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EFINING YourR EM DESIGNS
TAKES A LOT OF HARD WORK.

But that doesn’t mean it has to be done by you.
Prepare to ha"’ some free time. With HP’s electromagnetic (EM) solutions, r;aﬁnipg your.
m design is asfast and easy as providing 4 starting ge (va!‘iable dimensions, and

The HP HFSS specifying your desired outcome. HP's EM optimization technology automatically doesrhe rest
for you. Sound impressive? That's just the beginning. Because HP's EM soluti re actually

Designer 30 EM

solution gives becoming design tools, moving away from just simple analysis. They're smart, fast solutions
you the power to that can be used earlier in—and throughout—the design process. That makes it eaﬂer than

automate and __eyerto prove your design right the first time, and gives you the power mexplore and cumplete
optimize your EM

more complex designs than ever. Or whatever else it is you do in gour spare minutes
simulations from

HP HFSS is just one of the many solutions that HP EEsof offers to compleie gour*

design through
=t signal-path designs. To learn more about HP’s newest EM so{uuons. call your locat
verification. - 3
HP sales office at one of the numbers listed below, or visit our Web site:

www.hp.com/info/EM-optimization

HEWLETT
[ﬁ/y PACKARD
[Expanding Possibilities |
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For 17 years 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.

Through unique modular design tech-
niques, hundreds of low frequency probe
needles and a variety of microwave probes
with operating frequencies from DCto 40,
67, or even 110 GHz can be custom
configured to your layout.

GGB INDUSTRIES,
Telephone (941) 643-4400

cards to a higher level...

(---110 GHz to be exact.)

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. induetance
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.

INC. - P.O.BOX 10958 -

Fax (941) 643-4403
CIRCLE 31 ON READER SERVICE CARD

E-mail email@ggb.com *

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|

[Tnsertion Loss 0.6dB 0.8dB 1.3 dB
[ReturnLoss _22dB_18dB_15dB

For techpical as-
sistance, custom
product designs, or
off-the-shelf
delivery, call GGB
Industries; Inc., at
(941) 643-4400.

NAPLES, FL 34101

www.picoprobe.éom


mailto:email@ggb.com
http://www.picoprobe.com

THE WORLD'S LARGEST SELECTION

and 3way 'O 48way; 0°

180°%; 50 and /u \)hms covering 2kHz

designs such as wider bandwidths
s with rapid turnaround

ar vd custom case styles are no

ar communicatio

1 year guarantee and skinny 4

Add fast delivery, unsurpassed ar

90°, and

ecial needs and custom
ed ports...all at catalog
k, and co:

connectorized
mount units provide excellent
tions. And all units come with a
formance repeatability unit-to-unit and production run to production rur
lons support and velue pricing, and the decision is easy. Call Mini-Circuits today!
g ts®is proud of the 1999 U.S. i
Salt Lake City, Utah
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see us on the web
http://www.minicircuits.com

JMini-Circuits

0. Box 350166, Brookiyn, New York 11285-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET htip:/Awww.minicircuits.com
For detalled specs on all Min-Circuits products refer o + 760- pg. HANDBOOK « INTERNET « THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY + EEM
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New KEL-com

Commercial Filters ~+ 1070.3000MHz
and Selection Software cheblme: =2

Features

High Volume =
¢ Quick Turnoround
» Standardized Surface Mount Packaging
* Commercial Grade Components

;?&Eo‘e\.
S

com Selection Software

K&L Microwave, the manufacturer that brought
you E:Lfil*, now introduces its latest cost-effective
filter product line and selection software... KzL-com.
When size, cost, performance and delivery are at a
premium (when arent they?), KeL-com commercial
filters are the answer. A cavity, lumped element
or ceramic filter is not always practical due to
size and/or cost. K=L-com products provide filter
solutions with small size. low-cost and excellent
electrical performance. Need if fast? The KeL-com line
Is standardized for high volume and short delivery.

Send my FREE
K:L-com Commercial Filter Selection Program

Name. £ ,
Company. SRR, it 3
Address S5 S The KsL-com Commercial Fifer Selection Program
City ________ State/Province. generates response curves, outline drawings, tabular data
Country e = and p?ﬁ nRumber: bosefd on user;defined filter
. parameters. Request your free copy of the KeL-com
o 3 TR Commercial Filter Selection Program on CD-ROM for
Windows® 95/98 & NI, or download the program from
K&Ls website @: www.kimicrowave.com/kelcom.html.

Phone (i givsstinay - fshieellon B S RIREEE S,
RAXC(25) asas e e S
Email== "=

I1SO 9001 Registered Quality Management System » www.klmicrowave.com

USA EUROPE

Phone: 410-749-2424 Phone 44-(0)-1262 605500

FAX: ~ 410-749-5725 44—(0)-]262 605504 ®
Email: Kisales@kimicrowave.com Emoﬂ kleurope@kandl.demon.co.uk A IDOVER) TECHNOLOGIES ComPANY

CIRCLE 50 ON READER SERVICE CARD


http://www.klmicrowave.com/kelcom.html
http://www.klmicrowave.com
mailto:klsales@klmicrowave.com
mailto:kleurope@kandl.demon.co.uk

+30dBmIP3 50 2200Mz . 57°%5., @

The popularity of wireless communication services is soaring, but
when signal overcrowding creates intermodulation distortion...
Mini-Circuits has the solution! Our full range of low distortion high
1P3 mixers provide the muscle it takes to suppress noisy intermods
and clear the air of unwanted signals. At the same time, these
affordable surface mount and plug-in solutions achieve low
conversion loss and excellent L-R, L-I isolation. Developed for
both analog and digital use, applications include airphone, cellular
and cordless phones, radar, satellite, FM Broadcast, ISM, PCS, and
PCN. Achieve the high performance your customers expect.
Specify low loss, high IP3 mixers from Mini-Circuiits. It's the clear choice!

TYPICAL SPECIFICATIONS (LO=+17dBm), Surface Mount

1Pg Iso.  ConviLoss
Freq.  Midband  Bandwide  Midband  Price Sea.

Model (MHz) (dBm) LR Li@®) @B  O18,
+ADE-10H 4001000 0 39 25 70 7.955%
AADE-12H 500-1200 28 67 895
SYM-18H 51800 %0 45 40 575 1795
SYM-100H 800-1000 31 45 29 76 1895
SYM-22H 15002200 X0 33 38 58 1995
STUF-18DHSM 1001800 27 41 33 73 1.95
*ADM-10DH  800-1000 30 35 37 60 1595

| m—

(Pat

**Quantity 10 0 49

its®is p the 1999 U.S.
Salt Lake Gity, Utah

Avaiable in tape and reel.

[ Mini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www.minicircuits.com
For detailed specs on all Mini-Circuits products refer to » 760- pg. HANDBOOK « INTERNET « THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY + EEM
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http://www.rr

* New DC-2500 MHz Low Cost/High Performance series

* Solid-State, wide band models
I I I I O ‘ ; a I l I « Models with frequency ranges up to 5Ghz
* GPIB controlled models available

* 50 and 75 ohm impedances available

JFW has designed and manufactures over 1200 different

programmable attenuators. Features include wide attenuation =

ranges, optional step sizes, various package styles and le lndust I'les, Inc
connector options to provide system designers the flexibility 5134 Commerce Square Drive * Indianapolis, Indiana 46237
required in today’s global market. Tele. (317) 887-1340 Fax (317) 881-6790

Internet— http://www.jfwindustries.com
E-mail~ sales@jfwindustries.com
I1SO 9001 Certified
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PROPERLY CAHBRAW D) vector network anal yzers (VNAs) are ial for accurately
the one- and two-port network charamerlstlcs of RF and microwave devices.
n is one of the most accurate VNA calibration methods available.

MAURY MICROWAVE's comprehensive line of coaxial and waveguide TRL/LRL VNA
calibration kits provide accurate, stable and precise calibration standards that ensure accurate
evaluation of VNA performance. .

3
eal for pe}formmg TRL/LRL,
and one-port calibrations for gated measurement.
Available connector types are:

standard re aﬁgular sizes fmm WR430
through WR22 (33 to 2). If you req cially
configured calibration kil p!ease contact our Sales Department.

_ and other fine Maury products,
¢t our SALES D PARYME!\T


http://www.maurymw.com
mailto:maury@maurymw.com
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TUTORIAL

Signal Generator Spectral Purity Considerations
in RF Communications Testing
Brian Cheng, Hewleit-Packard Co., Microwave Instruments Division

Alook at the importance of using a signal generator with relatively high
spectral purity for RF communications testing

TECHNICAL FEATURES
Modeling of Metal and Substrate Losses in CMOS

and BiCMOS Inductors for RFICs
Paolo Arcioni, Rinaldo Castello, Luca Perregrini and Enrico Sacchi,
University of Pavia, Dep of El ; and F Svelto,

University of Bergamo, Depunfmﬂt of. Engmezrma

An improved lumped-element equivalent circuit of silicon integrated
inductors that accurately characterizes effects on the quality factor of the
electromagnetic coupling between the metal strips and substrate

Low Cost Brief Satoh. sl A

Nemai C. Karmakar and Marek E. Bialkowski? Nanyang Technological
University, School of Electrical and Electronic Engineering

(°Also with the University of Queensland,

Computer Science and Electrical Engineering Department)

The investigation of two low cost antenna arrays, a two-element metallic
disc linear antenna and a 2 x 2-element sequentially fed aperture-coupled
planar array antenna

Compact Internal Multiband Microstrip Antennas
for Portable GPS, PCS, Cellular and Satellite Phones
Mohamed Sanad and Noha Hassan, AMANT

Itiband internal i d microstrip antennas that can be designed
with only one feed point or multiple feed points and provide good
performance both beside the human body and in free space

The 1999 MTT-S IMS:
The String of Broken Records Continues
Frank Bashore, Microwave Journal staff

A recap of the latest successful MTT-S International Microwave
Symposium (IMS) held June 13-18 in Anaheim, CA

[Continued on page 12]

ON THE COVER

165 W laterally diffused
metal-oxide semiconductor
(LDMOS) FETs for amplifier
applications from 860 to 900 MHz
are featured on this month’s cover

Cover art courtesy of
Ericsson RF Power Products
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MINIATURE

SURFACE MOUNT VCO’s

The big news is Mini-Circuits miniature family of 50 to 7600MHz ROS voltage
controlled oscillators! Each unit is housed in a shielded 0.5"x0.5"x0.18”
non-hermetic industry standard package for highly efficient wash-thru
capability, reliability, and cost effectiveness. Models with “PV” suffix typically
operate from & 5 volt power supply and require 5V tuning voltage to cover
the frequency range. This makes them ideal for integration with monolithic
PLL chips and commercial synthesizers working within the 245 to 1600MHz
band. The series also features wide band 12V models optimized for 50 to
1410MHz linear tuning, up to one octave band widths, and low phase
noise. Support your customers demands for smaller size and -
better performance, switch to ROS VCO’s today!

Mini-Circuits®is proud of the 1999 U.S.interplay ACTUALSZE
SaltLake City, Utah

ROS SPECIFICATIONS:
Mods! Freq. Range
iz
ROS-285PV 245285
ROS-900PV  810-900
FAOS-96 890-960
FAOS-1000PV  900-1000
ROS-1600PV 15201600
RAOS-100 50-100
AOS-150 75-150
A0S-200 100-200
F0S-300 150-280
AOS-400  200-360
AOS-535  300-525
ROSTES  dss 7S
ROS-1410  850-1

Vine
0

mMini-Circuit§’

PO. Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET hitpi//www. minicircuits.com

igbel Votage
e
25 45
27 85
33 6
2% 5
80 12
28 12
30 12
28" 12
20 12
20 12
271
8

12%

Phass Hemicor

Curent Price
ey
&
o e
2 1996
12 1995
2 1995
25 1895
20 1295
20 1295
20 1295
20 1495
20 1495
20 1495
15.95
2% 1995

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE » EEM » MICROWAVE PRODUCT DATA DIRECTORY « WWW.RFGLOBALNET.COM

F 285 Rev Org
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PRODUCT FEATURES

for Ti
Optotek Ltd.

An upgraded version of the LASIMO software that can conveniently make
MESFET measurements and fit the data to advanced large-signal models

120 Analog and Digital Signal Generators

126 An Educations! Antenna M

Press run for this issue is 58,098 copies

12

with High Spectral Purity
Heuwlett-Packard Co.

A new series of spectrally pure signal generators with extremely low phase
noise and flexible digital modulation capabilities for current and future
communications requirements

System
ORBIT/FR

Alow cost, yet versatile, automated antenna measurement system designed
to be located in a space-limited test environment
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The Cable Assembly Standard

for Connecting a Wireless World

QMI's proven LOW COST, LOW LOSS “301"
assembly, ends the 3-way compromise users face
when defining insertion loss for higher frequency,
with flexible cable assemblies. Historically, low
loss meant high price or reduced flexibility.
“301” cable is a microporous PTFE design in
.200” diameter that offers all three advantages:
Low Loss, Low Price and Excellent Flexibility.

“301" LOW COST, LOW LOSS assemblies help the
designer achieve system performance goals
while retaining the flexibility of braided cables.
Alternatively, “301” cables may be used to replace
141" diameter semi-rigid or .250” diameter
corrugated copper cables. And for those test
applications that require low loss measurement,
try our new low loss Workhorse Test Cables.

Tensolite

“Do it Yourself” - call QMI for cable

&

FAX: (978) 988-9393

and connector price and availability.

o Microwave Selected options and lengths in stock
Interconnects  for immediate delivery from QMI's
A GIEE Company Worldwide Distributor:
iimi Iﬂc
301 Ballardvale Si. Wilmington, MA 01887 ice, Ltd.
1-800-362-FLEX 1S09002 Regsiore

1-800-RF-POWER

www.gmiinc.com Email: sales@qmiinc.com
CIRCLE 110 ON READER SERVICE CARD
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It'sTimeToHangUp
Your Old Technology.

Introducing the millimeter wave Vector Network Analyzer
designed to take you into the 21st century: the Lightning" 65
GHz VNA from Anritsu. Unlike those large, low-performance
mmW dinosaurs of the past, the Lightning 65 GHz features a
sleek bench-top design. High, fully-leveled, output power and a
wide dynamic range. And, of course, the Lightning family’s
proven track record for speed, accuracy and ease of use.

The new 65 GHz Lightning VNA also brings uncompro-
mising performance to your millimeter wave measurements. With
four sampler architecture and a four-channel color LCD display.

Linking "7

Y

Built-in hard and floppy drives. Gain compression software
suites and an industry standard V-type coaxial connector,
specified beyond 65 GHz.

Continuing the Lightning family’s heritage for long-term
reliability, the 65 GHz VNA also boasts Anritsu’s unprecedented
technical support. Featuring flexible on-site programs
and complete upgrade plans.

To discover our entire line of newer, faster, leaner and
meaner VNASs, call 1-800-ANRITSU or check out our website at
www.global.anritsu.com.

/nritsu

Lightning 65 GHz Vector Network Analyzer

One world. One name. Anritsu.

©1999 Anricsu Company Sales Offices: United States and Canada, I-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922. httpiiwwwanritsu.com
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1999 IEEE GaAs IC Symposium
October 17-20, 1999
Monterey, CA

Sponsors: IEEE Electron Devices Society, Sol-
id State Circuits Society and MTT-S. Topi
Developments in ICs using GaAs, InP and oth-
er compound semiconductor devices, including
innovative RFIC device and circuit ooncepts
circuit design and fabrication; uhmufauurmg
technology and cost issue: D/CAM/CAT
tools and techniques; IC testing i
ogy; packaging technology; reliability; and ad-
vanced device, system (wireless, vehicular,
medical and fiber system ICs) and optoelec-
tronic Jpp]lcdllmw Contact: Jim Komiak,
Sanders, a Lockheed Martin company (603)
910, fax (603) 885-6881 or e-mail
james.j.komiak@lmco.com. Additional infor-
‘mation s available at www,gaasic.com

e —
1999 International Semiconductor Device
Research Symposium (ISDRS ‘99)
December 1-3, 1999
Charlottesville, VA

MTT

Sponsors: I and ED Societies. Top-
ics: Fundamental concepts in novel devices
and advanced processing technologies, includ-
ing new material and device characterization,
microwave and millimeter-wave devices, mi:
croelectrical mechanical systems, nanoelec-
tronics and optoelectronics. Contact: Lori
Tawney, conference coordinator (804) 924-
3744, Additional information can be obtained
from www.ee.virginia.edu/~isdrs/.

e ——
Seventh International Symposium
on Recent Advances in Microwave
Technology (ISRAMT 99)
December 13-17, 1999
Malaga, Spain

Sponsors: The University of Nevada, Reno and
the University of Malaga, Spain. Topics: Mi-
crowave components and solid-state devic
antenna and radar technology, MICSMMICs,
remote sensing, biological effects and applica-
tions, communication systems, numerical
methods and CAD, propagation/scattering and
nts, electro-optics, optical commu-
ions/networks and sensors, microwave su-
perconductivity, industry/environmental ef-
fects, signal processing, microwave photonics
and bandgap erystals/materials. Contact: Ban.
mali Rawat, University of Nevada, Dept. of
Electrical Engineering/MS 260, Reno,
89557-0153 (702) 784-6927 or e-ma
rawat@ee.unr.edu. Additional information is
available at www.isramt99.ic.uma.es.

s err——
Sixteenth Annual IEEE
Semiconductor Thermal Measurement
and Management Symposium
March 21-23, 2000
San Jose, CA

ging and Manu-

Sponsors: Components, Pac
E and

facturing Technology Society of the IE

MICROWAVE JOURNAL ® AUGUST 1999

the National Institute of Standards and Tech-
nology. Topics: New developments in thermal
characterization of electronic components,
subsystems and systems, including the genera-
tion and removal of heat from semiconductor
devices, measurement of device temperatures
and simulation of device and system thermal
behavior. Contact: Bonnie Crystall, conference
manager, C/S Communications Inc., PO

899, Tempe, AZ 85285 (520} 323-2870,
fax (520) 323-2803 or e-mail: cscom@
indirect.com.

[-V-E

POWER

COMING EVENTS

sy s
Topical Meeting
on Silicon Monolithic ICs in RF Systems
April 26-28, 2000
Garmisch, Germany

Sponsors: IEEE MTT-S, DaimlerChrysler,
NASA Lewis Research Center, Siemens and
Technische Universitit Miinchen. Topics: Ana.
log and digital silicon monolithic ICs, planar
circuit structures on Si and Si-based monolith-
ic integrated microwave and millimeter-wave

S 0Ll

POWER PACK
COMPONENT

We've got the Power!
Flangeless means: Smaller, Lower Cost,
Best Performance

Resistors
10 - 500 Watts
Up to 4 GHz

Temperature
Sensors!

QUICK RESPONSE FAX (888) 544-5594
Toll Free Voice (800) 544-5594
Website: www.rflabs.com

Terminations
10 - 500 Watts
Up to 10 GHz

Temperature
Sensors!

Attenuators;

Termmatmns
250 Watts
p to 4 GHz

FLORIDA

PO Box 899, Stuart, Florida 34995-08

CIRCLE 28 ON READER SERVICE CARD 15
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Customized Performance-.....,

surf; t control pi with per that exceeds

MMIC technol: Daico offers i ions for your

specific basestation designs. And with over 30 years of IF/RF and

microwave experience, you can switch to Daico to do it right.

Affordable Prices ..cwqin

customized high-performance products that fit your budget. For
your Wireless applications, our surface-mount High Dynamic
Range Power/VSWR Detector provides 27dB dynamic range with

. temperature stability of +/- 1db over it’s full operating temperature
and goes for under $50 in 1K quantities. Best of all, you can
get this kind of price and performance from Daico’s full line of

wireless. components.

Production Quantities .......

delivers quality components in the quantities you need for all

your basestation networks. From switches to detectors to

we offer ities of 1K, 10K, 50K or more.

And with our fast development turnarounds, you can't lose.

Lower pn;it:es, higher volumes, customized performance. If the

application is wireless, the solution is Daico.

We've Got Your Bases Covered™

1070 East 233rd Street Carson, CA 90745
Tel: 310-507-3242  Fax: 310-507-5701

CIRCLE 20 ON READER SERVICE CARD Web: www.daico.com
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devices, modeling of silicon monolithic ICs and
field-orfented modeling of passive crcuit struc-
tures, flip-chip technology, $i and SiCe bipolar
devices, MOSFETs, MODFETs, advanced
high speed device concepts making use of het-
erojunction and nanometer-b

neering, and the role of indust
in long term research. Conta
titute of High Frequency Engineering,
nische Universitit Miinchen, Arcisstr, 21,
D-80: Miinchen, Germany +49 89 289
23367 or e-mail: siliconrf@hft.ei tum.de

e
Fifth International Workshop
on Finite Elements for Microwave
Engineering
June 8-9, 2000
Boston, MA

Sponsors: Worcester Polytechnic Institute, the
University of Florence and Ansoft Co. Topics:
Antenna applications and scattering problems,
microwave electronics and the finite element
method. Contact: ].F. Lee, Worcester Pol
technic Institute, e-mail: jinlee@ece.
wpi.edu or R. Lee, Ohio State University, e-
mail: lee@ee.eng ohio-state.edu. Additional in-
formation is available at www.cce.wpi.
eduw/~jinles

s e
2000 IEEE MTT-S International Microwave
Symposium and Exhibition
June 11-16, 2000
Boston, MA

Call for papers. Sponsor: IEEE MTT-S. Top-
ics: Advancement and application of RF and
microwave theory and techniques, including
analysis and design; components and assem-
blies; microwave technology (primarily pa
sive); microwave technology (primarily active;
frequencies greater than 30 GHz; fabrication;
integration and test; and applications. E
tronic submissions are highly recommen
via www.ims2000.org. For hard copy submis-
sions, send to: International Microwave Sym-
posium ¢/o LRW Associates, 468 Walden Trail,
Waxhaw, NC 28173 (704) 841-1915. Send: au-
thor registration form, including 30- to 50-
page abstract, and four-page summary. Dead=
: December 3, 1999 (electronic sub-
missions), November 29, 1999 (hard copy
submissions). For symposium information,
contact: Peter Staecker, technical program
chair (781) 861-7643, fa 575

ed

781) 863-5751 or e-
mail: p staecker@ieee.org, For exhibition infor-
mation, contact: Kristen Dednah, Horizon
House Publications, 685 Canton St., Norwood,
MA 02062 (781) 769-7950, fax (781) 769-5037
or e-mail: kdednah@mwjournal.com

e
2000 IEEE-APS Conference on Antennas
and Propagation for Wireless
Communications (APWC 2000)
November 6-8, 2000
Waltham, MA

Antenna and Propagation So-

Sponsors: I
= Boston Section, Topics: Mili-

ciety, and IEE
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tary to commercial technology transition; ar-
chitecture trends in future wireless systems;
base station and satellite antenna de\e]opr
‘ments; adaptive and active wireless communi-
cation arrays; novel antennas and passive array
configurations; multiband operation and polar-
ization characteristics; antennas for PCS,
WLAN, WLL, RFID, etc.; mobile antennas
and vehicle modeling; package integration and
portable devices; microstrip antennas; antenna
CAD; human interactions with antennas;

MDC is charging
forward, and our
customers are
“Gunn Ho” about
our line of high
frequency Gunn
oscillators.

pplications include 18,

COMING EVENTS

MEMSs; and indoor/ontdoor propagation and
channel models. Send to: Jennifer T. Bern-
hard, University of Illinois at Urbana-Cham-
paign, Dept. of Electrical and Computer Engi-
neering, 1406 W. Green St., Urbana, IL 61801
e-mail: jbernhar@uiuc.edu. Send: one original
paper and three copies. Deadline: April 7,
2000. For additional information, call (781)
890-5290, fax (781) 890-5294, e-mail;
bostonieee@aol.com. or go to www.eece.
unm.ecw/apw c2000.
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Micr
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ave Development Company. Inc. also

utter switch

eguide components
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marke
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CIRCLE 63

WORKSHOPS & COURSES

POWER AMPLIFIERS

FOR WIRELESs COMMUNICATIONS
B Topics: Devices for power ampli-
fiers, MMIC technology, and lineariza-
tion and measurement techniques.

B Contact: Peter Asbeck (619) 543-

-mail: asbeck@ece.ucsd.edu.
Additional information can be ob-
tained at www.PAWorkshop.ucsd.edu.

SPREAD SPECTRUM

COMMUNICATIONS SYSTEMS:

COMMERICIAL AND GOVERNMENT

APPLICATIONS

: Spread spectrum modula-
s and applications for

ations, and ranging

antijam commun

sp: y electronics sys-
tems. }ee $1445.
| ] ashington, DC

Date: September 13-17, 1999
W Contact: P.]. Mondin, George
Washington University Continuing En-
gineering Education Program, Wash-
ington, DC 20052 (800) 424-9773 or e-
mail: PJ@ceep.gwu.edu.

TECHNICAL MANAGEMENT
PROGRAM

B Topics: Business trends and para-
digms and methods to solve problems,
plan strategies, motivate colleagues
and balance the technical and manage-
rial aspects of individual and organiza-
tional performance. Fee: $2205.

W Site: Los Angeles, C
B Date: September 19-24, 1999

B Contact: UCLA Extension, Dept.
of Engineering, 10995 Le Conte Ave.,

Ste. 542, Los Angeles, CA 90024
(310) 825-3344 or e-mail: kkang@

unexucla.edu.

ANsOFT HFSS User WORKSHOP
B Topics: RF, microwave and wire-
less design solutions; interaction with
the developers of Ansoft HFSS full-
wave three-dimensional electromag-
netic simulation software; and design
high frequency components, struc-
nd antennas.
2 September 23-24, 1999
B Site: Baltimore, MD
B Contact: David DiOrio, Ansoft
Corp., Four Station Square, Ste. 200,
Pittsburgh, PA 15219 (412) 261-3200
or e-mail: diorio@ansoft.com

IMAGING RADAR TECHNOLOGY

B Topics: Theory and practice of
modern imaging radar technology,
synthetic aperture radar/ISAR system
design, procumn;5 and utilization.

: University Consortium
for Continuing Education, 16161 Ven-
tura Blvd., M/S
91436 (818) 995-6335 or e-mail:
info@ucce.edu. Additional information
can be obtained at www.ucce.edu.

EMC, TELECOMMUNICATIONS
AND PRODUCT SAFETY
ENGINEERING WORKSHOPS

M Topics: Designing to comply with
North American telecommunications
standards; product safety, including
overvoltage categories, creepage and
clearance, and pollution degrees; de-
sign for electromagnetic compatibility
(EMC); and applied EMC for PC
board designers.

B Site: Nashua, NH

W Dates: Various

B Contact: Diane Querze, Silent
Solutions, 20 Patch Road, Hollis, NH
03049 (603) 465-3920.

LTCC MEASUREMENT

AND TESTING FOR WIRELESS
APPLICATIONS

W Topics: Measurement and testing of
low temperature co-fired ceramic
(LTCC) technology, including repro-
ducible dielectric measurements at fre-
quencies above 1 GHz, modeling of
tape processes and phase equilibria
data for electrode/ceramic interactions.
B Date: November 4-5, 1999

B Site: Gaithersburg, MD

B Contact: Steve Freiman or Car-
olyn Sladic, National Institute of Stan-
dards and Technology (301) 975-6119
or e-mail: stephen. freiman@nist.gov.

SELF-STUDY RADAR COURSE

B Topics: Radar principles, functions
and parameters, the radar equation,
target detection, tracking and track-
while-scan, radar hardware, signal
processing and case studies. Textbook
included. Fee: $3

B Contact: IEEE Customer Service
Dept., 445 Hoes Lane, PO Box 1331,
Piscataway, NJ 08855 (800) 678-4333
or e-mail: customer-service@ieee.org.
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TUTORIAL

SIGNAL GENERATOR
SPECTRAL PURITY
CONSIDERATIONS IN RF
COMMUNICATIONS TESTING

oday’s wireless communications market,

I from cellular phones to wireless data, is
expanding at an incredible rate. Along

with this growth comes an increasing need for
test equipment that verifies the performance
of these devices and systems. Signal genera-
tors play a multifaceted role in the develop-
ment of both receivers and t i They

second. Short-term stability is defined as fre-
quency changes over less than one second.
Current signal generator technology generally
offers good long- and short-term stability. For
wireless communications testing, short-term
stability is of greater concern. This article dis-
cusses key spectral purity components and the

are used for generating signals ranging from
simple sinusoidal tones for LO substitution to
fully modulated signals
for receiver testing.
This article focuses on
the importance of us-
ing a signal generator
with relatively high
| spectral purity for RF
communications test-
ing. The ideal signal
. generator would pro-
| vide perfect sinusoids
at carrier and sideband
* frequencies, but in re-
ality all signals have
| imperfections. The
~ foresight to take these
flaws into account allows the engineer to se-
lect the appropriate signal generator and re-
duce development time.

WHAT IS SPECTRAL PURITY?

it

2 of :pu:tral purity in teshng ereless

spectral purity are bneﬂy mvered for LO sub-
sntutmn phase noise measurements, receiver
performance tests and radar applications.

Phase Noise

Perhaps the most common method for
specifying the spectral purity of a signal gener-
ator is its phase noise. In the time domain,
phase noise is exhibited as a jitter in the zero
crossings of a sine wave, as shown in Figure 1.

1 Time domain phase noise jtter.
[Continued on page 24]

Spectral purity is the inherent freq sta-
bility of a signal. Stability is defined over a peri-
od of time: short or long term. Long-term sta-
bility, or drift, is usually defined as frequency
changes over a period of time greater than one

BRIAN CHENG
Heuwlett-Packard Co.,

Microwave Instruments Division
Santa Rosa, CA
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Fig.2 A frequency i ) oot
il (5] o hase i sl

For a high performance signal gener-
ator, the phase noise is not usually
discernible in the time domain. In
the frequency domain, the phase
noise appears as noise sidebands on
the carrier, as shown in Figure 2.
The US National Bureau of Stan-
dards defines single-sideband (SSB)
phase noise &(f) as the ratio of the
noise power in a 1 Hz bandwidth at a

A Fig. 3 uymal phase noise plot.

Fig. 4 Harmonic, subharmonic
and nonharmonic signals.

Harmonics are generated by de-
vice nonlinearities in the signal gen-
erator and are integer multiples of
the carrier frequency. For example, a
100 MHz carrier frequency will have
harmonics at 200 MHz, 300 MHz
and so on. The amplitudes of the har-
monics (relative to the amplitude of
the carner SIgnal) are determined by

istics of the

frequency f away from the carrier to
the signal power of the carrier:

noise power ina 1 Hz
bandwidth at a frequency

f (Hz) away from the carrier

iy = T A

power level of the carrier
(1) is expressed as decibels relative
to the carrier per hertz (dBe/Hz). A 1
Hz bandwidth is used to allow the
phase noise in other bandwidths to be
easily calculated for comparison.

The SSB phase noise at a specified
carrier frequency is often graphically
represented on a log-log plot, as
shown in Figure 3. Phase noise can
be conveniently displayed for a wide
range of frequency offsets by using a
log scale on ame frequency axis.

Spurious: Harmonics,
and

Spurious signals are frequency
spikes that appear in the spectrum.
These spectral components may be
divided into three categories: har-
monic, subharmonic and nonharmon-
ic, as shown in Figure 4.

oomponenls in the signal generator.

Subharmonics are generated when
frequency multiplying to create the
carrier frequency. The frequency be-
ing multiplied may leak through the
signal path and appear at the output.
For example, a 500 MHz signal mul-
tiplied by two to arrive at a 1 GHz
carrier frequency might appear as a
subharmonic.

Nonharmonics are frequency com-
ponents that do not appear related to
the carrier frequency. Although signal
generator designers can determine
the location of these spurious signals,
they are unpredictable to the user.
Today’s signal generators are able to
suppress harmonics, subharmonics
and nonharmonics to a level accept-
able for most applications.

Residual FM

Residual FM is another method
commonly used to specify the fre-
quency stability of signal generators.
Residual FM includes the effects of
both spurious signals and phase

[Continued on page 26]
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noise. It is the integral of the SSB
curve with limits set by the post-de-
tection bandwidth. Common band-
widths are 300 Hz to 3 kHz and 20
Hz to 15 kHz.

SPECTRAL PURITY

CONSIDERATIONS

IN RF RECEIVER DESIGN
dpe«.trally pure signal generator

provides high value to those design-

ing and verifying analog and digital

communications devices. As an exam-
ple, a simple communications receiv-
er, shown in Figure 5. is used to il-
lustrate the effects of phase noise and
spurious signals on practical applica-
tions and measurements. Three ma-
jor applications discussed here are
LO substitution, phase noise mea-
surements and receiver performance
tests. All of these applications require
the use of a signal generator with suf-
ficient spectral purity.
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LO Substitution

In receiver development, as well
as transmitter development, a spec-
trally clean LO is required for upcon-
version and downconversion of sig-
nals. A signal generator is often used
to substitute an onboard LO for test-
ing and system troubleshooting.
Looking at the downconversion in the
receiver, the importance of spectral
purity for LO substitution is readily
apparent. Suppose that two signals
are present at the input of the receiv-
er, as shown in Figure 6. These sig-
nals are mixed with an LO signal
down to an intermediate frequency
(IF) where highly selective IF filters
separate one of the signals for ampli-

Fig. 6 Phase noise effects at the mixer;
the (a) RF input, (b) LO
and (c) mixer output spectra. W

[Continued on page 28]
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phase detector technique.

fication, detection and baseband pro-
cessing. If the desired signal is the
larger signal, there is no difficulty in
recovering it.

On the other hand, a problem
might arise if the desired signal is the
smaller of the two because any phase
noise on the LO signal is translated
directly to the mixer products. Notice
that the translated noise in the mixer
output completely masks the smaller
signal. Even though the receiver’s IF
filtering might be sufficient to re-
move the larger signal’s mixing prod-
uct, the smaller signal’s mixing prod-
uct is no longer recoverable due to
the translated LO noise.

Phase Noise Measurements

Eventually, the signal generator
that is substituting as the LO must be
replaced by the actual LO. The phase
noise of this onboard oscillator must
be measured to ensure a quality sig-
nal. In this case, a low phase noise
signal generator can be used to make
the measurement.

Many methods exist to measure
phase noise. One of the most sensi-
tive measurement techniques is the
two-source phase detector technique.
Here, the signal under test is down-
converted to 0 Hz and examined on a
low frequency spectrum analyzer. A
low noise LO is required as the phase
detector reference. The basic mea-
surement setup for measuring

phase noise using the two-source

=
A Fig. § The test setup for

. 7 Basic measurement setup for the two-source

TUTORIAL

¢ technique is shown
in Figure 7.

The noise mea-
sured by this two-
source technique
represents the com-
bined noise of both
the source under
test and the refer-
ence source. This
evel is the upper
limit for the phase
noise of either de-
vice. Therefore, if
the phase noise of the reference is bet-
ter than the source under test, the
phase noise of the source under test
can be determined.

Receiver Performance Tests

After the design of the receiver is
complete, various tests must be per-
formed to confirm design parameters.
The primary goal of most receiver
tests is to measure the receivers ability
to maintain a certain sensitivity level in
the presence of unwanted signals.

Receiver performance verification
tests may be divided into in-channel
and out-of-channel tests. Common
in-channel tests include sensitivity
and co-channel rejection. Common
out-of-channel tests are spurious and
intermodulation rejection, and adja-
cent-channel selectivity. All of these
tests, except for sensitivity, require a
modulated or unmodulated interf
ing signal with allowable uncertain-
ies, phase noise and spurious content
as defined in the communications
standard. Figure 8 shows the test
setup for co-channel or out-of-chan-
nel rejection measurements.

