz)
IMD3 OF EVEN DRIVE (+5 MHz)
IMD3 OF UNEVEN DRIVE (-5 MHz)
IMD3 OF UNEVEN DRIVE (+5 MHz)

IMD3 (dBc)
I

—40}

30 35 40 45 50
OUTPUT POWER (dBm)

A Fig. 10 IMD3 for two-tone signal with
+5 MHz spacing.
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of 3.2 percent over the even drive
case. With its inverted structure and
offset line in the output-matching
network, the amplifier offers a better
linearity and efficiency than for the
even case. The uneven power drive
delivers more linear power, which
is improved by a better load imped-
ance modulation. For a +5 MHz two-
tone test, the ACLR is —42 dBc at
40 dBm output power, which is a 2
dB improvement. The IMD3 of the

proposed amplifier gives a 10 W im-
provement over the even case, with
appropriate cancellation of the carri-
er cell harmonics. These experimen-
tal results clearly demonstrate the su-
perior performance of the proposed
Doherty power amplifier, compared
to the conventional Doherty power
amplifier. The proposed design meth-
ods are suited for the design of the
Doherty amplifier for high efficiency
and high linearity operation. l
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A SELF-OFFSET

Fig. 1 Typical microwave
frequency synthesizer
architecture using an

PHASE-LOCKED LooP

he quest for a low-noise, high-switching-
T speed synthesizer has become a com-

mon trend in modern wireless systems.
A large division ratio is required for the feed-
back path of a conventional phase-locked loop
(PLL) if microwave frequencies need to be
synthesized. To mitigate the problem, an offset
PLL architecture is often used, which includes
a mixer in the feedback path. The output signal
from a voltage-controlled oscillator (VCO) is
down-converted to a much lower frequency by
mixing it with an externally generated offset
frequency signal. A wide tuning range, often re-
quired in microwave bands, dictates the use of
a pseudo-coherent multi-VCO configuration.!
A single-VCO 10 GHz offset PLL architecture,
intended for point-to-point radio applications,
has also been re-
ported.2 On the other

F(s) vco

e )

hand, a relatively high
reference frequency is
usually required to ob-
tain similar perfor-
mance using a conven-
tional PLL.3

Foffset

MICROWAVE FREQUENCY SYNTHESIS

A simplified offset PLL configuration for
microwave frequency synthesis is shown in
Figure 1. The VCO output signal Foutput 1
first divided by a fixed ratio prescaler, havmg a
division ratio K (where K is an integer). The
output signal from the prescaler drives an in-
put port of the mixer. An externally generated
signal F ., drives the other input (LO port)
of the mixer. The resulting low-frequency mix-
ing product is filtered by a low pass filter
(LPF) and applied to the main divider, having
a division ratio N (where N is generally a vari-
able of real or integer type). A phase detector
(PD) compares phase of the feedback signal
(from the output of the main divider) with the
phase of an externally generated reference sig-
nal F| ference- The resulting error signal is ap-
plied, through the loop filter F(s), to the con-
trol input of the VCO. Optionally, depending

BOGDAN SADOWSKI
Harris Stratex Networks Inc.
Morrisville, NC
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on the technology used, the mixer
could be driven directly from the
VCO output (in such case the fixed
prescaler is omitted).

SELF-OFFSET PLL

The self-offset PLL configuration,
proposed here, is shown in Figure 2.
Two input signals for the mixer are gen-
erated internally within the same PLL,
thus the separate offset frequency
source is not required. Two indepen-
dent prescalers (having division ratios
K and L, respectively) divide the VCO
output frequency to generate the two
input signals required for down-conver-
sion mixing. Preferably, the LO port of
the mixer is being driven by the
prescaler with the larger division ratio
L. The difference between the division
ratios of the two fixed prescalers is de-
fined as an integer value x such that

L=K+x 1)

The frequency of the down-convert-
ed signal (at the output of the low
pass filter), can be expressed by

or(B2)-(82] @

Substituting L from Equation 1 into
Equation 2 yields

o= S 2

Fipr = Fyeo {@} (4)

Therefore, the tuning range “seen”
by the main divider is reduced by the
factor of

X

R=——— 5

K(K+x) ?

The frequency of the signal at the
phase detector’s feedback input (at
the output of the main divider) can

be expressed by

F
Fppp = % (6)

Substituting Equation 4 into Equa-
tion 6 yields

1
Fopp = Fyeo l:K—(KX+ X):I(EJ (7)

For the case of a conventional phase-
locked loop, having only a divide by K
prescaler and a main divider in the
feedback path, the frequency of the
signal at the phase detector’s feed-
back input is given as

F
F — __VCo (8)
PFD
KNCOHV
where N, represents the division

ratio for the main divider of the con-
ventional PLL.

Assuming identical comparison
frequencies for the self-offset and
conventional phase-locked loops

yields

Fveo X _ Fveo (9)
N JIK(K+x)| KN

conv
[ FVCO J
KNconv _ I: X

[Feo) K<K+x>} o

N

The reduction in the division ratio
of the main divider (when comparing
the self-offset PLL with the conven-
tional phase-locked loop) can be cal-
culated by further simplifying Equa-
tion 10 such that

and

N (K+x) 12)

conv

The phase noise improvement inside
the PLL loop bandwidth, resulting
from that reduction, can be estimated
by 20 log (N/N_,,.). Figure 3 shows
the phase noise improvement (in dB)

as a function of x,

with K as a parame-

large value of K

Freference > | PD F(‘) vco F, tp ter.
The choice of a
[N [LF] .:‘ =3 low value of x and a
| - ]

A Fig. 2 Self-offset PLL.

118

gives the largest im-
provement of the
phase noise in dB.

TECHNICAL FEATURE

Increasing the value of K beyond 10
results in smaller incremental im-
provements than when varying the
value of K from 1 to 10.

As in any conversion scheme in-
volving a mixer, spurious mixing
products have to be considered and
mitigated. This restricts the choice of
the x and K values combination. Mix-
ing products that fall exactly into the
frequency band of the desired output
are difficult to mitigate. It is there-
fore important to avoid values of x
and K which would result in their
generation, as can be described by
Equations 13a or b:

Fyveo || Feo
n( K ) ml(K%—x)}iFLPF (13a)

n FV&}m[—F"CO }eF (13b)
(55| sg

K+x

where m, n are the harmonic indexes

Substituting Equation 4 into Equa-
tions 13a and b yields

. Fvco _m_ Fco "
K | (K+x)
X
FVCO _m} (14:1)
n FVCO +m_ FVCO %
K | (K+x)
Fooo | ———— (14b)
| K(K+x)

From Equations 14a and b
n m X
— |- #
(Kj [K+xj K(K+x)
(£)+( m );e X 15b)
K) (K+x)" K(K+x)

(15a)

20 log [x/(K+x)]

0 5 10 15 20 25 30
x

A Fig. 3 Phase noise improvement due to
reduction in the main divider’s division ratio.
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Then,
n (K +x)-mK X )
K(K+x)  K(K+x)
n(K+X)+mK s X (16b)
K(K+x)  K(K+x)
which gives
n(K+x)-mK #x (17a)
n(K+x)+mK #x (17b)
(n—m)K¢(l—n)x (18a)
(n+m)K¢(1—n)x (18b)
thus
M 22 (19a)
1-n K
M 2 X (19b)
1-n K

In most cases the x value will be
chosen to be much smaller than the
K value. Therefore, Equation 19a will
be considered here as a design guide
and is graphically represented in Fig-
ure 4. The right- and left-hand sides
of Equation 19a are displayed side by
side (the y axis has exactly the same
scale on both graphs). Combinations
of x, K, which give the same y axis

x/K

Yy

2
2 3 45 617 8 9 10
x

-
(-}

(n-m)/(1-n)

O N & O

y=

N

A Fig. 4 Guide for in-band spurious
g P
products avoidance.

Freference

Foutput
PD F(s)

LPF QD

CLK

A Fig. 5 Self-offset PLL with “digital

mixer.”
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value as any combination of harmonic
indexes m, n, are to be avoided. For
practical circuits it is not always possi-
ble to avoid all spurious products;
therefore, some compromise solution
has to be pursued. When the division
ratio K is made to be a large integer
number (in order to maximize the
phase noise improvement), mixing
can be done using “all digital” imple-
mentation, as shown in Figure 5. A
D-type flip-flop can be used to pro-
duce the mixing product of two sig-
nals, driving its D and CLK (clock)
inputs. An analog mixer can therefore
be replaced with a “digital mixer”.4
From Equation 1

Forx <Fp (20)

The frequency of the mixing product,
delivered by the Q output, can be ex-
pressed either as

Fo = Fy, - MFq ¢ 21)

where

Fo = frequency of the signal at Q

output

Fc1x = frequency of the signal
driving CLK input

M =123,...

FD = frequency of the signal
driving D input on condition
that FD is constrained as

F,

MFqx <Fpy <(MFq ¢ )+ [%)

(22)
or expressed as

Fo=[(M+1)Fqx |-F, (23)

on condition that Fy is constrained as

(MFCLK)

+(FCZLK ] <Fp <(M+1)Fq ¢ (24)

Thus, there are two modes of digi-
tal mixer operation: a sideband non-
inverting mixing mode and a side-
band inverting mixing mode. In order
to maintain only one mode of mixing,
the frequency of the signal driving
the D input has to be constrained. As
a result, the choice of K and x values
combination is further restricted. As
an example, the case of non-inverting
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mixing will be analyzed here. Equa-
tion 21 can be written as

_[ Fvco B Fco ¢
o[t () o

)=

Therefore, the tuning range seen by
the main divider is, in this case, re-

duced by the factor of
R - w (27)
gl 7K (K +x)
Thus
N x+K(1-M) (98)
dighl 7K (K +x)

The reduction in the division ratio
of the main divider (when comparing
a self-offset PLL including a digital
mixer with a conventional phase-
locked loop) can now be derived as
well. Assuming identical comparison
frequencies for the digital self-offset
and conventional phase-locked loops

yields

Fyeo || X+ K(1-M) _ Bo (29)
N )| K(K+x) | KN,

conv

( FVCO J
KNy ) _ x+K(1-M) 30)
Fueo K(K+x)
N
N x+K(1-M) a1
KN, K (K +x)
Then
N _x+K(1—M) 39)
NCOI'IV K+X
10
0
-10 \
T -20 !
Q30 ‘
‘E’4o
-50
= L) -
-70 t
o LA [
_900 <+ ™ ~ ©° °
> by by S S 3
n () n n n n
0 © © © © 0

FREQUENCY (GHz)

A Fig. 6 Measured close-in spectrum of the
prototype self-offset PLL.

TECHNICAL FEATURE

It is easy to see that Equation 28 is
equivalent to Equation 5 and Equa-
tion 32 is equivalent to Equation 12
when M = 1. Furthermore, Equation
29 can be written as

M Fco < Fco
(K+X) K
<{M|:FVCO :|}+|: FVCO :| <33>
K+x 2(K+x)
M Fco < Fco
(K+x) K
1)1l Fyeo
<{{M*(zm—<m>}} o
which gives
M<(K+Xj<{M+[lH (35)
K 2
M<[1+(£]}<{M+(1H (36)
K 2
from which it can be concluded that

gl ]

Thus, in order to maintain only one
mode (of non-inverting mixing), the
choice of K and x values has to be re-
stricted, as described by Equation 37.

EXPERIMENTAL RESULTS

The concept of a self-offset PLL
has been experimentally verified for
the case that utilizes an analog mixer.
The prototype included an HMC510
MMIC VCO from Hittite Microwave
Corp. (9 GHz push-push type HBT
VCO), which has two additional out-
puts: a half-frequency and divide-by-
four. The half-frequency output was
further divided by a divide-by-three
prescaler HMC437 (from Hittite Mi-
crowave Corp.), while the divide-by-
four output was further divided by a
divide-by-two prescaler HMC364
(also from Hittite Microwave Corp.).
Thus, the combination of K = 6 and x
= 2 was used for this prototype
arrangement. In order to synthesize
the output frequencies from 8.151 to
8.851 GHz, with the comparison fre-
quency set to 100 MHz, division ra-
tios for the main divider shall cover a
range between 3.39625 and
3.6879167. To obtain such small divi-
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sion ratios, an AD9858 direct digital
synthesizer (from Analog Devices

10
0
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T -20
a _30
5
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NG 7 8 9 10 11

FREQUENCY (GHz)

d

A Fig. 7 Measured output spectrum of the
prototype self-offset PLL.
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A Fig. 8 Measured closed-loop response of
the prototype self-offset PLL.
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A Fig. 9 Measured phase noise of the
prototype self-offset PLL at 8.842 GHz.

PHASE NOISE (dBc/Hz)
&
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and DDS-based designs.
e DC to 40 GHz Coverage

* <1 psec Switching Speed

Inc.) was used as a fractional-N main
divider. The AD9858 DDS was par-
ticularly convenient to use, due to its
fine frequency resolution and its level
of integration. The AD9858 includes
an analog (Gilbert cell type) mixer
and a 150 MHz phase-frequency de-
tector. The drawback is that the noise
floors of the DDS and phase-fre-
quency detector limit the achievable
close-in noise pedestal at the PLL
output. Other drawbacks are the spu-
rious signals at the DDS output (in-
herent in DDS). Therefore, a lower
than maximum achievable PLL
closed-loop bandwidth has to be set
in order to mitigate the problem.

The measured output spectrum of
the prototype self-offset PLL (in the
vicinity of 8.502 GHz) is shown in
Figure 6. Close-in spurious are at
least —44 dBc (below carrier) and,
further away, at least =77 dBc, as
shown in Figure 7. Figure 8 shows
the measured closed-loop response.
The loop bandwidth was set to 350
kHz. The phase noise of the proto-
type self-offset PLL (in the vicinity of
the top of the tuning range) is shown
in Figure 9.

CONCLUSION

A new class of phase-locked loop,
the self-offset PLL, has been pro-
posed and experimentally verified.
The new configuration permits a
large reduction in the division ratio of
the main divider (when comparing
the self-offset PLL with a conven-

.hf“! Spinnaker Microwave offers a complete line
' of frequency synthesizers including everything from
low cost surface-mount to broadband state-of-the-art
systems. Our design expertise includes: single and multiple
loops, integer and fractional divider schemes, switched
VCO/filter designs, digitally tuned oscillators, frequency
multipliers, integrated up/down converters, direct analog
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3281 Kifer Rd, Santa Clara, CA 95051 ¢ Tel: 408-732-9828 ¢ Fax: 408-732-9793 « www.spinnakermicrowave.com
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tional phase-locked loop), resulting in
an increased open-loop gain and the
possibility for fast settling and signifi-
cant improvement of the phase noise
inside the PLL loop bandwith. Two
variants (utilizing either analog mix-
ing or digital mixing) were discussed.
From a theoretical study, simple de-
sign guidelines were derived for each
of the two variants. ll
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A BROADBAND CLASS-E
PARALLEL-CIRCUIT VHF
POWER AMPLIFIER

WITH HIGH HARMONIC

SUPPRESSION

lass-E power amplifiers (PA) offer high
Cefficiency. However, with broadband

load networks, their harmonic perfor-
mance degrades. This article introduces a prac-
tical implementation to achieve high harmonic
suppression in a broadband class-E amplifier
design by combining a parallel-circuit load net-
work with a reactance compensation technique.
A three-stage power amplifier is used to provide
high gain and output power as required for two-
way radio applications. The final PA stage uses a
broadband class-E design, which combines a
parallel-circuit load network with a reactance
compensation technique. A novel series L,C,,
with a high-Q roll-off harmonic filter (elliptical
type), provides high harmonic suppression
while maintaining the class-E switching mode
over a broad frequency band. An efficiency of
70 percent and a second-harmonic suppression
of =73 dBc across a wide bandwidth (135 to 175
MHz), at an operating power of 6.5 W, are
demonstrated. Up to now, these harmonic and
efficiency results are the highest obtained over a
broad VHF frequency band, with a low supply
voltage of 7.2'V.

Modern portable two-way radios are re-
quired to operate over a large number of
channels for a long period of time from a
small size battery. This means that an effective
battery life solution is necessary. In radio
transmitters, the PA is generally the main con-
sumer of battery dc power. Therefore, the

best way of improving battery life is to in-
crease the PA efficiency.

Class-E PA circuits are suitable for high ef-
ficiency amplification at radio frequency and
microwave ranges. The concept of class-E
with shunt capacitance was introduced by
Sokal.l Grebennikov proposed a broadband
class-E design,2 combining a parallel-circuit
load network with reactance compensation,
which is very suitable for practical two-way ra-
dio applications. The use of a low dc-feed in-
ductance, a higher load resistance, a larger
shunt capacitance and a higher maximum op-
erating {requency topology are attractive solu-
tions that have some advantages over class-E
with only a shunt capacitance.2-3 However,
due to the inherent asymmetrical input drive
of class-E, significant harmonic content is gen-
erated in the output voltage and current.*7

The conventional design of a high-efficien-
cy switched-mode tuned PA requires a high-
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Q. factor to satisfy the necessary har-
monic impedance conditions at the
output device terminal.? In this arti-
cle, a series L,C, with an elliptical
harmonic filter, provides high har-
monic suppression while maintaining
the broadband switching mode of
class-E. A high harmonic suppression
(more than —73 dBc) and efficiency
(70 percent) are demonstrated exper-
imentally over a broad frequency
range, from 135 to 175 MHz. In a
comparable work,6 Mury demonstrat-
ed a second-harmonic suppression of
47 dBc for a power of 22 dBm.

BROADBAND CLASS-E PA WITH
SERIES LC AND HIGH-Q ROLL-
OFF HARMONIC FILTER FOR
HIGH HARMONIC SUPPRESSION
A three-stage amplifier chain was
chosen to achieve high gain and high

A Fig. 1 Theoretical parallel-circuit class E
topology combining a reactance
compensation network.

Vbc

1800 pF

N1

5.34 nH 6.8 pF

17.02 nH
INPUT
MATCHING —

NETWORK 20 pF

T

output power. The first stage
(ADA4743-HBT device)? and second
stage (RDO1IMUSI-LDMOS
device)!0 operate in class-AB. A di-
rect matching technique was used
for the output match of the second
stage and input match of the final
stage. The optimum load impedance
of the second stage and optimum
source impedance of the final stage
PA were obtained from simulation
and correlated with load-pull mea-
surements. A 7.2 V supply voltage
was used for the second and third
stages and 5 V was applied to the
first stage. The RDO7TMVS1-LD-
MOS devicell was used for the
broadband class-E power stage de-
sign that combines the parallel-cir-
cuit load network with a reactance
compensation technique.

The parallel-circuit class-E PA
provides the condition that high cur-
rents and high voltages do not occur
simultaneously. This condition mini-
mizes the power dissipation within
the device. The load network consists
of a parallel inductance L, a parallel
capacitance C, a series LyC resonant
circuit tuned at the fundamental and
aload R, as shown in Figure 1.

TO TRANSMITTER
(FIG. 3)

::I 19.61nH  19.71nH j\
200 pF ZOek

82 pF

_J_‘ISPF T

Il f—1

A Fig. 2 Practical broadband class E parallel circuit combined with a reactance compensation

technique.
ELLIPTICAL HARMONIC FILTER
7.5 pF 4.7 pF
I { |
Ds 68 pF
11 YY) <L >
J_ > " 43.67 nH 43.67 nH
LOAD TERMINATION
Cx C, AL 15 pF =
L T 27 pF T
P 1
L
Lx 390
J_ A » <>
56 pF
- D p RECEIVER
68 pF
7.66 nH
TRANSMITTER =

A Fig. 3 Schematic of the series LC network with an elliptical harmonic filter and RF

switching of the 135 to 175 MHz range.
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The shunt LC-circuit provides a
constant load phase angle relative to
the device output terminals.3 An addi-
tional low-pass matching section, trans-
forming the impedance from load R to
a 50 Q termination, can be typically
implemented to increase the harmonic
suppression. Figure 2 shows a broad-
band (135 to 175 MHz) class-E paral-
lel-circuit load network, combining a
reactance compensation technique
with an additional three-section
matching network to deliver a power
of 8 W, using a 7.2 V supply voltage.

