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©Agilent Technologies, Ine. 2000

made real.

Ta those who yvoti't rest until mirelesS means 

limities.s The Vision is Communications without 

boundaries. And you're responsible for making 

the vision real. But you're not alone. Whether 

you're trying to be first to market, reduce costs, or 

improve customer service, Agilent Technologies 

has a range of products and services to help 

you deliver the next generation of wireless 

technology. Who knows how far you'll go.

•;v Agilent Technologies
In nova ting  th e  HP W a y

Agilent Technologies is a new Company 
comprised of the former Hewlett-Packard 
test and measurement,Chemical analysis, 
semiconductor components and medical 
products businesses. www.agilent.com

http://www.agilent.com


Picoprobe elevates probe cards to a higher level...
(...110 GHz to be exact.)

For 17 years GGB Industries, Ine., 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.

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.

GGB INDUSTRIES, INC. • P.O. BOX 10958 • NAPLES, FL 34101
Telephone (941)643-4400 •  Fax (941)643-4403 • E-mail email@ggb.com • www.picoprobe.com

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

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

Our proven probe card design Technology 
allows füll visibility with inking eapabil- 
ity and ensures reliable contacts, even when 
pfobing non-planar structures.

For technical as- 
sistanee. Custom 
product designs, or 
o f f - t h e - s h d  ï  
delivery, call GGB 
Industries  ̂ Ine., at 
(941) 643-4400.

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

mailto:email@ggb.com
http://www.picoprobe.com
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Choose from over 550 Standard off-the-shelf models from 2way and 3way to 48way; 0°, 90°, and 
180°; 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom 
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog 
prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, and coaxial ccnnecicrized... 
and custom-casestyfesaF^lo problerrii- Super-miniature and'Ultra-loyy-iprofile surface moupt-units provide excellent 
Solutions in Jat oorrtnii./t.' siions cable Systems, and-éogntless wireless applicatons And all units Come with a 
1 year guarantee and skinny 4,5 sigma performance repeatabilityrunit-to-unit and production run to productiori n r f ï . ' 
Add tast delivery, unsurpassed applications support and value pricing, and the declsion is easy. Cali Mini-Circuits today!

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



O  Mini-Circuits



i  rimary loop delay filter assemblies 
integrate high power cavity delay filters, 
couplers and isolators into a single compact 
module for performance improvement, space 
savings and cost reduction.

econdary loop miniature delay filters utilize a Patent 
Pending topology to provide delay equalization.The filters 
exhibit excellent delay and phase flatness in a miniature 
surface mount package. The 3G model measures a mere 
l.5” L x 0.60”W  x 0.4” H and can be mounted directly onto 
your PWB with piek and place machinery.

N e w !  B u y  K & L  F i l t e r s  o v e r  t h e  w e b  
w w . k l m i c r o w a v e . c o i

USA EUROPE
Phone: 410-749-2424 Phone: 44 (0)-1262 605500
FAX: 410-749-2788 FAX: 44 (0)-1262 605504

www.klrnicrowave.com • E-mail: wircless(S>klmicrowave.com

K&L
MICROWAVE INCORPORATED

^ ------------ I

http://www.klrnicrowave.com


5 t o  2500MHz from (1-24 qt;
The popularity of wireless communication services is soaring, but when 
signal overcrowding creates intermodulation distortion... Mini-Circuits has 
the solution! Our füll range of low distortion, high IP3 SYM mixers provide the 
muscle it takes to suppress noisy intermods and unwanted Signals. At the 
same time, these affordable surface mount Solutions achieve low conversion 
loss and excellent L-R, L-l isolation. Developed for both analog and oigital 
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 
SYM mixers from Mini-Circuits. It’s the clear choice!

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

P.O.Box 350166, Brooklyn. Ne
□  Mini-Circuits

ew York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information :

US 91 INTI 92 
CIRCLE READER SERViCECAW 

MINI-CIRCUITS CATALOG & WEB SITE
i Engineers Search Engine Provides ACTUAL Data Instanitly From MINI-CIRCUITS At: http://www.minicircuits.com

F 320 Rev»

http://www.minicircuits.com


Innovative

JFW Industries, Inc.
Specialists in Attenuation and RF Switching

RF
Components
Now entering our fourth decade, 
JFW Industries is a proven leader 
in the design and production of 
innovative RF Solutions. Whether 
your project calls for fixed attenu- 
ators and terminations, manually 
and electronically controlled 
attenuators, RF switches, power 
dividers or programmable RF test 
Systems and switch matrices;
JFW's dedicated customer service 
and engineering personnel can 
provide application specific com­
ponents and sub-systems at cata- 
log prices with an off-the-shelf 
attitude. For more information, 
please contact us or visit our web 
site at www.jfwindustries.com

Tel (317) 887-1340 Toll Free 1 (877) 887-4539 

Fax (317) 881-6790

5134  Com m erce  Square Dr. •  Ind ianapo lis , Ind iana  46237

Internet- http://www.jfwindustries.com 
E-mail- sales@jfwindustries.com 
ISO 9001 Certified

http://www.jfwindustries.com
http://www.jfwindustries.com
mailto:sales@jfwindustries.com
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Space Qualimd 
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Coaxial Adapters

VNA
Calibration Kits

Maury Gtves You 
The BDGElm
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Precision
> ■' OT3 Sniw™ Quick Test
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Automaten

S/w ww. maury m w. com
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" Maury's web site is a terrific on line 
resourceguide for microwave test 
and measurement 'Information!!!"

"A one-stop resource for microwave 
equipment and Information."

"...a  m ustfor a bookmark 
or favorite place..."

"...a  web site you don 't 
want to m iss ...”

"... recommendedfor any 
microwave orRF engineer..."

BROWSE THROUGH
• Over 200 pages of detailed 

Information covering the 
entire Maury product line.

• FrequentlyAsked Questions 
on subjects of interest to 
Microwave Designers and 
Engineers.

DOWNLOAD

SEARCH & RETRIEVE

• The latest Windows® compatible version of 
Maury’s Automated Tuner System software.

• PDF copies from Maury’s extensive library 
of microwave Application Notes.

• PDF copies of product Data Sheets.

MAURY MICROWAVE
O  C > H  T;> O  FT 2S 1 * O  1x1

2900 Inland Empire 8lvd . Omario, CA 91764. USA

For more Information contact 
our SALES DEPARTMENT at 

Tel: (909)987-4715 • Fax: (909) 987-1112 
Email: m aury®maurymw.com

nu BFAPER SERVICE CARD



0& microwave
JOURNAL

JUNE 2000 • VOL. 43. NO. 6

FEATURES

T E C H N I C A L  F E A T U R E S

2 2  Harmonie Tuning o f Power Transistors 
by Active Load-pull Measurement
P. Hetjmann, R. Doemer and M. Rudolph,
Ferdinand-Braun-Institutfür Höchstfrequenztechnik 
A powerful and affordable tooi for nonlinear on-wafer measurements in the 
0.5 to 18 GHz frequency range that is usef'ul for designing high efficiency 
power amplifiers for mobile Communications

70 Simulation of Interdigitated Structures 
Using Two-coupled-line Models
Gustavo López-Risueno and José I. Alonso, Departamento de Sefiales, 
Sistemas y Radiocomunicaciones, E.T.S.l. Telecornunlcatión,
Universidad Politécnica de Madrid
A simple technique to simulate circuits with multiple coupled lines 
in commercial simulators without suitable models

8 4  Accurate M easurement o f Wideband M odulated Signals
M.S. Muha, C.J. Clark, A.A. Moulthrop and C.R Silva,
The Aerospace Corporation
A method to accurately measure Signals with bandwidths higher than thosc 
supported by off-the-shelf Solutions

T U T O R I A L

1 0 0  Low Noise VCOs: Key C omponents for Base Stations
Frank Baberg, Tekelec Temex 
Fundamentals for the design and use of VCOs

T E C H N I C A L  F E A T U R E S

1 1 0  Thermal Design Considerations for Wide Bandgap Transistors
Bruce A. Kopp, Elizabeth A. OueUette and Amy J. Billups 
The effect the number of gate fmgers, gate geometry and epitaxial layer 
thickness has on the peak junction temperature of high power gallium 
nitride and siheon Carbide transistors

120 High Power RF LDMOS Transistors for Avionics Applications
Hans MoUee, Steven O’Shea, Paul Wilson and Konié Vennema,
Philips Semiconductors, RF Development and Application Centre 
The inherent advantages of laterally diffused metal oxide semiconductor 
(LDMOS) amplifiers to avionics transponders

ON THE COVER

This month s cover features 
a high performance, low cost, 

surface-mount quadrature 
coupler developed using 
Blue Cell™ technology 
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ü8to6.7GHz S C  95
trom (W-49)

•low conversion loss -thin pro file •superb temperature stability •lowcost
Unleash extra performance from your higher frequency designs by 
upgrading now to Mini-Circuits level 0 to level 17 (LO) Blue Cell™ mixers. 
State-of-the-art automated manufacturing using multilayer thick film 
ceramic construction delivers superb temperature stability, low 
conversion loss, high repeatability, and very low cost per unit. This 
process also results in a phenomenally thin package standing only 
0.070” high! Scoop the competition and upgrade to the next level 
of performance in your higher frequency products...contact 
Mini-Circuits for Blue Cell™ mixers today.

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

(LO) (GHz) $ea.

P.O Box 350166, Brooklyn, Nei

d f ü ü T  n ‘ oe^ n‘

C 3  M in i - C i r c u i t s
i York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information s 
■ngineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://w
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128 Fractlonal Out-of-band Power Formulas 
for BPSK, QPSK and MSK
Frank Amoroso, Consultant
Closed-form expressions for fractional out-of-band power for classical 
binar)' phase-shift keying (BPSK), quadrature phase-shift keying (QPSK) 
and minimum-shift keying (MSK) inodulation

P R O D U C T  F E A T U R E S

146 Broadband DC to  4  GHz Digital Attenuators with High Accuracy
Hittite Microwave Corp.
Low cost two-, three- and five-bit digital attenuators tliat offer die ability to 
control signal strength while maintaining signal intcgrity in the transmit and 
receive paths of wireless Systems

150 A Single Cable for Base Station Main Feeder and Jum per 
Applications
Andrew Corp.
A 7/8-inch cable that has the efficiency of a main feeder cable but the 
bending and flcxing capabilitics of a typical jumper cable

156 A Duplexer, Combiner and Distribution Amplifier for Wireless 
Applications
FSY Microwave Inc.
A new duplexer assembly designed for the stringent requirements of today s 
wireless base stations that makes use of the considcrablc performance 
advantage of high Q ceramic resonators

160 A Dual-band Antenna Coupler for Cellular and PCS Applications
Reactel Inc.
A dual-band antenna coupler that can combine dual antennas into a single 
cable to the base station and dien separate them again to be fed to their 
rcspectivc processing equipment
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QMI Semi-Rigid Replacement Assemblies

Don’t beso Rigid!

ii l  [ 1

Semi-Flex Semi-Flex Plus Semi-Flex II Q-Flex(Jacketed - Polyurethane) {Ahjtntnum) {Jacket FEP Blue) : 
Available io Available in Available in Available in .047. .086. .14 7 250 .047, .086. .141, .086. .141, 086 141., 250 
(Cable Types) (Cable Types) (Cable Types)- (Cable types)

Tensolite - QMI
Tensolite-QMI is an advanced manufacturer 
of 50Q and 75Q RF and Microwave 
Interconnecfs and Cable Assemblies 
Including Flexible, phase matched, 
delay lines and cable harnesses.

Data sheets available at 
ww w.qmiinc.com

1-800-362-FLEX
Tensolite

A GME Company

____
RF/Microwave
Interconnects

A . Richardson 
\js Electronics
E n g in e e re d  S o lu t io n s
1-800-RF-POWER

Q-flex coax semi-rigid twisted pair cal

P blies fpd assem blies cable ass 
ibes 2mm HM 2m m  HDM dela 
oax ultrasound probes semi-fie 
:m 7mm 2,4m m  typen ty p e f

3 . ' fibre channeUp
i miniature custom cable 2mmW? 
im and 75 ohm RF and rnicrowavs 
assemblies (dc to  40 ghz) cable 

sctors - i: smb .rfic mcx fnmi

microwave coax

Low Insertion Loss 
Optimized VSWR 
Excellent Shielding Effectiveness 
High Power Capabillty
Excellent Phase Stability over Flex and Temperature

Standard configuration and Custom applications  
Tensolite-QMI RF/Microwave has an engineering stalt 
ready and able to provide an tnterconnect solution

4 www.tensolite.com

SMA Right Angle

RF/Microwave Coaxial Cables

rjipe rt huis mcx Rignt Angic m tx  straigm

l i l Li i i i U i i è  i i ) m * s J j j l .u l
Interconnect Solutions - DC to 40Ghz

http://www.qmiinc.com
http://www.tensolite.com


IT'S OUR
AML does more than design and 

manufacture amplifier-related products.
We offer a level of expertise and a 
breadth of skills and technologies second 
to none. AML is an ISO 9001 certified 
Company uniquely equipped to provide

CUSTOM.
custom Solutions in any 
size production run, 
from very small to high 
volume rates -  no mat­
ter how complex the 

■ s a  9 0 0  1 design. Plus, we have 
the ability to ship product in record time. 
It's no Illusion. In the 30 MHz to 21 Ghz 
arena, AML is your magie time-to-solu- 
tion partner. To find out more, call 
805.388.1345, e-mail sales@amlj.com 
orvisit w w w .a m l j . c o m

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


COMING EVENTS

NlWeek 2000 
August 16-18, 2000 
Austin, TX

Sponsor: National Irïstruments. Topics: Com-
puter -based measuitement and automation,
systenti integration £md development, instru-
ment manufacturin g and increasing system
performance. Contact: National Instruments, 
11500 X. Mopac Expwy, Austin, TX 78759- 
3504 (800) 258-7022, fax (512) 683-9300 or 
e-mail: niwcek@ni.com. Additional Informa­
tion can be found at www.ni.com/niweek.

2000 IEEE International Symposium 
on Electromagnetic Compatibility 
August 21-25 , 2000 
Washington, DC

Sponsor: IEEE EMC Society. Topics: Electro­
magnetic compatibility management, certifïca- 
tion and accreditation, testing, shielding and 
grounding, electrostatic discharge, spectrum ef­
ficiency and monitoring, product and environ­
mental safety, international govemment Stan­
dards, new product designs, commercial and 
military trends, new personnel and laboratoiy 
ideas for electromagnetic compatibility' corpo­
rate management. Contact: William Duff, 
Computer Sciences Corp. (703) 914-8450, fax 
(703) 914-8499 or e-mail: wduff@csc.com.

2000 IEEE Radio and Wireless Conference 
(RAWCON 2000)
September 10-13, 2000 
Denver, CO

Sponsor: IEEE MTT-S. Topics: Interdiscipli- 
nary aspects of RF technology and Communi­
cations system design, including system archi­
tecture and performance, antennas and propa- 
gation, active/passive devices, wireless data,

software radio architectures. Contact: Michael 
Heutmakcr, Lucent Technologies (609) 639- 
3116, fax (609) 639-3197 or e-mail: heutmaker 
@lucent.com. Visit www.rawcon.org for addi­
tional conference infonnation and updates.

Wireless Workshop 
O ctober 22-25 , 2000 
Sedona, AZ

Sponsors: Rogers Corp. and Merix Corp. Top­
ics: Innovative applications and designs, design 
and Simulation considerations and issues, soft­
ware tools for design and Simulation, interde- 
pondence of high frequency packaging re- 
quirements and system design, MMIC and hy­
brid circuits, new packaging techniques and 
structures, advancements in high frequency- 
compatible materials, materials testing and 
characterization, circuit fabrication challenges 
and innovations, interconnection and assembly 
considerations, svstcm and component reliabil- 
ity. « d  higt volume manufacturing. Contact: 
Sharon Aspden, Rogers Corp. (480) 961-8206 
or e-mail: sharon.aspden@rogers-corp.com.

Additional conference information can be 
found at www.az-ww.com.

Connector and Interconnection 
Technology Symposium 
O ctober 2 3 -25 , 2000 
Orlando, FL

Sponsors: International Institute of Connector 
and Interconnection Technology' Inc. and the

Electronic Components, Assemblies Equip­
ment and Supplies Association. Topics: RF in­
terconnection, including design/new interface 
style; quality; automation; surface-mount tech­
nology; automotive interconnects; space flight 
connector technology; medical applications; 
materials, finishes and plating; and test meth- 
ods. Contact: Steve Ulett, Avnet, 6321 San 
Ignacio Ave., San José, CA 95119 (408) 360- 
4113, fax (408) 281-8722 or e-mail: steve. 
ulett@avmet.com.

The ATN-4000 System
W ha t the conjugate m atch  

0 f your d ifferential 2-port device? H o w  m uch  
com m on m ode rejection does it have? H o w  m uch o f the  
differential input signal is being converted  to com m on  
mode? If the answ ers to these types o f questions have 
been eluding you, check out the n e w  A T N -4 0 0 0  M ultiport 
S -param eter Test System  at w w w .a tn rn ic ro w a v e .c o m .

ai n microwave
Tools for Advanced Products

101 Billerica Avenue, Building 4, P 
-TOOLS - 978 667 4200 • Fax

mailto:niwcek@ni.com
http://www.ni.com/niweek
mailto:wduff@csc.com
http://www.rawcon.org
mailto:sharon.aspden@rogers-corp.com
http://www.az-ww.com
mailto:ulett@avmet.com
http://www.atnrnicrowave.com


test

[ I need impartial 
com parisons and a way 

to buy right away ]

I g g f ^ i n

Tough test and measurement equipment ehoiees? When you need to com- 
pare apples to apples to make a purchasing decision, TestMart-a unique 
Web-hased service where you can buy or seil with confidence-is just a 
click away.

• linbiased product comparisons with advanced search tools
• 7130,000 comprehensivc spccilications on over 1S.000 products
• Application Hngineers are available online or toll-free
• All of your test and measurement equipment requirernents, 2417 

Gonc are the hassles of piecing together inadequate information 
from one-dimensional sources. üur integrated Compare Spccs fooi and 
secure commerce areas allow you to determine whether to buy, lease 
or rent new and refurbished equipment and to sell your underutilized 
equipment online.

I'inally, the power to make timely, cost-effective decisions is in your 
hands from research :hrough delivery.

Now, go try it. We’re ready when you are.

w w w .testm art.co m
toll free 1-888-665-2765

http://www.testmart.com


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

Sponsors: IEEE Antenna and Propagation So­
ciety and IEEE Boston Section. Topics: Mili­
tary to commercial technology transition, ar­
chitecture trends, base station and satellite an­
tenna developm ents, adaptive and active 
wireless Communications arrays, novel anten­
nas and passive array configuration, multiband 
Operation and polarization eharacteristics, mo­
bile antennas and vehicle modeling, packaging 
Integration and portable devices, antenna 
CAD, human in terac tion  with antennas, 
MEMS, and indoor/outdoor propagation and 
channel models. For additional information, 
contact the conference office at (781) 890-5290

Eighth IEEE International Symposium 
on Electron Devices for Microwave and 
Optoelectronic Applications (EDMO 2000) 
November 13-14, 2000 
Glasgow, Scotland

Call for papers. Sponsors: The University of 
Glasgow, IEEE UK&RI MTT-S, Electron De­
vice Society, Antennas & Propagation Society, 
Lasers and Electro-Optic Society Joint Chap- 
ter and the Scottish Chapter o f the IEEE 
Lasers and Electro-Optics Society. Topics: III- 
V transistors, high speed laser diodes, optical 
modulators and photodetcctors; Si- and SiGe- 
based devices for RF and optoelectronics ap­
plications; wide bandgap devices for mi­
crowave and optoelectronic applications; low 
distortion microwave devices; optical control of 
microwave and inm-wave devices; microwave 
and optoelectronic photonic crystal devices; 
and components for fiber radio applications. 
Send: abstract. Send to: Iain Thayne, Universi­
ty' of Glasgow, G12 8LT, Scotland, UK +44 
(0)141 330 3859, fax +44 (0)141 330 6010 or e- 
mail: edmo@elee.gIa.ac.uk. D eadline: Sep­
te m b er 1, 2000. Additional information is 
available at www.elec.gla.ac.uk/edmo2000.

2000 Asia-Pacific Microwave Conference 
(APMC2000)
D ecember 3 -6 , 2000 
Sydney, Australia

dustrial Physics, IEEE South Wales and South 
Australia sections and IEEE MTT-S. Topics: 
Computational electromagnetics, CAD, guided 
waves, EMC/EMI, ferrite and solid-state de­
vices, MMIC technology, medical/biological 
applications of microwaves, microwave super- 
conductivity, high speed digital circuits, mi- 
crostrip  and planar antennas, microwave 
acoustics and measurements, optical devices 
and systems, optoelectronic techniques, mi- 
erowave-optical interactions, phased- and ac- 
tive-array techniques, mobile Communications 
systems and remote sensing. Contact: ICMS

COMING EVENTS
Pty Ltd. +61 2 9290 3366, fax +61 2 9290 2444 
or e-mail: apmc@icms.com.au. Additional in­
formation is available at www.icms.au/apmc.

Army Science Conference 
December 12-13, 2000 
Baltimore, MD

Sponsor: Assistant Secretary of the Army (Ac- 
quisition, Logistics and Technology). Topics:

Advanced materials and manufacturing, micro- 
electronics and photonics, advanced propulsion 
technologies, engineering Sciences, environ­
mental and geosciences, biomedical and be- 
havioral Sciences, force protection, high perfor­
mance computing and Simulation, soldier Sys­
tems, and sensors and information processing. 
Contact: Army Science Conference Registra- 
tion Desk (757) 357-4011, fax (757) 357-5108 
or e-mail: asc2000info@aol.com. Additional 
conference  inform ation is available at 
www.asc-2000.com.

C u sto m  ized  
filters a t  

ca ta lo g  p r ices
M DC has added to its custom 

component line once again, We 

now offer combline and interdigital 

coaxial band-pass filters in uddiiion 

to all types of waveguide filters for_ 

the communication ......MiSflfftff

industry. |

II your system requires 

competively prieed 

coaxial or waveguide 

filters, please contact Ml

Let us customize your 

next filter.

Forty One Northwestern Drive
Salem, New Hampshire 03079
Satés: (603)-870-6280 • Fax: (603)-870-6210
E-Mail: microwav@mdc.usa.com
www.mdc-inc.net
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Ericsson D elivers GGLDfM M " FETs

Product Frequency POUT Gain Supply Package Internal
Number Mhz Watts dB Voltage Number Matching

To 1 .0  GHz --  GOLDMOS FET 1

PTF 10136 1000 6 18.0 28 20244 N
PTF 10147 1000 10 15.0 26 20244 N
PTF 10137 1000 12 13.0 28 20244 N
PTF 10007 1000 35 12.0 28 20222 N
PTF 10052 1000 35 12.0 28 20235 N
PTF 10015 1000 50 12.0 28 20235 N
PTF 10031 1000 50 12.0 28 20222 N
PTF 10139* 1000 60 12.0 28 20235 N
PTF 10138* 1000 60 12.0 28 20222 N
PTF 10009 1000 85 12.0 28 20230 N

PTF 10049 470-860 85 12.0 32 20240 I
PTF 10159 470-860 120 12.0 32/28 20240 I

PTF 10019 860-900 70 13.0 28 20237 I
PTF 10133 860-900 85 13.0 28 20237 I
PTF 10100 860-900 165 12.0 28 20250 I
PTF 10162 860-960 18 14.0 26 20222 N
PTF 10036 860-960 85 11.0 28 20240 I
PTF 10160* 860-960 85 15.0 26 20248 I/O
PTF 10020 860-960 125 11.0 28 20240 I
PTF 10149 921-960 70 15.0 26 20252 I

1 1 .0 - 2 .2  GHz - GOLDMOS FET

PTF 10111 1500 6 15.0 28 20222 N

PTF 10107 2000 5 11.0 26 20244 N
PTF 10135 2000 5 11.0 26 20249 N
PTF 10041» 2000 12 10.0 26 20249 N
PTF 10053 2000 12 10.0 26 20244 N

PTF 10021 1400-1600 30 11.0 28 20237 I/O
PTF 10125 1400-1600 135 11.5 28 20250 I/O
PTF 10045 1600-1650 30 10.0 28 20222 N

PTF 10112 1800-2000 60 11.0 28 20248 I/O
PTF 10153* 1800-2000 60 12.5 28 20248 I/O
PTF 10120 1800-2000 120 10.0 28 20250 I/O
PTF 10043 1900-2000 12 11.0 26 20222 I
PTF 10035 1900-2000 30 11.0 28 20237 I/O

PTF 10123* 2100-2200 5 11.0 28 20244 N
PTF 10119 2100-2200 12 10.0 28 20222 I
PTF 10048 2100-2200 30 10.0 28 20237 I/O
PTF 10122 2100-2200 50 10.0 28 20248 I/O
PTF 10134* 2100-2200 100 10.0 28 20250 I/O

Note- An nexr co tlie product part number iiidicatcs the specifications are preliminarv
Lable on our Website a

: without notice. Pkiase contact your
salcs repräsentative for further product intermanon. Complece producit information is avai t: www.ericsson.cc>m/rfpower.

http://www.ericsson.cc


www. ericsson. com Irfpower

No tricks 
requ ired  to 
get your 
c'atalog.

W ith  
Ericsson 
& sim ple 
request is all 
l t  takes to get 
the inform ation  
you need.

To receive yo u r Ericsson 

catalog, sh o rt fo rm  or 

Interactive C D -R O M ,
V isit our website a t 

U ’i v u ' . e r i c s s o n . c o m h f p o w e r  

or E m a il us a t 

rfpow er @  ericsson. com.

Ericsson Microelectronics
R F  Power Products
1-877 GOLDMOS (465-3667) United States 
+46 8 757 4700 International
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j>SI
*  Cable Corp.

WORKSHOPS & COURSES
M odeling and  Simulation 
of W ireless C ommunication 
Systems

■ Topics: Discrete time signals and 
systems, Monte Carlo Simulation and 
random number generation, modeling 
of functional blocks and Simulation 
methodology. Fee: $1595
■  Site: Los Angeles, CA
■  Date: July 31 - Aug. 3, 2000
■  Contact: UCLA Extension, Short 
Course Program, 10995 Le Conte 
Ave., Los Angeles, CA 90024 (310) 
825-1047, fax (310) 206-2815 or 
e-mail: mhenness@unex.ucla.edu.

CMOS A nalog ICs

Interactions between 
M icrowaves and O ptics

■  Topics: Optical processing of mi­
crowave signals. Fee: $1200.
■  Site: Grenoble, France
■  Date: Aug. 28 - Sept. 1, 2000
■  C o n ta c t :  OMW Secretariat, 
LEMO-ENSERG, 23, rue des Mar- 
tyrs - BP 257, 38 016 G renoble, 
France +33 4 76 85 60 13 or e-mail: 
OMW@enserg.fr. Additonal informa­
tion is available at www.enserg.fr/ 
ecole/labos/lemo/.

H igh Efficiency A mplifiers 
for W ireless C ommunications 
Systems

■ Topics: CMOS and BiCMOS ana­
log IC design, electrical modeling, 
process parameter characterization 
and test ability considerations. Com­
puter Simulation is used to predict cir­
cuit performance. Fee: $1295.
■  Site: Atlanta, GA
■ Date: August 7-11,2000
■ C o n ta c t:  Georgia Institu te of 
Technology, Continuing Education, 
Atlanta, GA 30332 (404) 385-3502 or 
e-mail: conted@gatech.edu.

CD M A  M obile Radio  D esign

■ Topics: Wireless Communications, 
digital and RF systems, speech coding, 
data Converters, RF transmitter/receiv- 
er circuits, next-generation CDMA and 
advanced architectures. Fee: $1495.
■  Site: Los Angeles, CA
■  Date: August 21-24, 2000
■  Contact: UCLA Extension, Short 
Course Program, 10995 Le Conte 
Ave., Los Angeles, CA 90024 (310) 
825-1047, fax (310) 206-2815 or 
e-mail: mhenness@unex.ucla.edu.

N ear- field A ntenna 
M easurements and  M icrowave 
Holography

■  Topics: Near-field ranges (planar 
surface, cylindrical surface and spher- 
ical surface); basic theory, procedures 
and techniques for all three systems; 
and a tour of the National Institute of 
Standards and Technology near-field 
ranges. Fee: $1495.
■  Site: Boulder, CO
■ Date: Aug. 28 - Sept. 1, 2000
■ C o n ta c t:  Georgia Institu te of 
Technology, Continuing Education, 
Atlanta, GA 30332 (404) 385-3502 or 
e-mail: conted@gatech.edu.

■  Topics: Linear power amplifier 
(PA) design, gain/power match, load­
pull and high efficiency techniques, 
harmonie effects, linearization and PA 
system issues, efficiency-enhancement 
techniques and design examples.
■  Site: Dublin, Ireland
■  Date: September 18-20, 2000
■  C on tact: Continuing Education 
Institute (CEI)-Europe, PO Box 912, 
S-612 25 Finspong, Sweden +46 122 
175 70 or e-mail: cei.europe@cei.se. 
Additional information can be ob- 
tained at www.cei.se.

RF and  M icrowave 
Receiver Design

■ Topics: Electronic warfare and 
wireless receivers from a system de­
sign point of view, and receiver re- 
quirements and flowing those re- 
quirements to the circuit design level 
and back. An example receiver design 
will be followed. Fee: $1785.
■  Site: Stockholm, Sweden
■  Date: October 24-27,2000
■ C ontact: Research Associates of 
Syracuse Inc. (RAS), 6780 Northern 
Blvd., Suite 100, East Syracuse, NY 
13057 (315) 463-2266, fax (315) 463- 
8261 or e-mail: seminars@ras.com.

P hased-array Radar

■  Topics: Principles and technology 
of the phased-array antenna as well as 
overall system significance, design 
and performance.
■  Site: Stockholm, Sweden
■  Date: November 14-16, 2000
■  C o n ta c t:  RAS, 6780 Northern 
Blvd., Suite 100, East Syracuse, NY 
13057 (315) 463-2266, fax (315) 463- 
8261 or e-mail: seminars@ras.com.

20 CIRCLE 154 MICROWAVE JOURNAL ■ JUNE 2000

mailto:mhenness@unex.ucla.edu
mailto:OMW@enserg.fr
http://www.enserg.fr/
mailto:conted@gatech.edu
mailto:mhenness@unex.ucla.edu
mailto:conted@gatech.edu
mailto:cei.europe@cei.se
http://www.cei.se
mailto:seminars@ras.com
mailto:seminars@ras.com


Whether you are designing a Si RFIC for Bluetooth, a high performance GaAs 
power amplifier for 3G, or a multi-band planar antenna, Ensemble's advanced 
planar electromagnetic field solver helps you reduce die space, predict EM 
coupling, and calculate antenna radiation.

Use Ensemble to compute S-parameters and füll wave fields for on-chip 
components such as spiral inductors, capacitors, thin-film resistors, and 
interconnects in microstrip, stripline, slotline, and coplanar waveguides. 

Ensemble handles realistic circuits with straight and curved tracés, 
radiation, multiple layers, open plus closed cavities, and 

packaging effects

Ensemble offers an easy-to-use interface, DXF 
import, a graphical post-processor, optimization, 
parametrics, industry leading fast solver 
technology, and Integration with other products ir 

the Serenade Design Environment.

Ensemble allows you to design complex planar antennas and on-chip 
components like spiral inductors, vias and interconnects.

For your free evaluation copy of Ensemble, or any of the tools in Ansoft's Serena 
Design Environment call 412-261-3200 or send e-mail to info@ansoft.com

In the race to get to hardware.

Ensemble gives you room to move
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TECHNICAL FEATURE

Harmonic Tuning 
of Power Transistors 
by Active Load-pull 
Measurement
A nonlinear nettvork analyzer combined ivitli an active multiharmonic load-pull 
System is described. Data acquisition uses an HP 71500 micrmvave transition 
analyzer (MTA) and force/sense bias supplies. Complete timing and monitoring o f 
the incoming and outgoing Signals up to the third harmonic provide frequency 
and time domain characterization of the nonlinear transistor behavior. Signal 
compression curves, load-pull contours with harmonic tuning, DC and RFIV  
cuwes, and dynamic load lines are included. Typical measurements at 2 GHz 
show the influence o f harmon ic tuning on the Operation o f a 1 \V power GaAs 
heterojunction bipolar transistor (HBT).

Maximum power transfer between 
source and load requires conjugate 
matching. However, if the source is a 

nonlinearly driven transistor, the load reflec- 
tion coëfficiënt Tj that meets this condition 
depends on the power level. The systematic 
collection of output power Pout, power-added 
efficiency (PAE), gain G and bias as a function 
of Tj is called load-pull measurement. All mi- 
crowave device manufacturers engaged in 
power transistor and power amplifier (PA) de­
velopment routinely make this measurement, 
which provides the basic information needed 
for developing new transistors and makes 
available the modeling data required in non­
linear circuit design.1

An active, multiharmonic load-pull mea­
surement setup is described that produces the 
well-known contours in the T] plane, marking 
specified Pout or PAE. The measurement of 
RF current and voltage in the transistor at a 
strong nonlinear drive level allows optimiza- 
tion of the transistor Operation. The measure­
ments are made at maximum Pout, PAE, best

linearity and suitable r 0ut> avoiding high volt­
age breakthrough and other current-voltage 
waveform shaping effects. One important 
question is “How do the load impedances at 
the higher order harmonies influence these 
quantities?” Time domain measurements are 
very useful for this purpose.2 Measurements 
are presented at a fundamental frequency of 2 
GHz and its second- and third-order harmon­
ies on a GaAs power HBT at low 3 V bias volt­
age because this is of special interest for mo­
bile communication applications.3

ACTIVE OR PASSIVE LOAD PULL?
Active load pull is widely accepted as a 

metliod for characterizing power transistors in 
the microwave frequency range.4 The main ad-

[Contimed on page 26]

P. H eymann , R. D o e r n e r  
and  M. R u d olph
Ferdinand-Braun-Institut 

fü r  Höchstfrequenztechnik 
Berlin, Germany
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2 to 32 Way • 0.01 to 26 GHz • Wide Bandwidths 
Multiple Outputs • Low Insertion Loss • Low VSWR

RLC ■ / i ’/zYs- are taLa/gCr WedLlar CPlocfj (LC7Cdk.
y / f e r o ® ! «  , A l a r / / b ,  L ë M L /y &  a s n A <L lA re d & L  e y g id c a C a tn A  

L A ß d /W Y / /* e-yu > sb )Y t> e f o y a a r / i r r a C .

M iniature, Surface M ount, Cellular (800 - 900 A l H z)
Fiatpack and Connectorized PC S (1 8  - 2  0  GH z)
Excellent Phase and Am plitude Balance Standard (0 01 - 26 GHz)
Extremely High Isolation 
SM A, N , BNC, IN C , or Pins 
50Q. or 750  
M lL-E-5400, Class 3  
ISO -9002 Certified
Custom Integrated Components 
(Per Your Requirements)

RLC ELECTRONICS, INC.
8 3  R a d io  Circle, M o u n t Kisco, N ew  York 105 4 9  •  Telephone: 914-24 1 -1 3 3 4  • F a x: 914-241-1753  

e-M a il: sa les@ rlcelectronics.com  •  w w w .rlce lec tron ics .com

R L C  is your complete Microwave Component source...
Switches, Filters, Couplers, Tenninations, Attenuators, D C  Blocks, Bias Tees &  Detectors.
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TECHNICAL FEATURE
vantage over passive methods is the 
theoretically unlimited range of Tj (in- 
cluding |F|| = 1), which enables conju- 
gate complex loading at the funda­
mental frequency and proper termina- 
tion at the higher harmonies. Passive 
load pull can be used if the losses be- 
tween the tuner and the device under 
test (DUT) and inside the tuner itself 
are sufficiently small. However, power 
transistors offen require T| near unity 
for output match. For example, HBT 
power cells for handsets in mobile 
communication need Operation at Vce 
< 3 V but show output resistances of 
less tlian 5 D, which must be matched 
at more than 1 W output power.

Strong transformation with a passive 
tuner always yields high losses tbat can 
be corrected by calibration of today’s 
high precision tuner Systems. Howev­
er, the need for at least a probe and a 
cable between the DUT and the tuner 
prevents access to the |T|| range right 
next to the short.

At 2 GHz, a mechanica! tuner in- 
cluding cable, bias-tee and microwave 
probe has 6 dB loss when transforming 
from 50 to 5 £1 When the reflectome- 
ters b e le e n  tuner and DUT are nec- 
essary for the vectorial RF current-volt­
age measurements, the loss is even 
higher. The ability to reach |Ti| = 1 
(sbort, open) at the harmonies is impor­

tant for the described System with har­
monic tuning and can be realized only 
by an active System. While active load 
pull is tbe method of choice, it is not 
without serious limitations. The main 
problem is to provide the power for the 
reflected Signal from the active load 
to the highly mismatched transistor 
output, as shown in Figure 1.