For analog receivers, sensitivity is
defined as the minimum power level
at which the receiver can successfully
detect and demodulate the incoming
signal. For digital receivers, sensitivity
is defined as the median level of the
received signal that produces a speci-
fied bit error rate when the signal is
modulated with a psendorandom bi-
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nary sequence of data. The important
pecification of the signal

for sensitivity tests is power level ac-
curacy (rather than spectral purity).

Co-channel rejection is the ability
of the receiver to maintain sensitivity
in the presence of an in-channel in-
terfering signal. Frequently, this co-
channel interfering signal will be a
continuous-wave (CW) signal, as
shown in Figure 9. The specific com-
munications standard defining this
test will set phase noise and spurious
signal requirements for the CW tone.

Spurious immunity is a measure of
the ability of the receiver to receive a
modulated input signal in the pres-
ence of unwanted input signals at fre-
quencies other than those specified
for adjacent- and alternate-channel
tests. The specific communications
standard defines the spurious signal
frequency location and tolerable
phase noise level.

Intermodulation rejection is a
measure of the capability of the re-
ceiver to receive a wanted modulated
signal without exceeding a given
degradation due to the presence of
two or more unwanted signals with a
specific frequency relationship to the
wanted signal frequency. Typically,
two out-of-channel CW tones are

placed so that their third-order inter-
modulation distortion product falls on
top of the desired signal, as shown in
Figure 10. Intermodulation rejection
measures how well the receiver re-
jects this unwanted distortion.

[Continued on page 30]
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Adjacent-channel selectivity mea-
sures a communications receiver’s
ability to process a desired signal
ile rejecting a strong signal in an
adjacent channel. Alternate-channel
selectivity is a similar test where the
interfering signal is spaced two RF
channels away from the passband of
the receiver. These tests are very im-
portant for both analog and digital
units where channel spacings are nar-

row and many signals may be encoun-
tered in a small geographical area.

PHASE NOISE REQUIREMENTS
FOR ADJACENT-CHANNEL
SELECTIVITY

For many receivers, the SSB phase
noise of the signal generator used to
produce the interfering signal is a
critical spectral characteristic. If the
phase noise energy inside the pass-
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band of the IF filter is excessive, the
receiver might appear to fail the test.
This case is shown in Figure 11.

The required signal generator
phase noise may be calculated using

®, = 101“,_{51‘)_ BB

where

D,

= signal generator SSB phase
noise (dBe/Hz) at the channel
spacing offset

n

B. = receiver noise-equivalent
bandwidth (Hz)

P,. = adjacent- or alternate-channel
selectivity specification (dB)

P, = test margin (dB)

Since B, and P, are fixed by the

specifications or design, the test mar-
gin determines the power that the
signal generator phase noise is al-
lowed to contribute to the IF pas
band of the receiver. A large test mar-
gin increases confidence that the re-
ceiver operates properly in the
presence of signal-to-noise degrada-
tion due to fading in the channel or
imperfections in receiver compo-
nents. For a system using a new tech-
nology or new operating fxequencles
a LuLu test margin should be used to
compensate for uncertainties.

For a receiver with a noise-equiva-
lent bandwidth of 14 kHz, P, at the
adjacent channel of 70 dB, margin of
10 dB and channel spacing of 2
the required SSB phase noise is —121
dBe/Hz at 25 kHz offset. This condi-
tion is typical for an analog FM re-
ceiver. Unlike the FM receiver in this
example, most digital communica-
tions receivers have adjacent-channel
selectivity values less than 15 dB. For
a GSM receiver with a noise-equiva
lent bandwidth of 200 kHz, a P, at
the adjacent channel of 9 dB, margin
of 10 dB and channel spacing of 200
kHz, the required SSB phase noise is

A Fig. 11 Phase noise in adjacent.
selectivity.

[Continued on page 32]
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Fig. 12 A GSM adjacent- and alternate-
channel selectivity spectrum.

B ruroriaL

-72 dBde at 200 kH7 offset. The
required SSB phase noise is driven
primarily by P,

Table 1 lists the values of adja-
cent- and alternate-channel selectivi-
ty for various communications sys-
tems as well as the required signal

generator SSB phase noise. A 10 dB
test margin was used. Clearly, for ad-
jacent- and alternate-channel selec-
tivity testing on many digital RF com-
munications formats, the signal gen-
erator SSB phase noise is not as
important as for analog FM systems.
For selectivity tests, the spectral
shape of the signal is the characteris-
tic of primary importance. The digital
modulation formats used by GSM,
CDMA, North American Digital Cel-
lular (NADC) and personal digital
cellular (PDC) characteristically leak
a small amount of power into the ad-
jacent channels. Figures 12, 13 and
14 show amplitude vs. frequency for
the selectivity values specified previ-
ously. The impact of the spectral
shape on the adjacent and alternate
channels of the receiver is evident. To
properly test a digital radio receiver,
the adjacent-channel power of a sig-
nal generator must be below the re-
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quired system specification plus the
desired test margin.

RADAR

Radar applications have tradition-
ally required spectrally clean signal
generators. Doppler radars deter-
mine the velocity of a target by me;
suring the small Doppler shifts in fre-
quency undergone by the return
echoes. Return echoes of targets a
proaching the radar are shifted hlg
er in frequency than the transmitted
carrier, while return echoes of targets
moving away from the radar are shift-
ed lower in frequency. Unfortunately,
the return slgnﬂll includes much more
than just the target echo. In the case
of airborne radar, the return echo
also includes a large clutter signal
that is basically unavoidable frequen-
cy-shifted echoes from the ground.

Figure 15 shows the typical re-
turn frequency spectrum of airborne
pulsed-Doppler radar. In some situa-
tions, the ratio of main-beam clutter
to target signal might be as high as 80
dB. This problem is aggravated when
the received spectrum has freque-nw
instabilities, specifically phase noise,
caused by either the transmitter oscil-

A Fig. 14 A PDC adjacent-
and alternate-channel selectivity spectrum.

Fig. 15 An airbore pulsed-Doppler radar’s
ty'plcul return frequency spectfum

lator or the receiver LO. Such phase

noise on the clutter signal can partial-
ly or totally mask the target signal,
depending on the relative level of the
target signal and its frequency separa-
tion from the clutter signal.

CONCLUSION

As the wireless communications
revolution moves forward and the
frequency spectrum becomes in-
creasingly crowded, the bandwidth
requirements for signals become
tighter and tighter. Systems must be
designed such that only the desired
signal is detected in the presence of
adjacent-channel signals and other
channel interference. More stringent
tests on communications devices
must be passed. At the same time,
test equipment must also meet these
strict requirements. A spectrally pure
signal generator complements the
other test equipment on a deve10p~
ment engineer’s bench and is highly
valued for applications such as LO
substitution and receiver testing. B

[
Reference
L. “Testing and Troubleshooting Digital RF
Communications Receiver Designs,”
Hewlett-Packard Application Note 1314
(Literature # 5968-3579F).

Brian Cheng received his BSEE from the
University of California at Berkeley in May
1998. He works at Hewlett-Packard Co. in. L}w
Microwave Instruments Division as an
applications engineer where he supports the
company’s RF and microwave sources.
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NEWS FROM WASHINGTON

Pac-3 Test Arccent test of the new
and improved Pac-3
Packs a Bonus PATRIOT interceptor mis-
sile at the White Sands
EENENNMSE  \fissile Range proved to be
more impressive than
planned. The $12 M test
was designed to gather data
and check the missile’s abil-
ity to detect, track and en-
gage a target. However, the
Pac-3 also intercepted and hit the target — a Hera test
issile that had been fired six minutes earlier from ap-
proximately 175 miles away. The test flight was the first
for the onboard radar seeker, which locates the target and
feeds information to an onboard processor that deter-
mines homing commands. Unlike the original PATRIOT
missile, which was used during the Pers Gulf War in
1991 and employed a proximity warhead to destroy its
gets, the Pac-3 is a hit-to-kill weapon. The updated ver-
sion is designed to protect troops by actually hitting ene-
my ballistic missiles, cruise missiles and aircraft.

Tactical Command ir Force units in

Kuwait now have a
and Control System more capable command

and control system that is

Operational |c t, provide total air de-

£ as fense coverage during a
in Middle East conflict, including the plan-
emsmmmamn 1102 and execution of the-

ater air operations. Devel-

oped by Electronic Systems

Center at Hanscom Air
Force Base in Massachusetts, the improved Operations
Module has been successfully fielded and fully deployed
in the Middle Eastern nation ahead of schedule. The
fielding of additional Operations Modules is on schedule
for delivery to air control squadrons in Europe and the
Republic of Korea, Full deployment is expected to be
completed by the fall.

The primary functions of the Operations Module are
aircraft control and warning, close air support coordina-
tion and control, airspace management, airborne airstrike
coordination and control, ground target sensor surveil-
lance and tactical airlift support. When linked to their
AN/TPS-75 radars, these deployable command and con-
trol centers are capable of forming expeditionary air con-
trol squadrons that provide complete flexibility to joint
force commanders.

Upgrades to the Modules include the addition of se-
cure voice equipment, improved access to global commu-
nications, the capability to electronically receive an air
tasking order and the capability to process and exchange
data over a Joint Tactical Information Distribution System
(JTIDS) network. JTIDS, a jam-resistant. spread spec-
trum, UHF frequency-hopping system that delivers high
capacity, secure data and voice transmission capability, has
become the US Defense Department's primary tactical
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data link. The integration of JTIDS into the Operations
Module enhances the system’s interoperability and makes
it the only system in the Air Force currently able to for-
ward JTIDS data to other tactical data links while provid-
ing support to theater operations and delivering sustained,
24-hour airspace surveillance, battle management, and
command and control.

ollowing a long and in-
tense evaluation that in-
cluded consideration of the
Boeing F-15 and several

Greece to Purchase

50 Additional

Lockheed Martin  her fighters on the world
market, the government of

F-16s Greece has announced
Sy DI20S to purchase at least

50 more Lockheed Martin

F-16 aircraft. Greece has

already taken delivery of 80
F-16s purchased under previous orders, and will be ac-
quiring an advanced version of the F-16 designated the
F-16 Block 50+. (The advanced version includes the latest
core avionics and color displays, conformal tanks for ex-
tended range and other advanced capabilities.)

The total program, including the aircraft, mission
equipment and a support package, is worth approximately
$2 B to various suppliers; the value to Lockheed Martin is
approximately $1.4 B. Delivery of the new aircraft will be-
gin approximately 24 months after contract signature,
which is anticipated to occur later this year following Con-
gressional approval.

More than 3900 F-16 aircraft have been delivered to
the air forces of 19 countries. Lockheed Martin has a firm
backlog for 130 additional aircraft not including the new
sale to Greece and other pending orders. The US Air
Force intends to purchase at least 30 additional F-16s
over the next several years.

Lockheed Martin
Wins $135 M

efense Daily reports
that Lockheed Martin
has been awarded a $135
M contract to supply 22

E-2C Radar 5ps.145 airborne surveil-
lance radars for the US

Contract \, s Northrop Grumman
e E-2C carrier-based air-

borne early warning and

control aircraft. The con-

tract is the largest order to
date for the APS-145 radar and includes options for eight
more radar sets and kits for foreign sales that could bring
its total value to more than $200 M.

The US Navy, Japan, Taiwan, Singapore, Israel and
France operate the E-2C for airborne surveillance and
border patrol. The APS-145 also has been modified for
use on the US Customs Service P-3C patrol aircraft and
the EC-130] early warning and control aircraft, both also
by Lockheed Martin.
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Raytheon aytheon Company has
been awarded a $5.8

to Develop M Air Force contract to
develop the Joint Precision

JPALS  4pproach and Landing
System (JPALS), a future

multiservice, low visibility
landing system that re-
places aging systems with a
single technology for all
services and missions
JPALS is a military variant of the local area augmentation
system (LAAS) civil landing system technology that will
provide improved low visibili Upt’mhtm\ in benign and
hostile environments and military/civil interoperability
Both the military and civil versions of this technology aug-
ment the basic GPS signal, providing precise and reliable
landing guidance in a format already familiar to pilots.
During the initial 32-month JPALS program contract
phase, Raytheon will develop the system’s architecture,
validate standards, and build and test prototype ground
and avionics systems. Raytheon Systems Company’s
Integr: ated Systems Division ATC group in Salt Lake Ci
ot as well as a Federal Aviation
artnership program to develop

Administration/indust
the civil LAAS.
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NEWS FROM WASHINGTON

US State Communimrmns Daily
reports that the US

Department  State Department is mov-
ing to control all overseas

to Control commercial satellite ex
Satellite ports. The US Commerce

Department is concerned
that a transfer of satellite-
related items formerly on
the Commerce Control
List to the State Depart-
ment’s Munitions Control List could hamper US aero-
space companies unnecessarily and overstep the inten-
tions of Congress. The State Department claims that the
National Defense Act of 1999 transfers to it the export au-
thority for “all satellite components, accessories, attach-
ments and related technical assistance, including, without
exception, all launch support activities.” Concerns by
some in the satellite industry that the State Department
would fail to distinguish between friendly nations and
those that could pose a security risk when dealing with
satellite exports might be alleviated by its International
Traffic in Arms Regulations. The primary beneficiary of
the turf war between the Commerce and State Depart-
ments will be France, the second largest supplier of satel-
lite components. W
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unbalance for balanced to unbalanced applications, and
easy to use surface mount package styles make Mini-Circuits
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,eas

(aty.1-9)
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Raytheon Named
Preferred Bidder for
ASTOR Programme
R AR

he UK’s Ministry of

Defence used the Paris
Air Show (held 12-20 June)
to announce that an indus-
trial consortium led by
Raytheon UK subsidiary
Raytheon Systems Ltd. had
been selected as the pre-
ferred bidder for the coun-
try’s £800 M, multiservice
Airborne Stand-off Radar
(ASTOR) programme. Designed to provide an airborne
battlefield surveillance capability based on the use of a
synthetic aperture/moving target indicator (SAR/MTI)
radar, the ASTOR specification includes requirements for
interleaved (but not concurrent) SAR and MTT functions,
a maximum surveillance range of between 250 and 300
km, swath and spotlight SAR modes (with a spotlight res-
olution of approximately 0.5 m), the ability to track mov-
ing ground targets at speeds down to less than 10 kmph,
the ability to detect and track helicopters in flight and the
ability to operate off tether. The radar makes use of
Doppler processing while its MTT facility features auto-
matic target tracking and sector scan.

The Raytheon solution is built around a Bombardier
Global Express long-range business jet that has been
modified to incorporate a sensor based on the Raytheon
Advanced SAR System (ASARS)-2: radar, work ations for
an onboard mission crew of three, a 1s suite
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Martin Streetly, International Correspondent

refuelling, be capable of flying 13-hour missions and have
a ferry range of approximately 11,112 km.

Of the £800 M programme cost, approximately £600 M
are devoted to the front end of the system with the re-
maining £200 M going to through- life support. As cur-
rently envisaged, a formal ASTOR contract will be signed
before the end of the year and the capability is scheduled
to enter service during 2005. The ASTOR system will be
based at RAF Waddington in the UK where it will create
300 service and 50 civilian posts supported by a force of
approximately 40 contractor personnel.

Philips Targets
Dual-band Digital
Cellular Market
with New Front-end

Receiver IC

Ne therlands contractor
Philips Semiconductors
is targeting the dual-band,
digital cellular telephone
market with the new model
SA3600 low power, front-
end receiver IC. The device
integrates 800 and 1900

MHz band low noise ampli-
fiers and downconverters
and features an on-chip LO
frequency doubler, input/output buffer amplifiers, matching
circuitry and control-mode logic to reduce external glue
components. The 800 MHz band amplifier/mixer package
mnsumes 10 mA (2 7 V supply) while the 1900 MHz band

(including a Link 16/Joint Tactical Information Distribu-
tion System (JTIDS) terminal and X- (8 to 12 GHz) and
Ku- (12 to 18 GHz) band data links) and a defensive aids
suite. The all-important radar sensor makes use of the lat-
est standard hardware used in the US Air Force’s ASARS-
2 sets together with a new, 4.6-m-long, electronically
steered antenna that is being developed by UK contractor
Marconi Electronic Systems. SAR processing for the sys-
tem is understood to be supported by the UK’s Defence
Evaluation and Research Agency.

The system will comprise a training package, a mission
support subsystem, six mobile Tactical Ground Stations
(TGS), two deployment ()peranonal—lmvcl Ground
tions (OLGS), and five air vehicles and onboard mission
systems. The training package will comprise a flight simu-
lator; flight-, rear- and ground station crew trainers (all
served by associated instructor workstations); and th:ee
classroom facilities. The mission support subs
include a mission support reference sample
portable mission planning system, a data replay fa
and a software support facility. The six TGS units will be
mounted on Pinzgauer rough terrain vehicles and make
use of communications modules, eight workshop mod-
ules, 14 trailer-mounted generator modules, six support
modules, six antenna trailers, six data link modules and six
remote terminals. The two OLGS facilities will comprise
two sets of communications modules, five sets of work-
shop modules, two sets of communications/data link mod-
n generator modules and four remote terminals.
TOR air vehicles will be capable of operating at al-
titudes in excess of 14,326 m, have provision for in-flight
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ion value is 14 mA at the same sup-
ply level. According to a company spokesman, such values
represent a 35 percent power savings on current best-in-
class GaAs RF front-end ICs. At 881 MHz (with an exter-
nal, interstage, surface acoustic wave filter attached), the de-
vice has a gain of 24 dB, noise figure of 2.6 dB and input
1P3 of — 1() 5 dBm. The equivalent values at 1960 MHz are
922.dB, 3.1 dB and ~10.4 dBm, respectively. The SA3600 de-
vice is Lurrenlly available and is presented in a 24-pin, plas-
tic thin shrink, small outline package.

stor Thom-

Thomson Retained anuh contra

son-CSF Communica-

to Supply tions has been retained by
Italian helicopter manufac-

NH90 IFF ¢, .-\guagx to supply
identification friend-or-foe

Interrogator (IFF) interrogators for use
e 2D021d the naval variant of

the four-nation (France,

Germany, Ttaly and the

Netherlands) NH90 mili-
tary helicopter. The equipment selected is derived from
the TSX 2500 family of modular systems, which includes
the TSB 2500 interrogator-transponder that is installed
aboard Sweden’s Saab S 100B Argus airborne early-wamn-
ing and control aircraft. Here, the device comprises a
combined Mk XII interrogator/Mk XII Mode $ transpon-
der unit and antenna control or adapter unit. As an inter-
rogator, the unit <)I)emtes at a frequency of 1030 (£0.2)
MHz in Mode 1, 2, 3/A, C and 4; as a transponder, the
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As low

as 3b¢

in quantity

Silicon Germanium (SiGe), Stanford PRODUCT S ELECT'O N G UIDE
Microdevices' latest RF semiconductor General Purpose Amplifiers
process, offers benefits not attainable by Vi W i i R g
conventional silicon-bipolar technologies: v (m (dBm)  (dBm)

lower noise figures, lower power SGA2186 22 20 DC50 470 4200 105 102 41
consumption, high output power at high SGA2286 " 22 20 .DC35 . 47.0. 4200 150 140 33
efficiency, and high integration level. SGAZ386 ) 27 0 iDces iz bt hza b 2s
As part of a series of Stanford SGA-2486 2.7 20 DC-2.0 +7.0 4200 196 180 25
Microdevices' initiatives to apply silicon SGA-3286 2.7 35 . DC3.6 +120 4260 148 13.4 3.5
germanium technology to a broad SGA-3386 25 35 DC3.6 +120 +250 174 16.2 3.0

spectrum of communications applications, SGA-3486 2.9 35 DC2.0  +120 +250 215 19.4 2.6
we are now offering the wireless market
devices built using a patented silicon
germanium manufacturing process. As
these devices enter the marketplace,

SGA-4186 3.2 45 DC6.0 +15.0 +29.0 10.4 10.2 4.6
SGA-4286 3.2 45 DC-3.5 +15.0 +29.0 13.8 12.6 3.3
SGA-4386 3.3 45 DC-2.5 +15.0 +29.0 17.0 15.2 2.8
SGA-4486 3.2 45 DC-20 +15.0 +29.0 19.0 16.8 2.5

consumers will benefit from cellular
SGA-5286 3.5 60  DC40 +17.0 4300 135 127 41

phones, pagers, and other wireless
communications devices that have

extended battery life, carry out multiple
functions, and are smaller, lighter, and SGA-6286 42 75 DC-3.5 4200  +340 138 124 39

less expensive. SGA6386 50 80 DC30 +200 +345 154 138 3.8
SGA6486 52 75 DC18 4200 4340 197 167 29

SGA-5386 3.6 60 DC3.2 +170 +31.0 173 16.0 3.5
SGA-5486 3.5 60 DC-2.4  +17.0 +31.0 19.7 18.0 2.8

SGA 2000 through 4000 series are also available in SOT-363
/A 5000 and 6000 series are also available in SOT-89 & SOT23-5
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Call for Eval;:ation Kit
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Stanford Microdevices
produces the highest performance
products utilizing cutting edge
technology at the lowest possible
cost. All Stanford MMICs are
100% tested and qualified
annually to ensure reliable field
performance even under the
harshest environments, making
Stanford Microdevices a favorite
among major OEMs worldwide.
Over the past five years Stanford
Microdevices has become the
preeminent leader in the design
and manufacturing of GaAs,
LDMOS and SiGe amplifier and
switch products.

ALSO COMING SOON!
DISCRETE SiGe HBTs and
LOW NOISE SiGe MMICs

Stanford

Microdevices

1-800-764-6642
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unit uses a frequency of 1090 (£0.5) MHz to provide
Mode 1, 2, 3/A, 4 and S coverage. As applied to the
NH90, the TSX 2500 interrogator will operate with the
helicopter’s European Navy Radar, which is being devel-
oped by a consortium of Thomson-CSF, Germany’s Daim-
lerChrysler Aerospace and Italy’s FIAR. This latest retain-
er follows a contract Thomson was awarded by Euro-
copter Deutschland for the supply of TSC 2000 Mode S
IFF transponders for use aboard both the naval and bat-
tlefield transport variants of the NH90.

UK Sentries hree of the UK’s seven
E-3D Sentry Airborne
to Get Warning and Control Sys-
tem aircraft are to be
ACE Capability ¢quipped with an Airborne
Mission Support System

HRTHINEEAEEE i

(AMSS) that will provide
them with an Airborne
Command Element (ACE)
fcity. Developed sguinst
> Royal Air Force’s Ur-
gent Operational Requxrement (UOR) 42/99, the Racal
Defence Electronics AMSS equipment is located at sta-
tion 18 in the aircraft and will allow an onboard comman-
der (two-star rank) to receive and display tactical informa-

OTHER FREQUENCY
TUNING PRODUCTS
FROM TEMEX COMPONENTS

Avallable T & R SMD: AT27273

Low ESR; sidted raior

proven seff ocking mecharism

rugged; low dyramic
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tion in near real time. Data types available through the
system include air-tasking orders, combat search and res-
cue plans, area weather reports and intelligence updates.

The equipment proposed is based on Racal’s existing
Lightweight Mission Support System (LMSS), which
comprises a carry-on display/processor/disc drive/commu-
nications interface unit and a keyboard. LMSS incorpo-
rates a 500 MHz DEC Alpha processor (with 256 MB of
RAM); a 36 cm, 1024 x 768 pixel high resolution liquid
stal display; and a twin 3.5-inch, 4.3 GB, removable
hard disc drive. As applied to the E-3D, AMSS will be
linked to the outside world via a high frequency radio, a
format that eventually will be replaced by a satellite com-
munications subsystem. The ACE capability will be fur-
ther enhanced by the availability of a JTIDS situational
awareness facﬂm that will provide the commander with a
PC-based data link monitoring and recording capability
that passively monitors JTIDS/Link 16 networks. UOR
42/99 is a result of the UK’s experience during Operation
Allied Force and, as of press time, AMSS is scheduled to
begin air trials in October or November. AMSS is one of a
number of E-3D upgrades currently being pursued that
will see the platforms being fitted with the Radar System
Improvement Programme package for its AN/APY-2 sur-
veillance radar, a new high frequency communications ra-
dio and an enhanced electronic support measures system
alongside the ACE capability. B

* Low cost (less than $1.00 in large quantities)
+ Excellent resolution 1.2 pF to 7 pf
(7 tums) (other capacitance ranges from
0.9 DF to 14 pF in M Series}

+ Low temperature cosfiicent:
5050 ppm°C
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MIXED SIGNALS

Get wireless devices that speak both analog
and digital.

When your products have to do analog and digital
on a single chip, Sarnoff IC design expertise can keep
everything clear. No crosstalk, no misunderstandings,
just open lines of communication.

Look to Sarnoff’s 50 years of innovation in wireless for
* A/D, D/A, DSP, and ASP macroblocks
* System-on-a-chip approaches

* High-density IC design

201 Washington Road
Princeton, New Jersey 08540-6449
© Copyright 1999 Samolff Corporation. Allrights reserved.
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Choose macroblocks to embed in your own circuits
or have us do a complete, fab-ready IC design. We'll
support you from concept to foundry and beyond.
Our ESD protection know-how will help you keep
yields up and failures down.

We can supplement your in-house skills or execute the
complete project. Look to Sarnoff for superior technology,
fast turnaround, and a track record for designs that
work on the first cut.

Get straight talk on mixed signals at 609-734-2507. Or
check out our web site at www.sarnoff.com/ad/wireless

_)SARNOFF*

Corporation
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Modular Components
National (MCN) &
Maryland MPC

(formerly Microwave Printed Circuitry)
Two high technology companies
recognized as leaders in microwave
circuit board fabrication, operating
independently for twenty years,
have now joined forces to offer our
customers increased capacity,
knowledge, and experience
not found within the industry,
for the defense and commercial
telecommunication markets

able to handle every ne
the microwave industry!

MODULAR

COMPONENTS

NATIONAL, INC

Modular Components
National (MCN) &
Maryland MPC

(formerly Microwave Printed Circuitry)

Our common goal is to provide the

best service, quality, and on-time

delivery to the microwave industry.

For fine line etching, complex plating

or machining, laser cufting, muinlayer/
hybrids, heavy

MARYLAND
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Recreational GPS Frost & Sullivan has re-

leased an update to re-
5332-22,
American Global Position-

Report Released port “North

BN ¢ Systems Applications
Markets.” This stand-al

THE COMMERCIAL MARKET

To date, the European-based GSM system has cor-
nered China’s digital mobile market, which reportedly
adds one million subscribers each month. However,
CDMA approval is expected to create a huge new market
for manutacturers in the US where CDMA technology
1

s cellular telephone use. According to China’s

segment analysis addresses

the recreational portion of

the market, including ma-

rine, land and private avia-

tion. In general, the discus-
sion is limited to units costing less than $1000 (although
aviation units may exceed this price). The update includes
projected sales of specific companies in the market and
focuses on specific market trends, including price (which
in many cases has dropped below $200 per hand-held unit
and may drop below $150 in the next few years); cross-
segment marketing, including the transfer of products be-
tween applications; usability affected by the combination
of hardware and software as well as ergonomic functional-
ity; reliability; status marketing as affected by price, value
and status premium; and bundling, including the trend to
build the products into the platform to be used. Techno-
logical trends discussed include antenna design, signal re-
ception, maps, display technologies, wide area augmenta-
tion systems (WAAS), and GPS and wireless communica-
tions links.

The recreational GPS market participants mentioned
in the study include Magellan Systems Corp., Garmin In-
ternational, Lowrance/Eagle Electronics, Apelco/-
Raytheon Marine Co., Trimble Navigation, Micrologic, Si-
Tex Marine Electronics, IT Morrow, Bendix- King, North-
star Technologies, Narco Avionics and Terra. The strategic
analysis and forecasts address market overviews and defi-
nitions, revenue forecasts, competitive analysis and mar-
ket share, product analysis, market trends and liability
for the marine, land and aviation recreational areas. For
additional information, contact Frost & Sullivan
at (650) 961-9000.

hina Duily’s Business
Weekly reports that
to Invest $843 M China Unicom, a small rival
to the state-owned giant
for CDMA Network  (fing Tolecom. wil sclect
several foreign systems
NN uppliers to provide equip-
ment for its planned
CDMA technology mobile
telephony network. The
company plans to invest
$843 M to establish a nationwide CDMA network with an
initial capacity of two million lines this year. The capacity
is expected to expand to 10 million lines in 2000. Motoro-
la and Lucent Technologies along with Samsung and Nor-
tel currently have contracts for a small-scale trial provid-
imited CDMA services in several Chinese cites. Chi-
istry of Information has authorized Unicom to
acquire these trial systems.

China Unicom
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World Trade Organization (WTO) entry commitments,
Beijing has promised to phase out all geographic restric-
tions for mobile/cellular services within five years of WTO
accession. China, which currently prohibits foreign invest-
ment in telecommunications services, will allow 49 per-
cent foreign investment in all services and 51 percent for-
eign ownership for value-added and paging services with-
in four years. However, faltering US-China relations
followmg the NATO bombing of the Chinese embassy in
Belgrade earlier this year could delay or suspend all of
these activities.

Projects Worth llied Business Intelli-
gence has released a
$80 B new report, “Air Traffic

Management System
Planned/Proposed  (lnges and Opportunities
in Global ATC Equipment
for ATM Markets,” which evaluates
o (1 size of the air traffic

control (ATC) equipment

market over the next

decade and identifies more
than $80 B in planned and proposed projects. The need to
transition air traffic management (ATM) to a new level of
performance is driven by increasing air traffic that is
straining capacities and safety envelopes in the airspaces
of the most developed regions of the world. In developing
regions, particularly China, economic growth is causing
rapid installation of ATM infrastructures. The global mar-
ket for radar systems is expected to expand from $2 B to
$4 B per year in less than 10 years.

A more quickly growing market is ATM software,
which is expected to reach $2 B in five years. Tlus market
is driven by flexibly p
systems and the flow of data streams from avariety of sen-
sor systems. Early successes with GPS signals for naviga-
tion have made GPS the comerstone of new ATM man-
agement architectures. Likewise, early Federal Aviation
Administration results with differential GPS trials have
led to the deployment of a WAAS that was expected to
be operational in North America in 1998. Near-term de-
velopments will take the system to Category I precision.
The report discusses why and where the system will be
deployed.

An enhancement to aircraft Mode S avionics turns
them mto GPS squitters, the backbone system for auto-
matic depend sur i d (ADS-B). This
process, coupled with voice and data switches, puts com-
munication-navigation surveillance (CNS/ATM) at the
threshold of realization. The reasons for delays in ADS-B
implementation are examined and the size of the market
for CNS/ATM-enabling technologies is quantified. (These
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delays also impact the rate of conversion from airport sur-
veillance radar to secondary surveillance radar scans.) The
report also discusses the conversion from instrument
landing systems to the less expensive local area augmenta-

tion system (LAAS). Precision runway monitors (PRM)
furnish safe, simultancous parallel runway use. Until
LAAS is available, PRMs will experience relatively strong
market growth, For additional information, contact Tim
Archdeacon, Allied Business Intelligence (516) 624-3113
or e-mail: info@alliedworld.com

Next-century new report, “Satellite
Communications for
Satellite the Next Century: Global

o Markets for GMP
Communications 1,505, MEOs and GEOs
1999-2004,” has been re-
Study Released |, 1,y The Insight Re-
s S¢27ch Corp. The report is

motivated by the fact that
50 percent of the world’s
population does not have
access to a telephone. By 2000, more than 60 percent of
the world’s population still will not have access to terres-
trial wireless service let alone broadband data communi-

THE COMMERCIAL MARKET

ations service. Global Mobile Personal Communications
via Satellite (GMPCS) offers a unique technical solution
to the limitations of existing terrestrial and celestial net-
works and provides messaging, voice and data communi-
cations directly to the end user. The system, operating
from a constellation of satellites, is able to reach anyone,
anywhere, anytime. GMPCS networks will provide basic
and enhanced services to all regions of the world, thus of-
fering the potential for true universal service.

The hard reality is considered that telecommunications
services today consist of islands of sophisticated terrestrial
telecommunications infrastructure located primarily in
North America, western Europe and the Pacific Rim,
which serve less than 40 percent of the world’s popula-
tion. If an individual does not live in the right part of the
world or travels outside of the developed countries, he or
she is essentially a nonparticipant in the information age.
Intense, unmet demand exists on the part of these
prospective users for messaging, narrowband and wide-
band telecommunications services. The study takes a
short- and long-term view of existing and planned GM-
PCS networks, cost and revenue projections as well as
economic, technical and regulatory issues, which will help
or hinder the future of satellite systems. For additional in-
formation, contact The Insight Research Corp. (973) 605-
1400 or fax (973) 605-1440. W

48 CIRCLE 122 ON READER SERVICE CARD

MICROWAVE JOURNAL ® AUGUST 1999


mailto:info@alhedworld.com

MAKE YOUR
WIRELESS SYSTEMS
EE Y|

As the world races
towards IMT-2000, wireless
consumers are demanding more and more
for less and less; they keep raising the bar. To get over the

top these days your wireless systems have to fly. So to

guarantee quality as you rush product out the door, you
need the best, the fastest, the most flexible measuring
equipment you can find. You need Advantest. Advantest
is one of the world's greatest names in wireless tele-
communications measuring technology. We make
everything from spectrum and network analyzers to a
vast range of other measurement equipment for commu-
nications devices — including amplifiers and filters
And together with our partners Rohde & Schwarz in
Europe and Tektronix in the U.S., we back it all with
worldwide service. We can give you all you need to make

your systems fly. How high they fly is up to you.

R3267 Spectrum Analyzer

For IMT-2000!

The R3267 is 2 high-performance spectrum analyzer designed

to meet the needs of the new communication technologies

like 3rd generation mobile (IMT-2000), microwave digital broadeast,
high-speed multimedia mobile access (MMAC), and satellite-based
services. It features a frequency span accuracy within 1% and

4 dynamic range of ~154dBe/Hz (typ.) in the 2GHz band.

ADVANTEST

TEST CORPORTION + ) 0o, http antest.co.jp/index-e.ntml
Europe: ROHDE & SCHWARZ Engineering and Sales GmbH +49-89-4129-3711, http:/ /v e
Narth America: Tekironis, Inc. +1-800-426-2200, htp://wwitek.com

Asia: Advantest (Singapore) Ple. td. +65-274-3100, tmi@asp.advantest.cojp
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INDUSTRY NEWS

B Defense contractor General Dynamics Corp., Falls
Church, VA, has signed an agreement valued at $1.05 B to
acquire three defense electronics units of GTE Corp.’s
government S)slems orgamzatwn The operations are
considered prime assets in the defense markets as the in-
dustry continues its consolidation of second-tier suppliers.

B Narda Microwave-East, a division of L-3 Communi-
cations, has acquired DBS Microwave, El Dorado Hills,
CA, a designer and manufacturer of amplifier and amplifi-
er-based products in the microwave and millimeter-wave
frequencies.

B SUSS MicroTec AG, the holding company of Karl Suss,
has purchased key assets of Fairchild Technology’s Semi-
conductor Equipment Group (SEG). With the purchase
of the Falcon and series 2000/6000 coating systems, SUSS
has won new strategic areas of the microelectronics market
and will integrate SEG systems into its existing product line
starting in 2000. In related news, Samsung Electro Me-
chanics Co. Ltd. has placed orders with Karl Suss for a
complete SABER line system. The production-oriented
tool set comprises a SUSS MA/BA6-BSA mask aligner as
well as a bond aligner and will be installed by Samsung at
its operations in Suwon, Korea for use in producing ad-
vanced microelectrical-mechanical system devices for the
automotive and consumer markets.

M Defense electronics firm Condor Systems Inc., San
Jose, CA, has purchased The Boeing Company’s AR-
GOSystems electronic warfare product line. The aquisi-
tion, completed on June 23, included the sale of the trade
name ARGOSystems. Financial terms of the transaction
were not disclosed.