The harmonic suppression, in two-
way radio applications, needs a typical
73 dBc reduction of the second har-
monic at VHF and UHF f{requencies
and, typically, higher harmonics are not
an issue. An additional high-Q roll-off
harmonic filter is definitely required to
provide high suppression of the second
and other harmonic levels. A high-Q
roll-off elliptical harmonic filter is cho-
sen. However, in two-way radio appli-
cations, an RF switch is necessary be-
tween receiver and transmitter modes.
Figure 3 shows an optimized elliptical
harmonic filter and RF switch for the
broadband frequency range of 135 to
175 MHz.

A pin diode switch (D1 and D2) is
turned on by an external DC source
and provides low impedance. L; and
C, are tuned for adequate receiver
isolation. With the cascade of an el-
liptical harmonic filter and RF
switch, the class-E switching action
for broadband frequency (135 to 175
MHz) was not fulfilled. The combina-
tion of the elliptical harmonic filter
and RF switch section was built and
the S-parameters of the two-port net-
work were measured with an HP6788
network analyzer. The measured re-
sults showed that the real input im-
pedance was approximately 46 Q and
the imaginary input impedance
moved from inductance to capaci-
tance with a high variation of 20 Q
across the broadband range, as shown
in Figure 4. In the design, the trans-
formation of the output impedance
load network from R to 46 Q load im-
pedance is required.

A series L, C, compensation net-
work is introduced to flatten the phase
angle, as shown in Figure 5. The
measured results showed that, with
the series L,C,, the imaginary varia-
tion is minimized to 5 Q across the
bandwidth without affecting the real
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part. With the series L C,, the imagi-
nary impedance behaves as a capaci-
tance across the bandwidth. This way,
the three-section matching network
can absorb the variation. The mea-
sured passband insertion loss and har-
monic attenuation of the elliptical har-
monic filter and RF switch with series
L.C, are shown in Figure 6. The in-
sertion loss across the bandwidth is 1.2
dB and the second-harmonic attenua-
tion is greater than 45 dB.

IMPLEMENTATION AND
EXPERIMENTAL RESULTS
VALIDATION

A prototype board of the class-E
final PA, using a parallel-circuit com-
bining reactance compensation to-
gether with a series L,C, network, an
elliptical harmonic filter and RF
switch was designed and fabricated.
The first- and second-stage PAs were
built as well. The PCB (FR-4 materi-
al) has a dielectric & = 4.5 and thick-
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ness h = 14 mils. A heatsink is mount-
ed at the bottom of the final PA in
the PCB.

Since the insertion loss of the ellipti-
cal harmonic filter and RF switch is 1.2
dB across the bandwidth, the final PA
must compensate the losses to deliver
6.5 W of power at the load termination.
The final PA is delivering 8 W with a
supply voltage of 7.2 V. A typical gate
voltage of 1.8 to 1.9 V has been applied
to the gate of the final PA. In order to
provide sufficient RF input to the final
PA with fast rise and fall times across
the bandwidth, the gate voltage of the
second-stage PA can be adjusted (a
gate voltage of 2.1 to 2.4 V is applied).

The measured second- and third-
harmonic levels across the bandwidth
are shown in Figure 7. The mea-
sured output power at the load termi-
nation and the final PA efficiency are
shown in Figure 8. A final PA effi-
ciency of 70 percent at an operating
power of 6.5 W was demonstrated
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A Fig. 4 Measured real and imaginary
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A Fig. 6 Measured passband insertion loss
and harmonic attenuation of the elliptical
harmonic filter with RF switch and series
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For an RFIC company, a
modular RFIC standard cell

approach will shorten the

design cycle and reduce the

design risks.
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STANDARD CELL-BASED
MobpuLArR CMOS
TRANSCEIVER IC DESIGNS

he speed to market is critical to the suc-
Tcess of any RFIC company. With more

and more wireless standards proposed
and adopted, the design cycles are actually
getting shorter. It puts a lot of pressure on the
RFIC team to come up with the design faster.
In the digital CMOS design, the basic building
blocks can be scaled based on the process. In
RFIC CMOS design, each transceiver has to
be tailored to the specific application because
RFIC is heavily frequency dependent. Even
though the new RFIC
cannot simply be
scaled down as the dig-
ital IC, the basic
topologies can be
reused extensively. Af-
ter examining hun-
dreds of transceiver
RFICs and their build-
ing blocks, it is easy to
see what the dominant
topology is for each
building block in a typ-
ical RFIC. In this article, the most widely
used topologies of each building block are
presented. Those building blocks can be the
starting point for any generic RFIC design.
They need to be optimized for the specific ap-
plication. For example, the matching circuits
need to be designed according to the frequen-
cy, even though the topology is the same.

A generic wireless transceiver consists of
three main blocks: a transmitter (TX), a re-
ceiver (RX) and a synthesizer. The major
building blocks in a direct conversion TX are a
baseband filter, a modulator, the RF filter, an
automatic gain control (AGC) circuit, a power
amplifier (PA) and the power detector loop.
The modulator (MOD), the AGC and the PA
are discussed extensively in this article. A di-
rect conversion RX normally consists of a RF
SAW, a low noise amplifier (LNA), an image
rejection SAW, a demodulator (DEMOD), an
AGC and a RX baseband filter. The DEMOD
and the AGC topology in a RX are similar to
the ones used in a TX with minimal modifica-
tions. They will be covered in the TX MOD
and AGC discussion. The synthesizer is typi-
cally made up of a voltage-controlled oscillator
(VCO), a phase/frequency detector (PFD), a
charge pump (CP), a frequency divider and a
digital logic control block. For the synthesizer
discussion, all but the digital logic control will
be discussed.

This article starts with the discussion on the
LNA. The PA is next. The MOD/DEMOD
and the AGC discussion are shared for a
TX/RX. The article ends with the discussion
on the synthesizer.

Louis FaN FEI
Garmin International
Olathe, KS
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A Fig. 1 CMOS LNAs; (a) single-ended and (b) differential versions.

The LNA’s performance directly
impacts the receiver performance, es-
pecially the RX sensitivity. Gain, noise
figure (NF), input third-order inter-
cept (ITP3), stability and I/O matching
are important design parameters. It is
difficult to achieve the best perfor-
mance in one parameter without sac-
rificing another. The classical tradeoff
is gain versus NF. A single-ended and
a differential version of the popular
LNA designs are shown in Figure 1.

The Miller effect increases the para-
sitic capacitance at the gate of the
LNA. A cascode topology reduces this
effect by stacking a common gate
(CG) stage on a common source (CS)
gain stage. The input and output port
are better isolated to reduce the para-
sitic capacitance between the gate and
drain. In the single-ended version,
M1 is the CS stage while M2 is the
CG stage. L1 is the degenerated feed-
back element to bring the input NF
circle and the gain
circle closer. Thus, a
compromise be-

L4
tween NF and gain
- can be reached. L3
R6 ?r is the input match-

ing element. C1 is

o the input DC block.
= The LNA is biased
in a current mirror

M8 configuration with
M3, I1 and R1. In a
highly integrated IC

= circuit, the common

mode noise is a ma-
jor problem. A dif-
ferential circuit is
often used to com-
bat this problem.
The differential
LNA can be consid-
ered as two single-
ended LNAs with
the tail bias current.
The tail current out
of M7 is important
to reduce the com-
mon mode noise.
Without it, there

(b)

A Fig. 2 CMOS PA; (a) differential and (b) cascode differential.
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will not be enough
common mode de-
generated resistance

TUTORIAL

to reduce the common mode noise.
The bias current is set by the current
mirror consisting of M6 and M7. It, in
turn, sets the Vgs of M1 and M2. The
drain voltage of M7 is set by the cur-
rent mirror biasing at the gate of the
M1 and M2.

The PA is the next block on deck.
The CMOS PA has gradually replaced
the HBT or GaAs FET in the low to
medium power applications like Blue-
tooth, WLAN, etc. Its performance is
inferior, compared to the HBT or the
GaAs FET, but the CMOS PA can be
easily and cheaply integrated in the
CMOS transceiver. Many design im-
perfections can be corrected by the
baseband digital processor.

The PA design is similar to a LNA
or a general-purpose gain block, but
its emphasis is on output power, lin-
earity and efficiency. The design
starts at the output port where the
output power contours of the device
are characterized. Once the output
termination is determined, the
matching circuit is designed the same
way as the other RF building block’s
matching circuits. A two-stage com-
mon source FET with RC feedback is
shown in Figure 2. M1 and M2 are
the driver stages. M3 and M4 are the
output power stage. The RC feed-
back from the drain to the gate stabi-
lizes the transistors at the high fre-
quency. The feedback also broadens
the bandwidth of the PA. M5 and M6
and M7 and M8 are the active resis-
tive dividers to bias the driver stage
and the power stage, respectively.
The cascade PA design is popular as
well. Topology wise, it is similar to
the cascode LNA. M1 through M4
are the driver stage, while M5 to M8
complete the power stage. An inte-
grated balun is utilized in this design
since the most widely used antennas
in wireless devices are single ended.

The DEMOD is used to convert
an RF signal to baseband in a direct
conversion receiver or to a low IF sig-
nal in a Very Low IF (VLIF) RX.
Since most modern wireless devices
require both I and Q channels, two
double-balanced mixers (DBM) are
needed in the DEMOD. The imple-
mentation is illustrated in Figure 3.
M1 to M6 is the DBM for the I chan-
nel. M11 to M16 is the DBM for the
Q channel. Since the same DBM is
used for both I and Q channels, only
one DBM is discussed in detail. The
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Vdad mance. The biasing is done with the
diode connected FETs. The MOD’s
topology is similar to the DEMOD. The
RF and IF positions need to be
swapped. The signal-combining network
needs to be swapped as well.

The same AGC circuit can be used in
either a TX or a RX. There are many AGC
topologies to choose from. The variable

transconductance and the variable biasing
AGC are the most popular for the high
frequency operation. They are shown in

A Fig. 3 CMOS DEMOD.

incoming RF signal is amplified first by the gain stage
such as M1 and M2. M3 to M6 are the switching FETs. It
fundamentally serves the purpose of a multiply operation.
In half the cycle, M3 and M6 are on. The local oscillator
(LO) and RF are essentially multiplied in phase. In the
other half of the cycle, M4 and M5 are turned on to re-
verse the polarity of the output signal. The output loads
are implemented with resistors R1 to R4. The degenerat-
ed feedback inductors L1 to L4 help the IIP3 perfor-

' Gomponent
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Figure 4. The variable transconductance
circuit is based on the principle that the
transconductance of the FET changes as
the FET goes from a saturation mode to a
triode mode. Thus, the gain is varied. M1
to M4 can be considered as the typical dif-

ferential cascode gain stage. The differ-
ence is that V,, is applied at the gates of M3 and M4. As
Veont decreases, the drain voltage at M1 and M2 drops.
Eventually M1 and M2 enter the triode region. M7 to M10
are the current source type load. Thus, a common mode
feedback (CMFB) is needed to make sure the current
source matches with the current sink I1. The common mode
voltage is sampled at the drain of M3 and M4 with M5 and
M6. M5 and M6 can be considered as two large value resis-
tors. They have the same value. The sampled voltage is fed to
a comparator (M11 to M14). The reference is fed to one in-

Vo-o—

(b)
A Fig. 4 AGC; (a) variable transconductance and (b) variable

biasing.
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(a)
A Fig. 5 VCOs; (a) NMOS only and (b) complementary CMOS.

put M14, while the sampled common mode is fed to the oth-
er input M13. The error voltage is used to control the bias
current out of the current source M8 and M9. M8 and M9
are the current bleeding path. The closed feedback loop en-
sures correct bias current follows with the desired reference
voltage.
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The variable current AGC is based on the idea that the
tranconductance of a FET changes with the bias current. By
varying the bias current in the FET, the AGC can be accom-
plished. M1 and M2 are the input gain buffer. M4 and M5
are the current bleeding path. If V,_ , is larger than the V .,
more bias current flows through M3 and M6. In this mode, a
high gain is expected. When V, is reduced, more bias cur-
rent flows through M4 and M5, and the gain is thus reduced.
M7 and M8 are the output emitter follower buffers to re-
duce the output impedance. Rl is the degenerated resistor
to improve the linearity of the AGC.

The CMOS VCO is based on the negative resistance
theory. Two approaches are shown in Figure 5. In the
NMOS only version, by cross coupling M1 and M2, a posi-
tive feedback is created in the circuit. Looking into the gate
of M1 and M2, a negative resistance can be expected. The
operating frequency is set by the tank circuit resonance. L1

Q D Q
DFF * OUTPUT

— DFF
CLK]| ) CLK Q

e

M10
— |-|M1I

bW

M4 | ——o—[, M9

i
O Wl O

A Fig. 6 Frequency divider.
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and L2 provide the inductance part. resonator tank. The varactor is imple- mains the same. It is more power ef-
The frequency can be tuned coarsely mented with the FETs M5 and M6 by ficient.

by the capacitance banks and fine- tying the source and drain. M3 and The high-speed frequency divider
tuned with the varactor capacitors. In M4 are the output buffers. or a prescaler are typically imple-
the circuit shown, two-bit, four-state In the complementary CMOS mented with a Johnson counter or a

capacitance banks are used. More VCO, the key change is to add a divide-by-two building block. Its
banks can be added if a larger process cross-coupled PMOS pair. By adding ~ block diagram and detailed imple-
variation is expected. By turning M7~ a PMOS pair, two more elements are mentation are shown in Figure 6.
and M8 on and off, more or less total added to contribute to the negative The Johnson counter consists of a
capacitance can be expected in the resistance while the bias current re- master DFF (D-type flip-flop), a
slave DFF and a couple of inverters.

T In 50 percent of the input duty cycle,
—[ z —[ up the master DFF is on. For the rest of

miz=lH Mo
e (D)

CFMB1

the 50 percent duty cycle, the slave
DFF is on. The divided-by-two out-
puts are taken from the outputs of
both DFF. The outputs are 90° phase

I-DOWN shifted by the nature of the Johnson
M4 counter. Since the master and slave
DFFs are identical, only the master
DFF is discussed in detail. A DFF is
based on the emitter-coupled logic.
This logic works by steering the bias
current. Thus, it is a faster logic com-
pared to the CMOS logic. M1 and
M4 are the input buffer. M5 and M6
are the latch element. M2 and M3

ourtr

CFMB2 . : |

Mm2[
M1
M13

(@) (b) can be considered as the mode switch
A Fig. 7 CMOS charge pump; (a) switching at the source and (b) current steering CP. to decide to load a new input value or
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Top Performers:
85 MHz to 18 GHy

VCOs

Teledyne Cougar’s VCO circuits are designed for
best overall phase noise and fastest settling time.
Using silicon bipolar transistors and silicon
varactor diodes make Cougar VCOs the smart
choice for performance challenges.

Cougar’s designs use a fundamental oscillator

approach for the 85 MHz to 9 GHz VCOs and a

doubling oscillator approach for the 9 GHz to 18

GHz VCOs.

Tuning Output Typical Nominal Typical
Freq. Voltage Power/ Phase Modulation Harmonic
Range Range Variation Noise Sensitivity Suppression D.C. Bias
Offset at Min.-Max.
(dBm/ 10kHz/100kHz Voltage Current

Model (MH2) (Volts) +dB) (dBc/Hz) (MHz/V) (dBc) (Volts) (mA)
OAS5100 4300-5100 0-15 13.0/2.0 50-85 -22 5.0 94
OAS7700 5700-7700 0-15 10.0/2.0 70-250 -30 5.0 95
OAS8900 6900-8900 0-15 10.0/2.0 100-270 -30 5.0 95
0OS6700 5400-6700 0-15 0/2.0 80-180 -17 5.0 25
OS7700 5700-7700 0-15 2.0/2.0 70-250 -17 5.0 25
0S8900 6900-8900 0-15 1.0/2.0 100-270 -25 5.0 24
OC150 85-150 0-20 10.0/2.0 2-8 -8 15.0 35
0OC1850 1250-1850 0-15 8.0/2.0 20-70 -12 15.0 37
0OC4500 3500-4500 0-15 8.0/2.0 50-150 -10 15.0 60
OA2CP1001 500-1000 0-(-12) 15.0/2.0 30-60 -15 15.0 250
OA2CP12500 9000-12500 O0-(-12) 15.0/2.0 150-450 -25 15.0 250
OA3CP18001 12000-18000 0-(-12) 15.0/2.0 150-750 -15 15.0 350

Teledyne Cougar is your one-stop source for catalog and custom VCOs,
RF and Microwave components, subsystems, and value-added service needs..

A4 TELEDYNE COUGAR

A Teledyne Technologies Company
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up

uiq4 U115

DOWN

A Fig. 8 CMOS PFD.

to keep the current value. M7 and MS are the diode tied
load. A resistor load can be used as well.

The charge pump is used in the synthesizer to source or
sink current from the external loop filter. The basic idea is to
add a switch in both the current source and current sink
paths. The switch can be added at the gate, source or drain,
as shown in Figure 7. To reduce the effect of the charge
sharing, clock feed-through and charge injection, switching
at the source is the best choice because the switch is rela-
tively isolated from the output. I, is the reference current
for both the current sink and the current source. For the
current sink path, I is mirrored into the M6 and M5 path
through the modlﬁed stacked current mirror (M1, M2, M5
and M6). The advantage of this current mirror is the low
supply voltage requirement. M15 is the source switch for
the current sink. M13 is a dummy FET to ensure that M1
and M5 have the same DC source voltage. For the current
source path, I, is first mirrored by a modified stacked cur-
rent mirror (M1, M2, M3 and M4). Then it is mirrored
again by the PMOS current mirror (M7, M8, M9 and M10).
M11 is the switch for the current source.

To reduce the mismatch problem and to increase the
speed of the CP, a current steering CP is often used. The
switches are implemented with a current steering pair (M1
and M2, M3 and M4). ICp is mirrored to the current steering
pair via the modified stacked current mirror. To source the
current, UP is logic H and /UP is logic low. I, goes through
the path of M1 and then it reaches the output via another
current mirror (M5 and M6). To sink the current, the
DOWN control pair is activated. Because the current is
steered instead of charging/discharging, it will be faster than
the switching at the source approach. However, it will burn
more power since the current path is not really shut off when
it is not used.

The UP/DOWN control signals used in CP are generat-
ed by the PFD. The two DFFs implementation has been a
workhorse for a long time. Its block diagram and the cir-
cuit implementation are shown in Figure 8. The upper
and lower DFFs generate UP and DOWN signals, respec-
tively. When f1 arrives first at the upper DFF, the UP sig-
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nal is generated to turn on the current source. When {2 ar-
rives at the the lower DFF, its output is logic H. When
both UP and DOWN are logic H, NAND gate resets both
DFFs to output logic L. Thus, the phase difference be-
tween the two signals are detected and used to turn on ei-
ther the current sink or current source of the CP.

Each major building block in a modern wireless trans-
ceiver is discussed in this article. The circuits are generic
enough to be adopted in most wireless applications. It will
be offered as a good starting point for the next RFIC de-
sign. For an RFIC company, a modular RFIC standard
cell approach will shorten the design cycle and reduce the
design risks. For a foundry company, a portfolio of RFIC
IPs will add more value to its customers. The RFIC de-
signs no longer need to start with a blank paper. The mod-
ular standard cell approach will make future RFIC de-
signs easier to tackle. H
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Fig. 1 Typical phase noise
characteristics for the
V03280 VCO family. ¥

ProbucT FEATURE

A FUNDAMENTAL
WIDEBAND Low

NoIsE VCO SERIES

ExecuTivVE INTERVIEW SERIES

MW) speaks witH OLLE WEsTBLOM, MANAGING DIRECTOR, Sivers IMA AB.

VisiIT WWW.MWJOURNAL.COM TO READ THIS IN-DEPTH INTERVIEW.

crowave systems, with the quality of the
microwave signal being particularly criti-
cal as the complexity of modulation increases.
During its operation over nearly five decades,
Sivers IMA has been responsible for the pro-
duction of voltage-controlled oscillators (VCO),
dielectric resonator oscillators (DRO), yttrium
iron garnets (YIG) and subsystems. Over the
last decade, however, the emphasis has been
on VCOs as the basis for signal source and fre-
quency modulated continuous wave (FMCW)
products, with fundamental wideband low
noise VCOs steadily increasing in popularity.
The company’s latest introduction is the
V03280 series, which is a drop-in fundamen-
tal wideband low noise VCO
intended for any application

S ignal sources play a key role in many mi-

S
< 50 where size and performance is
8 10— important. It has evolved from
sl . the company’s VO3260 series,
g -110 N with the new integrated micro-
4 -130 "] wave monolithic integrated cir-
A cuit (MMIC) design enabling

1K 10K 10K 1M 10M  }io], repeatability and thus re-
FREQUENCY (Hz) ducing the work of the system
148

integrator. Although wideband and low noise
are optimized, the series also achieves low cur-
rent consumption and high output power.