The maximum power delivered to 
the load in the case of conjugate 
match (T] = r out") is given by

Pl = t»| — a i  (1)

where the Signal ratio is determined 
by the refleetion coëfficiënt

r x =  (2)

This relationship yields the power a | 
from the active load, which generates 
the required refleetion coëfficiënt at 
a specific level of output power, as 
shown in Figure 2:

0 lr if= Pi ———~ (3)1-W
This power strongly increases with 

decreasing output resistance of the 
transistor. Thus, handling problems, 
particularly in on-wafer measurement 
Systems, are to be expected. For ex­
ample, the realization of Tj = 
0.92/180° (Zout = 2 Q real) for a 2 W 
transistor requires 12 W from the 
amplifier feeding the reflected Signal 
a2. In addition, the unavoidable loss 
in cables, directional couplers, bias- 
tee, switches and probes makes the 
short inaccessible. While this fact is

Ak. Fig. 2 Power o f the reflected signal a2 
required fo r  load inatch vs. transistor output 
resistance fo r  various output power levels.

[Continued on page 28] 
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V  Fig. 1 Power waves and refleetion coefßcients o f the DUT be
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F ir s t - o f i ig s p e r fo r m a n c e  a t  a o a c k -e d a g g p r ie e s ,

Attenuators
Model 4QA/AH 
Model 40EH 
Model 50£H 

Terminations
Model TS400 
Model TE400 
Model TE500 

Adapters 
5151 Series 
5170 Series 
5148 Series 

DC Blocks 
8141 Series 
8177 Series 
8180 Series

Frequency
DC-40 GHz 
DC-40'GHz 
DC-50 GHz

DC-40 GHz 
DC-40 GHz 
DC-50 GHz

DC-40 GHz 
DC-40 GHz 
DC-50 GHz

10 MHz to 40 GHz 
10 MHz to 50 GHz 
10 MHz to 50 GHz

Connectors
2.9mm
2.4mm
2.4mm

2.9mm
2.4mm
2.4mm

2.4mrn to 2.9mm
2.9mm
2.4mm

2.9mm
2.4mm
2.4mm to 2.9mm

inmat
C O R P O R A T IO N

'  ?  An MCE Company
Manufacturer of Attenuators • Adapters • DC Blocks • Equalizers • Terminations

300 Dino Drive • Ann Arbor, Ml 48103 USA • Phone 888-244-6638 or 734-426-5553 • FAX 734-426-5557 
Visit us on the Web at www.inmetcorp.c
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DELIVERY IN 2-4 WEEKS ARO Features: Options:
4Ó00 /̂ia'Pèscador, Camarillo, CA 93012 • Removable SMA Connectors • Aiiernate Gain, Noise. Power.'

(^)5)M46-öäÖB Fax: (805) 987-6990 » Competitive Pricing • Temperature Compensation
jcapjècjtécN-Com • wwwjcatech.com «̂Compact Size" • Gain Control-* ............

JCA's Catalog can now be downloaded from the Web at www.jcatech.com

for every apphcation

TE C H N O LO G Y

ULTRA BROAD BAND
Freq. Range Gain N/F Gain IdBComp, 3rdOrder VSWR DCCurrent I  

GHz dB min dBmax RaH/-fl3 . ötdBmmiii ICP typ Wötrtmax ‘
I JCA018-203 0.5-18.0 20 5.0 2.5 7 17 2.0:1
§ JCAQ18-204 0.5-18.0 25 4.0 2.5 10 20 2.0:1
I JCA218-506 2.0-18.0 35 5.0 2.5 15 25 Z&1
■ JCA21E-507 2.0-18.0 35 5.0 t t  18 28 2.0:1
IJCA218-40 2.0-18,0 30 5.0 2.5 21 31 2.0:1

MULTI OCTAVE AMPLIFIERS
5 Model Frag, Range Gain NIF Gast 1 dB Comp- Sn Order VSWR DC Current

GHz dB min Fta+/-ds ptdBmmr KPtyp in/Outmax
JCA04-403 05-4.0 27 5.0 ; 1.5 17 : 2? 2.0:1 550
JCAÖ8-417 0.5-8.Ö 32 4.5 1.5 17 : 27 2,0:1 550
JCA28-305 2.0-8.0 22 5.0 18 20 30 20:1 550
JCA212-6Ö3 2.0-12.0 : 32 5.0 3.8 14 24 : 2.0:1 550

IJCA618-406 6.0-18.0 20 60 2.8 25 35 . 2.0:1 600
JCA618-5Ö7 60-18.0 25 6.0 .2.0 27 37 2.0:1 800

MEDIUM POWER AMPLIFIERS
Freq. Range Gain N/F Gain 1 dB Comp. 3rdGrder

GHz dB min dBraax f!at-t/-dB pt, dBmran ICPtyp tnfOrdnux mA
JCA12-PÖ1 1.35-1.85 35 40 1.0 33 41 2.0:1 1000
JCA34-P0Z 3.1-15 40 4.5 ; 1.0 37 45 2.0:1 2200
JC456-P01 5M4 30 5.0 : 1.0 34 42 2.0:1 1200
JCA812-PG3 8.0-12.0 40 5.0 1.5 33 40 26:1 1700
«2 1 8 .«  12.0-18.0 22 46 2.Ö 25 35 2.0:1 700

LOW NOISE OCTAVE BAND LNA'S
Wel Fr«} lange Sai« HF

I JCA12-SB1 1.0-2.0 40 0.8 1.0
Ï  J8A24-3001 2.0 4.0 32 : i 1.2 1.6
i  JCA4S-3001 4.0-8.» 40 13 18
|  J2A812-3O01 8.0-12.0 32 18 1.0
1JCA1218-800 12.0-18.0 45 20 1.0

NARROW BAND LNA’S
Freq-Raige Mn w Gain 1 dB Comp. SrïlCNïler VSWR DC Current

GHz dB min ptdSmmin MW In/Outmax
x tê m 1.2-1.6 251 075 0.5 10 20 2.0:1 80
«3-302 22-2.3 * 0.8 0.5 10 20 2.0:1 80
«4-301 37-4.2 30 ,d;0 0.5 10 : 20 2.0:1 90

5.4-19 4» 316.0 0.5 10 20 : 2.0:1 120
'038-230 7,25-7.75: 2? 11-12 0.5 13 " 23 2,0:1 120
« 1 6  303) 9035 ?5:': 1.2 0.5 ■ft.,-,! 23 1,5:1 150
» 1 1 * 1 9.5-m0':i ;Mi 0.5 ■ 13 :3 23 1,5:1 150
m m m i.f tm ? 77 £•11 0.5 13 23 1,5:1 150
«213 jn1122-127 SS;31:1 0.5 10 ■ 20 2.0:1 200 I
* 9 4 1 » 114.4-15,4 35 ',1,4 1.0 14 24 2.0:1 200

118.1-18.6 25 18 0.5 10 20 2.0:1 200
120.2-21.2 25 2.0 0.5 10 20 2.61 200

Features: Options:
• Removable SMA Connectors • Alternate Gain, Noise. Power. VSWR levels if required
• CompBtitaPridng ... • Temperature Compensation
• Compact Size • Gain Control
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TECHNICAL FEATURE
| — HBT ----FET ----HEMlj
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\

-30 -20 -10 0 10 20 30
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CONTROLLER

well known in passive load-pull Set­
ups, it also exists in active load Sys­
tems, although at a different impe- 
danee level.

MEASUREMENT SYSTEM
Figure 3 shows a block diagram of 

the measurement Setup comprising an 
on-wafer nonlinear network analyzer 
and active harmonic load-pull System 
for frequencies between 0.5 and 18 
GHz. (The actual frequency range de- 
pends on narrowband components 
such as PAs and circulators.) The fun­
damental output (2 GHz) of the syn­
thesizer is split into a source and three 
load parts. The fundamental wave aj is 
fed to port 1 via PA 1 (2 W), a bias-tee 
and reflectometer RI. The wave inci­
dent to port 2 is adjusted in magnitude 
and phase with respect to a  ̂by an at- 
tenuator (79 dB, 1 dB step) and vari­
able phase shifter. It is amplified by PA 
2 (8 W) and forms the fundamental 
Signal a2. The output bias-tee must 
meet the requirements of testing high 
gain, broadband power devices in addi- 
tion to withstanding more than 10 W 
RF power and 2 A DC current and 
providing very low refleetion down to a 
few megahertz in order to prevent os- 
cillations of the DUT.

The second- (4 GHz) and third- 
harmonic (6 GHz) Signals are gener- 
ated by a frequency doubler and 
tripler, respectively. These waves are 
adjusted in magnitude and phase, 
amplified to 1 W and combined by 
two directional couplers. The funda­
mental Signal propagates in the main

line to avoid any unnecessary loss. 
The o ther Signals are coupled 
through the side arms. These three 
harmonies are superimposed at port 2 
on the reflected Signal a2. The trans- 
mitted Signal b2 (including the har­
monies) is absorbed by the circulator 
after passing the output reflectome­
ter RII.

The signals at the input (al5 bj) and 
output (a2, b2) of the DUT are re- 
solved by the reflectometers and mea- 
sured by the HP 71500 MTA, an in­
strument similar to a vector network 
analyzer (VNA). The MTA measures 
complex wave ratlos and scalar power 
values in the frequency domain and 
allows waveform measurements in the 
time domain at a very high dynamic 
range. The calibration of an MTA is 
the same as for a VNA (for example, 
short-open-line-thru), with the addi­
tional terms of power and phase dis- 
tortion.5 (The ratio of the power in 
the main line of the reflectometer to 
the value indicated by the MTA sam­
pler must be calibrated and used for 
correetion.) For power tuning, three 
harmonies are included; for waveform 
measurements, up to six harmonies 
(12 GHz) are used. The reflectome­
ters RI and RII must be calibrated for 
measurement of the complete wave 
Situation using the MTA.

As shown previously, considerable 
power is required to realize the small 
optimum load resistance for a 3 V 
HBT It should be mentioned that 
the power handling in the output part 
of the Setup requires several precau-

A  Fig. 4 Decrease in input refleetion 
coëfficiënt with increasing input power 
fo r  various devices.

tions for DC and RF feed. Therefore, 
attenuators, phase shifters and most 
switches are located in the low power 
area of the System. At the highest 
power levels above 1 W, it is very im­
portant to avoid load States with high 
voltages instead of high currents in- 
side the transistor. Practically, this 
condition means the device most like- 
ly will be destroyed when Tj is locat­
ed off the real axis. Hence, an auto­
matic search algorithm that moves 
around the optimum point uncon- 
strained is not recommended. An in- 
teractive measurement procedure is 
the most appropriate. Harmonic Sig­
nal stability problems do not appear 
since 2f and 3f are generated inde- 
pendently for the DUT by frequency 
multipliers. Nevertheless, harmonic 
tuning at the power limit of the de­
vice can be painstaking work. The 
mutual interdependence of funda­
mental power, active harmonic feed 
to port 2 and harmonic generation by 
the DUT itself requires prudent Op­
eration to measure T).

SNPUT TUNER O R  50 ö  SOURCE?
While predistortion of the input 

signal can improve linearity or effi­
ciency of a PA, it is not within the 
scope of this article. The sinusoidal 
source is of interest with respect to its 
available power and refleetion coëffi­
ciënt. There are two Solutions for the 
input feed: a 50 Q. source realized by 
a PA and an isolator, or insertion of a 
tuner for conjugate input match in 
order to boost the power gain. Both 
arrangements were tested in the de­
scribed system. The test setup in- 
cludes a meehanical input tuner. The 
HBTs dealt with are highly mis- 
matched devices at both the input 
and the output. Typical values for 
|rin| are shown in F igure 4. The 

[Continued on page 30]
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TECHNICAL FEATURE
change of Su  with increasing power 
is d ifferen t for HBTs and FETs. 
Whereas the Su  of HBTs is nearly 
constant up to high power levels, 
FETs show a strong decrease due to 
the growing gate current.

Two other problems arise: A sig­
nificant interdependence of Tin and 
T] (particularly for bipolars) must be 
eonsidered by changing the tuner 
transformation. In addition, the high

input reflee tion  coëfficiënt Tin 
* 0.95/180° of the HBT can hardlv be 
matched by a passive tuner. Thus, 
even the strongest transformation 
cannot provide a conjugate source. 
This shortcoming is the same as dis- 
cussed previouslv for the output 
match in passive load-pull Systems for 
on-wafer measurements. The losses 
prevent the required transformation. 
The improved power transfer to the

device is at the expense of increased 
losses in the tuner itself.

Another problem is to determine 
the value of Ts for the actual transfor­
mation state. If premeasured values 
are used, it is difficult to account for 
the changing Tin with power and Tj. 
Thus, the actual setting must be mea- 
sured. Either way, the reflectometer 
RI is required in front of the DUT. 
The Ts measurement cannot be made 
without the switch between reflec­
tometer RI and the DUT. The switch 
enables a stimulus signal to be fed in 
the opposite direction in order to 
measure the Ts coëfficiënt in the net­
work analyzer mode when the PA is 
switched off. Further error due to the 
tuner is introduced by the strong re- 
reflection of incident and reflected 
waves in the input line where the 
waves aj and Iq are measured with 
the reflectometer RI. These disad- 
vantages reduce the effectiveness of 
the tuner between the source and the 
DUT and, thus, the tuner is not used 
in this investigation and the measure­
ments are made with the 50 ß  source 
only. The absence of re-reflections 
from the source means that the ab- 
sorbed power of the DUT can be ob- 
tained from the difference of the 
power waves.

HARMONIC TUNING
The limitation in output power of 

a transistor can be understood from 
its DC current-voltage characteris- 
tics, as shown in Figure 5. Using the 
device in low voltage amplifier Opera­
tion (< 3 V), not much clearance ex- 
ists to extend the voltage swing down-

Ék Fig. 5 /V characteristics 
o f  a 10 (3 x 30) GaAs HBT 
with load linesfor harmonic tuning.
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ward. The device knee voltage VK 
marks the lower boundary (v(t) 
> VK) and is determ ined by the 
ohmic region of a FET or by the Sat­
uration region of a bipolar junction 
transistor or HBT. Technological ef- 
forts to lower this value by reducing 
the parasitic resistances of the device 
are necessary but of limited use for 
this purpose. On the other hand, the 
maximum voltage can cause break- 
through (v(t) < VBR). Possibilities ex­
ist for improvement of the device by 
optimum design. The current swing 
is restricted by the maximum current 
Imax °f the device. Therefore, it is im­
portant to increase this value by tech- 
nological measures.

Improvement of the power perfor­
mance by means of harmonie tuning 
can be achieved by shaping the volt­
age waveform in such a way that the 
fundamental frequency amplitude 
becomes maximal. Superposition of 
harmonie sine waves with tunable 
phase and amplitude provides insight 
into the performance of power tran­
sistors and the shape of current and 
voltage in the output circuit of the 
device.6 It is generally accepted that

TABLE I
THE POWER HBTS KEY FEATURES

only three harmonies can be effec- 
tively controlled in a practical circuit, 
particularly in MMICs.7 The number 
of circuit elements, the required ex- 
pensive chip area for spacious passive 
components and the increasing loss 
of transformation elements prevent 
tuning of harmonies higher than the 
third one.

Simple analytic expressions for the 
Superposition of voltage and current 
waveforms include

v(t j = V0 + Vl sin(cüt)

+ V2 sin^2cot -  j + V3 sin(3ö)t) 

i(t) = I0 + Ij sin^cot + Kj 

+ I2 smj^2cot + 27t -  

+ I3 sin(3(üt + 37t j

(4)
The DC bias (V0,10) and voltage and 
current amplitudes of the fundamen­
tal and second- and third-harmonic 
waves (V1; V2, V3) and (I1; I2, I3) de- 
pend on the current-voltage charac- 
teristic of the transistor used.

The harmonie tuning effects are 
demonstrated on a GaAs HBT that 
has been developed as a low voltage 
power cell for applications in the low­
er gigahertz frequency range.3 Table 
1 lists the HBT’s key features. The 
boundary conditions are such that the 
actual currents and voltages do not 
penetrate into the prohibited areas of 
the IV characteristic. Thus, it must be 
assured that

v(t) > VK i( t)< Imax (5)

Therefore, the amplitudes and phases 
of the harmonies must be arranged in

TABLE II
FOURIER COEFFICIENTS OF CURRENT AND VOLTAGE WAVES DERIVED 

FROM THE DC IV CHARACTERISTICS (V0 = 3 V)

32

such a way that the bottom of the volt­
age wave, for example, becomes flat 
and fits smoothly into the low voltage 
part of the DC IV characteristic.

These considerations lead to the 
Fourier coefficients of RF current 
and voltage as a function of the de­
vice propertjes, as listed in Table 2. 
The load reflection coëfficiënt at the 
harmonie frequencies determines the 
dass of Operation, while the load at 
the fundamental frequency is conju- 
gately matched. The first case (2f 
short, 3f open) is an approximation of 
dass F Operation with its attempt to 
square the sinewaves. The second 
case (2f open, 3f short) raises the 
peak voltage with the effect of higher 
Pout and PAE and has recently been 
referred to as tuned B Operation.7

The Fourier coefficients are de- 
rived from the key features of power 
HBTs for tuned B Operation. The 
knee voltage VK = 0.9 V at high col­
lector current is obtained from the IV 
characteristic. The collector bias volt­
age V0 = 3 V is predetermined by the 
requirements of low voltage Opera­
tion. The maximum current is as- 
sumed to be Imax = 1 A since it corre- 
sponds to a current density of 1.1 x 
105 A/cm2 and is not a hard Satura­
tion. This value is within the range of 
1...2 X 105 A/cm2, which determines 
the typical limit of these devices. The 
breakdown voltage VBR > 12 V is not 
reached and, therefore, is not a limit- 
ing parameter.

The superposition of the harmon­
ies is such that

^max ~ 0̂ ll “  I3 
Imin =  h ) “  I I  +  hä =  0  

Vk = V0- V 1 + V2 (6)

From the condition of maximally flat 
curves it follows th a t9

i , - h >  n . i v ,  (7 )

This relationship leads to

Io = ^ m a x = 0 .5  A

I l = ^ I max=0.56 A 
16

Vi = | ( v0-V k) = 2.8 V (8)

The results are shown in the previ- 
ously displayed IV characteristics as

[Continued on page 34] 
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[ —  CLASSF --- TUNED~b ]

A  Fig. 6 The Ga As HBT device’s 
(a) current and (b) voltage waveforms.

Fig. 7 Effects o f harmonie tuning 
on Pout and PAE at the fundamental 
frequency. ^

Fig. 8 Poul and PAE al 2 GHz 
vs. the phase angle r t at the 4 GHz 
second harmonie. ^

---- MODELED . . .  MEASUREDI
—  MODELED . . .  MEASURED [

well as the Ic  and VCE vs. tim e plots 
shown in F igure 6  and confirm that 
tuned B Operation with a second-har- 
monic open and third-harmonie short 
is a promising concept for low voltage 
PAs w hen only these two harmonies 
are included. The tim e dependenees 
o f tuned B and dass F  harmonie con- 
trol lead to the TV contours in accor- 
dance with Equation 4.

r,(f) 0.84/178'
F,(2f) -  0.93/ 179 (SHORT) 
rt(3f) = 0.93/-4: (OPEN)

VOLTAGE (V)

A  Fig. 9 Measured current-voltage 
contours produced hy squaring the sinewave 
with three harmonies for an HBT where 
Pou/ = 28.4 dBm and PAE = 38%.

CURRENT-VOLTAGE 
HBT MEASUREMENTS 
AT 1 W POWER LEVEL

The distinctive feature o f the pre- 
sented System is its ability to  measure 
R F  p e rfo rm ance  a t realistic  pow er 
levels o f  1 W  and above and tune har­
m o n ie  lo ad s to  any  v a lu e  on  th e  
Sm ith ch art. T h e  Superposition  o f  
harm onie voltages and  curren ts is a 
very sim plified approach to  the  real 
Situation in the output circuit o f a PA. 
N e v e rth e le s s , i t  is e le a r  th a t  th e  
waveforms becom e asymmetrical due 
to  th e  harm on ie  c o n ten t, a n d  th is 
asym m etry can be used to  increase 
th e  am p litu d e  o f  th e  fu n d am en ta l 
wave (that is, the peak voltage can be 
greater than 2 x  (V0-  VK)).

F igure 7 shows typieal Pout vs. Pin 
m easurem ents for an H B T  w ith  an 
optimized load at 2 GHz. The saturat- 
ed  value is higher if the second har­
monie is open instead o f  a short. Max­
imum P0llt and PAE are shown in Fig­
u r e  8  w h e re  th e  availab le  sou rce  
pow er is 22.5 dB and  th e  load at 2 
G H z (0.78 £2/177°) is optim ized for 
m axim um  Pout. W hen th e  phase  o f 
the load reflection coëfficiënt a t the 
second harmonie (4 GHz) is varied, a 
distinct minimum o f both quantities is 
observed near the  second-harm onic

r,(f) = 0.8/179°
T,(2f) = 0.82/1 (OPEN)

0 2 4 6 8
VOLTAGE (V)

TIME (ns)

A  Fig. 10 Measured current-voltage 
contours using tuned B Operation with three 
harmonies fo r  an HBT with voltage peaking 
and optimum contour in the device’s 
Saturation range where P,mt = 29.6 dBm 
and PAE =51%.

short (180°). This result is confirmed 
by harm onie balance calculations of 
the nonlinear transistor model.8

The IV contours in the microwave 
range are strongly influenced by the 
reactive eomponents o f the transistor. 
Th us, the m easured waveforms o f a 
pow er HBT near the 1 dB compres- 
sion point, as shown in Figures 9  and 
10, indicate the wave shaping that ac- 
tually can be aehieved. The basic ef­
fect o f harm onie tuning can be seen 
clearly. The reduction o f V] w ith a 2f 
sh o rt co rresp o n d s to  sq uaring  th e  
sinewave (dass F).9 T he increase o f 
Vj with a 2 f open is the reason for in- 
creasing Pout and PAE (tuned B). In  
addition, the flattening o f the  bottom 
part, enabling th e  sm ooth fit to the 
left part o f the IV characteristic, be­
comes obvious. T hese very peculiar 
waveforms can be verified only by a 
com prehensive nonlinear transistor 
m odel. O n the  o ther hand, verifica- 
tion  o f  th e se  m easu red  w aveform s 
and the o ther load-pull results from 
the model calculations represents the 
most stringent test o f  such a model.

The question o f  linearity arises be- 
cause the high voltage am plitude at 
2 f  is expected to  deteriorate  the in- 
te rm o d u la tio n  p e rfo rm an ce  o f  the 

[Continued on page 37]
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TECHNICAL FEATURE
device. T his possib le  d isadvantage 
can be addressed by predistortion of 
the  input Signal. However, th e  real- 
iza tion  o f  hy b rid  PAs re p o r te d  by 
H eim a et al.7 dem onstrates that the 
adjacent-channel pow er rejection of 
tu n e d  B is n o t w orse th a n  th a t o f 
dass F, while Pont and PAE are much 
betten

CONCLUSION
A powerful and affordable tool is 

d e sc r ib e d  fo r n o n lin e a r  o n -w afer 
m easurem ents in the 0.5 to 18 GHz 
frequency range that is useful for de- 
signing high efficiency PAs for mobile 
Communications. T he device m eets 
fo u n d ry  r e q u ire m e n ts  fo r  tu n in g  
p rocess param eters  for new  pow er 
transistors and tests nonlinear CAD 
models of those devices. One special 
feature is the access to vectorial RF 
c u r r e n t  a n d  v o lta g e  w av efo rm s, 
which are the most im portant intrin- 
sic param eters of transistor Operation. 
T h ese  m easu rem en ts  can  b e  p e r-  
formed at power levels o f  more than 
1 W  with |T|| 0.9 for the fundam en­
tal wave and for |T|| =  1 at the  second 
and third harmonies. ■
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Get a grip on technology, and you're in 

complete control.

That's why we use six advanced process 

technologies to create RFMD's 

Communications components. Si BJT,

Si Bi-CMOS, GaAs HBT, SiGe HBT,

GaAs MESFET Si CMOS -  we have what 

it takes to get your project rolling.

We invented Optimum Technology Matching®

to pair application needs with process 

performance. That's why our chips feature 

the best possible combination of power, 

efficiency and integrated function.

Don't toy with technology -  unless you're 

playing with the very best.

TECHNOLOGY -  it sets us apart.
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Innovative M ixers

•smaller size -beiter performance -lower cost 5 0 k H z  to 4 2 0 0 M H z
99

it Searching high and low for a better frequency 
mixer? Then take a closer look at the 

in n o v a tiv e  Innovative Technology built into Mini-Circuits 
te c h n o lo g y  a d e  mixers. Sm aller size is achieved using 

an ultra-slim, patent pending package with a profile as low as 
0.080 inches (2mm) in height. Electrically, ADE mixers deliver 
be tte r perform ance  than previous generation mixers through all 
welded Connections and unique assembly construction which 
reduces parasitic inductance. The result is dramatically improved high 
frequency and IP2-IP3 performance. Plus, ADE’s innovative package 
design sllows water wash to dram and oiitr natos 
the possibility of residue entrapment. Another 
ADE high point is the low er cos t...priced from 
only $1.99 each (qty. 10-49). So, if you’ve been 
searching high and low for a mixer to exceed 
expectations...ADE is i t ”

ADE Mixers...Innovations Without Traditional Limitations!

p.o.t
□  Mini-Circuits

Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information see 
.y h * i t  "The Oesign Engineers Search Engine Pmvides ACTUAL Data Instantly From MINI CIRCUITS At http://wwv
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NEWS FROM WASHINGTON
D efense 

D e p artm en t Air 

Traffic C on tro l 

M odernization  

Moves Forward

R ecent decisions made at 
the US Air Force Elec­

tro n ic  System s C en te r , 
H anscom  Air F o rce  Base, 
MA, and within the Depart­
m en t o f  D e fe n se  (D oD ) 
have had positive effects on 
the  D oD ’s overall effort to 
modemize its air traffic con- 

UÊÊÊKÊÊÊÊÊÊÊM tro l (ATC) System s. T h e  
completion of the Electron­

ic Systems C enters preproduction activities with the Sys­
tem have led to a positive decision for low rate initial pro- 
duction (LRIP) o f the  Raytheon ASR-11 Digital Airport 
Surveillance Radar (DASR). In  addition, the DoD made a 
similar decision earlier this year to proceed with LRIP for 
the Raytheon Standard Terminal Automation Replacement 
System  (STARS), also know n as th e  D o D  A dvanced 
Automation System (DAAS). Both decisions followed suc- 
cessfu l d e v e lo p m e n t/o p e ra tio n a l te s ts  o f  th e  tw o 
Systems at Eglin AFB, F L , w hich w ere  com ple ted  in 
D ecem ber 1999.

The Eglin AFB System is the first step in the  D oD  s 
plans to procure up to  104 A S R -lls and up to 191 STARS 
for its radar approach control facilities and  associated 
ATC towers. Both programs are joint procurem ents with 
the F ed era l Aviation A dm inistration (FAA); the  D oD  
leads the radar procurem ent and the FAA leads STARS. 
Live Operation of the ASR-11 and STARS at Eglin AFB is 
scheduled to begin early this summer.

The ASR-11 DASR is a solid-state airport surveillance 
radar with primary surveillance coverage to 60 miles and 
secondary coverage to 120 miles, which can detect up to 
six levels of weather. Up to 216 A SR -lls are being planned 
for DoD and FAA procurement. The STARS/DAAS is an 
open-architecture air traffic automation system that pro- 
vides high resolution color displays as well as improved 
com puter processing and communication equipment. The 
system has six-level w eather display and multiradar track- 
ing capability and allows incorporation of new hardware 
and  softw are fea tu res. P lan n ed  to ta l p ro cu rem en t of 
STARS for terminal ATC facilities is 331 Systems.

US Fighter A ircraft 

FÜR M arket 

to  R each $1 B 

by 2009

A new  s tu d y  from  th e  
Teal G roup, “F ig h te r

F L IR  M arke t F o re c a s t,” 
predicts that the production 
value of US fighter aircraft 
Forw ard-looking In fra red  
(FLIR ) Systems will reach 
$1 B by 2009. According to 
the study, the next-genera- 
tion  figh te r F L IR  m arket 
has been fairly well settled 

by recent major contract awards. Raytheon will produce 
more than 500 ATFLIR pods for the F/A-18C/D and E/F, 
and the Northrop Grumman/Rafael Litening II is entering 
production for more than 200 US M arine Corps AV-8Bs 
and US Air National Guard F-16s.

The study notes that Lockheed Martin, presently the 
worlds largest FLIR  manufacturer, is without a major pro­
gram for its third-generation FLIR, the Sniper, a Situation 
probably not in the Pentagons best long-range interests. A 
predictable solution to this problem is seen in the US Air 
Force s plans to install targeting pods on its F-16CJs for 
destruction as well as suppression o f enemy air defenses. 
Analysts expect that the Sniper is suitable for the Advance 
Targeting Pod application and has the added benefit o f 
maintaining some commonality with the hundreds o f Air 
Force dual-pod LANTIRNS already in service. The pro- 
jected  production of several hundred Sniper pods will po- 
sition that system between Litening II and ATFLIR in dol­
lar value US sales. In the international market, all three 
US Systems are expected to enjoy strong sales. For addi­
tional information, contact David Rockwell, Teal Group 
(703) 385-1992, ext. 106.

A new study from Frost 
& S u lliv an , “W orld  

N aval R a d a r  an d  S o n a r 
M a rk e ts ,” ex am in es  th e  
chang ing  n a tu re  o f  naval 
m ilitary th rea ts  as well as 
the effect of those changes 
on radar and sonar sensor 
developm ent and the sen ­
so r m a rk e ts . T h e  s tu d y  
identifies asymmetrie war- 

fare —  a scenario in which a combatant exploits an adver- 
sary s weakness while avoiding its strength —  as the major 
Stimulation for the development of small, high firepower 
ships (and the new generation of sonar and radar sensors 
to  e q u ip  th em ). M any na tio n s a re  in th e  p ro cess  o f 
procuring smaller naval vessels in the  frigate and patrol 
boat classes as the  in te rest in sm aller vessels w ith im ­
proved  capabilities and  firepow er grows. T he m arket 
is expected to benefit from this new interest and is fore­
cast to increase from its 1999 level of S633.4 M to $1 B 
by 2005. This s trong  grow th  is expec ted  to  con tinue  
through 2008.

Information technology advancements are increasingly 
being applied to the naval sensor markets as demands for 
the effective integration of radar and sonar sensor data 
grow. The processing and integration of data from m ulti­
p le platform s reduce reliance on any individual source 
that might be disabled and improve ehances for mission 
success. In  addition, the area o f operations is expanded 
and d u tte r  in the target area being surveyed also may be 
reduced due to improved threat identification.

M ine counterm easures applications are viewed as ex­
cellent opportunities for growth o f the sonar sensor mar­
ket. A new  generation o f mine sweepers as well as mine 
detection equipm ent requirem ents for com bat vessels are 
there  to be served by new  sonar m ine detection and iden­
tification  Systems. F o r additional in form ation , contact 
Rolf Gatlin, F rost & Sullivan (210) 348-1017 o r e-mail: 
rg a tl in @ fro s t.c o m . T h e  C om panys W eb a d d re s s  is 
www.frost.com.

Study Examines 

Effects o f  C hanging 

Threats on  Sensor 

D evelopm ent
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NEWS FROM WASHINGTON

T h e  US Navy has exer- 
c ised  its first-year op- 

tio n s  fo r  p ro d u c tio n  o f  
s a te ll i te  c o m m u n ica tio n  
(SATCOM) Systems for sur­
face sh ips, sho re  s ta tions 
and submarines. The order 
to Raytheon Co. has a value 
in excess o f  $54 M. T h e  
procurem ent for the  Navy 
Extremely High Frequency 

(E IIF) SATCOM Program Low Data Rate/M edium Data 
Rate (LDR/M DR) follow-on terminal includes options for 
the acquisition o f additional Systems this year as well as 
over the remaining four years o f the program. If  all options 
are exercised, LDR/M DR terminal production, installation 
and eommissioning could be worth up to S414 M.

The LD R/M D R terminal is the successor to Raytheon s 
AN/USC-38 E H F  low data rate military SATCOM (MIL- 
SATCOM) terminal. I t  comprises a common Communica­
tions equipm ent suite fitted with one o f four antenna sets 
adapted for surface ships, submarines and shore stations. 
The program provides secure, reliable satellite Connectivi­
ty for two-way imagery and data and  voice Communica­
tions anywhere in the world using the Milstar, U H F fol- 
low-ori and polar orbiting satellite constellations. Plans are 
also underway to p m n it terminals aboard submarines to

com m unicate via the D efense Satellite Com m unication 
System as well.

T h e  US Special O pera- 
tio n s  C o m m an d  (US- 

SO C O M ) has aw a rd e d  a 
four-year con trac t to  Ray­
theon  Co. for th e  produc­
tion  o f  M u ltib an d  M ulti­
mission Radio (M BM M R) 
Systems. T he initial award 
under the indefinite deliv- 
ery, in d e f in i te  q u a n tity  
ag reem en t has a value o f 

$5.75 M and covers the  delivery o f two vehicular and 227 
manpack systems. Fully exercised options would increase 
the total value o f the contract to $179 M.

The M BMMR is an enhanced system designed for US 
Army, Navy and Air Force special operations forces. The 
new radio lightens the load o f a special forces soldier by 
18 pounds while replacing several single-band radios cur- 
rently used to communicate on different networks. Its en- 
hancem ents include Have Quick II; SINCGARS SIP, an 
enhanced key m anagem ent system for secure Communi­
cations links; 30 to 512 M Hz frequency coverage; and 
high speed, line-of-sight data transmission. ■

Navy Exercïses 

Fïrst-Year 

P ro d u ctio n  O ptio n  

fo r SATCOM Systems
US M ultiband 

M ultim ission Radio 

C o n trac t A w arded

, 0 0  R JR  Po l y m e r s , I n c ,
"  i j  Telephone: 510.638.5901
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SURFACE MOUNT

R F  T R A N S F O R M E R S
off-the-shelf models...

4kHz to 2200MHz sl 95,
What makes Mini-Circuits your single source for surface 
mount RF transformers? Variety, availability, performance, 
and price! From wide band transformers with low droop and 
fast risetime capabilities for pulse applications, to a particular 
impedance ratio from 1:1 through 1:36 specified for a wide 
range of impedance coverage, we will work with you on your 
design challenges. Tangible benefits such as very high 
dielectric breakdown voltage, excellent amplitude and phase 
unbalance for balanced to unbalanced applications, and 
easy to use surface mount package styles make Mini-Circuits

surface mount transformers a great value. Our new ADT 
transformers are changing the face of RF transformer design 
with patent pending i t  Innovative Technology delivering 
small size, low cost, and better performance. This same 
leading edge transformer expertise can also develop your 
custom designs at catalog prices. So, simplify your transformer 
search...Big Time! Capitalize on the quality, design know-how, 
and off-the-shelf variety from Mini-Circuits. Call todayl

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

G3 Mini-Circuits'
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Egyptian service provider 
Egypt Telecom , Cairo, 

Egypt, has contracted widi a 
co n so rtiu m  com pris ing  
T ho m so n -C S F  System s 
Canada and Mackay Radio 
Systems Ine., Youngsville, 
NC, to  provide the shore- 
based Communications infra- 
structure for Egypt’s national 
G lobal M aritim e D istress 

and Safety System (GMDSS) as well as its public maritime 
correspondence network. The programme will establisli a 
digital Communications system to serve Egyptian Coastal wa­
ters along the country’s M editerranean and Red Sea coasts 
together with the Suez Canal. The network will comprise 
three Communications control centres and 22 radio sites that 
will provide coverage along 2450 km of coastline. The service 
provided will operate in the VHF (30 to 300 MHz) band and 
extend out from the coastline to a  range o f approxirnately 56 
km from the coast. The network wäll incorporate digital se- 
lective calling to facilitate automated radio watch keeping on 
the maritime distress and calling channels together with au­
tomatic direct dial public telephone Connectivity between 
ships at sea and Egypt Telecoms terrestrial telephone net­
work. The networks GMDSS function is designed to provide 
automatic waming of emergencies at sea using digital Com­
munications technology. The approach has been adopted by 
the United Nations’ International Maritime Organisation as a 
worldwide Standard and the Organisation s m em ber States 
have agreed to install GMDSS equipm ent with their mer- 
chant fleets as an article o f the International Convention for 
the Safety of Life at Sea. Fmiding for the maintenance of the 
networks GMDSS capability is to be pardy derived from the 
revenue  raised  by th e  system ’s p ub lic  access sh ip-to- 
shore/shore-to-ship Communications element.

U K contractor Racal De- 
fence Electronics has is- 

sued the  first open  source 
description of its Triton non- 
cooperative, passive bistatic 
radar system, which appar- 
ently is related to an applica- 
tion Racal may be supplying 
to the UK’s Royal Navy (RN) 
for use within its submarine 
fleet. Triton is a passive en- 

hancement to an existing electronic support (ES) capability', 
which generates a radar-type picture o f a vessels surround- 
ings (including other sliips and coastline features) that is up- 
dated in real time. As such, the system exploits noncoopera- 
tive donor radar to calculate the range and angle of a target 
via comparison of the direct transmissions from the donor 
radar and reflections from the target.

Functionally, Triton makes use o f an automatic search 
algorithm that identifies an optimum donor radar. An in­
tegral recall feature allows use o f optim um  gain, range, 
automatic gain control and fade settings for any scenario.