B Texas Instruments Inc. has entered into an agreement
to purchase ATL Research A/S, a Denmark-based inde-
pcndcnt research and development company specializing
in RF engineering for cellular communications, to enhance

munications applications. The tra
close by the end June; financial terms were not disclosed.

B TriQuint Semiconductor Inc., Hillsboro, OR, and RF
Solutions LLC, Atlanta, GA, have jointly agreed to utilize RF
Solutions” third-party RFIC design services in conjunction
with TriQuint’s GaAs IC foundry services. The agreement is
intended to provide customers with turnkey GaAs RFIC ser-
vices and an RF design presence in the southeastern US

B Yokohama Denshi Seiko Co. Ltd. (YDS) of Japan
has entered into an agreement with precision chip device
manufacturer Barry Industries Inc., Attleboro, MA, to
serve as its original equipment manufacturer (OEM) for
thin-film products. The alliance is intended to allow Barry
Industries to expand its thick-film product capabilities
into the thin-film arena and, in turn, enable YDS to ex-
pand its product line into the thick-film market in Japan.
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B Singapore-based Achieva C
entered into an agreement with microprocessor ci
and clock oscillator supplier Ecliptek Corp., Costa Mesa,
CA, to be the first distributor of the company’s quartz fre-
quency control devices in Asia, including Indonesia,
Malaysia, Singapore, Thailand and the Philippines.

B Technology and engineering solution provider Radian
International, 2 Dames & Moore Group company, has
entered into a cooperative research and development
agreement (CRADA) with the US Federal Aviation Ad-
ministration’s (FAA) Office of Air Traffic Systems Devel-
opment located at New Jersey’s Atlantic City Internation-
al Airport to develop a team that will exchange informa-
tion, research and user feedback among the FAA and
commercial sectors in regard to meterological measure-
ment and sensing equipment and, ultimately, develop avi-
ation weather products to enhance air safety and efficien-
cy. The CRADA is expected to be active for at least three
years, but may be extended as projects develop and the
two parties agree on further research applications.

B California Micro Devices (CAMD) and Flip Chip
Technologies (FCT) LLC have entered into a nonexclu-
sive license agreement that provides CAMD with access
to FCT’s Ultra CSP™ manufacturing technology. The
agreement is intended to enhance CAMD’s line of inte-
grated passive devices in chip scale packages and
strengthen FCT’s leadership position in the growing
wafer-level packaging industry.

B Lumped and distributed filter technology manufactur-
er Bree Engineering has opened a new 3000-square-foot
facility located at 1269 Linda Vista, San Marcos, CA
92069 (760) 510-4950, fax (760) 510-4959.

B ATN Microwave Inc. has moved to a custom-built
23,000-square-foot facility located at 101 Billerica Ave.,
Bldg. 4, North Billeric: MA 01862 (877) 286-8665, (918)
667-4200, fax (978) 667-8548.

M In response to a growing demand by European cus-
tomers for eas to engineering support in the de-
velopment of new space programs, Honeywell Space
Systems will open an office in conjunction with its Space
& Aviation Control Support Center at 1 Rue Marcel
Doret BP 14, 31701 Blagnac, France, a suburb of
Toulouse. This location will be the fourth for the compa-
ny, which manufactures control products and systems for
satellites and launch vehicles in the commercial, military
and human space markets.

B Advanced Semiconductor Inc. (ASl), North Holly-
wood, CA, will immediately begin supplying microwave
and RF semiconductors, which have been discontinued
by Motorola. ASI will ship the parts from inventory or
manufacture replacements to order to continue the sup-
ply for critical applications.

[Continued on page 52]
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B National Technical Systems (NTS), Fullerton, CA,
has established the only full-service compliance testing
capability for NEBS/GR telecommunications standards in
the western US. The complete test package, which covers
Bellcore GR-63, -1089 and -487 standards and all other
collateral testing required by the rapidly growing West
Coast telecommunications industry, is expected to reduce
the customer’s engineering liaison time and expense, al-
low for team monitoring of test programs and eliminate
shipping charges and other costs associated with having
equipment tested in eastern US laboratories.

B Calibration laboratory Liberty Labs Inc., Kimballton,
IA, has constructed what is believed to be the world’s
largest ground test plane for conducting antenna calibra-
tions. The antenna bed cost $500 K and measures 50 x 80
meters. The new ground test plane, along with tightened
test procedures and better instrumentation, has allowed
the company to improve measurement uncertainty related
to the ground plane to values of 0.2 dB or less over the
frequency range of 30 to 100 MHz.

B Western Technologies Inc., Beaverton, OR, and Clare
Micronix Integrated Systems Inc., Aliso Viejo, CA, have
signed an agreement to develop a proprietary ASIC that is
installed into, and becomes part of, the miniature electron-
ics Ear/Micro Phone™ a new technology that will elimi-
nate the telephone’s mouthpiece. The Ear/Micro Phone is

designed to be used inside the ear and operates as an ear-
Fhone and microphone. It functions as a transducer where-
by a small air column of sound (the user’s voice) is induced
upon the transducer, producing electric signals that are di-
rected to a propriety ASIC and ultimately connected to a
cellular or cordless telephone.

B SaRonix, Menlo Park, CA, has entered into an agree-
ment with merchant market distributor Sterling Elec-
tronics, El Monte, CA, to offer its full line of frequency
control products, deliverable i in five days, to a broad spec-
trum of in the teles ions, wireless
process control automation, computer peripheral, and
medical and industrial markets.

B Powell Electronics Inc., Philadelphia, PA, has en-
tered into an agreement with RF Industries Ltd.’s Con-
nectors Division, San Diego, CA, to distribute its full
line of coaxial and cable products.

B Pacific Wireless Manufacturing Inc., Aptos, CA, has
named Richardson Electronics Ltd. an authorized dis-
tributor of the company’s C230X series 2.4 GHz GaAs
MMIC and PMANT series 2.4 GHz parabolic grid anten-
na products.

M Hittite Microwave Corp. (HMC), Woburn, MA, and
United Monolithic Semiconductor (UMS), Orsay,
France, have signed an agreement where HMC will utilize
UMS MMIC die for its surface-mount ball-grid array pack-

{Continued on page 54]
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Our nickel barrier termination will withstand anything
you can throw at it. Call the Solutions Experts at
Dielectric Laboratories.We will put your mind at ease.

© 1999 Dielectric Laboratories, Inc.
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THE HARDEST PART ABOUT INCORPORATING
OUR LATEST VARACTOR DIODES INTO YOUR DESIGNS IS
DECIDING WHAT TO DO WITH ALL THAT EXTRA SPACE.

The new Infineon SCD80 package is the smallest available, and rounds out
our comprehensive line of VARACTOR, PIN and Schottky diodes. It not only
saves space, but its low parasitics result in the best performance available
at high frequencies. As the leader in wireless components, we've learned

the secrets to success: Think small.

To learn more, visit our website to download data sheets and application

notes, SPICE and S-parameters. o

Infineon

Siemens Microelectronics is
www.mﬁneon.com/varaclor now Infineon Technologies.
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aged millimeter-wave MMIC product line. The new prod-
ucts will address point-to-point/multipoint, local multipoint
distribution system (LMDS), very small aperture termi-
1al/USAT and low earth orbit/medium earth orbit satellite
telecommunications applications and complement both
companies’ current MMIC standard product offerings.

B Test and rovider H

Packard Co. (HP), Palo Alto, CA, and asymmetric dlglldl
subscriber line (ADSL) manufacturer Alcatel have an-
nounced the joint development of a fast, efficient, high
volume and cost-effective manufacturing test solution for
Alcatel’s ADSL 1000 modem product line based on the
HP 79000 functional test plattorm. The system offers a
complete functional and parametric test solution available
to all ADSL modem manufacturers and is suited for
ADSL-DMT and ADSL G lite products. It provides a 400
Hz measurement resolution over a 2 MHz span, which re-
sults in full-power spectral density measurements in less
than three seconds. In related news, HP’s recently
launched outreach program for potential Y2K-related fail-
ures has reportedly caught on with customers. Several
companies have already heeded the company’s offer to
help develop Y2K preparedness and contingency plans.
Test customers are encouraged to contact HP directly or
visit its Web site at www.hp.com/go/tm-year2000 to deter-
mine the Y2K status of their HP products,

B Micro Substrates Corp., Tempe, AZ, has licensed mi-
croelectronic device manufacturer HEI Inc., Victoria,
MN, to manufacture its VIA/BGA™ mm-wave ball-grid
array packages used for local multipoint distribution sys-
tem (LMDS), point-to-point radio, SATCOM and high
speed telecommunications applications.

B Circuit Assembly Corp., Iivine, CA, has been issued
a patent for its technology used in mass-terminating rib-
bon cable to a connector. The technology provides a
method of assembly that compensates for tolerance mis-
match between the connector housing, contacts and cable
by forcing the cable conductors to accurately align with
the interdigital transducer (IDT) slot of the contacts, low-
ering attrition rates during the IDT process.

B Magellan Corp., a satellite navigation and communi-
cations subsidiary of Orbital Sciences Corp. located in
Santa Clara, CA; and integrated system supplier Magna
International Inc. have announced the formation of
Magna Works, a joint venture that will provide advanced
vehicle navigation systems to the automotive industry.
The new company, to be headquartered in the Detroit,
MI area, will design and integrate custom, state-of-the-art
vehicle navigation and information systems for OEMs of
passenger and commercial vehicles in North America and
Europe. In related news, Magellan and Australian auto-
motive audio entertainment system supplier Eurovox

. Ltd. have jointly agreed to design, develop and man-
ufacture advanced, satellite-aided, in-vehicle navigation
systems for markets in Australia and New Zealand. Magel-
lan will license its vehicle navigation technology to Eu-
rovox. Under the terms of a separate technical support
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and services agreement, Eurovox will develop navigation
equipment for OEMs and original equipment importers
as well as consumer and commercial applications. Further
details of the agreement were not released.

B Cable Television Laboratories Inc. (CableLabs®)
has named five cable modem suppliers whose products
have been certified for retail sale, including Askey Com-
puter Corp., Cisco Systems, Philips Electronics, Sam-
sung Systems of A and Sony Corp.
The certification informs consumers that the modem
complies with CableLabs’ cable modem specification.
Five companies already have been recognized by Cable-
Labs certification, including Toslnba 'I'homwn Con-
sumer EI ics, 3Com, G and
Arris Interactive.

B Smart antenna system provider Metawave® Commu-
nications Corp. has opened offices in Taipei, Taiwan and
Shanghai, China to support sales, service and manufactur-
ing operation for its Spotlight® smart antenna systems.

The announcement follows a technical wopt,mhon agree-

ment with the Shanghai Post & T Ad-

ministration and Shanghai New Globe Co. providing for
the development of a smart antenna for GSM networks,
the predominant technology in Asia.

B The Automatic RF Techniques Group (ARFTG) will
offer a new Microwave Measurement Student Fellowship
to recognize and provide financial assistance to graduate
students who wish to pursue research related to improve-
ment of RF and microwave measurement techniques.
One or more $7500 award may be granted each year
based on available funding and the number of qualified
applicants. The next deadline is October 1. For more in-
formation visit ARFTG’s Web site at www.arftg.org/
fellow.html or contact Jeffrey Jargon, NIST, 325 Broad-
way, M/S 813.01, Boulder, CO 80303 (303) 497-3596, fax
(303) 497-3970 or e-mail: jargon@boulder.nist.gov.

M Space Electronics Inc., San Diego, CA, has announced
the formation of a partnership with the Directorate of Test-
ing and Technology, Radiation Tolerance Assured (RTA)
and Support Center, White Sands, NM. The partnership is
intended to form a bnnd between | government and industry
that addresses di sources and ma-
terial shortages (DMSMS) microelectronics problems by
providing several services, including design, assembly, RTA
certification, screening qualification, procurements and lo-
gistic support, and fenced storage of microelectronics for
all military programs. Initial solutions for DMSMS micro-
electronics devices are currently in production at Space
Electronics for the B-2 program and Abrams M1A2 SEP
program.

B Stanford Telecommunications Inc.’s wholly owned
subsidiary, Stanford Wireless Broadband Inc., has con-
cluded the installation of the first full-featured wireless
broadband access system in Madrid, Spain. Stanford’s
equipment has been successfully integrated into a state-
of-the-art, high power broadband multicarrier LMDS sys-
tem designed and integrated by TTT SL of Spain.

[Continued on page 56]
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1/0 Output Power
Frequency Gain Flatness Figure VSWR |at 1dB Comp.*
Model Number (GHz) |(dB, Min.)| (+dB, Max.) (dB, Max.) (Max.) (dBm, Typ.)

JSW4-18002600-18-5A | 18-26 28 1.0 18 2.0:1/2.0:1 5
JSW4-26004000-25-5A | 26-40 25 25 25 2.0:1/2.01 5
JSW4-18004000-32-8A | 18-40 2 2.0 3.2 2.0:1/2.5:1 8
JSW4-30005000-45-5A | 30-50 2 25 45 2.5:1/2.5:1 5
JSW4-40006000-65-0A |  40-60 16 25 6.5 2.5:1/2.5:1 0

* Higher output power options available

MIXER/CONVERTER PRODUCTS

Frequency (GHz) Conversion | Noise LO-RF

Gain/Loss Figure |Image Rejection | Isolation

Model Numher RF Lo IF (dB, Typ.) | (dB, Typ.) (dB, Typ.) (dB, Typ.)
LNB-1826-30 | 18-26 Internal 2-10 42 25 20 45
LNB-2640-40 | 26-40 Internal 2-16 42 35 20 45
ARE3436LC1 | 34-36 | 155-165 | 2.7-3.3 25 4 20 60
SBW3337LG2 | 33-37 33-37 DC-4 -15 8 N/A 25
TB0440LW1 4-40 442 5-20 -10 105 N/A 20
DBO440LW1 440 4-40 DC-2 9 95 N/A 25
QBED440LW1 4-40 2-20 DC-1.5 -10 105 N/A 20

Input Output Fundamental DC current

Fromioncy @) | 0 | pouere [Feed Though Level | @+A5VDG

Model Number | Input | Output |(dBm, min.) | (dBm, min.) (dBg, min.) (mA, nom.)
MAX2M260400 | 13-20 | 26-40 10 12 18 160
MAX2M200380 | 10-19 | 20-38 6 14 18 200
MAX2M300500 | 15-25 | 30-50 10 8 18 160
MAX4M400480 | 10-12 | 40-48 10 8 18 250
MAX3M300300 | 10 30 10 10 60 160
MAX2M360500 | 18-25 | 36-50 10 8 18 160
MAX2M200400 | 10-20 | 20-40 10 10 18 160
TDO040LA2 220 4-40 10 -3 30 N/A

K Higher output power options available

MITEQ also; offers custom designs:to meet your specific requiremen\s.
For further information; please contact David Krautheimer
at (516)439-9413-or e-mail dkrautheimer@miteq.com

$ H : 100 Davids Drive ~ Hauppauge, NY 11788
lT—-—q TEL.: (516) 436-7400 ~ FAX: (516) 436-7430
2 TR 2t L

CIRCLE 93 ON READER SERVICE CARD



mailto:dkrautheimer@miteq.com
http://www.miteq.com

AROUND THE CIRCUIT

] icond: kaging ials Co., a division
of SEMX Corp. located in Armonk, NY, has achieved
QS9000 certification for meeting the basic requirements
of the IS0 9000 standard and satisfying the more rigorous
specifications of the automotive industry.

® Decibel Products, an Allen Telecom Inc. company,
has been certified by Brazil’s FINAME. The certification
will permit Brazilian-based communications companies to
use special government-subsidized financing and funding
programs to purchase Decibels line of wireless communi-
cations equipment. FINAME is the Brazilian Develop-
ment Bank agency responsible for promoting the expan-
sion, retrofitting and revamping of Brazilian plant facili-
ties by providing long-term loans for the sale of
domestic-made machinery and equipment.

B Garwood Laboratories Inc. is celebrating its 45th
year as a testing services provider. Established in 1954 to
service the aerospace industry, the company has expanded
into all industries offering climatics, dynamics, space sim-
ulation, EMC, hydraulics and pneumatics, product safety,
and automotive and packaging testing,

B California Eastern Laboratories (CEL) is celebrating its

40th anniversity. Founded in 1959, the company today rep-
resents NEC's RF, wireless and optoelectronic semiconduc-

tor products exclusively. In related news, CEL and ATN Mi-
crowave, North Billerica, MA, have announced the installa-

'CONTROL PRODUCTS

tion of a noise parameter test system at the CEL headquar-
ters in Santa Clara, CA. The system promises significant im-
provements in measurement speed and user interface and
features two Wavevue™ software modules, which will form
the basis for ATN’s new NP5C noise parameter system.

B Precision crystal, oscillator and filter producer Interna-
tional Crystal Manufacturing Co. Inc., Oklahoma City,
OK, reports that 95 percent of its manufactured products
are deliverable on time or ahead of schedule due to en-
hanced computerized tracking and scheduling software.

FINANCIAL NEWS
B Comtech Telecommunications Corp. reports sales
of $10.5 M for the third quarter, ended April 30, com-
pared to $8.7 M for the third quarter in 1998. Net income
was $498 K (18¢/share), compared to $388 K (15¢/share)
for the same period in 1998.

B REMEC Inc. reports sales of $43.2 M for the first quar-
ter, ended April 30, compared to 850.6 M for the first
quarter in 1998. Net loss was $3.4 M (14¢/diluted share),
compared to a net income of $2.3 M (9¢/diluted share) for
the same period in 1998.

B CoWare™ Inc., a provider of system-level design tools
for complex system-on-a-chip development, has raised
$8 M during its second round of venture funding, which
began in October 1996. The new financing, added to its
first round completed in April 1997, brings the company’s

[Continued on page 58]
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Why settle for normal performance, when RFMD can take you higher?

We don't toy with technology. We're serious about silicon — like our new
low-cost gain blocks. With your choice of gain and output power over the frequency
range of 100MHz to >2000MHz, these very small amplifiers conserve board space while
delivering the power your 3V applications need.

The RF2321, RF2322, RF2323, RF2325 and RF2326 —

they're small, they're powerful, and they're ready to e
ship for less than 60¢ per unit in lots of 10,000 ))))))))
Whether you need a broadband gain block, final

power amp, driver stage or buffer amp, RFMD™ Si puts MICRO-DEVICES

power where it belongs...in the palm of your hand.

7625 Thorndike Road e Greensboro, NC 274099421
Phone 336.664.1233 * FAX 336.664.0454 * Online: http://www.tfmd.com
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total funding to approximately $14 M. CoWare will use
the new funding to continue expanding its operations do-
mestically and globally, particularly in sales, marketing
and product development.

B Wireless communications filter product developer Su-
perconductor Technologies Inc., Santa Barbara, CA,
has signed a working capital credit agreement with Ven-
ture Bank @ PNC, a division of PNC Bank, for a maxi-
mum of $2.5 M, which has replaced its previous credit
line of $1.5 M.

CONTRACTS

B Sprint PCS has signed a three-year contract with Nor-
tel Networks for cdmaOne™ eqmpmem and services for
Phase IIT of Sprint PCS’ nationwide wireless network de-
velopment and expansion. Under the terms of the $520 M
contract, Nortel will provide equipment and services that
will enable Sprint PCS to expand coverage and increase
network capacity to meet rapidly growing customer de-
mand. The new contract represents the continuation of a
successful relationship between the two companies in
which Nortel has provided solutions for all three phases of
Sprint’s wireless network deployment.

 Stanford Telecommunications Inc., Sunnyvale, CA,
has been awarded a five-year contract with a potential value
of $100 M to provide critical services to facilitate meeting
short- and long-term telecommumaanon requirements

B Richard R. Rogers has been pro-
moted to VP of Amplifier Research’s
(AR) AMREP division. Rogers has
been with AR since 1993 and will con-
o play an active role in the com-
marketing communications pro-
gram as marketing manager.

B Peter Spaulding has been appoint-
ed VP and general manager at Boldt
Metronics International’s business
unit. Spaulding brings to the company more than 30 years
of experience in multinational, multiplant manufacturing
environments at such companies as General Electric,
TRW Globe Motors and, most recently, Wilton Tool
Group. He is also the founder of HEI Inc.

A Richard R. Rogers

B Narda Micro-
wave-East has pro- ¢
. moted Michael J.
Sanator to VP, o]
erations and Robert
A. Koelzer to VP,
engineering. Sana-
tor has been with
the company since
1997 as director of
operations; Koelzer
joined the company in 1985 as product line manager for
passive products.

A Michael J. Sanator A Robert A. Koezler

B CTS Corp. has named Douglas Rasmussen VP and
general manager of its frequency products operations.

within the FAA.
Systems Integration Group will provnde engineering sup-
port to the FAA’s operation of existing networks as well as
aid in planning and supporting the implementation of net-
work modernization to allow the FAA to meet the chal-
lenges of the 21st century.

B In a move that will speed the maturity and commercial
availability of its indium phosphide (InP) IC technology,
TRW Inc., Redondo Beach, CA, has entered into a 24-
month contract valued at $600 K with the Australian gov-
ernment-owned Commonwealth Scientific and Industrial
Research Organization (CSIRO) to produce a set of InP
chips designed by CSTRO. The circuits, which include low
noise amplifier, mixer and high speed digital receiver
chips, will be integrated into a variety of CSIRO radio as-
tronomy and telecommunication demonstration systems.

B Berkeley Varitronics Systems Inc., Metuchen, NJ,
has been awarded a contract by Procelbras of Brazil to
provide CDMA test transmitters and Rhino rubidium fre-
quency sources to help with rapid build-out in Brazil’s un-
derground rail system. Financial terms of the contract
were not disclosed.

PERSONNEL

B The Cellular Telecommunications Industry Association
(CTIA) board of directors has elected Richard P. Ek-
strand, president and CEO of Rural Cellular Corp.
(RCC), to serve as secretary. Ekstrand has been with
RCC since its inception in 1990.
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has ive electronic comp industry
experience and, most recently, served as VP and general
manager at Honeywell Optoelectronics.

B Integrated RF power product manufacturer Xemod Inc.,
Sunnyvale, CA, has appointed Michael Foster VP, sales and
James Harter VP, operations. Foster brings to the company
more than 20 years of technology sales experience and, most
recently, served as VP, sales and marketing at P-Com Inc.;
Harter has more than 25 years of experience in leading
manufacturing and operations efforts in several industries
and, most recentlv served as VP, operations for terrestrial
satellite eqmpment manufacturer EFData Corp.

M RIFOCS Corp. has promoted Richard Bueri, former-
ly director of engineering, to VP, engineering.

® Lew Backer has joined Storm Prod-
ucts’ Advanced Technology Group as
western regional sales manager for the
Microwave Business Unit. Backer has
more than 15 years of cable, connector
and microwave cable assembly experi-
ence and, most recently, was director
of marketing and sales for AMP’s Pre-
cision Cable Division. In addition,
Colin Scrimgeour has joined the com-
pany as quality assurance manager.
Most recently, Scrimgeour was quality manager for
Telecommunication Devices.

A Lew Backer

[Continued on page 50]
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B Michael W. Murphy has been ap-
pointed director, customer support for
Microwave Instrumentation Technolo-
gies LLC. Murphy joins the company
[ after 22 years of service with Rockwell
International Corp. and The Boeing
Company

B Trompeter Elec-
tronics Inc. has
named Lyn Bresnen
new business development manage
Bresnen brings to the company 20 years
of experience in technical sales and
marketing and has held positions at
_]nhmun Components and Amphenol
Corp. In addition, Gayland Fisher has
joined the company as regional sales
manager. Fisher has 25 years of exper-
ience in sales, marketing and engineering and, most recent-
ly, served as national distributor manager at Power-One.

A Michael W. Murphy

A Lyn Bresmen

B Texas A&M University engineering professors Kyle T.
Alfriend and B. Don Russell have been named to the
National Academy of Engineering. Alfriend heads the
aerospace engineering department and Russell is associ-
ate vice chancellor for engineering. Academy election is
among the highest professional honor for engineers.

Antenna Research

Antennas
and
Accessories

100 Hz to 40 GHz

SIGINT, ELINT, DF, HF/VHF/UHF

B Uniphase Corp. has appointed
David A. Wilson director of adminis
tration for its Broadband Products divi-
sion. Previously, Wilson was director of
finance and accounting for Harris
Corp.’s Electronic Systems Sector.

M SaRonix has named Jacques Dori-
an northeast regional sales manager.
Before joining the company, Dorian
owned a manufacturing representative
firm and sold crystals and oscillators.

& David A. Witson

NEW MARKET ENTRY
B Aethercomm is a new company specializing in the de-
sign and manufacture of RF, microwave and millimeter-

wave components and systems for commercial wireless,
defense and satellite communications. It is located at 1008
Cima Drive, San Marcos, CA 92069 (760) 471-9117, fax
(760) 471-7832 or e-mail wtthornton@mindspring.com.

WEB SITE

B MAXRAD Inc., Hanover Park, IL, has designed a Web
page dedicated exclusively to the promotion of the com-
pany’s industrial, scientific and mechanical band wireless
data antennas. The site, located at www.maxrad.com/
wirelessdata, provides browsers with a color photograph
of each wireless data antenna category, detailed specifica-
tion sheets, relevant press releases, price quotes and addi-
tional information about specific antennas.

Radio Monitoring,
Radio Location

ANTENNA .
RESEARCH §|

TELECOM, PCS, GPS, PCN, DECT, WLAN

11317 Frederick Ave., Beltsville, MD 20705, Phone: 301-937-8888 * Fax: 301-937-2796

For a free brochure or a quote, please contact us at: 1-877-ARA-SALE or sales@ara-inc.com
Visit our website at: http:/www.ara-inc.com
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fast casy
affordable

(We knew you wouldn’t want slow,
difficult, and expensive design software.)

GENESYS

Without a doubt, our software will help
you finish your design faster and with
less effort than ever before. Synthesis
tools quickly and easily eliminate
tedious design tasks: you input the
specs, the software delivers the first-
pass design. Simulators with just the
features you need are incredibly fast.
Our "keep it simple” philosophy results
in software that's easy to leam and
easy to use. So easy, in fact, that
technical support is free.

Doing business with Eagleware is also
fast and easy. Reach us by phone,
fax, e-mail, or through the Web. Order
by PO or credit card. Receive the soft-
ware within days of ordering.

The complete GENESYS/EM design
suite is $8990. For individual products,
prices start at $999, and technical
support is FREE.

So don't wait. Contact us today to get

your own fast, easy, and affordable
design software.

€EAGLEWARE=—

RF and Microwave Design Software

GENESYS covers a wids range

of applcations that include PLL 4772 Stone Drive * Tucker, GA 30084 USA
design, oscillator design (includ- coms om
ing phase noise), EM analysis, Tel: 770.939.0156
and much, much more. Visit our Fax. 770.930.0157

website for more detells.
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BN TECHNICAL FEATURE

Fig. 1 An integrated
spiral inductor. ¥
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MODELING OF METAL
AND SUBSTRATE LOSSES

IN CMOS anp BICMOS
INDUCTORS FOR RFICS

This article presents an improved lumped-element equivalent circuit of silicon

integrated inductors that accurately characterizes the effects on the quality factor
(Q) of the electromagnetic coupling between the metal strips and substrate. In the
proposed model, a magnetic coupling describes the interaction between the

substrate and the metal spirals. The equivalent circuit is extracted using a

characterization procedure that, from two-port wideband measurement of the S
parameters, automatically yields the value of the lumped element via the method

of least square minima.

nology is introducing some innovations
in the RF design of transc for
wireless communications, in particular on-
chip spiral inductors. Currently, technology
scalig allows CMOS and BICMOS processes
to operate at RF and a great effort is under-
way to obt'un a monolithic solution that meets
mobile telec ion standard sp
tions. The goal of a CMOS or BJC\’IOS single
chip with low power consumption and re-
duced fabrication cost can be met only if these
technologies succeed in replacing bipolar and
GaAs in the RF analog part. Therefore, induc-
tors need to be reahzeg on a silicon substrate
along with all of the other devices in a single
chip. In fact, the need for high Q integrated
inductors in RFICs is increasing. These de-
vices are typically t in low voltage/low
power designs to realize nar-
rowband impedance matching,
tuned loads (resonant tanks),
low noise degeneration and
feedback, and linear filters with
high dynamic range.
Integrated inductors on
GaAs have been successfully re-
alized with Q values on the or-

?"g""’xhc continuous evolution of silicon tech-

der of tens. The lower substrate resistivity of
silicon, especially for CMOS processes, re-
duces the Q values due to the increased sub-
strate losses. For these reasons it is important,
in CAD applications, to model these effects
using an accurate lumped-element circuit de-
duced from experimental or numerical charac-
terization. This article discusses this topic and
proposes an improved lumped-element equiv-
alent circuit for silicon integrated inductors.
Experimental data are also presented.

INTEGRATED INDUCTORS
The layout of a simple integrated inductor
is shown in Figure 1. The top level of metal

[Continued on page 54]
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(the less resistive) is used to realize
the spiral, and a second metal level is
used to provide access to the second
port of the device. The substrate is
silicon with a thin epitaxial layer.

As these devices are designed for
low cost consumer ap[)hutmm. the
technology used should be complete-
ly standard. Therefore, a distinction
must be made between design and
process parameters. Design parame-
shape, metal strip width,
distance between metals and number
of turns) can be manipulated by the
designer to optimize the inductor’s
features; process parameters (sub-
strate resistivity and metal line con-
ductivity) are set by the technology
This constraint is critical because a
silicon substrate is intrinsically char
acterized by high losses; a CMOS
substrate is characterized by a ve
low resistivity if compared with bipo-
lar and BiCMOS substrates. More-
over, metal resistivity contributes to a
further degradation of the Q of these
devices

Simple spiral inductors realized in
standard technology are character-

ters (area,

Sales: (408) 446-3582 Tech: (775) 345-0461 Fax: (775)345-2484
E-mail: vco@emhiser.com Web: www.emhiser.com/vco

ized by a Q defined as!

Q=2 energy stored
energy loss
inone
oscillation cycle

Q values between 5 and 8 were re-
ported previously,}-3 with inductors
realized in a CMOS standard process
These values are too low to allow
these devices to be used in commer-
cial applications and an effort is need-
ed to increase the Q.

Recently, the interest in the real-
ization of RF transceivers for con-
sumer electronics has motivated a ma-
jor research effort to realize inductors
on silicon. The activity has been fo-
cused on innovative structures to
achieve Qs as high as possible and on
equivalent circuits to describe the
physical behavior of the integrated in-
dumm 45 Interesting results were
obtained using many metal layers
(connected in seriesd or in shunt?) to
create a three-dimensional (3-D) mul-
tilayer geometry. Moreover, the most
recent technological processes pro-

MS Series

Voltage Controlied Oscillators

vide thicker (2 to 3 pum) and more
conductive metal layers (10 mQ/sq),
allowing a reduction of the ohmic
Another innovative solution
has been proposed® with the intro-
duction of a polysilicon shield below
the spiral that limits the coupling be-
tween the spiral and the substrate.

However, to improve the Q of the
integrated inductors, it is important
to study their physical behavior. This
effort permits understanding of the
effects that limit their performance
and, consequently, their design can
be optimized. Actually, it has not
been demonstrated whether Q is lim-
ited mainly by substrate or metal loss-
es. In fact, some authors? believe that
metal series resistance causes a very
important limitation in the inductor’s
features while othersl®11 affirm that
the low resistivity of the CMOS sub-
strate is the most serious problem.
For this reason, an equivalent circuit
that allows separate evaluation of
these two dissipative terms is very im-
portant in the optimization of these
integrated devices

losses.

[Continued on page 66]
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nce the g ;,eomemc.xl dimensions of these devices are
small compared to the wavelength, it is possible to model
them using a lumped-element umuxt The equivalent cir-

Fig. 2 The classical equivalent circuit.

Fig. 3 The improved equivalent circuit.

- e

Rsus
Y

66

cuit usually found in the literature is shown in Figure 2.
Several lumped elements constitute this circuit: Rg = se-
ries resistance caused by the finite conductivity of the met-
als, Crp = fringing field capacitance between each side of
the spiral, Coyy, and Cyx, = capacitive effect of the oxide

Lx
| Th— metal thicknes

length of the mus( extemal side of the spiral
width of the metal strips.

space between each e of the spiral
muntber of fms

L. = estimated inductance vdlue
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layer, Cgypn and Cgypoy = capacitive coupling with the
substrate, and Rgyp;, and Rgypeye = losses associated with
the electrical coupling with the substrate.

This model appears to be inadequate for the accurate
description of the coupling with the substrate because it
neglects completely the magnetic coupling between the
spiral and xuly\mn In fact, the electromagnetic field in-
duced by the current on the spiral induces opposite cur-
rents in the low resistive CMOS substrate. Thus, to better
describe this coupling, a substrate resistance (Rgyp) cou-
pled through a transformer to the inductor was inserted in
the equivalent circuit, as shown in Figure 3. It is impor-
tant to note that though apparently two new lumped para-
meters (N, and Rgp) were introduced, the elements are
equivalent to a shunt resistance equal to (N¢)*Rgyp and
the transformer is introduced only to better describe the
3 henomenon

This effect, which probably could be neglected in the
Gas or bipolar inductors, is very important in CMOS
technology. In fact, the CMOS substrate is characterized
by a dopmg, concentration so high that in most modern
technologies the equivalent resistivity of the substrate is
close to 0.01 Q-cm. This resistivity a loss angle
close to 1 rad in the frequency range of interest

Causes

Seven integrated inductors were designed: four using
BiCMOS technology and three using CMOS technology.

§

The geometrical characteristics of the inductors are listed in
Table 1 together with the nominal inductance values calcu-
lated using the Grover method.2 All of the devices have
been realized using a relatively thin metal (1 um). Figure 4
shows a photograph of the die, which highlights the layout
of the spiral inductor and the reference gmund structure.

The S-parameter measurements were performed using
an on-waler microwave measurement station connected
to an automatic network analyzer. The two ports have
been designed to match Cascade RF coplanar probes
used for on-chip measurement. S-parameter measure-
ments were performed at 101 frequency points in the 100
MHz to 13 GHz frequency band

A detailed description of the characterization and the
de-embedding procedure has been published previous-
ly.13 The measured S parameters of the device under test
and the reference ground appear as input. The value of all

Fig. 4 Top view of an integrated inductor and test pattern.
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5 The real part of Y,,
for the BiCMOS inductor.

e imaginary part of Yy,

M Fig. 6 The
Jfor the BICMOS inductor.
W Fig. 7 1Y, | vs. frequency.
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the lumped elements, which cor
tute the equivalent circuit, constitute
the output. The complete results are
listed in Table 2.

The frequency behavior of Y';,
Y'supim and Y'sypoy (relative to the
extracted model) was compared with
that of Y1, Ysupi, and Ygyp, (direct-
ly deduced from S-parameter mea-
surements) to validate the characteri-
7zation procedure based on the least
square minima method. In all cases,
good agreement was found across the
entire measurement frequency range
As an example, Figures 5 and 6 show
the comparison of the admittance Yy,
and Y'| for the BiCMOS inductor
Ind3b. In the proposed model, Rg is

assumed to be independent of fre-
quency. In fact, the metal used is thin
if compared to the skin depth, and a
constant distribution of the current in
its section in the frequency range of
interest is assumed. This assumption
is confirmed by the fact that also in-
cluding a frequency-dependent resis-
tance Rg did not obtain a better fit-
ting than the one proposed 14

Comparing these results with the
ones obtained by the same fitting
procedure applied to the classical
equivalent circuit, it is possible to ap-
preciate the better fitting achieved
with the improved equivalent net-
work. An illustration of this fact is
shown in Figure 7, which compares
the frequency behavior of |Y' | of
Ind3B obtained from the two equiva-
lent networks and the measured data.
The improvement is particularly evi-
dent when the amplitude is small,
that is, near the inductor self-reso-
nance frequency.