A narrow band VCO can take advantage
of high Q in the resonator circuit and thereby
achieve a low phase noise. Normally, when de-
signing a wideband VCO, compromises often
need to be made between the tuning range and
the phase noise capabilities. With the VO3280,
however, Sivers IMA has designed a VCO se-
ries combining both low phase noise and a
broad tuning range. Figure 1 shows the phase
noise characteristics of the series.

The VCO series is designed for wire or rib-
bon bonding, but is also available in various
packages with SMA connectors and solder
pins. It weighs 2.5 g and has ruggedized design
incorporating a mixture of ceramics and met-
al—the carrier and lid are made from Kovar,
gold plated over a barrier of nickel, while the
substrate is ceramic and the connections are
gold plated on tantalum nitride. This robust-

S1vERrs IMA AB

Kista, Sweden
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TABLE |

THE VO3280 SERIES VCOs

‘;‘::;:e% Drop-in Drop-in SMA-SMA SATetee
Band (GHz) tripline Coplanar Housing i

2to3 VO3280S/01 V0O3284S/01 VO4280S/01 VO04283S/01
3to5 VO3280S/00 V0O3284S/00 VO4280S/00 VO4283S/00
5to 8.4 VO3280C/00 VO3284C/00 VO4280C/00 VO4283C/00
8.4 to 13.5 VO3280X/00 VO3284X/00 VO4280X/00 VO4283X/00
13.5 to 20 VO3280P/00 VO3284P/00 VO4280P/00 VO4283P/00
20 to 25.5 VO3280K/00 VO3284K/00 VO4280K/00 VO4283K/00

ness makes it suitable for tough envi- ~ TUNING

ronments such as in airborne, military
and space applications.

With only six units, which are
listed in Table 1, the VO3280 series
covers the frequency range from 2
to 25.5 GHz, with an output power
of 15 dBm, while the VO3262 series
provides +25 dBm output power and
is recommended for use in high level
mixer applications. The VO3280 and
V03284 are just 2.5 ¢ (0.035 oz) units.
The VO4280 is a radiated and me-
chanical protected version in a SMA
house and the VO4283 series is a basic
variant of a SMA connected version.

BIAS

Figure 2 is a block diagram of the
VO3280. Even though it is fitted with
an internal regulator, Sivers IMA rec-
ommends a low noise power supply
and proper bias filtering to obtain a low
noise RF signal. It is important for us-
ers to avoid using a switched (switch-
mode) power supply directly on the
bias input, or be extra careful with the
bias filtering and a linear power sup-
ply. A 100 nF capacitor close to the
bias connection is preferred.

|2 ()& "]
TUNING RF OUT

VOLTAGE | VOLTAGE
REG

BIAS
VOLTAGE

A Fig. 2 Block diagram of the VO3280

series.

100 Q

T2

10 pF

2o

A Fig. 3 Tuning input interface of the
VO3280 series.

1 H
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The oscillator’s tuning input volt-
age is between 0 and +20 V and nor-
mally the tuning current is very low. In
order to keep the slew rate (or tuning
speed) as high as possible, the filtering
is kept to a minimum. There can be
some RF leakage on the tune and bias
terminals. On demand the modulation
bandwidth can be adjusted to > 100
MHz.

S-band and C-band oscillators are
temperature-compensated bipolar os-
cillators that will not oscillate below 2
V tuning voltage. If the oscillator is re-
quired to run continuously, such as the
idle in a phase-locked loop (PLL), the
tuning voltage should be kept above
2V in order to keep the PLL locked.
Figure 3 shows the tuning interface.

RF OUTPUT

The RF output is
a 250 um wide mi-

ics are suppressed by a built-in low
pass filter. The VCOs show very good
phase noise performance, considering
the tuning range for some models is as
high as 50 percent. Bipolar oscillator
transistors are used up to 10 GHz in
order to obtain the best phase noise
performance possible and above 10
GHz GaAs FET transistors are used.
Due to the advanced design, even
the FET VCO is powered by a single
+15 V power supply and the built-in
linear voltage regulator ensures low

BANNNIANNTONNNMITNNT2 N384
FREQUENCY (GHz)

A Fig. 4 The VO3280 series’ output power
characteristics.

-
H

\
\

-
o

v
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FREQUENCY (GHz)
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0
(-]

10 15 20
Vitune (V)

A Fig. 5 Tuning characteristics with a
tuning voltage of 0 to 20 V.

crostripline, where o O e N\ ey AN NUNY
Z, =50 Q and is | iNTeRFACE PAC 1 (D) [T 13 spar | REOUT
AC  coupled with C L .
a 10 pF capacitor. :VCOI ]
A built-in low pass MICRO o :

PROCESSOR i :
filter reduces the A N
harmonic to better LR BN S EE
than —25 dBc and “'vcon

EXAMP)
the VO3280 series EEPROM OVEN K A
provides up to +18
dBm output power, A Fig. 6 Block diagram showing an example of a DTO.
as shown in Fig-
ure 4. oor ||
Importantly too, FILTER @ — RF OUT

a.coplanar ground- ~ REFOsc vco S
signal-ground @ @
(GSG) output is DETECTOR
available and since
the VCOs are fun-
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At Filtronic Compound Semiconductors
we are driven by a common goal -

helping you design systems that meet your customers’
current and future requirements.

As the mobile handset market and emerging wireless systems

Freq Gain
(GHz) (dB)
0.3-4 | 12to15

Filtronic is a world leader in the design
and manufacture of RF, microwave
and millimeter wave components and
subsystems. Filtronic offers a broad
range of products used in electronic
warfare, cellular backhaul, broodbond )
commumcohon (0T
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- RFMD (UK) Ltd.
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Main Phone: +44 (0)1325 301111 ¢ Main Fax: +44 (0)1325 306177 ¢ Email:_sales@filcs.com

US Sales Phone 1: 530.550.2957: Phone 2: 408.850.5740 / Fax: 831.621.8074 / www.filtronic.com

contfinue to evolve, the requirement for high-performance
infrastructure equipment continues. At Filtfronic we are prepared
fo meet these needs with our newest High Linearity High
Gain Packaged MMIC Amplifiers, the FMA3025SOT89E and
FMA3067SOT89E. These newest MMIC Amplifiers are ideally suited
for Wireless Infrastructure and PCS/Cellular markets where low
cost and peak performance are required. Both amplifiers are
ROHS compliant.

Typical
Applications

* Driver Amplifiers for GSM,

CDMA, W-CDMA

« CATV/DBS Amplifiers

¢ WiFi/WIMAX/WiBro

¢ Point-to-point Radio Systems

* High Linearity Gain Block

¢ This product can be used in TX

as well as RX

Typical
Applications

¢ High Linearity and High Gain

Block

* GSM, CDMA, W-CDMA

Cellular Infrastructure

¢ This product can be used in TX

as well as RX
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pushing, making application design
easier. The tuning voltage is between 0
and +20 V, and the hyperabrupt varac-
tor oscillator design gives an excellent
tuning ratio, as shown in Figure 5.
Every oscillator is individually tuned
and the performance is optimized in-
house.

APPLICATIONS

One of the main benefits of the
VO3280 series is its wideband capabili-

ties. Instead of designing an oscillator
bank with control components and con-
trol logic, a wideband VCO can be used
instead, simplifying the system design
dramatically. These VCOs are used in
countless applications. However, two are
more common—digital tuned oscillators
(DTO) and phased-locked loops.

DTO EXAMPLE

DTOs are often used in applications
where the speed of frequency shift is

Call7 e
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@ Theory and applications of the measurement of antennas and radar scattering
@ Ultrawideband or frequency independent antenna measurement
© Advances in near-field, far-field, compact and RCS range measurement techniques

© Measurement standards and laboratory comparisons

© New instrumentation for testing

@ Data acquisition and processing methods
© Measurement imaging, algorithms and processing techniques
@ Diagnostics methods for antenna acceptance testing

© Phased-array antenna testing

© Adaptive antenna/smart antenna application/measurement

@ EMI/EMC/PIM chamber design, measurement and instrument
@ PCS, cellular and automotive application/measurement

© RF material design, measurement and instrumentation

& Satellite antenna measurement

© Advances in indoor and outdoor test ranges

© Wireless antenna measurement

© mm-Wave/Quasi-Optical antenna measurement
@ Applied computational electromagnetics
@ Electromagnetic algorithms and processing
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AMTA. AMTA requests that authors begin any
approval for publication processes no later
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sent upon acceptance of the
abstract. Authors are asked to
mark their paper “Student Paper”.
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critical, such as a local oscillator (LLO)
in set on receivers (SOR) or frequency
hopping radar receivers. The table of
calibrated frequency values is stored
in an EEPROM. Temperature drift
is eliminated due to the fact that the
VCO is temperature stabilized either
with an oven set for 55°C, or a Peltier
thermoelectric module set for 35°C.
As an alternative, the VCO can be
calibrated at several temperatures and
an interpolated calibration table is
stored in the EEPROM that is used
together with a microprocessor. A
temperature sensor in the VCO as-
sembly gives the microprocessor the
current temperature. In order to cover
multi-octave frequency bands, several
VCOs can be stacked and selected by
the microprocessor (see Figure 6).

PLL EXAMPLE

PLLs are used in applications
where the stability and accuracy is es-
sential for the function of the system,
that is, as an LO in a coherent radar
jammer. In this example (see Figure
7), a sample of the output signal is di-
vided digitally or down converted and
fed into the phase/frequency detector.
The detector compares the divided
signal with the reference signal and a
correction is given through the loop
filter to the tuning circuit, adjusting
the VCO until the divided and refer-
ence signal are in phase.

CONCLUSION

The VO3280 series features high
bandwidth, low phase noise, high lin-
earity, medium and high power, and
an extended temperature range. It is
a hermetically sealed, drop-in VCO
available in standard and custom hous-
ings. Customized frequency ranges
and power levels are offered and co-
planar and stripline RF ports are avail-
able. Every unit is individually tested
and its ruggedness means that it is
suitable for tough environments. Ad-
ditional information may be obtained
via e-mail at sales@siversima.com.

Sivers IMA AB,

Kista, Sweden, +46-8-7036800;
US office,

(603) 878-4566,

www.siversima.com.
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larly in the military and aerospace sphere,

space is at a premium and component
weight is a key consideration. In such situa-
tions, light weight and the flexibility afforded
by modularity are key considerations, as is
having a range of products to meet all require-
ments.

To meet these criteria, AtlanTecRF has de-
veloped the new ALO series of synthesized lo-
cal oscillator modules that combine small size
(33 x 88 x 16 mm) and light weight with a
large range of output frequency. The modules
are offered in frequency ranges with total cov-
erage from 5 to 14.55 GHz.

These new devices complement the com-
pany’s phase-locked oscillators in the APL se-
ries that utilize coaxial resonators up to 3 GHz
and dielectric resonators (DRO) up to 14
GHz. These require a crystal-controlled refer-
ence oscillator in the 25 to 300 MHz range to
be provided, either internally or externally,
and as a result achieve very good phase noise.
DRO-based oscillators are relatively narrow
band in frequency due to the high Q of the
DRO puck that has to be mechanically factory
tuned and therefore has to be selected at the

l n many commercial applications, particu-

PropucCT FEATURE

SYNTHESIZED LOCAL
OSCILLATORS OFFER
WIDE CHOICE OF

OUTPUT FREQUENCY

time of ordering, potentially lengthening the
turnaround time.

PROGRAMMED TO SERVE

The required output frequency of the new
ALO series is factory programmed to cus-
tomer order with steps available in 500 kHz
increments within the frequency range of
each module. This is achieved via a group of
pins in the power and alarm connector and
can therefore be set to the required frequency
very conveniently and quickly, thus shortening
turnaround time. All models in the series
share a common reference oscillator circuit
based around a 20 MHz temperature-con-
trolled crystal oscillator (TCXO).

The new reference oscillator design pro-
vides a benefit in terms of temperature stabili-
ty that is improved by a factor of more than
two times and allows a greater operating tem-
perature range over the older designs. Also,
the frequency stability of the oscillators is very
good as a result of the internal TCXO with a
setting error of less than 0.5 ppm and tem-

ATLANTECRF
Braintree, UK
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Low High Tuning PN @ 10kHz Output Supply

Frequency Frequency Voltage (1 Hz BW, typ.) Power Voltage
VCO Part No. (MHz) (MHz) (Vdc) (dBc/Hz) (dBm) (Vdc)
V560MEQ9-LF 400 800 0.4-4.6 -100 014 5
CLVO0882E-LF 822 943 1-9 -114 6+3 5
V585ME72-LF 1000 2000 0.75-21 -99 513 4.75
CRO1900B-LF 1898 1902 0.5-4.5 -121 813
SMV3300A-LF 3200 3400 0.5-4.5 -91 513
CRO3263A-LF 3206 3320 0.5-4.5 -103 0.51£3.5

Low High Step PN @ 10kHz Output Supply
Frequency Frequency Size (1 Hz BW, typ.) Power Voltage
PLL Part No. (MHz) (MHz) (kHz) (dBc/Hz) (dBm) (Vdc)
PSA0413A-LF 370 460 6.25 -100 2+3 5
PSA1450F-LF* 1050 1850 1000 -100 612 5/15
PSA2100AF-LF* 1900 2300 1000 -90 013 5/15
PSA2220C-LF 2160 2280 1000 -103 043 5
PSA3078C-LF 3063 3093 125 -107 0+3 5

* Fractional-N PLLs. Smaller step sizes are possible.

EXCELLENCGEINPEREORMANGEFDELIVERYAND VVALUE

9959 Viabasar;San Diego, CAY 2126 Nel858)1621=27 00| Fax:(858) 621 =27/ 22| sales@zcomm:com
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perature stability of less than 2.5
ppm for the entire specified operat-
ing temperature range of =30° to
+70°C.

PHASE NOISE

The synthesized oscillators have
low phase noise at 100 kHz offset
from the carrier of typically less than
—105 dBc/Hz and are phase locked to
the internal 20 MHz TCXO. The
plots in Figures 1 and 2 show the
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A Fig. 1 Phase noise of a 6.7 GHz phase-
locked oscillator.
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A Fig. 2 Phase noise of a 13 GHz phase-
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measured phase noise of sample os-
cillators at 6.7 and 13 GHz, respec-
tively, at offsets from the carrier be-
tween 100 Hz and 1 MHz.

The modules are ideally suited for
incorporation into modular designs for
both commercial and military applica-
tions in the 5 to 14.55 GHz frequency
range, particularly where size and space
is at a premium. They are also suitable
to be designed into special-to-type test
fixtures, again where space is limited.
Small, portable, battery-powered test
sets can be constructed where a simple
g0, no-go test is required (on an aircraft
radar system, for example).

The oscillator modules are fitted
with a six-pin connector for providing
DC power and lock alarm monitoring.
They are supplied with a mating con-
nector that allows them to be easily
connected into existing or custom de-
signs. In addition, +12 V DC operation
at < 300 mA fits with the available
power requirements of many OEMs.

APPLICATIONS

With a footprint of just 88 x 33
mm, the synthesized oscillators are
small and versatile. They are suitable
for applications such as the internal
local oscillator for a block down-con-
verter or up-converter for satellite
monitoring or test systems where low
phase noise and adequate mixer drive
level are required. The synthesized
oscillators can also be incorporated
into existing receivers to act as inde-
pendent frequency markers.

Very small size block converters can
be constructed at an economic price
by combining an ALO synthesized os-
cillator with a connectorised, double-
balanced mixer and miniature filters.
Their small size also makes the series
ideal as the second, fixed local oscilla-
tor of an up/down conversion receiver
design. Furthermore, the 5 to 6 GHz
versions of the oscillators have suffi-
cient output power at greater than +14
dBm to provide the common local os-
cillator for a pair of mixers in a direct
conversion IQ receiver.

The oscillators can also form two-
tone or multi-tone test sources that
may be configured with combiners,
filters and attenuators in suitable
package formats for use in receiver or
amplifier intermodulation distortion
(IMD) test configurations. The good
spectral purity, with regards to both
spurs and harmonics, allow the mod-

ProbucT FEATURE

ules to be configured without the
need for external filters, although for
some critical applications a low pass,
harmonic filter may be desirable.

The plots shown in Figures 3 and 4
are the measured spectra from two
sample synthesized oscillators centered
on 6.7 and 13 GHz, respectively. The
span of £50 MHz either side of the
programmed centre frequency shows
the absence of reference related spurs
against a specification of < —60 dBc.

Inexpensive test sources for radar
receiver or radar warning receiver
(RWR) testing can be easily put to-
gether by selecting a suitable oscilla-
tor frequency and routing the output
through a proprietary pulse modula-
tor and step attenuator. In conjunc-
tion with a simple arbitrary waveform
derived pulse generator, this would
offer both minimum discernable sen-
sitivity (MDS) and range tests in a
single low cost test set. Similarly, sta-
ble, compact sources for TWT testing
and aging can be constructed or pro-
vided as off-the-shelf bench test sets.

Additionally, more than one mod-
ule combined with a multi-way switch
would provide an easy-to-use test set
for testing several sub-bands within a
small volume package. For those ap-
plications requiring more output
power, such as a short-range radiating
test set, a range of amplifiers is avail-
able that can provide power levels of
up to +30 dBm.

For higher frequency applications
(above 14.5 GHz) the modules have
sufficient output power to drive most
frequency multipliers, which would
allow operation up to at least 40 GHz
or beyond, dependant upon connec-
tors, and AtlanTecRF can supply a
suitable range of amplifiers and fre-
quency multipliers.

CONCLUSION

The new ALO series of synthe-
sized local oscillator modules offers
compact size and light weight, allied
to modularity and a range of outputs
that provide flexibility. These features
make it a cost-effective and efficient
option for many commercial and mili-
tary applications, particularly where
space is at a premium.
AtlanTecRF,

Braintree, UK +44 1376 550220,
www.AtlanTecRF.com.
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QMA CONNECTORS
WITH IMPROVED
FREQUENCY
RESPONSE,
DURABILITY

AND VARIETY

wo years ago a major US maker of two-

I way radios approached Times with this

request: “Can you produce a cost-effec-

tive, fast mating, durable, long-life coax con-

nector that offers steady RF performance if a

mated pair is physically stressed?” The appli-

cation is a high volume radio production final
test. It is a controlled environment.

Objectives such as these are common across
many users and markets that deal with RF com-
munications. Through the years many schemes
have been tried, but the attributes sought were
not easily embodied in one product. “Fast mat-
ing” usually meant compromising on RF stabili-
ty. “Durable and long life” meant being cost ef-
fective was unlikely. Trade-offs on one or more
of the desired traits was inevitable, until today.

Times Microwave took a fresh look at the re-
quest, reasoning a solution would have broad
appeal. The strategy was to improve upon an
existing mating interface to save time and cost,
and because the industry has accepted it. Sev-
eral coax connector series were considered, but
all failed at least one major hurdle until the
QMA. The QMA plug incorporates the push-
on, pull-off coupling action one associates more
closely with pneumatics. This makes operation
intuitive and easily mastered. The potential for

cross threading, the need for wrenches and
torque specs are now a thing of the past.

This user was concerned with frequencies
below 2 GHz. While the industry standard for
QMAs is 6 GHz, its size makes it a good can-
didate for improved frequency response and
thus potentially attractive to users whose
products operate at higher frequencies.

Size also plays a role in durability and cost.
BNC:s (the current choice) are of poor quality,
not durable and vary electrically when stressed.
The QMA is a good compromise between the
MCX series, which is too small and delicate for
production test, and the much larger, heavier
and more costly to machine Type N. Most coax
connectors ultimately need to attach to coax ca-
ble. The QMAT size keeps material costs, ma-
chining time and attachment design complexity
for most popular coax cables within reason.