INTERNATIONAL REPORT
M artin  S tree tly , In te rn a tio n a l C o rre sp o n d e n t

The system offers both real-time and snapshot operating 
modes. T he real-tim e option provides a traditional plan 
position indicator display that plots each successive sweep 
of the donor radars antenna wäth a fade control adjusting 
d u tte r  levels and  contact intensities. In  snapshot m ode, 
Triton allows its operator to record a selectable time-slice 
o f the donor radar. Once recorded, the data can be plot- 
ted immediately or stored for subsequent analysis.

The system comprises an antenna assembly, receiver unit, 
processor and optional local controller. The antenna assem­
bly can be either the omnidirectional array of the host ES 
equipm ent or a dedicated omni unit. The receiver is high 
sensitivity, low noise, ruggedised, commercial-off-the-shelf 
(COTS) superheterodyne equipment that is designed for in- 
stallation in Standard 19-inch (48 cm) racking. Similarly; the 
equipm ent s processor is a COTS device that incorporates 
digital signal processing cards and integral DVD random ac­
cess memory’ discs. The processor also includes an interface 
for an optional differential Global Positioning System receiv­
er. The display generated by Triton can be overlaid on the 
host ES system’s display or presented on the optional local 
controller, which takes the form of a ruggedised laptop com­
puter. Racal notes that the Triton system can make use of 
most commonly used radar bands and has a minimum and 
maximum range o f 0.19 km and 74+ km, respectively. The 
equipment’s range resolution is 25 m (typ), with an azimuth 
resolution value of 0.1° (typ).

MAM BA Specified I  n fo rm ation  rece ived  by 
■ International Report’ has 

■ ■ ■ ■ ■ ■ ■  s ta r te d  to  fle sh  o u t th e  
bones of the British Armys 
proposed  M obile Artillery 
M o n ito r in g  B a ttle f ie ld  
(M A M BA ) ra d a r  p r o ­
gramme. Designed to sup­
p o r t  th e  evo lv ing  Jo in t 
Rapid Reaction Force, the 
MAMBA requirem ent will 

provide a highly mobile m ortar and in-flight munition de- 
tecting radar that is capable of round-the-clock Operation 
in all w eather conditions. Key user requirements include a 
minimum range o f 15 km, air transportability, a 75 m cir­
cular error of probability against a 155 mm shell at a range 
of 15 km and an elevation of 25° a 50 percent probability 
of detection, an operational availability figure of at least 95 
percent over a 30-day in-action period and interoperability 
w ith ind irect fire Systems via digital links. As currently  
scheduled, a preferred MAMBA bidder is expected to be 
selected by the end of this year, with a procurem ent con­
tract being signed by the end of March 2001. The envis- 
aged initial operating capability for the first five MAMBA 
Systems is set a t 2002/3, w ith a second tranche o f four 
radars  having a ta rg e t in-serv ice da te  o f 2008/9. T he 
British Amiy already evaluated the Swedish A rthur and 
American F ire finder radars in the MAMBA context in 
1999. I t  is not known w hether this evaluation was intended 
to dehne the  MAMBA requirem ent or examine Systems 
capable o f fulfilling the programme specification.

Egypt to  A cquire 

Shore-based  GMDSS 

C om m unications 

Infrastruc tu re

Racal O u tlines 

N o ncoopera tive  

B istatic R adar
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INTERNATIONAL REPORT

N o r th ro p  G ru m m a n ’s 
U K -based subsidiary, 

Park Air E lectronics, Lin- 
eolnshire, England, is sup- 
plying the U Ks RN with a 
new  V H F-band radio Sys­
tem  to facilitate Communi­
cations betw een its surface 
ships and civilian aircraft. 
According to Park Air, the 
requirem ent for such a ca­

pability has been focused by the need to coordinate Com­
munications in areas where its operations are likely to im- 
pinge on civilian airspace users. The urgency o f the  re­
quirem ent was also driven by the recent introduction of 
8.33 kHz channel spacing in the VHF air mobile band and 
a continuing desire on the service s part to comply with the 
latest relevant International Civil Aviation Organisation 
(ICAO) Standards. Park Airs T6M base Station is at the 
heart o f the new  capability and features a  compact design 
that is suitable for installation aboard ships o f varying sizes. 
T6M  makes use o f digital Signal processing technology that 
enables it to support the recently introdueed 8.33 and 25 
kH z channel spacings laid out in the latest ICAO Stan­
dards. Each installed base Station will be equipped with 
four parallel rem ote control interfaces that will allow it to

Royal Navy Buys 

New S urface -to -a ir  

C om m unications 

System

be operated from key Communications positions around its 
host vessel. In addition, T6M is able to automatically mon­
itor the 121.5 M Hz international distress frequency using 
its integral scanning facility. Park Air is also under contract 
to install the system and run the necessary trials prior to 
the equipm ents introduction into service.

Russia M arkets ussia’s Bryansk Electro- 
■ ^ m echan ica l Plant is re- 

Fuze Jam m er portedly marketing the new
_____________  SPR-2 proximity fuze jam-
® * ® ® * ® ^ *  m ing  system . In s ta lle d  

ab o ard  an e igh t-w h ee led  
BTR-70 arm oured  person - 
nel carrier, the 500 kg SPR- 
2 system  o p e ra te s  in  th e  
100 to 500 M Hz frequency 
b a n d  an d  is d e s ig n e d  to  

protect high value targets (such as artillery batteries) from 
attack by proximity fuzed munitions. SPR-2 pro vides area 
coverage o f between 200,000 and 600,000 m2 and can det- 
onate incoming shells at an altitude of approximately 400 
m. The system is operable while the carrier vehicle is mov- 
ing or stationary, and is beheved to have been in service 
with the Russian Army since the late 1990s. ■

Microwave Waveguide Components
Where reliability and quality are paramount.
Quasar are Europe’s leading manufacturer of high quality 
flexible/twistable waveguide, from WG8 (WR430) to 
WG24 (WR19) with {langes and jackets manufactured for 
customer specific applications.
#  Fixed and Variable Attenuators
«  Cross Guide and Broadwall Directional Couplers 
® Broadband Waveguide Horns
#  Fixed and Sliding Load Terminations
#  Rigid Waveguide / /  ru,t fange
® Tee Junctions (  OT.Precision
#Coaxial and Taper Transitions 11 ™cm3ve
#  Filters & Diplexers
#  Couplers, Splitters and Combiners
#  Rotary Vane Attenuators 
Designed and manufactured in our purpose built factory in the 
UK to IS09001 fast lead times and at low cost Just take a 
look at our NEW “On-Line catalogue” on our NEW website.

Whatever the application rely on Quasar.

Q u a s a r
Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England 
Tel: +44 (0)1626 834222 
Fax: +44 (0)1626 832994 .
Email: sales@qmtl.com §|
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Introducing the Xinger® Crossover from Anaren — a simple solution for 
e age-old problem of "getting to the other side."

»  You can now cross any RF and DC line combination and avoid dangerous intersections within

g l  low- and high-frequency applications such as NMT, GSM, UMTS, MMDS and HiperLan.
i ? The Xinger Crossover's multilayer-stripline packaging provides optimal line-to-line

Isolation to ease signal transmission and is a low-cost alternative to bulky, multilayer boards. RF-DC and 
RF-RF components are available — each with a tiny footprint of 0.2" x 0.2", a frequency range of 0 to 6GHz, and 

an insertion loss of less than O.ldB and a return loss of less than 20dB at 6GHz. The RF-RF version also maintains 
an isolation higher than 25dB.

The Xinger Crossover is designed for surface mounting via tape or reel for quick circuit board assembly.

So, whether you want DC current capability or RF performance, the Xinger Crossover is the safest — and 

soundest — way to get to the other side.
Call today to find out more about the Crossover and the entire line of Xinger* products, including the balun 

and the mini-Xinger — exclusively from Anaren.

Questions? Contact Anaren at crossover@anaren.c 

800-544-2414 > www.anaren.com 
In Europe, call 44-2392-232392 
Visa/MasterCard accepted (except in Europe) /Inaren
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THE COMMERCIAL MARKET
C onsum er Two-way 

B roadband S a tellite  

In te rn e t  Service S et 

to  D ebü t

^ ^ i la t - to - H o m e  In c ., a 
\ 3 j o i n t  v en tu re  o f G ilat 
Satellite Networks Ltd., Mi­
crosoft and, with its recent 
$50 M in v estm en t in  th e  
venture, EchoStar Commu­
nications Corp., plans to in- 
troduce the first US two-way 
satellite broadband service 
la te r th is year. U nder the  
term s o f an earlie r agree- 

ment, EchoStar and Gilat planned to jointly offer two-way, 
Ku-band, high speed  satellite In ternet access along with 
EchoStar’s D ISH  Network™  satellite television program- 
ming via a single 24" x  36" consumer dish. As part of the lat­
est agreem ent, EchoS tar will distribu te  G ilat-to-H om e 
broadband Internet service powered by MSN along with 
D ISH  Network satellite TV service through its 23,000 plus 
retailers across the US. D ISH  Network customers will be 
able to add “always on” Internet access with an MSN-Gilat- 
to-Home co-branded portal.

V s r iz o n  W ire le ss , th e  
new Company form ed 

by the  com bination o f  the 
US w ireless assets o f Bell 
A tlan tic  C orp. and  Voda­
fo n e  A irT ouch  P lc  w ith  
P rim eC o  P ersona l C o m ­
munications, is expected to 
expand its coverage even 
further when the  m erger of 
B ell A tla n tic  an d  G T E  

Corp. is completed within the next couple o f months. At 
that time, Verizon W ireless will serve nearly 90 percent of 
the US population and 96 o f the top 100 US wireless mar­
kets. The new Company, including GTE Wireless, has an- 
nounced plans to invest $3 B in its network this year. The 
investm ent will be one o f the largest ever made in the in- 
dustry and will expand the Companys digital service areas 
and increase its capacity for wireless voice and data ser­
vices to its 24 million plus customers. Planned network 
enhancements, technology trials and new services include 
testing o f the first wireless two-way short messaging ser­
vice, te s tin g  o f th ird -g en e ra tio n  ne tw ork  technology  
through field trials, expansion of the CDM A digital net­
work, wireless network support for General Motors’ On- 
Star personal calling feature and deployment of Over-the- 
Air provisioning via the CDM A digital network.

In collaboration with Lucent Technologies and Nortel 
Networks, Verizon Wireless plans to offer the first wire­
less nationwide two-way short messaging service. Using 
Kyocera and Motorola handsets for delivery, the service 
introduction is planned for the third quarter and will per- 
mit mobile users to send text messages to compatible m o­
bile handsets or Internet users. Messages will be possible 
while subscribers are on voice or data calls and may be 
composed on keypads or selected from Standard messages 
stored in the handsets. Delivery confirmation and user ac-

Verizon W ireless 

to  Invest 

$3 B in N etw ork

knowledgment features will accompany the service. The 
G eneral M otors agreem ent deals with a backbone wire­
less network that Verizon Wireless will provide to serve 
the personal calling feature to be added to GM ’s On-Star 
system. Approximately four million o f these Systems are 
expected to be in service within the next three years. The 
Over-the-Air provisioning sen ice  will provide remote ac- 
tivation and telephone num ber and area code changes via 
the  Companys CD M A  digital netw ork. A dditional e n ­
hancem ents will make it possible to update wireless te le­
phone software.

Audiovox

Com m unications

and  Verizon R each 

M ajor H andse t 

A g reem en t

I  C om m unications C orp. 
has reached  an agreem ent 
w ith Verizon un d e r which 
Audiovox will supply Veri­
zon with one million CDM - 
9000s, the  Companys new 
tr i-m o d e , W eb brow ning  
cellular handset. W eighing
4.8 ounces, the CDM-9000 
supports CDM A and AMPS 

800 M Hz Systems as well as the 1900 MHz PCS band. It 
features a Web browser that offers soft-touch navigational 
keys for Internet access, a vibrating alert and alarm clock, 
voice-activated dialing, data capability, an enhanced phone- 
book and memory, caller ID  with name, short message ser­
v ice, vo ice m ail n o tif ic a tio n  a n d  a ch o ice  o f  15 
audible rings.

A new' study from COM- 
SYS, “The Broadband 

R eport,” analyzes dem and 
for broadband services on a 
country by country basis in 
both the Small to M edium 
E n te rp r is e  (S M E ) and  
H o u se h o ld  m a rk e ts  a n d  
fo recas ts  th a t g lobal d e ­
m and  fo r th e  se rv ices in 
those m arkets will surpass 

$580 B by 2010. Approximately 14 million addressable 
SM Es are expected to be active in the US by 2010. How- 
ever, the combination of market size, greater dependence 
on high speed networks and higher economic growth is 
expected to lead to higher levels in Europe by 2005 and in 
Asia by 2010. The total H ousehold sector is projected to 
include 600 million households in the addressable market 
this year. W hile the US is expected to lead the dem and for 
household broadband Connectivity, surges in both Euro­
pean  and Asian m arkets are expected to quickly make 
those areas the most active. By 2010, Asian demand, while 
covering only 26 percent o f regional households, is pro­
jected to be double that o f the US. Total global SME de­
mand is forecast to reach $100 B by 2010. For additional 
in form ation, contact Xiall R udd, COM  SYS +44-1727- 
832288 or e-mail: niall@comsys.co.uk.

B roadband  M arke t 

to  Exceed $ 5 8 0  B 

by 2 0 1 0
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THE COMMERCIAL MARKET
E uropean Long-haul 

Fiber D em and 

Triples 1997 Level

tained growth is fueled by

A new  study  from  KM I 
C o rp .,  “N e tw o rk s o f  

Fiber-based Pan-European 
Carriers: M arket Develop­
m ents and Forecasts,” re- 
po rts  th a t p an -E u ro p ean  
operators deployed six mil­
lion kilom eters o f fiber in 
1999 and will probably do 
the  same in 2000. Accord- 
ing  to  the  study, th e  sus- 

egulatory changes, liberaliza-
tion and opportun ities to  challenge recently  privatized 
PTTs with modern, next-generation networks. Since Janu- 
ary 1997, more than 20 pan-European network operators 
have announced plans to build fiber-optic networks. An- 
o ther group of pan-European carriers will lease fiber or 
capacity to provide services to tlieir users, raising the total 
num ber o f  carriers offering services over fiber to 40. To 
serve the dem and, typical installations involve more than 
100 fibers o f th e  non-zero dispersion-shifted variety, a 
high p erfo rm ance fiber tha t will carry m ultiple-w ave- 
length channels over long distances.

A num ber o f the US-based pan-European carriers are 
building European networks that will connect with their 
N orth  A m erican networks. O thers are extending the ir 
reach by building metropolitan area networks. The study

» Wireless M/W  R/F C ircu it Board Applications 
• FR4 to Ceram ic Board M aterials 

• CompleteTXFM Review 
•Tn-Houge Photo PlottingfTesting

P C B
Ü i s i f i  1*

E n g in e e r iè g . ïn c , . .
1478 Gläidding Coiirt-Milpitas.: £A  95Ö35 

Tel: l -800-‘3^-4P C 3* :F ax  (408) 946-2246

(  p c b e n g i n c 4 r i n g .c o m )

also forecasts tha t pan -E uropean  operators will install 
16.7 million fiber-km from 1998 through 2002 and notes 
that 90 percent o f the backbone fiber installed will be de­
ployed by operators who were not offering long-haul ser­
vices before 1998. Non-zero dispersion shifted fiber is ex­
pected to account for 75 percent o f new deployments in 
Europe with 96-fiber cable dominating backbone installa­
tions and 144-fiber cable typical o f MAN installations. For 
additional inform ation, contact KM I C orp. (401) 849- 
6771 or e-mail: info@kmicorp.com.

In te rn e t  C apability  

Via S a tellite  

T elephone and  

G lobalstar N etw ork

'  arlier this year, a suc- 
■ cessful te s t transm is-

D em o n stra ted

telephone suitable for i

E
sion  of I n te r n e t  da ta  
through the Globalstar net­
w ork via a tri-m o d e  te le ­
ph o n e  was d e m o n s tra ted  
fro m  a S o u th  A m erican  
s ite . T h e  d e m o n s tra tio n  
employed a Standard laptop 
co m p u ter c o n n ec ted  to  a 
Q U A L C O M M  tr i-m o d e  

ïalog and CDM A cellular
Systems as well on the  Globalstar network. E-mail m es­
sages and o ther data traffic were transm itted and received 
across the Internet at rates of up to 9600 bps. ■

Combline
Filters Designed to Your 

Specifications

•For Frequencies of 500 MHz to 26.5 GHz 
•2 to 17 Resonant Sections 
•Bandwidth of 3 to 50%

800-448-1666 • 315-438-4700 
Fax: 315-463-1467 • Toll Free Fax: 888-411-8860 

E-Mail: mfcsales@microwavefilter.com 
Visit our Web Site: http://www.microwavefilter.com

MICROWAVE FILTER COMPANY, INC.
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looking, cutting-edge telecommunications measuring 

equipment. We offer a wide range of advanced 

measuring instruments that go beyond state-of-the-art. 

Take our R3267 spectrum analyzer, for example. 

Depending on your IMT-2000 nceds, you can software- 

configure it to measure almost any third generation 

mobile telephony Standard: CDMA-2000, 3GPP, and 

EDGE. You can also handle Bluetooth. So no matter 

what Standard the future brings, you can cover all the 

bases. And, of course, you can also be assured of total 

worldwide support—through our global partners 

Rohde and Schwarz in Europe and Tektronix in the US. 

Whatever track the world of mobile telephony 

ultimately goes down, Advantest will keep you in the 

winning lane.

R3267 Spectrum Analyzer

For your 3rd-generation telephony needs!
The R3267/R3273 spectrum analyzers feature a frequency span accuracy 
within ±1% in the 8GHz/26.5GHz band, and a dynamic range of 
-154dBc/Hz (typ.) in the 2GHz band. They are advanced instruments 
designed to be configurablc with virtually any 3G mobile telephony formal: 
the unique Disital Modulation Analysis Option can measure W-CDMA, 
3GPP, cdma2000, GSM/DECT/EDGE, PDC/PHS/IS-136, cdmaOne, 
AMPS/JTACS/NTACS and Bluetooth.

Ü D V Ä N T E S T
Japan: ADVANTEST CORPORATION +81-3-3342-7500, tmi@advantest.co.jp, http://www.advantest.co.jp/irdex-e.html 

Europe: ROHDE & SCHWARZ Engineering and Sales GmbH +49-89-4129-3711, http://www.rsd.de 
North America: Tektronix, Ine. +1-800-426-2200, http://www.tek.com 

Asia: Advantest (Singapore) Re. Ltd. +65-274-3100, tmi@asp.advantest.co.jp

CIRCLE 1 ON READER SERVICE CARD
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AROUND THE CIRCUIT®
IN D U S T R Y N E W S

In d u s try  frien d  and  co lleague 
T h o m a s  J a m e s  Z in k o w s k y
("T Z ") d ied  April 30 in Santa  
Cruz, CA following a motorcycle 
accident. He was 35. F o r the past 
18 years, TZ w orked for Signal 
T echnolog)7 C orpo ration , D an ­
vers, MA, rising to the position of 
d irec to r o f corpo ra te  sales and 
marketing in addition to his role 

as senior sales manager for the California Operation. 
Among his many interests, TZ was an avid rock and ice 
clim ber and enjoyed adventure travel. H e brought a 
unique passion to all o f his endeavors and a sincere, 
caring nature to all who were privileged to know him. 
H e will b e sorely missed.

■  dBm  LLC, Wayne, NJ, has fïnalized an agreem ent to 
purchase the satellite test equipm ent line from Telecom  
Analysis Systems. Eatontown, NJ. This asset acquisition 
enhances dBm’s position as a supplier o f RF link emula- 
tion equipm ent for the satellite industiy. Financial terms 
o f the  transaction were not disclosed.

■  ITT Industries Ine., W hite Plains, NY, has signed an 
agreem ent to  acquire C&K C o m p o n e n ts  Ine., W ater- 
town, MA, a privately held designer and manufacturer of 
switches for the telecommunications, com puter and elec­
tronic equipm ent markets. The acquisition is valued at ap­
proximately $117 M after accounting for cash and debt in 
the Company to be acquired and will make ITT Industries 
the largest switch m anufacturer in the world. C&K will 
operate as part o f IT T s Cannon Division.

■  SEMX C o rp  s subsid iary , P o le s e  C o m p a n y , San
Diego, CA, has completed its acquisition o f the assets of 
ceram ic package m anufacturer A d v an ced  P a ck ag in g  
C o n cep ts . Vista, CA. Specific term s o f the  transaction 
were not disclosed.

■  C o n ex an t Systems Ine. has agreed to  acquire Philsar 
S em ico n d u cto r Ine., Ottawa, Ontario, Canada, a private­
ly held developer o f RF semiconductor Solutions for per­
sonal wireless Connectivity. The Philsar team  will jo in  
C onexant’s W ireless Com m unications Division, which 
provides a broad range o f wireless components, R F Sub­
systems and com plete semiconductor system Solutions for 
digital cellular and cordless telephone handsets as well as 
Global Positioning System (GPS) products, b u t will retain 
the Philsar name.

B  ADC T eleco m m u n ica tio n s Ine., Minneapolis, MN, 
has en te re d  into ag reem en t to  acqu ire  th e  te lev ision  
b roadcast assets o f C o n t in e n ta l  E le c tro n ic s  C o rp . 
(CEC) Dallas, TX. T he deal is a cash transaction that was 
expected to  close during ADC’s second fiscal quarter end- 
ing April 30.

52__________________________________________________________

■  L itton  In te rc o n n e c t T echnologies. Springfield, MO, 
has purchased six Excellon Automation XLP drilling Sys­
tem s from E xce llon  A u to m a tio n  C o., Torrance, CA. 
The purchase is intended to help expand Litton’s PCB op- 
e ra tions’ capaeity  to produce  high perfo rm ance , high 
speed backplanes. The XLPs will be equipped with Exeel- 
lon’s exclusive EFS technology for the precise depth con- 
trolled drilling required.

■  W.L. G o re  & A ssoc ia tes  Ine., Eau C laire, W I, has 
purchased its second ScanMan™ autom ated flip-chip car­
rier te s t system from  E v e re t t  C h a rle s  T e c h n o lo g ie s  
(ECT) , Pomona, CA.

■  Proprietary R FIC  provider RF M icro D evices Ine., 
Greensboro, NC, has established a local sales and support 
team  in Taiwan, ROC. The team  com prises Taiwanese 
sales and application engineering personnel and is the 
firs t such  expansion  fo r th e  Company in to  th e  Asia- 
Pacific region.

■  W ide B and System s Ine., Rockaway, NJ, has estab­
lished  a D efense  System s D ivision in a new , 12,000- 
square-foot facility in Neshanic Station, NJ. The new divi- 
sion was established to develop advanced electronic war- 
fare (EW) Systems incorporating the Company’s patented 
receiver technology, including its digital frequency dis- 
crim inators and  instantaneous frequency  m easurem ent 
receiver Systems.

■  Seiko In strum en ts  USA Inc .'s  Fiber O p tie s  G roup.
Torrance, CA, has expanded its production facility under 
the direction o f Mark Kim, a newly appointed senior pro­
duction manager, in an attem pt to  m eet the growing mar­
ket dem ands for cable assemblies and term ination Solu­
tions. Expansion plans are currently underway and were 
expected to  double the  company’s capaeity in M arch and 
triple the capaeity by August. Plans also include creating a 
fully electrostatic discharge-compliant dass 10,000 clean 
room to  provide optimal quality and cleanliness, which is 
critical in the fiber-optics industry.

■  Cavity filter and diplexer designer and m anufacturer 
W ire le ss  T e c h n o lo g ie s  C o rp .,  S pringdale , AR, has 
opened a new  field office in San Francisco to specifically 
serve the needs o f the Silicon Valley. F o r more Informa­
tion, call (877) 420-7983.

■  MJM Solu tions Ine. has expanded its m anufacturing 
operations into a new, 11,000-square-foot facility located 
at 4321 Ingot Street, Frem ont, CA 94539. T he Company 
will retain its corporate headquarters on Plotchkiss Street 
in F rem ont, w here it  will continue its engineering  and 
prototyping activities.

■  X em od Ine., Santa Clara, CA, has com pleted its ex­
pansion into Tem pe, AZ as well as relocation o f its head­
quarters to  Santa Clara, CA. T he expansion m ore than

[Continued on page 59]
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M in ia tu re

E xcellen t
D ynam ic

Range
Low Cost

:p 0

Sv ncrgv Microwave Corporation introducés a new line o f 

Patent Pending l& Q  Modulator Demodulator with High 

D \ namic Range in a Miniature Package measuring 

0.5 \  0.5 \  0.22 inch.

Being a passive device, it eliminates the need for external 

supporting circuitry, thus, simplifying the overall application 

design at reduced cost. These devices are specificallv optimized 

for frequencies in the range o f 800 to 2000 MHz.

m *



ROM COMPONENTS J O  SYSTEM

TEl (631143 i 1 
FAX: (631) 436-7430 

100 Davids Drive, Hauppauge, N Y 11788 
«vww.miteq.com

MIXERS TO 60 GHz
• Single-, doublé-, and triple-balanced
• Image rejection and l/Q
• Single-sideband, BPSK and QPSK modulators
• High dynamic range
• Active and passive frequency multipliers

AMPLIFIERS TO 60 GHz
• Octave to ultra-broadband
• Noise figures from 0.35 dB
• Power to 10 watts
• Temperature compensated
• Cryogenic .......... ......

INTEGRATED
SUBASSEMBLIES TO 60 GHz

• Integrated up/downconverters
• Monopulse receiver front ends 

t  • PIN diode switches
• Ultra-miniature switch matrices
• Missile receiver front ends

$ • Switched amplifier/filter assemblies
SIGNAL PROCESSING

• logarithmic amplifiers
• Constant phase-limiting amplifiers
• Frequency discriminators
• AGC/VGC amplifiers
• l/Q  processors
• Digital DLVAs

SATCOM EARTH
STATION EQUIPMENT TO Ka-BAND

• Synthesized up/downconverters

1 :N redundancy units 
INMARSAT products

• Free-running 
VCOs/DROs

• Phase-locked 
cavity oscillators

• Phase-locked 
coaxial resonators

• Synthesizers 
for SATCOM

• Fast-tuning 
communication 
synthesizers



Low  Noise, Medium Power and 
High Power Designs 
Moderate to Ultra-W ideband Designs 
Coaxial, W aveguide, Surface 
M ount and M icrostrip  
C ryogenica lly Cooied LNAs 
SATCOM LNAs
High Data Rate (Fiber Optie) LNAs 
A m plifie r Subsystem s

ULTRA-LOW NOISE 
2 TO 4  GHz AMPLIFIER

FREQUENCY(GHz>

1 0 0  MHz TO 26 GHz 
AMPLIFIER

B andw idth P e rfo rm a n c e  B aseline
2 kHz to  15 GHz for high data rate applications 
2 to  40 GHz in one unit (broadband ELINT)

O u tp u t P ow er P e rfo rm an ce  B aseline
2 to 8 GHz 2 watts (at 1 dB c
6 to 18 GHz 1 watt (at 1 dB cc
14 to 14.5 GHz (Ku-band) 5 watts (at 1 dB c

FPEGUEUCY (GHz)

Frequency Range 10 kHz to 2 GHz 

Broadband Low-Noise Am plifie rs 

Available from Stock

10Q  Davids Drive '  H auppauge , NY 1 1 7 8 8  
Tel.: (8 3 1 )  4 3 6 -7 4 D 0  • Fax: (8 3 1 )  4 3 8 -7 4 3 0

VISIT OUR WEB SITE @ www.miteq.com

GaAs FET AMPLIFIERS 
TO 60 GHz

BIPOLAR AMPLIFIERS

r N0ISE FIGURE PERFORMANCE BASELINE^
2 10 4 GHz __ 0.35 dB noise figure____
2 to 8 GHz _ _ 0.8 dB noise figure

610 18 GHz 1.3 dB noise figure

26 to 40 GHz 2.5 dB noise figure
C-band SATCOM LNA 30 K noise temperature
Ku-band SATCOM LNA 65 K noise temperature
2 to 4 GHz at 77 K ambient 10 K noise temperature

to 18 GHz at 77 K ambient 50 K noise temperature y

http://www.miteq.com


MIXERS AND FREQUENCY 
MULTIPLIERS TO 60 GHz

Low Loss. Moderate to Octave Band 
Balanced M ixers
Broadband Double- and Triple-Balanced 
Mixers
Image Rejection Mixers 
S ingle S ideband Modulators
Ultra High Dynamic Range. FET Based 
Mixers V
Microwave Phase Detectors and l/Q M ixers 
Microwave QAM, QPSK and Biphase Modulators 
Sam pling M ixers (Sampling Phase Detectors) 
Broadband Active and Passive M ultip lie rs

HIGH DYNAMIC 
RANGE MESFET MIXER

P S “  w  ' 7 ®
§5 -  .St

MILLIMETER-WAUE 
BLOCK CONVERSION

' OUTPUT FREQUENCY (GHz)

FREQUENCY SOURCES 
TO 40 GHz

Frequency Synthesizers
Phase-lockèd loop communication band 
synthesizers
Single-Ioop fast acquisition synthesizers 
Octave band YIG-based synthesizers

Free-Running and Phase-Locked VCOs
Cavity and coaxial resonator designs 

Fundamental to 4 GHz 
Multiplied to 40 GHz 

Octave band L-C VOOs

Free-Running and Phase-Locked DROs
Fundamental bipolar-based designs to 12 GHz 
FET designs to 25 GHz

y v i i T E q
1 0 0  Davids Drive • H auppauge , NY 1 1 7 8 8  

Tel.: (6 3 1 )  4 3 8 -7 4 0 0  • Fax: (G 31) 4 3 6 -7 4 3 0

YISIT OUR WEB SITE @ www.taiteq.com
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Pin Diode Switches, Reflective and 
Nooreflective, SPST through SP7T 
with up to 80 dB Isolation 
Pin Diode A ttenuators, Current Controlled 
10% Bands
Power D ividers, 2-Way to 16-Way Power 
Dividers to 26 GHz

Logarithm ic Am plifie rs  to 2 GHz 
SDLVA and DDLVA High Speed 
Logarithmic Amplifiers to 6 GHz 
Constant Phase Lim iting IF Amplifiers to
1200 MHz
Frequency D iscrim ina to rs to 2 GHz 
Variable and A utom atic Gain-Contro lled 
Am plifie rs 
AFC Processors

ULTRA-FAST RISE TIME SDLVA ENHANCED LINEARITY LOG 
IF AMPLIFIER

o -40 •;
INPUT POWER .(dBm’)

MITEQ concentrates on applying our overall corporate 
talents along with direct interface with the customerto 
solve engineering and manufacturing design problems.

Remote. Exciter Modules i
Monopulse Receivers
SAR Exciter/Receiver Systems
Research and Development Subsystems
Space-Borne Components
Three-Channel Monopulse Receiver Front Ends
Five-Channel Phase Interferometer Receiver Systems

1 0 0  Davids Drive • H auppauge , NY 1 1 7 8 8  
Tel.: IS 3 1 J 4 3 6 -7 4 0 0  •  Fax: 1631) 4 3 6 -7 4 3 0

VISIT OUR WEB SITE @ wuuwi.miteq.com

MICROWAVE CONTROL 
PRODUCTS TO 26 GHz

INTEGRATED ASSEMBLIES AND 
CUSTOM-ENGINEERED EQUIPMENT

au mV «UP ns/d

A t J -
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• Synthesized Converters,
1.0 or 125 kHz Step Size 
Single band
Multiband (combined C-, X- and Ku-band)

1:1 and 1:N Redundant S w itchover Units 
Low-Noise A m p lifie rs  and Redundant 
A m p lifie r Systems 
Variable G roup Delay and A m plitude 
Slope Equalizers, 70 and 140 MHz 
Test Translators

LNA Platei : 
Assembly and 
Control Unit

0 0 B _
0 0 0 0
Q B S I J l
@ @ © ü

INMARSAT Equipm ent
Converters 
EAFC pilQt receiver 
Translators 
Pilot generators
Uplink Power Contro l Systems 
Custom -Designed Subsystem s to 
Custom er Specifica tion

INMARSAT
EAFC R eceiver-

Video M odula tors and Demodulators 
Video/Äudio/IF Redundaney Switching Systems
1:1; 1:4 (up to four) and 1:N (up to eight)

VM100R 
Video Modulator

1 0 0  D avids Drive • H auppauge, NY 1 1 7 8 8  
Tel.: {6 3 1 ) 4 3 S -7 4 0 0  • Fax: (6311  4 3 6 -7 4 3 0

SATCOM EQUIPMENT



less pocket PCs using QUALCOMM CDMA T echno lo -
AROUND THE CIRCUIT  g ie s ' iM S M 4 1 0 0  I n te r n e t  M o b ile  S ta tio n  M odem

(iMSM™) chipset and system software.

doublés the Company’s square footage and enables it to 
house increased m anufacturing and engineering person- 
nel. Over the next year the num ber o f Xemod employees 
is projected to grow by 100 percent.

■  Next-generation broadband wireless access equipm ent 
supplier E nsem ble C om m u n ica tio n s Inc. has en tered 
into a nonexclusive worldwide marketing and distribution 
agreem ent with D igital M icrow ave C orp . under which 
Digital Microwave will place an initial purchase order for 
approximately $5 M for E nsem bles Fiberless™  System. 
Subsequent purchases, driven by anticipated growth in 
the market, are expected to follow. W ork to integrate the 
system with netw ork m anagem ent and o ther enhance- 
ments will begin immediately.

■  R ichardson E lectron ics has been appointed a world­
w ide d is trib u to r for LBA T e c h n o lo g y  In c . (LBAT).
LBAT designs and manufactures highly specialized medi- 
um-wave antenna Systems.

■  QUALCOMM Inc ., San Diego, CA, and M ic ro so ft 
C orp . have announced their in tent to form a strategie al- 
liance to jointly  define and  develop advanced wireless, 
multimedia-capable devices. The Companies will focus on 
developing hardware reference designs for mobile devices 
including sm art phones based on the  Microsoft M obile 
Explorer™  wireless Communications platform and wire-

■  A g ile n t T ech n o lo g ie s  Inc., Palo Alto, CA, has en ­
te red  into a global license and support agreem ent with 
M oto ro la  to supply software tools, training and technical 
support for the design of Motorola’s next-generation Com­
munications PC boards, ICs and Systems worldwide. Un­
der the term s o f the agreem ent, all M otorola designers 
will have broad access to Agilent’s full line o f electronic 
design automation Simulation tools.

B  Superconducting p ro d u c t m anufac tu re r S u p e rc o n -  
d u c to r  T echnologies Inc. (STl), Santa Barbara, CA, has 
signed a supply agreem ent with ALLTEL, Little Rock, AR, 
a pioneer in the deployment o f superconducting technolo­
gy in a cellular network. U nder the term s of the agree­
ment, ALLTEL C o m m unica tion  P ro d u c ts  will designate 
STI as its supplier o f high tem perature  superconductor 
base station receiver Solutions for analog and CDM A cel­
lular and PCS networks.

f l  RangeStar Wireless, Aptos, CA, and M olded In te rcon - 
n e c t Device (MID) LLC. Rochester, NY, have entered into 
a strategie m anufacturing  agreem ent. T he partnersh ip  
brings together RangeStar’s embedded antenna design and 
integration with M ID LLC’s injection-molded plastic and 
selective metallized applications. In  related news, RangeStar 
also announced an agreement with Z u co tto  Systems. San 
Diego, CA, to offer RangeStar’s Total Bluetooth Solution, 
which will significantly improve time to market.

E a r t h  f r i e n d l y .
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■  P e re g rin e  S e m ic o n d u c to r  and Sym bol T ech n o lo ­
gies have agreed to jointly develop complete Solutions for 
the rapidly em erging Bluetooth wireless high speed per­
sonal a rea  netw ork ing  m arket. P e re g rin e ’s u ltra -th in  
Silicon CMOS technology (UTSi®) and expertise in RF in­
tegrated circuit development will be com bined with Sym- 
bol’s baseband processing, software and Systems knowl- 
edge to develop complete Bluetooth Subsystems.

■  CTS Corp., Elkhart, IN, has formed a joint strategie rela- 
tionship with both Kyocera Corp. and Kinseki Ltd. Under 
the terms of die two technology exchange and license agree- 
ments, CTS will exchange the license o f patents and intel- 
lectual property with regard to the design and manufacture 
of frequency control products with each Company, predomi- 
nantly for wireless Communications applications. Specific 
details of the agreements were not disclosed.

■  Rogers Corp. and G ould Electronics Inc. have jointly 
introduced high performance flexible materials with elec- 
trodeposited (ED) copper foils. Rogers will seil versions of 
its R/flex® flexible circuit materials with die E D  foils, com- 
plementing its full family of flexible laminates. The product 
is a result of a joint effort by Gould’s Foil Division, Easdake, 
OH, and Rogers’ Circuit Materials Division, Chandler, AZ.

■  ANADIGICS. Warren, NJ, has shipped production vol­
umes o f multiband power amplifiers (PA) for use in Erics­

son'* T18d dual-band wireless phones, which feature digital 
fax/data and full graphic display capabilities. This is the third 
T-class platform to utilize ANADIGICS’ paten ted  multi­
band technology, which enables Operation in DAMPS 900 
M Hz and T D M A 1900 MHz bands using one PA.