To further validate the method,
some of the extracted parameters have
been compared to the expected para-
meters estimated from geometrical
and technological data. Table 3 lists
the results relative to the value of L.
(estimated using the Grover method),
R (estimated from the resistance per
square of the metal), and Cpy;, and
Coxout (estimated from the area and
fringing-field oxide capacitance as de-
scribed in the process design rules).
The agreement is good, the errors be-
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Al B Gion Fibivency dodicad from massireinonts
of the integrated inductors.

.
0
L ..
ing on the order of 30 percent for the capacitance values
and even lower for the inductance and resistance values (15
and eight percent, respectively). Note that these figures re-
fer to the nominal values of the process parameters and do
not include their spread.

QUALITY FACTOR

The Q of integrated inductors can be evaluated directly
as a function of frequency using the two-port characteri-
zation of the improved structure, valid up to the self-reso-
nant frequency of the inductor,'0 using

where Y., is deduced from the de-embedded measured
data.13 Once the improved equivalent circuit has been
characterized by the fitting procedure described previous-
ly, the Q can also be deduced from the equivalent net-
work of the intrinsic inductor. Thus,

()

B
Yo (“h)

where Y';; is calculated from the values of the elements
of the equivalent network. Of course, the two Qs are prac-
tically coincident if the equivalent circuit is accurate. It is
evident, as shown in Figure 8, which refers to inductor
ind2B, that Q and Q' compare quite well at every fre-
quency at which measurements were performed.

The measured Q values obtained for the inductors are
rather low. In fact, as reported previously, the observed
maximum Q deduced from measurements is close to 4 for
BiCMOS inductors and close to 3 for the CMOS induc-
tors, as shown in Figure 9. Nevertheless, from the model
it is possible to deduce some interesting considerations
about the reduction of the Q caused by metal and sub-
strate losses.

In the improved equivalent circuit, the substrate losses
are modeled by the resistors Rgyp, Rgypin and
Rgupon Whereas losses due to the finite conductivity of
the metal strips are modeled by the resistor Rg. There-
fore, it is possible to define two other Qs (Qypy and
Qgup), which take into account metal and substrate losses
separately. Qypr and Qgyyp are readily deduced from the
equivalent network. In particular, Qyer is calculated by
Sayer et al.? in the limiting case of Ry — °°, Rgypin =
0 and Rgypoy — . whereas Qgyp is calculated by the
same expression but in the limiting case of Rg — 0. A
comparison of the values of Qygr and Qgyp provides i
sight into the influence of the two loss mechanisms at dif-
ferent frequencies. The same results show that Q', Qg
and Qg are related, at least approximately, by the usual
Q composition rule

Gird u
Q Quur Qsus

The good agreement between the extracted and esti-
mated values of Rg validates the hypothesis on which the
definitions of Qyer and Qgyp were based. Qygy and
Qg were extracted for all of the inductors designed and
measured, and metal losses were determined to dominate
at low frequency while the substrate losses limit the
achievable Q at high frequency. Table 4 lists the values of
Qyper and Qgpp for a CMOS and BiCMOS inductor. The
comparison between the behavior of Qypr and Qgup
highlights that metal losses are dominant at low frequen-
cies, while substrate losses are more important at high fre-
quencies. Moreover, Qygr is an increasing function of
frequency (in the frequency range of interest) while Qsyp
is a decreasing function. It is possible to define a
crossover frequency of the inductor, that is, the frequency

[Continued on page 72]
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at which Qypr and Qgyp are the
same. In general, it was determined
that CMOS inductors are character-
ized by lower Qs and lower crossover
frequencies f, ( 1.8 GHz). This
result is probably due to the larger
resistivity of the BICMOS substrate,
which reduces its contribution to the
total loss.

In addition, similar conclusions
can be derived by analyzing the plots
shown in Figures 10, 11, 12 and 13

A Fig. 10 BICMOS Q vs. Ryand Ry
at 900 MHz.

at 900 MHz.

Fig. 11 BiCMOS Q vs. Rgand Ry

at 2.4 GHz. Cllz

A Fig. 12 CMOS Q vs. Ryand Ry

Fig. 13 CMOS Q vs. Rgand Ry
at 2.4

These data are derived from the
tracted model. It is evident that Q is
more dominated by ohmic losses in
the low spectrum of RF wireless

communications. At frequencies
higher than f;,, the slope of the curve
shows that Q is more sensitive to
Rgyp- An accurate comparison of the
2.4 GHz data highlights how this
phenomenon is more evident in
CMOS inductors.

To confirm these results, the char-
acterization of a number of additional
inductors (different from the previ-
ous examples) whose measurements

[Continued on page 74]
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were provided by STMicroelectronics
were performed. These results, not
fully reported for brevity, show the
same degree of approximation as
those discussed previously.

CONCLUSION
An improved equivalent circuit for
silicon int%mted inductors has been
1. This model, cf ized
l)v the mt-roductmn of a substrate re-
sistance magnetically coupled with
the inductor, accurately describes the
loss mechanism in both the metal and
the low resistivity substrate. The mod-
el permits evaluation of two Qs sepa-
rately, depending on the two loss
mechanisms, thus enabling the de-
signer to understand which are the
most convenient ways to improve the
Q value. In fact, if at the frequency of
interest Qygr is lower than Qgyp,
the better solution to increase the Q
is to reduce the metal series resis-
tance by increasing the metal thick-
ness.” In contrast, if Qgyp is lower
than Qpgr, a good solution is to limit
the magnetic coupling between the
spiral and substrate, for example, by
introducing a pattern shield.®
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Low Cost

TECHNICAL FEATURE

BRIEFCASE SATPHONE
TERMINAL ANTENNAS

Two low cost L-band briefcase satphone terminal antennas, a two-element linear
array of probe-fed metallic discs and a 2 x 2-element sequential feed planar array
of aperture-coupled microstrip patches are investigated. The two ant were
tested indoors in an anechoic chamber and outdoors while connected to an NEC
S1 transceiving terminal. A comparative study shows that the 2 x 2-element
array is a superior choice having 14 dBi gain, less than 1.6 dB axial ratio over the
global mobile satellite communications frequency band of 1.525 to 1.661 GHz
and high quality voice communications via Optus B series satellites.

obile satellite ions is an
Mum rging technology that shapes the

planet like a global village. In contrast
to cellular-based mobile ions, which
due to economical reasons is restricted mostly to
densely populated areas, land mobile satellite
communications represents an ideal way of
putting people in remote places in touch with
the rest of the world. This

and its lower cost and higher reliabil-
ity as it does not require satellite tracking elec-
tronics. Factors that require improvement over
existing systems include size, weight and cost
without sacrificing performance. Though brief-
case antennas are plentiful in the market, their
cost is a prohibitive factor for ordinary users.
For example, a typical flat antenna for these ap-
ions costs more than US$1500.

capa-
bility is irrespective of geographic features such
as mountains, lakes, rivers and oceans. With the
recent introduction of new domestic mobile
satellite communications services using geosta-
tionary satellites! in countries such as Australia
(Mobilesat™), Japan (N-star) and the US
(AMSC), there has been a demand for antenna
systems that would allow these voice, data and
facsimile services to be accessed. Generally, two
types of antenna systems can be used to access
mobile satellite services: stationary portable sys-
tems, usually of briefcase type, and fully mobile
systems such as those installed on a land vehicle.
Portable/briefcase terminals are very popu-
lar for international businessmen, construction
workers, miners, emergency crews, relief work-
ers and journalists.2 Some advantages of the
portable system over its vehicle-mounted coun-
terpart include its lighter weight, thus it can be
carried as an attaché and used on a fixed plat-
form; its ability to be used in locations where
vehicle access is denied, such as in a hotel
room, dense forests, relief areas and emergency

" The main goal of this article is to investigate
two low cost, low profile antennas developed
for brie atphone terminal use. To fulfill
this goal, the antennas are designed and devel-
oped with very low cost materials and tested
both indoors and outdoors. The developed an-
tennas are a two-element linear array of cavity-
backed metallic disc antennas and a thin-film,
2 x 2-element sequentially fed aperture-cou-
pled patch antenna array. The configuration
and specifications of briefcase terminal anten-

[Continued on page 80]
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nas are described and practical de-
signs of both antennas are presented.
Indoor testing results including radia-
tion patterns, gain and axial ratio in an
anechoic chamber, and outdoor field
trials with an NEC S1 transceiving
terminal are presented. Finally, a
comparative study is performed based
on the resulting performance, ease of
manufacture and cost.

A\ Fig. 1 Atypical portable/briefcase
satphone terminal.

THE BRIEFCASE
SATPHONE TERMINAL
System Composition

A briefcase satphone terminal
should include several components: a
medium to high gain (on the order of
10 dBi) antenna; a transceiving termi-
nal (also called a baseband processor)
for modulation and demodulation of
transmitted and received signals, re-

s s Hohh e 1N 2,

able battery as a power source; inter-
face cables and sockets; auxiliary com-
ponents such as a compass and map to
aid in aligning the antenna with the
satellite; and a casing preferably made
from a lightweight microwave transpar-
ent material. Figure 1 shows a typical
briefcase mobile satphone terminal.
The briefcase houses a satphone hand-
set, transceiving terminal and battery. A
2 X 2-element planar antenna is fitted
under the lid oiP the briefcase. (The ar-
rows show the signal flow directions.)
The input of the antenna is connected
to the terminal; a satphone handset is
also connected to the terminal for voice
= communications.
'| The battery ener-
gizes the system.
The antenna is man-
ually adjusted to lock
B8R to the satellite by
| changing the lid an-
gle while the anten-
na is attached to the
briefcase. Alterna-
tively, the antenna
can be taken out and
placed in an elevated
position to clear ob-
stacles. The align-
ment process re-
quires a few seconds
and is aided with a
compass and map.

Briefcase
Satphone
Terminal Operation
In the initial
stage of operation,
the correct look an-
gle of the antenna is
determined using
the map and com-
pass supplied with
the system. The sys-
tem is turned on
and the received
power levels are ob-
served on the hand-

set display. The antenna is then adjust-
ed to acquire the maximum received
power level. (This maneuver should
take a few seconds.) Once the antenna
is locked to the satellite with the
strongest signal, voice communica-
tions can commence. The terminal
also can be connected to a computer
or fax machine for data and fax com-
munications, respectively.
Antenna

Complete specifications? for the
briefcase satphone antenna, listed in
Table 1, depict electrical design pa-
rameters and the mode of operation.
These specifications are valid for In-
marsat Mini-M, American AMSC and
Australian Mobilesat and show that
the antenna requires a bandwidth of
nine percent (at the center frequency
of 1.6 GHz) to cover both transmit
and receive bands.

SATPHONE TERMINAL
ANTENNA DESIGN

Two low cost antenna systems have
been designed. To keep the manufac-
turing cost as low as possible, the an-
tennas are manufactured using low
cost materials such as aluminum, thin
laminates and plastic foams. The use
of standard substrates, which are usu-
ally very expensive, is minimized. The
detailed designs of the antennas are
presented in the following sections.

The Two-element Linear Array
Figure 2 shows the two-element
linear array with two cavity-backed

A Fig. 2 The two-element linear array

antenna’s (a) disc elements on top

and (b) feed network on the bottom.
[Continued on page 82]

MICROWAVE JOURNAL ® AUGUST 1999



d ge 3 S
S Q
= o=
5 5
ek = -
o 385 Qo ey i .D =]
= oty B D Q) - a
Ehx
o S B
5 s : S
- § :
:© % Y e
frent et o S ,
3 - & il =
* = ﬂA,A < =
3= D =
@] = :
£ 9 S
=0 B g 8 1
. 88 4 5.
et SE
5 Q305 =
a* o z 3= q
< e
= 0 N
oo s : EE:
s
o S ) g3
£ 935 = =
o a (5 %
2 @] fio}
5 WU o2 2
Tt S22 alE S
: a) o} 2 .
S £ o - 53 =)
= d & q -
2 (@] 4 i S
o QAo - = :
Risert puerme © U100, o >
N0 it o
@, o M = :
o & C = 54
2 o 5 Sy S & E
5 B Q S84 :
< .1. L. T



mailto:sales@atceramies.com
http://www.atceramics.com

B TECHNICAL FEATURE

A Fig. 3 The 2 x 2-element sequentially fed patch antenna’s design layouts; the sequentially
rotated (a) patch antennas and (b) slots on the ground plane, (c) feed network and (d) plan view.

electromagnetically coupled circular
metallic disc elements.® The circular
antenna element, cavity and support-
ing rectangular plate are made of alu-
minum. The feed network is etched
on RO3003, a high frequency sub-
strate material. The inter-element
distance between the two elements is
s. The coupling between antenna ele-
ments and the feed network is via
coaxial probes, which in turn are
electromagnetically coupled to the
metallic disc via coaxial capacitors.
This method enhances the bandwidth
of the antenna elements to nine per-
cent at 1.6 GHz5 The right-hand cir-
cular polarization is achieved with or-
thogonal feed probes and two 3 dB
hybrid couplers. The input power is
divided equally between the antenna
elements using a two-way T-junction
power divider. The overall dimen-
sions of the antenna are 26 X 13 x 1.4
cm and the weight is 2.5 kg.

Figure 3 shows the practical de-
sign layouts of the second design, a

82

multilayer 2 X 2-element sequentially
fed array, as generated by HP EEsof
Academy Layout™ The four views
show perturbation segmented patch-
es rotated with a sequence of 90°
clockwise, four apertures on the
ground plane rotated using the same
sequence, the corporate feed network
layout of three Wilkinson power di-
viders and the plan view of the multi-
layer antenna composed of the three
previously described layouts, respec-
tively. As can be seen in the feed net-
work layout, the outputs of the power
divider are adjusted with delay lines
providing the required 0% 907 180°
and 270° transmission phases of se-
quentially fed antenna erements.

The patches are etched on a thin-
film laminate (0.76 mm thick) while
the slots and feed network are etched
on the top and bottom sides of
RO3003 material, respectively. The
PCBs are placed on a PVC baseplate
and secured as tiered layers with spac-
ers, foams and screws. The manufac-
tured antenna connected to a cable as-
sembly and ready for testing is shown
in Figure 4. The overall dimension of

ig. 4 The manufactured 2 x 2-clement
sequentially fed planar briefcase antenna.

Fig. 5 The two-element cavity
enclosed circular disc antenna’s
E- and H-plane radiation patterns. W'

the antenna is 26 X 26 x 1.4 em and
the weight is < 0.8 kg,

INDOOR TESTING RESULTS

All of the testing was performed at
the University of Queensland’s ane-
choic chamber, which is equipped
with an HPS030A microwave receiv-
er. Note that the radiation patterns
are shown only at 1.6 GHz as similar
patterns are observed at the other
frequencies within the Mobilesat fre-
quency bands.

The Two-element Linear Array
Figure 5 shows the plots of the
two-element linear antenna array’s
measured radiation patterns in both
E-plane (¢ = 0°) and H-plane (¢ =
90°) at 1.6 GHz. The antenna ele-
ments are placed at an inter-element
distance s = 0.75 A. The measured 3
dB beamwidth in the E- and H-
planes is 32° and 74; respectively.
Two side lobes in the E-plane radi-
ation pattern plot are clearly observed.
In contrast, the H-plane radiation pat-
tern has no side lobe. The left side
[Continued on page 84]
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A\ Fig. 6 The two-clement linear array’s
measured gain vs. frequency.

lobe is approximately 10 dB down
from the main lobe and the right side
lobe is approximately 15 dB down
from the main beam. The position of
both side lobes is at 60° from the peak
of the main lobe at 02 The asymmetric
behavior of the side lobes be at-
tributed to the mutual coupling be-
tween the feed probes.” If required,
this condition can be eliminated using
a four-feed-probe arrangement of the
patch antenna feed system.
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A Fig. 7 The two-element linear array’s
axial ratio vs. scan angle.

The gain is measured in the sweep
frequency range of 1500 to 1700
MHz so that the antenna perfor-
mance is checked for a wider band-
width than the specified frequency
band. Figure 6 s]hows the measured
gain vs. frequency plot at boresight
direction (8 = 0°). The measured an-
tenna gain is 10.6 dBi at 1.525 GHz
and 10.9 dBi at 1.661 GHz. These re-
sults indicate that the antenna meets
the gain specification.

Figure 7 shows the plot of the
measured axial ratio vs. scan angle at
1.6 GHz. The plot shows that the
al ratio at boresight direction is 0.¢
dB and less than 3 dB within £20° off
the boresight direction. The axial ra-
tio at other frequencies is also mea-
sured. The axial ratio is only 0.8 dB at
1.525 GHz and 1.2 dB at 1.661 GHz.
A summary of the measured results
of the two-element linear array is list-
ed in Table 2

[Continued on page 86]
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A Fig. 8 The far-field radiation patterns
for the 2 x 2-element sequentially fed
antenna array at 1.6 GHz; (a) E-plane
and (b) H-plane.

Fig. 9 A three-dimensional radiation pattern
plot of the 2 x 2-element antenna. W'

The 2 x 2-element
Sequentially Fed Array

The E- and H-plane radiation pat-
terns of the 2 x 2-element sequential-
ly fed antenna array were measured
in the anechoic chamber at 1.6 GHz,
as shown in Figure 8. The radiation
pattern plots show that the 3 dB
beamwidth is 34° for the E-plane pat-
tern and 30° for the H-plane pattern.
The side lobes show asymmetry both
in the E- and H-planes; they are 10
and 13 dB down off the main beam
for the H-plane, and 15 and 26 dB for
the E-plane. A three-dimensional

A Fig. 10 The 2 x 2-clement sequentially
Jfed array’s gain vs. frequency at boresight.

Fig. 11 The 2 X 2-clement array’s axial ratio
vs. frequency. W

tion pattern is shown in Figure 9,
displayed in the holographic zone us-
ing an xy-scan at a distance of 1 m at
1.6 GHz.

Having achieved satisfactory radia-
tion patterns, the antenna gain was
measured and the results are shown
in Figure 10. Gain is 13.1 dBi at
1.525 GHz and 11.8 dB at 1.661
GHz. This measured performance
confirms that the antenna meets the
required specification.

In the next step, the on-axis axial
ratio vs. frequency of the 2 x 2-ele-
ment sequentially fed planar antenna
was measured and is shown in Figure
11. The plot shows that the axial ratio
is less that 0.45 dB at 1.525 GHz and
1.7 dB at 1.661 GHz. These are very

s

plot of the antenna’s field radia-
86

y results d to the

required specification of 6 dB. The
measured results of the 2 x 2-ele-
ment sequentially fed array antenna
are listed in Table 3.

‘OUTDOOR FIELD TRIALS

Finally, the antennas were tested
outdoors while connected to an NEC
S1 transceiving terminal® in the
South-East Queensland region of
Australia. In all of the investigated
cases, the antennas were separated
from the briefcase terminal and
placed on the case to examine the
flexibility of operation. The antenna
was pointed toward the satellite with
the aid of the map and compass in-
stalled in the terminal. The tests were
performed under different climatic
conditions such as clear sky, cloudy
sky and rain.

The received power in all climatic
conditions did not vary substantially.
The received power levels, as indicat-
ed by the phone handset, were in the
range of 10 to 11 for the two-element
linear array and 12 to 13 for the 2 x
2-element sequentially fed planar ar-
ray antenna. These instrument read-
ings represent very good signal
strength according to the user’s man-
ual of the Mobilesat transceiving ter-
minal.® Note that according to the
manual a reading of 04 represents the
threshold and a reading of 20 corre-
sponds to overload. Using the experi-
mental setup, a call from the sat-
phone to a PSTN user via Optus B
series satellites was also attempted.
No matter which of the two antennas
was used, a high quality voice link
was established.

[Continued on page 85]
MICROWAVE JOURNAL = AUGUST 1999



MIXER
WITHDUT LNA

LOVSWR (RF = -10.dBm, LO = +10 dBrm)

TRANSFER CHARACTERISTICS conprmion
= AF> 10

nput pawor i 1 6B comprassion 10 13 dam

nput twotone hdorder ercept point Lo+ iadam an

OUTPLT PARAMETERS conpmon
IROZTBLGTA
7021
IRC218LOTC
IR021BLC10.

TRANSFER CHARACTERISTICS
| Gomersion gain

*r
Sir ek

uut power 1 1 68 compression

foags
Beerd

Guput twtone thisorcer arces

OUTRUT PARAMETERS mon

IF Facquency (mage rfecin mode) ARGRTBLCTA

ARG21BLC1E

Ancz1eLCIC

IF foauency (GIF. U0 dem ode) ARO2TBLCTO
X vown i - o

For addmonal information, please coma ot
Mary Becker at (516) 439-9423 ore mail mbecker@mneq com;




ANTENNA COMPARISON

A summary of the two developed
antenna systems is listed in Table 4.
Comparison of the two antennas
clearly depicts the superiont{ of the 2
x 2-element sequentially fed array
antenna over the two-element array.
The main advantages of the 2 x 2-ele-
ment antenna are its lower manufac-
turing cost (A$140), lower weight and
superior performance, though the
two-element array system has wider
beamwidth in the H-plane and,
hence, is easier to align with the
satellite.

CONCLUSION

Two low cost antenna arrays, a
two-element metallic disc linear array
antenna and a 2 X 2-element sequen-
tially fed aperture-coupled planar ar-
ray antenna, have been investigated.
The two-element antenna array has
demonstrated satisfactory perfor-
mance in terms of antenna beam-
width, gain and axial ratio. The disad-
vantages of this antenna include an
intensive assembly process due to the
large number of robe

I TECHNICAL FEATURE

readily available components, and
suitability for the portable briefcase
terminal since it weighs less than 1
kg. Satphone manufacturers and ven-
dors should develop considerable in-
terest in the antenna system due to
these advantageous features.
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set to sound at any level.
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you all these advantages?
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COMPACT INTERNAL
MULTIBAND MICROSTRIP
ANTENNAS FOR PORTABLE
GPS, PCS, CELLULAR
AND SATELLITE PHONES

ompact multiband internal integrated
C microstrip antennas have been devel-

oped for different combinations of
hand-held portable global positioning systems
(GPS), PCS, cellular satellite phones, Personal
Computer Memory Card International Associ-
ate (PCMCIA) communication cards and
wireless modems. Multiband internal mi-
crostrip antennas may be integrated in the
printed circuit board or plastic case of the
communication equipment and, in this form,
are not easy to break. The devices are me-
chanically rigid and reduce the overall size of
the portable communication equipment. In-
ternal integrated microstrip antennas are easi-
ly shielded to reduce their interaction with the
human body. Hence, they provide good per-
formance beside the human body as well as in
free space. Multiband internal integrated mi-
crostrip antennas may be designed with only
one feed point to be used with a single multi-
band duplexer, or they may have muluple feed
points to be used with multiple single-band
duplexers.

Conventional GPS and satellite receivers
are usually fixed and used only in free space.
Therefore, their antennas are required to be
right-hand circularly polarized with hemi-
spherical coverage. Combining GPS and satel-
lite phones with hand-held portable PCS and
cellular phnnes has introduced new, more

ng antenna requi Antennas
for different combinations of l)ortahle GPS,
PCS, satellite and cellular phones are required
to operate over multifrequency bands while
remaining small in size and light in weight.
Furthermore, portable GPS, PCS, satellite
and cellular phones are usually used in urban

areas, often inside buildings or vehicles. Thus,
they suffer from multipath reflections, which
produce fading and/or polarization rotation.
Their antennas must be sensitive to two per-
pendicularly polarized waves rather than verti-
cally or right-hand circularly polarized and
one of the antenna diversity techniques must
be used. Moreover, portable GPS, PCS, satel-
lite and cellular phones are randomly oriented
by their operators and, therefore, their radia-
tion patterns must be quasi-isotropic rather
than having hemispherical coverage or any
type of directivity.

PCS, satellite and cellular phones always
operate while next to the human head. Thus,
their antennas are required to fulfill these re-
quirements beside the human body as well as
in free space. The effect of the human body
on the antenna and also the effect of the an-
tenna on the human body should be as small
as possible. Unfortunately, none of the existing
portable GPS, PCS, satellite or cellular phone
external antennas, such as helical, quadrifilar-
helical or monopole antennas, exhibits good
performance beside the human body. Since
they are external, these antennas get too close
to the human head while the phone is in oper-
ation and are not easy to shield. It has hoen
determined that some of these antennas lose
more than 80 percent of their efficiency be-
side the human body.! Furthermore, they are
all sensitive to only one polarization. External
antennas, especially helical antennas, are diffi-

[Continued on page 92]
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cult to manufacture in an accurate,
repeatable way and cannot provide a
50 Q input impedance without using
a separate matching circuit, which in-
reases cost and losses. Such external
wire antennas cannot be integrated in
the PCB or plastic case; they increase
the total size of the phone, especially
if they are retractable, and are easy to
break or bend. Moreover, external
antennas require an internal diversity
antenna to solve fading problems. It
is also difficult to design an efficient
multiband external antenna for dif-
ferent combinations of GPS, PCS,
satellite and cellular phones.

INTERNAL INTEGRATED
MULTIBAND MICROSTRIP
ANTENNAS

Probably the most promising tech-
nique to significantly reduce the inter-
action between the hand-held portable
GPS, PCS, satellite and cellular phone
antennas and the human body is to use
multiband internal mteg,mtv(l antennas
such as microstrip antennas,? as shown
in Figure 1. Some special configura-
tions of microstrip antennas feature a

KEY FEATURES
* Small sizes to 0402
¢ High Q/Low ESR
¢ SRF to 6.0 GHz
* Low cost

very small size and good performance
beside the human body:? They are sen-
sitive to both vertically and horizontally
polarized waves and their radiation
patterns have good isotropic character-
istics.# Internal antennas may be inte-
grated with the PCB or plastic case
and are easily shielded. Furthermore,
microstrip antennas can be designed to
provide multifrequency bands for dif-
ferent combinations of GPS, PCS,
satellite and cellular phones. Multi-
band internal integrated antennas are
very rigid and reduce the overall size of
the phone. In addition, they can use an
E- and H-field components diversity
technique, which is the only technique
that does not require a separate diver-
sity antenna3 Conventional microstrip
antennas do not meet any of these re-
quirements. :

In this research, new compact
multiband internal integrated mi-
crostrip antenna configurations having
one feed point have been developed
to meet such requirements. This com-
pact multiband internal integrated mi-
crostrip antenna concept was applied
to different combinations of GPS,

RF CAPACITORS

APPLICATIONS

Mobile Communications
Wireless LAN & Modems
GPS Receivers
CATV/SAT TV

Visit our website today for detailed technical information.

Camarillo, California
TEL 805-389-1166
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PCS, satellite and cellular phones,
PCMCIA communication cards and
wireless modems. It should be noted
that designing multiband internal mi-
crostrip antennas having multiple feed
points is much easier than designing
multiband antennas having a single
feed point and, hence, the multiple-
feed case is not presented here.

DUAL-BAND INTERNAL
INTEGRATED MICROSTRIP
ANTENNAS FOR PORTABLE
GPS/CELLULAR PHONES

A new internal integrated dual-
band microstrip antenna design hav-
ing one feed point has been devel-
npe(l for portable GPS/cellular
phones. It consists of three stacked
layers. The total size of the antenna is
53 x 30 x 3.25 mm. Each of the lay-
ers has only one common ground
plane, which is the ground pIAno of
the lower layer. The layers also have
one feed probe connected to the cen-
tral clement of the middle layer. The

Fig. 1 An internal multiband microstrip
antenna integrated with a hand-held GPS
recei r satellite phone combined

with PC ellular capability. W

[Continued on p
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A Fig. 2 Adual-band internal microstrip

antenna for GPS/cellular handset
applications.

Fig. 3 The GPS/cellular dual-band
antenna’s return loss. W

thickness of the lower layer is 1 mm
while the thickness of the middle and
upper layers is 1.5 and 0.75 mm, re-
spectively. Figure 2 shows the anten-
na configuration and details of each
layer. The dielectric constant of the
lower layer is 2.94 (Duroid 6002); the
dielectric constant of the middle and
upper layers is 10.2 (Duroid 6010).
The lower layer contains only one
wide patch while each of the middle
and upper layers consists of three
narrow elements separated by very
narrow gaps. All elements of the an-
tenna have the same 51 mm length.
The width of the lower wide element
is 30 mm. The middle and upper lay-
ers have similar geometries. The
widths of their narrow elements are
10, 9 and 8 mm, respectively, and the
width of the gap between adjacent

4 Horizontally and v

ically
polarized patterns in the horizontal plane
of the GPS/cellular antenna at 1575 MHz.

ements is 1.5 mm. Only the central
element of the middle layer is direct-
ly fed by a coaxial cable and connec-
tor, while all the other elements are
indirectly fed by coupling as parasitic
elements. The lower element gener-
ates the GPS  frequency band, which
is less than one percent at 1.575
GHz. Both the middle and upper lay-
ers cover the required band of cellu-
lar phones, which is 70 MHz, cen-
tered at 925 MHz (890 to 960 MHz
for GSM).

The measured return loss of the
antenna is shown in Figure 3. The an-
tenna provides a bandwidth of 70
MHz at the cellular frequency band
with a return loss of ~10 dB or less.
The radiation patterns of the antenna
were measured in the principal planes
at several frequencies in the cellular
and GPS bands. The bandwidths of
the radiation patterns were even wider
than the bandwidths of the input im-
pedance. For example, the vertically
and horizontally polarized radiation
patterns in the horizontal plane at
1575 (GPS band) and 900 MHz (cellu-
lar band) are shown in Figures 4 and
5, respectively, while the antenna was
mounted on the phone and both the
antenna and phone were vertically ori-
As can be seen, the antenna is
e to both vertically and hori-
zontally polarized waves and has qua-
si-isotropic radiation patterns. Similar
results were obtained in the other
principal planes and at all the frequen-
cies in the cellular and GPS bands.
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On the other hand, the effect of
the antenna on the human body (as
well as the effect of the human body
on the antenna) has been studied and
determined to be small. The antenna
demonstrates good performance in
free space as well as beside the hu-
man body while held next to the
head. The detailed results of the in-
teraction between the antenna and
the human body very closely matched
results published previously.

DUAL-BAND MICROSTRIP
ANTENNAS FOR PORTABLE
GPS/PCS PHONES

Another dual-band internal mi-
crostrip antenna design has been de-
veloped for portable GPS/PCS
phones. The geometry of the antenna
is similar to the geometry of the
GPS/cellular phone anten own
previously. The two antenna designs
are different only in dimensions and
substrate material. The total size of
the GPS/PCS antenna is 27 x 20 x
2.5 mm. The thickness of each of the
lower and middle layers is 1 mm
while the thickness of the upper layer
is 0.5 mm. The same substrate mater-
ial has been used in all three layers
(Duroid 6010 with a dielectric con-
stant of 10.2). The lower element
covers the GPS frequer
which is less than one p
1.575 GHz. Both the middle and up-
per layers provide the required PCS
band, which is 140 MHz, centered at
920 MHz (1850 to 1990 MHz).

The measured return loss of the
antenna is shown in Figure 6. The
antenna provides a bandwidth of 140
MHz at the PCS frequency with a re-
turn loss of =10 dB or less. The radia-
tion patterns of the antenna were
measured at several frequencies in
the PCS and GPS bands, in free space
and beside the human body. The ra
ation patterns were very close to those
of the GPS/cellular antenna and,
therefore, are not presented here.
The antenna demonstrates good pe
formance in free space as well as
when held next to the human head.

MULTIBAND ANTENNAS
FOR PORTABLE
SATELLITE/CELLULAR PHONES
Satellite phones require two nar-
row frequency bands (1610 to 1626.5
MHz and 2483.5 to 2500 MHz for
downlink and uplink low earth orbit
(LEO) communication, respectively),
while cellular phones require one
wide frequency band (890 to 960
MHz for GSM). Therefore, each ap-
plication requires two substrate layers
to cover these frequency bands. The
microstrip antenna for portable satel-
lite/cellular phones consists of four
stacked substrate layers.

30 x 3.5 mm. As with the previous de-
sign, all layers have only one common
ground plane, which is the ground
plane of the first (lower) layer. The an-
tenna also has one feed probe con-
nected to the central element of the

third layer. The thickness of the first
layer is 0.5 mm, the thickness of the
second and fourth (upper) layers is
0.75 mm and the thickness of the third
layer is 1.5 mm. The dielectric con-
stant of the first and second layers is
2.2 (Duroid 5880) and 2.95 (Duroid
6002), respectively, and the diclectric
constant of the third and fourth layers
is 10.2 (Duroid 6010). The first and

ig. /eellular antenna
patterns in the horizontal plane at 900 MHz.

Fig. 6 The GPS/PCS antenna’s
v

through In GaAs FETs.
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second layers consist of only one ele-
ment each. The third and fourth (up-
per) layers consist of three narrow ele-
ments each, separated by very narrow
gaps. Only the central element of the
third layer is directly fed by a coaxial
cable and connector; all other ele-
ments are indirectly fed by coupling as
parasitic elements. Figure 7 shows
the antenna configuration and details
of each layer. The first layer covers the
lower frequency band of the satellite
phone (1610 to 1626.5 MHz for the
LEO uplink), while the second layer
covers the upper frequency band of
the satellite phone (2483.5 to 2500
MHz for the LEO downlink). Both
the third and fourth layers cover the
required cellular phone band (890 to
960 MHz for GSM).

The measured return loss of the
antenna is shown in Figure 8. The
antenna provides the required fre-

A Fig.7 Amulhbandmtemalmwmm
antenna having one feed point for pmiabb
satellite/cellular phone applications.
Fig. 8 The satellite/cellular antenna’s
return loss.

9%

quency bands with a return loss of
—10 dB or less. The radiation patterns
of the antenna were measured at sev-
eral frequencies in the satellite and
cellular bands, in free space and be-
side the human body. Again, the an-
tenna demonstrated good perfor-
mance in free space as well as next to
the human head.

ANTENNAS FOR PORTABLE
GPS/PCMCIA PAGERS
AND WIRELESS MODEMS
PCMCIA cards are small form fac-
tor adapters for personal computers,
personal communications or other
electronic devices.? They are approxi-
mately the size and shape of a credit
card and can be used with any per-
sonal portable computer system
equipped with a PCMCIA slot. These
PCMCIA cards are used for input/
output features such as wireless
modems and pagers, and are de-
signed to provide messaging capabili-
ty to laptops, notebooks, palmtops
and other portable computer systems.
These carg s may also work as stand-

alone pagers when they are not con-

A Fig. 9 A dual-band internal microstrip
antenna having one feed point for portable
GPS/PCMCIA communication card and
wireless modem applications.
Fig. 10 The GPS/PCMCIA antenna’s return
loss while the card is inside the PCMCIA slot
of a hand-held palmtop computer. W

nected to a computer. Since these
pagers may also be held or stored in
an operator’s pocket, their antennas
must have a negligible human body
effect. Furthermore, these antennas
must have almost the same resonant
frequency, input impedance and radi-
ation patterns in free space and in-
side the PCMCIA type 11 slot in any
portable computer. Some of these
PCMCIA communication cards re-
quire a wide bandwidth while others
require a very narrow bandwidth,
and GPS may be combined with ei-
ther case.

The dual-band GPS/cellular inter-
nal integrated antenna could be used
with the wideband PCMCIA commu-
nication cards combined with GPS.
For the case of the narrowband
PCMCIA communication cards com-
bined with GPS, the dual-band mi-
crostrip antenna is much simpler. It
consists of only two layers, as shown
in Figure 9. The total size of the an-
tenna is 53 x 30 x 2 mm, and the
thickness of each layer is 1 mm. The
dielectric constant of the lower and
upper layers is 2.2 (Duroid 5880) and
10.2 (Duroid 6010), respectively.
Each layer contains only one wide
patch. The lower layer covers the
GPS frequency band, while the up-
per layer covers the required band of
the PCMCIA communication card.