IMPROVEMENTS THAT MATTER

The first step was to improve durability to
achieve a longer mating life for the QMA plug.
The industry standard is 100 to 500 mates for
OEM applications, beyond which (depending

TIMES MICROWAVE SYSTEMS
Wallingford, CT
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on manufacturer) the retention force
of a mated pair is reduced to unac-
ceptable levels. In this production test
application 500 mates would be
reached in a few days. Therefore, the
smaller spring fingers or tines within
the male were replaced with fewer,
but larger heat-treated tines. A special
plating and polishing operation results
in a smooth coupling nut action that
lasts for 5000 mates when properly
used. Figure 1 shows the un-plated,
industry standard tines on the left,
and the un-plated Times Microwave
Systems new design on the right.
Tolerances were tightened in several
areas within the interface and compen-
sation dimensions changed to increase

A Fig. 1 The unplated industry-standard

tines (right) and the unplated Times new
design (left).

unlock

the frequency response to 18 GHz and
still achieve a return loss better than 18
dB in the straight configuration and ap-
proximately 17 dB in right angle config-
uration (Type N—QMA plug equipped
cable assembly plus a QMA jack—
SMA plug adaptor mated together).

The new tine design requires more
push-on force. There is a very distinc-
tive “snap” when Times QMAs are
mated. However, this solved another is-
sue: RF measurement variations from
lateral force or side load were eliminat-
ed or significantly reduced because a
mated pair is held so tightly together.
Well in excess of 20 Ibs of pull force are
required to pull a new pair apart if the
coupling nut is not used to spread the
tines before de-mating.

1]

A Fig. 2 The Times Microwave Systems’
SureGrip coupling nut and its soft ergonomic
ring.
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However, an unavoidable result was
that a mated pair became very difficult
to un-mate. To solve this problem,
Times Microwave Systems developed
its SureGrip™ coupling nut (see Fig-
ure 2). Instead of smooth ridges it uses
a sharp knurl. More importantly it em-
ploys a soft ergonomic ring. Together
with the knurl it makes the coupling
nut much easier to grip for retraction.
Un-mating is now an easy task. The
ring is quickly removed for tight, on-
center applications, but a large ma-
chined ridge still exists that can be used
to actuate the coupling nut.

Times Microwave Systems now of-
fers both tine designs. Depending on
the tine design, retentive force has
been increased to over 40 Ibs. Both car-
ry the 5000 mate life cycle guarantee.
Times QMAs will mate and un-mate
5000 times, remain within electrical
specifications as stated on the data
sheet and remain within a minimum of
2 lbs of retention force provided they
are operated in accordance with rec-
ommendations. Should the need arise,
Times designed a unique release tool to
aid un-mating. It is compact to fit in

PLLs

the potential of
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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.

NS
?, ARTECH HOUSE B0STON| LONDON

685 Canton Street, Norwood, MA 02062 USA
46 Gillingham Street, London, SW1V 1AH, UK
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Stability
Precision
Performance

Characteristics that describe a high-quality
oscillator.. .but also a high-quality supplier and
partner. Connor-Winfield Global Timing
Solutions provides exceptional
products and exceptional value.
Today's communication
networks, military
hardware, and medical
equipment require
stability, precision, and
performance not just
in their timing system
components, but also in

‘Crystals
Clocks

. x'.:.F_'__;'II'CXOS

support through every phase

of the manufacturing and

business cycle.
Connor-Winfield is proud to

manufacture our products in the USA

... for the stability and peace of

mind of our customers.

CONNOR
WINFIELD

Global Timing Solutions

ISO 9001:2000 Certified Visit http://mwj.hotims.com/16340-28 or use RS# 28 at www.mwjournal.com/info
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tight areas. The double end fits various
Times QMA adaptors.

Since this was a high volume pro-
duction test application, Times Mi-
crowave Systems fitted the new, more
robust QMA plug to its highly popular
SilverLine series of RF and microwave
test cables. SilverLine Test Cables are
highly durable, very stable with flexure
and cost effective. This solved the issue
of connectivity to radio test equipment
on the production line.

A Fig. 3 A sample of the SilverLine-QMA
test cable and adaptor systems.

A Fig. 4 Times Microwave Systems’ part
no. 3191-197EA adaptor for making virtually
any connector combination.

Users who are considering adopting
another connector series are also con-
cerned with how to adapt to and from
the new series without suffering signifi-
cant RF degradation. The ability to ac-
commodate a multitude of coax con-
nector applications and even price and
availability clearly enter into the deci-
sion-making process. To address these
issues, Times Microwave Systems de-
signed and built 28 unique QMA jack
adaptors for the two-way, RF and mi-
crowave markets. This includes but is
not limited to QMA jack to UHF and
mini-UHF, BNC, Type N, SMA, TNC
and others in both male and female. To
eliminate that all-too-familiar perfor-
mance degradation that comes from
plating wear issues, all adaptors are US-
made stainless steel. Figure 3 displays
a sample selection of Times Microwave
Systems” new SilverLine-QMA test ca-
ble and adaptor systems.

Popular reverse polarity adaptors for
wireless Internet and Cisco router ap-
plications also exist. Several between
series adaptors outfitted with QMA
plugs were designed and built that are
useful for changing the ports on test

Announces the
“Industry Leaders”
Corporate Profile Section

A special opportunity to get your company's

unique message to the RF/microwave community

In the

July Commemorative Issue of
Microwave Journal
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equipment to a fast mating system, or
simply to protect the original port con-
nector from damage. Having tried and
proven Times’s QMAs, some popular
test equipment manufacturers are now
considering the QMA jack as an option
that can be ordered for the RF port to
eliminate damage from applying exces-
sive torque, a main reason test equip-
ment is returned for repair.

Two within-series adaptors have
been developed that allow the user to
create literally dozens or perhaps
hundreds of coax series combinations
or to connect multiple cables togeth-
er, all through the QMA interface sys-
tem (see Figure 4).

Times now offers a two-watt QMA
termination for amplifier and other
test situations. To hold and protect all
the new, high performance QMA
adaptors, tools and termination,
Times sells both a soft pouch and a
hard case.

Times Microwave Systems,
Wallingford, CT (203) 949-8400,
www.timesmicrowave.com.

RS No. 304

Contact your MWJ sales
representative for details
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Test and Measurement
Catalog

Agilent Technologies™ Interactive
Test & Measurement Catalog
2008/09 is now available online.
The new interactive catalog has
enhanced features, including the
ability to send an e-mail to a col-
league that links to a specific page
within the catalog. Users can
bookmark pages for ease of future
reference. The entire catalog can
be saved to a desktop or CD, en-
abling off-line viewing/portability.
Also, the online catalog permits
users to make personal reference
notes on individual pages.

Tacstl B Msasiwsroant Calalayg 100278

Agilent Technologies Inc.,
Santa Clara, CA (650) 752-5000, www.agilent.com.
RS No. 310

vave Accessonies

REMic

¢ Instruments

For All Yo T

CATALOG UPDATE

Accessories and
Instruments Brochure

AR RF/Microwave Instrumenta-
tion’s RF/Microwave Accessories
& Instruments brochure high-
lights the company’s signal genera-
tors, system controllers, direction-
al couplers, EMC Test software,
test cells and a complete line of
field monitoring equipment. Also
included is the full line of acces-
sories for AR’s conducted immu-
nity test systems. Product pho-
tographs, descriptions and specifi-
cations are included for each
model.

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

RF and Microwave
Connectors

Volume 6 of Delta Electronics
Manufacturing’s full-line catalog
contains over 200 pages of infor-
mation on over 30 series of RF
and microwave connectors, rang-
ing in size from microminiature to
large, high-power connectors.
Along with common connector
types, the catalog features many
hard-to-find series, and a large se-
lection of MIL-PRF-39012 QPL
connectors and MIL-PRF-55339
qualified adapters.

Delta Electronics Manufacturing,
Beverly, MA (978) 927-1060, www.DeltaRf.com.
RS No. 312

Designer’s Guide

Hittite Microwave Corp. released
its 13th edition Designer’s Guide
catalog for 2008. This publication

m includes 152 new digital, mixed-
signal, RF, microwave and mil-

g1 Baitits limeter-wave product data sheets,
? as well as quality/reliability, appli-
S i cation and packaging/layout infor-

mation. Full specifications are
provided for 633 products across
16 product lines including: ampli-
fiers, attenuators, data converters,
frequency dividers/detectors, frequency multipliers, high speed digital
logic, mixers, demodulators/modulators, passives, phase shifters, power
detectors, sensors, switches, synthesizers, VCOs/PLOs and VGAs.

ed Btk

Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343, www.hittite.com.
RS No. 314

164

@

EVANS

Evans Capacitor Co.,

RS No. 311

Online Capacitor
Resource

A new Evans Capacitor Co. web site
shares technical information, white
papers, specs and pricing for its en-
ergy-dense hybrid capacitors and
hybrid capacitor banks. High perfor-
mance aircraft, including the Joint
Strike Fighter and Apache heli-
copter, use Evans hybrid capacitors
for laser targeting, communications
modules, controls, cockpit displays,
phased-array radars, fire control sys-
tems and more. The company’s tan-
talum, hermetic, hybrid capacitors
are over 4x the energy density of
any military-style capacitor.

East Providence, Rl (401) 435-3555, www.evanscap.com.

FHOET FORM CTATALDG
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Test and Measurement
Products

-
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Terdigh M T DM S pvdem Tedch
MORE NEW PRODUCTS INSIOE!

Keithley Instruments Inc.,

RS No. 313

Online Catalog

Keithley Instruments Inc. announces
the release of its 2008 Test and Mea-
surement Product Guide. A short-
form version of the guide is available
online at www.nxtbook. com/nxt-
ks/keithl neralcatalog0
This handy product guide offers de-
tails and specifications on Keithley’s
general-purpose and sensitive sourc-
ing and measurement products, DC
switching, RF switching and mea-
surement, data acquisition solutions,
semiconductor test systems and op-
toelectronics test hardware. Tutorials
simplify choosing solutions for spe-
cific applications.

Cleveland, OH (440) 248-0400, www.keithley.com.

RS No. 315
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InGaP HBT D-mada E-mixda
i PHEMT PHEMT

Innovative GaAs integration technology
HBT + pHEMT @ WIN = H*W

[ [ Parameters T Spec |

75
= 30 GHz It's a whole new world for designers
5 : with breakthrough integration technology
55 from WIN Semiconductors.
A Combining GaAs HBT and E/D-Mode PHEMT

- technologies on a single wafer enables innova-
tive product solutions.

inf d
‘ www.winfoundry.com
1.7 Ohms-mm

30 GHz
80 GHz

Visit http://mwj.hotims.com/16340-151 or use RS# 151 at www.mwjournal.com/info

ONDUCTORS



http://www.winfoundry.com
http://mwj.hotims.com/16340-151
http://www.mwjournal.com/info

AMF SATCOM Amplifier
SATCOM AMPLIFIERS [Roti

MITEQ’s AMF catalog line of
SATCOM waveguide amplifiers
offer the lowest noise figures
available in an uncooled LNA in
the various frequency bands asso-
ciated with satellite communica-
tions. Achieving noise tempera-
tures as low as 30 K for C- and S-
band, 45 K for X-band, 60 K for
Ku-band, and as low as 100 K for
Ka-band, these amplifiers have
been designed using state-of-the-
art technology and can be used in
either fixed or transportable appli-
cations.

ULTRA LOW MNIISE LAAS

MITEQ Inc.,
Hauppauge, NY (631) 436-7400, www.miteq.com.
RS No. 316

CATALOG UPDATE

'Freq LENCY,
Control For-h

Frequency Control
Devices

Nihon Dempa Kogyo Co. Ltd.
(NDK), the supplier of frequency
control devices to the transporta-
tion industry, has developed a new
four-page color brochure high-
lighting its frequency control
products for these applications.
The brochure reviews in-vehicle
and telematic applications. NDK’s
transportation components have
proven to deliver excellent perfor-
mance in the harshest of applica-
tions. Products covered in the
brochure include crystals, TCXOs

NDK America Inc., and XOs.
Belvidere, IL (815) 544-7900, www.ndkxtal.com.

sportation

RS No. 317

Cable Assemblies
Brochure

A new Rosenberger tri-fold
brochure features updates on the
company’s popular RFlex cable as-
semblies (standard connector con-
figurations with ruggedized mold-
ed strain reliefs) and SMA+ (SMA
connectors modified to operate to
36 GHz) cable assemblies. Also included are new product line additions
including SMA Quick-Lock, SMA Push-On and RTK-028 cable assem-
blies. The SMA Quick-Lock provides a unique locking mechanism to re-
place threaded SMA male connections. The SMA Push-On offers a
faster slide on connection. Both work with any SMA female connector.
RTK-028 is Rosenberger’s new triple shielded cable comparable to RG
316 DS but extremely flexible.

Rosenberger of North America LLC,
Lancaster, PA (717) 290-8000, www.rosenbergerna.com.
RS No. 318

Testing and Assessment
Services

TUVRheinland has released a
Testing & Assessment Services
catalog for manufacturers plan-
ning to launch their products
across the globe. The catalog de-
tails the company’s testing services
(e.g., EMC and Wi-Fi), product
types (e.g., fuel cells and telecom),
product approval schemes (e.g.,
Bluetooth and CB Scheme), serv-
ice approval schemes (e.g.,
AS9100 and ISO 13485) and avail-
able certification marks (e.g.,
SEMI S2 and CE). )

Four Ky |0 Ciotual Maskil Aot

A TivEneiniand®

www b oo Friniiaty gt

TUVRheinland of North America Inc.,
Newtown, CT (203) 426-0888, www.us.tuv.com.
RS No. 320
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RF/Microwave Products

Tensolite’s Connectors, Cables
and Assemblies catalog is a reli-
able resource for high perfor-
mance interconnect product&
Renowned for quality and service,
the products in this catalog display
the wide range available to choose
from for next generation systems.
Vertical integration and extensive
manufacturing capabilities ensure
that quality and on-time delivery
are never compromised.

RF/Microwave Products

Corracton. Cetas sad AsssaTibas

Tensolite Co.,
St. Augustine, FL (800) 458-9960, www.tensolite.com.
RS No. 319

RF/Microwave
Components

Based in Korea and founded in
1999, Wave-Tech designs, manufac-
turers and delivers state-of-the-art,
innovative RF signal processing
components and sub-systems cover-
ing the frequency range of DC to 40
GHz. Wave-Tech’s products include
combiner, duplexer, BPF, BRF, cou-
pler, splitter and filter-based assem-
blies for WiMAX, WiBro, GSM,
DCS, PCS, CDMA, radar systems
and wireless communications, and
offer both custom and off-the shelf
designs. Contact the company for a
full-color brochure.

Wave-Tech Inc.,
Kyunggi-do, Korea +82 31 451 8774, www.wave-tech.co.kr.

RS No. 321
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YOUR COMPLETE SOURCE

OF SOLUTIONS FOR
QUINSTAR  meyi I IMETER WAVE
APPLICATIONS

TECHNOLOGY, INC.

Amplifiers, Active Multipliers,
Oscillators, Noise Sources

Millimeter Wave Products 18-220 GHz QUINSTAR TECHNOLOGY, INC.
24085 Garnier Street, Torrance, CA 90505

v« Components including antennas, amplifiers, oscillators,
converters, control devices and passive components Tel 310-320-1111  Fax 310-320-9968
sales@quinstar.com

v« Subsystems and integrated modules Y L
2 Engineering services and custom products STt SafEE] www.quinstar.com



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

WORLD's NO.&» CHOICE

ADE MIXERS

Over 60 models to choose from

-

199

from K ea. (Qty.100)

With over 60 standard mixer models IN STOCK, and over
100 more available with optimized performance for specific
requirements, the ADE series is the world’s #1 choice of
high-reliability, high-performance mixers from 50 kHz to
4.2 GHz. Whatever the application, ADE series mixers can
meet your frequency conversion requirements. Models
are available with a wide range of RF, LO, and IF ranges,
and optimized for LO levels from +3 to+20 dBm. ADE series
mixers boast conversion loss of less than 6 dB and
outstanding LO-to-RF isolation of better than 50 dB.
They are designed to fit the tightest designs, supplied in

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

[JMini-Circuits’

surface-mount packages measuring just 0.27 x 0.31 in.
and height as low as 0.080 in. (2 mm). Full performance
data and specifications are available for every model, making
it simple to match a mixer to your specific requirements.
ADE mixers are competitively priced for even the most
demanding budgets. So don’t waste time. If you need a
mixer from 50 kHz to 4200 MHz, you’ll find it in the ADE
series, and you won'’t have to deal with long lead times or
uncertain deliveries. Choose an ADE mixer today and we'll
have it in your hands as early as tomorrow!

Available from stock and only from Mini-Circuits!

U.S. Patent #6,133,525
o RoHS compliant.

ALLNEW
minicircuits.com -

ISO 9001 1SO 14001 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site

—p ™
W2

Patent Pending

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

RF/IF MICROWAVE COMPONENTS
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Tiny LTCC Balun

TRANSFORMERS

60010 6200 MKz o 9972

Balanced-unbalanced (balun) transformers are key
components in many of today's designs, which so often mix
single ended and balanced components. When space is
tight, Mini-Circuits tiny, low cost TCN+ and NCS+ series
baluns can fit the tightest commercial, industrial, and
military requirements with broadband models from 600 to
6200 MHz. Based on temperature-stable LTCC technology,
TCN+ models are just 0.126" x 0.063" x 0.035" (3.20 x
1.60 x 0.89 mm) while NCS+ models are an even smaller
0.079" x 0.049" x 0.033" (2.01 x 1.24 x

0.84 mm). The small size and LTCC &

of 1 dB or less, typical amplitude unbalance of 0.3 dB or
better, and typical phase unbalance of 2° or better at 2000
MHz and over operating temperatures from -55 to
+100°C. With broad bandwidths well suited to applications
from cellular and satellite communications to radar
systems, these Marchand type baluns are available for 50
and 75 Q systems with impedance ratios from1:1 to 4:1.
Visit our website to choose and view comprehensive
performance curves, data sheets, pcb layouts, and
environmental specifications. And you can

S

- even order direct from our web store and

. . NCS+ TCN+ o
construction bring many performance 0.079'x0.049" 0.12"'x0.06" have a unit in your hands as early as tomorrow!
benefits, including typical insertion loss 0 RoHS compliant Mini-Circuits...we’re redefining what VALUE is all about!

[JMini-Circuits’

ISO 9001 ISO 14001 CERTIFIED

ALLNEW

minicircuits.cgm/

P.O. Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
& 1’2 The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com

Patent Pending

IF/RF MICROWAVE COMPONENTS
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www.awnrcorp.com

Break |

free of

iNfiNnite
redesign

Tired

of endless

iterations,

tweaks, and

redesign cycles?

Wish you could madify or

compact your layout and see the

coupling effects on circuit performance

instantaneously? With ACE™ AWR's new

automated circuit extraction technology, you can.

ACE extracts layout-driven effects — including coupling in
multilayered RF modules and ICs —in secands and stops the ACE. Interconnect
manatony of brute force EM analysis or schematic-driven manual modeling in seconds
fracturing techniques. Test drive it today at www.awrcorp.com /ACE.
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SKYWORKS

BREAKTHROUGH SIMPLICITY d N[ )

NEW Programmable 1-28 MHz
6th Order Low Pass Butterworth Filters

The Skyworks Advantage

Extremely high stop-band isolation while maximizing pass-band flatness
Q and minimizing group delay distortion. Programmable in 1 MHz steps.

B SKY73201-364LF, Single Channel Differential I/0

W SKY73202-364LF, Dual Channel Differential 1/0

Power Amplifiers o Switches e Transceivers e Front-End Modules e RF Subsystems
Single Package Radios e Mixers e Synthesizers e Attenuators e Diodes e Technical Ceramics

USA: 781-376-3000 ¢ Asia: 886-2-2735 0399 Ext. 990 ¢ Europe: 33 (0)1 41443660
Email: sales@skyworksinc.com ¢ www.skyworksinc.com
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Finally, advice
you can
actually use.
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== CATALOG UPDATE

Product Catalog

This catalog features the compa-
ny’s RF and microwave products
that operate in a frequency range
from 30 kHz to 65 GHz. Products
include GaAs FET microwave
amplifiers and subassemblies, ra-
dial power combiners/dividers,
space qualified components and
environmental testing services. All
of the company’s operations are
located within a single modern
and fully equipped 42,000 square
foot facility.