■  Microwave com ponent and value-added service suppli­
e r  M2 G lobal T echno logy  Ltd., San Antonio, TX, has 
received ISO 9001 certification.

■  E lectronic filter and oscillator designer and manufac­
tu re r N e tw o rk s  In te rn a tio n a l C orp .. O verland Park, 
KS, received ISO 9001 certification effective January 1.

■  C o m tech  PST C orp ., a division o f C o m te c h  T e le ­
co m m u n ica tio n s C orp., has successfully com pleted a re- 
certification audit of its ISO 9001:1994 quality system.

H Q u a sa r  M icrow ave T ech n o lo g y  L td., N ew ton Ab­
bot, Devon, UK, has been  nam ed Top Small Exporting 
Company in the South W est o f the UK. The Company re ­
ceived the award at the British Trade International-spon- 
sored Export Awards for Smaller Businesses.

FINANCIAL NEWS
■  S T M icroelectronics. Saint-Genis-Pouilly, France, re- 
ports sales of $1.7 B for the first quarter, ended  April 1, 
com pared to $1.1 B for the same quarter last year. N et in- 
com e was $238.4 M (780/diIuted share), com pared  to 
$105.1 M for the same period last year.

[Continued on page 62]
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was $7.9 M (37c/share). Sales for the fourth quarter were 
AROUND THE CIRCUIT  $20.7 M, compared to $10.7 for the fourth quarter of 1998.

■  A n d re w  C o rp ..  O rland  P ark , IL , rep o rts  sales o f 
$242.7 M for the second quarter, ended March 31, com­
pared to $172 M for the same quarter last year. N et in- 
come was $17.3 M (2l0/diluted share), com pared to a net 
income o f $7.3 M (9c/diluted share) for the first quarter 
of 1999.

■  RF M icro Devices Inc., Greensboro, NC, reports sales 
o f $289 M for the year, ended  March 31, com pared to 
$152.9 M last year. N et income was $50.1 M (58c/diluted 
share). Sales for the  fourth quarter were $84.8 M, com­
pared to $56.6 M for the same period in 1999.

■  A lpha Industries  Inc.. W obum , MA, reports record 
sales o f $184.7 M for the year, ended April 2, com pared 
to $126.3 M last year. N et incom e was S24.4 M (60/ 
share). Sales for the fourth quarter were $56.9 M, com­
pared to $34.3 M for the fourth quarter last year.

■  M icrow ave P ow er Devices Inc.. Hauppauge, NY, re­
ports sales o f $12.4 M for the first quarter, ended March 
31, com pared to $17.2 M for the same quarter last year. 
N et loss was SI M (90/share), com pared to a net income 
o f $832 K (80 /diluted share) for the first quarter of 1999.

■  E ricsson  M ic ro e le c tro n ic s  has pu rchased  375,000 
newly issued shares of M errim ac Industries Inc. common 
stock, representing approximately 17.5 percent of M erri- 
mae’s outstanding stock, at a price o f $9 per share. This 
agreem ent gives Ericsson priority access to M errim ac’s 
patent-pending Multi-Mix™ microtechnology.

CONTRACTS
■  M icrow ave P ow er Devices Inc. (MPD) has en tered  
into an agreem ent with Unique Broadband Systems Inc. 
to supply amplifiers to be used in a terrestrial repeater 
system. The contract is valued at $13.3 M.

■  REMEC Inc., San Diego, CA, reports sales of $189.2 
M for the year ended January 31, com pared to $179.2 M 
last year. N et loss was $6.7 M (270/diluted share). Sales 
for tihe fourth quarter were $50.3 M, com pared to $42.5 
M for the same period last year.

■  N orsat In te rna tiona l Inc., Bumaby, British Columbia, 
Canada, reports sales of $63.5 M for die year, ended D e­
cem ber 31, 1999, compared to $43.4 M last year. N et loss

■  EMS Technologies In c /s  Space & Technology Group.
Montreal, Quebec, Canada, has received a $6 M contract 
from the Canadian Space Agency to provide the research 
and development for a demonstration digital-mesh-connec- 
tivity system on Telesaf's Ank F2 satellite. In  related news, 
Telesat Canada and Hughes Space & Communications have 
granted EMS an authorization to proceed wortli an addition­
al $9 M on the flight unit. EMS will provide the satellite’s 

[Continued on page 65]
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onboard digital signal processor (SpaceMux), which will en- 
able individual users to communicate with each other at 2 
MB data rates without having to pass through a gateway.

■  Giga-tronics Inc.'s Instrument Division, San Ramon, 
CA, has received an order in excess of $2.3 M for its three- 
slot VXI microwave synthesizer. The order came through 
Midoriya Electric Co. Ltd., Instrum ent Division’s distribu- 
tor in Tokyo, Japan, and is for ultimate delivery to Advan­
test Corp. for use in automatic test Systems.

■  Signal Technology Corp.'s Ke ltec  Division. Walton 
Beach, FL, has been awarded in excess o f $10.5 M worth 
o f new developm ent and follow-on production contracts 
during the first quarter o f this year. The majority o f these 
awards have follow-on potential for 2001 and beyond. The 
new development awards add Keltec’s presence on such 
platforms as the NH-90 helicopter, Mirage, Navy surface 
ships and GPS guided ordnance.

■  C om m un ica tion s  & Pow e r Industries H o ld ing  
C o rp .-M icrow ave  Pow er P roducts D iv is ion  (CPI- 
MPP), Palo Alto, CA, has been awarded a contract for the 
production o f 29 dual-pulsed traveling-wave tube assem- 
blies by ITT Industries’ Avionics Division. The award is a 
follow on to an earlier contract received in 1998. In relat­
ed news, C PI-M PP also announced receipt o f a contract 
to supply 100  helix vacuum electron devices to support 
the ID EC M  ALE-55 towed decoy system. Financial de­
tails o f either contract w ere not disclosed.

■  A lpha Industries, W obum , MA, has received design 
wins and initial production orders for RF semiconductors 
to  be used by three o f the world’s largest personal com­
pu ter manufacturers in high speed wireless data modules. 
A lpha’s sem iconductors perform  R F switching in W in­
dows and M acintosh com puters and o ther mobile com- 
puting devices, provïding wireless access to local area net­
works and wireless synchronization with personal digital 
assistants and cellular handsets.

P E R S O N N E L

■  Condor Systems Inc. has appointed Kent Hutchinson 
president, CEO  and chairman o f the board. Previously, 
Hutchinson was president of Norden Systems and execu- 
tive VP o f Kaman Aerospace Corp.

■  Alpha Industries I 
Inc . has e le c te d  |
David Aldrich presi­
d en t, C E O  and  a 
member of the board 
o f directors. Aldrich, ! 
who had been presi­
dent and chief oper­
ating  officer a t the 

! Company, succeeds
a uavia marien ' ■ , . m iom lhvhuiu

Tom Leonard, wno
has been elected chairman of the board of directors.

[Continued on page 66]
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■  J im  Derbyshire lias been appointed CEO  at SiGe Mi­
crosystem s. H c  will be responsib le  for the eom panv’s 
strategy, corporate development initiatives and executive 
leadership. Derbyshire brings 25 years o f design and engi­
neering m anagem ent and operational experience to the 
Company and formerly was CEO  at Symbionics.

■  Charlie M ille r has been appointed 
VP o f  sales at Simpod Inc. M iller has 
nearly 25 years o f experience in the en ­
gineering software business and joins 
Simpod from Design Acceleration Inc.

■  CTS C orp. has nam ed  Pa tr ick  J. 
Dennis senior VP, finance and chief fi­
nancial officer. Most recently, Dennis4 was VP/corporate controller at lohnson▲ Charüe Miller , 1 J
Controls Inc.

■  R ecent corporate  refocusing at Semflex Inc., Mesa, 
AZ, has resulted in several new personnel assignments 
within the Company. Product line expansion has created 
the new position o f  VP o f strategie alliances, which will be 
filled by form er VP of sales Doug Hartje Jim  Rawlins. 
previously the director o f sales for Southwest Microwave, 
has been nam ed Semflex’s new VP o f sales.

■
 ■ I n  conjunction with the  form ation 

o f  th e  D e fe n se  S ystem s D iv is ion  
(D SD ), W ide Band Systems Inc. has 
nam ed R ick lan ieri VP/general m an­
ager a t the new division. In turn, lan ­
ieri appointed M. K irk  Ne lson p ro ­
g ram  m an ag e r  fo r EW  System s at 
DSD. Most recently, Nelson com plet­
ed  a d istinguished 2 0 -year ca ree r in 

A M Ktrk Nelson US Navy as a senior chief electron­
ic warfare technician.

■  M/A-COM SIGINT Products has nam ed Bruce Mead 
d ire c to r  o f  en g in ee rin g . Prev iously , M ead was w ith  
Sanders as a Systems engineering m anager leading ad­
vanced communication initiatives.

■  CPI Satcom Division has nam ed Robert Blanchfield 
d irecto r o f  m aterials. Previously, B lanchfield held  the  
sam e position at ARGOSYSTEMS Inc., a subsidiary o f 
the Boeing Company, for 14 years.

■  Interconnect Devices Inc. (ID I) has appointed Dave 
Gast director of marketing. Gast will also lead strategie 
planning and marketing activities for Synergetix, a division 
o f ID I. Previously, he worked at M allinckrodt/Nellcor Pu- 
ritan  B ennett as m arketing d irec to r for the sleep and 
portable Ventilation business.

■  Metelics Corp. has named sales engineer Chris M cA l- 
lister to head a new sales office in Newburyport, MA.

■  Taconic has announced several new personnel appoint- 
ments, including Bob Gatta as director o f strategie plan- 
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ning, Peter Malone as process engineer for the  the com- 
pany’s Advanced Dielectric Division, Bruce Carnevale as 
quality Systems manager and Krista R itter as marketing 
specialist. Previously, Gatta played an instrum ental role in 
the reorganization o f IP D ’s N orth Am erican Operation 
and M alone spent eight years w ith Isola Lam inate Sys­
tems, formally Allied Signal Inc. Carnevale has spent most 
o f his career in quality improvement roles; R itter worked 
in purchasing and market development.

■  Microwave Instrum entation  Tech­
n o log ies  L L C  has n a m e d  Jo h n  C . 
W ilbe r director o f  business m anage­
ment. W ilber has more than 17 years 
of industry experience and will be re­
sponsible for the  Companys proposal, 
contract and order managem ent activi­
ties as well as im port/export control.

■  U ltraR F  has ap p o in te d  M a nd e l 
Berenberg m anager o f quality control

and reliability. Before joining the  Company in D ecem ber 
1999, Berenberg handled key senior m anagem ent posi- 
tions for Spectrian Corp., UltraRF’s pare n t Company.

■  T he Chicago business un its o f Storm  Products Co. 
have announced  several new  personnel appoin tm ents. 
Je ff Walker has been nam ed sales and marketing manag­
e r  o f  Storm Products-Microwave. M ost recendy, W alker 
was d irec to r o f  sales for CSA W ireless. Joining S torm  
P roducts-F iber O pties are Randy G ritte rs as p roduct 
m arketing manager, M ark  Parrish as regional account 
manager and M elan ie Corns in field sales.

R E P  A P P O IN T M E N T S

■  W ireless Technologies Corp., Springdale, AR, has 
nam ed four firms to  rep resen t its filters and diplexers. 
Le ft C oast Ven tu res will cover N orthern  C alifornia 
while Excellence Engineering has com e on board for 
China. Israel will b e  covered by Bentronix Ltd. and Swe- 
den by IE Komponenter

■  Rad io Engineering Services. Torino, Italy, has ap­
pointed Hal Tenney to represen t the Company\s H ER- 
ALD radio link design software in the  US and  Canada. 
T enney  is a w ireless industry consultan t based in Fair 
Oaks, CA.

■  BCP  (Bird Com ponent Products), Largo, FL, has 
appointed two Companies to represent its line o f attenua- 
tors, loads, power divider/combiners and couplers. Spec- 
tra-West Sales Inc. will cover Southern California, Ari­
zona and Southern Nevada; H igh-tech Sales Inc. will 
cover M assachuse tts, C on n ec ticu t, New' H am psh ire , 
Maine, Rhode Island and Vermont.

■  L-3 Com m unications' C e le r ity  Systems Division.
Cupertino, CA, has appointed two new  sales representa- 
tives. Advanced Technical Marketing (ATM) will repre­
sent the Companys broadband deep memory signal gener- 
ation and analysis test and m easurem ent equ ipm en t in 
N ew  Y ork, N ew  Je rsey , e a s te rn  P en n sy lv an ia  and  
New England: Base 8 will cover the Midwest region, in- 

[Continued on page 68]
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cluding Minnesota, North and South 
Dakota, Nebraska, Kansas, Missouri, 
Iowa, Wisconsin, Illinois, Indiana and 
Kentucky.

■  Renaissance Electron ics Corp..
Boxborough, MA, has selected  M i­
crowave Com ponents Marketing  
(M CM ), M elbourne, FL , to  rep re ­
sent its products in Florida. Renais­

sance manufactures isolators, circula- 
tors, couplers, com biners, receiver 
multicouplers, transm itter combiners 
and MMDS transceivers.

■  Emerson & Cum ing Microwave 
P roducts Inc. has appointed Cain  
Southwest Inc., Tem pe, AZ, as its
exclusive sales and technical repre- 
sentative in  Arizona and New Mexi­
co. C a in  w ill re p re s e n t  th e  E C - 
C O SO RBf ECCOSTOCK® and EC- 
COSHIELD® product lines.

68_______________________rip n  n c i f l i i

N E W  M A R K E T  E N T R Y

i  Intim ate Resource Counseling 
(IRC) a Consulting firm founded by 
R o b ert G. B arbaria , fo rm er VP o f 
Mica Microwave, offers a com plete 
solution to marketing, PR, AD com- 
position  and  p ro d u c tio n  as w ell as 
technical support and product evalua- 
tion services. F o r additional informa- 
tion, call (408) 997-1550 o r fax (408) 
268-1453.

W E B  SITES

■  Ze ta , an In teg ra ted  D efense 
T e ch n o lo g ie s  Company, has 
launched a newly designed Web site 
that allows customers to access up-to- 
date information about the Compa­
ny’s products and capabilities. The 
site, www.zeta-idt.com, permits users 
to instantly download brochures on 
microwave and RF power product ca­
pabilities and data sheets on signal in- 
tercept and location Systems.

■  M /A -C O M  Inc. has announced  
that its W eb site (vvvvw.macom.com) is 
now  accessible using  any W eb-en- 
ab led  m obile phone. Incorporating  
menu-driven technology, the site has 
the capability of allowing users to e- 
mail or fax information directly from 
their telephone. Users will also be able 
to search for M/A-COM contact list- 
ings. This enhanced functionality can 
only be accessed through W eb-en- 
abled phones at http://209.67.226.186.

■  A n d re w  C o rp . has launched a 
new document delivery service that 
conveys information about the Com­
pany \s products and services at any 
time. The service can be accessed di­
rectly from www.andrew.com and 
contains more than 2000 documents 
that can be viewed, e-mailed or sent 
to a fax machine. The system also 
may be used to order printed copies 
of available literature.

■  As pari o f Rockwell Co llins' con­
ti nuing effort to offer expanded service, 
customers may now access the Collins 
A viation Serv ices M all a t www. 
shopcollins.com. The site provides real- 
time access to an “e-Mall” that offers an 
array of on-line services, including the 
ability to order parts, check shipment 
status, direct repairs to appropriate ser­
vice centers and team with the Compa­
ny to achieve optimal product perfor­
mance. Technical publications are also 
available for downloading.

RFAflFP CCPUirc I M lf ROWAW rmTRMAT
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and engineering support.

\
sNv

High power, 
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small packages are 
just a few of the 

advantages of Motorola's 
RF components. When 

combined with Richardson's 
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support, you get the perfect balance of 
exceptional products and services.

Motorola and Richardson Electronics — 
providing global Solutions for all your 

RF component needs.
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TECHNICAL FEATURE

Simulation 
of Interdigitated 
Structures U sing 
Two-coupled-line 
M odels
Some commercial microwave CAD programs do not incorporate models fo r  more 
than three coupled lines. This fact is especially critical in the design and analysis 
o f multiple-line planar structures, such as interdigital, combline and hairpin 
filters, meander lines, spiral inductors and couplers. This article presents a new, 
simple technique to simulate circuits with multiple coupled lines in commercial 
simulators without suitable inodels. The negative transmission line (NTL) method 
uses pairs of two coupled lines, single transmission lines, current-controlled 
current sources (CCCS) and voltage-controlled voltage sources (VCVS), which 
are available in any commercial microwave CAD program. One o f the greatest 
advantages o f the proposed technique is that the analysis and optimization 
parameters are the physical dimensions o f the coupled structure (line widths and 
spacings); therefore, optimization and tuning o f the structure are easy and fast.

A
ccurate models for the analysis o f mul- 
ticonductor structures are not available 
in some commercial microwave CAD 
programs. Therefore, the analysis and Simula­
tion o f multiple-line planar structures such as 
interdigital, combline and hairpin filters, me­
ander lines, spiral inductors and couplers us­
ing  th e se  types o f  sim u la to rs req u ire  new  
methods. To overcome this limitation, two al­
te rna tive  app roaches have b een  proposed . 
One approach uses an equivalent circuit com- 
posed of ideal noncoupled transmission lines 
and short-circuited stubs.1̂  (This technique 
does not include effects such as losses in the 
Substrate and conductors, discontinuities and 
dispersive effects o f  th e  transm ission lines, 

which are very im portant in  th e  case o f  mi- 
crostrip lines.) T he o ther approach consists of

m odeling the m ultiple-line structu re  by de- 
com posing it in to  pairs o f coupled lines .5-7 
This m ethod is based on the identities devel- 
oped by Grayzel,8 which divide every line into 
several parts to  form pairs o f coupled lines. 
Using this technique, every coupling can be 
s im u la ted  w ith  th e  m odel o f  tw o cou p led  
lines, w hich is available in any m icrow ave 
CAD tooi. In m ost cases, dispersive effects 
____________________________ [Continued on page 73]

G ustavo  L ó p e z -R is u e n o  
a n d  J o s é  I. A l o n s o
Departamento de Senates,

Sistemas ij Radiocomunicaciones,
E.T.S.I. Telecomunicación,
Universidad Politécnica de Madrid 

Madrid, Spain
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The next bes t th ing  to  passing? 

Failing. And know ing prec ise ly  why.

—_ There's nothing quite like certainty. These days, with exploding complexities, converging technologies, 

i  and shrinking market Windows, confidence is in high demand. Enter our Solutions. Protocol, spectrum, and

' f lw r  r :" 'i lo9ic analyzers. Oscilloscopes. Video test. And much more. In fact, you see our familiär tools everywhere 
W>/ 3 i

Effing . . outting-edge invention is happening. There’s good reason. For more info on

measurement, and monitoring Solutions, call 800-426-2200 x3053 or visit v

entire line of test, 

.tektronix.com/progress

Tektronix
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Plain And Simple Fact

High Q RF Capacitors Without The High Cost 
For Todays Consumer Driven RF /  Microwave 

Wireless Designs
Vendor: A 
Part Type : 100A 
Price @10pcs $ 1.83 
Price @100pcs $ 1.23 
Price @l(000pcs $ 0 .66  
Price @10,000pcs $ 0.46

TEMEX COMPONENTS 
Part Type: CHA 

Price @10pcs $ 1.09 
Price @100pcs $ 0.79  
Price @l,000pcs $ 0.48  
Price @10,000pcs S 0.32

Vendor: A 
Part T y p e : 100B 
Price @10pcs $ 2.19 
Price @100pcs $ 1.62 
Price @1000pcs $ 1.06 
Price @10,000pcs $ 0.79

TEMEX COMPONENTS 
Part Type: CHB 
Price @10pcs $ 1.49 
Price @100pcs S 1.21 
Price @l,000pcs $ 0.82  
Price @10,000pcs S 0.54

The Other Leading RF Amplifier Companies Have 
Already Made The Switch To TEMEX Components ..

So What Are You Waiting For ?

Call Today Toll Free In The USA And Canada 
( 888 ) 588-3800

On The Web : http://www.hdcom.com/rfcaps.html

NEW 0505 And 0603 High Q Series Products Now Also Available For Low Cost 
High Volume Applications

HD Communications Corp. 
Components Group 

1 Comac Loop Ronkonkoma, N. Y. 
11779

Communications Corp. Partnership RF /  Microwave 
Connecting The wireless worid Technical Sales And Distnbution

TEMEX
COMPONENTS

Available From Stock In North And South America • Tel. ( 631 ) 588-3877 • Fax. { 631 } 588-3879
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TECHNICAL FEATURE
and Substrate and conducto r losses 
a re  n o t c o n s id e re d .6-7 H ow ever, 
Denig's approach5 takes them  into ac­
count. The main disadvantages of this 
technique are that it is only valid for 
coupled lines of equal width and the 
op tim ization  and  tu n ing  process is 
very ted ious because  th e  s tru c tu re  
param eters are even- and odd-mode 
impedances that need to be ealculat- 
ed  every tim e a geometrical modifica- 
tion in the coupled structure is per- 
formed. Additionally, a coupled struc­
tu r e  w hose  ev en - a n d  o d d -m o d e  
im pedances do n o t have a physical 
realization can be obtained.

T he proposed  techn ique  utilizes 
pairs o f coupled lines and solves the 
problem s with D enig’s method. The 
physical dim ensions o f the  coupled 
structure  are used as param eters so 
the optimization process is easier and 
faster and the physical perspective of 
the design is not lost. Using this tech­
nique, n coupled lines (which can be 
o f  different widths) are transform ed 
into (n -  1 ) pairs o f coupled lines and 
(n  -  2 ) s in g le  tra n sm is s io n  lin e s  
loaded by an elem ent referred to as a 
negator. This elem ent can be imple- 
m ented by CCCSs and VCVSs. As in 
D enig’s approach, the proposed tech­
nique does not take into account cou- 
pling between nonadjacent lines.

A  Fig. 1 A planar structure 
o f three coupled lines.

A  Fig. 2 The noncoupled equivalent circuit 
for three coupled lines.

vnritnw A VF io ttrnal ■ IIJNE 2000

PROCEDURE FUNDAMENTALS
The m ethod described in this arti- 

cle is based on the  noncoupled equiv­
alen t circu it for coupled  lines p ro ­
posed by Sato and Cristal,1 where the 
m ultiple-eoupled-transm ission-line 
structure is transform ed into a set of 
noncoupled transmission lines. Fig­
ure 1 shows the physical parameters 
for three coupled lines where W j, W 2 
and  W 3 are  th e  w idths o f  the  lines 
and S]2 and S23 are the spacings be­

tween lines 1 and 2 and 2 and 3, re- 
spectively. The structure  length is 1. 
Sato and  C ristal’s equivalent circuit 
fo r th e  th re e -c o u p le d -lin e  case is 
shown in Figure 2. The coils repre­
sent short-circuited stubs. The length 
o f all o f these lines is the same as the 
multiple-line structure, and the char­
acteristic adm ittances Yü and Y are 
e lem ents o f its characteristic admit- 
tance matrix. Lines o f characteristic 
admittances -Y 12 and -Y 23 are NTLs.

Aluminum Nitride 
Terminations

I 60 W atts 
I Part No. 82-7163TC
j T r e q u e n c v :  DC to 4.0 GH: VSWR (Max) 1.20:1 ! V  j
I 120 W atts
! Pari No. S2-717SfPn ^  . : : : r  : f
1 FrequencyrDC to:2:0 GHz V$WR (M ax)Ï.ÏO il -

m m m
! Part No. 82-71&2TC
1 Frequency: DÖto 2.0 GHz V S W R M a x) 1.15:1

U 60 W atts  f  
1 Part No. 22-7163
1' Frequency: D c io  4.0 GHz ' VSWR (Max) 1.20:1

120 W a tts '
Part No, 32-7116
Frequency: DC to 2.0 GHz VSWR (Max) 1.10:1

150 W atts 
Part No. 32-7172
Freqilatcu DC to 2 0  G B t VSWR (Max) 1151 % 1
" P a s s i v e  P o w e r  S o  l u t I O N S "

QUICK RESPONSE FAX (888) 544-5594 f S S E S S S
Toll Free Voice (800) 544-5594 

Website: wwzu.rflnbs.com

P O  Box 899, S tuart, F lorida  34995-0899 L a b s
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TECHNICAL FEATURE
I f  a line o f characteristic  adm it- 

tance -Y 22 o f  the same length is in- 
troduced, as shown in Figure 3 , as 
well as another line o f characteristic 
adm ittance Y22 in parallel, an equiva­
lent network is obtained. However, in 
this network, the  eoupling betw een 
lines 1 and 2 can be separated from 
the eoupling betw een lines 2 and 3. 
In this way, the coupled structure has 
been  decomposed into two indepen­
dent couplings plus an NTL.

NTL SIMULATION
T he A B C D  m atrix  o f  a lossless 

NTL of characteristic impedance -Z 0 
(Zq > 0 ) is represented as

[a b c d ] =

cos(b ) 

- j  tan(ö)

Zn

-jZ 0 tan(e) 

cos(g)

cos(ö) jZ0 tan(e)

Jtan(e) u \

t t  -jzu  tail(0 )

corresponding models of the simula­
tor. Since these models include losses, 
the N TL m ethod  is capable o f  esti- 
mating them.

SIMULATIONS 
AND MEASUREMENTS

In  order to test the utility and valid- 
ity of the proposed technique, an ex- 
ample of a mierostrip tapped-hne in­
terd ig ita l filter is p resen ted . I t  is a

where

0  =  electrical length 

The matrix o f  Equation 1 can be ob­
ta ined  by m ultiplying both  sides of 
the ABCD matrix o f the transmission 
line Z0 as

(2 )

Then, Equation 2 can be seen as die 
r e s u lta n t A B C D  m atrix  o f  th re e  
q u ad rip o le s  co n n e c te d  in  cascade 
where the central matrix corresponds 
to  a transmission line o f  im pedance 
Z(). The first and last matrices corre- 
spond to the elements called negators. 
An equivalent circuit for a  possible im- 
plementation o f die negator is shown 
in Figure 4. This component can be 
im plem ented by a CCCS and VCVS. 
Therefore, an NTL can be replaced by 
an identical line with positive charac­
teristic impedance and two negators.

6ENERAOZATION 
OF THE TECHNIQUE

Using the negators, die three-cou- 
pled-line network ends up as shown in

Figure 5. A line of characteristic ad­
mittance, ^ 22> and two negators appear 
instead of the previous NTL. It can be 
proved that the geometrie parameters 
of the independent couplings are the 
same as the physical parameters of the 
original structure after performing two 
approximations: The width of the line i,
Wj, depends only on the characteristic 
admittance o f this line, Yü. In  addition, 
the sparing between lines i and i + 1,
Si i+i, depends only . __________
on the characteristic | °  unes ?  Ar-
admittances o f these *----------------
lines (Yjj and Yj+ly+1) y)2
and the mutual enar- 
acteristic admittance 
Yi i+1. As a result, the 
separa ted  eoupling 
between lines 1 and 
2 can be character- 
ized by the width of 
lines 1 and 2  o f the
o rig ina l s tru c tu re  ^  ^  ^_^
and by the physical ,
spacing  b e tw een  AkFig.3 Coupling Separation in a three-coupled-line structu 
them. The same can be said of the sep­
arated eoupling between lines 2  and 3.
The width o f the single transmission 
line Y22 will be the width of line 2 .

T he generalization to the  n-cou- 
pled-line case is shown in Figure 6, 
where the negators have been includ- 
ed. The shaded area corresponds to 
the couplings between adjacent lines.
Every single line, to­
g e th er w ith its two 
negators, comprises 
an N TL. As s ta ted  
previously, the para­
m eters  o f  this n e t­
work are the  physi­
cal p a ra m e te rs  o f 
th e  coup led  s tru c ­
tu re . T h e  p a irs  o f 
co u p le d  lin e s  and  
the single transm is­
s ion  lin e s  can  be ^  Fig. 5 A three-coupled-line structure using negators.
sim u la ted  u s in g  the Fig. 6 The generalized structure fo r  n coupled lines. V

' Fig. 4 A negator

[Continued on page 76]
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orld’s SmallestVCO!

USSP2B30
(u ltra  small scale package)

frequency output
2300-2360 MHz

contro l vo ltage
0 .5 -2 .5  vdc

supply b ias
2.7  Vdc @ 8mA, typ.

power output
0 ± 3 dBm

second harmonie
-15 dßc, typ.

phase noise
-85 dßc/Hz @ 10 kHz (typ .)

A c tu a l S iz e :  0 .2 "  x  0 .2 "  x 0 .0 6 3 " 
(5  mm x 5 mm x 1 .6  mm)

VCOs are our Business!

Z~Communications, Inc.
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TECHNICAL FEATURE
1 TABLE 1
1 ■ CALCULATED FILTER PARAMETERS

I and 2 35.36 26.00 1.400 0,425

2 and 3 34.25 27.62 1.400 0 675

3 and 4 34.25 27.62 1400 0.675

4 and 5 35.36 26.00 1.400 0.425

Tap point (12) 2.125

lj  + 12 4.825

la 0.140i A  Fig. 9 A practical Implementation o f the negator using the LIBRA 
Serien IV  simulator.

Fig. 10 Simulation v 
o f thefilter’s transmission characteristics. V

A Fig. 7 The filter layout.

V  Fig. 8 Thefilter’s Implementation using the developed technique.

FREQUENCY (GHi)

fifth-order Chebyshev filter with 0.01 dB of ripple and a 
passband from 4.5 to 5.5 GHz. The plastic Substrate chosen 
was 0.025"-thick epsilom-10 with a dielectric constant of 
9.9. This filter has been designed using the m ethod pro­

p o sed  by C aspi 
and  A d e lm a n .9 
Table 1 lists th e  
calculated filter pa- : 
rameters. The lay­
out and schematic 
o f  th e  f i l te r  a re  
shown in Figures 
7 an d  8, re sp e c -  
tively. A lthough it 
has been removed 
from these figures for clarity, the ground connection o f the 
resonators has been modeled by an inductance of 0.05 nH.

If the filter is simulated using the n-coupled-Iine general- 
ization shown previously, convergence problems arise, which 
can be overcome with a small resistor placed as shown in 
Figure 9. A value of 10-3 £2 has been used in the Simulation 
so that its presence does not affect the Simulation results.

T he simulations are perform ed using the  H P  E E sof 
LIBRA Series IV simulator, and the results are com pared 
with Ansoft’s SERENADE 7.5 simulator, which is a CAD 
tool providing a full-wave m odel fo r m ultip le  coupled  
lines. The LIBRA circuit file used to simulate the filter is 
shown in Appendix A. The N TL m ethod has also been 
tested using SERENADE to show its dependence on the 
two-coupled-line model used. AdditionaÜy, a comparison 
with the measurem ents is made.

Figure 10 shows the transmission behavior o f the filter 
predicted by the NTL m ethod in LIBRA com pared with 

[Continued on page 78]
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TECHNICAL FEATURE
—  MEASUREMENTS
— -SERENADE FULL-WAVE 
---NTL MODEL WITH LIBRA

the response of the full-wave model 
o f  S E R E N A D E . In th e  filter pass­
band, the agreement between SERE­
NADE and the  m easurem ents is ex­
cellent because the full-wave model is 
very accurate. Since the NTL model is 
approximate, it provides a good esti- 
mation o f the bandwidth and passband 
losses with a small frequency shift (ap­
proximately 100 MHz upwards) of the 
passband. However, the disagreement

---SERENADE FULL-WAVE MODEL
NTL MODEL WITH SERENADE 

—  NTL MODEL WITH LIBRA
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Ä  Fig. 12 Transmission behavior 
Simulation comparison using the full-wave 
model and NTL method in SERENADE 
and the NTL method in LIBRA.

w ith  th e  m e asu rem en ts  in c rea se s  
around the filter edges. The main rea- 
son is that the NTL m ethod does not 
consider eoupling betw een nonadja- 
cen t lines. Even though the SE R E ­
NADE model does not have this Im i­
tation, it cannot adjust very well for 
the filter edges either.

W ith regard to the reflection be­
havior, shown in Figure 11, the devi-

—  SERENADE FULL-WAVE MODEL 
NTL MODEL WITH SERENADE

—  NTL MODEL WITH LIBRA

JÊL Fig. 13 Reflection behavior Simulation.

ations of the  N TL m odel are larger 
—  up to 10 dB more optimistic. The 
d iffe ren ce  is n o t d u e  to  th e  N T L  
model itself bu t the two-coupled line 
model used by LIBRA.

If  the NTL method is implement- 
ed  in SEREN A D E, the response in 
the passband is closer to the full-wave 
model, as shown in Figures 12 and 
13. This result illustrates the depen- 
den ce  o f th e  N T L  m e th o d  on th e  

[Continued on page 80]
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TECHNICAL FEATURE
coupled-line model used. Around tlie 
filter edges, the behavior o f the NTL 
m ethod in SERENADE is veiy close 
to th a t in LIBRA because the  NTL 
method does not consider the eoupling 
between nonadjacent lines.

CONCLU5ION
A new technique that allows Simu­

lation o f m ultiple-coupled-transm is- 
sion-line structures using commercial 
microwave CAD sim ulators w ithout 
suitable models has been demonstrat- 
ed. The coupled structure is decom- 
posed into a cascade of two-coupled- 
line and single-transmission-line sec- 
t io n s  lo a d e d  by  n eg a to rs . E very  
negator can be im plem ented using a 
CCCS or VCVS. This m ethod uses die 
physical dim ensions as analysis and 
optimization parameters. For that rea- 
son, the  physical aspect o f the struc­
ture is always accounted for. Optimiza­
tion and tuning are easier and faster 
th an  w ith previous techniques. The 
new m ethod provides a good estimate 
of the behavior o f the coupled struc­
ture that is useful in the design stage.
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A P P E N D IX  A
LIBRA SIMULATION RLE 
OF THE INTERDIGITAL RLTER

T he LIB R A  S im ula tion  F ile  
shown here Bsts the LIBRA circuit 
file used to simulate the filter de- 
scribed in this article. This file is 
su ita b le  fo r b o th  L IB R A  3.5 
and TO U C H ST O N E . T he f ilte r

[Continued on page 82]
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APPENDIX A (coni.)

schematic with LIBRA Series IV has 
not been included for elarity. How- 
ever, it can be deduced from this cir­
cuit file and the n-coupled-line gen-

eralization diagram. The results ob- 
tained using LIBRA 3.5 and LIBRA 
Series IV are sim ilar because the 
models are the same. The circuit file

follows the schematic o f the n-cou- 
pled-line generalization, considering 
the inductances as a connection to 
ground for the resonators.

! FILE ntl_.ts.CKT
! NTL model for TOUCHSTONE and LIBRA.
! Parasitic effects and discontinuities are included.

DIM
FREQ MHZ !HZ K11Z MHZ 
RES OH !KOH MOH 
IND NH !PII MH II 
CAP PF IMF FF NF F 
LNCUM 1MILCMM 
TIME PS INS SEC 
COND/OH 1/KOH/MOII 
ANGDEG IRAD

! VARIABLES.