Figure 10 shows the return loss of
the dual narrowband microstrip an-
tenna contained in a PCMCIA pager
card while the pager card was inside
the PCMCIA sE)t of a palmtop com-
puter. It was determined that insert-
ing the antenna into the PCMCIA
slot has a negligible effect on the an-
tenna’s resonant frequency and re-
turn loss. The radiation patterns of
the GPS/PCMCIA pager card inter-
nal integrated dual-band microstrip
antenna were measured in different
situations and at different frequen-
cies in both the GPS and PCMCIA
communication card bands. The radi-
ation patterns were quasi-isometric
and sensitive to both vertically and
horizontally polarized waves. Fur-
thermore, the performance of the an-
tenna inside the PCMCIA slot beside
the human body was still good.

CONCLUSION
Compact multiband internal inte-
grated microstrip antennas have been
[Continued on page 98]

MICROWAVE JOURNAL = AUGUST 1999



POWER DIVIDERS

0.5 1o 10GHz

21032 Way 54"

Looking for a “perfect fit" power divider for your
50 or 76 ohm design...fast ? Just call Mini-Circuits!
Our quick response and wide variety can provide
on-target performance to match your needs exactly.
That's because we've developed a vast inventory
of low cost/high value SMA and Type-N connectorized
units covering cellular, GSM, ISM, PCS, and satellite
bands. Select from 2 to 32way models, wide band units
and microstrip designs going down to 500MHz...all
guaranteed to ship within one week. Mini-Circuits power
dividers are built tough to handle high matched power
with good VSWR, low insertion loss, and high
isolation between ports. And for even lower frequency
applications, check out our family of torroidal
transmission line power splitters and combiners with
frequencies as low as 500Hz. If you're looking for a
better blend of usability and affordability, put the power
of Mini-Circuits to work for you today!
Mini-Circuits...we're redefining what VALUE is all about!

No. Freq
Model  Of Models  Range (GHz)

2WAY-0° 70 0.50-10.0
2WAY-90° 2 1.00-4.20
2WAY-180° 2 1.00-2.49
BWAY 1" 0.50-4.20
AWAY 38 0.67-8.40
BWAY 4 0.80-1.80
BWAY 11 0.80-5.00
TWAY 1 1.81-1.99
BWAY 28 0.80-8.40
OWAY 2 0.80-4.80
10WAY 5 0.75-2.40
12WAY 5 0.80-4.20
16WAY 8 0.80-4.80
B32WAY 1 0.95-1.75

For detailed model numbers, Specmcabons,
and prices, consult our web site, RF/IF
Designer's Handbook, or call Mini-Circuts.

itsSis p of the 1999 U.S.
Salt Lzke Gity, Utah

Mini-Circuits
ini-Circuits .
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET htip//www.minicircuits.com ¢ AEAC

For detailed specs on all Mini-Gircuits produms refer 1o+ 760- pg. HANDBOOK » INTERNET + THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY  EEM

1SO 9001 CERTIFIED

FA7;




B TECHNICAL FEATURE

developed for different combinations
of portable hand-held GPS, satellite,
PCS and cellular phones, PCMCIA
communication cards and wireless
modems. These multiband antennas
are designed with only one feed point
in order to be used with one multi-
band duplexer. They also may have
multifeed points in order to be used
with different single-band duplesers
When multifeed points are used, the
different layers of the antenna may

be stacked together or separated and
located away from each other to in-
crease the isolation between the dif-
ferent frequency bands. However,
designing stacked multiband mi-
crostrip antennas having one feed
point is much more complicated than
designing separate microstrip anten-
nas having multiple feed points.
Single-feed multiband stacked an-
tennas consist of several layers of sub-
strate material having different di-
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electric constants. With different
combinations of substrate material
having dielectric constants ranging
from 2.2 to 10.2, the overall size of
the dual-band GPS/cellular phone
antenna is 53 x 30 X 2.25 mm. The
size of the GPS/PCS dual-band an-
tenna is 27 X 20 x 2.5 mm and the
size of the satellite/cellular multiband
antenna is 53 x 30 x 3.5 mm. The
overall size of the GPS/PCMCIA
communication cards and wireless
modem dual-band internal microstrip
antenna is 53 x 30 x 2 mm. Of
course, all of these dimensions may
be further reduced by using substrate
materials having higher dielectric
constants.

Multiband internal integrated mi-
crostrip antennas are sensitive to both
vertically and horizontally polarized
waves with good radiation pattern
characteristics in free space as well as
next to the human body. Internal in-
tegrated microstrip antennas are rela-
tively easy to shield. The interaction
between the shielded antennas and
the human body was determined to
be less than the interaction between
the human body and any external
wire antenna, such as monopole, heli-
cal and quadrifilar-helical antennas.
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THE 1999 MTT-S IMS:
THE STRING OF BROKEN
RECORDS CONTINUES

s Wall Street and the economy continue to

reach new heights, so too does the MTT-S

International Microwave Symposium
(IMS) and Exhibition. This year from June 13 to
18, Anaheim, CA hosted the biggest and most at-
tended IMS ever — a feat that has been often re-
peated since the wireless revolution took the mi-
crowave industry hostage.

The symposium started a day earlier to help
handle the increased number of technical presenta-
tions and workshops. Right from the start it was
clear this convention would be a blockbuster. At-
tendance at the weekend workshops was at record
levels, as was advanced registration. Within the first
few hours of the industry exhibition’s opening on
‘Tuesday it was apparent that the exhibitors were
destined to have an enormously productive show
as well. Of course, the pleasant Southern California
weather and the proximity of so many of our indus-
try’s businesses helped to make the venue one of
the best yet. Throughout the week, smiles were on
everyone’s faces.

The local committee, headed by Robert Eisen-
hart, chose the theme “The Magic Touch of Mi-
crowaves” as an appropriate expression of how to-
day’s RF and microwave technology is magically
transforming our lives throughout the world. Never
has there been a more ambitious utilization of our
craft than in the current worldwide telecommuni-
cations revolution, and the evidence was clearly on
display in the technical presentations and through-
out the exhibition. The committee members are to
be commended for their hard work in making IMS
a huge success.

SociaL Events

A hockey arena at first seemed like a strange
place for Monday night's Microwave Journal/
MTT-S reception. However, few facilities in the
area could have contained the large crowd of eager
engineers looking to catch up with their colleagues
and sample the drinks and hors d’oeuvres. A hock-
ey rink it was, a party floor it became (and a good
one at that). The five-piece jazz band was hard
pressed to compete with the chatter of old friends
and new acquaintances. (A montage of the evening
as well as scenes from the industry exhibition ap-
pears on pages 102 and 103.)

The Industry-hosted Cocktail Reception was
held Wednesday evening before the IEEE MTT-S
Awards Banquet. Following a sumptuous dinner, a
number of distinguished MTT-S members were
recognized for their exemplary service and techni-
cal achievements. “Marilyn Monroe” and “Frank
Sinatra” supplied the night’s entertainment.

THE TECHNICAL PROGRAM

A record number of technical papers were se-
lected this year for presentation. The technical pro-
gram committee voted to expand the symposium
by an extra day to allow adequate time for each pa-
per’s full presentation. Four hundred and sixty
technical papers were presented during 65 podium
presentation sessions and three interactive forum

[Montage on pages 102 and 103]
[Text continued on page 104]

FRANK BASHORE
Microwave Journal Staff
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band. These miniature 0.10 inch high units are flat as a pancake for
today's smaller, high density designs such as PCMCIAS, and are

housed in a rugged, J leaded package built to withstand high
temperature reflow. When your project demands a reliable surface mount
mixer with high performance and value...Reach For The SKY,
Mini-Circuits tough SKY mixers, with the 5 year Ultra-Rel® guarantee.

s Mini-Circuits®is proud to be a sponsor of the 1999 U.S.Interplay Chess Championships fionl
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sessions. In addition, there were 21 work-
shops and a number of noontime panel
sessions. The program also included the
student paper contest, student awards,
and an RF and microwave education fo-
rum. In all, the symposium, along with its
traditional companions — the 1999 IEEE
Radio Frequency Integrated Circuits
(RFIC) Symposium and the 53rd Con-
ference of the Automatic Radio Frequen-
cy Techniques Group (ARFTG) — pro-
vided a superb forum for coverage of to-
day’s developing RF and microwave
technologies.

The RFIC symposium consisted of
two workshops, an open session, five pre-
sentation sessions containing more than
50 presentations and a panel session. The
one-day ARFTG confe included

technical presentations supported its
“Nonlinearity Characterization” theme.

THE INDUSTRY EXHIBITION

Records were also set at this year’s in-
dustry exhibition. Four hundred and fify-
three companies exhibited their products
and technologies in 675 ex}ubman

Among the new products and tech-
nologies on display at the industry exhi-
bition were ANADIGICS’ new line of
low cost GaAs MMIC SPDT reflective
switches designed to support wireless
high and low power applications from
DC to 3 GHz. Anaren Microwave dis-
played it new Advenaline® four-vay high

booths that filled two large
halls. Floor traffic was strong all three
days of the exhibition and sales leads were
abundant. The popular Microwave Appli-
cation & Product Seminars (WAPS) were
also well attended with 38 presentations
held during five sessions over three days.
Few, if any, complaints were voiced at the
exhibitors’ breakfast on the show’s last
day. Many of the participants were heard

that this exhibition was the

power splitter er designed for
modular amplifier use. The low loss
stripline networks cover the 1.8 to 2.2
GHz bands for DCS, PCS and W-CDMA
high power amplifier applications.
Anritsu introduced the industry’s first
single-unit, self-contained 65 GHz vector
network analyzer. The instrument fea-
tures excellent dynamic range without
compmmlsmg on output power, and is

d to meet the testing needs of

technical presentations, an exhibition and
a tutorial workshop entitled “Measure-
ments for Wireless Front-end Technolo-
gies.” The majority of the conference’s

best they had ever attended, a satisfying
tribute to the hard work of everyone in-
volved in the show and another indicator
of the vitality of our industry.

MIXERS &
FREQUENCY DOUBLERS

MICA now offers a complete line of Double and Triple Balanced Mixer
products and Frequency Doublers. Input and output frequencies from .

2 to 26.5GHz. (IF) Frequencies from DC to 8 GHz.
Package Styles: Hermetic pin packages
Hermetic coaxial packages ® Surface M

Drop-in Open Carrier

Custom Products:
Image Reject

1Q Mixers

Dual (IF) Mixers
Mixer Pre-amplifiers
Harmonic Mixers

7017 Realm Drive

San Jose, CA 95119
Tel: 408-363-9200
Fax: 408-363-
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higher frequency systems, such as wire-
less networking, low earth orbit satellite
communications systems and intelligent
transportation systems. A microwave
source, test set and analyzer are incorpo-
rated in one bench-top instrument.

Ansoft demonstrated Serenade ver-
sion 8.0, its premier PC-based high fre-
quency design suite. The software update
includes new capabilities that speed the
design of cellular phones, pagers, wireless
local area networks, satellite communica-
tions and telecommunications systems.
The Symphony™ system simulator, a
new high frequency system analysis tool
that provides powerful RF and digital sig-
nal processing capabilities, is an added
feature. Serenade version 8.0 is a compo-
nent of the Serenade Design Environ-
ment, a single software suite that provides
high frequency system and circuit elec-
tromagnetic simulation, synthesis and de-
sign capabilities.

Applied Wave Research demonstrated
the latest upgrade to its Microwave Of-
fice™ version 3.0, which includes Apollo,
an advanced integrated layout editor.
This new function expands the depth of
the circuit simulation and electromagnet-
ic analysis software suite’s functionality
into the physical layout of MMIC, RFIC
and RF PCBs, and is built upon a single
object-oriented database.

Dow-Key Microwave highlighted its
low cost, long-life magnetic switches that
are capable of up to five million opera-

[Continued on page 106]
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Phase Locked Sources
Operational, Deployed, Field Proven

FEATURES:

 DRO Compatible Size

* Excellent Phase Noise

¢ Ruggedized for Microphonics
® 2-20 GHz Frequency Coverage

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offer YIG-Based Phase

Locked Sources covering the 2-20 GHz

frequency range. Designed specifically
for harsh commercial environments,
these oscillators offer 3 to 10 dB better
phase noise performance than DRO%.
Applications include LMDS, MVDS,
VSAT, Tele-Comm and a multitude of
general applications.

MLPE-SERIES PHASE LOCKED
OSCILLATORS:

Utilize external reference oscillators
from 50-200 MHz to generate fixed
frequencies covering 2-20 GHz.

MLPL-SERIES PHASE LOCKED
OSCILLATORS:

Utilize internal reference oscillators

to generate fixed frequencies covering
220 GHz.
MLTP-SERIES TUNEABLE

PHASE LOCKED OSCILLATORS:
Utilize external reference oscillators
with the capability of course tuning the
output frequency via the oscillators
main coil or with integrated digital
interface in step sizes equal to the
external reference frequency.
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Phone (510)770-9221

Fax (510) 770-9213
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Internet: www.micro-lambda.com
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tions while handling 100 W of CV
er. The line m(‘[ud

ch, DPDT transfer and SP6T
multiposition switch specifically targeted
toward test equipment applications.

Erksw)} announced a two-stage ver-
sion of its popular High Impedance
hnology (HIT™) power hybrid line.
These new hybrids provide power ampli-
cation for applications traditionally cov-

Penn Engineering
Components, Inc.

Complete line of
quality Microwave
components,
waveguide,
flanges and
castings available
from stock.

12750 Raymer St., No. Hollywood, CA 91605
818+503+1511 ~ FAX 818:764-0195
www.pennengineering.com
E-mail: sales@pennengineering.com
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ered by power transistors. The HIT de-
sign incorporates impedance matching,
bm circuitry and temperature compen:

n inside the device pa
units are intended for PCS appli
in the 1.9 to 2 GHz frequency range.

Fe Microwave featured a live
demonstration of fast load pull and inter-
modulation measurements using an
ritsu three-port Scorpio network analyz:
er, and displayed 7/16 and 2.4 mm con-

tuners, and 3 to 40 GHz manual
tuners. In addition, high SWR PMT pre-
matching tuners and a virtually lossless
MLTF test fixture were displayed.

As always, Hewlett-Packard displayed
severdat ot including a 50
GHz four-port coaxial transfer switch
featuring excellent repeatability, long life
and more versatility for signal routing ap-
plications; a new HP ESG-D series of RF
dw;ml ignal generators that speed devel-
opment of third-generation wireless com-
munications components and receiver:
and major enhancements to the HP 8753
and HP 8720 network analyzer families.
HP EEsof introduced the HP RF Com-
piler, a circuit synthesis software tool that

Design engineers may now en-
ter circuit specifications and a list of al-
lowable components into a wizard that
returns both the circuit topology and
, thus generating the
design for a working circuit directly from
a specification.

ITS Electronics showed its INTER-
WAVE 99 family of wireless communica-
tions products that include a dual-input
s¢ station trans-
mitter and Internet subscriber units. The
design architecture is implemented to
minimize spectral regrowth, adjacent-
channel power and error vector magni-
tude critical to today’s advanced modula-
tion schemes used with CDMA and other

i k architectures.

Merrimac Industries displayed its

i ini-quad, mini-coupler
and mini-filter products. The company’s
Multi-Mix process features fusion bond-
ing of multilayer structures that provides

component valu

base station receiver,

[Continued on page 108]
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ULTRA-LINEAR AMPLIFIERS

UPTO50W OUTPUT

- - i LZY SPECIFICATIONS:

_ . Zv1  Lz2v2

[ I Frequency a -
20 to 1000MHz from only a9 ey o oo
Worry free operation and a mountain of exceptional features make Mini-Circuits high M SR
power LZY amplifiers incredibly easy to use! Unconditionally stable, these ampm ers HARMONIC DISTORTION
have their own heat sink and fan for cool operation while automatic electronic (Typ..dBc @ 20W). e 32 45
cutoff protects against overload and burnout. At 20W output, LZY-1 5 "”Vrf’ %BLT)m i G
and -2 non-linearity is typically 0.3dB and 0.50B respectively with el \rio i e 0

low harmonic distortion. And these ultra-linear ampilifiers are very

- . Dynamic Range (Typ)

versatile too. Applications include land mobile, FM broadcast, c}f‘(&?}%)m 85€A :‘?
s 3 (dBm)

amateur and military radio, paging, lab use, and high power Sl e

testing of components. Compare these amplifiers to units
costing much more. You'll see why Mini-Circuits LZY
amplifiers are the powerful choice!

its®is proud 10 be of the 1999 U.S. Interplay ionshif o #th heat sink an m‘ withou
Salt Lake City, Utah snkandfan for o
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a homogencous dielectric medium for superior performance
at The are

small, lightweight and rugged and can be qualified for space
applications.

Motorola presented a new RF LDMOS family of devices op-
timized for third ion wireless applications. The devices
are fully characterized, individually tuned to operate at frequen-
cies from 2 to 2.4 GHz and suitable for linear transmitter appli-
cations. Also on display was a dual-band/dual-mode GaAs inte-
grated power amplifier that incorporates two pseudomorphic
high electron mobility (pHEMT) GaAs amplifier chains in one
package for TDMA/AMPS (824 to 849 MHz) and PCS TDMA
(1850 to 1910 MHz) cellular telephone applications.

The newly named Raytheon RF Gomponents unit (formerly
Raytheon Microelectronics) displayed many of its 3 and 3.5 V-
GaAs heterojunction bipolar transistor (HBT) and pHEMT
MMIC products for cellular and PCS use as well as a series of
higher power pHEMT amplifier MMICs for cellular/GSM and
PCS/DCS1800 base station use. Along with the new name
comes a renewed effort by the business unit to streamline its op-
eration to become more responsive to customer needs.

RF Micro Devices introduced a high power, high efficiency
linear amplifier module ideally suited to 3 V digital cellular sys-

1S0 9001
No:0597A137

tems. The device uses advanced GaAs HBT technology and is
designed for use as the final RF amplifier in 3 V PCS CDMA
and TDMA hand-held digital cellular equipment, spread spec-
trum systems and other applications in the 1850 to 1910 MHz
frequency band.

Rugers mtmcluccd ULTRALAM® 1000 series woven-glass

hylene (PTFE) laminates. This ma-
terial mauhes Lhe dielectric constant and loss tangent Lharacler-
istics of other glass PTFE lami thus permi
users to secure an additional material source for their ongoing
programs without the need to revise their circuit designs.

Sonnet Sofiware gave away CD ROMs containing Sonnet
Lite, a free three-dimensional (3-D) planar el
(EM) solver for two-layer metal circuits in an effort to familiarize
as many students and engineers as possible with the use of this
type of design tool. The software is a somewhat simplified ver-
sion of Sonnet em? the company’s comprehensive 3-D EM sim-
ulator software.

Toshiba America Electronic Components featured several
new products including 60 W C-band GaAs FETs for power
amplifier applications for satellite ions (SATCOM)
transmitter and very small aperture terminal (VSAT) use, and its
expanded MMIC line with the addition of eight new wideband
modules in the L-, C-, X- and Ku-bands for PCS, digital point-
to-point radio, VSAT, SATCOM and radar applications. Also
on display was a new 1 V RF transistor family in the 50 MHz to
1.9 GHz frequency range.

Xemod, a manufacturer of integrated RF power amplifier
products for wireless networks, announced the addition of a new
set of 30 W power modules to its QuikPAC™ power amplifier
module line. In addition, the company introduced a new inter-
nally biased line of amplifier modules that offers a preset operat-
ing point on each of its 30, 60 and 120 W amplifier modules.

A number of companies distributed electronic versions of
their product catalogs, such as GaAsTEK’s CD ROM contain-
ing a complete listing of its RF-to-millimeter-wave products and
services, and Hittite’s CD ROM containing its complete RF and
microwave integrated circuit line. In addition, K&L Microwave
distributed its KEL-com™ commercial filters and selection soft-

o customer reques|
e e

Pty
S SR o

o s
o chanolahing 3 olstors)

SMP-25 Combiner
(Gen
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ware that allows the user to specify standard filters and submit
quote requests directly to the factory via the company’s Web site.

Unfortunately, space limitations permit only a sample of the
many new products and technologies on display in the exhibi-
tion to be highlighted. Many equally interesting items were also
exhibited.

LooKING AHEAD To BosTon

The first MTT-S IMS of the new millennium will be held at
the Hynes Convention Center in downtown Boston June 11 to
16, 2000. Boston has always been an exciting location for this
event with so much of our industry residing in the northeast and
the charm of one of the country’s most interesting cities. Already
many of this year’s participants have enthusiastically agreed to at-
tend, providing the potential for an even larger Microwave Week
than before. We hope you too will plan to attend and continue
this record-breaking trend. See you in 2000 O
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HP ESG-DP Series RF Signal Generators

Being an engineer is an occupation that's pretty tough
to leave at the office. So the last thing you need is
test equipment that won’t do what you need it to.

WE'RE AS DEDICATED TO GIVING
YOU A FLEXIBLE DIGITAL SIGNAL
GENERATOR AS YOU ARE TO
CREATING THE PERFECT DESIGN.

Yet when we talked with R&D engineers, they told
us traditional signal generators lack flexibility.

We responded by enhancing our digital ESG-series
signal generators. Now you can create custom
formats by choosing from over 15 modulation
types, a variety of filters, and data rates from 50 Hz
to 12.5 MHz. And of course, you can also generate
existing as well as developing formats like CDMA,
GSM, NADC, PDC, DECT, PHS, TETRA and W-CDMA.

The result? You spend less time dealing with inad-
equate test equipment and more time finding the
perfect design. And hopefully free up some of that
cherished vacation time to spend
with the kids in the wading pool.

Introducing
high spectral
purity models

For a free application note,
Custom Digital Modulation
with the HP ESG-D or DP Series
Real-time 1/Q Baseband Generator, or for more infor-
mation, call your local HP sales office at one of the
numbers listed below, or visit our Web site:

www.hp.com/go/esg

ﬁp HEWLETT"

PACKARD
Expanding Possibilities |

5 o Austria (01)
+ Canaie 18774044
» France (01) 69 2
~ Hungary (36)
taly (35 02) 92-

Australa 1800 62
Repu

© 1999 Hewlett-Packard Co. TMMIDS21/INTL
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Al165W
LDMOS FET
For 900 MHz
OPERATION

n internally matched, common source,
A N-channel, enhancement-mode lateral-
ly diffused metal-oxide semiconductor
(LDMOS) FET intended for large-signal am-
plifier applications in the 860 to 900 MHz fre- L
quency range has been developed. The model
PTF 10100 LDMOS FET is rated at 165 W
minimum power output and is optimized for
amplification of cellular base station signals.

Fig. 1 Typical output The new device is designed in a push-pull
PO"’@' ‘""1 efficiency configuration and features a typical J) rain effi- A Fig. 3 Intermodulation distortion

ciency of 50 percent, resulting s output power

in lower power consum; ‘Xh"“ It erat 1 dB compression and efficiency vs.
supports the new digital modu- frequency. :
lations as well as traditional One of the more significant features of the
analog applications. The PTF  pTF 10100 device is its superior linearity per-
10100 FET operates f""_m 4 formance. In class AB operation, the third-or-
standard ?8 V DC supply with a der intermodulation distortion is an impres-
power gain of 13 dB (typ), and  ive _50 dBc at 50 W peak envelope power
its rugged design permits oper-  (PEP) and just 30 dBc at 150 W PEP. Figure
ation into a 10:1 output load 3 shows the device’s intermodulation distor-

mismatch without device degra- tion vs. output power for two adjacent input
dation. In addition, the new de-  ignals at 880 and 880.1 MHz under the bias
vice has a drain-source break-  .onditions described previously.

Fig. 2 Typical gain, output power down voltage of 65 V (min) and As with other GOLDMOS™ FETs from

SR R i A  external circuitry is minimized i family, this device employs ion implanta-

due to its internally m}iic_h_ed tion, nitride surface passivation and full gold
feature, increasing :‘311"’1’11{‘_)" metallization to ensure maximum device life-
and improving urabili-  time and reliability. In addition, 100 percent
ty for high volume production. ot traceability is standard, providing compli-
Figure I shows the PTF 10100 yne with quality assurance programs.

FET's typical output power and
efficiency vs. input power at  Ericsson RF Power Products,

880 MHz with Vi, =28 V and ~ Morgan Hill, CA (408) 776~ 20633.

Ipg = 1.8 A total. Figure 2 Circle No. 302
shows typical gain, output pow-
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AIIVCOs should
be this good. ..

Setting the standard for VCO performance.

L
Designing today’s advanced radios is tough enough when you have ¢ 'ch‘g::lg,g
VCOs that don't give you the margin you need. Our CLV line of 1887 399
patented ultra-low noise VCOs will give you that margin ... and more! by
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Learn more about Z-COMM’s CLV product line by visiting our
web site at http://www.zcomm.com/ for datasheets, outline
drawings, tape and reel specifications, and application notes,
as well as our complete product catalog and custom VCO
inquiry form.

Come %3, source ...
.OMM.

I = _Z-Communications, Inc.
9939 Via Pasar * San Diego, CA 92126

(619) 621-2700 * Fax: (619) 621-2722

WWW: http://www.zcomm.com/
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ADVANCED

LARGE-SIGNAL
MODELS

FOR TRANSISTOR
PARAMETER
EXTRACTION

SOFTWARE

ccurate model generation is becoming a
Apmgressively more important part of

the computer-aided-design process. Of
special importance are large 1;,11@1 models ca-
pable of accurately pxedu ting the perfor-
mance of nonlinear circuits. LASIMO large-
and small-signal modeling software! facili
velopment of large-signal models by
g procedures for the extraction of
MESFET and high electron mobility transistor
(HEMT) model parameters The program pro-
vides the designer with a set of proven transis-
tor models? as well as the capability to incorpo-
rate user-defined models and subsequently
modify these as required.?

Model parameters are optimized to match
actual transistors by fitting the measured and
modeled bias dependence of the device charac-
teristics. In the user-defined model version of
LASIMO, provisions were made for five I)C
and five user-defined I i
models. The user-defined models were unpl(,»

mented as dynamic link libraries (DLL) creat-
ed and added outside the program and linked
at run time. Each of the DLLs is generated
from a set of project files written in the C lan-
guage and loaded into a C compiler. The de-
fault DC model is the Curtice model, and the
default capacitance model is the Basic Semi-
Junction Model. The designer has only to edit a
single function that computes the nonlinear pa-
rameters. This function receives a set of argu-
ments from the program and returns the re-
quired nonlinear parameters. The user is able
to define and access up to 13 large-signal para-
meter coefficients to be optimized for each DC
model and up to 15 large-signal parameters for
each capacitance model. These DC and capaci-
tance large-signal parameters can be selected
by the user to suit various nonlinear simulators.

[Continued on page 114]
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THE LASIMO UPGRADE

An upgrade to LASIMO — ver-
sion 2.1 — has been released that in-
corporates additional advanced mod-
els, including the Alpha Own Model
(AOM); TriQuint Own Model, Level
3 (TOM3); and TOM3, Modified.
These models are implemented in
the user-defined configuration to ac-
commodate future refinement or
user modification. The program’s
model complement is listed in Table
1. The reconfigurable models can be
modified by the user, or other user-
defined models can be substituted.

The Alpha Own Model

AOM is a comprehensive model
for GaAs MESFETs, which expands
upon aspects of the TOM to account
for dispersion, self-heating effects
and charge conservation. A set of ca-
pacitance and charge equations are
used for consistent small- and large-
signal models. Transconductance and
output conductance dispersion are
modeled by combining a feedback
network and subcircuit that describes
the self-heating effects. The new

model accurately predicts the I-V, CV,
bias-dependent S-parameter, wave-
form, power and linearity characteris-
tics of the MESFET. This model has
been implemented in PSPICE. 45
The TriQuint Own Model, Level 3

TOMS3 is also a comprehensive
model for GaAs MESFETs. It was
developed to improve existing MES-
FET capacitance models for SPICE
using conservation of charge in the
implanted layer.6 The capacitance
model calculates the gate charge
from the drain current and gate ca-
pacitances from the drain conduc-
tances. Relating the gate charge to
the channel current creates gate ca-
pacitances dependent upon the chan-
nel current derivatives linking the
small-signal model to the large-signal
equations. Drain dispersion and self-
heating effects are modeled by a GD
model using a set of device equations
and a specific subcircuit in SPICE.™$
The TriQuint Own Model, Level 3,
Modified

A variant of the TOM3 model is also
provided where the parameters as-

the highest reliability,
lowest failure rate resistors

When resistor failure
is simply not an option,
you need the world's
highest reliability

resistors. That means

State of the Art (SOTA),
and nothing less.

For launch vehicles
and satellites, SOTA
provides resistor tech-
nology and quaiity you
can count on. Including
unsurpassed estab-
lished reliabilty failure
levels for MIL-PRF-

beyon

which include “S” level
{0001% per 1,000
hours) and “T” level
(space level)! Plus an
exclusive MIL-PRF-914
surface mount network
qualification. For
details, just call or visit

TR v e 55342 chip resistors, s on the web.
The Reliabe Hesistos
2470 Fox Fill Koo, St oge P4 168031757 ool stsOressoom = S
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signed to temperature are not includ-
ed. For many applications the model
can be used quite effectively without
the temperature parameters. In addi-
tion, speed of extraction is improved.

A LARGE-SIGNAL MODEL
EXTRACTION EXAMPLE

As an example of the use of the
new user-defined models, the fitting
of the AOM to a discrete GaAs MES-
FET is demonstrated. The transistor,
a low power, low noise device,? was
selected from the process control
monitor in a three-inch GaAs wafer.
Relevant data include a gate width of
300 um (four interdigitated 75 um fin-
gers), gate length of 0.5 um, ion im-
plantation energy of 150 Kev and
open channel current after recess of
100 mA. The transistor was measured
using an on-wafer probe station and a
Wiltron 360 vector network analyzer

[Continued on page 117]

MICROWAVE JOURNAL ® AUGUST 1999



Looking for a
diode supplier

that's a bit
more personal?

MicroMetrics.
. Real i’eop/e,
. Keal Servi

Cé.

It's a real voice. It's an unseen
smile. It’s a dedication to
delivering the device you're
looking for. With M
ou get the combination o
complete diode resource and
ace on the phon
g for a small quantity of
Schottkys? No problem. Can’t
find that discontinued devi
you've always ght? We've
ot it. How ‘bout a Tuning
>x for high frequencies?
Or a new for PINS,
Resistors, and Capacitors? It's
all right here. And if we don’t
e it, we'll help you find it
We’ll even custom
design a device jus
ou. That's
Metrics.
Real people.
Real service.
All you have to

do is call

MicToMeh-lcs

urce for Diodes

derry, NH 0305!
* Fax: 603-64


http://www.micrometrics.com

IGM INTERNATIONAL GONGRESS CENTER
MURICH - GERMANY - 4-8 DCTOBER 1399

WWW.BUMW.GOM

@ m VDE ITG
= W\

ANSOFT

csT [lridans

B 3 unique, technically advanced conferences

B 1 major exhibition — The only international trade event

in Europe
B 396 worldwide companies in attendance g )
P MICROWAVE
B 1 Oktoberfest an Mifter Fieeman © ERIOINCERING

David Raberts, Event Manager, Tel: +u( m

Nicala Jedrej, frenl Co-ordinator, Tel:+44 [0) ITI m I38|

29 LT\ CONFERENCE

MICROW



mailto:david.roDerts@unmt.cDm
mailto:nicnla.jedrel@unmt.cim

B proDpUCT FEATURE

Aig 1 The iransistor suiall ﬂvnal o

W Fig. 2 The AOM model parameters.

The device parasitic resistances
were measured using in-house PCM
characterization procedures, 9 resulting
inR.=130Q, Ry=27Qand R =11
Q. The parasitic inductances were then
extracted using the program, producing
L =236.35 pH, Ly=421 pH and L, =
7746 pHL With the bizs-invariant para-

sities, LASIMO was used to extract the
intrinsic device models at all bias
points. In this
process, the program
gathers in memory
the arrays of
transconductance
G,y,, output conduc-
tance Gy, gate
source capacitance
C, and gate drain
capacitance ng
These arrays are a
function of the in-
trinsic biases Vgs; and
Vg The intrinsic bi-
ases are calculated
by subtracting the
impressed voltages
from the parasitics.

The program
then is used to opti-
mize these small-sig-

V] CLASIMO05:57 40 AMWed 07 1 5000

nal data arrays to the
kit | AOM equations rep-
murer e | Tesenting the nonlin-
ear Iy, Gy, Gay Ce
Vet | and C,q. The initial
ssrrs | DG model values for
optimization were
sum=re | chosen with care so
owreaess | that the optimization
process converges
£ | vapidly. As an exam-
vurea-s | ple, key DC parame-
ter values were
A5 roughly caleulated to
swrars | produce the device’s
saturation current

(VNA). The device was powered us-
ing two Keithley model 236 program-
mable power supplies. The VNA and
power supplies were controlled via
the IEEE-488 GPIB bus using the
program’s data acquisition module.
The FET’s S parameters and drain
current were measured at Vy, = 0.5,
1.0, 1530‘m(15()\’mdv =-18,
,~0.4 and 0 V. A tuta] nf 25
data pomts were thus generated to
represent the device’s I-V curve. Fig-
ure 1 shows the small-signal model
chosen to represent the device.
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T4ss- The rest of the
model parameters were chosen from
default values. A combination of ran-
dom and Levenberg-Marquardt opti-
mizers were selected and care was ex-
ercised to ensure the values were real-
istic and within limits. The initial and
final AOM model parameters are
shown in Figure 2.

LASIMO graphs of the fitted
DC parameters demonstrate the
versatility of the new AOM model
in achieving a best fit for Iy, G,
and Ry, as shown in Figures 3,
[Contintied on page 118]
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A Fig. 6 Measured vs. modeled C,.
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A Fig. 4 Measured vs. modeled G, A Tig. 7 Measured cs. modeled Cyy.
4 and 5, respectively. Similarly, the AOM model demon-
strates a good capacitance fit for the transistor, as shown
it in Figures 6 and 7.
Wikt CONCLUSION
Votbar 1 LASIMO software can be used to conveniently acquire
MESFET measurements and fit these data to advanced
b large-signal models. The system requirements to operate
Mt the program properly include a Pentium PC with Win-
Ratonni & o c
dows 3.1/95/98/NT and a minimum of 16 MB of RAM.
b LASIMO Version 2.1 is priced from $7500 and is available
Ottty immediately. Additional information can be obtained from
the company’s Web site: www.optotek.com. W
by 15
Ps—
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SWITCHES

DC-2.5GHz Immediate Delivery . 2 30

¥.1000)

Finally! SPDT absorptive, reflective, and transfer switches
that appeal to your technical side, and business side as welll It's
Mini-Circuits GaAs switches...providing outstanding performance
features such as very high isolation (up to 60dB), superfast 3nsec
switching speed, and excellent compatibility with surface mount
soldering techniques. Additionally, these switches are built
extremely tough and are immediately available from stock with a
guarantee to ship within 1 week. From only $2.95 ea. (qty. 10),
this top-of-the-line value is priced with your bottom line in mind!

To order, contact Mini-Circuits with your requirements today.

M proud of the 1993 U.S.
Salt Lake Gity, Utah
Insertion NE InOut  Price
Freq.  Loss’ [ )
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Fig. 1 A phase noise
performance comparison
at1GHz. 5

HP 8657 |

ue to the increasingly stringent require-
Dments for communications channels,

today’s signal generators must have ex-
tremely low phaﬁe noise to determine if a de-~
vice, component or subsystem meets test speci-
fications. A new series of spectrally pure signal
generators has been developed to meet these
tight demands that also provides flexible digital
modulation capabilities for current and future
communications requirements.