Ciao Wireless Inc.,
Camarillo, CA (805) 389-3224, www.ciaowireless.com.
RS No. 322

Filter Selection Guide

This product selection guide high-
lights the company’s wide range of
filter products, including its new
switch filter systems. An eight-
LARK B page short form catalog features a
ENGINEERING . A

oM user friendly, quick reference to
filter specifications and capabili-
ties that guides users to the filter
ideally suited for the application.
For specifications and perfor-
mance simulations, users are di-
rected to a filter design tool locat-
ed on Lark’s web site.

Lark Engineering,
San Juan Capistrano, CA (949) 240-1233,
www.larkengineering.com.

RS No. 324

Signal Processing
Components

This 144-page catalog offers com-
prehensive listings of RF, IF and
microwave components with es-
sential performance specifications
for each product. In addition to
the extensive component data, the
catalog also provides a listing of
Mini-Circuits” patents and the
product model numbers to which
they apply, as well as a complete
listing of the National Stock Num-
ber (NSN) Guide for Mini-Cir-
cuits’ considerable component
CIMind-Circults collection.

Mini-Circuits,
Brooklyn, NY (718) 934-4500, www.minicircuits.com.

RS No. 326
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Introducing
Expert Advice

the newest
Microwave Journal
online feature.

Get informed

Every month our editors invite
a noted industry expert to share
their insights. Read what they
have to say and respond with
your own comments.

Win

The first

tive eligible
contributors
will receive a
complimentary
copy of Electrical Engineering —
A Pocket Reference from

ﬁ ARTECH HOUSE
BOSTON | LONDON

Exclusively at
www.MWT]Journal.com

MW Journal online — news,
resources, articles, buyer’s guide
and events for the informed RF/
microwave engineer.
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)= CATALOG UPDATE

RF Products Catalog

The E-store is an online guide to
the company’s most popular RF
products. Product categories in-
clude fixed attenuators, termina-
tions, manual variable attenuators,
RF coaxial switches, power di-
sy ) viders/combiners and impedance
r Fom b mr—ri— matching. Users can search for
P b e products by keyword, name, or by

] - browsing the illustrated, hyper-
linked web pages.

JFW Industries Inc.,
Indianapolis, IN (317) 887-1340, www.jfwindustries.com.
RS No. 323

MAURY

VA Calibroacvion Hits,
Micrownuve Compononts
£ Acdmpters

Components Catalog
This 146-page catalog features the
company’s entire line of precision
coaxial and waveguide VNA cali-
bration kits, microwave compo-
nents and adapters, manual tuners,
torque wrenches and connector
gage kits. Entries feature detailed
specifications, dimensional draw-
ings, photographs, flange diagrams,
ordering information and key ref-
erence materials. The catalog pro-
vides everything engineers need to
find the best components for their
apph'cations. An interactive version
of the catalog is available at the
company’s web site.

Maury Microwave Corp.,
Ontario, CA (909) 987-4715, www.maurymw.com.

RS No. 325

MAXIMIZER™ & Semi-rigid Cable
wh

o W ) Products

i \\\ This new data sheet features the
N \\

company’s Maximizer line of high
performance semi-rigid cable
products, available as custom as-
semblies, straight lengths or coils.
Options include phase stable, low
loss Maximizer Gold products and
low loss, RG replacement Maxi-
mizer Silver products. The data
sheet includes mechanical and
electrical product specifications;
IL, phase vs. temperature and
— power handling graphs; and de-

sign considerations.

Teledyne Storm Products,
Woodridge, IL (630) 754-3361, www.stormproducts.com.
RS No. 327
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One Powerful Diode from  teamwork It turns great
One Dynamic Company players into high charged

service providers. And

great products into an

Series Resistance

Voltage Rating Total Capacitance Carrier Lifetime .
Rs @ 100 mA, F = 100MHz arsenal of integrated

Vb min, I=10uA V=100V, F=1 MHz I=10 mA

Part Number Volts min pF max usec min Ohms max . .
solutions. New high power

MMP7070 100 22) 6 05 .

MMP7072 100 07 3 08 MELF PIN diodes from

MMP7074 200 2.2 6 05 )

MMP7076 200 0.7 3 08 products team, which

Q1077 20 0 18 0 includes Metelics and

MMP7078 400 1.0 25 05 i )

MMP7079 600 22 6 05 now MicroMetrics, are

MMP7080 600 0.7 3 0.8

produced with a propriety

Over 20 models available. Call 603-641-3800 for details.

glassing process. This
creates large, full-face
bonding surfaces on

the anode and cathode,
delivers low electrical and
thermal resistance, and
allows for power handling
up to 100 Watts.

Models are available with:

* Voltage breakdowns
up to 1,000 Volts

« Typical lifetime speeds
of 1.0 to 8.0 psec

 Resistances at 100 mA
of 0.5 to 2.0 ohms

They're just one component
in a dynamic line up. To see
more, visit our Web site.

aeroflex.com/microwave

(\EROFLEX

A passion for performance.

Visit http://mwj.hotims.com/16340-7 or use RS# 7 at www.mwjournal.com/info


http://www.aeroflex.com/microwave
http://mwj.hotims.com/16340-7
http://www.mwjournal.com/info

RF-HYPER

EUROPE 2008

The trade show dedicated to radiofrequencies,
microwaves, wireless, optical fibers and their applications

September 30", October 1 & 2" 2008, Paris-Nord Villepinte

Moving towards a new ¢

o Unity is strength! In 2008, the RF & Hyper Europe
trade show will be held at the same time as the Fo
de I’Electronique, Mesurexpo, Opto and Vision-¢

o New venue: Paris-Nord Villepinte, France.
o New dates: September 30", October 1+ é
e 4,000 visitors expected.

o 150 exhibitors leaders in radiofreq
and microwaves.

o 900 represented companies
from all over the world.

e 23 application conferences
animated by the exhibitors.

e 2 days of conferences on EMC
animated by the AFCEM.

| and experimental
ign of RF systems”

To exhibit, to request yc
how to come to the

FORUM DE
@@ L'ELECTRONIQUE ' MESUREXPO

Visit http://mwj.hotims.com/16340-113 or use RS# 113 at www.mwjournal.com/info

EXPOSIUM RF & Hyper Europe, an exhibition 7
70 avenue du Général de Gaulle - 92058 Paris La Défense Cedex - France organized by EXPOSIUM ("% 4

Tel.: +33 (0)1 49 68 51 00  Fax: +33 (0)1 53 30 95 31 e e-mail: RFHyper@exposium.fr e Web: www.RFHyper.com www.exposium.fr e
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ITu TELECOM Fusing partnerships, sharing knowledge, exploring the latest technologies and making the

ASIA2 008 right connections are what ITU TeLecom AsiA 2008 is all about. It's the crucial ICT networking
B an kO k platform for the Asian region. Join leaders of industry, governments, regulators, innovators

2-5 Se ptem ber and visionaries to explore, discuss and shape the future of Asia’s ICT sector. Organized by

the International Telecommunication Union (ITU). Visit wwuwv.itu.int/asia2008

Helping the world communicate TELEC@M
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New Waves: Amplifiers and Oscillators

B Phase-locked Crystal Oscillator

The PLXO-Series phase-locked crystal oscilla-
tors from EM Research are now available with
significantly im-
proved perfor-
mance and small-
er size. With the
option of a sur-
face-mount or
connectorized
package, PLXO
offers several out-
puts: sine 7 dBm, 10 dBm, CMOS and PECL.
The new smaller-sized surface-mount package
(0.9 x 0.9 % 0.25 in.) also features exceptionally
low phase noise characteristics
(< =140 dBc/Hz @ 1 kHz typical) and en-
hanced spurious response (< —65 dBc). PLXO
is available in fixed frequencies between 5 and
420 MHz with a lock range of £5 ppm. Appli-
cations include DDS clocks, DAC and ADC
clocks, fiber-channel ethernet, SAS/SATA,
SONET/SDH and receiver LOs.

EM Research Inc.,

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

RS No. 216

B Voltage-controlled Oscillator

Crystek’s CVCO55CL-0902-0928 VCO oper-
ates from 902 to 928 MHz with a control
voltage range of 0.5~4.5 V. This VCO fea-
tures a typical phase noise of =115 dBc¢/Hz at
10 kHz offset and has excellent linearity. The
model CVCO55CL-0902-0928 is packaged in
the industry standard 0.5 x 0.5 in. SMD
package. Input voltage is 5.0 V, with a max
current consumption of 20 mA. Pulling and
Pushing are minimized to 2.00 MHz and 0.80
MHz/V, respectively. Second harmonic sup-
pression is —15 dBc typical. The CVCO55CL-
0902-0928 is ideal for use in applications
such as digital radio equipment, fixed wire-
less access, satellite communications systems
and base stations.

Crystek Corp.,

Ft. Myers, FL (239) 561-3311,

www.crystek.com.
RS No. 217

B Ruggedized Rubidium
Oscillator

This ruggedized rubidium oscillator is de-
signed for ground tactical, shipboard and air-
borne applications where superior frequency
stability under diverse environmental condi-
tions is required. The 8200 supports these ap-
plications with superior phase noise and excel-
lent short- and long-term frequency stability.
Available as a small, low profile package, the

8200 Rubidium Oscillator provides 5 or 10
MHz output with multiple, high performance,
low phase noise outputs support varied time
and frequency applications; 1PPS input that
enables easy integration with GPS receivers for
improved accuracy; and a hermetically sealed
package with shock/vibration hardening that
enables operation over wide range of environ-
mental conditions. Optional features include
low phase noise, low g-sensitivity and multiple
output configurations.

Symmetricom,

Santa Rosa, CA (707) 528-1230,

www.symmitm.com.
RS No. 218

M Coaxial-resonator Oscillator
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Z-Communications Inc. introduced its new
CRO2935B-LF lead free, RoHS compliant,
coaxial resonator oscillator in S-band (2850 to
3020 MHz) featuring low phase noise perfor-
mance of —109 dB¢/Hz at 10 kHz offset. This
design offers typical tuning sensitivity of 23
MHz/V and is designed to provide 0 dBm out-
put power (typical) at 8 V (DC) while drawing
26 mA (typical) over the extended operating
temperature range of —40° to +85°C. The
CRO2935B-LF comes in Z-Comm’s industry
standard MINT package measuring 0.50 x 0.50
in. X 0.22 in. This VCO is intended for auto-
mated surface-mount assembly and reflow. It is
available in tape and reel packaging for pro-
duction requirements.

Z-Communications Inc.,

San Diego, CA (858) 621-2700,
WW.ZCOMm.com.

RS No. 219

B 10 W Fixed Attenuators

Trilithics RF & Microwave Components divi-
sion released new fixed attenuators designed
for 10 W DC to 6 GHz applications. This new
fixed attenuator series is available in 3, 6, 10,
20 and 30 dB attenuation values. The Model
HFP-510-6 features rugged construction with
N male/female connectors, a maximum VSWR
of 1.20:1 and attenuation accuracy of £0.3 dB
for values up to 20 dB. Applications include
radar configuration, amplifier test and
telecommunication and Wi-MAX labs.
Trilithic,
Indianapolis, IN (317) 423-6615,
www.trilithic.com.

RS No. 220

M Jitter Attenuator

Valpey Fisher Corp. recently introduced the
VFJA905 jitter attenuator, an integrated
clock/PLL timing solution for 1 and 10 G syn-
chronous ethernet applications. It features two
LVCMOS outputs with a frequency of 25 MHz
that can be locked to an input reference fre-
quency. Two select inputs, S1 and S0, allow the
user to select one of three preset input fre-
quencies or a free-run mode. The VFJA905
provides a selectable input frequency range
from 8 kHz to 200 MHz and an output fre-
quency range of 10 to 200 MHz. It features ul-
tra-low output jitter (0.18 ps RMS 12 kHz to
20 MHz). The device operates from a +3.3 V
DC power supply and typically consumes 150
mW. The VFJA905 is available in a 19.5 x 15.5
mm surface-mount package and is RoHS 6/6
compliant.

Valpey Fisher Corp.,

Hopkinton, MA (800) 982-5737,
www.valpeyfisher.com.

RS No. 221

B AIN Attenuator

Florida RF Labs announced the release of the
83A7038F surface-mount technology (SMT)
attenuator. This new chip attenuator is espe-
cially suited for RF and microwave amplifiers
and sub-systems. The 83A7038F SMT attenua-
tor operates from DC to 6 GHz and provides
excellent impedance match in the entire fre-
quency band. The attenuator is rated at 20 W
of continuous RF input power and it comes in
a 0.200 % 0.175 in. (5.08 x 4.45 mm) package.
It is available from 1 to 10 dB in 1 dB incre-
ments with a tolerance as low as 0.3 dB.
Florida RF Labs,

Stuart, FL (772) 286-9300,

www.rflabs.com.
RS No. 222

B Detector Log Amplifier

Advanced Microwave is introducing ERD-
LAR520E, a small wideband extended range
detector log amp
for radar receiver
systems. The unit
is only 0.745 sq
in. and covers 0.5
to 20 GHz with a
wide dynamic
range (72 dB).
Other features in-
clude switchabili-

-
-t
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Now up to 500mA DC current 100 kHz-12 GHz TYRICAL SPECIICATIONS
Mini-Circuits is your complete source for Bias-Tees, covering from Model (hreg)  Leren et VR Pree e
100 kHz to 12 GHz and handling up to 500mA DC in a variety of TCBT-2R5G g 20-2500 035 44 110 695"
. . . TCBT-6G 50-6000 0.7 28 1.20 9.95
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New Waves: Amplifiers and Oscillators

ty from pseudo AC coupled to DC coupled
and vice versa using a TTL control pin, which
is useful for noisy environments and anti-jam-
ming purposes. The ERDLAR520E is built us-
ing a proven and tested design technique and
can handle 30,000 G force, equivalent to drop-
ping the part from 10,000 feet to the ground
and surviving the impact.
Advanced Microwave Inc.,
Sunnyvale, CA (408) 739-4214,
www.advmic.com.

RS No. 223

B Ku- and Ka-band
Power Amplifiers

_ﬁ_em:fn-aue

Endwave Corp. has announced the release of
two new power amplifiers that deliver power
and linearity performance for Ku-Band VSAT
networks and emerging broadband satellite
communications at Ka-Band. The Ku-band
module features 40 dB (min) gain, 0.5 dB
(max) gain flatness, typical output power at
P1dB of +37 dBm, output 3rd order intercept
of +47 dBm (typ) and DC current of 2.6 A at
+15 VDC. The Ka-band module features 27
dB (min) gain, 1.0 dB (max) gain flatness, typi-
cal output power at P1dB of +36 dBm, output
3rd order intercept of +43 dBm (typ) and DC
current at +15 VDC of 5.6 A. The noise figures
of these transmit power amplifiers are equally
impressive, measuring 4.5 dB (max) at Ku-
band and 6.0 dB (max) at Ka-band. All units
have a maximum VSWR of 2.0:1, without the
use of RF input or RF output isolators. These
parts are also available in a bench-top 19 in.
rack-mount configuration for instrumentation
applications. In this form-factor, the rack-
mount units operate off 120-240 VAC and in-
clude all the necessary AC-to-DC conversion,
power line filtering and conditioning internal
to the umit.
Endwave Defense &
Security Products Division,
San Jose, CA (408) 522-3100,
www.endwave.com.

RS No. 224

B Low-noise Amplifiers

Avago Technologies announced a high-perfor-
mance, low-noise amplifier (LNA) in an ultra-
thin package size. Avago’s new MGA-645T6 is
an easy-to-use LNA with integrated bypass
switch and shut down function optimized for
customer premise equipment and base station
equipment used in 802.11 b/g, WiMAX, WiBro
and satellite digital multimedia broadband
(S-DMB) applications. With a built-in bypass

switch, Avago’s MGA-645T6 operates in the
2.4 GHz spectrum; a follow-on product will
support the 3.5 GHz spectrum. The MGA-
645T6 LNA delivers an industry-leading low
noise figure of 1.1 db and superior linearity.
This improves the receivers channel capacity
and dynamic range and enables simultaneous
WLAN and WiMAX functionality. Additionally,
the LNA’s shutdown function extends battery
life of portable WiFi devices.

Avago Technologies,

San Jose, CA (800) 235-0312,
www.avagotech.com.

RS No. 226

B GaN Broadband Power
Amplifier

The Aethercomm Model Number SSPA 0.5-
2.5-50 is a high-power, broadband, gallium ni-
tride (GaN) RF amplifier that operates from
0.5 to 2.5 GHz. This PA is ideal for broadband
military platforms as well as commercial appli-
cations because it is robust and offers high
power over a multi-octave bandwidth. This am-
plifier operates with a base plate temperature
of 85°C with no degradation in the MTBF for
the GaN devices inside. It is packaged in a
modular housing that is approximately 4.0 x
6.0 x 2.85 in. This amplifier has a typical P3dB
of 50 watts at room temperature. Noise figure
at room temperature is 6.0 dB typical. This
amplifier offers a typical gain of 55 dB with a
typical gain flatness of £2.0 dB. Typical OIP3 is
55 dBm. Input and output VSWR is 2.0:1 max-
imum. Class AB current is ~4.0 amps typical
employing a +24 VDC supply. This PA oper-
ates from 18 to 36 VDC input voltage. Typical
harmonic values are —30 dBc in band.
Aethercomm Inc.,

San Marcos, CA (760) 598-4340,
www.aethercomm.com.

RS No. 225

B High Dynamic Range
Driver Amplifier

M/A-COM, a business unit of Tyco Electron-
ics, announced a new high dynamic range, low
noise, single-stage driver amplifier. The
MAAMSS0070 driver amplifier is intended for
general-purpose applications in wireless infra-
structure, such as mobile base station trans-
ceivers, cellular repeaters, WiMAX and WiBro
customer premises equipment (CPE), and
medical and test equipment. The usable band-
width for this amplifier is 250 to 3800 MHz
and is easily optimized for specific frequency
bands through the use of external matching

components. The MAAMSS0070 features out-
put P1dB levels of +22 dBm with gain of 12 dB
at 2140 MHz, while achieving high third-order
output intercept performance and low noise
figure over a broad frequency range. All the
amplifiers in this family are housed in Pb-free,
RoHS compliant SOT-89 plastic packages.
M/A-COM Inc.,
Lowell, MA (800) 366-2266,
www.macom.com.

RS No. 227

B High-linearity Amplifiers

Spectrum Microwave introduced a new line of
lower cost amplifiers that provide high linearity
and a low noise figure. These amplifiers fea-
ture a new lower cost surface-mount package
and are available with frequencies from 20 to
4000 MHz, IP2 values to +75 dBm and noise
figures as low as 0.9 dB. QBH-8900 series am-
plifiers offer gain from 10 to 28 dB and third-
order intercepts to +45 dBm. The amplifiers
feature internal blocking caps, biasing circuitry
and RF matching. In addition to being cost ef-
fective, the new packaging for these high per-
formance amplifiers is lightweight. QBH-8900
series amplifiers are designed for a wide range
of applications including military radios, mo-
bile communications platforms, point-to-point
and multipoint radios, and military jammers.
Spectrum Microwave,
Palm Bay, FL (888) 553-1531,
www.spectrummicrowave.com.

RS No. 228

B InGaP Power Amplifiers

RF Micro Devices announced the expansion of
its wireless infrastructure product portfolio
with the introduction of the SPA-1426Z and
SPA-1526Z power amplifiers. The SPA-14267Z
and SPA-1526Z are 1 and 2 W, respectively, in-
dium gallium phosphide (InGaP) power ampli-
fiers that address base station applications
across all cellular standards and frequencies.
The SPA-1426Z and SPA-1526Z Class A InGaP
power amplifiers exhibit backed-off linearity
performance, which is particularly critical to
WCDMA high power amplifier applications.
Housed in RFMD’s proprietary SOF-26 pack-
age, the SPA-1426Z and SPA-15267 provide
low thermal resistance and power dissipation
while providing RoHS and WEEE compliance.
The SPA-14267Z and SPA-1526Z feature on-
chip active bias circuitry and bias control pins,
in addition to an input power detector and
rugged class 1C ESD rating (greater than 1 kV
HBM).