VAR
! Width of the resonators 
WR=1400
! Tapper Connection Width 
Wt=240
! Separation between lines 1-2 and 4-5 
SUNO=425
! Separation between lines 2-3 and 3-4
SDOS=675
iTappoint
LT=2I25
! (Resonator length) - (Tap point)
L1=2700
! Additional length of resonator I and 5 
T.stiib= 140
! Parasitic inductance modeling the connection to
Iground
Lpar=0.05

CKT
MSUB ER=9.911=635 T=25 RHO=0.77 RGH=0 
TAND TAND=9e-4

! Implementation of the negator 
VCVS 3 2 0 0 M=1 A=0 Rl=ü R2=0 F=0 T=0 
CCCS 1 3 2 0 M=1 A=180 Rl=le-3 R2=0 F=0 T=0 
DEF2P 1 3 NEGATOR

! Coupling between lines 1 and 2 
MCL1N 1 2 4 3 WAWR SASUNO LAL1 
MCLIN 5 2 7 6 W AWR SASUNO LALT

! Negator+ line 2 + Negator 
NEGATOR 2 8 
MLIN 8 9 W AWR LAL1 
NEGATOR 9 4

NEGATOR 210 
MLIN 10 11 WAWR LALT
NEGATOR 11 7

! Coupling between lines 2 and 3 
MCLIN 2 12 13 4 WAWR SASDOS LAL1 
MCLIN 2 1214 7 WAWR SASDOS LALT

! N’cgator+ line 3 + Negator 
NEGATOR 12 15

MLIN 15 16 WAWR LAL1 
NEGATOR 16 13

NEGATOR 12 17 
MLIN 1718 WAWR LALT 
NEGATOR 18 14

! Coupling between lines 3 and 4 
MCLIN 12 19 20 13 WAWR SASDOS LAL1 
MCLIN 12 19 2114 WAWR SASDOS LALT

! Negator + line 4 + Negator 
NEGATOR 19 22 
MLIN 22 23 W AWR LAL1 
NEGATOR 23 20

NEGATOR 19 24 
MLIN 24 25 W AWR LALT 
NEGATOR 25 21

! Coupling between lines 4 and 5 
MCLIN 19 26 27 20 W AWR SASUNO LAL1 
MCLIN 19 28 29 21 W AWR SASUNO LALT

! (Input line) + (taper) + (TEE discontinuity) 
MTEE 15  40 W1AWR W2AWR W3AWt 
MTAPER 40 41 W lAWt W2=500 L=1000 
MLIN 4142 W=500 L=3300

! (Output line) + (taper) + (TEE discontinuity) 
MTEE 26 28 43 W1AWR W2AWR W3AWt 
MTAPER 43 44 W lAWt W2=500 L=1000 
MLIN 44 45 W=500 L=3300

I Line additionally included in resonators 1 and 5. 
! Open at one end 
MLEF 3 WAWR LALstub 
MLEF 27 WAWR LALstub

! Discontinuities to simulate open at end
lóf resonators 2, 3 and 4
MLEF 7 W AWR L=0
MLEF 13 W AWR L=0
MLEF 21W AWR L=0

I Simulation of the ground connection of the resonators
IND 60  LALpar
IN D 4 0 LALpar
IND 14 0 LALpar
IND 20 0 L ALpar
IND 29 0 LALpar

DEF2P 42 45 FILTER

FREQ
SWEEP 3000 7000 20 

OUT
FILTER DB[S21] GR1 
FILTER DB[S11] GR1A
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Accurate M easurement

OF WlDEBAND MODULATED
Signals

P
hase and/or am plitude m odulated Sig­
na ls a re  o f te n  u sed  fo r in fo rm a tio n  
transmission in microwave Communica­
tions Systems. F o r simulating such a Commu­
nications system , these  types o f signals are 
m ost naturally  rep resen ted  by the ir lowpass 
equivalent (L P E )1 signal. T he LPE signal is 
the  carrier envelope with a time-varying am ­
plitude and phase. T he microwave signal can 
b e  derived  from the  LPE signal by a linear 
transfo rm ation . In  LPE  m odeling, com po­
nents such as amplifiers are modeled in terms 
o f  th e ir  response to the  signal envelope. To 
complement an LPE model, it is desirable to 
have a time domain m easurem ent o f the mod­
ulated microwave signal. Such a signal mea­

surem ent can he used not only for modeling, 
bu t also for verifying com pliance to Systems 
specifications and for understanding o f devia- 
tions from ideal perform ance .2

Two basic methods can be used to measure 
a  m odulated microwave signal in the time do­
main. One m ethod measures the  signal direct­
ly a t the carrier frequency using a high speed 
digital storage oscilloscope (DSO). The other 
m ethod  dow nconverts th e  signal to a lower 
frequency  befo re  m easurem ent. D ow ncon- 
verting before  m easurem ent increases com- 
plexity, bu t there  are  several accuracy advan­
tages in measuring a signal a t a  lower frequen­
cy. These advantages pertain especially if the 
signal is downconverted all the  way to  base- 
band using a local oscillator coherent with the 
microwave carrier. The m easured  baseband 
waveform is the  envelope o f the  microwave 
signal, which is its LPE representation.

O ne advantage o f coheren t downconver- 
sion is that it eliminates the phase noise o f the 
carrier from the m easurem ent. A nother ad­
vantage is that the sample rate can be reduced 
by the ratio o f half the  signal bandwidth to the 
carrier frequency since the  carrier need not be 
sampled. This method allows for a longer tim e 
record o r higher time resolution o f the signal 
for the same num ber o f samples. (This is the 
same reason LPE signals are used in model­
ing.) A third advantage is that DSO accuracy is 
b e tte r at lower frequencies. T he h igher the  
carrier frequency, the more inaccurate the di­
rect measurem ent; the  accuracy o f the base­
band m easurem ent is independent o f the car­
rier frequency. Because o f  these advantages, 
major instrum ent m anufacturers have special- 
ized instrum ents th a t perform  tim e  dom ain 
measurem ents o f microwave Communications 
signals a t baseband. Signals with bandwidths 
up to 200 M Hz and carrier frequencies up to 
110  G IIz are supported .2

This article presents a  method to  accurately 
m easure signals with bandwidths higher than 
those supported  by o ff-the-she lf Solutions. 
How to  perform  accurate tim e domain m ea­
surem ents o f  m odulated  microwave o r mil- 
liineter-wave signals having gigahertz band­
widths using a calibrated downconverting re­
ceiver (DCR) in conjunetion with a DSCP will

[Continued on page 86]
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A  Fig. 1 The time domain waveform measurement setup bbck diagram.

b e  p re s e n te d .  By c a lib ra tin g  th e  
D CR the linear distortion of the re­
ceiver can be characterized and elim- 
inated from the signal measurement.

A c o h e re n t LO is r e q u ire d  for 
dow nconversion  to baseband . The 
signal m ust be repetitive because the 
LPE  representation o f a microwave 
signal has two baseband components: 
an in-phase and a quadrature wave­
form that are not measured simulta- 
neously bu t consecutively in this pro­
cedure. Waveforms may be measured 
directly at the output o f a modulator 
or after passing through a linear or 
nonlinear distorting Communications 
channel. T hese m easurem ents then  
may be used  to characterize  e ither 
the modulator or the components in 
the channel.

MEASUREMENT SETUP
The measurem ent system consists 

o f  a D C R  fo llow ed by a D SO , as 
show n in  Figure 1. T he D C R  in- 
c ludes a mixer followed by a ba se ­
band amplifier. The mixer LO port is 
fed by an LO with a phase shifter that 
is adjusted to enable m easurem ent of 
the in -phase and  q uad ra tu re  ba se ­
band waveform components. The DC 
le v e l, w h ich  c o rre sp o n d s  to  th e  
Fourier com ponent o f the signal co­
heren t with the carrier, is m easured 
separately by means o f a bias tee and 
a v o l tm e te r  a t th e  o u tp u t  o f  th e  
downconverting mixer. The DC level 
must be m easured separately because 
most w ideband baseband amplifiers 
block the DC component. The DCR 
has two coherent LO Outputs: a fixed-

phase and a variable-phase LO. The 
LO Outputs are required for the two 
test mixers in the described calibra- 
tion procedure.

CALIBRATION PROCEDURE
T he D CR introducés bo th  linear 

and nonlinear distortion into the sig­
nal. The nonlinear distortion caused 
by the dow nconverter can be mini- 
m ized by filtering unw anted  mixing 
products and ensuring that the signal 
level into the mixer and o ther compo­
nents is in its linear range of Opera­
tion. F or baseband downconversion 
the unwanted mixing products are lo- 
cated at multiples of the LO frequen­
cy and can be eliminated by Iowpass 
filtering. The baseband amplifier pro- 
v ides Iowpass f ilte r in g  and , if  r e ­
quired, an external Iowpass filter can 
be added. The linear distortion of the 
downconverter can be minimized by 
using components with a much wider 
frequency  response than the  band- 
w idth o f  th e  signal to be m easured  
and by minimizing SWR interactions, 
w hich in tro d u cé  ripp le  to  th e  fre ­
quency response.

F o r sufficiently narrow band sig­
nals, th e  co m b in ed  fre q u e n c y  r e ­
sponse of the DSO and DCR has lit- 
t le  V ariation and  m ay b e  ig n o red . 
However, for w ideband signals such 
as those used in high data rate com­
munication Systems, the D CR distor­
tion may be significant. The response 
varia tions o f  th e  D SO  over b a n d ­
widths of a few gigahertz are negligi-

[Continued on page 88]
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A  Fig. 2 Block diagrams o f the three measurement configurations 
fo r  DCR calibration.

b le  since a  20 G H z bandw idth  sam pling fron t end  is 
u se d .4 In  th is  in s tan ce , th e  ban d w id th  o f  th e  w id e­
band Communications signal is 10 percent or less of the 
bandw idth o f the DSO sam pling fron t end. However, 
since the bandwidth o f the  D CR used here  is approxi­
mately 4 GHz, a wideband signal occupies a large portion 
of the available bandwidth. Thus, linear distortion in the 
D CR introducés th e  only significant e rro r in th e  mea­
sured LPE waveforms.

Since the input to the DCR is located at the signal’s car­
rier frequency and the ou tput o f the  DCR is located at 
baseband, its linear distortion cannot be m easured using a 
vector network analyzer (VNA). A two-part procedure has 
been developed to accurately measure the DCR frequency 
response. Part 1 m easures the DCR response at all fre­
quencies other than the carrier frequency by means of the 
baseband-double-sideband frequency translating device 
(FT D ) m easurem ent tech n iq u e .5 P art 2 m easures the  
DCR response at the carrier frequency, which is DC at the 
baseband output and measured using a Voltmeter.

THE BASEBAND-DOUBLE-SIDEBAND 
FTD PROCEDURE

To calibrate the DCR at frequencies o ther than the 
carrier frequency, three test configurations using two test 
mixers (TM1 and TM2) and the DCR are measured using 
a VNA, as shown in Figure 2. The three configurations 
are (A) TM1 to DCR, (B) TM 2 to D CR and (C) TM 2 to 
TM 1. T he VNA sw eeps over th e  baseband  frequency  
range; the first mixer in each configuration serves as an 
upconverter, and the second serves as a downconverter. 
Because the input signal is a t baseband and there  is no 
filter at the ou tput o f the upconverting mixer, an upper 
and a lower sideband are transm itted to the downconvert- 
ing mixer.

Two m easurem ents in each test configuration are re­
quired  to cap ture the  response o f bo th  sidebands. The 
first m easurem ent is perform ed at a given arbitrary set­
ting o f the D C R  phase shifter, w hich is re fe rred  to as 
phase shifter setting 1. In  the second m easurem ent, the 
phase shifter is adjusted by 90°. This setting is referred to 
as phase shifter setting 2 (phase shifter setting 1 + 90°). 
The VNA m easurem ents are perform ed for each o f the 
three configurations A, B and C. The LPE transmission 
response, n x(f) (expressed as a complex num ber at each 
frequency), o f each of the back-to-back FTD  pairs is giv­
en by

äK'l 0|’ f£0
(lower sideband response) (la)

n x (f) =  | [ Mx i( - f )+ jM x 2 (f)]. f a o

(upper sideband response) (lb )

w here

* = the complex conjugate Operation
j = square root of 1
MXi(f) =  complex S2x response of the back-to-back FTD

pairs a t phase shifter setting 1 
Mx2(f) = complex S2] response of the back-to-back FTD  

pairs at phase shifting setting 2 (setting 2  -  
setting 1 = +  90°)

X = A,B, C

The LPE response o f the DCR may be derived from 
the  pair responses. First, each pair response is converted 
from a complex represen tation  to decibels and degrees 
such that

Rx(fl= 201og | n x(f) | dB
o r Z n x (f) degrees, X = A,B,C (2)

Then, the  frequency response o f the  D CR (in decibels 
and degrees) may be expressed as

(3)

Note that a VNA cannot measure down to zero signal fre­
quency, so a careful procedure m ust be followed to inter- 
polate the  zero frequency response betw een the  lower 
and upper sidebands. The overall response must be con- 
tinuous in phase at zero frequency, and the value o f the 
phase at zero frequency must be correct. Note also that 
the phase at zero frequency is im portant even though the 
signal out o f the amplifier has no D C com ponent because 
it  ensures the correct phase at other frequencies.

The DCR phase response at zero baseband frequency 
can have only one of two possible values, 0 ° or 180°, de- 
pending on whether the signal path through the D CR is 
noninverting or inverting, respectively. Both th e  mixer 
and baseband amplifier can be either inverting or nonin­
verting as the baseband frequency tends to zero. Thus, 
the sign of the D CR phase response at DC may be either
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TECHNICAL FEATURE
positive or negative depending on the product of the re- 
sponses o f  the mixer and the amplifier near DC. This sign 
is most easily determ ined if the two components are char- 
acterized separately, before they are integrated into the 
DCR. The mixer can be tested by putting the same CW 
carrier signal into both the L and R ports simultaneously 
with zero phase difference and observing w hether a posi­
tive (noninverting) or a negative (inverting) voltage is ob- 
tained. The amplifier can be tested by injeeting a low fre­
quency CW  signal and determ ining  if  the  ou tpu t is in 
phase (noninverting) or 180° out of phase (inverting).

Part 2 of the DCR frequency response measurement is 
to locate the response of the DCR at the carrier frequency, 
which at baseband is DC. The first step in calibrating the 
D C voltage is to perform  a zeroing procedure with no Sig­
nal applied at the DCR input. The first measurement, Vol, 
is made at phase shifter setting 1 used in the DCR re­
sponse calibration procedure. The next measurement, Vo2, 
is made at phase shifter setting 2. The Vo3 m easurement is 
made at phase shifter setting 3 (phase shifter setting 1 + 
180°), and the measurem ent is made at phase shifter 
setting 4 (phase shifter setting 1 +  270°). By storing these 
measured offset voltages at each o f these settings and sub- 
tracting them  from the DC values acquired during a wave­
form measurement, the offset errors are eliminated.

The second step in the DC calibration process is to cal- 
ibrate the gain o f  the DCR at the carrier frequency. Since 
the DC output of the mixer in the DCR is m easured prior 
to the baseband amplifier, the gain at the carrier frequen­

cy must be calibrated independently of o ther frequencies. 
This step is perform ed simply by applying a CW  signal of 
known pow er P to the input o f the DCR, acquiring the 
DC voltages V4, V2, V3 and  V4 a t th e  fou r LO phase 
shifter settings, respectively, and calculating a gain factor 
such that

Gdc =

±1 4P
f r  +v^)-(v3 - v»s)f +[(v, -v„2)-(v4 -Vo4)f

(4)
Gdc a proportionality constant whose value depends 

on the power and voltage units used. G DC determ ines the 
gain o f the D CR at the carrier frequency (the DC gain at 
baseband) and is applied to the measured DC com ponent 
o f the signal. Note that the D C signal path is taken direct­
ly from the mixer prior to the amplifier. Thus, GDC will be 
either positive or negative depending only on w hether the 
mixer response is noninverting or inverting at DC.

MEASUREMENT AN D  POSTPROCESSING 
PROCEDURE

Once these calibration procedures are com pleted, a 
waveform of interest is applied. At phase shifter setting 1, 
the waveform is acquired by the DSO and a DC voltage

[Continued on page 93]
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TECHNICAL FEATURE
Vj is acquired by the Voltmeter. Similarly, w2 and V2 are ac­
quired at phase shifter setting 2. At phase shifter settings 3 
and 4, only DC voltage measurements V3 and V4, respec- 
tively, are required, not waveform acquisitions. The wave­
forms acquired at the two settings must be combined and 
corrected for the receiver response and then combined with 
the DC voltages to determine a corrected LPE wavefonn.

As part of the  postprocessing procedure, the two wave­
forms are combined to  form an uncorrected LPE wave­
form:

w(n) =  w j(n) +  jw2(n) (5)

formed back to the tim e domain. The corrected tim e do­
main LPE waveform, denoted as wc(n), has no D C com­
ponent because the amplifier blocks DC. Hence, the DC 
com ponent measured by the Voltmeter must be added to 
the waveform according to the formula

w lpe (n ) =  GACw c(n) +

•{I(vl -v rt) - (v ,-v 0,)]+j[(v,-v- )-(v4- v 04)|}

(6)

This waveform m ust be corrected for the DCR frequency 
response. O ne way to accom plish this correction  is to 
transform the LPE waveform to the frequency domain, 
then di vide the frequency domain waveform representa- 
tion by the D CR response (expressed as a complex num ­
b e r  at each frequency). T he D C R  frequency  response 
must be linearly interpolated and extended in frequency 
to agree with the discrete frequencies o f the waveform. 
Normally, the DCR response would be calibrated out to 
frequencies beyond the total span o f the signal. In this 
case, windowing is unnecessary and the amplitude of the 
D CR response may be set to infinity at frequencies be­
yond the band o f the m easured response. This procedure 
forces the Fourier coefficients o f the corrected waveform 
to zero at these frequencies.

After the LPE waveform is corrected for the receiver 
response, the co rrec ted  LPE waveform  is th en  trans-

A fter the  first waveform m easurem ent, the gain factor 
Gac is adjusted so that the calculated power in wLpE is 
equal to the signal power as measured with a power m e­
ter. G ac is a proportionality  constan t whose value d e ­
pends on the power and voltage units used. This gain fac­
tor then can be used for all subsequent measurements.

BASEBAND DC VOLTAGE CALIBRATION 
AND MEASUREMENT

The mixer in the DCR acts as a phase and amplitude 
detector with regard to the signal com ponent at the carri­
e r  frequency. Typically w hen  a mixer is used  only as a 
phase detector (such as in a phase lock loop), the carrier 
power on both the R and L ports is large enough to satu- 
rate the mixer diodes. H ere, the signal on the  R port m ust

[Continued on page 95]
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TECHNICAL FEATURE
be in the linear range o f mixer O pera­
tion  w hile  th e  C W  signal a t th e  L 
port m ust be large enough to saturate 
the mixer diodes. In  this case, if  the 
mixer w ere perfectly  balanced, the 
D C voltage at the I port would be

V = -------cos O
Gdc

where
P =  power at the carrier

frequency at the R port 
G Dc -  a proportionality constant 
<t> =  phase difference betw een the

carrier at the L port and the 
carrier at the R port at phase 
shifter setting 1

For im perfectly balanced mixers, 
th ere  is also a tem p era tu re -d ep en - 
dent DC offset voltage at the IF  out­
put port, even w hen no signal is ap­
plied to the RF port. This D C  offset 
voltage is a function o f mixer balance 
and the carrier power applied at the 
LO port. Since the phase shifter on 
the  LO port displays some amplitude 
Variation vs. setting, the offset voltage

is, in turn, a function of phase setting. 
Hence, with no signal applied to the 
R port, four slightly different D C off­
set voltages (Vol, Vo2, Vo3 and Vo4 at 
phase shifter settings 1 through 4, re- 
spectively) are measured. W hen the 
CW  calibration signal o f pow er P is 
applied to  the  mixers R port, the DC 
output at the I port then  consists of 
the sum o f the offset voltage and the 
DC voltage produced in response to 
the  in p u t signal co m ponen t a t the  
carrier frequency. At phase setting 1,

VipVx = ——  cos O  +  Vol (7)
Gdc

At phase setting 2,

V2 =  - ^ - c o s ( ®  + 90°) +  Vo2 (8)
'-'DC

N ote tha t settings 3 and 4 are 180° 
from  settings 1 and 2, respectively. 
Thus,

V3 = — cos4> +V o3 (9)
'-'DC

V4 =  -  cos(D + 90°) + Vo4 (10) 
Gdc

It is assumed that the proportion­
ality constant GDC is independent of 
phase shifter setting. Equation 4, the 
expression for G DC, can be derived 
by com bining E quations 7 th rough 
10. Note that GDC could have been 
derived equally well from Equations 
7 and 8 alone, bu t in practice using 
all four phase settings provides more 
im m unity against long-term  therm al 
drift o f the DC offsets.

In  the case of a m odulated signal 
inpu t, E quations 7 th rough 10 still 
apply if P is in terpreted as the power 
in the Fourier com ponent o f the sig­
nal at the carrier frequency. The volt­
age m easu rem en t a t se tting  1 p ro ­
vides the real part o f the Fourier co­
ë ff ic iën t and  th e  m easu rem en t at 
setting 2 provides the imaginary part 
in Equation 6.

[Continued on page 97]
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I TE C H N IC A L FEA TURE

A l Fig. 3 Nonlinear amplifier block models; the (a) one-hox 
and (b) two-box models.

APPLICATION TO POWER AMPLIFIER MODELING
An application of the previously described technique to 

the measurement and modeling of a 20 GHz wideband 
solid-state amplifier will now be presented. Measure­
ments of the input and output waveforms using binary 
phase shift-keying (BPSK) modulation were performed at 
several data rates. By using different data rates, the mea­
surement and modeling techniques were evaluated over a 
range of bandwidths. The performance of two nonlinear 
block models for the 20 GHz solid-state amplifier is com­
pared to measured results. The first model, the one-box 
model, shown in Figure 3, consists of a memoryless non- 
linearity only. In this model, the nonlinear device is ehar- 
acterized by the bandeenter nonlinear amplitude (AM-

AM) and phase (AM-PM) conversion functions, which op- 
erate on the instantaneous envelope of the input signal. 
The second model, the two-box model, includes an input 
filter prior to a memoryless nonlinearity. Here, the first 
box is the small-signal frequency response of the nonlin­
ear device. The second box is the same AM-AM, AM-PM 
nonlinearity7 used in the one-box model. Both of these 
models are constructed strictly from single-tone VNA 
measurements. In all cases the measurements and simula- 
tions were performed at an amplifier operating point near 
Saturation.

QUANTIFYING WAVEFORM FIDELITY
A means of quantifying the agreement between the 

modeled and measured time domain waveforms is neces- 
sary. A convenient metric to use for this purpose is the 
normalized mean square error (NMSE):

(11)
where the measured and modeled in-phase (yj) and quad­
rature (yg) waveforms have M sample points. To calculate 
the NMSE it is first necessary to line up the two wave­
forms in both time and phase. This lineup can be conve-
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TECHNICAL FEATURE

TABLE 1
AMPLIFIER MODEL NMSE FOR BPSK SIGNALS

Data R ate  (Mbps)
150 600 1200 2400

One-box model NMSE (dB) -27.92 -22.64 -19.84 -18.72

Two-box model NMSE (dB) -33.69 -28.34 -26.24 -24.31

Two-box model 
improvement (dB) 5.77 5.70 6.40 5.59

A  Fig. 4 Modeled vs. measured Outputs fo r  a 2.4 Gbps BPSK 
modulated input.
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niently achieved by maximizing the cross correlation be­
tween the two waveforms. The metric is the total error 
vector magnitude power between the measured and mod­
eled waveforms normalized to the measured signal power. 
It is assumed that the true waveform is much closer to the 
measured waveform than to the modeled waveform, so 
the NMSE is a model fidelity metric. The NMSE metric 
can be useful for assessing model predictive fidelity for 
many Communications applications.

RESULTS
The BPSK signals applied vary in bit rate from 150 

Mbps to 2.4 Gbps. A 5 GHz bandlimiting filter was insert- 
ed before the amplifier for these signals. The operating 
point was chosen at the 3 dB gain compression point. 
Table 1 lists the NMSE results for the various BPSK Sig­
nals as well as the difference between the two models. 
Note that the fidelity of both models decreases as the 
bandwidth of the signal increases. However, the two-box 
model provides more than 5 dB improvement over the 
one-box model for all bandwidths. To illustrate one of 
these cases, F igure 4  shows the amplitude envelope of 
the 2.4 Gbps BPSK output for the two models vs. the 
measured waveform. A small portion of the time record is 
shown to enable the differences between the measured 
and modeled waveforms to be seen.

CONCLU5ION
A novel technique for accurately measuring wideband 

Communications waveforms has been presented. The 
waveform measurements were made at baseband using a 
calibrated downconverting receiver to take advantage of 
the inherent accuracy of available DSOs. A correction 
technique removed any errors in the waveforms caused by 
the frequency response of the downconverting receiver. 
The measured input and output Communications signal 
waveforms have been applied to develop a Simulation 
model of a 20 GHz solid-state amplifier over a bandwidth 
of 4.8 GHz. ■
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T U TO R IA L

Low N oise VCOs: 
Key Components 
for Base Stations

Fig. 1 Block diagram 
o f a base station,

T he great economic success of modern 
mobile radio Systems such as GSM and 
the digital com m unication system 

(DCS) means even greater utilization of the 
capaeity of existing channels. Therefore, it is 
immensely important to adhere to GSM speci- 
fications exactly. In GSM, the available fre­
quency range is divided according to the fre­
quency division multiple access (FDMA) pro­
cedure1’2 into radio channels of 200 kHz 
bandwidth each. On the other hand, each ra­
dio channel is divided into eight traffic chan­
nels through a time multiplexing (TDMA) 
procedure1-2 and contains information (voice 
and signals) in so-called bursts. In the case of 
a channel width of 200 kHz, this allocation 
typically produces 124 GSM channels with a 
bandwidth of 25 MHz (the first channel is not

normally used) and 372 DCS channels with a 
bandwidth of 75 MHz.

The block diagram shown in Figure 1 dis­
plays the frequency processing that takes 
place in a base station. In the transm itter 
(TX), the working signal must be converted 
into an RF signal; in the reception path (RX), 
the received RF signal is converted into one 
(or two) fixed intermediate frequencies (IF). 
Each of the two conversion processes requires 
an LO. Since a base station works in full du­
plex mode, the RX and TX paths must be 
viewed separately and have their own LOs. 
With mobile phones, a common LO is suffi­
ciënt because it features a half-duplex Opera­
tion due to the TDMA time slots.

”.  .. i t  is clear th a t the VCO, 
together with the  
[phm e-locheä ioop] PLL, 
répm sents an  e lem entary un it 
th a t m ahes a n  im portan t 
contribution to  th e  design 
o f  «  base sta tion ."

[Continued on page 102]
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-- Fig. 2 Switching Operation 
o f a Clapp oscillator.

Fig. 3 The Clapp oscUlator’s 
RF equivalent circuit. ^

proven itself in VCOs in particular. 
The Clapp switching Operation is very 
siinilar to the Colpitts switching Oper­
ation, only the inductance is replaced 
by a resonant circuit, as shown in 
Figure 2. The equivalent circuit for 
the Clapp oscillator is shown in Fig­
ure 3, restricted to the RF compo­
nents that are important for the O per­
ation. Figure 4  shows the simplified 
equivalent cireuit diagram, displaying 
only the basic prineiple. The impe­
dance of the serial resonant Circuit 
can be expressed as

Fig. 4 The Clapp oscillator’s simplified 
equivalent circuit. V

Obviously, the actual concepts 
used can differ significantly from this 
configuration. For eicample, the RX 
path also can be constructed using 
only one IF. In modern communica- 
tion Systems, a synthesizer is normally 
used; that is, an oscillator is synchro- 
nized through a reference fed to a 
phase-locked loop (PLL). There are a 
number of different ways to create 
the reference, such as deriving it from 
the fixed network clock or by synchro- 
nization via the Global Positioning 
System. However, these methods are 
not discussed in this article. A VCO is 
used as an LO because its frequency 
is dependen t on an applied direct 
voltage. Thus, the VCO can be 
switched to the various channel fre­
quencies relatively simply and quickly.

VCO STRUCTURES
Microwave oscillators are typically 

analyzed using the concept of nega­
tive resistance.3 When designing os­
cillators, various basic switching oper- 
ations can be found in the literature, 
such as the Hartley-Meissner or Col­
pitts switching operations. The so- 
called Clapp switching Operation has

jcoCl jo)C2 j(oC3

jtoCl jcoC2 0)2C1C2

Thus, from Equation 1, the oscilla- 
tion condition to produce a negative 
resistance becomes

_L_+^L -< -g -
j®Cl j<aC2 co2C1C2

(2)

The resulting frequency from the se­
ries connection of the three capaci- 
tors is found to be

(02 A r 2 _ + _ L + C |
L l^ C l C2 C3)

(3)

In RF technology, the oscillator is 
often shown as a four-pole amplifier 
with amplifieation V, whose output 
voltage is fed back to the input via a 
feedback network. If the Clapp oscil­
lator is drawn as shown in Figure 5  
(introducing a virtual ground), then 
the four-pole switching Operation be­
comes evident.

In order to now determine the fre­
quency of the oscillator using a direct 
voltage, one of the capacitors is re­
placed by a junction varactor. This 
component exploits the junction ea- 
pacity of a diode operated in the re- 
verse direction and is dependent on 
the reverse voltage applied. Analo- 
gous to a capacitor, the junction ca- 
pacity of a PN junction is dependent 
on the cross-section surface and 
width of the junction. A theoretical 
analysis determines the relationship 
for the voltage dependency of the 
junction capaeity2 as

for VD «  VR

(4)

In this relationship, CI is the junc­
tion capaeity G  where V = VR, Cj0 at 
Vr = 0 V, VD = the diffusion potential 
(approximately 0.65 V for Silicon) and 
VR = the reverse voltage applied. The 
exponent m depends on the course of 
doping and is decisive for the voltage 
dependency of the junction capaeity. 
In a diffused junction, the transition 
of the acceptor density NA (P area) is 
linear with respect to the donor den­
sity' ND (N area). In this case, m = 
0.33. With an abrupt junction, the 
transfer is carried out suddenly. In 
this case, m = 0.5. If a particularly 
strong dependency of the junction ca- 
pacity on the voltage is required, m

A  Fig. 5 Feedback in the Clapp oscillator;
(a) the physical equivalent Circuit,
(b) introduction o f virtual ground 
and (c) a four-pole representation.

[Continued on page 104]
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Lc Rs Cj(Vr)

SIMPLIFIED

Rs Ct(Vr)

JL  Fig. 6 Equivalent circuit o f the junction 
varactor in its case.

Fig. 7 A ceramic coaxial resonator’s 
(a) structure and (b) equivalent circuit. ^

(b)

must be > 0.5. In this case, the dop­
ing density must be greater than For 
the abrupt junction. Such doping 
profïles are called hyperabrupt.

F igure 6  shows the small-signal 
equivalent circuit diagram of a junc­
tion varactor. The resistance Rs takes 
into consideration the reverse current 
of the diode and should be as large as 
possible in the interest of low noise 
(shot noise). In the case of higher fre­
quencies, the bulk resistances be- 
come most noticeable. The influence 
of the case is described by the series 
inductance Lc as well as the case ca-
pacity Cq.

In addition to the capaeity rela­
tionship Cl/Cjo, the quality factor Q 
is a decisive characteristic. Analogous 
to the capacitor, the Q of the varactor 
is also defined as the relationship be­
tween the reactive and the active per­
formance. From the simplified equiv­
alent circuit, CT = Cj + C(;, thus re- 
sulting in

Q =
«C,(va )Rt

Basically, the quality of abrupt 
junction crossings is significantly bet­
ter than that of hyperabrupt cross­
ings. However, very high reverse volt­

ages of up to 90 V are required to 
achieve sufficiently large capaeity 
variations. These high reverse volt­
ages are required because, in the case 
of voltages (which lie significantly be- 
low the breakdown voltage), the re­
verse zone is only partially purged. 
The ohmic resistance still lies within 
the non-purged zone in series with 
the capacitance. For these reasons, 
hyperabrupt junctions mainly are 
used as oscillating circuit capacitors. 
In selecting a suitable varactor, it is 
also important that the connection 
betw een the reverse voltage and 
junction capaeity be defined over as 
wide a range as possible.

PHASE NOISE PROPERTIES
Since modern high Q capacitors 

offer excellent quality,4-5 the selection 
of inductance L (in addition to the 
varactor) determines the phase noise 
to a significant extent. In the case of 
low phase noise requirements, the in­
ductance can be realized through a 
coil printed onto the PCB. Better re­
sults are obtained by using air-core 
reactors in a surface-mount device.

The best characteristics are ob­
tained using coaxial resonators, as 
shown in F ig u re  7. Ceramic res­
onators are shaped as cubes with a 
coaxial bore. The inner and outer sur­
faces are metallized. The capaeity, in­
ductance and resistance of the metal- 
lization provide an RF resonant cir­
cuit that oscillates in the TEM mode. 
The quarter-wave X/4 types are par- 
ticularly space-saving. The additional 
metallization of an end face creates 
the required short circuit.

The resonance frequency is ob­
tained from the relative permittivity 
and the length of the resonator. Basi­
cally, the length 1 for X/4 resonators is 
determined using

Dielectric values between er = 20 and 
78 are available. The Q is almost ex- 
clusively determined by the final con- 
ductivity of the metallization to a val­
ue of Q < 800. Where higher Qs are 
required, a special silver metallization 
is recommended; in the case of price- 
sensitive applications, a copper-plated 
metallization is preferred. The no-

[Continued on page 106]
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1

TABLE 1
TYPICAL VCO CHARACTERISTICS

I9Ó to 220 s 1 to 14 -110 130 -8 12 20

255 to 320 8 1 to 9 -100 -120 -8 12/20

380 to 430 0 0 to 5 -112 -132 -8 1.2/20

809 to 845 5 0.5 to 5 -115 -135 -152 -12 5/25

925 to 960 3 1.5 to 6.5 -115 -135 -15 -12 5/25 ]

950 to 986 3 1 to6 -115 -135 -15 -12 5/25 I

1250 to 1350 3 1 to 8 -100 -120 -12 8/25 |

1450 to 1550 3 1 to 8 -105 -125 -145 -12 5/25

1500 to 1650 1 1 to 8 -97 -117 -137 -12 5/25 ]

1594 to 1669 3 1 to 6.5 -105 -125 -145 -15 5/25

1750 to 1900 1 1 to 8 -97 -117 -187 -12 8/16 i

1800 to 2700 1 0 to 19 -85 -105 -8 12/25 ]

2650 to 2850 2 0 to 12 -90 -110 -12 8/20 i

load operating Q (Q0) is defined as 
the quotiënt of the resonant frequen­
cy and 3 dB bandwidth B3(jb of the 
resonance response curve:

Qo increases in the first approxima- 
tion by Vf. Higher Q values can be 
achieved using larger cross-section 
measurements where it is then criti- 
cal to integrate the resonator into the 
normally small VCO case.

VCO CHÄHACTERISTICS
VCOs are customer-specific mod­

ules. Each user design is different 
and, thus, the VCO modules must be 
adapted to customer specifications. 
Typical VCO performance specifica­
tions are listed in Table 1 /’ These de­
tails can only be used as guide values 
for typical designs.

Phase Noise
Phase noise is the most critical pa­

rameter for designing a VCO and, 
therefore, must be specified with par- 
ticular care. In the case of sensitive 
pre-amplifiers, normally only the am­
plitude noise is taken into considera- 
tion as it characterizes the sensitivity

of the amplifier. On the other hand, 
with oscillators, the amplitude noise 
plays only a subordinate role. What is 
decisive here are the stochastic 
changes in the zero transits of the si- 
nusoidal oscillation created by the os­
cillator. Thus, the phase noise charac­
teristic describes the relationship of 
the carrier level to the noise level in 
the environment of the carrier fre­
quency. This relationship is described 
as a function £ = F(fm), depending on 
the carrier offset. The fundamental 
significance of the phase noise is that 
it determines the interference in the 
neighboring channel. Therefore, a 
typical VCO specification States val­
ues of phase noise depending on the 
carrier offset.

The phase noise of a VCO has 
been observed in numerous theoreti- 
cal experiments,6’7 and is described 
using

& ) -

i+
(2fmQ u,l)2

■ K & n F l (8)

where

£(fm) = ratio of the phase noise in a 
1 Hz bandwidth to the 
common VCO output level 
(dBc/Hz)

fm = carrier frequency offset
f0 = carrier frequency
fc = noise edge of the flicker or 

1/f noise of the active 
oscillator

Qload = Q of die loaded resonator 
(resonance circuit 
with active load and 
parasitic elements)

F = noise figure of the four-pole 
active oscillator 

K = Boltzmann constant 
(k= 1.38 x 10-23 J/K)

T = temperature in Kelvins 
Pav = oscillator output power level 
R = equivalent noise resistance of 

the varactor
V0 = voltage amplifieation of the 

oscillator

Even though this relationship is 
based on idealized values, some im­
portant parameters can be derived 
for the design of VCOs. The Q of the 
loaded resonator directly affects the 
phase noise. For this reason, coaxial 
resonators must be used in the case 
of very low phase noise requirements. 
Low7 noise oscillators require compo­
nents with a low corner frequency of 
the flicker or 1/f noise; therefore, 
bipolar transistors are normally used 
in VCOs instead of FETs. Compo­
nents based on GaAs are not well 
suited as their noise edge is signifi­
cantly higher than that of the Silicon 
transistors.

The noise figure F of the oscilla­
tor, which is internal to the switching, 
depends not only on the noise figure 
of the active component, but also on 
the swdtching configuration. The 
power output setting of the oscillator 
also influences the noise. Ilowever, 
the oscillators current consumption 
must not be neglected.

One very important point that is 
not taken into consideration in Equa­
tion 8 is a clean voltage supply. Signif­
icant fluctuations can occur in the 
voltage supply, particularly through 
the end stage. Umvanted modulation 
side bands, which he outside the loop 
bandwidth of the PLL swdtching Op­
eration, are produced from the fluc-
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tuations in the bias voltage at the 
modulation input of the VCO.

Tuning Sensitivity
Tuning sensitivity describes the 

tuning frequency range as a function 
of the tuning voltage at the varactor 
input. The tuning sensitivity depends 
on the available capaeity Variation 
and is inversely proportional to the 
loaded Q of the resonant circuit. 
However, frequency dependency of

the tuning sensitivity also must be 
borne in mind. If the frequency de- 
pendence is too great, then the per­
formance of the synthesizers is ad- 
versely affected.

Load Pulling
Load pulling describes the sensi­

tivity of the free-running VCOs to 
load fluctuations at the VCO output. 
This load pulling is specified for a 
mismatched load with a defined SWR

(for example, SWR = 2.0) where the 
phase angle can lie between 0° and 
360°. At its simplest, this requirement 
may be achieved using an additional 
buffer amplifier. Such a buffer ampli­
fier also improves the output power 
level of the VCO, which must supply 
the RF scaler of the PLL synthesizer 
in addition to a pulsating stage. How­
ever, a buffer amplifier increases the 
current supply of the VCO. Load 
pulling of the transm itter branch 
VCO is particularly critical due to the 
last stage and its load.