The HP ESG family of RF signal generators
has been expanded with the addition of new
high spectral purity models that include the
HP ESG-AP series of four analog model RF
generators and the HP ESG-DP series of four
digital models. The new generators are de-
signed specifically to provide a
source of high spectral purity
RF signals with built-in modula-

B tion functionality for both ana-

log dnd digital applications that

ly required external test

P
equipment or multiple genera-

tors. The new instruments pro-

vide good phase noise perfor-

mance for general-purpose

160/ A
10 7K ook tom bench-top testing of modern
OFFSET FREQUENCY (Hz) communications devices and

120

equipment. Figure 1 shows

ANALOG

AND DIGITAL SIGNAL
(GENERATORS

WITH HIGH
SPECTRAL PURITY

a comparison of the typical single-sideband
(SSB) phase noise performance of the new
HP ESG-AP and -DP series vs. HP ESG-D
and -A signal generators and other common
signal generator types.

Good spectral pu

is essential for achiev-
ing low phase nois spectrally clean signal
when used as an LO for up- and downconver-
sion prevents the masking of low level desired
signals by phase noise. The high spectral purity
of the HP ESG-AP and -DP generators also
makes possible receiver performance testing
that meets the phase noise and spurious con-
tent specifications of today’s communications
standards for both in-channel and out-of-chan-
nel receiver testing. In addition, radar testing
traditionally requires a spectrally clean signal
source. For example, airborne Doppler radar
measures small shifts in frequency that return
echoes undergo in order to determine the v
locity of a target. Unfortunately, the return sig-
nal includes additional frequency-shifted
echoes from the ground. This problem is signif-
icantly increased if the transmitter oscillator or
receiver 1O adds phase noise to the desired

[Continued on page 122]

HEWLETT-PACKARD CoO.
Santa Rosa, CA
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THE PERFORMANCE OF 3D

ELECTROMAGNETIC DEVICES, PACKAGING,
WAVEGUIDES AND ANTENNAS BEFORE BUILDING PROTOTYPES

You gotit.

Ansoft's High Frequency Structure Simulator (HFSS) allows you to design complex 3D geometries on the computer before building
prototypes. Rely on Ansoft’s powerful finite element method (FEM) solvers, unmatched speed and accuracy, and parameterization
macros to optimize performance of your designs. HFSS from Ansoft. Do more with less hassle.

412.261.3200
www.ansoft.com
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TABLE |

 THE HP ESG RF SIGNAL GENERATORS
High Spectral Purity Models

Frequency Range

250kHzto1 GHz  HP E4434B

Digital/Anaiog Analog Only
HP E4423B

Digital/Analog
HP E4430B

HP E4400B

250 kHz to 2 GHz HP E4435B HP E4424B HP E4431B HP E4420B
250 kHz to 3 GHz HP E4436B HP E4425B  HP E4432B HP E44921B
250 kHz to 4 GHz HP E4437B HP E44268 HP E4433B HP E4422B

signal. The HP ESG-AP and -DP gen-
erators reduce the instrument-con-
tributed phase noise on the received
signal so that the real target signal is
more readily distinguished.

ANALOG AND DIGITAL
MODULATION CAPABILITIES

The HP ESG-A and -AP series
generators provide comprehensive
analog modulation capabilities that
include AM, FM, and phase and
pulse modulation. The units also have
built-in sweep features and a versatile
function generator.

The HP ESG-D and -DP series
generators provide broadband I/Q

modulation with all of the major com-
munications formats, such as wide-
band CDMA (W-CDMA), edma2000,
EDGE and GSM. Flexible digital
modulation capabilities allow modifica-
tion of existing standards or creation of
new standards. In addition, the digital
series generators include analog model
features and many digital options, such
as a dual arbitrary waveform generator
for creating complex digitally modulat-
ed signals and a bit error rate (BER)
analyzer for measuring sensitivity and
selectivity. A real-time /Q baseband
generator permits mixing and matching
of modulation types, data rates and fil-
ter types to create custom signals.
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HP ESG FAMILY FEATURES

In addition to the choice of spec-
tral purity performance levels and
analog and digital vs. analog-only
models, frequency coverage can be
specified from 250 kHz to 1, 2, 3 or 4
GHy, as listed in Table 1. The gener-
ator family also features an output
power range of =136 to +17 dBm with
superior output level accuracy of 0.5
dB (> 127 dBm) below 2 GHz and
+0.9 dB above 2 GHz, The typical lev-
el accuracy is much better, as shown
in Figure 2. Even with modulation
applied, the output level accuracy is
better than +1.2 dB, thus allowing the
most sensitive receivers to be mea-
sured. In addition, the generators in-
corporate an electronic attenuator
that easily handles continuous output
power cycling with highly repeatable
results to 4 GHz and offers outstand-
ing reliability. An optional mechanical
attenuator provides an increase in
output power by as much as 6 dB for
overcoming insertion losses from ca-
bling and switch matrices or for com-
ponents that require high drive levels.
Figure 3 shows typical output power
vs. frequency

1000 2000 3000 4000
FREQUENCY (MHz)

A Fig. 2 The generator’s typical output
level accuracy.

Fig. 3 Typical maximum output power

000 2000 30004000
FREQUENCY (MHz)

[Continued on page 124]
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S0, YOU WANT TO SEE THE

WIDEBAND FULL WAVE ELECTROMAGNETIC
RESPONSE OF YOUR AMPLIFIER IN MINUTES RATHER THAN HOURS

No problem.

Give your RFIC, MMIC and planar antenna designs a boost with Ensemble, the planar MoM solver in the Serenade Design Environment.
Ensemble electromagnetic simulation computes S & Z parameters, near- & far-field radiation and current distributions. With Ensemble you
can place active devices into the analysis using black box circuit elements. Integration in Ansoft’s Serenade Design Environment allows you
to include layout related coupling and parasitics in your circuit and system simulation. Ensemble from Ansoft. Do more with less hassle.

412.261.3200
www.ansoft.com
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FM deviations up to 40 MHz at
rates to 10 MHz permit a variety of
measurements to be made. The sta-
ble DC FM precisely reproduces dig-
ital signaling for FM receivers with
selective squelch control. Wideband
phase modulation capabilities offer
deviations up to 360 radians and
4 MHz rates for use in satellite com-
munications applications.

Complex modulation formats such
as binary phase-shift keying, quadra-
ture phase-shift keying and 64 quadra-
ture amplitude modulation required

BUILT-IN FUNCTIONALITY

The HP ESG generator family
provides built-in multiple functionali-
ty that has traditionally required ex-
ternal test equipment or multiple
generators. For example, an internal
dual arbitrary waveform generator
that combines flexible baseband gen-
eration and 1/Q modulation in a single
generator is available. This capability
pmvxdei a multicarrier CDMA signal
to stress active components with mul-
tiple carriers or allows the signals to
perform intermodulation distortion

for testing RF digital ion
systems may be accomplished by dri-
ving the I/Q inputs with analog signals.
A built-in quadrature modulator
processes the I/Q input signals to pro-
vide superior modulation accuracy and
stability over a 30 MHz RF bandwidth
(15 MHz baseband I/Q). In addition,
internal I/Q modulator calibration
routines generate precisely controlled
and repeatable signals that minimize
measurement errors; the calibration
results remain valid for 30 days when
the instrument is operated within
45°C of the calibration temperature.

The generators also provide a co-
herent carrier output to simplify the
detection of digital baseband signals.
(The coherent carrier output pro-
vides frequency and phase informa-
tion about the transmitted carrier.)
Using this signal as a reference elimi-
nates the need for complex demodu-
lation techniques.

on amplifiers. An in-
ternal BER analyzer allows quick and
easy sensitivity and selectivity mea-
surements of communications subsys-
tems and components. The BER ana-
lyzer also indicates pass or fail condi-
tions for user-specified test limits.
GSM loopback BER base station tests
are made possible using an HP VSA
series transmitter tester in conjunc-
tion with an HP ESG generator.

In general, the HP ESG-D and
-DP’s built-in flexible baseband gen-
erator provides complete control over
a transmitted signal. The user can
supply data, I/Q modulation wave-
forms or no data at all and generate
digitally modulated signals, I and Q
baseband outputs or data streams.
This signal may then be used with an

bol building and finite-duration im-
pulse-response filtering, thus giving
the user complete flexibility in modu-
lation generation. One-button genera-
tion of 1S-95 Walsh-coded signals with
up to 256 configurable channels for
each carrier and up to 12 carriers is
available, thus providing a complete
CDMA personality. In addition, the
instrument can keep pace with the
emerging 3G wireless standards by
providing W-CDMA, cdma2000 and
EDGE personalities.

Finally, the generator is light-
weight and portable and may be
mounted in a five-inch-high rack
space. An expandable, modular archi-
tecture makes the instrument a versa-
tile tool for future growth. As digital
communications advance, the pro-
grammable hardware of the HP
ESG-D and -DP models will allow
complete modification of the existing
standards to create new formats. Up-

dated firmware from the HP ESG
Web site will provide support for fu-
ture measurement personalities and
performance options. For more infor-
mation, consult the company’s Web
site at www.hp.com/go/esg.

Hewlett-Packard Co.,
Santa Rosa, CA (800) 452-4844.

Circle No. 301

arbitrary digital t at any of
the major interfaces to test compo-
nents to full receivers. A proprietary
application-specific IC performs sym-

Ch:

= Save time and money

= Keep production in-house

= Easy to use

= Get much quicker turn-
arounds

If only all our decisions could be

= Your savings will pay
for the plotter in 2 years
or less

Instead of waiting days for a mask, plot your own in 2-10 hours.
And save hundreds of dollars on each mask.

E

[l 2

this easy... Call NEOS Technologies
for details. 407-676-9020 N52256

MICM - 3ym

4300-C Fortune Place * Melbourne, FL 32904 ® 407-676-9020 » 407-722-4499 fax ® www.neostech.com
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DO YOU NEED TO KNOW |

IF YOUR RF POWER AMPLIFIER
WILL INCREASE THE SYSTEM BIT ERROR RATE

Let’s get started.

Symphony brings powerful RF and DSP system simulation to your computer. Quickly construct complete wired or wireless communication sysytems
using Symphony’s libraries of R, analog and digital signal processing components. A complete nonlinear analysis yields key performance measures
including adjacent channel power, bit error rate and signal-to-noise ratio. Integration in Ansoft's Serenade Design Environment allows you to
include a high level of design complexity to complement your circuit or electromagnetic analysis. Symphony from Ansoft. Do more with less hassle.

412.261.3200
www.ansoft.com
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AN EDUCATIONAL
ANTENNA
MEASUREMENT

SYSTEM

na Measurement System is a low cost,

yet versatile, automated antenna mea-
surement system that allows a variety of an-
tenna to be accomplished in a
small facility for a variety of antennas. The sys-
tem is configurable for “all the research needs
of universities, allowing for measurements to
be accomplished in all the standard antenna
measurement modes, including far field, pla-
nar near field, cylindrical near ficld and spher-
ical near field.

As a result of its multimode measurement
capability, the system can be used for charac-
terization of antennas encompassing a wide
variety of performance characteristics, includ-
ing pencil-beam, fan-beam, omnidirectional,
low sidelobe and high front-to-back ratio an-
tennas. Applications for the system include
antenna measurements related to wireles
tems, automotive-based systems, satellites and
aerospace.

The system is designed to be located in a
space-limited test environment, such as a
small laboratory or anechoic chamber. It is ca-
pable of rapid reconfiguration, both from a
hardware and software standpoint. The mea-
surement mode and hardware parameters are
easily saved and recalled from test p

T he AL-2000-EDC Educational Anten-

by can be d for
the user when desired.

The system maintains the required accura-
cies for RF measurements from 700 MHz to
44 GHz (110 GHz with an extended system).
It features a gain accuracy of £0.25 dB and
sidelobe accuracy of +1.5 dB per 10 dB (to 30
dB down) at 10 GHz. Measurement time per
polarization is 20 minutes. Beam pointing is
0.5° and maximum antenna size (+45° pat-
tern) is 32" x 32" The basic system includes a
low profile roll-over-azimuth positioner for an-
tenna-under-test orientation, 3' x 3' rigid box-
frame high accuracy planar scanner, DC am-
plifier and cabling for control and feedback
for all axes of motion, mounting hardware and
RF probe. Also included are a data acquisition
system (including personal computer and all
necessary boards); software package for auto-
mated data acquisition, analysis and plotting
for all measurement modes; and system docu-
mentation and manuals.

The system allows interface to standard RF
equipment. This interface is accomplished
through selectable device drivers that provide
flexibility in reconfiguring the system for a va-
riety of measurement applications as well as

[Continued on page 128]

files that contain all necessary setup and test
information. Many of the required test setup

ORBIT/FR
Horsham, PA
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10MHz fo 7GHz AMPLIFIERS .}

From amateur radio to celluler to satelite applications,
with medium output power up to 17dBm,
Mini-Circuits versatile ZJL and ZKL connectorized
amplifiers offer the broad range of choices
§ designers demand for achieving high system
performance goals. Ultra-wideband models
deliver gain ranging from 9 to 40dB and IP3
up to +32dBm. But beyond the performance
and reliability built into these miniature 12V amplifiers lies
another important feature, the low price...from only $99.95!
Call now for fast delivery

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

Mini-Circuits®is proud of the 1999 U.S. y
Salt Lake City, Utah

THE GLOBAL SOLUTION.
AND BEYOND!

[ Mini-Circuits

P.0. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com
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W Fig. 2 A sample 3-D plot.

Filem EXAUPLEL.ORE Frequenc,=1900 GHz

Near Field — Amplitude(dB)

frequency ranges. The block diagram, shown in Figure 1,
illustrates the flexibility of measurement scenarios accom-
modated by the system.
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Data acquisition and data analysis/plotting are imple-
mented in separate packages to allow for o“—%ne process-
ing and data display. Both packages feature a graphical
user interface implementation designed to allow for logi-
cal automated task definitions. Built-in contour and three-
dimensional (3-D) plotting permit overviews and rapid vi-
sualization of both raw and processed data. A sample 3-D
plot is shown in Figure 2.

Automated tests can be executed in a user-defined or-
der of multi-axis movements with the primary test axis
scanned in either continuous or stepped motion. This flexi-
bility allows the data collection sequence to be optimized
for a given test applicati inimizing required
ment time. All motions in the system are closed loop using
encoder-based position feedback, thus providing confirma-
tion of all requested data acquisition points. The system
can be figured rapidly for diffe
modes, thereby providing an extremely cost-effective in-
vestment for organizations, such as universities, where a
single system can accommodate a wide variety of research
projects and laboratory testing.

ORBIT/FR Inc., Horsham, PA (215) 674-5100.
Circle No. 300
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2.5 to 3000MHz

SURFACE MOUNT V(O’s .. 513%

JTD%COS SPECIFICATIONS
Prvrcos e Hamoncs V..  Gument(md)  Price

o (@Bo) eNDC  Sea

‘Max. 3

Time after time, you'll find Mini-Circuits surface mount voltage s
(o) Wi
s

controlled oscillators the tough, reliable, high performance
solution for your wireless designs. JTOS wide band models
span 12.5 to 3000MHz with linear tuning characteristics,
low -120dBc/Hz phase noise (typ. at 100kHz offset), and
excellent -25dBc (typ) harmonic suppression. JCOS low noise
models typically exhibit -132dBc/Hz phase noise at 100kHz offset,
and phase noise for all models is characterized up to 1MHz offset.
Miniature J leaded surface mount packages o

minimum board space, while tape and reel

availability for high speed production can

rocket your design from manufacturing
to market with lightning speed. %
Soar to new heights...specify
Mini-Circuits surface mount VCO's.

ircuits®is proud to be a sponsor of the 1999 U.S.Interplay
Salt Lake City, Utah
- - - - ®
Mini-Circuits
PO Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuils. com  CIRGLE READER SERVIGE CAPD.

For detailed specs on all Mini-Circuits products refer to » 760 -pg. HANDBOOK « INTERNET « THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY « EEM




COMPONENTS

M 0.5-3 GHz
Miniature Digital Attenuators
‘The models AA105-86 and AA106-56 single posi-
al attenua-
8 tors are four and
five bit, respective
ly. The AA105-86
offers high attenu-
ation accuracy at
1 dB steps to 15
dB; the AA106-86
features high at-
tenuation accuracy
at 0.5 dB steps to
155 dB. Both
units feature low DG power consumption and
are designed in a miniature low cost MSOP-10
plastic package. Typical applications include cel
lular radio, wireless data and wireless local looy
gain level control circuits. Price: $4.40 (10,000).
Alpha Industries,
Woburn, MA (800) 290-7200, ext. 306
or (508) §94-1904.

Circle No. 214

B Directional Coupler
The model JX510 mini Xinger” surface-mount,
2, 10 B coupler for the 1.7 to 2 GHz
band has been
designed  for
UMTS, wideband
CDMA and IMT
2000  applica-
tions. It features
directivity of 20
dB (min) and in-
sertion loss of 0.2
dB (max). The
coupler has a
peak-to-peak fre-
quency sensitivity

of 01 dB,
SWR is better than 1.18. Maximum average
power is 70 W. The JX510 is manufactured us-
vials with % and y thermal expansion
coefficients compatible with many common
substrates, including FR4, G-10 and polyimide.

Size: 056" x 02" x 0.075"
inaren Microwave Inc.,
Syracuse, NY (315) 432-8909.

Circle No. 215

B Convection-cooled Attenuators
The FFI series 5 and 10 W convection-cooled
attenuators use an interseries adapter kit to

¢ mate with a var
ety of RF connec-
tors. The units
operate over the
frequency range
of DC to 4 GHz,
which allows us-
age in cellular
data, ISM, land
mobile, paging,
PCS or SMR/
ESMR applica-
tions. The attenu-
ators are 50 Q devices that operate in any posi-

130

tion. The 5 W model is rated for 5 W at 40°C
ambient temperature and 6 W at 25°C. The 10
W model’s power rating is 10 W at 40°C or 12
W at 25°C. Standard attenuation values for the
FFI series are 1, 2, 3, 6, 10, 20 and 30 dB
Maximum SWR for both versions is 1.10 at DC
to 1 GHz and 1.25 at 1 to 4 GHz. These values
may be derated by the company’s interscries
adapters or customer-supplied adapters. Cus-
tom values are available on quantity purchases.
Bird Component Products Inc.,
Franklin, IN (317) 346-6600.

Circle No. 217

NEW PRODUCTS

bandwidth of 640 MHz and a transmit to re-
ceive spacing of 1260 MHz. Harmonic rejec-
tion exceeds 40 dB. The i

range is from ~30° to +70°
in WR-28 waveguide
Filtel Microwave Inc.,
Vaudreuil-Dorion, Quebec, Canada
(450) 455-6082.

Circle No. 220

B High Frequency
Fundamental Crystals
The models HC-45/u and HC-49/u high fre-

] Isolator g

This integrated isolator package performs the

work of both isolator and coupler and offers
0.4 dB (max) in-
sertion loss and
50 dB isolation
over the to
960 MHz fre-
quency range. It
also incorporates
two forward mon-
itor ports and a
fully functioning
reverse coupler
with 30 dB direc-
tivity to provide
highly accurate
system monitor-
ing capability
The high power termination is supplied with a
cable to ensure maximum heat dissipation
away from the isolator assembly to enhance
long-term reliability of the system. The isolator
is magnetically shielded to allow close assem-
bly of multiple devices

Densitron Microwave Ltd.,
Southend-on-Sea, Essex, UK

44 (0) 1702-463440.

Circle No. 218

B Miniature Magnetic Coaxial
Transfer Switches

The 611 series low cost, miniature, magnetic
coaxial transfer switches operate from DC
to 18 GHz. Stan-
dard with SMA
connectors, the
50 Q impedance
switches with ac-
tuating voltage of
12 or 28 V DC
are intended for
test applications.
The units can
handle up to 100
W CW and offer up to five million operations
without performance degradation. Insertion
loss is 0.5 dB (max) and isolation is b() dB
(min). Operating voltage is | DC
and switching time s 15 ms.
Dotw-Key Microwave Corp.,
Ventura, CA (805) 650-0260.

Circle No. 219

M 38 GHz Diplexer
This diplexer provides low insertion loss with

high harmonic rejection. The passbands can be
tunied in the range of 37 to 39.5 GHz with a

quency fundamental crystals are suitable 00-
like vol lled crystal os

cillators (VCXO) that require the ability m
move frequency by a large amount. They are
produced up to 50 MHz for VCXO, tempera-
ture-compensated crystal oscillator and filter
applications, and reduce the number of multi-
plier stages in transceivers. The high frequency
fundamental crystals with 10 ppm calibration
tolerance and £10 ppm temperature tolerance
from 0° to +50°C are available in small custom
quantities. Delivery: two to three weeks.
International Crystal
Manufacturing Co. Inc.,
Oklahoma City, OK (405) 236-3741.

Circle No. 221

M Resistor-capacitor Chip

The RC1206 series thicl
chip provides an economi

film resistor-capacitor
| solution for noise
ltering and snub-
ber circuits in
telecommunica-
tions and comput-
er applications.
Thv thick-film re-
sis element
features a resis-
tance range of 10 Q to 1 kﬂ with tolerances to
10 percent, a voltage rating of 5 V (max) and
temperature coefficients of resistance (TCR) to
The capacitive clement features a

200 ppm/°C.
capacitance range from ll) to 200 pF with toler-
ances to 20 percent, voltage rating of 50

and TCR of +20/-55 percent. Th

ating temperature is rated from

The surface-mount 1206 chip is compatible with

automated assembly equipment and wave or re-
flow soldering processes. Price: 18¢ (500.000)
Delivery: stock to six weeks
International Resistive
Company Inc. (IRC),
Corpus Christi, TX (888) 472-3282
or (512) 992-7900.

Circle No. 222
B Four-way Power

Divider/Combiner

The model D317NS four-way power divider/

combiner is designed for cellilar and PCS ap-
ations. The

P!
unit operates over
the 800 to 2000

MHz frequency
range with typical
band isolations of
30 dB between
ports. Tt is ampli-
tude and phase balanced within 0.3 dB and 423
respectively, and SWR is < 1.25 at any port. In-
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put power is 20 dBm (max). The D317NS is
supplied with stainless-steel SMA connectors in
300" x 3.00" x 058" package. Weight: 3.5 oz.

Price: $50. Delivery: stock

KDltriangle Corp.,

Whippany, NJ (973) 887-8100, ext. 500.
Circle No. 223

B AMPS Duplexer
The model WSD-00136 high performance
and dipleser s eonfigured

passband of 824

to 849 MHz and

transmit pass-

band of 869 to

894 MHz. Inser-

tion loss and rip-

L le within the
passhands are specified at 1 dB (max) and 0.4
dB p-p (max), respectively, and passband re-
turn loss is ed at 17 dB (min), 20 dB
s good passbandrtwpass-

754 MHz, 55 dB (min) from 569 to 804 VKH7
and 50 dB (min) from 894 to 2547 MHz
Transmit-to-antenna rejection is 60 dB (min)
from DC to 824 MHz, 85 dB (min) from 824
t0 849 MHz and 50 dB (min) from 934 to 2682
MHz. Power handling is 45 W CW and 450 W
peak instantaneous. Operating temperature
range is 0° to +50°C. Size: 6.75" x 6.32' x 2.75)
cluding connectors. Connectors are N-F at
ports. Delivery: six to eight weeks (ARO).
KL Microwave Inc.
Salishury, MD (410) 749-2424.
Circle No. 224

B PCS Duplexer

This PCS narrowband duplexer for CDMA ap-
plications has < 0.7 B of insertion loss across
the 25 MHz bandwidth. The high Q ceramically
loaded cavity duplexer is factory tunable to any
of the PCS bands. The high Q transmit portion
of the dupleer provides greater than 8 dB of at-
tenuation 2.25 MHz from the band edge and
greater than 60 dB of co-channel isolation. Size:
981" x6.35" x 2.00"

Lorch Microwave,

Salisbury, MD (410) 860-5100.

Circle No. 225
B Double- and Triple-balanced

These double- and triple-balanced mixers
(along with image-reject, dual (IF) and (1Q)
mixers) cover RF and LO frequencies from
500 MHz to 26.5 GHz in varying bandwidths

MICROWAVE JOURNAL ® AUGUST 1999

up to 180 percent. Double-balanced IFs vary
from DC to 4 GHz and triple-balanced up to 8
GHz. The mixers are designed for low conver-
sion loss and good IP3 performance. Open car-
rier, pin pack, surface-mount, TOS and coaxial
packages are available.
MICA Microwave Corp.,
San Jose, CA (408) 363-9200.

Circle No. 227

B Ka-band Synthesized
Ccnvertars

MMT-1808 (0.8 to 18 GHz)

This series of Ka-band converters offers up-
converters in the 27.5 to 31 GHz frequency
bands and downconverters in the 17.7 to 21.2
GHz bands both for existing Ka-band satelli
and satellites currently being planned. Fs
quency tuning is in a 125 kHz (min) step size.
Both frequency and level control are available
via the front-panel keypad or remote interface.
Phase noise is data quality.

MITEQ, Hauppauge, NY (516) 436-7400.
Circle No. 230

B Ka-band Mixer

The model MSR-1A-30G double-balanced
mixer uses two pairs of GaAs Schottky diodes
conmnu in a st pattern. The RF and LO

Prompt

Delivery

MMT-4003 (3.0 to 40 GHz)

* Millimeterwave Tuners fo 110 GHz on Request *

Caie i n s S e e Bl SRS SNL CRL Sl e
Visit our Website at wiww.focus-microwaves.com for free Literature,
News and the full line of our Products or to ask for our new CATALOGUE

s Bocus

MICEOWAVES

970 Montee-de-Liesse, s;utn:m Ville St-Laurent, Quiebec, HAT 1W7

@u)xs-szzz « Fax (514) 335-6287
Mo@focus-microwaves conm



http://www.focus-microwaves.com
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modified Marchand baluns. The IF port is DC
coupled and the low parasitic inductance of the
star configuration allows an IF bandwidth of 11
GHz. The mixer operates from 15 to 30 GHz
with an IF as high as 11 GHz. However, the
data show respectable conversion loss perfor-
mance from 10 o 35 GHz. Typical applications
include the high speed data satellite market as
well as local multipoint distribution systems.
Merrimac Industries Inc.,
West Caldwell, NJ (888) 434-6636.
Circle No. 298

B 24 GHz Notch Filter

to 900 MHy, with
250 W forward
and 65 W reverse
ower handling
he circuit tabs
are designed to
be part of the center conductor to provide
maximum lead strength for the soldering
process. The isolator presents a low insertion
loss of 0.4 dB with a temperature range of -20°
to +85°C. SWR is 1.2 on all ports. High isola
tion circulators/isolators in other frequency
bands are available in si ckages with a
maximum thickness of 0.
Nova Microwave,

Morgan Hill, CA (408) 778-2746.

Circle No. 231

ind

B Dual-band Couplers

The model 12682 notch filter removes unwant-
ed frequencies with a 50 dB (min) notch depth
at 24.9 GHz and a passhand loss of 0.5 dB
(max). Used in a transmission system passing
24.25 to 24.45 GHz, the unit has a passband re-
turn loss of 16 B (min), operating temperature
Tange of ~10° to +60°C and humidity of 99 per-
sing. The unit comes with WR-
42 cover flanges, but other connectors are avail-
able upon request. Length: 2.45 inches (max).
Microwave Filter Company Inc. (MFC),
East Syracuse, NY (800) 448-1666

or (315) 438-4747.

Circle No. 229

B High Ratio Isolator

The model 0086IHD high ratio isolator is de-
signed to provide 50 dB (min) isolation at 865

Order On-Line
and Save!
www.te.cor

TTE, Incorporated
11652 W. Olympic Blvd.
Los Angeles, CA 90064
Ph: 800.776.7614
310.478.8224
Fax: 800.473.2791
310.445.2791

: sls@tte.com
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vice providers. The couplers feature main
loss below 0.1 dB and low passive intermodula-
tion of ~140 dBe. The series is availabl
10, 20 and 30 dB coupling values using N f
male connectors. Similar units are available
with a variety of common connectors for fre-
quencies up to 18 GHz All are rated to 200 W
(avg), 3 kW peak po
Microlab/FXE,

ingston, NJ (973) 992-77

Cude No. 228

B Ceramic Resonators,
Inductors and Elements

These ceramic resonators operate over the fr
quency range of 200 to 8500 MI1z and come in

Stock 1270

www.tte.com
8007767614

Bandp

a variety of sizes
from under 2 mum
to ove for
larger base station
applications. Vari-
ous met:
are tailored to in-
dividual requir
ments. These Jow
cost, high volume resonators, inductors and
custom elements find applications in VCOs.
ters, high Q inductors and frequency applica-
tions. Dielectric resonator pucks are also avail-
able upon request

PicoFarad/Val Jackson & Associates Inc.,
Scotts Valley, CA (831) 438-5442.

Circle No. 232

B Adapters
The 7-16 DIN adapter seri
ed to include the RFD-1640-2, 7 16 DIN
male to 7-16 DIN
female straight
adapter that is
good for use in
PCS, cellular and
instrumentation
applications. The
7-16 DIN con-
nector line fea-
tures PTFE insu-
lation and silver-plated bodies and contacts,
which provide high conductivity, optimal inter-
modulation distortion character and cor-
rosion resistance. All 7-16 DIN connectors
conform to DIN 4 69-4 and CE!
22 190 standards and are designed for use in
tion systems

ion of RF Industries,
1

Circle No. 233

W 8 x 8 200 W Butler Matrix
The model RFP-4339 high power 200 W 8 x §
Butler matrix is designed for cellular and wire-

[Continued on page 134]
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ons,

microwave-east
communications company

It’s Narda to be precise.

Ask if we

have a switch
in stock and

It's easy for us to be so positive. Our

~ shelves are overflowing with the largest

' number of stocked electromechanical

- (SEM) switches in the industry. With more
"« than 40 different top quality switch types,

Narda covers everything from satellite,
cellular and wireless communications to
avionics, ATE and military applications.
Narda gives you the best of both worlds:
the convenience of off-the-shelf availability
and lower cost. Along with this, you'll
benefit from the wide range of innovative,
proprietary features we've incorporated
ito Narda switches, many of which
are patented.
In addition, you get more than an

. assurance of Narda’s quality and refiability.

You get our guarantee. Narda guarantees
operation of one-million to two-million
cycles per switch position with virtually no
performance degradation.

Beyond all this, Narda has stocked up
on something else that's quite valuable.
Experience. Over the last 50 years, we've
satisfied thousands of customers.

| Shouldn’t you be the next one? Call us at

516-231-1700. Or call our Faxback and ask
for document 1117 at 1-800-4NARDANY.
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Fi STEL-9954

DIGITAL
SYNTHESIZER
MoDuULE FEATURES
LOw SPURS

+ <-60 dBc Spurious Outputs

* 5 MHz Bandwidths

» <0.1 Hz Frequency Resolution

+ 400 t0 500 MHz Clock Frequency

* +10 dBm 2 dB Output Power

* Rack Mount & Custom Designs
Available

See our website for complete details

.STELMSD.COM
SEANZ

Microwave Systems
59 Technology Drive, Lowell, MA 01851
Phane: 978-441-0200 « Fax: 978-153-6299

CIRCLE 128

!ETEL-2375A

DIGITAL CHIRP
SYNTHESIZER
HyYyBRID CLOCKS
AT 1GHz

* 010 400 MHz Output Range
* 32 bit Frequency Resolution
(0.23 Hz Steps)
» Chirp and CW Modes
* Windows Compatible Evaluation
oard

« Custom Designs Available

See our website for complete details.

WWW.STELMSD.COM

Phonc: 978-441-0200 » Fax: 978-453-6299
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less applications.
It operates in the
815 to 890 MHz
frequency range
with an amplitude
balance n!'-H'n dB
and phase bal-
ance of +5 Ins(r—
tion loss is < 1 dB and SWR is < npli-
tude and phase balance are 40.65 dB g
respectively. Operating temperature is 55° to
85°C. Size: 9.0" x 45" x 1.0" Delivery: stock to
five weeks.

RF Power Components In

Bohemia, NY (877) 737-2462.

Circle No. 234

B Programmable Digital
Attenuator

The model P-DATT-9200 six-bit programmable
digital attenuator is an integrated IC housed in
a 1.0" x 1

g

0.475" hermetic
that offers
0.5 rIB resolution.

¢y range of 10 to 500 MHz with a s

speed of 100 ns and attenuation accuracy of
+0.2. SWR is 1.4. The insertion loss is 3 dB and
the unit handles +20 dBm of power. Custom
models are available. Price: $1100 (10-24).
Signal Technology Corp.

Beverly, MA (978) 524-7444.

Circle No. 236

B Miniature Chip
Dual-band Diplexer

216D-F series chip dual-band
diplexer operates over the carrier frequency
range from 800 to 2000 MHz and has a 1
footprint (3.2 mm x 1.6 mm) with a low profile
of only 1.0 mm. The chip dual-band diplexers
have a low insertion loss of < 0.5 dB and an av-
erage minimum attenuation of 20 dB in either
the high or low band. They are specifically rec-
ommended to cost-effectively separate fre-
quency bands downstream of the antenna for
optimal flexibility in dual-band RF cellular de-
sign. The units are packaged on tape and reel
in 2000-piece quantities. Price: 75¢ (10,000)
Toko America Inc.,

M. Prospect, IL (847) 297-0070.

Circle No. 238

B Miniature, High Performance
Flexible Cable
The 421-677 series flexible cable measures

0.088" in diameter, has a static bend radius of
025" (min) and is suitable for use with SMP

connectors. The velocity of propagation is a
high 81 percent and a quadraform shield de-
sign provides good shielding effectiveness of
> 85 dB through 18 GHz.
Storm Products Co.,
Advanced Technology Group,
Hinsdale, IL (888) 347-8676.

Circle No. 237

| Single Directional Couplers
The models HCHP-12180, -18265 and -26540
single directonal couplers operate over the
requency range

GHz, respective-
ly. The HCHP-
12180 features di-
rectivity of 15 dB,
insertion loss of 0.3 dB and power of 100 W.
The HCHP-18265 features directivity of 13
dB, insertion loss of 0.5 dB and power of 80 W.
The HCHP-26540 features directivity of 11
dB, insertior loss of 0.7 dB and power of 60 W.
All three versions have impedance of 50 Q and
coupling of 20 or 30 dB (nom),
RLC Electronics Inc.,
Mount Kisco, NY (914) 241-1334.
Circle

No. 235

B RF Coaxial Connectors
> RF coaxial connectors are variations of
LC and SQS connectors but

feature enlarged
center conductors
and insulators to
provide longer
leakage paths
along “nl. step-
ends.
dp.ublv u! with-
standing up to
10,000 V peak (C
and SC 4000 V),
the connectors
conform to MIL-
€-3650 and MIL-C-39012 specifications. Ap-
plications include laser-, sputtering and process
systems and medical electronics, radar and
pulse equipment
-Connector Corp.,
Peabody, MA (978) 532-0775.

Circle No. 239

B 5 pF Multiturn Miniature
Trimmer Capacitor

The A4 series trimmer capacitor tunes from
0.6 to 5 pF with five full turns for fine resolu-
tion. Voltage rating is 125 V DC with a high
voltage option of 1000 DC working volts and
2000 DC withstanding volts. Q is over 2000 at
100 MHz with a self-resonant frequency of 1.8
GHz at 5 pF. The patented solid PTFE dielec-
tric offers linear tuning and no chance of short-
There are positive stops at minimum and
maximum capacitance. Nonmagnetic versions
for MRI and NMR are available. A desired c

[Continued on page 136]
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THE PusH-ON connectors AND CONNECTOR SAVERS
WERE DEVELOPED TO ELEMINATE ALL THE TIME CONSUMING

TIGHTENING, TORQUING AND LOOSENING OF CONNECTORS!
7/16 Pusn-OnN, BMA, N PusH-ON, SBX, SBY, SMA PusH-ON,

SMA REVERSE SEX PusH-ON, SMP, TNC PUSH-ON ..ccoceeureneenee

”“””sp ectrum 80905 Munich, Germany
Elektrotechnik GmbH P.O. Box 45 05 33

Fax:(49}-(89)-354-804-90,  Telephone:{49}-(89)-354-804-0
e-mail: specelek @ CompuServe.com

quickconnections99adv.pmé
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the FULL
SPECTRUM

Select from the
widest array of
high-quality, high

performance
coaxial cables:
Semi-Rigid,
Conformable,
Flexible Cables
and Assemblies.