RF Micro Devices,

Greensboro, NC (336) 664-1233,

www.rfimd.com.

RS No. 229
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NEW PRODUCTS

COMPONENTS

B MMIC SPDT Switch

Mimix Broadband Inc. introduced a gallium
arsenide (GaAs) monolithic microwave inte-
grated circuit (MMIC) single-pole double-
throw (SPDT) switch, the CSW0118-BD. Us-
ing 0.5 micron gate length GaAs pseudomor-
phic high electron mobility transistor
(pHEMT) device model technology, this
switch covers the 0.5 to 18 GHz frequency

bands, and achieves 1.8 dB insertion loss and
35 dB isolation. The device also has a P1dB of
20 dBm and 2 ns rise/fall time. The
CSWO0118-BD is intended for radar, commu-
nications, avionics and test/measurement ap-
plications. The backside is gold plated, mak-
ing the device compatible with either eutectic
or conductive epoxy die attach and either
thermocompression or thermosonic wire
bonding. The chip also has surface passivation
to protect and provide rugged parts with
backside via holes and gold metallization to
allow either a conductive epoxy or eutectic
solder die attach process.

Mimix Broadband Inc.,

Houston, TX (281) 988-4600,

www.mimixbroadband.com.

RS No. 232

%k will go fishing.

He might even sail.
But one thing’s for certain,
He’s done with e-mail.

After fourteen long years
Of going to shows,

And collecting the info
To turn specs into prose,

Of editing content

And checking the text,
He got out the issue
From one month to next.

Frank has achieved status
That few can aspire

And now he is leaving.

It’s time to retire.

He'll still follow a schedule,
Editors are so inclined.
But forget monthly deadlines,

He’s thinking Tee times

So we at the Journal
Along with the industry say

We wish you could stay.

Microwave Journal.

Journal

Frank
has left the
building..

v
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Best of luck and great knowing you \x_

~ To Frank Bashore, from a grateful industry, in LI ;
appreciation for your invaluable contributions to . "5.
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M Surface-mount GPS Module

The TiMax TI1125 is a small OEM surface-
mount GPS module that has been specifically
d651gned for use
in synchroniza-
tion and timing
applications. The
TI125 has an on-
board program-
mable NCO oscil-
H i lator that outputs
,. a synthesized fre-
quency up to 30
MHz that is steered by the GPS receiver. The
TiMax TI125 is an exceptionally small surface-
mount package (25 x 27 x 4 mm) with a highly
integrated architecture that requires the mini-
mum of external components allowing easy in-
tegration into host systems.
Connor-Winfield Corp.,
Aurora, IL (630) 851-4722,

LAt ] !!
———

www.conwin.com.

RS No. 230
M AIN Resistors

International Manufacturing Services Inc.
(IMS) announced the release of the APX-CS
series aluminum
nitride resistors.
These SMT de-
vices feature a
metal center
stripe on the
1 backplane to im-
. prove thermal
conductivity
through to the customer’s groundplane, thus
enhancing power capacity. The stripe is electri-
cally isolated from either of the wrapped
terminals. This design provides significant ad-
vantages to manufacturers of power supplies,
two-way radios, industrial instruments, com-
munications equipment and other systems that
require high power dissipation, coupled with
an environmentally safe solution. Enhanced
performance can now be achieved without sac-
rificing real estate or employing a potentially
hazardous substance.
International Manufacturing Services Inc.,
Portsmouth, RI (401) 683-9700,
www.ims-resistors.com.

RS No. 231

Digital SPDT Switch

MITEQ Inc. introduced its new Model SW2-
200305RD2NF reflective single-pole double-
throw switch cov-
ering the fre-
quency range
from 20 to 30.5
GHz with a mini-
mum of 30 dB
isolation  and
VSWR of 2:1
(max). The 1 BIT
input  control
word is TTL com-
patible and the time between the 50% point of
the input control pulse to the 10 to 90 percent
point of detected RF is within 30 ns. Rise/fall
time is < 20 ns (typical). The power handling
capability is 20 dBm. Available options include
an extended band version, as well as sub-band
versions.

MITEQ Inc.,

Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 234
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Gallium Nitride, 2 to 6 GHz
Amplifien Range

Easily extends
current 2 GHz capability

Minimum linear power levels of
30W, 50W and 100W available

Designed with 21st century
transistor technology

Ease of power upgrade
within‘the range

R\ RV QR RN QR RN§

Continuing amplifier innovation
From MILMEGA

Designed to bring the intrinsic benefits of Gallium Nitride transistor technology to the lab environment while
extending current lab capability with the minimum of fuss. The new range of innovative microwave amplifiers
from MILMEGA delivers exceptional reliability, embedded intelligence and portability in a 21st century
response to the challenge of microwave power provision.

With the flexibility and ease of use that you would expect from a MILMEGA product, the new 2 to 6 GHz

range further enhances our reputation for going the extra mile to deliver what customers want, with the
quality and reliability competitors aspire to.

Find out more at www.milmega.co.uk/AS0206

Designers and Manufacturers of High

Power Microwave and RF Amplifiers @ M"-MEGA

MILMEGA Limited Ryde Business Park, Nicholson Road, Ryde, lIsle of Wight, PO33 1BQ United Kingdom
Tel. +44 (0) 1983 618004 Fax. +44 (0) 1983 811521 sales@milmega.co.uk www.milmega.co.uk
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Variable Attenuators

Solid-state Variable Attenuators from 10Mhz to
19Ghz, Current Controlled, Linearized Voltage
Controlbed, or Linearized Digital Controlled,

Product Line:
#® Solid State Variable Attenuators
#® Solid State Switches
@ Directional Couplers
# Hybrid Couplers (90°180°)
® Power Dividers | Combiners
# DC-Blocks & Bias Tee's

Universal

morowave €3 [I1LL

Components Corporation
5702-D General Washington Drive
Alexandria, Virginia 22312
Tel: (T03) 642-6332, Fax: (T03) 642-2568
Email: umce @ umecel11.com

www.umcci11.com

Visit http://mwj.hotims.com/16340-145

Microwave
Componen

"3 A great variety of

* Power Amplifiers

* Low Noise Amplifiers
* Up Converters

* Down Converters
 Oscillators
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- BAND TV CONVEATER

B R T
RS

arleceroeric Gmhi
SEEPAALE LEHPERRA TS

rn ouT
T4 GMn w wos ST T Wiz

KUHNE electronic

MICROWAVE COMPONENTS

INNOVATIVE
MICROWAVE TECHNOLOGIES
FOR THE FUTURE

KUHNE electronic GmbH
Scheibenacker 3 - 95180 Berg
Tel.: +49 (0) 92 93-800 939
Please contact us for customer specific products!

www.kuhne-electronic.de
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NEW PRODUCTS

B Surface-mount Resistor

Vishay Intertechnology Inc. announced a new
surface-mount Power Metal Strip resistor that
offers improved resistance stability during op-
eration with a maximum resistance change of
0.5 percent through a 2000-hour workload.
The WSLS2512 devices feature specially se-
lected materials that allow for current sensing
in high-temperature (+125°C), tightened-sta-
bility applications that require precision cur-
rent monitoring of sensitive circuits, such as
automotive electronic controls including en-
gine, transmission and pollution controls. Man-
ufactured using proprietary techniques that re-
sult in extremely low resistance values of 0.01
to 0.1 Q, the WSLS2512 features all-welded
construction with a solid metal nickel-chrome
alloy resistive element. The resistor offers low
inductance values of 0.5 to 2.0 nH, a tight tol-
erance down to £0.5 percent and low TCR val-
ues down to 30 ppm/°C.

Vishay Intertechnology Inc.,

Malvern, PA, www.vishay.com.
RS No. 236

SUBSYSTEMS

B Desktop Electroplating System

"1\--"" s

LPKF Laser & Electronics introduces the
MiniContac RS, reverse pulse plating system,
specially developed for the professional pro-
duction of prototype and small batch produc-
tion PCBs. This cost-effective system is com-
pletely enclosed in a compact table top size,
ideal for any rapid PCB prototyping situation,
especially small runs and tight work locations,
such as a research environment. The MiniCon-
tac RS has the ability to plate holes as small as
8 mil (0.2 mm) vias in 62 mil thick standard
PCBs smoothly; thin or fragile materials can
easily be placed in a support framework before
processing. The MiniContac RS handles circuit

boards as large as 9 X 13 in. (230 mm X 330
mm) and is completely closed with no external
connection needed.

LPKF Laser & Electronics,

Wilsonville, OR (503) 454-4212,

www.lpkfusa.com.
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B 4.9 GHz Sector Antennas

Radio Waves Inc. has announced a family of
new 4.9 GHz sector antennas that are opti-
mized for the 4.9 to 5.0 GHz band. These an-
tennas, the SEC-49 series, are available in both
60 and 90 degrees and are available as vertical-
ly or horizontally polarized sectors. These new
antennas cover a number of services in the
public safety band. This new band will aid
communications among public safety agencies
by making communications easy for emergency
workers in different jurisdictions.

Radio Waves,

N. Billerica, MA (978) 459-8800,
www.radiowavesinc.com.
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B Remote Optical Network Units

Andrew Corp. has introduced two new remote
units for cost-effective radio-over-fiber applica-
tions that ensure coverage and capacity in de-
manding wireless environments. The new
ION-B High-power Single-band UMTS re-
mote unit and ION-B Medium-power Triple
Band EGSM/GSM1800/UMTS remote unit of-
fer higher power options for extending in-
building radio coverage and enhancing perfor-
mance in multi-carrier and multi-band applica-
tions. Andrew’s Intelligent Optical Network
(ION) series optical distribution system carries
radio signals loss-free over fiber optics at all
power levels at distances ranging from 100 me-
ters to 20 kilometers.
Andrew Corp.,
Westchester, IL (708) 236-6600,
www.andrew.com.
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B High-speed Fabric Interface

Emerson Network Power’s new Embedded
Computing business, formerly Artesyn Com-
munication Products, announced a new high-
speed switched fabric interface for its
KAT4000 AdvancedTCA (ATCA) telecom
blade. The enhanced interface provides dual
10-Gigabit Ethernet channels for accessing the
ATCA high-speed fabric. The KAT4000 is a
configurable, PICMG 3.1 (Option 9) ATCA
blade that can accommodate up to four Ad-
vancedMC modules. To maximize system
throughput and flexibility, the KAT4000 pro-
vides separate control/management and data
planes, each with its own independent switch-
ing capability and ATCA fabric connection.
The control/management plane, available with
an optional Freescale 8548 management
processor complex, utilizes separate Gigabit
Ethernet and PCI Express switches to connect
each AdvancedMC site to the ATCA Base Fab-
ric. The KAT4000’s data plane utilizes Gigabit
Ethernet (one channel per site) to connect
each AdvancedMC site to an on-board switch,
and dual 10-Gbit/sec Ethernet channels to link
the switch with ATCA’s 10-Gbits/sec high-
speed fabric.

Emerson Network Power,

Embedded Computing,

Madison, MI (608) 831-5500,
www.artesyncp.com.
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" Our complete line of switch
. products include:

PIN Diode and GaAs FET Design
“Unlimited” Number of Throws
Frequency capability up to 40Ghz
Switching Speed under 10 nSec available
Up to 120db isolation

/-I/ h power models available
0 150W CW and beyond

PACKAGING
Connectorized ° Drop-in
Surface mount

ALSO AVAILABLE:
Custom Switches, Switch Matrices and Switch Filters

@ Advanced Confrol Components

Inc.

611 Industrial Way West, Eatontown, NJ 07724 - Tel 732 460-0212 - Fax 732 460-0214
www.advanced-control.com
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High Performance & Custom
Amplifiers and Converters
HF to 30 GHz

mHigh Performance Amplifiers

*LNAs

* SSPAs

* High Dynamic Range
mFrequency Converters
nGovernment & Commercial

mSpecialists in MIL SATCOM apps

Frequency Bands
L S C X Ku K Custom

LNAsv v v v v Vv v

SSPAsv v Vv Vv Vv V v

LNBs 4 (4

BUCs 4 v
v = New

176 Technology Dr., Suite 200
Boalsburg, PA 16827
Tel: 814.466.6275 Fax: 814.466.1104

www.LocusMicrowave.com
email:_info@LocusMicrowave.com
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NEW PRODUCTS

B W-band Multiplier

The Spacek Labs Model A3X2X91F W-band
multiplier assembly is available space qualified.
The A3X2X91F consists of a X2 frequency
multiplier feeding a power amplifier followed
by a X3 frequency multiplier. A combination
high pass/low pass waveguide filter provides
suppression of unwanted harmonics for this
W-band multiplier. This LO source multiplier
drove the Spacek Labs manufactured mixers
for the transmitter and receiver front-end of
the CloudSat Program Cloud Profiling Radar.
Launched on April 28, 2006, and now orbiting
at an altitude of 438 miles, CloudSat has been
providing unprecedented, vertically cross-sec-
tioned images of major weather systems.
Spacek Labs Inc.,

Santa Barbara, CA (805) 564-4404,
www.spaceklabs.com.

It's this simple ... call
Microtool, inc.

Precision Machining:

« Aluminum - Plastic
- Brass - Rexolite
- Gopper - Stainless Steels

Plating available in:
Chromate - Gold - Nickel - Silver

313-432-1588

www.microtoolinc.com
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M Simulation and Design Software

Ansoft Corp. has released new versions of
Nexxim{ the company’s high-capacity circuit sim-
ulation software, and Ansoft Designer? its inte-
grated schematic and design management soft-
ware. The products include new statistical analy-
sis and transient simulation capabilities that allow
engineers to rapidly simulate high-speed serial
channel behavior. Nexxim v4 features VerifEye? a
new methodology for eye analysis of serial links
using statistical methods that maintain accuracy
while offering major reductions in run time com-
pared to conventional transient methods. These
products combine to allow engineers to accurate-
ly predict signal integrity effects and EMI/EMC
performance of advanced electronic systems, in-
cluding gigabit communication channels, multi-
function high-speed wireless systems and sophis-
ticated microwave systems.

Ansoft Corp.,

Pittsburgh, PA (412) 261-3200,

www.ansott.com.
RS No. 243

M Digital-pulse Compression
Subsystem

Temex announced the launch of a new digital
pulse compression subsystem (DPCSS) with
chirp generator (transmitter) and compressor
(receiver) modules at intermediate frequency
(IF): the CI BM7xx. This DPCSS with analog
I/Os enables upgrades of SAW-based radars by
increasing overall system performance. The CI
BMT7xx comes from Temex’s 30 years of experi-
ence in the design and manufacturing of high-
performance signal processors. Combining the
latest generation field-programmable gate ar-
rays (FPGAs) for signal processing and the
analog input and output for the IF of the SAW,
this signal processor is an excellent replace-
ment solution for currently operating SAW-
based radars. Temex’s digital solution lowers
power consumption in comparison to oven de-
vices. This pulse compression sub-system is
self-consistent and needs only a DC supply
voltage for operation. All the pulse compres-
sion parameters such as center frequency,
bandwidth, time dispersion, modulation law
and weighting function are programmable.
Temex,
Sophia-Antipolis Cedex, France,
+33 (0)4 97 23 32 53, www.temex.com.
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TEST EQUIPMENT

N Lightweight Signal Generator

AR RF/Microwave Instrumentation has intro-
duced a lightweight 2U, 3.5 in. high signal gen-
erator with a bandwidth of 9 kHz to 1.2 GHz
and an RF output range from —140 to +13
dBm. The Model SG1200 provides very low
carrier frequency with excellent resolution and
low harmonics. The SG1200 is suited for RF
immunity testing for both conducted and radi-
ated immunity systems covering the require-
ments for MIL-STD-461D/E, DO-160D/E,
TEC 61000-4-3, IEC 61000-4-6 and many oth-
er EMC test standards. The SG1200 signal
generator features both internal and external
AM, FM, phase and external pulse modula-
tions, and provides the capability of combining
internal and external modulations. The
SG1200 is a rugged design providing electronic
trip protection to protect the generator’s out-
put against reverse power up to 50 W.

AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181,
www.ar-worldwide.com.
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For CPerformance
Qua[zty and Service... " there is simy[y no one better

AMWIHT

|9 | -l.'-. = .al -
—— 'sz mpﬁ[y Youre olenbiola

OUR ADVANTAGES ' > r- OUR CUSTOMERS

3 Year Standard Warranty - : Agilent

Government Secret
Clearance

Most Efficient
Production Techniques

Quotes Provided
within 24 Hours

Production & Testing
Done on Premises

Excellent
Customer Service

Outstanding
Performance Marconi Selenia
(Shown here are Amplitech’s Cryogenic Amplifiers)

* Noise Figures as low as * GaAs FET Technology * High MTBF Design
0.07dB (<5°K) * Wideband Coverage (0.1-20Ghz) e Ultra-Low Current Consumption
e +3to +8 VDC Options * Operating at temperatures below 7K

COMMERCIAL - MILITARY - SPACE
AMPLIFIERS

Visit http://mwj.hotims.com/16340- RS# 13 at www.mwjournal.com/info

Tel: (631) 521-7831 e Fax: (631) 521-7871
E-Mail: sales@amplitechinc.com
1373 Lincoln Avenue ° HoIbrook NY 11741 www.amplitechinc.com
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W NOISE MAPLIFIEHS

ULTRA LOW PHASE NOISE VCO

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

Model MD10SMST

902-928 MHz
Vee: 5V
Vt:0.5t04.5V
Current: 16 ma
Power: +4 dBm
2nd Harmonics: —45 dBe

Pushing: 0.4 MHz/V

Pulling: 0.6 MHz with a 12 dB return loss
Phase Noise: =117 dBc @10 KHz

Modco, Inc.
Sparks, NV (775) 331-2442

www.modcoinc.com
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Advanced 694 Fortune Cr
m Switch Kingston, On

Technology K7P 273
Tel:613 384 3939 Fax:613 384 5026 Canada

E-mail: info@astswitch.com

ther Ca{:” can be removed

anually without the use of tools

- Excellent in arctic and desert
conditions

- Drive head still air tight with cap
removed

For all your microwave switching needs

www. astswitch.com
Pleaze request our free catalog
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PUSH-ON
SMA &N
Adapters

. K Adapters

Custom
Connectors

&< V&5, Test Cable
Since 1993  Assemblies

NEW PRODUCTS

B Ruggedized Synthesizers

Elcom Technologies Inc. has released its new
RS Series family of ruggedized synthesizers.
The single-loop PLL synthesizers employ El-
com’s proprietary design architecture to pro-
vide low phase noise and fast switching speed,
< 50 microseconds, in a compact ruggedized
configuration. These synthesizers maintain
specified performance under conditions of vi-
bration exceeding 6 G-RMS. Operating base
plate temperature range is —55° to +85°C. The
PLL synthesizer module includes GaAs ICs as-
sembled with chip-and-wire construction. For
high reliability, the module is hermetically
sealed with laser welded RF and DC connec-
tors, and with laser welded top and bottom
covers. The RS Series PLL synthesizers are in-
tended for low observability in spread-spec-
trum military airborne and ground-based com-
munications systems. They have application in
many types of radar and ECM systems and in
other types of communications systems.

Elcom Technologies Inc.,

Rockleigh, NJ (201) 767-8030,
www.elcom-tech.com.
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M Broadband Vector Network
Analyzer

Anritsu Corp. has enhanced its Lightning
Broadband ME7808C vector network analyzer
(VNA) so that it provides higher output power
to drive active and passive components at opti-
mum measurement levels, and improved cali-
bration stability so that the broadband VNA
can satisfy the most demanding measurement
needs. Among the design enhancements made
to the ME7808C are relocating the couplers
inside the multiplex combiners, improved
Kelvin design bias tees, better RF and LO sta-
bility, and greater short-term and long-term
calibration and measurement stability. The
ME7808C has also been designed with im-
proved phase stable cables for better calibra-
tion and measurement stability. The ME7808C
delivers significantly improved performance
due to the enhancements. It can provide up to
—13 dBm of power across the entire 40 MHz to
110 GHz frequency range.