CONCLUSiON
This article has presented the fun- 

damentals for the design and use of 
VCOs. From what has been said, it is 
clear that the VCO, together with the 
PLL, represents an elementary unit 
that makes an important contribution 
to the design of a base station. There­
fore, it makes sense that the manu- 
facturers of VCOs are also involved in 
the production of suitable PLL com­
ponents, and it is conceivable that 
both VCO and PLL modules could 
be integrated into one case. fl
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TECHNICAL FEATURE

Thermal D esign
CONSIDERATIONS FOR WlDE
Bandgap Transistors
The peak junct ion temperature o f a transisto r is an important factor in 
deterrhining its lifetime and output power degradation over time. Mantj design 
parameters determine the temperature rise in the semiconductor, including the 
transistor performance, semiconductor material and device dimensions. Thermal 
issues are o f particular concern in wide bandgap transistors due to their intrinsic 
high power density. This article investigates the effect the n umber o f gute fingers, 
gate geometry and epitaxial layer thickness has on the peak junction temperature 
ofhigh power gallium nitride (GaN) and Silicon Carbide (SiC) transistors.1

F uture radar and Communications sys- 
tems will require devices with significant 
improvement in output power over cur­

rent technology. Wide bandgap semiconduc­
tors will be used in many of these applications. 
Small peripheiy; wide bandgap transistors have 
achieved an order of magnitude increase in 
power density over typical GaAs power transis­
tors.2’3 The temperature of larger periphery 
devices can be significantly higher than small 
periphery devices due to thermal coupling be­
tween gate fingers. A thorough understanding 
of thermal modeling and associated device de­
sign issues is critical to achieving high power 
densities with large periphery7 devices.

The method of images is used in this article 
to calculate peak junction temperatures, and 
accounts for the temperature rise due to the 
power dissipated by a single gate as well as the 
contribution of heat from surrounding gate fin­
gers.4 This contribution is significant for accu- 
rately modeling the peak junction temperature. 
The method of images provides the accuracy of 
finite element techniques with a comparatively

significant reduction in the time required for 
problem definition and Simulation.

The method of images used here predicts 
the temperature rise through one layer of ma­
terial and not the overall peak junction tem­
perature due to all of the layers in the thermal 
path. However, it permits accurate and effi­
ciënt calculation of the peak junction tempera­
ture rise in the semiconductor Substrate, which 
is typically the largest contributor to the overall 
temperature rise. Temperature rises in the oth­
er layers of the thermal stackup are created by 
differences in the packaging, not the semicon­
ductor. Device power density, efficiency, ther­
mal conductivity and dimensions, shown in

[Continued on page J13]
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TECHNICAL FEATURE

*  Fig. 1 Transistor dimensions.

Figure 1 , are all that is required to 
determine the temperature rise.

At 25°C, the thermal conductivity, 
K0, of GaN is 1.3 W/cm°C and the 
semi-insulating, SiC Substrate is 3.3 
W/cm°C. Thermal conductivity is 
temperature dependent and given by 
Kt(T) = Kq (300/T), where the device 
temperature, T, is in Kelvins.4’5 The 
temperature rise due to the tempera­
ture dependence of the thermal con­
ductivity is given by T = T0 (eT/To), 
where T0 is the baseplate tempera­
ture in Kelvins and T is the tempera­
ture rise in degrees Celsius.

THERMAL SENSITIVITY TO THE 
NUMBER OF GATE FINGERS

The temperature of a device is de­
pendent on the number of gate fin­
gers used in the transistor. When the 
gate pitch is sufficiently small and the 
Substrate is thick enough to allow 
heat spreading, the heat sources will 
couple. Coupling will increase the 
temperature of a multiple-finger de-

TABLE I
PEAK JUNCTION TEMPERATURE 
VS. NUMBER OF GATE FINGERS 

FOR SIC X-BAND DEVICES

vice compared to the temperature of 
a single-finger device. Thus, thermal 
coupling will degrade the power den­
sity as the number of gate fingers 
increases.

In this effort, the number of gate 
fingers was varied to assess their ef­
fect on peak junction temperature. 
The first example used a 100-gm- 
thick SiC Substrate. The gate length 
was set to 0.35 jxm with a gate width 
of 125 gm to represent dimensions 
typically used at X band. Each device 
had a pitch of 20 gm. Power density 
was set to 5.0 W/’mm2 and transistor 
efficiency was assumed to be 50 per­
cent.2 The X-band efficiency assumed 
is much higher than that achieved 
with SiC and will require future de­
velopment. Table 1 lists the device 
peak junction temperature calculated

TABLE II
PEAK JUNCTION TEMPERATURE 
VS. NUMBER OF GATE FINGERS 

FOR SiC S-BAND DEVICES

G ute Fingers Temperature ( 'C )

1 37

4 59

10 89

20 104

25 106

50 108

75 108

100 108

using these parameters for 1, 4, 10, 
20, 25, 50, 75 and 100 gate fingers. 
Table 2  lists a similar analysis per­
formed with a 0.5 gm gate length and 
400 gm gate width to represent de­
vices at S band with all of the other 
param eters held constant. In this 
case, the SiC efficiency is similar to 
demonstrated levels.

The data show that there is a sig­
nificant difference in peak junction 
temperature for as many as 20 gate 
fingers in X- and S-band devices. This 
result is important since large periph­
ery devices are designed by scaling 
measured power densities in small pe­
riphery transistors. Measured power 
densities from 20-finger devices with 
the selected gate pitch could be used 
to estimate the output power perfor­
mance of larger periphery devices.
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TECHNICAL FEATURE
THERMAL SENSITIVITY 
TO GATE PITCH

Thermal coupling between gate 
fingers is reduced as the gate pitch 
increases. The gate pitch plays an im­
portant role in determining the de­
vice’s peak junction tem perature. 
Gate pitch also determines the width 
of a high power device. Accordingly, 
the area of a high power transistor or 
MMÏC is directly proportional to the 
gate pitch. A small gate pitch will re-

duce size and cost, but a minimum 
pitch must be maintained for thermal 
management.

The gate pitch was varied to assess 
its effect on high power density de­
vices. The first gate pitch example 
uses devices with the same X-band 
gate dimensions used previously. In 
this case, both 100-gm-thick SiC and 
GaN Substrates were analyzed. The 
number of gate fingers for each Sub­
strate was set to 100. The power den-

Need to find the right 
RF connector, right now?
Find it right here.

Find what you need with the Connector Finder— 
search by characteristic with interactive help.

M Ü H
Learn RF connector terms and functions 
in this illustrated glossary.

DELTA

Go to our new website to see
all this and a whole lo t more. P.O. Box 53, Beverly, MA 01915

sity for both semiconductors was set 
to 5.0 W/mm2, and the transistor effi­
ciency was assumed to be 50 per­
cent.3 Table 3  show's the peak device 
junction temperature with the prior 
parameters for a 20, 30 and 40 gm 
pitch. The peak junction temperature 
of the X-band SiC transistor with a 
gate pitch of 20 gm is 81°C lower 
than the comparable GaN transistor 
with a pitch of 40 gm. SiC devices 
provide a significantly lower peak 
junction temperature at X band while 
requiring less than one-half the area 
of a device on a GaN Substrate if 
equivalent efficiency can be achieved.

A similar analysis was performed 
with the prior S-band gate length and 
width. All of the other parameters 
used previously were maintained and 
the results are listed in Table 4. At S 
band, the GaN Substrate requires at 
least twice the device area with a > 
100°C temperature increase as com­
pared to that on a SiC Substrate. In 
this case, the excessive SiC tempera­
ture with a gate pitch of 20 gm vvould 
likciy force a pitch greater than 30 gm.

While wide bandgap devices may 
operate reliably at temperatures high­
er than GaAs devices, the output 
power degrades with temperature. It 
is likely that a peak junction tempera­
ture similar to GaAs devices will he 
necessary to achieve the required

IS O  9 0 0 1  C E R T IF IE D
[Continued on page 116]



The fastest tools help us engineer the 
finest waveguide components.
T he s h o r t e st  dista nce  b et w e en  d esign  a n d  d o n e .

Our engineers are at the top of their profession. 
And we make it our business to provide them 

with the finest tools available. Aside 

iß* WF '  rï"om empl°y'ng proprietary MDL
’|§ ! soft- ware, they work with computerized de­

sign Systems, utilizing SolidWorks to render 3-D 
models and Ansoft HFSS to compute a full complement 

of performance characteristics. Then our skilled professionals 
manufacture, braze, finish, and test every product right here in 
our plant. So design challenges become reality in impressively 

little time.

WAVEGUIDE CAST BENDS & TWISTS 

WAVEGUIDE FEED ASSEMBLIES 

MONOPULSE COMPARATORS 

ROTARY JOINTS 

MICROWAVE FILTERS 

ROTARY SWITCHES

C all us  tod ay .

Quality from CAD to crate is what has made MDL the largest 
manufacturer of high quality cast components and 

waveguide packages in the world. Call an MDL specialist today at 
I -800-383-4189 or visit us at www.micro-dev-labs.com.

WAVEGUIDE TO COAX ADAPTERS 

WAVEGUIDE PRESSURE WINDOWS 

COMMERCIAL WAVEGUIDE ASSEMBLIES

Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494 
Fax: 781 -453-8629 /  e-mail: mdlsales@micro-dev-labs.com

CIRCLE 84 ON READER SERVICE CARD

http://www.micro-dev-labs.com
mailto:mdlsales@micro-dev-labs.com


TECHNICAL FEATURE
TABLE V 1

JUNCTION TEMPERATURE
VS. SUBSTRATE THICKNESS

FOR X-BAND DEVICES

Epitaxiei Tampsioture
Thickness (um) C c )

1 34
GaN 2 43

4 51

1 15
SiC 2 19

4 22

TABLE VI
JUNCTION TEMPERATURE 
VS. SUBSTRATE THICKNESS 

FOR S-BAND DEVICES

performance. Excessive peak junction temperatures will 
preclude the use of GaN wafers for high power, high pow­
er density S- and X-band transistors with conventional die 
attachment techniques. SiC will require improvements in 
X-band efficiency for thermal management.

THERMAL SENSITIVITY 
TO SUBSTRATE THICKNESS

Growth of an epitaxial layer of GaN onto a SiC Sub­
strate is one technique to overcome the excessive thennal 
resistance of a GaN Substrate. An analysis was performed 
with the same X- and S-band gate parameters with SiC 
and GaN epitaxial layer thicknesses set to 1, 2 and 4 gm. 
A gate pitch of 20 gm was used for all cases, and the re­
sults are listed in Tables 5  and 6. The thin layers analyzed 
do not permit thennal coupling at a typical gate pitch. Ad­
ditional temperature rise in the semiconductor Substrate 
beneath the epitaxial layer can be assumed constant for 
both cases if they are on SiC Substrates.

This calculation shows that a significant temperature 
increase occurs in the first few microns of material and 
predicts that GaN will have a 30°C higher temperature 
rise than a SiC layer of similar thickness. This additional 
temperature rise does not prohibit the use of a GaN epi­
taxial layer on a SiC Substrate, but demonstrates the per­
formance advantage for SiC. The epitaxial layer thickness 
of the GaN is also a critical thennal design parameter.

FLIP-CHIP DIE ATTACHMENT
Flip-chip die attachment can eliminate the GaN wafer 

or sapphire Substrate from the thermal path of a GaN epi­
taxial layer device. Heat generated in the flip-chip GaN 
epitaxial layer undemeath the gate moves laterally to the 
source heat sink. This lateral movement restricts the 
spreading of heat within the epitaxial layer, as shown in 
Figure 2. The heat restriction increases the junction tem­
perature rise experienced in the epitaxial layer when com­
pared to a conventionally mounted device. A flip-chip is 
also mounted onto an electrical insulator to enable electri- 
cal contact to the gate and drain. The electrical insulators 
with the highest thermal conductivity are aluminum nitride 
(AlN) and beryllium oxide (BeO) at 1.7 and 2.15 W/cm°C, 
respectively. Both insulators have lower thermal conductivi­
ty than SiC. This temperature rise through the insulator 
can be much higher than through the SiC wafer for a con­
ventional GaN device fabricated on a SiC wafer.

A finite element model of a flip-chip GaN device was 
used to evaluate flip-chip thermal issues. A 75-gm-thick 
116_____________________________________________

GaN Substrate was analyzed. The thick­
ness of the semiconductor wafer has lit- 
tle or no effect on the flip-chip device’s 
thermal resistance since the thermal 
spreading will not enter the Substrate. 
The gate length was set to 0.35 gm with 
a gate width of 125 gm, again to repre­
sent dimensions typically used at X band. 
One hundred gate fingers were used 
with a gate pitch of 30 gm. Power densi­
ty was set to 5.0 W/mm2, and transistor 
efficiency was assumed to be 50 percent. 
The source heat sink is 100 gm high, and 
the device was attached with a 5-gm- 

thick layer of Au/Sn (80/20) solder. The source heat sink 
has a thermal conductivity of 4 W/cm°C to represent a sil- 
ver-based material, and the solder’s thermal conductivity is
2.4 W/cm/°C. A 0.015"-thick AlN Substrate was used as the 
insulator and mounted to a 0.040"-thick baseplate of cop- 
per molybdenum (20/80) with a thermal conductivity of 
1.97 W/cm°C. The layers of AlN and CuMo must be ex- 
tended beyond the layer of solder to allow the heat to 
spread, avoiding any additional temperature increase in 
the device. The resulting finite element plot is shown in 
Figure 3.

The peak junction temperature of the flip-chip device is 
274°C. A conventionally mounted device comprising GaN

A  Fig. 2 Flip-chip cross section showing restricted heat flow  
from  gate to source contacts.

Fig. 3 Finite element model o f a flip-chip GaN device mounted 
on an AlN Substrate and CuMo base plate showing heat flow. V

[Continued on page 118]
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Hirose’s New Microwave Components

iirose Electric GmbH UNITED KINGDOM: Hirose Electric UK LTD.
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re: 49-711-4560021 Crownhill, Milton Keynes, Bucks MK8 OAB, U.K. 
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epitaxy on a SiC Substrate does not 
have the restricted heat flow and insu- 
lating Substrate Iirnitations of flip-chip, 
and will likely become the preferred 
approach to realize high power density, 
high peripher)/ GaN devices.

Flip-chip attachment poses many 
other significant issues related to 
thermal management. Silver-based 
source heat sinks are often proposed 
to lower the devices thermal resis­
tance. This method introducés elec- 
tromigration issues due to the high 
field strengths associated with GaN 
devices that can be addressed by us­
ing a gold heat sink, but results in a 
junction temperature rise of 313°C 
for the prior example’s parameters.

The junction temperature can be 
made lower if a higher thermal con­
ductivity baseplate is used. This mater­
ial must be matched to die coëfficiënt 
of thermal expansion (GTE) of the 
Substrate to ensure a reliable solder 
contact. Similarly, the electrically insu- 
lating Substrate also must have a GTE 
reasonably matched to the semicon­
ductor to prevent solder or device me- 
chanical damage due to thermal

stress.7-8 The difficulty in addressing 
these issues increases with device area 
and will be particularly challenging for 
large-area power devices. Finally, 
stress induced in the epitaxial layer 
from the flip-chip attachment also can 
create undesired piezoelectric effects.9

CONCLU5ION
The method of images has been 

used to show how the number of gate 
fingers in a device affects peak junc­
tion temperature. By varying the num­
ber and pitch of the fingers, tempera­
ture rise due to one gate and the eon- 
tributions due to thermal spreading 
from other gates are calculated. The 
results of this finite element modeling 
also show the influence of other de­
vice features such as power density, ef­
ficiency, material thermal conductivity7 
and dimensions upon device lifetime 
and performance degradation. ■
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TECHNICAL FEATURE

H igh Power RF LDMOS 
Transistors for Avionics 
Applications
This article describes the in herent advantages o f using laterally diffused metal 
oxide semiconductor (LDMOS) amplifiers in high power avionics transponder 
applications. In comparing this technology to bipolars, key device features such 
as gain, linearity, switching, thennal issues and reduced paris count become 
clear.

T he eontinuous growth of air traffic adds 
new safety and efficiency challenges, 
which im pact the design of the 

transponder. Traditional ground-based air traf­
fic control Systems excef in managing incom- 
ing/butgoing flights but lack the real-time per­
formance needed by airborne traffic collision 
avoidance Systems (TCAS). Onboard every 
commercial and military aircraft, these trans­
ponders transmit and receive essential data 
such as forward speed, altitude and position 
Coordinates to other aircraft occupying similar 
airspace. These data are disseminated by the 
transponder and provide the pilot with instruc- 
tions to safely direct the flight path. In addi­
tion, flight crews depend on other safety fea­
tures such as weather radar, distance measur­
ing Systems, navigation and Communications.

As the number of aircraft safety tools in- 
creases, space becomes a premium within the 
electronics bay. System redundancy also de- 
tracts from available room. Because TCAS 
shares the same frequency band as other criti- 
cal Systems, integration of multibox units into 
one has become the most recent design crite- 
rion. Consolidation offers reduction in overall 
size and w'eight, enhancing installation and 
mahltenance. A multibox concept also reduces 
the number of power supplies and related cir­

cuitry, improving overall power efficiencies. 
Using a single multifunction transponder will 
lower the costs of procurement, installation 
and maintenance.

With multicarrier Operation, managing criti- 
cal performance factors such as pulse shapes can 
be difficult. Pulse on/off transition times, lineari­
ty and compression come into play. Maximizing 
overall power-added efficiency and reducing 
surrounding ambient bay temperatures by using 
less DC current are also a concern. This article 
describes devices that greatly improve the per­
formance of microwave power amplifiers em­
ployed in TCAS transponders using the latest 
LDMOS technology (LDMOST). Traditional 
common-base-configuration dass C bipolar tran­
sistors vs. linear, higher gain, lateral structure 
FETs will be examined.

LDMOST was originally designed for use in 
GSM and PCS base station cellular sites. Mi­
nor optimizations in the technology have made 
the structure extremely suitable for avionics

[Continued on page 122]
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TECHNICAL FEATURE

Ék. Fig. 1 Typical output vs. input power 
fo r  a 200 W bipolar transistor.
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fo r  two values o f quiescent current.
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Êk Fig. 2 Gain and efficiency vs. output 
power fo r  an LDMOS power device 
at 150 mA quiescent current.

▲  Fi 5 Tracé o f input and output pulse 
showing insignificant switching deterioration.
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Ék Fig. 3 Output power vs. modulation 
voltage, V.s, fo r  7.95 W  input power 
at 1030 MHz.

applications. The lineup discussed in 
this article features a 200 W output 
part using an all-gold metal system. 
Enhancem ents were made to the 
gates for this application as well as in­
put and output matching over the 
1030 to 1090 MHz frequency band.

DEVICE PERFORMANCE
Up to now amplifiers were de­

signed with bipolar devices, which 
posed a number of problems when 
designing the complete lineup after 
taking into account the previously 
mentioned requirements. The most 
significant of these requirements is 
the gain linearity of the output power 
over a large dynamic range. A typical

plot of the output power vs. input 
power of a 200 W bipolar transistor, 
intended for use in an avionics appli­
cation, is shown in F igure 1. It can 
be seen that the gain varies over the 
entire range of the input power. Ob- 
viously, using such a device has seri- 
ous implications for the gain linearity 
of the entire lineup.

A device using LDMOST was uti- 
lizcd to overcome this problem. With 
this technology, devices can be made 
that show excellent linearity over a 
large dynamic range. The gain and ef­
ficiency vs. output power for such a 
LDMOS device is shown in F igure  
2. At 200 W, the device is still far 
from Saturation with a dynamic range 
of more than 30 dB. Moreover, the 
device has a gain of 14 dB compared 
to the typical 8 dB of bipolar devices. 
This performance means that a con- 
siderable reduction in both the num­
ber of com ponents and the PCB 
space can be achieved for the com­
plete lineup. In addition, overall pow- 
er-added efficiency is improved.

Additional advantages of L D ­
MOST compared to bipolar technol­
ogy include excellent thermal stability 
due to the negative temperature co­

ëfficiënt of the die technology. Ther­
mal runaway is not an issue, and ex­
cellent ruggedness (SWR < 6) can be 
achieved due to the high breakdown 
voltage (80 V, typ). In addition, pulse 
shaping in LDMOST using the Vgs is 
relatively easy compared to bipolar 
devices. Figure 3  shows the easy gain 
control that is possible by simply 
modulating the Vgs of the device. The 
package does not contain toxic BeO. 
Removal of the BeO DC isolator, the 
source terminal of die that is attached 
directly to the heat spreader (flange), 
reduces thermal impedance.

As shown in Figure 4, the lineari­
ty of the device depends on the qui­
escent current. The two plots depict 
the gain at different quiescent cur­
rent: 500 rnA and 2 A. Setting a high­
er quiescent current means biasing 
the device more toward elass A. Con- 
sequently, the maximum feasible effi­
ciency will be lower. Such a bias con­
dition is required only at low output 
power levels. At higher output pow'er 
levels a dass AB biasing is preferred. 
An optimum trade-off can be made 
between output power, linearity and 
efficiency simply by modulating the 
gate source voltage reciprocal to the 
required output pow'er. By designing 
a device with a high pow^er capability, 
no decrease in linearity will occur 
due to the device going into compres- 
sion. In  bipolar technology, fast 
switching times at high output pow- 
ers are often difficult to achieve, a 
characteristic that is inherent in the 
bipolar structure.

Figure 5  shows that the rise time 
of the device is excellent while main- 
taining good gain linearity over a 
large dynamic range. It can be seen 
that the switching time has not in- 
creased significantly between the in­
put signal and output signal through 
the device and that values of less than 
50 ns are achieved at an output pow­
er of 52.4 dBm. Obviously the design 
of the biasing will have an influence 
on the behavior of the deviee. Good 
decoupling of low frequency compo­
nents is essential.

REUABIUTY AND THERMAL 
BEHAVIOR

One big advantage of LDMOST 
compared to bipolar is that the mode 
of Operation is common source

[Continued on page 124]
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TECHNICAL FEATURE

:ted
to ground), reduc- 
ing parasitic source 
inductance and 
providing an excel­
lent thermal inter­
face. In bipolars 
the bulk of the ma­
terial is the collec­
tor, which must be 
electrically isolated 
from ground (usu-

▲  Fig. 7 Temperatur p f & b l ,  an SOT502 a lIX the ^ a ts in k ) 
package at t = 1.2 ms, n = 50%, Pdiss = 250 W  without degrading 
and Tfc = 20°C. the thermal impe-

dance. This config- 
uration produces a 
better thermal be- 
havior of the LD- 
MOST compared 
to the bipolar.

F ig u r es 6  and 
7 show the results 
of therm al tran ­
sient finite ele- 
ment method sim- 
ulations for the 
die. In the simula- 
tions, a uniform 

distribution of power is illustrated under RF excitation 
conditions. This uniformity will be dominated by the quali- 
ty and consistency of the assembly process of the device, 
which depends largely on the use of automated die attach 
and wire bonding equipment (minimizing lot-to-lot Varia­
tion). The wire bonding of a single LDMOST die is shown 
in Figure 8.

DEVICE TECHNOLOGY
Figure 9  shows the cross section of an LDMOST struc- 

ture. The p+ via is used to ensure good electrical contact be- 
tween the source contact and ground and eliminates the use 
of source bonding wires, which Iowers the source inductance 
and increases the intrinsic device gain. A shielding is placed

Ak. Fig. 9 Cross section o f a 1 GHz LDMOST device.

A f ig . • lineup.

between the gate and drain to reduce the feedback capaci- 
tance. The die technology used in this 200 W device is based 
on 1 GHz technology optimized for the specific require- 
ments of an avionics application that required enhanced gate 
peripher)'. The design is optimized to meet the required gain 
linearity over a large dynamic range. This optimization will 
improve both gain and intermodulation distortion perfor­
mance as well as the RF stability of the device.

The MonoMOS structure — the separate active areas of a 
conventional high power RF die replaced by one highly inte- 
grated area — lends itself to easily incorporating internal in­
put and output matching. MonoMOS uses metallized gates 
to reduce series resistance in order to increase power gain. 
The structure was designed for minimum 1^ drift. Without 
any bum-in, the typical 1 ^  drift is below 10 percent over 20 
years. The gold top metaflization, in combination with the 
gold bond wires, avoids intermetallic issues where the flexi- 
bility of gold compared to aluminum bond wires ensures ex­
cellent reliability under pulsed Operation. The concept of this 
die has proven to be very reliable based on high volume pro- 
duction for base station products. In order to provide a cost- 
effective approach, the device uses a commercial, off-the- 
shelf, nonhermetic packte.

APPLICATIONS
The total lineup of a 200 W LDMOS amplifier is 

shown in Figure 10. The overall gain of 46 dB is achieved 
using three amplifier stages. A comparable bipolar lineup 
would consist of approximately six amplifier stages (de- 
pending on individual device gain) to achieve similar over- 

[Continued on page 126]
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A  Fig. 11 Application circuit o f a 200 W 
LDMOS device fo r  the 1030 to 1090 MHz 
band (£r = 6.15).

all gain. Figure 11 shows the appli- 
cation circuit for the 200 W device 
used for the described characteriza- 
tion. This device contains intemal in­
put and output matehing, which sim- 
plifies the design of the application 
circuit. The intemal matehing brings 
the device impedances to a level that 
is favorable in a manufacturing envi­
ronment. Higher impedances create 
a Situation that is less critical for com­
ponent placement and Substrate tol- 
erances, enhancing final yield while 
eliminating rework.

CONCLUSION
It lias been demonstrated that the 

use of the LDMOS transistor greatly 
improves the design of amplifiers for 
avionics applications. Transponders 
using LDMOST will enjoy gain linear- 
ity over a high dynamic range, easy 
gain control using the gate voltage and 
an al most zero switching time delay 
between input and output. Other fea­
tures of this technology include better 
thermal control, nontoxic packaging 
and reduced parts count. The poten­
tial cost savings due to lower power 
supply costs, a gold metallization Sys­
tem, and automated die attach and 
wire bonding equipment ensure de­
vice consistency in high volume pro- 
duction. Tliis consistency will enliance 
customer yield and reduce rework. ■
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TECHNICAL NOTE

Fractional Out-of-band 
Power Formulas 
for BPSK, QPSK 
AND MSK

Fig. 1 Power spectral 
densitiesfor BPSK, QPSK 
and MSK normalized 
fo r  unit transmitter 
poteer. ▼

- BPSK —  QPSK

F ractional out-of-band power (FOBP) 
has for some time been a Standard met- 
ric of spectral Containment for digital 

data Signals.1 For any given m odulation 
scheine the FOBP can be measured experi- 
mentally or calculated theoretically. The theo- 
retical ealculation often may take the form of 
numerical Integration on an existing tabulation 
of power spectral density (PSD) obtained 
from a Monte Carlo Simulation or, perhaps, 
may be evaluated directly from a closed-form 
expression for PSD. If an analytical expression 
is available for PSD, then the Option is open 
for the derivation of a closed-form expression 
for the FOBP as well. Though numerical inte- 

gration can generally be refined 
— MSK I to yield whatever precision is 
' — J  desired, the closed-form ex­

pression may be preferable for 
the insight it provides into as- 
ymptotic behavior, or for the 
Validation of similar closed- 
form results available from oth- 
er sources.

This article offers closed- 
fonn expressions for FOBP for 
classical binar)7 phase-shift key- 
ing (BPSK), quadrature phase- 
shift keving (QPSK) (including 
offset QPSK (OQPSK)) and 
minimum-shift keying (MSK)

modulation. Of these three cases, the classical 
MSK presents the greatest challenge. In all 
cases the FOBP is expressible in terms of well- 
known, widely tabulated functions. The deriva­
tion ol closed-form FOBP begins, of course, 
with the analytic expression for PSD. All of the 
PSDs mentioned thus far are shown in Figure 
1. The FOBP characteristics are shown in Fig­
ure 2. The FOBP expressions reported here

▲  Fig. 2 FOBP for BPSK, QPSK and MSK.

[Continued on page 130]
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TECHNICAL NOTE

A  Fig. 3 PSD fo r digital FSK for Mrious 
values o f modulation index h, including MSK, 
normalizedfor unit transmitter power.

were derived and subsequently veri- 
fied against the results of numerical 
integration on known PSD.

BPSK AND QPSK CASES
The expressions for die PSD of clas­

sical BPSK, QPSK and OQPSK take 
the same familiär general form.1 For 
the present purposes it is convenient to 
normalize all PSDs for unit Signal pow­
er so diat the FOBP is simply equal to 
the out-of-band power itself. When the 
data Signal is denoted by s(t), the PSD 
is usually denoted by |S(f)|2, whose nor- 
malized expression becomes 

For BPSK at Bit Rate R =  1 /T

Note that the factor T in the denomi- 
nator is not squared. As usual, fc indi- 
cates the RF carrier.

The FOBP is readily determined 
in closed form in terms of the widely2 
tabulated Si(x) function:

o
The frequency variable for FOBP has 
been defined by various authors as ei- 
ther the upper band edge frequency 
or the normalized doublesided band- 
width WT as previously illustrated in 
the PSD plots. The FOBP (designat- 
ed here as FOBP1) becomes

f o b p i (w t ) =

for BPSK. 

130

For QPSK, OQPSK at Net U n k  Bit 
Rate R = 1/T, Combining I and Q 
Channels

The power spectral density of 
QPSK (and OQPSK) takes the same 
form as that of BPSK, except for a 
factor of 2 compression in the fre­
quency domain.1 That compression is 
the well-known doubling of spectral 
efficiency attained by reverting to 
QPSK or OQPSK. The resu lting  
FOBP characteristic is similarly com- 
pressed  in frequency, lead ine to 
FOBP2:

FOBP2(w t ) =

Jsi(2itW T) cos(2itW T)-lt 2jc2WT

for QPSK, OQPSK.

MSK CASE
The normalized PSD of MSK is 

simply expressed as3

However, the expression for FOBP is 
somewhat more complicated than for 
the BPSK case. Here it is convenient to 
invoke a new function Xi(x) based on 
the widely2 tabulated Ci(x) function:

Xi(x) = ƒ ——-—-  dt = ln yx -  Ci(x) 
o

where
Y = Euler’ s constant (1.781072)

Now the required expression is given 
as FOBP3:

FOBP3(w t ) =

4WT[l + cos(2hWT)]

7I2[^1-(2WT)2J

®(2itWT -  it) + Si{2lt\VT + n)

Xi(2nWT -  it) -  Xi(2it\VT + it)

SOFTWARE IMPLEMENTATION
Most Contemporary mathematical 

software packages eitlier include the 
Si(x) and Ci(x) functions explicitly or 
allow their inclüsion implicitly as user- 
defined integrals for numerical evalua- 
tion. All of these software packages 
will most likely suffi.ee for the produc- 
tion of plots over the abscissa range 
shown previously in the FOBP plot. 
However, for large WT some of the 
available software may produce un- 
steady, ragged plots. Therefore, it may 
be helpful to state the Taylor series ex- 
pansions of Si(x) and Xi(x):

s«(x)= Ê -ip+l
p=]

x2p_1

(2 p - l) (2 p - l) !

» W = I - ip
P=1

x2p

2p(—p)l

If the upper limit of =* is replaeed, for 
example, by p = 60 in both series, then 
the series provide accuracy to within a 
tmneation error of less than 2 x 1(H4 
for values of x up to 36. In addition, the 
following asymptotic expressions may 
be substituted for the required func­
tions for extremely large values of x:

Xi(x) => —  -  ln(x) -  0.577215665

GENERAUZATION OF MSK 
SPECTRAL DENSITY

The MSK modulation format is a 
special case of binary frequeney-shift 
keying (FSK) in which the selected 
modulation index is h = 0.5, which is 
the value that forces a phase change 
of ±tc/2 on each bit interval. In gener­
al, the normalized PSD for FSK over 
a large range of h is given by4’5

[cos 2ttF -  cos 7chJ~

[cos 27iF -  cos 7ch]~ + sin2 2rcF 

where 

F = (f -  fc)T

This family of normalized PSD is 
shown in F ig u re  3. To date, no 

[Continued onpage 134] 
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M t e c h n i c a l

closed-form expression for FOBP has 
been made widely available. Expres­
sions for the PSD of more complex 
digital FSK schemes are available 
from more recent sources.6-7

CONCLUSION
Closed-form  expressions for 

FOBP for classical BPSK, QPSK and 
MSK modulation have been derived 
and compared to PSD calculations to 
verify their accuracy. These expres­
sions may be used in place of numeri­
cal integration to determine asymp- 
totic behavior or to validate other 
similar closed-form results for FOBP 
analysis of digital data signals. ■
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dustry is demanding higher performance in 
smaller footprints at a lower cost. Current 
quadrature coupler offerings suffer from vari- 
ous drawbacks such as narrow bandwidth and 
limited selection in the case of GaAs-based 
products, poor repeatability for core- and wire- 
based products, and large size and leadless sur- 
face-mount package styles for other types.

A series of high performance 3 dB quadra­
ture couplers lias been developed using Blue 
Cell™ teehnology. These products exhibit low 
insertion loss, amplitude unbalance and phase 
unbalance with good isolation covering the 
800 to 2400 MHz frequency range. The fin- 
ished part has an ultra-low height of 0.05", 
measures 0.290" x 0.300" and is targeted for 

high performance coupler de­
signs for moderate to high vol­
ume markets.

COUPLER DESIGN
The designs were accom- 

plished using HF Momentum, 
a 2.5-D electromagnetic simu­
lator that allows the designer to 
model complex physical struc- 
tures with a high level of ac-

▼  Fig. 1 Insertion loss.

curacy. Using design techniques developed 
at Blue Cell, excellent perform ance was 
achieved with just one design iteration.

PRODUCT ASSEMBLY
The 3 dB quadrature couplers comprise a 

multilayer ceramic structure using processes 
and materials chosen for best electrical perfor­
mance. Strict Controls are placed on both the 
materials and the processes to ensure excel­
lent performance repeatability from part to 
part. The use of ceramic material improves 
thermal dissipation and produces a hermetic 
structure, which results in excellent environ­
mental ruggedness. The package consists of 10 
leads welded to the Substrate, forming a ro­
bust and reliable assembly. The leads are sol- 
der plated for good soklerability.

COUPLER PERFORMANCE
The model QBA-12 coupler operates from 

800 to 1200 MHz, and its average insertion 
loss is typieally less than 0.3 dB across the füll 
band. Amplitude unbalance is 0.3 dB, with 
phase unbalance of 2° and isolation of 22 dB 
across the band. Figure 1 shows the QBA-12 

[Continwd on page 138]

B l u e  C e l l  T e c h n o l o g y ,
A FAMILY MEMBER OF MlNI-ClRCUITS 

Brooklyn, NY
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From the Lead in
Comes The Latest in PLL

Technology,
Technology!

Model
N um ber

Frequency
(MHz)

Integrated
(100 Hz-100kHz)

SSB (J>n
(dBc/Hz @ 100 kHz)

Frequencv Range
800 1200 1600 ‘ 2000 2400 2800

PI.1,0930a 900-960 0.75" -130 |  GSM

PLL1260A 1230-1290 0.75“ -123 |  T errestria l Radio

PLL1456A 1420-1490 0.75° -125 |  W ireless Local Loop

PLL2710A 2670-2740 1.25" -117 MM DS/LMDS |

Your Next PLL OnlyA Phone CallAwayl

Using our patented ulfra-low noise technology, Z-Communicatkms lias established a brand new 
technology base fo r  our customers in the growing wireless market. The PLL family ofphase 
locked lóóp Solutions employ the latest in packaging technology coupled with superior SSB  
phase noise performance. Take a look at our innovative Solutions fo r  the GSM, terrestrial 
radio, WLL and LMDS/MMDS markets to seehow easy designing in a 7.-COMM PLL solution 
foryour nextproduct can be. W e’re not just about VCOs anymore —  we 're all about Solutions!

C o m e to .
th e S o u r c e ..,

S f » -COMM.
Z~Communications, Ine. Learn more about Z-COMM’s PLL product 

line by visiting our website: www.zcomm.com 
for datasheets, outline drawings, tape & reel 
specifïcations and application notes as wel! as 
our complete product catalog.

9939 Via Pasar • San Diego, CA 92126 • TEL: (858) 621-2700 • Fax: (858) 621-2722 • mvyv.zcomm.com • salef@zcomm.eom
pcAnro tLFPVirr r*pn

http://www.zcomm.com
mailto:salef@zcomm.eom
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A k  Fig. 2 Phase unbalance. A l Fig. 3 Amplitude unbalance. A l Fig. 4 Isolation.

TABLE I
ELECTRICAL SPECIFICATIONS

Model
No.