 Copper, aluminum,
stainless steel
* Impedances
10 to 100 ohms
e Diameters
10.020" 10 0.500"
- = Military qualitied -

in fransmission line fechnology, is

DIELECTRIC smaller, lighter and far less expensive

than many flexibles... and it provides
CABLES superior performance at lower cost.

To learn more, call us or visit our website.

PRECISION TUBE

AXITUBE DIVISION
A Muslter Industries Company
620 Naylor Mill Rd., Salisbury, MD 21801
Tel: (410) 546-3911 e Fax: (410) 546-3913

wvaw. pre ube.com ¢ oicenet.com
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pacitance value can be preset within +1 per-
cent so that no or minimal tuning will be
quired by the user. Price: $1.69 (10,000). De-
livery: six weeks.
Voltronics Corp.,
Denville, NJ (9/ 3) 586-8585.

Circle No. 240

B High Power Attenuator

The model WA29 high power attenuator oper-
ates over the frequency range of DC to 8.5

GHz. The nominal
impedance is 50 Q
with natural con-
vection cooling
Unidirectional
power rating is
W (avg) hom 55
tod

Price: %2‘3 Delive unrla\n\Ro
‘einschel, Bruno Associates,
Gaithersburg, MD (301) 948-8342.
Circle No. 241

B Dual-band Diplexer

The model W9180 dual-band diplexer is de-
signed for the 900 MHz GSM and 1.8 Gllz

DCS signals and

iminates  the
need for two tow-
er feed cables at
the base station.
The diplexer cov-
ers the full DCS
and GSM bands

with < 0.5 dB insertion loss. Between-band iso-
lation is > 60 dB. Return 1055 is > ~18 dB, all
ports. Tk 0 W \buth
bands). Size: s than §
(small quantities). Delivery: stock to two <o
Wireless Technologies Corp.

Springdale, AR (877) 130.7983

or (501) 750-1046.

Circle No. 242
B GPS Diplexer

The company offers a serie:
includes a surface-mount G

of filters, which
liplexer. The
configuration has
a low loss of 0.7
dBa at the L1
and L2 passbands
with channel-to-
channel isolation
of 30 dBa, and
the unit will sur-
vive an Sn62 reflow environment. The location
of the miniature input and output pads can be
specified to accomodate many board configu-
rations. Size: 1.0 x 0.5 x 0.4,
Bree Engineering,
San Marcos, CA (760) 510-4950.

Circle No. 277

B 7 kW SPDT PIN Diode Switch

‘The model ES0101 SPDT PIN diode switch is
rated for 7 kW (peak), 35 W (average) power

[Continued on page 138]
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Tomestthe needs of base station designers who are
developing multicarrier solutions, Signal Technology's
Olektron Operation has developed a series of advanced

. The SDU series provides

logic of up to four modular

amplifiers. This approach allows power summation without

hileai

when using common

ll:so 2 the lowest
an loss, and ensutes premier phase and amplitude
characteristics. By choosing the SDU series you will receive
the highest performance at the lowest cost of any similar
product available on the market today. To learn more, visit

our SDU series web plpfat www.sigtech.com/olektron/sdui

SDU Series Switch Combiners

Frequencies Available: 800 - 2000 MHz

(CDMA, TDMA, DECT, PCS]
Insertion Loss: 04dB*
VSWR: <1.25:1*
Amplitude Balance: 0.3d8
Phase Balance: *2°max.
150 watts channel
1800 watts for 1 4S
n from Combiner to Divider: 90 dB min.

Power Summation:
lom Peak Power.

www.sigtech.com/olektron/sdul

TECHNOLOGY CORPORATION
OLEKTRON OPERATION
28 Tozer Road, Beverly, MA 01915 + 978-922-0019 « Fax 978-927.9328
www.sigtech.com/olektron
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over the 5 to 6
GHz frequency
band and oper-
ates on +5 V at
00 mA and ~150
Vat 5 mA. Tnser-
tion loss is < 1 dB
(0.8, typ), isola-
tion is > 40 dB
and SWR is 1.5
with a :\\IKdu.ng speed of 3 ps.
Enon Microwave Inc.
Topsfield, MA (975) §57-5234.
Circle No. 278

B Voltage Regulators
The GMT-72XX LDO series micropower, low
\h'upout \olmqu regulators are specifically de-
signed to operate
in noise-prone,
tch-mode en-
roments and
provide reliable,
low cost solutions
for mobile tele-
palm

phones,
computers, pa-

lobal positioning cquipment and other
portable applications. The units feature a logic-
enabled sleep mode that produces a sleep-state
rrent of only 0.5 pA. Typical quiescent cur-
rent is 180 A, independent of the load. Hn
regulators are available in adjustable an

485 and 3.3 V fixed output voltage options
and are offered in eight-pin SOIC and
DIP packages. Price: 75¢ each (1000). Deliv-
ery: four weeks.

GMT Microelectronics Corp..
Norristown, PA (888) 468-4771.
Circle No. 280

B 50 Q Dustcap Terminations
The model 3200 ultra-low cost 30 Q dustcap
terminations a

e designed for applications
requiring SMA,
. BNC,TNCand
__ type-N connec-
tors. The 1 W
terminations op-
erate from DC to
4GHz (DC to 8
GHz for SMA
Although the SWR performance of
these terminations is good, their primary focus
s high volume applications where a “throw-
away termination” is desired. Price (1000)
30 (SMA male), $4.00 (BNC male) and
$8.50 (TNC male or N male).

Inmet Corp.,

Ann Arbor, MI (888) 244-6635.

Circle No. 281

B 850 - 870 MHz
Coupler/Filter Assembly

The model 80017 hybrid coupler is a cus-
tomized two-channel unit with type-N female
connectors designed for the cellular base sta-
tion transmitter combiner application. Tt oper-
ates over the 850 to 870 MHz frequency band
and provides insertion loss of 3.5 dB (typ) and
4.0 (max) with isolation of 80 dB (typ) and 70

%

CIRCLE 17 ON READER SERVICE CARD

dB (min) and SWR of 1.25 (max). Maximum
power input is 200 W (avg) and 500 W (peak)
Renaissance Electronics Corp.,
Boxborough, MA (978) 263-4994.

Circle No. 282

B SMD Mixers
The MXR/2000 series surface-mount devi
(SMD) mixers are primarily used in base st:
tions or handsets
and are available
in 10 to 3000
MHz frequencies.
The mixers have a
good IP3 at +16
dBm (typ) with a
+7 dBm input LO
input pover and
isolation at 40 dB
(typ). The units

are available on tape and reel for easy installa-
tion. Size: 0.175" x 0,125 x 0.100"
TRAK Microwave Corp.,
a Tech-Sym company,
Tampa, FL (813) 884-1411.
Circle No. 283

B Switched Iso-filter Banks

[Continued on page 146]

...Phase Locked Oscillators

Atlantic Microwave has the power to
deliver miniature phase locked oscillators,
and oscillator sub-systems, in the range
300MHz to 15GHz with fundamental
frequency output using coaxial resonator
and dielectric resonator technology.

Contact us today for full details of our
phase locked oscillators, or tell us about
your specific requirements, and experience
the Atlantic Microwave power to
deliver...

Tel
Fax

+44 (0)1376 550220
+44 (0)1376 552145

ATLANTIC

Mierowave Limited

40A Springwood Drive Braintree
Essex CM7 2YN England
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MAKE THE RIGHT CHOICE...

Johanson
Capacitors! =

s

avallable from unsealed medium Q to
 top-of-the-line sealed high Q. Tuned To Your Needs
~ Make The Right Choic:
Call Today

Johanson Manufacturing Corporation
Rockaway Valley Road Boonfon, New Jersey 07005
Tel 973033402676 Fax 97393342954

www.johansonmfg.com

1S0-9001 CERTIFIED
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Behavioral Modeling of
Nonlinear RF and

Microwave Devices
Thomes R. Turlington

= Explains behavioral modeling of
nonlinear RF and microwave
devices, and presents a powerful
curve fitting technique to accurately
describe the behavior and range of
microwave components as a func-
tion of multiple independent vari-
ables

= Helps generate equations that
provide accurate and acceptable
reproductions of nonlinear RF and
microwave device performance
under various conditions

m Teaches how to obtain more accu-
rate representations of saturation
and cut-off behavior

= Shows how behavioral modeling
is developed for bipolar and MES-
FET devices used in amplifiers

Software Included!

Contains automated formulas
from the text. System
Reguirements: PC compatible
Windows 95/98 with Excel 7.0 or
higher operating with a 485 proces-
sor or higher. 16 MB RAM and 1.5
MB hard disk space.

Hardcover. 400 pp.
Available November 1939
ISBN: 1-58053-014-1

Order Book MW390149 £61

Only £51 when you order
before October 31, 1999!

Ag

Microwave
Radio
Transmission
Design Guide

Microwave Radio

Transmission Design Guide
Trevor Manning

m Provides expert advice and instruc-
tion for the planning and detailed
design of microwave radio transmis-
sion systems

m Covers design and planning of
SDH/SONET broadband networks,
backhaul for mobile radio networks
such as GSM, transmission links for
TETRA networks, TV and utility net
works, and Wireless Local Loop net-
works

= Serves as a guide to frequency
planning for radio networks and pro-
vides up-to-date intelligence on dig-
tal radio equipment characteristics
and unique information on fading in
radio systems

= Contains proven advice that helps
save time and money when develop-
ing new networks, and reduces the

risk of encountering problems during
design and planning

Hardcover. Approx. 208 pp.
Available October 1399

ISBN: 1-58053-031-1

Order Book MW990318 £47

Only £39 when you order
before September 30, 1999!

House Publishers :

BOSTON + LONDON

46 Gillingham Street, London, SW1V 1AH, UK

www.artechhouse.com
CIRCLE 16 ON READER SERVICE CARD

Feedforward Linear -
Power Amplifiers
Nick Pothecary

w Provides a thorough introductt
and analysis of linear feedforwa
power amplifiers

u Guides you through the feedforss
ward design process, starting.wii 3
system specifications and contiqn=

elation to the use of spectrally
efficient linear modulation sche
and wide operating bandwidths fo!
high data rate applications such as
multimedia and Internet

m Analyzes the advantages and dis- =

advantages of different implements
tions, radio standards, and system
configurations and discusses fut
design trends with a review. uiahvﬁ
native linearization techniques 5

Hardcover. 207 pp. 1999
ISBN: 1-58053-022-2
Order Book MW990229  £56

ax your purchase orders and
credit card orders 24 hours a
day to +44 (0)20 7630-0166.

PHONE
Call +44 (020 7596-8750
.a.m - 530 pm.

INTERNET
wwwznechhnuse com

‘with the invoice within 30 days for a
full refund. Opened software is not
returnable unless defective.

Discounts are NET and are available
only on orders placed directly with
h House.


http://www.artechhouse
http://www.artechhouse.com

o ATE Switch Matrix

£ DMT WIHELE$$ PACKASE
: ’ * Base Station Applications
: (High Power, Multi Channel, Backup)

ANNOUNCING DUCOMMUN TECHNOLOGIES'
+ DC to 40 GHz

o 5PAT (MM5) &
4P3T (MM4) Switches
* SPOT (D13) &

SPST (RA) Switches

ATE Switch Matrix 5 SWM
y A A
SPST Switch

DUCGMM N

For more |nformat|on, please call (310) 513-7215
23301 Wilmington Avenue * Carson, CA 90745 « Fax: 310-522-8394 « www.ductech.com * e-mail:sales@ductech.com
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These switched iso-filter banks with removable
SMA connectors have center frequencies of
960, 1000 and 1040 MHz and a 3 dB band-
width of 50 Mz and 25 MHz at 1.0 dB. Inscr-
tion loss is 7.5 dB and SWR is 1.7. Additional
features include Sl isolation of > 40 dB;
ripples of 0.25 dB and a group delay of 4 ns
ax) at +14 MHz.

ES Microwave LLC,

Caithersburg, MD
(301) 519-9407.

Circle No. 279

AMPLIFIERS

H PCS 13 W CDMA
High Power Amplifier

The model HPAI
CDMA high powe
design that covers yu ansmit band of
1930 to 1990 MHz. Gain is 30 dB with other
options available. The unit is suitable for sin-

l> hig

has a solid-state

Rural Route 1, Old Suqe Rd., PO. Box 480
elmar, Delaware 19940-0480

846

fax 302-846-3888 = 800-989-2141

Email Sales@Salisbury-Engineering.com
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ly linear 13 W

gle-channel tower-top or base station applica-
tions. The rugged amplifier design meets all
specifications over a DC input range of 26 m
29 V DC with an operational current of < 5.
AMPS. The operational baseplate Aemper.muc
range is -30° to +85°C. Circulator protection is
provided for transmission into any load mis-
match. Size: 12" x 1.1 An optional 1819
to 1870 MF mmld is \\mhlvh
MPD Technologies Inc.,
Hauppauge, NY (516) 231-1400, ext. 452.
ircle No. 246

B Tower-mounted
Amplifier System
odel TMA 1900-DD tower-mounted
amplifier system increases the receive sensitivi-
y of hase
stations. The sys-
tem consists of
three compo-
nents: the tower-
mounted amplifi-
er, amplifier in-
terface unit and
system  status
panel. The tower-
mounted amplifi-
er boosts receive
upmh by 12 to
15 dB and can be used in transn
receive-only configurations. Two performance
levels are available: The low noise version pro-
vides good receive sensitivity performance with
a 1.8 dB noise figure; the standard version
maintains good receive sensitivity with a 2
noise figure and features a high third-order
tercept point for additional immunity from in-
terference in co-located sites. The amplifier in-
terface unit functions as a bias-T with full re-
mote fault reporting through open collector or
relay contacts. The system status panel pro-
vides central power distribution and fusing,
alarm interfacing and visual status monitoring
for up to six tower-mounted amplifiers.
Andrew Corp.
Orland Pnrk lL (800) 255-1479
Circle No. 243

H 18 W PCS CDMA Amplifier
‘This 18 W PCS CDMA amplifier operates o

the frequency range of 1930 to 1990 MIiz.
Housed in a sin-
gle, rugged, reli-
able assembly, the
GaAs class
AB linear amplifi-
er serves the for-
ward-channel
transmi
quirement of a

ypical PCS sys-
dB (typ) at
25°C and an output power flatness of £1 dB
(max). The operating temperature ran

ion re-

—40° to +85°C baseplate. The standard forward
power de
tection

ection is 0 to 4 V DC and reverse de-
an option. Features include an
integral heat sink for forced air cool
ng, an onboard microprocessor for remote
on/off control and health status monitoring,
and an integral output isolator. Size: 10.50" x

Chesapeake Microwave Technologies Inc.,
Glen Rock, PA (717) 235-1655, ext. 112.
Circle No. 245

[Continued on page 148]
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WHEN YOU NEED YOUR CABLE ASSEMBLIES
RIGHT AND RIGHT NOW, CALL THE LEADER.

To be more efficient and more competitive, call a company that's more efficient
and competitive. Dynawave. For over ten years, we've been designing and manu-
facturing low cost, superior quality cable assemblies, delay lines, and harnesses for
the wireless and military markets. Our on-demand and just-in-time delivery systems
can satisfy the most stringent procurement requirements. And
we can deliver prototypes, short runs, and high volume produc-
tion with the same efficiency.

For high quality flexible, semi-rigid, delay lines, phase matched,
and harnesses when you need them, call us today. Or send for
a free brochure. Either way, it's time to switch to Dynawave.

agynawuave,

INCORPORATED

135 Ward Hill Ave., P.O. Box 8224, Haverhlll MA 01835 U.S.A.
Tel: 978-469-0555 / Fax: 978-521-4583 / E-mail: cc com / Website: www.d .com
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B Tower-mounted Amplifier

The model ATM192012-2 tower-mounted am-
plifier pr mulm extended PCS base station cov
erage by reducing overall system noise. The use
of the new amplifier reportedly can potentially
reduce the number of sites required to operate
a system by up to 40 percent. Models are avail-
able to cover the frequency assignments of A
Block, B Block or C Block carriers. The unit’s
noise figure of 1.8 dB promotes improved re
ceiver performance. Transmit loss is 0.2 dB

FLORIDA

OSS

QUICK RESPONS
Toll Free Voice (suo) 544-

PO Box 899, Stuart, Florida 34995-0899

148

Celivave, o division
of Radio Frequency Systems Inc.,
Phoenix, AZ (800) 235-9283.

Circle No. 244
H 55 - 60 GHz

Low Noise Amplifier

The model CHA2157 low noise, medium pow-
er amplifier aperates in the frequency range of
55 to 60 GHz. Noise figure is 4 dB, output
power is 15 dBm at the 1 dB compression point
and gain is 12 dB. A temperature sensor is im-
plemented on the chip. Chip size is 1.78 mm?
United Monolithic
Semiconductors SAS (UMS),
Orsay, France +33 1-69-33-03-08.

Circle No. 247

REMOTE
,BILIT IES

(
(6

pietermination
solutions

Hovida RF
s
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B 25 W L-band Linear
Power Amplifier

This 25 W L-band linear pow
frequency range of 1500 to 1

amplifier has a
) MHz, gain of
dB (nom), in.
put/output SWR
of 1.5.and input/

ipe-

Designed  for
QPSK, BPSK and
CDMA  spread
spectrum applications, the unit features CW or
burst operational modes and an optional heat
sink. P1dB is 44 dBm (typ), 43.5 dBm (min)
over temperature, efficiency is 45 percent, spu-
rious is < ~70 dBe and operating temperature
range is —40° to +8;
Chesapeake Microwave Technologies Inc.,
Glen Rock, PA (717) 235- 1655 ext. 112.
Circle No. 284

B Dual-band TDMA
Power Amplifiers

The model MRFIC1856 dual-band, dual-mode
TDMA power amplifiers are designed to operate
in the frequency ranges of 824 to 849 MHz for
TDMA and AMPS handsets and 1850 to 1910
MHz for PCS TDMA telephones. The units
have adjacent-channel power and alternate-
channel power specifications of ~29 and 48
dBe, respectively, operate with a supply voltage
of 36 V and are packaged in a high power, low
profile TSSOP-20EP surface-mount package
with a backside metal contact. The high thermal
conductivity of the TSSOP-20EP provides RF
output of at least 30 dBm without consuming ex-
e. Price: 85.65 each (10,000).
Motorola, Semiconductor Products Sector,
Phoenix, AZ (602) 413-4991.

Circle No. 285

B Power Amplifier Module

designed for 3 V digital
cellular and spread
spectrum systems
in the 1850 to
1910 MHz fre-
quency band. The
self-contained unit
delivers 29 dBm
linear output pow-
er and 24 dB lin-
ear gain while operating at 35 persat Pan oncy:
Offered (GA package, the RF3101 is be-
lieved to be the smallest PCS mnphf‘u mudulc
in the industry. Both the input and output
are matched to 50 © internally and require no
additional components externally. Size: 5 mm x 6
mm X 1.7 mm,
RF Micro Devices.
Greensboro, NC (336) 664-1233, ext. 6652.
Circle No. 248

[Continued on page 150]
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You need the new IFR6840 series Microwave System Analyzer:
signal source, spectrum analyzer and scalar analyzer in one package.

There’s never been a single-instrument solution for testing
RF and microwave components and subsystems - until now.

By combining the elements of a microwave test bench into
a single unit, IFR has developed a unique product that
allows more tests to be performed, faster and more precisely To find out more, contact your local
than ever before, including frequency conversion, gain IFR office for more information.
compression and intermodulation.

Ideally suited to design and manufacturing applications, the
6840 series is available in a range of variants from 1 MHz to

24 GHz.

Tel: (316) 522-4981 « Toll Free: (800) 835-2352 * Fax: (316) 529-5575
info@ifrsys.com » www.ifrinternational.com

microwave test « spectrum analyzers - signal generators + power meters rest ana measuremernt

wireless communications test « ATE - avionics test + systems



mailto:info@ifrsys.com
http://www.ifrintemational.com

microwave
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NEW

PRODUCTS
ANTENNAS

B 250 V/m Field Antenna

The model AT4002A microwave horn antenna is
capable of generating fields of up to 250 V/m
spares with a gain of 11
dB (max) over
isotropic. Tt ac-
cepts 250 W of in-
put power from
08 to 5 GHz and
b

designed
are installed to fo-
cus beamwidth
and ensure field intensity at three meters. T}
unit mounts eas;
46.3 % 46.3 6
Amplifier Research (AR),
Souderton, PA (215) 723-818)

B Antenna Mount

This point-to-point antenna i

Align Mount (QAM), simplifies the installation
and alignment of
an antenna. The

tion of antennas
The new mount

2 59B.
, available on select directional flat-
panel antennas.
briel Electronics Inc.,
Scarborough, ME (207) 883-5161.
Circle No. 252

B LMDS Subscriber
and Base Station Antennas

These local point-to-multipoint distribution
system (LMDS) subscriber antennas and base
[Continued on page 152]
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WAVE OF THE FUTURE

1If you want to make a splash in advanced
communications technology, come to Sarnoff.

Our ideas can solve your toughest problems in
microwave technology, LMDS designs for two-way

wireless cable, and solutions for digital cell phones.

We'll help your products see better, send faster,
communicate locally and globally, work more
reliably, and cost less.

Among the flood of innovations we're pouring into

new products and systems:

* Microwave HBT and FET devices, MMICs,
microelectromechanical control components,
antenna technology

 RF-based identification sensors and systems

201 Washington Road
Princeton, New Jersey 08540-6449

Copyright 1998 Samoff Corporation. Al righs reseved

o Enabling technologies for next-generation Ka-band
satellite designs

« High-speed digital voice, video, and data
communications

We offer innovative microwave sensors. We're the
source of a tidal wave of advances in analog and digital
wideband LANs.

You can use our design services, license our
technology, or partner with us in a new venture. In
devices, packaging, or complete systems, you'll be
working at the leading edge with Sarnoff solutions.

Contact us at 609-732-2507 for more information
Or check out our web site at www.sarnoff.com.

_JSARNOFF
Corporation

e Workl with Te 0
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station horns operate over a frequency range of
24 to 38 GHz for indoor or outdoor appli
tions. Single or dual polarization s available
well as a coax or waveguide interface. Gain is
35 to 43 dBi, and operating temperature range
is —40° to +80°C. Size; 10" to 21" in diameter;
4" t0 8" in depth

Rantec Microwave & Electronics Inc.,
Calabasas, CA

(818) 223-5202.

Circle No. 286

are priced to satisfy your budget!

© Miniature and Light Weight
© Accurate Division of Outputs
* Operaing Frequency Ranges
Upto 40 GHz

© Low Inserfion Loss, Nominal 6 dB
© Precise Output Power Symmetry
 Connector Options Available

 (ustom Configurations, Our Specialty

SERVICE, SELECTION, SUPPOR'

Weinschel offers a vide variety of High Performance Resistive Power
Spliters and Dividers. Our Power Splitters and Di
highest level of performance and quality you have
come fo expect with every Weinschel product, but

B Ceramic Antennas

The model CSA-1900 ceramic antennas oper-
ate over a frequency range of 1.85 to 1.99
Gllz. Impedance is 50 Q with power input of
2 W (max). The antennas have an omnidirec-
tional radiation pattern and vertical polariza-
tion. Operating temperature is ~100° to
+150°C and SWRis < 1.9.
Ace Antenna,
Chatsworth, CA
(818) 718-1534.

Circle No. 249

B Wireless Antenna

The SX series portable antennas operate over
the frequency bandwidth of 150 to 161 MHz

olutions!

jiders are nof just the

SPLITTERS DIVIDERS
Model J507R_ 1870A 1579 1593 1515 15064 1580 1575
Freq Range (GHz) 30 18 265 de285 deld  deld 440
MAXSWR @ Mox Freq | 115 115 135 1.22 135 1.35 170
Tracking (Max dB) 015 0.0 040 025 050 050 1 0.60
Comneclor Types W) I‘yrn(n 35mm(f 35mm () | SHA(m)IN Type H(f) 3.5 om (m) N 292 (f)
allporss allpors alpots allports [ SWATR) OUT s 35mm 100 lprs

CORPORATION

Weinschel

5305 Spectrum Drive, Frederick, Maryland 21703-7362
800-638-2048  Tel: 301-831-4701 o Fux: 301-831-4570

and can be up to
20 percent short-
er at the same
frequency as in-
dustry-standard
injection-molded
antennas. The an-
tenna’s patented
capless sheath
construction in-
creases its dura-
bility. SWR is <
1.5 at resonant
frequency. The
s is of-
2 a stan-
dard MX connec-
tor and an assort-
ment of SMA
female connectors. It is available in UHF and
VHF. Length: 5.5 inches (140 mm).

Centurion International Inc.,

Lincoln, NE (402) 467-4491.

Circle No. 251

DEVICES

B Tuner Diodes

3 packaged varactor diodes
t less board space than their
larger SOT: natives and have a
reverse breakdown voltage of 25 V. The diodes
offer users a nominal capacitance range be-
tween 8.2 and 68 pF for a Vi of 2 V and a fre
quency of 1 MHz, assuring them a wide range
of applications. A minimum quality factor Q at
test conditions of 50 MIiz and a low Vy of 3 or
4V are guaranteed. Depending on the device
type, the ZMYV series displays a minimum Q of
80 to 350, Price: 46¢ to 54g: each (5000). Deliv-
ery: eight weeks (max).

Zotex Inc., Commack, NY (516) 543-7100.
Circle No. 254

60 W C-band GaAs FET

The model TIM5964-60SL 60 W C-band GaAs

FET is designed for use in solid-state power
amplifiers for
satellite earth sta-

ontput power of
48 dBm (typ) at a frequency range of 5.9 t0 6.4
GHz. The company implemented its new het-
erojunction ficld effect transistor (HFET)
process technology, which is a promising candi-
date for microwave higher power devices due
to its per ¢ and the increase in power

CIRCLE 143 ON READER SERVICE CARD

and gain. Price: $1100 (100)

Toshiba America Electronic

Components Inc.,

Irvine, CA (800) 879-4963, est. 212.
Circle No. 287

[Continued on page 154]
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g Alien Technology
' Is Only One
Explanation.

The PS-2.5
offers stellar
performance

We'd like to get

' the credit for

our hard wark.

NGA. Dfﬁclai Batabase
For Your Eyes Only

q Range = 15-2508 MHz| ¥ 7d8m
Configuration = UP TO SP16T TepRonge- ot0-Tat
Impedance = 560hps  {Contoi= T

Insertion LSS =510 105 (B 990 Uoitage = -Sdc916mA

onoectors:

AtTrilithic, our success has always been fetumloss ISEBM oy “suer o
) ; oation fs= "
based on our hard work. So when the time switching Tme - 180 s Max o

came to expand our R.E Switch line with

new high-performance products, no other
approach made sense. Using mature

udmnmp in innovative ways, we created

of top quality switches that are
priced like telecommunications units but deliver
custom military performance. Then we utilized
our ISO 9001 process to build them on-spec and
on-time, every time. Our PS-2.5 Series Solid State Programmable Switches are the result.
Available in 2-, 4-, 8- and 16-way configurations-priced from $99.00 to $599.00. So, please
excuse us if we get a little annoyed with the idea that something other than Trilithic hard
work went into our new line. On the other hand, should you really be concerned if things
work just a bit better than they should?

Call 1-800-TRILITHIC for more information, don’t forget to ask for your free catalog.

' TF“I__ITH'C: CIRCLE 138 ON READER SERVICE CARD

gineers-Like You

a new sei

Hard Working

Indianapc

3
‘.‘:‘ —

800)874-5484



NEW
PRODUCTS
HARDWARE

M Two-part EMI Shield

The BOLDT SHIELD 1I™ is a standard off-
the-shelf, two-part electromagnetic interfer-
ence shield packaged in standard ETA410 tape-
and-reel formats for automated circuit board-
level installation. Its unique design (with
removable lid) provides easy access to inspect
or repair important electronic components

without having to detach the surface-mount
technology shield. Available in many JEDEC
sizes, including 52-pin quad flat pack (TQFP),
256-position ball-grid array (BGA) and 84-pin
plastic leadless chip carrier (PLCC) packages,
the shield combines high shielding perfor-
mance and reliability with added flexibility for
prototype adjustment.
Boldt Metronics,
a business unit of BMI,
Palatine, IL (847) 934-4700.

Circle No. 256

B High Fin Density Heat Sinks

The HT series heat sinks provide high cooling
power for various devices and are suitable for

yLTRAfPRECISION SUBSTRATES

No matter how you dice it, the mirror-smooth.
Accumet finish for surface tolerances to 0.000001"
maximum has become the industry standard. The
flatness and parallelism of our lapped or polished
finishes enhances tighter designs, superior finished
parts, and “exact duplicate” repeatability.

Service as smooth as our finish

A random survey of our customers showed service

 as the overwhelming reason they keep retuming to

Accumet. We're not surprised. Since 1970, we've
that keeping our word and delivering the
lity on time is the only way to do business.

mlmm 978-568-8311 Fax: 978-562-4384
com Visit our Web site at umet.com

SUBSTRATES
Alumina

Beryllia
Tungsten Carbide
Aluminum Nitride
Quartz
(fused & natural)
| Titanates

| Other dielectrics |
| Metals |

|

CAPABILITIES 1
| Lapping
| Polishing

Laser machining

| Diamond sawing
| Edge grinding

‘ 0D/ID grinding
| Tumbling

[N
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applications with
high volume air
flow. The bonded
fin heat sink fea-
tures ~ 13 fins/
inch. Size: 3" x 3"
X2 upto 8" x 10"
x 4" Price: from
$10 each (500)
The machined
heat sink features ~ 10 fins/inch. Size: 1.0" x
10" x 05" up to 3" x 7" x 2 Price: from $5
cach (500) with gang-saw technique.

ACK Technology Inc.,

Buena Park, CA (714) 739-5797.

Circle No. 255

i

INTEGRATED
CIRCUITS

M 3 V Receiver
The model AWRS8004 wircless receiver is de-
signed for 3 V operation and features conver-
sion gain of 17 dB (typ) and noise figure of 3.5
dB (max). The unit offers low power consump-
tion and a very small footprint and is highly in-
tegrated, allowing wireless system manufactur-
ers to lower component counts and, thereby,
reduce costs. Tt delivers a -8 dBm (typ) third-
order intercept point and requires a power
supply current of 12 mA (typ) biased from a
single +3 V DC supply. Acting as a monolithic
downconverter, the AWRS004 integrates a low
noise amplifier, mixer, LO buffer and IF amphi-
fier. 64 x 3.91 mm. Price: $2 (10,000).
ANADIGICS Inc.,
Warren, NJ (908) 668-5000.

Circle No. 257

B 5V Wideband Amplifier ICs

The models UPC2708TB and UPC2710TB
amplifier ICs are designed to serve as a gain

C
and DBS tuners
and to serve as a
PA driver in cel-
lular, GPS and

output power for wideband operation and good
gain and noise performance of 15 and 6.5 dB,
respectively. The € 10TB features high
output power for wideband operation and de-
livers high gain of 33 dB and high saturated
power with good noise performance of 3.5 dB.
Price: 48¢ (100,000).
California Eastern Laboratories (CEL),
Santa Clara, CA (408) 988-3500.

Circle No. 258

B RF Front-end Receiver IC

The model SA3600 highly integrated RF front-
end receiver IC integrates S00 MHz cellular
and 1900 MHz PCS-band low noise amplifiers
and downconversion mixers and provides the
gain, noise figure and linearity needed to meet
the receiver sensitivity and intermodulation re-
quirements for TDMA (IS-136 and GSM)
dual-band, multimode digital cellular tele-
phones. The on-chip LO frequency doubler,
input/output buffer amplifiers, matching cir-

[Continued on page 156]
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1/Q with a high 1Q in W-CDMA

When it comes to new mobile radio systems reallife conditions. Our solution meets both
like W-CDMA there is no room for com- flexibility and performance in a perfect way:
promise. During the early phase of system Signal Generator SMIQ stands for the best
development you will be confronted [FSSNISISIIFNE in signal quality and innovative
with the need to verify the perform- and flexibility options such as fading simulation.
ance of components, devices and TSPV |/Q Modulation Generator AMIQ
subsystems prior fo system infegra- performance together with software WinlQSIM
tion. Your problem: Since standards [RiRetustidbal cdds maximum flexibility and gives
are still evolving, no final test speci- PSSP (ot control over the number of code
fication is available. Therefore test EESUCICNLERUCIN channels, symbol rates, or code
equipment like signal generators J6.384 Mchips/«_ [IINNN powers. Contact your local
required as a stimulus must be quite flexible. Rohde & Schwarz representative for com-
Moreover, top performance is expected of plefe defails on the “no compromise signal
the test equipment to stress your DUT under generation solution” for W-CDMA.

Discover more: www.rsd.de

ROHDE&SCHWARZ

1685 Asiei 297 4801 bgem 721 ”
e 277 17229213

Porga (1) 1201 31 Remri 1) 4 10648 oo edeshon 9952 34 4962

133050
Toknd 29 5572 84 key 21613 8 1917 - Unied Ko (1252 8 1 7  SA o T (800 426 2200, Fox (503 222 15 43, b ok om Vi (834 81 86
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cuitry and control-made logic reduce external
glue components. By integrating all key RF
functions in a single chip, the SA3600 provides
a complete dual-band receiver solution that
saves board space and time. Samples are avail-
able in a 24-pin plastic thin shrink small outline
package. Price: $2.29 ’10000)
Philips Semiconductor
Sunnyvale, CA (408) 991 2332,

Circle No. 289

B Negative LDO Regulator

The model MIC5270 TttyBitty™ negative low
dropout (LDO) regulator is available in the
SOT-235 package
and can supply up
to 100 mA. De-

-
PSR T

?\‘w NZ i for Cans

] FET bias, LCD
and CCD array,
and battery-oper-
ated equipment
applications, the
MIC5270 features a two percent tolerance over
temperature, thermal shutdown and current lim-

it. Quiescent current is 80 pA, and a —20 V (max)
input voltage range ensures the part wil survive
power supply spikes that would be fatal for many
other low power LDO regulators. Price: $1.22
(1000). Delivery: stock to eight weeks (ARO).
Micrel Inc., San Jose, CA (408) 944-0800.
Circle No. 288

MATERIALS

B Reinforced Gap Filler
The THERMA-A-GAP™ F574 thermally con-
ductive elastomer is designed for efficiently
transferring heat
from components
into various heat
spreading de
The material’s
impe-
dance ranges from
0.6° to 2.6°C-
in?/W for thickness from 0.02 to 0.10 inch. The
material consists of a soft silicone elastomer
loaded with a blend of ceramic particles and for
mechanical strength, the material is reinforced
with an internal fiberglass mesh. Its flexible na
ture allows it to blanket highly uneven surfaces
across components and circuit boards. The m:
terial has a tacky surface and does not require

thermal

any mounting adhesives. Sizes: standard sheets
are 9" x 9" or 18" x 18" Price: 25¢/square inch.
Chomerics division
of Parker Hannifin Corp.
Woburn, MA (781) 93514350,

Circle No. 259

SOFTWARE

B Translator Software

AnsoftLinks for the HP EEsof Series IV is a
smart translator software utility that migrates
entire high frequency circuit designs from series
IV to the company’s Serenade Design Environ-
ment. Designs are automatically converted into
Serenade projects nsing IFF files and a spe
ized neutral format. Linear and nonlinear trans-
lations are supported, providing users all the ad-
vantages of Serenade, including greater accura-
cy, an easy-to-use Windows® interface and
advanced design utilties. Special features of the
series include seamless transport of the entire
design, automatic transport of linear and nonlin-
ear circuits, preservation of full circuit hierarchy
through translation and an intuitive pull-down
menu within Serenade.
Ansoft Corp., Pittsburgh, PA (412) 261-3200.
Circle No. 260
[Continued on page 158]
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To see one’s work in print is the rightful reward of every creative engineer and scientist. The editors

of Microwave Journal invite you to submit your technical manuscripts for consideration to be published in
one of our upcoming issues. Technical articles, application notes and tutorial articles based on the monthly
editorial themes are encouraged. Editorial themes include wireless, radar and antennas; RF components
and systems; test and measurement; amplifiers and oscillators; semiconductors and MMICs; commercial
applications; IVHS and ITS; dual technologies; communications and PCN; passive components; and control
devices, modulation and DSP.