Anritsu Co.,

Morgan Hill, CA (408) 778-2000,

www.anritsu.com.
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The International Microwave Symposium is the head-
line conference of the IEEE Microwave Theory and
) Techniques Society (MTT-S). This
Jﬂmﬂﬁﬂfl 7~ will be the largest technical Confer-
IAA C ence to be held in Atlanta in the next
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ two years and will feature a large
trade show as well as a wide variety
of technical papers and workshops. The IEEE MTT-S
International Microwave Symposium 2008 (IMS2008)
will be held in Atlanta, GA, Sunday, June 15 through
Friday, June 20, 2008, as the premiere event of Mi-
crowave Week 2008.

Microwave Week 2008: The IMS 2008 techni-
cal sessions will run from Tuesday through Thursday of
Microwave Week. Workshops will be held on Sunday,
Monday and Friday. In addition to IMS2008, a mi-
crowave exhibition, a historical exhibit and the RFIC

Symposium (www.rfic2008.org) will also be held in At-
lanta during Microwave Week 2008.
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1 Creating ideas, spreading knowledge and making the right connections are what
' ITU TELECOM ITU TeLecom ArricA 2008 is all about. It's the crucial ICT networking platform for the
AFRICA 2008 R . .

Cairo African region. Join leaders of industry, governments, regulators, innovators and
12-15 May visionaries to explore, discuss and shape the future of Africa’s ICT sector. Organized by

the International Telecommunication Union (ITU). Visit www.itu.int/africa2008

Visit http://mwj.hotims.com/16340-68 or use RS# 68 at www.mwjournal.com/info

Helping the world communicate TELEC@M


http://www.itu.int/africa2008
http://mwj.hotims.com/16340-68
http://www.mwjournal.com/info

] Microwave Journal teams with

B rl n g th e B e sse r Besser Associates, the leader in
RF/microwave training, in this

series of online courses in RF/

Educational Experience microwave principles for working

professionals. Each hour-long

to your Desktop. !nstallment is presented by an

instructor from Besser Associates
The 2008 and includes a Q&A session.

Free Webinar Series Feedback from our

1 attendees and sponsors

“Excellent overview on the design/layout
of the Smith Chart and its application for
RLC series/parallel lumped element
characterization and impedance matching.”

Michael Zimmerman
Sr. RF Test Engineer
RFMD

“As a branding and lead-generation tool,
sponsorship of the MWJ/Besser webinar
allowed us to introduce our products to an
engaged audience of RF/microwave engineers
and managers all within the context of an
educational forum. We were extremely
pleased with the effectiveness of this program.”

Sherry Hess,
VP of Marketing, AWR

Upcoming Webinars

April 15th
Antennas - Ultrawideband

May 20th
Components and Circuit Design —
Power Amplifiers

June 24th

Systems — Modern Modulation Fundamentals
Register To-day at . July 15th
www.mwjournal.com/rftraining Systems/Components - DSP: Quadrature Signals

J Mlcr‘wavel Sponsorship opportunities available.

ou rna Contact webinars@mwjournal.com for details. T ok Laader n SF & W
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IEEE MICROWAVE THEORY AND TECHNIQUES SOCIETY

INTERNATIONAL MICROWAVE SYMPOSIUM
ATLANTA, GA * JUNE 15-20, 2008

/\

(CROWAVES ON My gy

ATLANTA

IMS

Mark Your Calendar Now

TO ATTEND THE

2008 IEEE MTT-S INTERNATIONAL
MICROWAVE SYMPOSIUM & EXHIBITION
June 15-20, 2008 ¢ Georgia World Congress Center

Featuring Technical Sessions and Workshops for Wireless, Commercial and Military Applications
o Field Analysis and Guided Waves e Frequency Conversion and Control
e Frequency Domain Techniques o HE/VHF/UHF Technologies and Applications
e Time Domain Techniques o Power Amplifier Devices and Integrated Circuils
e CAD Algorithms and Techniques o High Power Amplifiers
o Linear Device Modeling e Low Noise Components and Receivers
e Nonlinear Device Modeling o Millimeterwave and Terahertz Components and Technologies
e Nonlinear Circuit Analysis and System Simulation o Microwave Photonics
o Tramsmission Line Elements e Digital Circuits and Systems at GHz Speeds
e Passive Circuil Elements e Packaging, Interconnects, MCMs and Hybrid Manufacturing
e Planar Passive Filters and Multiplexers o [nstrumentation and Measurement Techniques
o Non-Planar Passive Filters and Multiplexers e Biological Effects and Medical Applications
e Active and Integrated Filters o Smart Antennas, Spatial Power Combining and Phased Arrays
e Ferroelectric, Ferrite and Acoustic Wave Components ® Radars and Broadband Communication Systems
o MEMS Components and Technologies o Wireless and Cellular Communication Systems
o Semiconductor Devices and Monolithic IC Technologies © Sensors and Sensor Systems
e Signal Generation

In addition to the outstanding Symposium, visit the World’s Largest Microwave Exhibition, featuring more than 400 industry
imnovators displaying their newest wireless and commercial products and services. Once again this year, industry
representatives will be presenting application and marketing seminars that will be open to all attendees.

For information on attending the 2008 IEEE MTT-S International Microwave Symposium, please visit the official
show Website: www.ims2008.org. For information on the exhibition, please contact the Exhibition Manager at:

Microwave Journal Telephone: 781-769-9750
685 Canton St. Faxs 781-769-5037
Norwood, MA 02062 Email: mwj@mwjournal.com

Conference Programs will be mailed in March

Access MTT-S On-Line at Microwave Journal® via hitp//www.mwjournal.com.



http://www.ims2008.org
mailto:mwj@mwjournal.com
http://www.mwjournal.com

Dare to Compare!

QUIET!

and PRECISE

OCXO, PLXO
Phase Locked & FR DROs
New Products! Details on website

N G
$0 c"\‘(\“

W

OL

TYPICAL PHASE NOISE OF NEXYN PLDRO

-50

50 e aGHz ||

70 —=9GHz ||
g 80 —+—12GHz [
g 16GHz [
S -1 26GHz [
E-‘W == —x—26GHz
£ 120 \
4 ——————

130 '\-\

-140 ’_\\

-150

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

Phase Noise at 14 GHz
100 Hz - 88 dBc/Hz
1 KHz -109 dBc/Hz
10 KHz -119 dBc/Hz
100 KHz -120 dBc/Hz
1 MHz -135 dBc/Hz
Reliable and Rugged Design
Extremely Low Microphonics
5-500 MHz External Reference
Frequency: 3 to 30 GHz
Power output: +15 dBm
Spurious: < -80 dBc
-55 to +85 C (temp range)
Int. Ref. Stability to +/- 0.05 ppm
Now offering PLO .3 to 3 GHz
Low Noise crystal reference
o Dual Loop Output Frequency
to nearest KHz w/ Ext. 10 MHz Ref

Nexyn Corporation
1089 Memorex Dr.
Santa Clara, CA 95050

Tel: (408) 982-9339
Fax: (408) 982-9275
Visit our website at www.nexyn.com

Excellent Technical Support
Guaranteed Performance and

Competitive Pricing
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N icrowWAVE METRICS

DSP VENDOR MARKET SHARES

Total DSP chip shipments in 2007 were down by some 6.7% to the $7.8 B
level. Actually, unit shipments were up 6.4%, but the ASP decline was 12%, drag-
ging down the revenue figure.

Freescale

e Agere

(R.LP.)

7% Analog Devices
3%

Texas Instruments
65%

|
Source: Forward Concepts, 1575 W. University Drive, Suite 111, Tempe, AZ 85281-3283

(www. fwdconceefs.com)

RF MEMS SwitcH MARKET FORECAST

WTC (Wicht Technologie Consulting) says RF MEMS devices will quickly grow
to $210 M in 2011. More than $100 M of this market is destined for test and in-
strumentation, e.g. automated test equipment used in the semiconductor indus-
try, followed by devices used in mobile phones and telecom infrastructure. At
the module level, reconfigurable power amplifiers and antenna modules for cell
phones should exceed $150 M in 2011.

250 -
. Aerospace and Defence
. Test and Instrumentation

. Mobile Phones and
Telecom Infrastructure
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Source: Wicht Technologie C lting, Fi platz 5, D-8033 1 Munich, Germany

(www. wtc-consult.de)
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THE Book END

RF and Microwave Transistor Oscillator Design

Andrei Grebennikov

RF and Microwave ISBN: 978-0-470-02535-2

Oscillator Design

' The main objective of this book is to pre-

sent all relevant information necessary for
RF and microwave transistor oscillator de-
sign, including well-known and new theoreti-
cal approaches and practical circuit schemat-
ics and designs. Chapter 1 presents the most
commonly used design techniques for analyz-
ing nonlinear circuits, in particular transistor
oscillators. Chapter 2 introduces the princi-
ples of oscillator design, including start-up
and steady-state operation conditions, basic
oscillator configurations using lumped and
transmission-line elements, and simplified
equation-based analysis and design tech-
niques. Several examples of stability criteria
for different single-resonant and double-reso-
nant oscillator circuits are described and ana-
lyzed in Chapter 3. Chapter 4 presents both
the empirical and analytical optimum design
approaches applied to series and parallel
feedback oscillators, including circuit design
and simulation aspects and high efficiency.

To order this book, contact:
John Wiley & Sons Ltd.
The Atrium, Southern Gate
Chichester, West Sussex,
England PO19 85Q, UK
+44 1243 779777

456 pages; $150 * John Wiley & Sons Ltd.

Chapter 5 describes different oscillator noise
models to express a clear relationship be-
tween the resonant circuit and active device
noise model parameters. Chapter 6 discusses
varactor modeling issues, varactor nonlineari-
ty and its effect to frequency modulation, and
resonant circuit techniques to improve VCO
tuning linearity using lumped and transmis-
sion-line elements. Chapter 7 discusses the
technological aspects to realize MOS varac-
tors and spiral inductors, basic concepts of
circuit design and implementation issues.
Chapter 8 discusses the basic concepts of
wideband VCO design and gives specific cir-
cuit solutions using lumped elements and
transmission lines to improve their frequency
tuning characteristics. Chapter 9 discusses
phase noise reduction techniques and gives
specific resonant circuit solution using
lumped and distributed parameters for fre-
quency stabilization and phase noise reduc-
tion.

Advanced Phase-Lock Techniques

James A. Crawford

ISBN: 978-1-59693-140-4

Phase-lock techniques in time and fre-
quency control systems have expanded
substantially since the author’s first book
Frequency Synthesizer Design Handbook,
! (Artech House) that was published in 1994.
| This text builds on the foundational materi-
al that was provided in the original text,
with expanded attention given to a range of
topics that are germane to phase-lock sys-
tems. Chapter 1 offers a broad-brush per-
spective of the phase-lock technique. A
number of helpful formulas have been col-
lected in Chapter 2 for easy and quick ref-
erence. Chapter 3 is motivated by the
rather obvious need to always know what
685 Canton St. the theoretical limits are concerning a giv-
Norwood, MA 02062 en design problem. In general, design
(781) 769-9750 ext. 4030; or problems that demand performance close
46 Gillingham St. to theoretical limits will require greater de-
London SW1V 1HH, UK sign precision, power consumption and/or
+44 (0) 207-8750 development effort. Chapter 4 describes
many different noise sources and their

To order this book, contact:
Artech House

198

528 pages; $129, £72 - Artech House

analysis techniques. The role that noise
plays at the system level is considered in
Chapter 5. Chapter 6 provides a discussion
about classical continuous-time PLLs used
for frequency synthesis, quickly moving
into a presentation of pseudo-continuous
systems that are more representative of
modern systems. Chapter 7 is an expanded
discussion of sampled-PLLs that should be
firmly connecting the concepts between
continuous-time and sampled-time PLLs in
a rigorous manner. With the proliferation
of the fractional-N frequency synthesis
method and A-Z methods in general, Chap-
ter 8 opens with a historical development
time-line for fractional-N followed by frac-
tional-N frequency synthesis. Chapter 9 is
devoted to a fairly extensive discussion
about oscillators. Chapter 10 stems from a
number of development projects pertaining
to precision clock and data recovery (CDR)
systems, also called bit synchronization.
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Wiz also appreciate the unigues
skills and personality that make
@ good RF engineer.

We understa e spectnim of
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for microwave and

carmmunication ENGINesrs.
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succassful placements.
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firms and BF engineesrs with

the service of industry-specific
information and functicnality via
15 web portal serving 10 make
succassful placement and
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an RF Engineering position?
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www.ElectroMagneticCareers.com
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product, we are eagerly

hing for Experienced Filter

esign Engineers.

The ideal candidates

must have the following

| qualifications:

8 Minimum 5 years of direct
filter design experience.

® BSEE (experience may be
substituted in lieu of degree).

® Strong design experience
with TE,, (dielectric) filters
and mulitiplexers.

m Strong design experience
with TEM filters and
multiplexers.

= Must have strong mechanical
design aptitude.

® Must have a strong working
knowledge of filter design
software.

= Familiarity with
milling centers
and lathes for light
prototype work.

= Waveguide design

experience is a plus
but not required.

= | umped Element

design experience

is a plus but not
required.

CMT is an equal opportunity

employer with 401(k), paid

health plan, paid sick and

vacation, flex spending
accounts.

| To be considered, please email
your resume with desired

| salary to HR@CMTfilters.com.
Please, do not apply if you

| do not meet the minimum
requirements listed!

| No phone calls please.

Direct applicants only.
CMT will not consider candidates

-~ from fee based recruiters or
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For The Best In Product, Price, Service And
11335 Sunrise Gold Circle, Suite B, Rancho;
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The Seven Good Years
and What's After

The boost in electromagnetic-related ap-
plications is shared across a number of in-
dustries, resulting in a growing demand for
RF engineers. A shortage of RF engineers
has been reported for growing industry sec-
tors in both consumer and defense markets.
RF engineering has been a fast growing seg-
ment since 2005. Stability and wages for RF
engineers have improved in recent years
and are projected to continue until 2012.
The demand exhibits a distinct preference
towards experience and hands-on RF design
skills. This implies heavy RF/microwave
R&D across the board. During these seven
(good) years, companies and engineers are
engaged laying foundations for future mi-
crowave technologies and infrastructures in
various geographies and markets.

The diverse range of industries now shar-
ing this RF trend simultaneously indicates
the stability of this process. Apparently the
world is “going wireless” this time (unlike the
early 2000s) and with an even broader scope
of applications. These seven years will reflect
that. The projected duration of the growth
and intense R&D activity allows (and maybe
calls for) long-term planning. Awareness to
the process will challenge forward-looking
employers to develop resourceful plans to
meet their long-term staffing needs. Career-
minded RF engineers will make wise career
decisions including the relation between ar-
eas of expertise, technologies and markets in
their considerations.

This is also a call to the academy and ed-
ucation institutions to realize the potential
as well as the urgency of the situation. Using
the term URGENT as the adjective is not
an understatement and is not related to cor-
porations’ need to compete and sustain mar-
ket shares. It is about the jobs of the future.
Beyond meeting technology goals, the
course of the seven good years will result in
a new order of technology superpowers.
Corporations may be multinational. The
employees are always local somewhere. Cor-
porations establish R&D centers where the
talent is, and RF engineering is becoming
key technology for numerous future uses.

A society that will develop more and bet-
ter engineers will provide its industry with a
better selection of creative talent and will
ensure its future technological leadership
and the jobs that go along with it. Note: Al-
though technology can be sold or trans-

ferred, the creative resources behind it are

not transferable (by the time the technology
is sold they are already enﬂage(l inventing
the next generation). This is the ultimate
product of education.

A consortium of electrical engineering
faculties, industry leaders and related engi-
neering associations would make a fine start.

Microwave Journal and ElectroMagneticCa-

reers.com encourage further discussion of

this topic and will provide the stage for it.
Readers’ feedback is welcome.
Isaac Mendelson
ElectroMagneticCareers.com
Isaac@ElectroMagneticCareers.com
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EUROPEAN

MICROWAVE
WEEK

Amsterdam
27-31 October 2008
www.eumweek.com

Europe’s,Premier RE Vlicrowave,
Radar and Wireless Event

European Microwave Week is the largest event dedicated to RF,
Microwave, Radar and Wireless Technologies in Europe.
Capitalising on the success of the previous shows, the event
promises growth in the number of visitors and delegates.

EuMW2008 wiill provide:
* 7,000 sqm of gross exhibition space ¢
* 5,000 key visitors from around the globe
* 1,700 - 2,000 conference delegates *
* In excess of 250 exhibitors
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European Microwave 'Week will provide an’invaltable'platform for
the presentation of the latest technelogical developments andsa
forum for discussion on industry, scientifiq and technical trends.

Interested in exhibiting? Book online NOW!

www.eumweek.com

For further information please contact:

Richard Vaughan Kristen Anderson
Horizon House Publications Ltd. Horizon House Publications Inc.

46 Gillingham Street 685 Canton Street
London, SW1V 1HH, UK Norwood, MA 02062, USA
E:rvaughan@horizonhouse.co.uk E:kanderson@mwjournal.com
Tel: +44 20 7596 8742 Tel: +1 781 769 9750
Fax: +44 20 7596 8749 Fax: +1 781 769 5037

horizonhouse

Co-sponsored by: Endorsed by: Organised by:
@lEEE 38;3ROPEAN CONFERENCE AOMOQ
° MICROWAVE
® The 38th European Microwave Conference

 [ELECTRON European Microwave ///’/_\\\\ ®
';\ssociation @) EuWiT E@D Py .. .. EUMIC

Supported by:
upported by: e .. LA 2008
Official Publication: 2008 ... o
P 2) .
Mlcrgﬂwavel The 1st European Wireless The 5th European The 3rd European Microwave
Journa Technology Conference Radar Conference Integrated Circuits Conference
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Constant Impedance

VA

10 to 3000 MHz

$095
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Voltage Variable Attenuators (VVAs)
deliver as high as 40 dB attenuation control over the
10 MHz through 3.0 GHz range. Offered in both 50
and 75 Q models these surface-mount and coaxial
low-cost VVAs require no external components
and maintain a good impedance match over the
entire frequency and attenuation range, typically
20 dB return loss at input and output ports.
These high performance units offer insertion
loss as low as 1.5 dB, typical IP3 performance as high
as +56 dBm, and minimal phase variation low as 7°.

Mini-Circuits’

[JMini-Circuits
1SO 9001 ISO 14001 CERTIFIED

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

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

IF/RF MICROWAVE COMPONENTS

0 RoHs compliant

Mini-Circuits VVAs are enclosed in shielded
surface-mount cases as small as 0.3" x 0.3" x 0.1".
Coaxial models are available with unibody case
with SMA connectors. Applications include automatic-
level-control (ALC) circuits, gain and power level
control, and leveling in feedforward amplifiers. Visit
the Mini-Circuits website at_ www.minicircuits.com
for comprehensive performance data, circuit
layouts, environmental specifications and
real-time price and availability.
Mini-Circuits...we’re redefining what VALUE is all about!

pLNeW

Visit http://mwj.hotims.com/16340-92 or use RS# 92 at www.mwjournal.com/info

minicircuits.cgm/

449 rev org


http://www.minicircuits.com
http://www.minicircuits.com
http://mwj.hotims.com/16340-92
http://www.mwjournal.com/info
http://minicircuits.com

ADVERTISING INDEX

204

RS No.