Frequency

(MHz)

Isolation
(dB) (dB)

Phase
Unbalance

(V

Am plitude
Unbalance

(dB)

Typ Min 4
Avg Avg Sigma Max Max

QBA-12N 8001o 900 28 20 0.25 0.30 0 02 3.0 1.0

QBA-12 S00 tc>1200 23 14 0.25 0.44 002 6.0 1.2

QBA-20 18001o 2000 23 18 0.47 054 0 02 4.0 0.7

QRA-20W 1500 to 2200 23 16 0.41 0.58 0 02 5.0 1.2

QBA-24 19001o 2400 21 § i f H ; 0.54 0.71 0.02 6.0 0.8

QBA-24W 1700 to 2400 2 15 0.49 0 71 0.02 6.0 1.2

Tncludes test fixture lusses

coupler’s insertion loss; Figuren 2 
and 3 show phase unbalance and am­
plitude unbalance, respectively. The 
units isolation and return loss perfor­
mance are shown in Figuren 4 and 5, 
respectively. The model QBA-12N 
coupler is specified to operate over 
the cellular bandwidth of 800 to 900 
MHz and features typical perfor­
mance of 0.25 dB insertion loss, 0.3 
dB amplitude unbalance, 1° phase 
unbalance and 24 dB isolation. Per­
formance is dependent on the quality 
of the printed circuit board used for 
the motherboard. High performance 
PCB materials with diefectric thick- 
ness of 30 mil or thinner and ground 
vias placed less than an eighth-wave- 
length apart should be employed. A 
recommended footprint is provided 
in the coupler’s data sheet and can be 
downloaded from the Company’s Web 
site at www.minicircuits.com in the 
“What’s New” section. Fable 1 lists 
the coupler family’s specifications.

APPLICATIONS
There are many apphcations that 

utilize 3 dB quadrature couplers, 
such as power combiners, balance 
amplifiers, variable attenuators, phase 
slufters, I/Q modulators and image-

~~ SUM —  PORT 1 — PORT 2

A  Fig. 5 SWR performance.

reject mixers. The couplers offer low 
thermal resistance and an ability to 
operate at an elevated temperature 
due to their ceramic structure. The 
units also can operate with up to 50 
W of input power, enabling their use 
in moderate to high power circuits.

Power capability tests conducted 
indicate that each unit is capable of 
handling even greater power at room 
temperature. With 120 W of RF in­
put power, the leads detached from 
the motherboard due to melting of 
the solder connection. After reattach- 
ment, the unit performed as before 
with no performance change noted. 
Continuous Operation of the coupler 
at 50 W for a week indicated no per­
formance degradation.

CONCLUSION
A series of microwave high perfor­

mance, surface-mount quacfrature 
couplers have been presented, which 
offer good power handling in a small 
footprint. These couplers are de- 
signed using Blue Cell technology 
and feature a very low height that is 
suitable for use in Personal Comput­
er Memory Card International Asso­
ciation cards. The products are in- 
tended for demanding low cost, high 
quality, high volume apphcations and 
are priced at $6.95 in quantities of 10 
to 49. Delivery is from stock.

Blue Cell Technology, 
a family member o f Mini-Circuits, 
Brooklyn, NY (718) 934-4500.

Circle No. 322
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WEB UPDATE

•  Wireless, Space and Defense 
Products

T liis  W e b  s i te  lists  e le c tr ic a l  s p ec ifica tio n s  
to r  all c a ta lo g  p ro d u e ts . A n  e n h a n c e d  p ro f ile  
s e c t io n  d e s e r ib e s  t h e  C o m p a n y s  tw o  b u s i­
n e s s  g roups: W ire le ss  a n d  S p ace  &  D e fen se . 
T h e  s i te  a ls o  in c lu d e s  jo b  o p p o r tu n i t ie s ,  
p re ss  re lease s  a n d  th e  lo ca tio n  o f  all A na ren

Anaren Microwave Ine.,
6635 Kirkville Road,
East Syracuse, N Y 13057

www.cst.de

•  3-D EM Simulation Software
T h is  W eb  s ite  de ta ils  th is  th re e -d irn e n s io n a l 
(3 D ) E M  so ftw a re  sp ec ia lis t, in c lu d in g  p ro d ­
u c t  o v erv iew s , a  C om pany  p ro f ile  a n d  u s e r  
su p p o r t  in fo rm a tio n . M ieroW ave S tu d io  3 -D  
E M  S im u la tio n  s o ftw a re  p ro v id e s  fa s t  a n d  
a c c u r a t e  c a lc u la t io n  a n d  o p t im iz a t io n  o f  
S p a ra m e te rs , a n te n n a  ca lcu la tions, f ie ld  p a t- 
t e r n s ,  e ig e n m o d e s ,  m o d e  p a t te r n s ,  p o w e r  
flow s a n d  m ore .
C S T  o f America Ine.,
124 Mount A ubum  Street,
Cambridge, MA 02138

•  Base Station 
Antenna Products

T h e  s i te  fe a tu re s  a  fü ll p ro d u c t  ca ta lo g , in ­
c lu d in g  p h o to g ra p h s, d ra w ings a n d  p a t te rn s  
a s  w e ll  a s  a  l ib ra ry  o f  te c h n ic a l  a r t ic le s . A  
c u s to m e r  can  sea rch  p ro d u e ts  b a s e d  o n  th e  
c r i te r ia  m os t im p o rta n t  fo r  a  p a r t ic u la r  a p -  
p lica tio n  u s in g  th e  p ro d u c t  spec ifier. P ro p a­
g a tio n  p a t te m  files  a r e  d o w n lo ad a b le  in  18 
d if fe re n t  so ftw a re  fo rm ats. O n - lin e  q u o te  r e -  
q u e s ts  a r e  also  availab le.
EMS Wireless,
5060 Avalon Ridge Parkway, Suite 300, 
Norcross, GA 30071

9 RF to  Millimeter-wave 
Integrated Circuits

T h is  W e b  s i te  in c lu d e s  t h e  C o m p a n y s  fu ll 
lin e  o f  S tandard  p ro d u c t  d a ta  sh e e ts  in  P D F  
fo rm a t , S p a r a m e te r s  o f  s e le c te d  p ro d u e ts  
a n d  a  m ix e r s p u r  c h a r t  c a lcu la to r a s  w e ll as 
a p p l ic a t io n  n o te s .  M o re  t h a n  1 0 0  M M IC  
d ie , c e ra m ic -p ac k ag ed  d ie  a n d  p lastic-pack - 
a g e d  d ie  p ro d u e ts  c o v e rin g  D C  to  4 0  G l i z  
a r e  f e a tu re d .
H ittite M icrowave Corp.,
12 Elizabeth Drive,
Chelmsford, MA 01824

www.emswireless.com www.hittite.com
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•  Cost-effective
RF and Microwave Products

V isit th is  W e b  site  to  le a m  m o re  a b o u t  Üiis 
l e a d e r  in  t h e  d e s ig n  a n d  m a n u f a c t u r e  o f  
c o s t-e ffe c tiv e  R F  a n d  m ic ro w av e  c a b le  as- 
s e in b lie s , d e la y  l in e s  a n d  h a m e s se s  fo r  th e  
w ire le s s , c o m m e rc ia l  C o m m u n ica tio n s  a n d  
m ili ta ry  d e f e n s e  m a rk e ts . G e t  in fo rm a tio n  
o n  th e  C om panys s ta te - o f- th e - a r t  m an u fae - 
tu r in g  facilities , p r o d u c t  re fiab ility  a n d  cu s­
to m e r  satisfaction .
Dynawave Ine.,
135 Ward H ill, HaverhiU, M A 01835

www.dynawave.com

9 Low Insertion Force
Connectors

A  füll ra n g e  o f  lo w  in s e r t io n  fo rce , h ig h  e ye le 
life  c o n n e c to r  p ro d u e ts  f e a tu i in g  th e  25,000- 
cye lc eoaxial co n n e c to rs  a r e  ava ilab le  a t  th is  
W e b  s ite . T h e  H ypertac®  h y p e rb o lo id  c o n ­
ta c t  sy stem  p ro v id e s  lo w  fo rce  fo r  ea sy  co n - 
n e c t io n , lo n g  life  a n d  ex c e p tio n a l in te g r i ty  
u n d e r  th e  e x trem es  o f  sh o ck  a n d  V ibration. 
Hypertronics Corp.,
16 Brent Drive, Hudson, MA 01749

www.hypertronics.com
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^  Application Profile

How Do I Make Bluetooth Wireless Products Small and Inexpensive??

Use the Integrated ASIC LTCC Modules from National Semiconductor 
Using DuPont Green Tape and Fine-Line Technology.

An integrated ASIC? 
Inexpensive??

Teil me more!!!

National Semiconductor 
leads the way in B luetooth,
Cell Phone and o ther wireless 
applications in applying 
LTCC to integrated wireless 
modules. N ational’s latest 
advances in LTCC 
m anufacturing technology, 
combined with D uPont’s 
advances in G reen Tape1“,
Fodel® Compositions and thick 
film conductor materials, have 
established a new low-cost 
Standard for wireless modules.

LOW-COST LTCC

LTCC is the least expensive 
alternative for your R F wireless 
design. Consider that the LTCC 
raw material is inorganic (earth  
oxides) versus the alternatives — 
organic (oil). Also, the process 
is scalable in panel size as the 
manufacturing volume increases, 
thereby drastically reducing cost 
per square inch.

LTCC has the highest passive 
integration capability of any 
active/passive component 
board-level System. M ore passive 
com ponents in the LTCC and 
not on top of the module, 
resulting in less space utilized 
and the lowest System cost 
solution.

THE INTEGRATED ASIC

With the capability of D uPont’s 
Fodel® fine-line technology, 
active components can be flip- 
chip mounted to the LTCC 
module. The high frequency 
characteristics of the entire 
vertical structure can be modeled, 
and perform ance optimized. Also, 
results have shown higher- 
yielding D C  interconnects, 
improved Q on edge-coupled, 
edge-sensitive structures, and 
more consistent electromagnetic 
results in  R F structures. The 
resultant module perform ance is 
optimized, space minimized, and 
the resultant cost 25% to 50% 
below competing technologies.

LTCC has come to lead the 
wireless revolution, and offers 
the lowest-cost, smallest-size,

and highest-perform ance solution 
to  your wireless design. NationaTs 
LTCC foundry technology offers 
you the fastest design-to-volume 
format. P roto cycle times in less 
than seven days, flexible manu- 
facturing lines accommodating 
design and capacity changes 
without delivery interruption, 
30-day ram p to volume — all this 
plus com plete assembly and test 
services that support the füll line 
of DuPont G reen Tape™ produets.

National: Doing what we do 
best — prototype tums in 7 days; 
state-of-the-art technology; and 
low-cost/high-volume QS9000 
manufacturing.

For more information, 
call National at 

(949) 380-2054 or visit the 
National LTCC website at 

http://www.national.com/ltcc.

N a t i o n a l
S e m ic o n d u c to r •

m m

GREEN TAPE™ FODEL® BIROX® DIFFUSION PATTERNING™ LUXPRINT®

http://www.national.com/ltcc
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9 ISM Wireless Data Antennas
T liis  n ew  W e b  p ag e  is d e d ic a te d  exclusively 
to  th e  p ro m o tio n  o f  th e  C om panys g row ing  
p o rtfo lio  o f  ind u s tr ia l, sc ie n tific  a n d  m ed ica l 
b a n d  (IS M ) w ire less  d a ta  a n te n n a s . B y c lick- 
in g  o n  e a ch  ca tego ry , u s e r s  c a n  b ro w se  a n d  
p r in t  o u t  d e ta ile d  spec ification  s h ee ts , r e le ­
v a n t  p re s s  re le a s e s  a n d  a  lis t in g  o f  a u th o -  
r iz e d  re p res e n ta tiv es  w ith in  t l ie  U S. 
MAXRAD,
4350 Chandler Drive,
Ilanover Park, IL  60103

www.maxrad.com/
wirelessdata

•  DC-40 GHz
Microwave Products

T liis  W e b  s i te  overv iew s th e  la te s t te c h n o lo ­
g y  h ig h  p e r fo rm a n c e  f i l te rs , d ip lex e r s , d u - 
p lexe rs  a n d  rnu ltip lexers c o v e rin g  th e  D C  to  
4 0  G H z  ra n g e . A n  o n -lin e  ca ta log  a n d  Com­
p a n y  p ro f ile  c a n  a lso  b e  accessed . 
Microwave Circuits Ine.,
6865 Eastem  Ave. NW,
Washington, DC 20012

www.micckts.com

•  Waveguide Components 
and Subassemblies

Visit th is C om panys W eb  site  to  d iscover how

w avegu ide co m p o n e n ts  a n d  su bassem b lies in 
th e  m ic ro w av e  in d u s try . In  a d d it io n , le a rn  
m o re  a b o u t w avegu ide b e n d s  a n d  tw ists, d i- 
re c tio n a l co u p le rs  a n d  m o n o p u lse  co m p a ra - 
to rs , ro ta ry  jo in ts , m ic ro w av e  filte rs , ro ta ry  
sw itches, a n d  w a vegu ide s h u tte rs  a n d  w ave­
gu id e p re ssu re  Windows.
MDL Ine.,
135 Crescent Road,
Needham Heights, MA 02494

W W W .

micro-dev-labs.com

•  Digitally Tunable RF Filters
V isit th is  W e b  s i te  t o  v iew  S tandard  tu n a b le  
f i l te r  p ro d u e ts , l e a m  m o re  a b o u t  th e  te c h ­
nology  u t iliz ed  in  t h e  C om panys u n iq u e  h op - 
p in g  filters , d o w n lo ad  its  fr e e  tu n a b le  filte r 
so ftw a re  o r  s e n d  a n  e-m a il r e q u e s t  fo r  ad d i­
tional in fo rm a tion .
Pole/Zero Corp.,
5530 Union Centre Drive,
West Chester, OH 45069

www.polezero.com

9 High Performance
Printed Circuits

T h is  W e b  s i te  o ff e rs  in fo rm a tio n  o n  p ro to ­
t y p e  to  h ig h  v o lu m e , h i g h  p e r f o r m a n c e  
p r in te d  c ircu its , in c lu d in g  d o u b les id cd , m u l- 
t i la y e r  a n d  m ix e d  d i e le c t r i c  d e s ig n s .  T h e  
C om pany also  bon d s  p r in te d  c ircu its  to  m etal 
ca rr ie rs  u s in g  F le x lin k  II  c o n d u c tiv e  ad lie - 
sive. L a m in a te s  u sed  in c lu d e  T eflon , P T F E , 
D u ro id , R ogers 4350 , G e te k  a n d  po ly im idc . 
F in i s h e s  in c lu d e  t in / l e a d ,  im m e rs io n  a n d  
e le ctro ly tic  n icke l/go ld , s ilve r a n d  O S P  over

Poly Circuits,
215 Park Street, Bensenville, IL 60106

www.mwav.com
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Gore Fiber Optie Cables...
When Things Get Very Close and Very Hot

W. L. Gore & Associates, Ine. 
1901 Barksdale Road 
Newark, DE 19714 
Fax (302) 738-5993

www.flexliteoptics.com

FLEX-LITE™ Fiber Optie Cables - 
Contimious Performance Through 

150°C Even in Tight Spaces.

Gore’s FLEX-LITE™ fiber optie eables and assemblies 
provide unparalleled attenuation and phase stability under 
temperature extremes, and are available in small, extremely 
flexible constructions.

Gore’s patented expanded PTFE buffer system dilferentiates 
us ffom traditional fiber cables. Our buffer effectively 
decouples the optical fiber fiom other cable elements such as 
jackets and braids. As a result, optical performance of a Gore 
cable closely approximates that of a bare optical fiber even 
under mechanical or thermal stresses. This significant 
improvement in reliability is common to all of Gore’s 
produets including: ribbon cables, high strength tether cables, 
hybrid round cables, and simplex cables.

FLEX-LITE™ Cable
Features:
•  Stable Attenuation from 

-55°C to  +150°C
•  Low shrinkage
•  Small size for tight spaces 

(0.6 mm and 1.2 mm 
diameters)

•  Easy-to-handle, small 
profile fiber ribbons 
(fiber counts o f 8 and 12)

•  Low skew (< 2.0 ps/m)

(CTE)
ss fiber and extruded jackets 
ise substantial stress, 
robending losses, and reduced 
ir life. Gore's expanded PTFE 

buffering system is 70% air, and

changes, flexure.or bending.Signal T ransmission 
Solutions
Gore has applied its 40 year experience in high frequency 
microwave and digital signal transmission to develop the

V challenging applica- 
from 

Indus- 
Speed Computing, 
Call now for 

complete details.

-4673

CIRCLE 173 ON READER SERVICE CARD

http://www.flexliteoptics.com


WEB UPDATE

•  Interference and Combining
Solutions

T h is  m u lti l in g u a l , in te ra c t iv e  e - c o m m e rc e  
W e b  s i te  d e s e r i b e s  t h e  C o m p a n y s  f i l t e r -  
b a s e d  p ro d u e ts , in c lu d in g  to w er -to p  am p li- 
fie rs  a n d  b an d p a ss , low pass a n d  n o tc h  filters  
fo r th e  la n d  m o b ile  rad io  pag in g . S M R , ce l­
lu la r  a n d  P C S  m a rk e ts . S e c t io n s  c o v e r  a ir  
tra ffic  co n tro l, T E T R A , pag ing , a m a te u r  ra ­
d io  a n d  s p c c ia l ty  20 0  M H z  S ystem s. D a ta  
sh e e ts  a n d  a  p r ic e  list c a n  b e  d o w n lo ad e d  as 
P D F  files.
REMEC Wacom LP;
PO Box 21145, Waco, TX 76702

www.remecwacom.com

•  RF Filters
T his  W eb  s ite  p ro v id e s  co n c ise  in fo rm a tio n  
a b o u t  SA W  f i lte rs  a n d  S A W -bascd  Subsys­
te m s ,  i n c lu d in g  p r o d u c t  d a t a  s h e e t s  a n d  
C om pany a n d  in v es to r in fo rm a tio n  p lu s  SAW 
basics. T h e  site  is con tin u a lly  b e in g  u p d a te d , 
a n d  a  n e w  ex pansion  is sch e d u le d  to  go on 
lin e  in la te  J u n c  liigh lig h tin g  th e  C om panys 
M ic ro s c n s o r  S y s te m s  In e . d iv isio n  a n d  its  
w ade ra n g e  o f  C hem ical s e n s in g  eq u ip m e n t .

1818 S.H icy. 441, PO Box 60 .9 5 0 1 , 
Orlando, FL 32860-9501

www.sawtek.com
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•  Component Sourcing
Solution

T h is  n e w ly  d e s ig n e d  W e b  s i te  em p h a s iz e s  
th e  C o m p a n y s  m a n u fa c tu re rs  a n d  v e n d o rs . 
T l i e r e  a r e  o n - l i n e  o r d e r i n g  c a p a b i l i t i e s  
w h e re  t h e  c u s to m e r  c a n  s e le c t  p a r t s  from  
th e  in d u s tr y s  le a d in g  m a n u f a c tu re rs ,  v iew  
p ro d u c t  d a ta  s h ee ts  a n d  p la c e  o rd e rs . I n  ad- 
d i t io n ,  a n  o n - l in e  c a ta lo g  in c lu d e s  co n v e - 
n ie n t  p a r t  n u m b e r  a n d  k e y  c h a ra c te r i s t i c  
sea rch iu g  c apab ilitie s.
Richardson Electronics,
40W 267 Keslinger Rd..
La Fox, IL  60147

www.rfpowernet.com

#  High Frequency Laminates
T h is  W e b  s i te  p ro v id e s  in fo rm a tio n  a b o u t  
th is  su p p lic r  o f  h igh  fr e q u e n c y  lam in a tes  fo r 
R F  a n d  m icrow ave app lica tio n s  s u ch  as ce l­
lu la r  a n d  P C S  b a s e  s ta t io n s , p o w e r  am p li-  
f ie rs , low  n o is e  b lo ck s  fo r  d ire c t  b ro a d c a st  
Systems, p a te li a n te n n a s  fo r a  w id e  va r ie ty  o f 
a p p l ic a t io n s  a n d  h ig h  p e r f o r m a n c e ,  h ig h  
sp e e d  d ig ita l c ircu its .
Rogers Corp.,
Microwave Materials Division,
100 S. Roosevelt Ave.,
Chandler, AZ 85226

www.rogers-corp.com/
mwu/index.htm

r e g i s t e r

H r “  S S ä a s r

m  Trans-Tech 1

. . A . " « *  .... *1

•  Test and Measurement 
Marketplace

T h is  c o m p re h e n s iv e  te s t a n d  m e a s u re m e n t  
W e b  site  —  th e  m o s t v isited  s i te  o f  i ts  k ind  
—  h a s  re c e n tly  a d d e d  m a jo r  en h a n c e m e n ts  
f c a tu r in g  sign ifican tly  e x p a n d e d  c o n te n t,  in ­
te g r a te d  p ro d u c t  co m p a riso n  a n d  au to m a te d  
co m m e rc e  func tio n s  th a t  m ak e  it  a  m o re  s e ­
c u r e  a n d  co n v c n ie n t  en v iro n m e n t fo r  t ra n s-  
ac tions.
TestMart,
851 Traeger Avenue,
San Bruno, CA 94066

t  Microwave/RF Products
T his  u p d a te d  W e b  s i te  h ig h lig h ts  m icrow ave 
a n d  R F  f i l t e r s ,  d i e l e c t r i c  r e s o n a to r s  a n d  
m ag n e tic  m a te r ia ls  a n d  o ffe rs  C A R D /C O A X  
a n d  ( T1A FT s o ftw a re  fo r  d ie le c tr ic  a n d  coax- 
ial re s o n a to r  a n d  f i l te r  sc le e tio n . A n e w  u s e r  
i n te r f a c e  e n a b le s  u s e r s  to  q u ic k ly  s u r f  th e  
s i te  f o r  in fo rm a tio n .
Trans-Tech,
5520 Adamstown Road,
Adamstown, MD 21710

www.testsmart.com www.trans-techinc.com
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2 W s m  DC to 18 GHz ATTENUATORS
How can you buy attenuators that combine world renowned engineering expertise with 
high quality stainless steel construction, low cost, and off-the-shelf availability? Specify 
Mini-Circuits fixed attenuators! Built tough to handle 2 or 5 wat 

' 125 watts peak power, these attenuators supply precision accurate 1dB to 
40dB attenuation values with high temperature stability and excellent phase 
linearity in the broad DC to 18GHz band. Contact Mini-Circuits and capture . 
this next generation of value for your system integration today!

Mini-Circuits.. 3 redefining what VALUE is all about!

with
to

w

ALL VALUES IN STOCK

□  Mini-Circuits
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see M 

Y b ü  ‘The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.i

UsftX „| ; •4Ü
CIRC' F READER SERVICE CAPD 

ll-CIRCUITS CATALOG & WEB SITE
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PRODUCT FEATURE

Broadband DC  
to 4 GHz D igital 
Attenuators 
with High 
Accuracy

Control of Signal strength while main- 
taining Signal integrity in the transmit 
and receive paths of wireless Systems 

has always been a concern of RF design engi- 
neers. A family of seven low cost two-, three- 
and five-bit digital attenuator (DATT) GaAs 
ICs has been developed to address these 
needs. The new attenuators offer unprece- 
dented bandwidth from DC to 4 GHz, posi­
tive bias and control, and ±0.2 to ±0.5 dB (typ) 
accuracy in plastic packages as small as a six- 
lead SOT26 configuration. Excellent input IP3 
performance of +44 to +54 dBrn characterizes 
these attenuators, satisfying todays linearity 
requirements for cellular/PCS/3G/industrial, 
scientific and medical (ISM) and broadband 
datacom Systems.

Tahle 1 lists the attenuator product line’s 
typical characteristics. All designs were opti­
mized for the greatest bandwidth. Product spec- 
ifications are targeted toward the frequency 
bands of 0.7 to 1.4 GHz (cellular, personal digi­
tal cellular and personal handyphone system),

1.4 to 2,3 GHz (PCS and 3G), 2.3 to 2.7 GHz 
(ISM, Home RF, Bluetooth and multichannel 
multipoint distribution system) and 2.7 to 3.7 
GHz (wireless local loop).

Exceptional DC to 4 GHz performance al- 
lows the model HMC307QS16G to address ca­
ble modern, Instrumentation and all IF applica­
tions down to DC. The model HMC306MS10 
DATT offers the least significant bit (LSB) 
step of 0.5 dB while maintaining a bit error of 
±0.25 dB. Botli the models HMG273MS10G 
and IIMC307QS16G offer traditional 1 dB 
least significant bit steps to a maximum of 31 
dB. Occupying only 14.8 mm2 in a 10-lead 
MSOP package, the HMC273MS10G device 
is the smallest five-bit, 1 to 31 dB digital at­
tenuator available today. Reference insertion 
loss is typically less than 2.5 dB for each five- 
bit product. For base station applications, 
these three DATT produets can help increase

I I it t it e  M ic r o w a v e  C o r p .
Chelmsford, MA
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China External Trade 
Development Council (CETRA)

5 Hsin-yi Rd., Sec. 5, Taipei, Taiwan 110, R.O.C. 
Tel: 886-2-2725-1111 Fax: 886-2-2725-1314 
E-mail: telecom6cetra.org.tw

TABLE I
GaAs IC DIGITAL ATTENUATOR CHARACTERISTICS '

Part Num ber DescripUtm Frequency 
Range (SHzj

A ttenuation  
Step Sites (dB) Less (dB)

B it
Error (dB) i n  (dBmj R g H S g J

H M C 2 7 3 M S 1 0 G
five b i t  

1 to  31 dB  
p os itive  b ias

0 .7  t o  3 .7 : 1, 2 , 4 , 8 ,1 6 M ± 0 .5 +48 14.8

H M C 3 0 7 Q S 1 6 G
five b it 

1 to  31 dB  
n eg a tiv e  b ias

D C  to  4 .0 1 ,2 , 4 , 8 , 1 6 2.0 ± 0 .5 + 44 29.4

H M C 3 0 6 M S 1 0
five b i t

0 .5  to  15 .5  d B  
p o s itiv e  b ias

0 .7  to  4 .0 0 .5 , 1 ,2 ,4 ,  8 1.8 ± 0 .25 +52 14.8

IIM C 2 3 0 M S 8
th r e e  b it 

4  to  2 8  d B  
p o s itiv e  b ias

0 .7 5  t o  2 .0 4 ,8 ,1 6 L 8 ± 0 .5 + 46 14.8

H M C 2 8 8 M S 8
th re e  b it 

2  to  14  dB  
p o s itiv e  b ias

0 .7  to  3 .7 2 ,4 , 8 1 . 5 :: ± 0 .3 +51 14.8

H M C 2 9 1
tw o b i t  

4  to  12 d B  
p o s itiv e  b ias

0 .7  t o  4 .0 4 ,8 ; 0 .9 ± 0 .2 + 54  • 9

H M C 2 9 0
tw o  b i t  

2  to  6  d B  
p o s itiv e  bias

0 .7  t o  4 .0 2 ,4 0 .6 ± 0 ,2 + 52 9

* AU d a ta  a re  m id -b a n d  typ ical

Face to Face
with

T e l e c o m
A U G .31  t©  SEPT.3

T aipei In te rn a tio n a l 
T elecom m unications S h o w

H mmr  L . + h > y  f  , r m  f  L i E I
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PRODUCT FEATURE

A  Fig. 1 The model HMC307QS16C 
DATT’s (a) normalized attenuation, (b) bit 
error vs. attenuation and (c) bit error 
vs. frequency characteristics.

A  F ig . 2 The model HMC306MS10 DATT’s 
(a) normalized attenuation, (b) bit error 
vs. attenuation and (c) bit error 
vs. frequency characterislics.

accuracy and reduce PCB size. They 
also may be cascaded for greater at­
tenuation range.

The models HMC230MS8 and 
IIMC288MS8 three-bit DATTs bridge 
the gap between minimal control line 
requirements of three and maximum

attenuation of 28 and 14 dB, respec- 
tively. The HMC230MS8 attenuator 
competes with several 4 to 28 dB 
produets on the market, offering 
pin-for-pin compatibility. The 
HMC288MS8 unit steps from 2 to 14 
dB with exceptional accuracy of ±0.3

dB and input 1P3 of +51 dBm. The at­
tenuators eight-lead MSOP package 
requires only 14.8 mm2 of PCB area.

For circuit designers who require 
coarse gain adjustments, the models 
HMC290 and IIMC291 provide two- 
bit control in step sizes of 4 and 8 dB 
to a 12 dB maximum attenuation and 
2 and 4 dB to a 6 dB maximum atten­
uation, respectively. These produets 
also offer minimal bit error at ±0.2 
dB (typ). Input IP3 for each part is 
excellent at +52 to +54 dBm with less 
than 0.9 dB reference insertion loss. 
For driver amplifier and low noise 
amplifier gain control, handset and 
base station designers will find this 
performance a great alternative to 
higher loss voltage-variable attenua­
tors. Assembled into six-lead SOT26 
packages, the IIMC290 and HMC- 
291 produets offer two-bit attenuator 
control in only 9 mm2.

Figuren l  and 2 show the DC to 4 
GHz performance of the HMC307- 
QS16G and HMC306MS10 DATTs, 
respectively. All of the attenuators re­
quire only a single control voltage for 
each attenuator bit, minimizing logic 
interface and package lead count. A 
single positive bias supplied through 
an extemal 5 kfl resistor is utilized by 
all produets except the negative-bias 
HMC307QS16G unit. Control and 
bias currents for each device are min­
imal at 100 to 250 pA (typ). The sev- 
en DATT ICs are manufactured us- 
ing a high volume production GaAs 
MESFET process, resulting in a low 
cost family of produets with consis­
tent performance. Standard fine lead 
pitch plastic packaging minimizes the 
footprint of each part to between 9 
and 29.4 mm2.

Füll data sheets with the Compa­
nys guarantee of electrical perfor­
mance over temperature are available 
in its new June 2000 catalog supple­
ment or on the Web site at www. 
hittite.com. The produets are avail­
able immediately from stock.

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

Circle No. 324

Check out our Web site at 
www.mwjournal.com
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It takes an innovative 
R&D team to design 

an oscillator so 
precise, so reliable 

and so small.

It takes a robust 
manufacturing facility 

to crank out
thousands of them.

size vs. ou tp u t and continua'IIy meet the tough 

requirements of Stratum 111 and Ute Standards, 

ö u r modern eadqua ters i  t ■ ewburyport, 

Massachusetts has the team and the equipment 

'to  deliver the quantities you need with the 

: '

For technicai and pridng Information visit our 

web site, or call us toll free at 888-MTI-1101.

www.mti-milliren.com
CIRCLE 123 ON READER SERVICE CARD

http://www.mti-milliren.com
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PRODUCT FEATURE

A Single Cable 
for Base Station 
Main Feeder 
and Jumper 
Applications

Fig. 1 Link loss 
comparison. V

I ----VXL5 SITE---- TYPICAL SITE

CABUNG SYSTEM LENGTH (ft)

W ireless Communications rely on 
coaxial cable transmission lines to 
link tower-mounted antennas to 

base station radio equipment. The traditional 
way to form this link is to use a main feeder 
cable and jumper cables. The main feeder is 
normally a 7/8-inch (dia) cable or larger. This 
size cable has good transmission efficiency to 
minimize Signal loss. Jumper cables, at each 
end of the feeder, are 1/2-inch (dia) or smaller. 
They are typically five to 10 feet in length and 
have a smaller bend radius than the main 
feeder to ease attachment of the transmission 
line to the equipment and antenna.

With each extra cable installed in a feeder 
System, some performance is sacrificed and in- 
stallation time and cost increase. To address 
this issue, a single cable has been developed 
that performs both main feeder and jumper 
functions. This new type VXL5-50 7/8-inch 
cable offers the efficiency of a main feeder ca- 

ble but is lighter in weight and 
has the bending and flexing ca- 
pabilities of a typical jumper 
cable. In wireless applications, 
the VXL5 cable can be a single- 
cable solution for the transmis­
sion line function. Performance 
benefits from using a single ca­
ble are realized for both retum 
loss and insertion loss. In addi­

tion, a single cable offers site cost savings be- 
cause lighter weight and extra flexibility aid 
the installation process. Fewer connectors 
contribute to lower insertion loss and, along 
with requiring less weatherproofing, reduce 
installation time and cost at each site. The 
VXL5 cable may be the lowest cost solution 
for today’s design requirements.

INSERTION LOSS
From the viewpoint of insertion loss, the 

selection of cabling for a given application is 
based on the overall length of transmission 
line ran and the transmission efficiency re- 
quired to meet the allowable link loss budget. 
Cabling System options are compared by 
adding up the total link loss evaluated at the 
maximum operating frequeney of the System.

Link losses are caused by cable and addi­
tional transmission line components, such as 
connectors and surge arrestors. The benefits 
of a single cable installed directly into an an­
tenna can be compared with a traditional in­
stallation of Standard 7/8-inch feeder with a 
1/2-inch jumper (10 foot) at the antenna end. 
F ig u r e  1 shows the link losses of the two Sys­
tems as a function of installed cabling length.

[Continued on page 152]

An d r e w  C orp.
Orland Park, 1L
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0.5 to lOGHz

Mini «Circuits
P.0 Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com 

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

2lo32Way 54K
Looking for a "perfect fit" power divider for your 

50or75 ohm design . . . f a s t ?  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 celüar. GSM, ISVI. PCS. and satel ite 
bancs. Selecf Pom 2 to 32way models, wide band units 
and microstrip designs going down to 5CCMHz...al 
guararteed to ship w thin one week. Mini-Grcuits powe- 
dividers a'e built toi.gh to handle nigh matched powe- 
with gooo VSWR, ow nsertion loss, ano hign 
solatic^ between pcrts. A^d for even lower trequency 
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!

Model
No.

Of Models
Freq.

Range (GHz)

2WAY-00 70 0.50-10.0
2WAY-905 2 1.00-4.20
2WAY-180C 2 1.00-2.49
3WAY 0.50-4.20
4WAY 38 0.67-8.40
5WAY 4 0.80-1.80
6WAY 11 0.80-5.00
7WAY 1 1.81-1.99
8WAY 28 0.80-8.40
9WAY 2 0.80-4.80
10WAY 5 0.75-2.40
12WAY 5 0.80-4.20
16WAY 8 0.80-4.80
32WAY 1 0.95-1.75
For detailed model numbers, specifications, 
and prices, consult our web site, RF/IF 
Designer’s Handbook, or call Mini-Circuits.

http://www.minicircuits.com


To see one's work in print 
is th e  rightful rew ard o f every 
Creative engineer and scientist. 
The editors of Microwave Jour­
n a l inv ite  you to  subm ït your 
technical manuscripts fo r con- 
s id e ra tio n  to  be pub lished  in 
o n e  o f  o u r upcom ing issues. 
Technical a rtic le s, applica tion  
notes and tutorial articles based 
on th e  monthly edïtörïal themes 
a re  e n c o u ra g e d . E d ito ria l 
them es include w ireless, radar 
an d  an tennas; RF com ponents 
and systems; te s t and measure- 
m ent; amplifiers and oscillators; 
s e m ic o n d u c to rs  a n d  MMICs; 
com m ercial applica tions; IVHS 
and ITS; dual technologies; Com­
m unications and  PCN; passive 
c o m p o n e n ts ; an d  c o n tro l de- 
vices, modulation and DSP.

D esign fe a tu re s  sh o u ld  
c o n ta in  new  a n d  in n o v a tiv e  
technical ideas o f practical use 
and  in te re s t  to  o u r  p redom i- 
n a n tly  e n g in e e r in g  re a d e r s .  
Papers should be 14 to  16 dou- 
ble-spaced pages and contain 8 
to  12 visual aids in th e  form of 
sketches, graphs, photographs 
or tables.

Papers should be subm it- 
t e d  to  th e  a t t e n t io n  o f  th e  
Technical Editor and will be re- 
viewed promptly by our Editori­
al Review Board prior to  accep- 
ta n c e . A rticles ou ts id e  o f  th e  
monthy them es also will be con- 
sidered.

S E N D  ALL MATERIAL T O : 
Microwave Journal 
685 Canton Street 

Norwood, MA 02062 
(781) 769-9750 

Fax (781) 769-5037

PRODUCT FEATURE
Although slightly higher in attenu- 

ation than the Standard feeder, the 
site utilizing a VXL5 cable solution 
has a lower total insertion loss. Short- 
er installation lengths, which include 
tliose liaving an efficiency target of 71 
percent (1.5 dB of total loss) between 
the radio and antenna, compare even 
more favorably. The link loss eontri- 
butions for components of each in­
stallation type are listed in Table 1. 
For the ealculations, a 100-foot instal­

lation with a maximum operating fre- 
quency of 2 GHz is assumed.

SWR PERFORMANCE
The same installations can be com­

pared for system SWR. With a maxi­
mum SWR of 1.13 for the feeder and 
1.10 for the jumper, the expected per­
formance for system SWR is listed in 
Table 2. Here, all connector SWR 
contributions are included within the 
feeder and jum per specifications.