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

Papers should be submitted to the attention of the
Technical Editor and will be reviewed promptly by our Editorial
Review Board prior to acceptance. Articles outside
of the monthly themes also will be considered.

SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street
Norwood, MA 02062
(781) 769-9750 - Fax (781) 769-5037
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LOW NOISE COAXIAL
AMPLIFIER FOR 1200 TO 1700MHz
Mini-Circuits has introduced a low cost
1200MHz to 1700MHz ultra-low noise
coaxial amplifier. At room temperature, the
ZHL-1217MLN displays 1.5dB maximum
noise figure and maximum output power
is 23dBm typical at 1dB compression.
Typical gain is 34dB with =0.5dB flatness,
and IP3 is high at 34dBm typical. The
amplifier incorporates a heat sink for cool
operation and comes with SMA-Female
connectors. Uses include PCS, test
equipment, and cellular base stations.

0.3 TO 300MHz RF TRANSFORMERS
HAVE 1:1 IMPEDANCE RATIO
Water wash capability, all-welded
connections, and ultra-low 0.108 inch
profile are among the premium design
features built into Mini-Circuits low cost
ADTT1-1 RF transformers. Spanning the
0.3 to 300MHz band, insertion loss is 1dB
in the 0.5 to 90MHz frequency range, 2dB
within the 0.4 to 200MHz range, and 3dB
band wide (referenced to midband loss,
0.3dB typ). In 1dB bandwidth, amplitude
unbalance is 0.15dB and phase unbalance
is 1 degree (typ). Patent pending.

For quick acoes:

b4
1500 TO 2200MHz MIXERS
REDUCE INTERMODULATION
Usable over the 1000 to 2400MHz
microwave band, Mini-Circuits level 17
(LO) SYM-22H frequency mixers target
PCS and cellular applications within the
1500MHz to 2200MHz frequency
range. Typically at center band, these
surface mount components exhibit
high 30dBm IP3, low 5.6dB conversion
loss and good 33dB L-R, 38dB L-I
isolation typical band wide. A 5 year
Ultra-Rel® guarantee is included with
these off-the-shelf mixers.

12V VCO PROVIDES 100 TO
200MHz OCTAVE BAND TUNING

A compact, low cost voltage controlled
oscillator has been introduced by
Mini-Circuits. Typically, this 12V, 20mA (max.)
ROS-200 provides 100 to 200MHz octave
band tuning, low -105dBc/Hz SSB phase
noise at 10kHz offset, and excellent
-80dBc harmonic suppression. The miniature
0.5"x0.5"x0.18" size conserves real estate,
and applications include test instruments
such as signal generators. Maximum
operating temperature range is -55°C to
+85°C. Value priced.

- o= - - ®
Mini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com

formation see MINI-CIRCUITS CATALOG & WEB SITE » EE!

ICROWAVE PRODUCT DATA DIRECTOR'

HIGH POWER 2WAY SPLITTER
FOR PCS CELLULAR AND VSAT
Mini-Circuits ZAPD-20 is a 10 watt (max.
power input) power splitter designed to
split a signal 2ways 0° in the 700 to
2000MHz frequency range. Band wide,
insertion loss is very low, typically 0.3dB
(above 3dB) and isolation is excellent at
30dB (typ) while maximum amplitude and
phase unbalance is 0.4dB and 3 degrees
respectively. This 50 ohm coaxial unit is
housed in a tough metal case equipped
with SMA-Female connectors and is
immediately available off-the-shelf.

LEVEL 3 (LO) MIXERS

PERFORM IN 0.2 TO 400MHz BAND
Measuring only 0.155" in height, Mini-Circuits
low profile 0.2MHz to 400MHz ADE-3L
frequency mixers allow engineers to
develop smaller surface mount wireless
products. Open case design also allows
water wash to thoroughly drain and
eliminates the possibility of residue
entrapment. Electrically, these mixers
display low 5.3dB midband conversion
loss (typ), +10dBm IP3 typical at midband,
and good 50dB L-R, 45dB L-| isolation
typical band wide. Patent pending.

@
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B Weatherproof S-band
Transmitter

The model CHC29218-250/5630 class C power
amplifier system operates over the 2025 to
2120 MHz

with 250 VV (lmm
output power,
and is circulator
protected. The
amplifier system
s housed in two
weatherproof
NEMA enclo-
power supply) for direct
moununu to an outdour antenna. Operating
temperature is 0° to +30°C with 100 percent
condensing humidity. An RF input level of 0
dBm is required for full power output. A low
power mode (25 W) is also selectable locally.
Prime operating power is 120 VAC single
phase 50/60 Hz. Size: 25" x 24" x 121

Comtech PST.

Melcille, NY (516) 777-8900.

Circle No. 261

W 12.5 - 25 MHz VCO

The model JTO! surface-mount VCO is the
performance solution for measurement instru-
mentation and phase lock loop circuit dppl.lca-
tions spanning the 12.5 to 25 MHz fre
range. The thermally rugged VCO i
ear mnmg characteristics, =26 dBe (typ) har-

I'm an MTT Member. Please send me one copy of the Microwave Digital
Library for $100.00 plus $4.00 for shipping®

] I'man IEEE Member. Please send me one copy of the Microwave Digital
Library for $200.00 plus $6.00 for shipping®

TEEE Product Number [P-17-0-0-C-0

Mail form o7
£ Please Bill Mo IEEE, Customer Servics
Check or money order enclosed (US$) 445 Hoos Lane, PO Box 1331

o Piscata NJ 08855-1331 USA
Please use my credit card ery
Number:

Sl

Ot

Regired for credi card orders

°NY, NJ, CA, DC, OH, FL and Canadian Residents must add appropriate tax.
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monic suppression and 1 to 11 V tuning voltage
and (hsp]du low -115 dBe/Hz (typ) phase
noise at 10 kHz offset over the band. Tape-
and- rool p ILkdg]ng is available. Price: $18.95
cacl
Mini- Ctrcux ts,
Brooklyn, NY (718) 934-4500.

Circle No. 262

H TCXO

The model MTXI.25 TCXO is a
frequency stabil

over the

to +72

£5 ppm over —40°
to +85°C operat-

ing temperature
ranges. Frequen-
cy adjustment is by means of an intemal trim-

mer. Output is HCMOS/TLL compatible, The
model MTVXL25 has the same stability op-
tions as the MTXL25 but incorporates voltage
tuning. These oscillators are good for PCS,

Tular, GPS, test instrumentation and mobile ra-

[Continued on page 160]
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© 2.04” Preferred Bend Radius selected lengths and Connector combinations.
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and connector price and availability.
EM Microwave Selected options and lengths in stock
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dio base station applications, and are available
in a small leadless surface-mount 9.6 x 11.4 x
2.5 mm package.
M-tron Industries
Yankton, SD (soo) 763-8500
or (605) 665-9321.

Circle No. 263

M Surface-mount TCXO

The model RTVY-174 TCXO offers 2.5 ppm
stability over the temperature range of -30° to

s a standard feature, It is powered by a
3V supply and the current drain is 2 mA
(max). Output voltage is 0.9 V p-p (min),
clipped sinewave, capable of driving a 10 kQ
load shunted by 10 pE. The unit is available in
standard frequencies from 12,6 to 19.8 MHz.
The TCXO incorporates a custom IC chip, not

a hybrid, and has a footprint of only 6.0 x 3.5
mm. Price: $5.95 each (10,000).
Raltron Electronics Corp.,
Miami, FL (305) 593-6033.
Circle No. 265

B mm-wave Active Doublers

The models AK-2X and AKa-2X active doublers
operate from 18 to 26 GHz and 26 to 40

10 to 17 dBm and

output power op-

tions are 15 dBm

(min) or 20 dBm
(min). Customized input and output power re-
quirements are available. Fundamental and har-
monic rejection is 20 dBe (typ), 15 dBe (min).
Input connectors are K-type (F) and output
connectors are. n_her K-type (F) or waveguide.
Spacek Labs In
Santa Barbara, Ca (805) 564-4404.

Circle No. 266

H 1500 - 1600 MHz VCO

The model CLV1550E VCO operates over the
frequency range of 1500 to 1600 MHz with a
tuning voltage of
0.5 to 5 V DC.
The phase noise
is ~106 dBe/Hz at
10 kHz offset
with harmonic
suppression  of
-35 dBe. Load
impedance is 50
Q, and the unit

operates over the temperature range of 40° to
+85°C. Applications include digital radios, base
stations and mobile communications.
Z-Communications Inc.
San Diego. CA (619) 621.2700.

Circle No. 267

W 3.3 VVCXO

The PVL54I series 3.3 V voltage-controlled
crystal oscillator (VCXO) is a low jitter oscilla-
< 3 £3%  tor designed to

@ meet the strin-

tions for SONET,
SDH and ATM

OC-48 trans-

mitter chips and has a total frequency tole

s 20 ppm. [itter performance is
guaranteed to be less than 1 ps in the 12 kHz
to 20 MHz band. (Use of a fundamental fre-
quency source rather than a multiplier to reach
the output frequency achieves llm ln\v Jmm
Center frequency is 30 to MH;
perature range is 0° to +70°C nu(pul Imd is

Q and linearity is £10 percent (max).

Connor-Winfield Corp.,
Aurora, IL (603) 851-4722.

ircle No. 290

B LMDS Phased-locked DRO

The model HP E5500 DRO operates over the
frequency range of 12 to 16 GHz with a power
output of +13 dBm. Harmonics are ~20 dBc

[Continued on page 162]
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Any Switch Filter Bank in the

smallest package, and |1
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QOur business is custom build-
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and spurious is 80 dBe. Temperature range s
~10° to +65°C and operation is +12 V at 160
mA. The DRO i iable with a rugged de«gn
and low microphonics,

Nexyn Corp.,

Sunnyvale, CA

(408) 732-0793.

Circle No. 253

B Broadband VCO

The model PV-1103 low nois ) is designed
for cable modems and other applications, and
works over a fre-
quency range of
1100 “to 2000
MHz with a 10 V
supply: The phase
noise of the VGO
is =100 dBe/Hz at
10 kHz offset and
-120 dBe/lz at
100 kHz offset
from the center frequency. The tuning voltage is
1t0 20V, and the unit operates over the temper-
ature range of —30° to +70°C, Si 5" 0.
Princeton Electronic Systems Inc. (PES),
Princeton, NJ (609) 275-6500.
Circle No. 264

B Crystal Oscillator

The model SEL 3400 crystal clock oscillator is
designed for high resolution graphies, top-line

workstations, and
imaging and tele-
communications
applications and
has a frequency
range from 7 to
250 MHz, inc]

SEL 3400 is available
tive/pseudo emitter-c
ages. (The 3.3 V complementary version is lso
compatible with low voltage differential signal-
ing.) Open emitter outputs allow the user to
select the load termination to optimize perfor-
mance and crystal technology allows for eco:
nomical and rapid turnaround of custom fre-
quencies. Delivery: stock to 10 weeks.
SaRonix,

Menlo Park, CA (800) 227-8974

or (650) 470-7700.

Circle No. 292

SUBSYSTEMS

H 1000 W Power Supply

“The TX1000 serics single-output, 1000 W pow-
er supply with active input power factor cor-
rection circuitry
accommodates a
90 to 264 VAC
input for global
applications. Stan-
dard output con-
figurations e
clude 3.3, 5,
15, 18, 20, 24, 08

Starting in September...

Get Information from Advertisers
FASTER!'?

36 and 48 V models to support a wide range of
needs including front ends for distributed pow-
er architectures. All models (except the 3.3 and
5 V) have an optional ORing diode, which, when
combined with the active current sharing fea-
ture, provides an N+1 redundant platform for
fault-tolerant applications. Standard features in-
clude power fail warning, remote inhibit, DC
OK signal, current share, over-voltage protec-
tion, ontput over current/short circuit protection
and remote sense. The logic signals can be con-
figured cither active high or active low:
C&D Technologies Inc.,
Power Electronics Division,
Tucson, AZ (800) 547-2537.

Circle No. 268

B DC/DC Converters

The VWx series DC/DC converters includes
the 100, 150 and 300 W VWS and VWB boost-
ers. The series uses advanced planar magnetics
and open frame packaging to deliver good ther-
mal performance and high reliability. The VWx
converters are au\lahls in wide range 24 or 48
V nominal input voltages. Output v oltages avail-

[Continued on page 164]
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164 CIRCLE 52

able include 3.3, 5, 12, 15, 24, 28 or 48 V. The
series is rated for 100°C baseplate operation
and has 1500 V DC of isolation. Price: $110.
International Power Devices,
Boston, MA (617) 746-5135.

Circle No. 269

H 100 W DC-to-DC Converter

The Statmmcv Power Supplies E100 series
s have an input voltage
= range of 175 to
150 V DC. The
input/output iso-
lation is 2 kV rms
and the DC out-
put power is 100
W continuous,
110 W surge. The remote sense compensation
is up to 1 V total lead drop with step-load re-
sponse of 25 to 75 percent on output. Size: 4.0"
*x1.0"x 6.7
Pouwer Plus Technical Distributors Inc.,
Canoga Park, CA (818) 703-8088.

Circle No. 270

TEST EQUIPMENT

B Voltage Tester

Kikusui Electronics Corp.s model TOS5052
withstanding voltage tester is designed for use
with electronic equipment or components and
features a rise-time control that automatically
increases test voltage to specified levels as re-

WAVEGUIDE & COAXIAL
SWITCH SPECIALISTS

SWITCH OVER TO:

SECTOR MICROWAVE
INDUSTRIES, INC.
maund);nz'_d Dot Park, New York 117229

Request your "R-F Swuch slide Gmdn mday‘

CRCLE 123

quired by UL-type and TEC safety standards.
Tt offers a high capacity power supply with an
output of 5 kV AC (max) at 100 mA. Preset
output voltage, select output frequency of 50
or 60 Hz, dmtal voltmeter, ammeter and timer
functions are standard. The tester provides
dual-axis operation of the test voltage range se-
lector switch and voltage setting knob and sep-
arate up/down keys to determine current and
timer settings.
IFR Americas Inc.,
Wichita, KS (316) 522-4981.

Circle No. 273

B Portable CDMA Scanner
The Hummingbird™ portable CDMA scanner
is available in both PCS and cellular models. Tt
features low cost,
speed, sensitivit
and the ability to
measure indoors
or outdoors. The
unit is self-con-
tained and doe:
ot require GPS
reception because
it includes sync
channel demodu-
lation for positive
base station iden-
 tification and has
removable data
storage. Playback
allows engineers
~ to review prob-
lem spots with markers
Berkeley Varitronics Systems Inc.,
Metuchen, NJ (732) 548-3737.
Circle No. 271

B Short Lead Transistor
Test Fixture

The model MT950G short lead transistor test

fixture includes short lead tra

istor inserts
that are designed
to work with the
company’s short
lead transistor
packages or simi-
lar package de-
signs. The short
lead fixture can
work with the
company’s exist-
ing transistor in-
serts as well. The
manual for the in-
serts contains cir-
cuit models, which can be used to develop de-
embedding parameters.
Maury Microwave

e Corp.,
Ontario, CA (909) 987-4715.
Circle No. 274

B Spectrum Analyzers

[Continued on page 166]
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NEW PRODUCTS

The model R3132/R3132N and R3162 spectrum analyzers are designed
for high throughput wireless, RF and television production test applica-
tions. The instruments are competitively priced and equipped with a
simplified user interface and automated measurements.

Tektronix Inc., Beaverton, OR (503) 627-5757.

Circle No. 275

B Timer/Counters

The models 901, 901R and 900 timer/counters provide state-of-the-art
timer/counter mea-surements for time interval, frequency, phase and jit-
ter. The model 901 has an ultra-high time

interval resolution of 50 ps (single shot) and
1 ps (averaged), plus a speed of up to 8000
‘measurements per second. The frequency
range can be extended from 300 MI1z to
2.7 GHz The model 901R is equipped with
an atomic rubidium timebase frequency ref-
erence. The economy model 900 is identical
to the model 901, except for a 250 ps single-shot time interval resolution,
5 M frequency range and a speed of 2000 measurements

per second.
Wavetek Corp., San 0, CA (619) 279-2200.

Circle No. 276

B Radiation Hazard M I

The model 2001 radiation hazard measuring instrument (RAHAM) is
constructed in a ruggedized housing and is designed to be utilized by
personnel who may be exposed to poten-
tially hazardous levels of nonionizing RF
and microwave radiation. It covers the fre-
quency range of 3 MHz to 1 GHz, mea-
sures the E-field over the wide dynamic
range of 10 to 1000 V/m and features a
three-element diode detector that provides
an isotropic (omnidirectional) response.
The alarm level threshold s set to 200 V/m,
~ but can be factory reprogrammed to meet
specific customer needs. The instrument
and probe are enclosed within a single
rugged housing designed to be rainproof
and survi more-than-three-foot drop
onto a solid surface. Operator controls are.
easily accessible and suitable for gloved
users. ixze 9 SH"XZSO"xl" Weight: 11b.

cm\mﬂmx incucing esign Engineing, Menuacuing, Maeing and uuamy Assuann. Wil pregars mavkewu;
man e e

it f
‘experiance in RF/Wireless industry preferred.
Applications Engincers: Fesponsive for proidn cus-
{omes wih RF tecrical roduc suopota e BF system
and component level; participating with new
custom FFC prouct developmen,developng ppicaion
‘nofes and data sheets. Requires BSEE/MSEE with minimum
3 years RF design/product experience, strong RF/Mi-
v el esn s wh g
and digal modulaion chemes (AMPS, GSM,
COMA}srong Wit an costomerreion sl
Design Engineer: Resporsie fr desgning
and ealzlng RE Cicis and fechnologis o high vo-
ume consumer applcations. Paicipaing actvely ina team
for package, device and assemby development may be re-
Use CAD sufvre for Gesir,develop-
mentand eriicato, iimun requiment ncuda BSEE i ight years eperece; NSEE i v ears -
s PO EE o yers M ez i
and TOUCHSTONE

VISIT OUR WEBSITE AT WWW.MICSEARCH.COM

Gene:
Amitym’lle, NY (516) 22,8900, ext. 236.
Circle No. 272

B Self-contained 65 GHz VNA
The model 37Xt

ingle-unit, self-contained vector network analyzer
(VNA) with a frequency coverage to 65 GHz is designed to meet the

y testing needs of higher
frequency systems such
as wireless networking,
low earth orbit satellite
communications sys-
tems and intelligent
transportation systems.
The VNA features
electrical performance
of > 70 dB dynamic
range and > -5 dBm
leveled output power.

“‘ M I c R COMMUNICATIONS

EXECUTIVE SEARCH

We specialize in the placement of wireless, RE, microwave
communications professionals both nationally and internationally

800 Turnpike St. ¢ North Andover, MA 01845

Call Collect: Tel: (978) 685-2272 » Fax: (978) 794-JOBS
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Higl rmance doubler and quadmpler modules with GaAs MMIC
nutput nmpllﬁﬂ stages provide the VNA with the capability to make ac-
tive device measurements over a wide range of input levels. Standard
features include a four-channel display for viewing all four § parameters

at once. A standard four-sampler architecture offers the highest degree
of accuracy and stability. Price: 8130,000.

Anritsu Co., Microwave Measurement Division,

Morgan Hl" CA (408) 778-2000.

Circle No. 293
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1 Watt Linear Power LMDS Base Station Transmitter

45 days delivery for small quantities (5-10 PCS)
at a domestic price of $2950 each

IFIN
1-45GHz

25 dBm

SESI8BE 8

BEELR AR e e A AR BB AR R I8 B AR 8 :Qn4\a;'lx(a‘v;iq¢tpi‘is,p P

L“a)k!-‘#‘a\ii{fe Ty z:.;j’:N I m&&pﬂ‘éé’é' b{éﬁ: ‘f‘ery'
O o il i i
E b DM slon SofiBoniik.

IERR R RIRRR iR IR iR R 184000188
SRR REEM R IFNIRiINNIPinnESs sl e
SAORRipiEo iR trbin i RIsnes I binss
PRI R F R R IR S M AR S P
40818100 o*wcr'A I&ners-’
Fih ...,..3“...1“.,,,
i e daas N s 6

» Liow Noise A
D@%h‘-ﬁ Onvertﬂms :

Up.,c@

2% 2l

e ook

58 if' 3
. 12% 60 GEG Qm;emg
EIEMEIAN it iEia iR isn a5 1B
TS PR ER TIT ORIi: il iiiidiiiiRIiiiiiii:

narda

dbs microwave

an‘Bcommuniwnomoovmaw

i

DBS Microwave Inc.

CIRCIE 102 ON BEAREDR SERVICE CARD



W RF oN FiBer™ DESIGN GUIDE

This cight-page guide reviews RF on Fiber
product technology, including the company’s
two-path, three-path and four-path WDM trans-
ceivers; systems design pmmam fiber-optic
link and p Juct

B FuLL-LINE CERMET RESISTOR

PropucT CATALOG
This 56-page catalog contains information
about the company’s complete line of surface-
mmml chip resistors and chip resistor arrays.

Anacom Systems
New Brunswick, N] (732) 846-2680
0. 200

B Capasiiry Guie

This cight-page guide contains information on
the company’s comprehensive line of multi-
function programmable assemblies specifically
designed for cell system fading emulation and
celllar trafic simulation applications, fixed at-
tenuators, ter le attenu-

it leaded and leadless resistor net-

“mL\, through-hole resistor networks,

surge/power resistor networks, and TrackStik™

strain gage pointing devices.

CTS Corp., Elkhart, IN (219) 293-7511.
Circle No. 205

B RF anp MicrOWAVE Propuct GUIDE

This 16-page guide highlights custom RF and
microwave power transistors, MMICs and
pn\\.er amplifers and provids key prodct

ators, power dividers/combiners, connectors,
and RF switches and test accessories. Product
photographs and :pe(iﬁmtions are included.
JEW Industrie:

Indianapolis, IN (817) 887-4539

or (317) 887-1340.

Circle No. 202
B CompANY NEWSLETTER

This two-page newsletter contains information on
the company’s ball-grid arrays, tape transfer tech-
nology for military, industrial and telecommuni-
cation applications, gold etching process and oth-
er manufacturing and design capabilities. Prod-
uct photographs included.
Advanced Packaging Technology
of America (APTA),
San Diego, CA (619) 452-2700.

Circle No. 203

B ENGINEERING BULLETIN
This 20-page engineering bulletin provides de-
tailed descriptions about the company’s new
line of SURFCOIL? surface-mount technolo-
a, fixed and variable surface-mount inductors,
coils and transformers designed for application
in RF, EML power and other industrial circuits
that need individual or coupled resonant com-
ponents. Features, specifications, outline draw-
ings, application notes and an application guide
are included.
Sprague-Coodman Electronics Inc.,
Westbury, NY (516) 334-8700.

Circle No. 204

N
CLASSIFIED

se amplifiers,
T broadcast ampifiers, L snd VHE ampl.
fier pallets and modules, UHF-TV and wireless
amplifier pallets, cellula/mobile/paging ampli-
fier pallets and low noise amplifiers.
Richardson Electronics Lid.,
RF Gain Division,
LaFox, IL (800) 737-6937
or (630) 208-2200.

Circle No. 206

B Customer MAGAZINE

This 16-page magazine Hllmmer hwhhghes
the capabilities of the compa anced
Design System and contains n[ommnnn about
Toshiba’s GSM chipset, which uses the Ad-
vanced Design System. Expanding opportuni-

NEW LITERATURE

W Putsep EMI HANDBOOK
This revised pulsed electromagnetic interfer-
ence (EMI) handbook contains information
about threatening pulsed phenomena such as
electrostatic discharge, electrical fast tran-
sients, surges resulting from lightning or
switching in the power grid and power quality
failure. The sources of each threat, levels
found in the environment, test methods and
standard mmplmme levels are described.
KeyTek, a Thermo Voltek company,
Lowll, MA (978) 275-0800.

Circle No. 211

B CHip ATTENUATOR BROCHURE

‘This cight-page brochure discusses the installa-
tion of the company’s line of chip attenuator
pads for use in military and commercial MIC
applications. Specifications and features are
listed. Performance graphs are included.
DAV Technology,
Tyngsborough, MA (508) 649-4231.

Circle No. 212

B LonG Lire SWiTcH BROCHURE

“This six-page brochure highlights the company’s
low cost, long life magnetic switches specifically
designed for test equipment applications. The
switches, which use a magnetic linear solenoid,
offer up to five million operations while han-
dling 100 W CW and can be used in a wide va-
riety of commercial applications where fre-
quent switching is required.

ties in third tion wireless w-Key Corp.,
tions are also discussed. Ventura, CA (805) 650-0260.
HP EEso, Circle No. 213

Santa Cla’m, CA (800) 452-4844.
Circle No. 207

B ADVANCED SYNCHRONIZATION
TECHNIQUES APPLICATION NOTE

This application note is a step-by-step tutorial
that demonstrates how PX1 modular instru-
mentation and the company’s data acquisition
combine ta easily address the needs of the
most common test systems requiring timing
and synchronization of input/output functions.
National Instruments Corp.,
Austin, TX (800) 258-7022.

Circle No. 208

B TeCHNICAL BULLETIN

This technical bulletin features the 2625D sil-
ver conductor for printing both standard and
very thick prints in hybrid circuits and provides
about tvplu] fired conductor prop-

COMMUNICATIONS SYSTEMS ANALYST
$4732-$5728 Monthly
Excellent Benelits, 7% PERS
Will perform duties related to the operation, main-
tenance, upgride and repair of communications
systems (telephone, digital microwave radio, global
positioning systems) and related electronie equip-
ent. Requires AA degree +5 years experience or
equivalent.
For application and job bulletin contact:
Santa Clara Valley Transportation Authority (VTA)
Personnel Department
3331 North First Street, Bldg. B
San Jose, C: wsl. 1906

call: (408) 321. ool vta.org
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erties, composition properties and recommend-

ed promssing procedun« for thick printing.

Emca-Reme

Momgameryulle, PA (215) 855-1000.
Circle No. 209

B Propuct Guipe

This seven-page guide contains information
about the company’s MicroPen!™ precision writ-
ing system, which produces an image directly
from computer-generated data without using any
hard tooling for a wide range of applications.
Product photographs and specifications included.
OhmCraft,
Honeoye Falls, NY (716) 624-2610.
Circle No. 210

B Ceramic INDUSTRY RoADMAP
The Ceramic Interconnect Initiative of the In-
ternational Microelectronics and Pa
ciety (IMAPS) has developed a ceramic indus-
try “roadmap” that describes how the features
i echnology deliver benefits for a va-
nic packaging and interconnect
he document analyzes the cur-
rent state and forecasts future requirements of
the use of ceramic in electronic packaging.
IMAPS, Reston, VA (888) 464-6277.

Circle No. 295

B DC Power SuppLy BROCHURE

‘This 10-page brochure describes Kikusti Elec-
ics Corp.'s PAN-A series DC power sup-

deugnsd for use in research and develop-

ment, burn-in, quality control and pmdlmtmn

environments, Product photographs and speci-

fications are included.

IFR, Wichita, KS (316) 522-4981, ext. 406.

Clrd No. 296

B CoaxiaL CaBLE BROCHURE

This six-page brochure describes the features
and benefits of the company? if
high perfom)dmc low loss LMR® coa
hles, connectors, installation tools and a
sories designed for use in wireless communica-
tions systems such as cellular, PCS
two-way radio, LMDS, WLL, CLE(
wireless data and telemetry.
Times Microwave Systems.
Wallingford, CT (203) 949—8489.
Circle No. 297
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B Basic Engi g Circuit Analysi

J. David Irwin
and Chwan-Hwa Wu

John Wiley & Sons
976 pages; $99.95
ISBN: 0-471-36574-2

The sixth edition of this text includes some important
changes resulting from the way introductory circuits
are currently being taught
and includes contributions
from Chwan-Hwa Wu as a
new co-author. The book is
designed to serve as a core
text for students majoring in
electrical and computer en-
gineering as well as a basic
introduction to electronic
circuits for students in other
disciplines.

The book b gins with a discussion of circuit elements
followed by resistive circuits, including operational ampli-
fiers, transients, sinusoidal steady state and complex fre-
quency, and ends with Laplace and Fourier methods. Tt is
written for students who have completed introductory
physics and caleulus college courses. The goal is to provide
an effective and efficient environment for students to ob-
tain a thorough understanding of circuit analysis as well as
an introduction to the design of linear electronic circuits.

Each chapter begins with a preview of the topics covered
and a side column containing comments to help shorten the
Jearning curve. A large number of examples are supplied to
aid in understanding the material. Practical examples, re-
ferred to as applications, frequently deal with design issues.
Drill problems and exercises are intended to be assessment
tools, which help to guide the student in the proper prob-
lem-solving techniques.

Problem-solving strategies are placed throughout the
book to aid the student in ceting the proper solution

i to particular s . Computer-
aided des;gn ‘tools, such as PSPICE® and \/fathb“ are ap-
plied to the analysis and design of electronic circuits. In
addition, a study guide is available containing a CD ROM
that includes circuit simulations and five easy-to-use video
segments demonstrating PSPICE solutions. This study
guide also contains 100 representative problems with
complete solutions.

This book is a good first exposure to basic electronic
circuit analysis and forms a solid foundation for further
study. It is very clearly presented and an easy guide to
learning in this area.

To order this book, contact: John Wiley & Sons Inc.,
605 Third Avenue, New York, NY 10158 (212) 850-
6336 or (800) 225-5945.
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THE BOOK END

B RF and Microwave Coupled-line
Circuits

Rajesh Mongia, Inder Bahl

and Prakash Bhartia

Artech House Inc.
520 pages; $89, £67
ISBN: 0-89006-830-5

Coupled transmission structures are critical compo-
nents in distributed RF and microwave passive cir-
ook is primarily intended for design engineers
and research and development specialists involved in cou-
pled-line circuit design, analysis, development and fabri-
cation. The first chapter covers the nature of coupled
structures and their importance in microwave circuits.
Chapter 2 establishes the basic circuit parameters and
representation of microwave networks. The fundamental
building blocks for coupled-line circuits are covered in
Chapter 3, including the characteristics of planar lines,
such as microstrip, coplanar and striplines, and coupled
lines using broadside coupling, edge coupling or, in the
case of waveguides, coupling with shields present.

Chapter 5 describes the design and performance of for-
ward-directional couplers using asymmetrical coupled lines.
Parallel-coupled backward
TEM directional couplers are
described in Chapter 6 and,
in Chapter 7, the design and
synthesis procedure for such
couplers is outlined together
with some techniques to ob-
tain broadband performance.
Chapter 8 presents the tight
coupler, which can be de-
signed and fabricated in a
number of configurations.

The most commonly used
form of coupled-line circuit
is the filter. Chapter 9 exten-
sively covers filter parame-
ters, filter synthesis, design and realization. Modern
miniature filters are also discussed and a number of soft-
ware packages for filter design are assessed.

Chapter 10 covers the analysis and design of DC
blocks, coupled-line transformers, interdigital capacitors,
spiral inductors and transformers, while Chapter 11 de-
scribes the design and analysis of baluns. Chapter 12 cov-
ers the topic of high 3peed digital interconnects and the
problem of crosstalk. Finally, Chapter 13 provides infor-
mation on the use of multiconductor lines as building
blocks for coupled-line circuits.

To order this book, contact: Artech House Inc., 685
Canton St., Norwood, MA 02062 (781) 769-9750,
ext. 4002; or 46 Gillingham St., London SW1V 1HH,
UK +44 (0)171 973 8077.

Frank Bashore
Frank Bashore is  member of the Microwave Journal staff:
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fa = International Microwave Symposium
y Boston, Massachusetts
A4 |[EEE Microwave Theory and Techniques Society

June 11-16, 2000

ALL FOR PAPERS

R i

e Micowali Syrpio
will be held:in B a5 4 |
Technical. or %

e

Electronic Communications

Preparation for this year’s meeting will rely primarily on e-mail and our Web site (www.ims2000.org) in order to
make communication, submission and review more accurate, efficient and timely. Prospective authors are required
to “register” electronically and are encouraged to use electronic communication for submitting papers. This process
will permit us to include authors and attendees in the meeting preparation, push back submission deadlines, send
faster acknowledgments and provide last-minute updates on symposium events.

Proposals Invited

Workshop, special session (focused and honorary) and panel/rump session proposals are also invited. The IMS2000
Web site (www.ims2000.0rg) will be used to allow participation of the MTT community in defining the workshops
and special session topics. Make suggestions for topics or volunteer to help organize or participate in a workshop or
special session.

Submission Process

& Submit either electronic or hard copy summary, For acknowledgment of hard copy receipt, please
{ not both include self-addressed, stamped envelope or card.
For electronic submission (highly rec led)

use www.ims2000.0rg Faxed or late submissions will not be accepted.

Deadline: December 6, 1999

e-submissions will be acknowledged instantly. Submission 2 d
For hard copy submission, Deadlines Hectionla Hajd Copy:
send three copies of paper summary to: i
International Microwave Symposium 2000 Feanb i
3 VAT for Workshops, Panel 7 Sept. 1999 30 Aug. 1999 |

c/o LRW Associates

468 Walden Trail and Special Sessions

M N 2017 Jecngical faper 6Dec. 1999 29 Nov. 1999
Telephone: (704) 841-1915 Summaries
Deadline: November 29, 1999 (receipt of paper Final Manuscripts 1 March 2000 1 March 2000

summary and electronic author registration form) for the Digest

rrvrrmvesmesunssd

Microwave Week
A microwave exhibition, an historical exhibit, the RFIC Symposium and the ARFTG Conference will also be held dur-
ing Microwave Week. Joint IMS/RFIC and IMS/ARFTG sessions will continue to be held on Tuesday and Thursday, re-
spectively, as part of the technical sessions. Papers of general and special interest for the joint IMS/RFIC and
IMS/ARFTG sessions are also solicited.
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Befare Linux, software innovation from Finland scarcely commanded notice. Before Nokia, people scarcely
knew we had telephones. Now it seems the RF community has discovered APLAC, our industrial-strength
simulation technology that combines the functionality of Spice derivatives with the utility of advanced RF
simulators.

In fact, many top RF engineers already use APLAC in their daily
work, because APLAC, and only APLAC, provides them with accurate —
IC- and board-level models as well as precise methods to analyze non- f
linear circuit behavior. Wide-band CDMA, Bluetooth, and beyond /
- it% allbeing designed With APLAC. N

We admit learning APLAC takes personal commitment. But it gives /‘/
you something unique, the freedom to do things right. /

To learn more about APLAC, why not download a student version

The Freedom To Do Things Right. www.aplac.com

# i,
////’”/,]r’m %M’/

¥ b
and contact us at APLAC Solutions. /%I/*// %{ >

from our website www
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