56
57,68

73

74

75

76
T7,78,79,
80,81,82,
83,84,85,
86,87,88,

§9,90,91,92

93,94,95
96
97
98
99

100

101

102

103

104
105,106,107

108

109,110
111
112
113
114
115
116
117,118,119
44

120
121
122,123,124,
125,126
127
128
129
130

ADVERTISER PAGe No. PHONE
ITT Microwave Systems .............. 51 AP 975-441-0200
ITU-Shows ...................... A81193......... +41 22 730 6161
K&L Microwave, Inc. .. ............... T 410-749-2424
KR Electronics, Inc. ................. 92 732-636-1900
KUHNE electronic GmbH ........... A88 +49 (0) 92-93-800 939
Litron, Inc. ... A59 866-LITRON-1
Locus Microwave, Inc. ............... 90 8§14-466-6275
Lorch Microwave . ................... Sl 800-780-2169
M/A-COM, Inc. ..., Al 800-366-2266
Marki Microwave, Inc. ............... A39 . 408-778-4200
Maury Microwave Corporation ......... O 909-987-4715
MECA Electronics, Inc. .............. 82 973-625-0661
Micronetics ... i I 603-579-0900
Microsemi ............. ... ... B8 408-986-8031
Microtool, Inc. ... J90. 913-492-1588
Microwave Filter Company, Inc. ... . ... 96 . 800-448-1666
Microwave Journal ............ 146162176178,
........................... 186194205 ... ... ..800-225-9977
Microwave Solutions, Inc. ............ 10 619-474-7500
Mid-Atlantic RF Systems, Inc. ......... Al oo 410-893-2430
Milmega Limited ................... AST +44 (0) 1983 618004
Mimix Broadband, Inc. .............. COV3 .......... 281-988-4600
Mini-Circuits .................... 451837,
............................ 555667,
.......................... 8595108109
........................... 129137 147,
............................ 168.169.183203 ... .. .718-934-4500
MITEQINC. ..o 103153199 ........ 631-436-7400
Modco, In¢. ..o oovvo A92. 775-331-2442
Modelithics, Inc. .................... 98 888-359-6359
Morion, Inc. ... [ S +7812 350 75 72
Narda Microwave-East,
an .3 Communications Co. ......... S 631-231-1700
Networks International Corporation .....86 ............ 913-685-3400
Nexyn Corporation .................. Jd96. 408-982-9339
Noisecom ..., 21 973-386-9696
OMLInc. .......ooooiiiiiiiiiiian. d49. 408-779-2698
Picosecond Pulse Labs Inc. ........... A30. 303-209-8100
Planar Monolithic Industries, Inc. .. ..83132.142......... 301-631-1579
Prewell Corporation ................. A2 82-31-420-8362
QuinStar Technology, Inc. ............ d67. 310-320-1111
Radiall ........................... J7185 ... 33-1-49-353535
Reactel, Incorporated ................ B2 301-519-3660
REMEC Defense & Space ............ S0 §58-560-1301
RF & Hyper Europe 2008 ............ A80 o 33 (0)149 68 51 00
RF Micro Devices ................... A5 336-678-5570
RFTEC Mfg,Inc. .................. A9 770-487-2187
RFcore Co., Ltd. ...t J200 8231 708 7574
RFHIC ... 67880 ......... 82-31-250-5011
RFMD (UK) Ltd. (formerly Filtronic
Compound Semiconductors, Ltd.) .. A5l +44 (0) 1325 301111
RLC Electronics, Inc. ................ 25 914-241-1334
Rogers Corporation ................. d05. 480-961-1382
Rohde & Schwarz GmbH ... ...... 113,115,117,
.............................. 119,121 ....... .+49-1805-124242
Rosenberger ....................... 01 +49-8684-18-0
Satellink, Inc. ...................... 192 972-487-1434
Sector Microwave Industries, Inc. .. .. .. A2 631-242-2300
Sivers IMAAB ............... ... ... A4 46 (0) 8 703 68 04

Fax

+41 22 730 6444
443-260-2268
732-636-1982

§14-466-1104
410-860-1949
978-442-5350
408-778-4300
909-987-1112
973-625-9277
603-579-0776

913-492-1591
315-463-1467

781-769-5037
619-474-4600
410-638-5193
+44 (0) 1983 811521
281-988-4615

718-332-4661
631-436-7430
775-331-6266
§13-558-1102
+7 812350 72 90

631-231-1711
913-685-3732
408-982-9275
973-386-9191
408-778-0491
303-447-2236
301-662-2029
82-31-420-8369
310-320-9968
33-1-48-546363
301-519-2447

33(0)1 533095 31
336-931-7454
770-486-9499
§2 31 708 7596

§2-31-250-5088

+44 (0) 1325 306177
914-241-1753
480-961-4533

+49-89-412913777
+49-8684-18-499
972-487-1204
631-242-8158
46-8-7519271

WEB ADDRESS

http://mwj.hotims.com/16340-56
http://mwj.hotims.com/16340-57
http://mwj.hotims.com/16340-58
http://mwj.hotims.com/16340-59
http://mwj.hotims.com/16340-60
http://mwj.hotims.com/16340-61
http://mwj.hotims.com/16340-62
http://mwj.hotims.com/16340-63
http://mwj.hotims.com/16340-64
http://mwj.hotims.com/16340-65
http://mwj.hotims.com/16340-66
http://mwj.hotims.com/16340-67
http://mwj.hotims.com/16340-69
http://mwj.hotims.com/16340-70
http://mwj.hotims.com/16340-71
http://mwj.hotims.com/16340-72

www.mwjournal.com
http://mwj.hotims.com/16340-73

http://mwj.hotims.com/16340-74
http://mwj.hotims.com/16340-75
http://mwj.hotims.com/16340-76

http:/mwj.hotims.com/16340-77
http:/mwj.hotims.com/16340-93
http:/mwj.hotims.com/16340-96
http:/mwj.hotims.com/16340-97
http:/mwj.hotims.com/16340-98

http://mwj.hotims.com/16340-99
http:/mwj.hotims.com/16340-100

http://mwi.hotims.com/16340-101

http://mwi.hotims.com/16340-102

http://mwj.hotims.com/16340-103

http://mwi.hotims.com/16340-104

http://mwj.hotims.com/16340-105

http://mwi.hotims.com/16340-108

Www.quinstar.com
http://mwi.hotims.com/16340-109

http://mwj.hotims.com/16340-111

http://mwi.hotims.com/16340-112

http://mwi.hotims.com/16340-113

http://mwi.hotims.com/16340-114

http://mwi.hotims.com/16340-115

http:/mwj.hotims.com/16340-116

http://mwi.hotims.com/16340-117

http://mwj.hotims.com/16340-44
http://mwij.hotims.com/16340-120

http://mwij.hotims.com/16340-121

http://mwj.hotims.com/16340-122

http://mwj.hotims.com/16340-127

http://mwj.hotims.com/16340-128

http://mwj.hotims.com/16340-129

http://mwj.hotims.com/16340-130

MICROWAVE JOURNAL = APRIL 2008


http://mwj.hotims.com/16340-56
http://mwj.hotims.com/16340-57
http://mwj.hotims.com/16340-58
http://mwj.hotims.com/16340-59
http://mwj.hotims.com/16340-60
http://mwj.hotims.com/16340-61
http://mwj.hotims.com/16340-62
http://mwj.hotims.com/16340-63
http://mwj.hotims.com/16340-64
http://mwj.hotims.com/16340-65
http://mwj.hotims.com/16340-66
http://mwj.hotims.com/16340-67
http://mwj.hotims.com/16340-69
http://mwj.hotims.com/16340-70
http://mwj.hotims.com/16340-71
http://mwj.hotims.com/16340-72
http://www.mwjournal.com
http://mwj.hotims.com/16340-73
http://mwj.hotims.com/16340-74
http://mwj.hotims.com/16340-75
http://mwj.hotims.com/16340-76
http://mwj.hotims.com/16340-77
http://mwj.hotims.com/16340-93
http://mwj.hotims.com/16340-96
http://mwj.hotims.com/16340-97
http://mwj.hotims.com/16340-98
http://mwj.hotims.com/16340-99
http://mwj.hotims.com/16340-100
http://mwj.hotims.com/16340-101
http://mwj.hotims.com/16340-102
http://mwj.hotims.com/16340-103
http://mwj.hotims.com/16340-104
http://mwj.hotims.com/16340-105
http://mwj.hotims.com/16340-108
http://www.quinstar.com
http://mwj.hotims.com/16340-109
http://mwj.hotims.com/16340-111
http://mwj.hotims.com/16340-112
http://mwj.hotims.com/16340-113
http://mwj.hotims.com/16340-114
http://mwj.hotims.com/16340-115
http://mwj.hotims.com/16340-116
http://mwj.hotims.com/16340-117
http://mwj.hotims.com/16340-44
http://mwj.hotims.com/16340-120
http://mwj.hotims.com/16340-121
http://mwj.hotims.com/16340-122
http://mwj.hotims.com/16340-127
http://mwj.hotims.com/16340-128
http://mwj.hotims.com/16340-129
http://mwj.hotims.com/16340-130

FREE

Product Information
Now Available Online

Info aZt:)ne

The new Web-based product information system
from

Micave
Journal

Just visit
mwjournal.com/info
and enter the RS number from
the ad or editorial item
or
request information by company
name or product category

It’s Easy
It’s Fast
It’s FREE

GET IN THE ZONE!



http://mwjournal.com/info

RS No.

131
132
133
134
135
136,137
139
140
141
142
143
144
145

146
147
148
149
150
151
152

ADVERTISER PAGe No. PHONE Fax WEB ADDRESS

Skyworks Solutions, Inc. .............. A75 .. 781-376-3000 http:/mwj.hotims.com/16340-131
Spacek Labs Inc. .................... 120 805-564-4404 805-966-3249 http:/mwj.hotims.com/16340-132
Spectrum Elektrotechnik GmbH ... ... 163 .......... +49-89-3548-040 +49-89-3548-0490  http://mwj.hotims.com/16340-133
Spinnaker Microwave, Inc. ........... d24 408-732-9828 408-732-9793 http://mwi.hotims.com/16340-134
Stealth Microwave, Inc. . .............. TT 888-772-7791 609-538-8587 http://mwi.hotims.com/16340-135
Synergy Microwave Corporation . .. ... 61197 .......... 973-881-8800 973-881-8361 http://mwj.hotims.com/16340-136
Tektronix, Inc. ...................... 64 http:/mwj.hotims.com/16340-139
Teledyne Cougar ..................... 143 . ... ... ... 408-522-3838 408-522-3839 http:/mwj.hotims.com/16340-140
Teledyne Relays ..................... ST 888-551-0448 http://mwj.hotims.com/16340-141
Telogy LLC ........................ A3 800-835-6494 http:/mwj.hotims.com/16340-142
Tensolite . ... 13 ... 866-282-4708 562-494-0955 http://mwi.hotims.com/16340-143
TriQuint Semiconductor, Inc. ......... 4647 ... 503-615-9000 503-615-8900 http://mwi.hotims.com/16340-144
Universal Microwave

Components Corporation .......... 188 ... 703-642-6332 703-642-2568 http://mwj.hotims.com/16340-145
Valpey Fisher Corporation ............. 131 800-982-5737 http://mwj.hotims.com/16340-146
Vectron International ................. O 1-88-VECTRON1  888-FAX-VECTRON http://mwj.hotims.com/16340-147
Weinschel Associates ................. 100, ......ooee 877-948-8342 301-963-8640 http:/mwj.hotims.com/16340-148
Wenzel Associates, Inc. .............. J06. .. 512-835-2038 512-719-4086 http:/mwj.hotims.com/16340-149
Werlatone, Inc. ....................COV4 ........ .. 845-279-6187 845-279-7404 http://mwij.hotims.com/16340-150
Win Semiconductors Corp. ........... A65 .. 310-530-8485 310-530-8499 http:/mwij.hotims.com/16340-151
Z~Communications, Inc. ............. A5 858-621-2700 858-621-2722 http/mwj.hotims.com/16340-152

Visit Microwave Journal on the Web at www.mw_iournal.com

urnal.com/info and enter RS# to reque

st information from our advertisers

) e A DVERTISING INDEX

Mic

J

-

ave
ourna

May 2008

ISSUE

Past

MTT-S IMS Show Guide
IMS 2008: Building the Future, Honoring the

~

Calculating Mismatch Uncertainty

/

CARL SHEFFRES, PUBLISHER

Eastern and

Central Time Zones
Chuck Boyd

Northeast Reg. Sales Mgr.
(New England, Upstate NY,
Eastern Canada)

685 Canton Street
Norwood, MA 02062

Tel: (781) 769-9750

FAX: (781) 769-5037
cboyd@mwjournal.com
Michael Hallman

Eastern Reg. Sales Mgr.
(Mid-Atlantic, Southeast,
Midwest)

4 Valley View Court
Middletown, MD 21769
Tel: (301) 371-8830

FAX: (301) 371-8832
mhallman@mwjournal.com

206

ED JOHNSON, ASSOCIATE PUBLISHER

International Sales
Richard Vaughan

Eastern and
Central Time Zones

Ed Johnson International Sales Manager
Associate Publisher 46 Gillingham Street
PO Box 5962 London SW1V 1HH, England

Ocala, FL, 34478-5962
Tel: (352) 620-2442
FAX: (352) 620-2443

ejohnson@mwijournal.com

Tel: +44 207 596 8742
FAX: +44 207 596 8749

rvaughan@horizonhouse.co.uk

Pacific and

Mountain Time Zones
Wynn Cook

Western Reg. Sales Mgr:
PO Box 23200

San Jose, CA 95153

Tel: (408) 224-9060
FAX: (408) 224-6106
weook@mwjournal.com

bberanek@horizonhouse.com

| microwave journal

KEN HERNANDEZ, TRAFFIC ADMINISTRATOR

Korea

Young-Seoh Chinn

JES Media International
2nd Floor, ANA Bldg.
257-1, Myungil-Dong
Kangdong-Gu

Seoul, 134-070 Korea

Tel: +82 2 481-3411

FAX: +82 2 481-3414
yschinn@horizonhouse.com

Japan

Katsuhiro Ishii

Ace Media Service Inc.
12-6, 4-Chome,
Nishiiko, Adachi-Ku
Tokyo 121-0824, Japan
Tel: +81 3 5691 3335
FAX: +81 3 5691 3336
amskatsu@dream.com

Germany, Austria,

and Switzerland
(German-speaking)
Brigitte Beranek

Wissling Marketing Services
Riedstrasse 5

72813 St. Johann-Wuertingen
German

Tel: +49 7122 828140

FAX: +49 7122 828145

Israel

Oreet Ben Yaacov

Oreet International Media

15 Kineret Street

51201 Bene-Berak, Israel
Tel: +972 3 570 6527

FAX: +972 3 570 6526
obenyaacov@horizonhouse.com

MICROWAVE JOURNAL = APRIL 2008


http://mwj.hotims.com/16340-131
http://mwj.hotims.com/16340-132
http://mwj.hotims.com/16340-133
http://mwj.hotims.com/16340-134
http://mwj.hotims.com/16340-135
http://mwj.hotims.com/16340-136
http://mwj.hotims.com/16340-139
http://mwj.hotims.com/16340-140
http://mwj.hotims.com/16340-141
http://mwj.hotims.com/16340-142
http://mwj.hotims.com/16340-143
http://mwj.hotims.com/16340-144
http://mwj.hotims.com/16340-145
http://mwj.hotims.com/16340-146
http://mwj.hotims.com/16340-147
http://mwj.hotims.com/16340-148
http://mwj.hotims.com/16340-149
http://mwj.hotims.com/16340-150
http://mwj.hotims.com/16340-151
http://mwj.hotims.com/16340-152
http://www.mwjournal.com
http://mwjournal.com/info
mailto:cboyd@mwjournal.com
mailto:mhallman@mwjournal.com
mailto:ejohnson@mwjournal.com
mailto:wcook@mwjournal.com
mailto:rvaughan@horizonhouse.co.uk
mailto:bberanek@horizonhouse.com
mailto:obenyaacov@horizonhouse.com
mailto:yschinn@horizonhouse.com
mailto:amskatsu@dream.com

e MNimi
e Mimi

——————

e Mimi

b
AR :

< |

0 R AN
J] J‘ i / Mimix SmartSets...

R .
29 e Out of this World!
i _ /
i :rk 'If
=
=5 -

WERENE IRED

See us at Booth #1423 at MTT-S!

providing optimal semiconductor solutions worldwide

MIMIX SMARTSETS... COMPLETE QFN CHIPSET SOLUTIONS!

Description Device Frequency i Gain Flatness Noise Figure Output PI1dB (0] ] ] Package
(dB) (dB) (dBm) (dBm) (e

Buffer Amplifier XB1007-QT

Power Amplifier . . . . 500 @ 6.0

Power Amplifier XP1039-QJ . . . . 1150 @ 8.0
Receiver XRI0I'1-QH X . i . X 130 @ 4.0
Doubler XX1002-QH .0-12. . . 125@ 5.0

Transmitter XUl1012-QH X . X . R R 120 @ 4.0

Buffer Amplifier XB1008-QT i . X . . 100 @ 4.0

Power Amplifier XP1042-QT X X . X 500 @ 5.0

Power Amplifier ~ XP1043-QH X . . . . 700@ 7.0

Doubler XX1000-QT . . +18.0 Psat 200 @ 5.0
Doubler XX1002-QH . . . +16.0 Psat 125 @ 5.0
Transmitter XUI1014-QH 8.0-18.0 -10.0

Mimix SmartSets, our innovative QFN packaged chipset solutions, lower material and
assembly costs and increase reliability and manufacturability of products, while also
allowing engineers to simplify design and improve time-to-market.

Visit www.mimixbroadband.com/smartsets to learn more!
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Visit_http://mwj.hotims.com/16340-76 or use RS# 76 at www.mwjournal.com/info



http://mwj.hotims.com/16340-76
http://www.mwjournal.com/info
http://www.mimixbroadband.com/smartsets
http://www.mimixbroadband.com

Wide bandwidth, @ WERLATONE
HIGH POWER DEVICES

Unsurpassed quality + on-time delivery, is the Werlatone promise

e
x e L. =’|‘E ® a\\ he
QuAbRATURES  comemERs  omioems  vemios R“\eS

10:1+ Bandwidth
Lowest Loss
Directional Couplers

* Superior performance starting at 3:1 bandwidth
* Newly Patented!
* No exotic materials needed
* 3X thicker center boards for more power and producability
* More sections per bandwidth for better coupling flatness COUPLERS
* Electrically shorter and physically smaller
* Stripline designs invade traditional lumped element territory

CQ-UFllll'lg Moo EL T7TT 11
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400,0m |>1 - 3.000000000 GHz -233.56 mdB
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0,000
=200 .0m
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100 MHZ 3000 MHZ
www.werlatone.com
( N\
Model Coupler Frequency|Power CW | Coupling | Flatness | Insertion| VSWR |Directivity Size
Type (MHz) (Watts) (dB) (xdB) |Loss (dB)|(Mainline)| (dB) (Inches)
C7734 |Dual Directional | 30-2500 100 43 +1.5 0.35 1.25:1 18 3.5x2.6x0.7
C7148 | Bi Directional | 60-600 200 10 +1.0 0.35 1.20:1 20 6.0 x 4.0 x0.75
C7711 | Dual Directional | 100-3000| 100 40 +1.0 0.35 1.25:1 18 3.0x2.2x0.7
C7783 | Bi Directional |?200-1000 200 20 +0.75 0.2 1.20:1 20 3.0x1.5x0.53
(6600 | Bi Directional |200-2000 200 20 +1.2 0.25 1.25:1 18 4.0x2.0x0.72
C7152 | Bi Directional |300-3000| 100 20 +1.0 0.35 1.20:1 15 3.7x2.0x0.75
(7811 |Dual Directional | 500-2500| 100 40 +0.5 0.2 1.25:1 20 3.0x2.0x0.6
\C7753 Bi Directional |700-4200 100 20 +1.0 0.35 1.25:1 18 1.8 x 1.0 x 0.6)

Visit http://mwj.hotims.com/16340-150 or use RS# 150 at www.mwjournal.com/info



http://mwj.hotims.com/16340-150
http://www.mwjournal.com/info
http://www.werlatone.com

	Table of Contents
	Features
	From the Publishers: Then and Now
	The Old Order Changeth ... Once Again


	Cover Feature: Then and Now
	Similarity Considerations for Varactor Multipliers
	An Historical Perspective on 50 Years of Frequency Sources

	Technical Features
	Phase Noise: Theory versus Practicality
	A Novel N-way Distributed Doherty Amplifier with Improved Efficiency at High PAR Signals
	A High Efficiency and Gain Doherty Amplifier for Wireless Mobile Base Stations
	A Self-offset Phase-locked Loop
	A Broadband Class-E Parallel-circuit VHF Power Amplifier with High Harmonic Suppression

	Tutorial
	Standard Cell-based Modular CMOS Transceiver IC Designs

	Product Features
	A Fundamental Wideband Low Noise VCO Series
	Synthesized Local Oscillators Offer Wide Choice of Output Frequency
	QMA Connectors with Improved Frequency Response, Durability and Variety

	Departments
	Coming Events
	Workshops &amp; Courses
	Defense News
	International Report
	Commercial Market
	Around the Circuit
	Catalog Update
	New Products
	Microwave Metrics
	The Book End
	Career Corner
	Ad Index
	Sales Reps