TABLE I
INSERTION LOSS FOR 100-FOOTSITE INSTALLATION

10 -foo t ju m p e r  0 .3 3

'Iwo oom lectors 014

9 0  loo t f e e d e r  1.69

1 0 0 'foo l lo e d e r —  2.03

T w o c o n n e c to rs  0 .14  0 .14

S u rg r  a m  -stor 0 .1 0  0 .1 0

T o tal Huk b u d g e t  2 .4 0  2 .27

( iu lcn la tion  re fero tiees: < io n n ec to r loss a t 2  G H z  -  <0.05 x  v f i d B  =  0 .0 7  dB
L D F 4 °  a t tc u u a t io n  a t 2  G l l z  =  3 .2 7  dB /l(X )-foot 
L t>K 5° a t t e n u a t io n  a t  2  G H z  =  1 .88  d B /100 -foo t 
VXIJ5 a t te n u a t io n  a t  2  G H z  =  2 .0 3  dB/IOO-fbot

" L D F 4  is A n d re w  IIE L JA X ’ 1/2" a n d  L D F 5  i s  11EL.IAX 7 /8” foam  d ie lec tric  coaxial c a b le

TABLE II
SWR FOR A 10O-FOOT SITE INSTALLATION

Com ponent S tandard Site S ite  with m i s

! Jumper 
1 ' SWR 1.10
f Reflection coëfficiënt 0.0476
• Attenuation factor 0.667
r  Rßfi 0.032 —

: Feeder
I SWR 1.13 1.13

Rcfj 0.0610 0.0610

Sarge arrestor
SWR 1.07 1.07
HCl;. 0.0338 0.0338

RSS 0.077 0.070

SÜ .M (tnax reflection) 0.127 0 .095

System SWR 1.17 1.15

Max SWR 1.29 1.21
1 Caleulation rcferences:

AttenwlMit factor* M pi-ifciTdtfum atior. xftnefh M M 3U >|
t KSS -  square r 
j SUN! =  Reft +

•oot !Retp+ R e t |  + 
Ref»+ ...

[Continued on page 155]
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Reach the Pinnacle 
of High Linearity

With EiC’s NEW 
Broadband Amjj
EiC's new InGaP HBT broadband 
amplifier takes you to the top 
with up-to-the-minute 
technology in affordable 
packages. Perfect for today's high 
performance applications, such 
as wireless and infrastructure, the 
EC-1089 deiivers high linearity, 
high reliability and an SOT-89 
plastic package. The low cost 
broadband amplifier has cutting 
edge specifications and optimal 
performance, as well as superior 
linearity.

Our newest amplifier features:

■  Advanced Indium Gallium 
Phosphide Heterojunction 
Bipolar Transistor (InGaP HBT) 
technology

■ A high OIP3 of >42dBm
■ A high MTTF value

■ A low thermal resistance
■ Optimal performance for 

wireless applications
Call us for information and prices 
on our InGaP HBT Gain Block 
series: EC-1019, EC-1078 and 
EC-1119 — reliable, highly linear 
broadband amplifiers.

In 1997 we established our own 
GaAs HBT fab in Fremont, CA.
We specialize in high frequency 
circuits suitable for use in a wide 
range of applications such as 
wireless, handset, base stations,
WLL, CATV and satellite 
Com m unica tions in the RF and 

m icrowave frequency range.

EiC is fast becoming a leader in 
affordable RFIC production.

Visit us on the w eb at:
www.eiccorp.com

MHHHM JflOE
Output 30j ATj

E n a

18.6dBm 36dBm 150’C/W 60‘C DC-3CHz £lcri&„

BOOTH
1 1 0 2

MTT SHOW BOSTON

fMÊ Corp.

Call for pricing:

510 979 8999

45738 Northpoint Loop West 
Fremont, CA 94538, USA 
Tel: 510.979.8999 
Fax: 510.979.8902 
E-mail: sales@eiccorp.com
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PRODUCT FEATURE

--- TYPICAL SITE RSS - TYPICAL SITE MAX
--- VXL5 SITE RSS - VXL5 SITE MAX

äk Fig. 2 SWR comparison.

(This is not an important distinction 
for evaluating the effect o f the 
jumper.) The specified SWR for each 
com ponent is listed as well as its 
equivalent reflection coëfficiënt, Refx, 
at the radio end of the feeder cable. 
These values are direct conversions of 
the SWR values, except for the 
jumper. The equivalent reflection co­
ëfficiënt of the jumper is obtained by 
multiplying the converted value by an 
attenuation factor, which takes into ac­
count the loss of the feeder cable.

The measured system SWR de- 
pends on the phase relationships of 
the individual reflections and is nor- 
mally estimated in one of two ways. 
The first method assumes random 
phase relationships and uses a root 
sum of squares (RSS) estimate. The 
other method assumes all reflections 
add in phase (SUM) and provides the 
result ïbr the worst case. The 1.17 
SWR, estimated for the Standard site 
RSS, represents a 25 percent increase 
in reflected power compared with the 
system RSS estimate of 1.15 for the 
site installation with the VXL5.

Figure 2 shows the system SWR 
behavior as a function of installed ca­
ble length. Again, the differences in 
performance are even more apparent 
as the installed length becomes short- 
er than the example system.

INSTALLATION COST
The VXL5 cable provides techno- 

logical advantages through its sim- 
plicity and increased reliability and is 
a transmission line solution that has 
lower direct and indirect costs. Since 
the VXL5 cable does not require a 
separate jumper to the base station 
antenna, the costs of jum pers are 
saved in addition to the cost of sec­
ondary weatherproofing. Table 3 lists 
cost comparison details between a

TABLE III
INSTALLATION COST COMPARISON

traditional system installation and one 
utilizing VXL5 cable.

In addition to the direct cost savings, 
installations are smoother and quicker, 
resulting in further cost savings. Less 
time is required because there are few- 
er jumpers and fewer connectors to fit. 
In addition, coordination is simpler be­
cause of fewer parts to order and track, 
and installation is simpler due to the 
use of more flexible feeder cable (five- 
inch bend radius) that is 15 percent

lighter in weiglit and requires only one- 
step cable prep. Thus, the jumperless 
site installation results in lower costs, 
improved efficiency and reduced sys­
tem noise. Additional information is 
available from the Companys Web site 
at www.andrew.com.

Andrew Corp.,
Orland Park, IL (708) 349-3300.

Circle No. 321

WBÈÊtmÉÊÈm

Mini OCXO Consumes <D-45 Watts

Thermal s ta b ility  from tl.SSE-DDt to t3.SDE-D0b over a 1DD°C 
tetp- range —  Herrr-etically sealed package —  Lew power 
consumption of < 0-4511 5) +c?5°C —  Ideal for battery powered 
apos- —  Tuned to exact specs- —  C all; T?&-4b5-bQb4

rreate'\cy Sange 36 r,hz to EOC !Wz
Agirc S-OCE-QOVday

5-DCï-00?/y-
3hase Noise-. 10Hz offset -60 ö3c/Hz
100 kt-z offset -ibC d3c/hz
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PRODUCT FEATURE

A D uplexer,
Combiner
and D istribution
Amplifier
for W ireless
Applications

T c

t

Fig. 1 The duplexer/ 
com biner/RXD A’s block 
diagram.

ioday s wireless base stations operate in a 
duplex mode and require a duplexer at 
the antenna to provide low insertion 

loss and high power capabilities in the trans- 
mit mode and low noise amplification and 
steep attenuation close to the passband in the 
receive mode. A new duplexer assembly has 
been developed that is aimed at these strin­
gent requirements and makes use of the con- 
siderable performance advantage of high Q 
ceramic resonators. The model 80163 duplex- 
er/combiner/receive distribution amplifier 
(RXDA) is designed for 900 MHz wireless 
data two- or four-channel Operation. The two- 

channel system comprises the

80119-2 pow er divider and 
80251 low noise am plifier 
(LNA). The integrated Subsys­
tem  is capable of expanding 
from two-channel to four-chan- 
nel Operation with the appro- 
priate changes in internal com- 
ponents and contains duplex fil­
tering that has been optimized 
for hostile RF environments.

The Subsystem makes use of 
high Q ceramic resonators to 
form the filtering and offers 
very low insertion loss and

steep attenuation to the neighboring AMPS 
transmit band (894 MHz) and paging frequen- 
cies (902 MHz). Featuring greater than 90 dB 
of RX-to-TX isolation, this duplexer offers ex­
cellent channel-to-channel isolation. In addi­
tion, the transmit path includes an integrated 
second-harmonic notch filter.

Figure 1 shows the units block diagram in a 
four-channel configuration. The duplexer is de­
signed to operate over an 896 to 901 MHz RX 
frequency band and a 935 to 940 MHz TX 
band, and utilizes the latest in ceramic resonator 
technology to obtain maximum performance. 
The proprietary resonator and support design 
simplifies manufacture and enables production 
of a consistent-quality product.

The two-channel hybrid combiner comprises 
a microstrip design with an internal load and in­
tegrated heat sinldng, allowing it to handle 60 
W per channel. The design also includes two 
dual-stage ferrite isolators that offer -50 dB of 
antenna-to-TX isolation. That level combined 
with the isolation of the hybrid provides -80 dB 
of TX-to-TX isolation over the 935 to 940 MHz 
TX range. The two-channel combiner is avail- 
able as a separate Standard unit (model 80189- 
937), which covers the 912 to 963 MHz fre- 

[Continued on page 158]

FSY M icrowave I n c .
Columbia, MD
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From amateur radio to cellular to satellite applications, 
with medium output power up to 17dBm,

bÉÈ&SIflff« K P I R  amplifiers offer the broad range of choices 
designers demand for achieving high system 

W  '‘JS Ë b S m fy  performance goals. Ultra wideband models 
: deliver gain ranging from 9 to 40dB and IP3

ï ï r ï fm Ê Ê Ê Ê  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!

O  Mini-Circuits
E READER SEFMCECARD
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PRODUCT FEATURE

Fig. 2 The amplifier’s performance 
with the two-way power divider in the 
(a) active and (b) bypass operating modes.

quency range and can be easily modi- 
fied to shift higher or lower in frequen- 
cy depending on the requirement.

The power divider is a shielded 
microstrip design composed of Stan­
dard Wilkenson divider circuits. The 
unit is available in two-, three- and 
four-channel configurations as sepa­
ra te products (models 80119-2, 
80119-3 and 80119-4, respectively). 
The individual units cover the 800 to 
900 MHz frequency range, and a 
PCS version is also available.

The pre-amplifier is a low noise, 
high dynamic range amplifier de- 
signed for ultralinear receiver applica­
tions in the 925 to 960 MHz range.

M. Fig. 3 Typieal duplexer performance;
(a) RX only and (b) RX and TX.

The circuit is matched to 50 Q and 
employs a single-stage GaAs FET 
with internal matching to provide ex- 
ceptional noise figure in combination 
with a high +36 dßm IP3 typ. The 
LNA requires +12 V DC for Opera­
tion and has an integrated current 
monitoring circuit with TTL output 
and light-emitting diode status indica­
tors. The design also includes an RF 
bypass switch in case of power supply 
or device failure. Figure 2 shows die 
amplifier’s performance with the two- 
way power divider in both active and 
bypass operating modes.

Specifications for the 80163 du­
plexer include an 896 to 901 MHz RX 
frequency passband with an insertion 
loss of < 1.75 dB and a return loss of > 
15 dB. Attenuation in the 825 to 894 
and 935 to 940 MHz bands is > 82 dB 
and > 90 dB, respectively. Attenuation 
at 902 MHz is > 40 dB. The TX pass­
band is 935 to 940 MHz with an inser­
tion loss of < 1 dB and return loss of > 
18 dB. Attenuation at 896 to 901 MHz 
is > 90 dB and second harmonie Sup­
pression at 1870 to 1880 MHz is > 80 
dB. Figure 3 shows typieal duplexer 
performance vs. frequency.

The combiner features isolation of 
> 80 dB TX to TX and > 50 dB an­
tenna to TX. Maximum power han- 
dling is 60 W per channel and inser­
tion loss per channel is < 4 dB.

The two-channel RXDA has a speci- 
fied gain of 9.5 dB ±1 dB and a noise 
figure of < 2.7 dB. Third-order inter- 
cept is +33 dBm typ. Maximum current 
consumption is 250 mA at +12 V DC 
and the TTL output is low with an am­
plifier failure. The 80163 unit is housed 
in two staeked 19-inch rack-mounted 
decks and operates from -30° to 
+60°C. Additional information may be 
obtained from the Companys Web site 
at www.fsymicrowave.com or via e-mail 
at sales@fsymicrowave.com.

FSY Microwave Inc.,
Columbia, MD (410) 381 -5700.

Circle No. 303

W h a t  c a n  y o u  f i n d  a t
www.mwjournal.cem?

O n - L i n e  M a n u f a c t u r e r ' s  
P r o d u c t  D i r e c t o r y

Use this invaluable reference source for locating Companies, their products and services. 
Is your C o m p a n y  in the directory?
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UMS is the key supplier o f Integrated 
Circuits covering the Telecom 
requirements from very Low Noise 
to  High Power, using PHEMT processes 
up to  94GHz
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sem iconductors
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More than 60 locations worldwide to serve you. Toll Free US/Canada : 1 800 RF POWER or 1 800 737 6937, Ar3entina : +54 (327) 55750, Australia : Bayswater +61 (3) 9738 0733, Castle Hill +61 
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PRODUCT FEATURE

A D ual-band 
Antenna Coupler 
for Cellular 
A N D  PCS 
Applications

In today’s fast-growing cellular phone Sys­
tems throughout the world the amount of 
congestion, especially in urban areas, is 

becoming a significant issue. Major System 
providers are scrambling to find adequate So­
lutions to the problem. The original cellular 
frequency band (890 to 915 MHz GSM in Eu­
ropa) was later expanded by 10 MHz to 880 to 
915 MHz to help ease the traffic load. This ex- 
panded band is known as extended GSM. 
Now even that band is full and the choice is to 
go to the higher assigned 1850 to 1910 MHz 
PCS band in the US and the 1710 to 1880 
MHz DCS-1800 band in Europa.

At the present tirne single-band phones for 
PCS and GSM are being sold in the US and 
Europe. Soon, multiband phones will be made 
available to allow use of the same phone 
throughout the world. However, the tremen- 
dous increase in cellular phone use and tight 
local environmental control on sight expan- 
sion, particularly in urban areas, has put much 
pressure on system providers to enhance and 
expand their services. One solution is to use

the existing base station facilities and add PCS 
capability to the cellular facility by using dual 
antennas that operate over the PCS and cellu­
lar frequency bands within the same housing. 
Using the model SL-7871 dual-band antenna 
coupler, these dual antennas now may be 
combined into a single cable to the base sta­
tion and then separated again with an identical 
coupler to be fed to their respective process­
ing equipment.

The new dual-band coupler accomplishes 
the combination or Separation by rneans of 
combhne cavity filters that introducé a mere 
0.3 dB of loss in each band wiiile isolating the 
two frequency bands by as much as 70 dB 
from each other. In addition, the SL-7871 unit 
has been designed to exhibit very low inter- 
modulation while maintaining a return loss of 
20 dB minimum, making antenna impedance 
matching easy.
________ _ _______________  [Continued on page 162]

R ea c t e l  I n c .
Gaithersburg, MD
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Performance Integrated with Production

Your operating param eters, such as > 9 5 ,d ß  isolation and 
< 2 .5  dB loss, a re  incorporated in the passive circuit design. 
The circuit elem ents a re  then m achined into m etol blocks. 
Since all design and manufacturing is done nt Reactel, the lost 
unit you order will provide the some perform ance as the first:

Fast Response Time

for both evaluation prototypes and production 
units. Reactel m aintains direct control over each 
step, from  initial design Io final production, by 
performing all work in house.

The Quality System in force a t Reactel has 

been certified by FMRC o f the US and SCS o f 

the UK to ISO 9001 Standards.

8031 Cessna Avenue •  Gaithersburg, M D 2 08 79  

Phone: (301)519-3660 Fax: (301)519-2447 [-m ail: reactel@reactel.com Web Site: www.reaclel.com
r » a  E IAO ON READER SERVICE CARD
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microwave
PRODUCT
f e a t u r e

FREQUENCY (MHi)

A  Fig. 1 The dual-band antenna coupler’s 
passband response at the (a) cellular 
and (b) PCS bands.

J k  Fig. 2 The coupler’s frequency 
band selectivity.

The new coupler is designed to 
handle a minimum RF power of 500 
W at cellular ffequencies and 250 W 
at PCS frequencies. In addition, it can 
be easily modified to accommodate 
GSM-900 and GSM-1800. Figure 1 
shows the actual coupler passband re­
sponse for botli cellular and PCS fre­
quencies. Figure 2 shows the cou­
pler s measured band selectivity.

The dual-band unit is supplied 
with DIN 7/16 connectors for the 
common port and type-N female 
connectors for PCS and cellular 
ports. The couplers housing mea- 
sures 1.25" x 3.00" x 9.00". Additional 
information is available via e-mail at 
reactel@reactel .com.

Reactel Inc.,
Gaithersburg, MD
(301) 519-3660.

Circle No. 320
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b r o a d b a n d

d ir e c t io n a l 

c o u p le r s

10kHz to 2600M Hz 6 to 3 0d B

,9 9 < t
Achieve accurate power sampling with high 
directivity and very little insertion loss using 
Mini-Circuits surface mount, plug-in, and 
coaxial directional couplers. Finding the right model for your design 
layouts is easy with our large, off-the-shelf selection of over 100 
models in 6 to 30dB coupling ratios. Choose from broadband 50 
and 75 ohm couplers capable of handling input power as high as 
25 watts. High performance bi-directional couplers for monitoring 
forward and reflected power up to 10W are available as well.
Now, highly accurate power sampling and value pricing have merged! 
The result...Mini-Circuits broadband directional couplers.
To order, contact Mini-Circuits today!
Mini-Circuits...we’re redefining what VALUE is all about!

C3 Mini-Circuits'
P.O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product informatior 

d f s ï - The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http:/

us*ttj8 INT,Ltf « t
CIRCLE READER SERVICE CARD 
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:Download a fully-functional 30-day trial (just 20MB) 
www.mwoffice.com and start designing today.

uéncy design suite
gap between old and new. Our schematic data translat 

existing Agilent EEsof Series IV or ADS designs. From then 
access to the ultimate microwave layout solution, statis 
capabilities, real-time tuning, yield optimtzation, MMIC fou 
and new EM-based discontinuity models for precise 
simulations to millimeterwave frequencies and 
beyond. For details, visit www.mwoffice.com or 
call Applied Wave Research at 310-726-3000.

CIRCLE 28 ON READER SERVICE CARD
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When it comes to building a better

S W I T C H ,
a larger wafer can make a lot of cents.

Get the lowest prices with ANADIGICS new family of 
RF switches thanks to our leading-edge 6-inch GaAs 
manufacturing. You can count on ANADIGICS to 

deliver the best technology and you can expect more new RF 
switch innovations just around the corner. Better products plus 
lower prices...now that’s a switch! Call today.

Freq. Isolation Loss PI dB IP3 Package
(GHz) (dB) (dB) (dBm) (d8m)

AWS550I DC-3.0 23 0.45 35 55 SOIC 8 pin
AWS5502 DC-2.5 20 0.45 28 45 SOT-6
AWS5503 DC-3.0 22 0.45 35 55 MSOP8pin
AWS5504 DC-2.0 17 0.4 38 55 SOT-6
AWS5506 DC-2.5 20 0.45 28 45 SOT-6

Note: specs typical at 900 MHz

_________ ElWiDIGICS o„
35 Technology Drive Warren, NJ 07059 Tel: 908 668-5000 Fax: 908 668-5132 e-mail: mktg@anadigics.com. Website: www.anadigics.com 
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N E W  PRODUCTS

COMPONENTS
■  Multimode, Multiband 

pHEMT Switches
These 3 V pseudomorphic high electron mobil- 
ity transistor (pHEMT) switches include the 
models AWS5509S17 triband single-pole four- 
throw (SP4T) switch for GSM, digital commu- 
nication System (DCS) and PCS Operation and 
AWS5510S20 dual-band SP4T switch for 
AMPS/TDMA 800 and AMPS 1900 handset 
applications. In addition to reducing compo­
nent count and eliminating interconnects, the 
single-supply switches demonstrate the low in- 
sertion loss (0.4 dB (typ) for the  model 
AWS5510S20), high isolation (better than 20 
dB between all ports) and low harmonies (bet­
ter than -65 dBc) required by wireless handset 
designs. The devices fea ture  +2.7 V DC 
CMOS-compatible control with no negative 
voltage requ irem ents . The AWS5509S17 
switch is housed in a TSSOP-20 surface-mount 
package and is priced at $2.25 (100,000); the 
AWS5510S20 switch is housed in a TSSOP-16 
surface-mount package and is priced at $2.10 
(100,000).
ANADIGICS Inc.,
Warren, NJ (908) 668-5000.

Circle No. 215

■  PCB Crossover Components
These Xinger™ surface-mount crossover com­
ponents include one for DC-to-RF and one for 
RF-to-RF Signal Crossing. The units can re- 
duce the need for expensive multilayer boards 
and can bc mounted by tape and reel for high 
volume manufacturing, which provides many 
advantages over traditional signal-crossing 
methods. Both components work in the DC to 
6 GHz range and provide a maximum insertion 
loss of less than 0.1 dB. The return loss for 
both is greater than 20 dB and the RF-RF 
component has an isolation of better than 25 
dB. Package size: 0.2" x 0.2'!
Anaren Microwave Inc.,
East Syracm e, NY (315) 432-8909.

Circle No. 216

■  Radial Leaded Capacltors
The SK and SV series radial leaded capacitors 

ivalent series resistance (ESR) So­
lutions for a vari-

tantalum or alu- 
minum electrolytic metal cans in many high 
Switching frequency power supplies. The SV 
series capacitors offer designers of power sup­
plies alternatives for high voltage filtering, 
snubber and resonator circuits. They are made 
specifically for applications that require capaci­
tors with high voltage, low leakage current and 
low ESR in a small package. The SK capacitors 
are rated from 25 to 500 V DC in C0G and 
X7R dielectrics with capacitance values from 
1000 pF to 33 jiF. Also offered is a Z5U dielec- 
tric in 25 to 200 V DC ratings. Typical ESR for 
the SK series is in the milliohm range at 1

MHz. The SK series feature high RMS and 
surge current capabilities and a wide operating 
tem pera ture  range o f -55° to +125°C for 
NPO/X7R and +10° to +85°C for Z5U. Prices: 
500 to $1.80 (1000) for the SK series and 60c 
to $1.87 (10,000) for the SV series (depending 
on size). Delivery: stock to 10 weeks (SK se­
ries); stock to eight weeks (SV series).
AVX Corp.,
M yrtle Beach, SC (843) 946-0414.

Circle No. 217

■  Miniature Coaxial Coupler

The model 50-AC-FFA-10 miniature coaxial 
coupler offers a compact, cost-effective and 
quality solution to UHF and cellular applica­
tions. The unit has a fre<juency range of 0.5 to 
1.0 GHz and is available with a 10, 20 or 30 dB 
coupling factor. Other specifications include an 
SWR of 1.15 (max, primaiy and sccondaiy line); 
reflected power of 5 W (avg), 3 kW (peak); and 
frequency sensitivity of ±0.75 dB (max). Size: 
3.61" x 0.86" x  0.42" Weight: 1.3 oz.
BCP (Bird Component Products),
Largo, FL (727) 547-8826.

Circle No. 218

■  Integrated Circulator and High 
Power Termination Assembly

The model IR360 integrated circulator and 
high power termination assembly is a WR-28 
waveguide isolator rated at 200 W CW forward 
power into any output load impedance (includ- 
ing a short circuit). Typical specifications over 
the operating bandwidth include an isolation of 
23 dB, SWR of 1.15 and insertion loss of 0.25 
dB. Cooling is achieved through both conduc- 
tion and forced air (convection).
Channel Microwave Corp.,
Camarillo, CA (805) 482-7280.

Circle No. 219

■  Sub-band PCS Duplexers

The models WSD-00132/00133/00134 high 
performance, compact, sub-band PCS duplex­
ers are offered in 20 MHz A&D, B&E and 
F&C-band models with exceptional isolation

and low insertion loss. The duplexers are con- 
figured with receive passbands of 1850 to 1870 
MHz for the WSD-00132, 1870 to 1890 MHz 
for the WSD-00133 and 1890 to 1910 MHz for 
the WSD-00134. The tränsmit passbands are 
1930 to 1950 MHz, 1950 to 1970 MHz and 
1970 to 1990 MHz, respectively. Insertion loss- 
es within the passbands are speellied at 1.5 dB 
(max) for the receive and 0.9 dB (max) for the 
transmit, with passband return loss specified at 
14 dB (min). Transmit passband power han- 
dling is rated at 10 W CW and 100 W peak in- 
stantaneous power (PIP). Operating tempera­
ture range is 0° to +50°C. Size: 4.2" x 2.5" x

K<bL Microwave Inc.,
Salisbury, MD (410) 749-2424.

Circle No. 223

■  Toroidal Inductors
The low cost HCT series toroidal inductors are 
designed for high current, low voltage applica­

tions, particularly 
the latest genera- 
tion of low volt­
age microproces-

with
nimal external 

magnetic fields. The series has an operating 
temperature range of —40° to +85°C with high 
shock and Vibration resistance. The 1.5 jiH in­
ductors can be provided in either a vertical or 
horizontal mounting style; custom versions are 
also available. Price: 650 (10,000). Delivery: 
stock.
Coilcraft, Cary, IL  (847) 639-6400.

Circle No. 220

■  Wideband Terminations
Tliis complete series of SMA, 3.5 mm and K 
connector-compatible wideband terminations 
offers 1 W power handling in a low profile 
package. The füll DC to 18 GHz performance 
allows for multiband coverage or permits the 
user to procure one part type for many applica­
tions. Use part number 12-008 for applications 
where an SMA male low power termination is 
required.
Florida BF Labs,
Stuart, FL (800) 544-5594 
or (561) 286-9300.

Circle No. 221

■  Wideband, Solid-state, 
Programmable Attenuator

The model 50P-1391 solid-state programmable 
attenuator covers the frequency range of 800 
to 3000 MHz with an attenuation ränge of 0 to 
63 dB in 1 dB steps. The unit features a 5 
microsecond Switching speed with an accuracy 
of ±3 percent of programmed attenuation at 
3000 MHz, third-order intercept of +40 dBm 
and input power of +20 dBm. The unit has 
built-in TTL drivers and is available with SMA 
female RF connectors.
JFW  Industries,
Indianapolis, IN  (317) 885-3247.

Circle No. 222
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with Focus-Microwaves Instruments and equipment. 
Experience the  cutting-edge precision and sta te  of 
the  a rt features th a t are included in every Focus 
product.

For m oreinform ation as weil a s technica! literature 
related to Focus-Microwaves and its products, visit 
ou r website at:

www.focus-mtcrowaves.
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NEW
PRODUCTS

■  Ga As SPDT Switches
These GaAs SPDT switches are available in 
low cost, small SOT plastic packages and cover 
the DC to 3 GHz frequency range. The model 
SW-437 MM IC SPDT reflective switch is 
available in the ultraminiature SOT-363 pack­
age; the model SW-442 SPDT term inated 
switch is available in the SOT-26 package. Both 
switches are suitable for use in applications re- 
quiring low insertion loss, good isolation and 
small package size, and are particularly well 
suited for use in portable, dual-band tele-

phones where Switching between small-signal 
components is required. The units also can be 
used for general-purpose switching in applica­
tions up to 0.25 W. Key attributes include posi­
tive or negative control voltages (2.5 to 8 V), 
good device-to-device consistency and low in­
sertion loss for CDMA, TDMA, GSM and 
wideband CDMA applications.
M/A-COM, Lowell, M A (800) 366-2266.

Circle No. 224

■  Combiine Filters
The MMFM-FGBC series combiine filters al- 
low very wide stopband rejection in very small 
enclosures without the appearance of re-en- 
trant spurious passbands. The units require no 
tuning once incorporated in a circuit, which 
makes them very cost effective, especially in

Be I f iM
|% fl 1  Electronics Inc.

PROVIDINGINTERCONNECT SOLUTIONS

>- From GPPO™ to 7/16 and every type in between — 
JSM Electronics stocks: SV Microwave, Telegärtner, 
Radiall & Gilbert Engineering.

>- From RG-6 to RG-405 JSM Electronics stocks:
EZ Form Cable & Beiden.

JSM Electronics also stocks:
Fixed Attenuators GPO™, SMA and N Types, 
Terminations-GPO™, SMA and N Types, 
Adapters-In-Series and Between Series,
Cable Assemblies-6" increments

980 NORTH COUNTY ROAD 427 
LONGWOOD, FLORIDA 32750

PHONE: 888-FONEJSM  
FAX: 407-831-0087

high volume production. The temperature 
range is from -55° to +125°C with inherently 
low EM emissions and the ability to handle low 
to medium pow'er. The filters can be designed 
with center frequencies from 500 MHz to 40 
GHz and employ the Companys patent-pend- 
ing Multi-Mix™ multilayer manufacturing 
process. Size: 0.75" xO.53" x 0.04".
Merrimac Industries Inc.,
West Caldtcell, NJ (888) 434-6636.

Circle No. 226

m  3.5 mm Adapters

f é é  é
The Quick Test QT3.5mm™ 8006 adapters are 
push on/pull off 3.5 mm adapters designed for 
long life and excellent repeatability. The in-se- 
ries adapters adapt from Standard 3.5 mm to 
one of four optional QT3.5mm connector con- 
figurations: the “no nut” design, tlie 3/8" nut 
design, the 9/16" nut design and the guide 
sleeve design. The new, patent-pending design 
is specifically developed for rugged, long-term 
use. The maximum mating cycles of the 8006 
series will meet or exceed conventional thread- 
on 3.5 mm connectors without any significant 
degradation in repeatability.
Maury Microwave Corp.,
Ontario, CA (909) 987-4715.

Circle No. 225

■  Low Loss Cable Assemblies
The UFA series UTiFLEX* low loss cable as- 
semblies feature outstanding mechanical in-

I
B  tegrity  w ithout 

'.ic: 11: i : 11 ium i-

Biii!
:- 4  ' H  stability or SW E 

" f  ! ■ «  Maximum inser- 
W  m  / / i f H I  tion loss ranges 
M i m /  mÜ I M H  ,Vnni 0-11 dB ft at
g l  i to
| | L  ^ ^ ■ 1  dB f t at 50 GHz.

depending on the 
cable assemblies. Phase stability is as low as 2° 
at 10 and 18 GHz. All five assemblies in the se­
ries have 50 Q impedance. Frequency ranges 
are DC to 26.5 GHz for the models UFA147B, 
UFA210A and UFA210B; DC to 40 GHz for 
the model UFA147A; and DC to 50 GHz for 
the model UFA125A. The units also have a 
patented connector attachment that provides 
high reliability and can withstand heavy stress. 
The connector body, dielectric and center con­
tact are completely captivated.
MICRO-COAX,
Collegeville, PA (800) 223-2629.

Circle No. 227

■  MOSFET Qu ad Mixer
The model PE4120 high linearity MOSFET 
quad mixer is a passive, broadband device that 
performs functions ranging from frequency con- 
version to phase detection at up to 2.5 GHz. A 
conyersion loss of only 6 dB across its entire op-

such applications as cellular/PCS telephone net- 
work base stations and cable modems. The chip

[Continued on page 174]



A T C ’ S  M S f c T R I X

□ F H igh Performance  RF Capacitors

ALIGNED TO SUPPORT 
EVERY RF APPLICATION 
...IN THIS WORLD

A m e r i c a  n  

T e c h n i c a l  

C e r  a m i  c s

•  P E R F O R M A N C E :

100 Se r ies  -  

6 0 0  SERIES-

* "  5 0 0  SERIES -

•  P R IC E :

6 0 0  Se r ies  -

" *  6 5 0  S e r ie s -

•  F R E Q U E N C Y :

ATC 100 SERIES -

6 0 0  & 6 5 0  Se r ies  -  

5 0 0  Se r ie s -

Rugged  p o r c e l a in , H igh  Q, t h e  industry

STANDARD FÓR RF & MICROWAVE

U ltra  lo w  ESR, NPO, o p t im iz e d  for 
Te le c o m m u n ic a t io n s  a n d  W ir eless

Op t im ize d  for  M ic r o w a v e /M il l im e t e r -w a v e

WITH SMT COMPATIBILITY

Cost e f fe c t iv e  for  c r it ic a l  in fr as tr u c tu r e

APPLICATIONS

TAILORED TO HIGH VOLUME SUBSCRIBER PRODUCTS

USED EXTENSIVELY THROUGHOUT THE RF AND 
MICROWAVE SPECTRUM

N ew  ALTERNATIVES FOR THE MICROWAVE RANGE 

RESONANCE FREE UP TO 4 0  GHZ

PHONE: 631-622-4700

IM M E D IA T E L Y  A V A IL A B L E

E-MAIL: SALES@ATCERAMICS.COM • WWW.ATCERAMICS.COM 
CIRCLE 16 ON READER SERVICE CARD

mailto:SALES@ATCERAMICS.COM
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PRODUCTS
offers both cost and performance advantages 
over other devices of its kind. Operating across a 
frequency ränge from .500 MHz to 2.5 GHz, the 
PE4120 inixes a received RF Signal with the 
output of an LO to produce an IF. For transmis- 
sion, it inixes IF and LO Signals to produce an 
RF output. Power loss during the conversion is 
only 6 dB at any frequency with a 20 dBm LO 
drive. The linearity of the chip is 28 dBm, LO- 
IF isolation is 36 dB and LO-RF isolation is 34 
dB. Operating temperature range is -40° to 
+85°C. Price: $1 (10,000).

NEW
Peregrine Semiconductor Corp.,
San Diego, CA (858) 455-0660.

Circle No. 229

■  LC Filters

The 8600 series LC filters for the Customer 
Premisc Equipment transceiver element of the 
LMDS/MMDS wireless network are packaged 
as hermetically sealed true SMT devices that 
will completely support full automated assem­
bly operations. The transmit path filters fea­
ture; center frequenties in the 450 to 650 MHz 
range, and the receive path filters feature cen­
te r  frequenties in the 1200 to 1500 MHz 
range. The 1 dB passband responses are gener- 
ally 75 and 375 MHz for the transmit and re­
ceive paths, respectively. Both filters exhibit 
excellent stopband rejection characteristics and 
operate within a temperature range of -40° to 
+85°C. The filters are available on tape and 
recl and can be custornized. Delivery: eight to 
10 weeks (ARO).
Piezo Technology Inc. (PTI),
Orlando, FL (407) 298-2000.

Circle No. 231

■  Precision Microwave
Feed Assembly

The precision waveguide 22 (WR28) assembly 
makes possible the deployment of the latest 
communieation tcchnology for high density 
data transfer. This precision microwave feed as- 
sembly uses the Companys MM casting process 
to minimize the number of parts required in 
the assembly. Castings are used for complex mi­
crowave filters, intricate waveguide bends and 
orthomode transducers. These cast parts are 
brought together using specially developed 
bonding methods, which enable rapid assembly 
while still retaining microwave integrity and 
mechanieal strength. This process is ideally 
suited for production of small, high precision 
aïïoy components that have tliiii walls and re-

Micro M etahmiths Ltd.,
Pickering, N. Yorks, UK 
+44 (0) 1751 475058.

Circle No. 228

■  25 W RF Filter
This RF frequency-agile filter using microelec- 
tromechanical System (MEMS) relays supplied 
by Cronos In tegra ted  Microsystems Inc. 
matches or exceeds several performance crite­
ria of traditional RF filters, but in a much 
smaller assembly using fewer parts. The 25 W 
tunable power RF bandpass filter is for poten­
tial use in a variety of military and commercial 
telecommunications applications in which com­
pact size and high efficiency are needed. By 
employing MEMS relays in the tuning process, 
the board area and volume of the RF filter tun­
ing components can be reduced by more than 
50 percent eompared with RF filters using PIN 
diode switches for tuning. This MEMS-based 
filter is tunable to four separate sub-bands in 
die VIIF spectrum ranging from 44 to 56 MHz

BREAKTHROUGH
TECHNOLOGY

New Single Layer Capacitors
•  Higher Cap «Smaller Size
•  Higher Q •  Border is Standard

• Patent Pending

ISO 9001 Registered 
MIL-PRF-55681 Qualified at ‘S’ Level 

M IL-PRF-123 Qualified 
M1L-PRF-49470 Qualified

Quality and Innovation Since 1980

(H )  P R E S ID IO  C O M P O N E N T S , INC.

7169 Construction Court, San Diego, CA 92121 
Voice:858-578-9390 Fax:800-538-3880
w ww .presidiocom ponents.com
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RF/IF MICROWAVE COMPONENTS

SHIELDED VCO PROVIDES 400 TO 
800MHz. OCTAVE BAND TUNING 
The POS-800W is Mini-Circuits new shielded, 
laser sealed voltage controlled oscillator for 
UHF/VHF receiver applications within the 
400 to 800MHz band. Low SSB phase 
noise is typically -93dBc/Hz at 10kHz offset, 
and output power is flat at 8dBm typical 
while drawing a maximum 25mA current 
from a 10V .power supply. Typically, pulling 
is low at 3.0MHz (pk-pk at 12dBr) and 
pushing is 0.5MHzA/. Additional features 
include linear tuning and value price.

0 .0 7 ” M I X E R S  P E R F O R M  I N  
H IG H E R  F R E Q U E N C Y  D E S IG N S
Mini-Circuits patented family of Blue Cell™ 
mixers deliver a unique combination of 
low conversion loss, superb temperature 
stability, thin profile, and low cost to 
higher frequency designs. This level 7 (LO) 
MBA-671 model spans 2400MHz to 
6700MHz with 36ÖB L-R, 26dB L-l 
isolation and low 6.5dB midband 
conversion loss (all typ). Operating 
temperature is -40°C to +85°C (max.) 
and applications include satellite, ISM, 
and PCMCIA. Available off-the-shelf.

I3dB COUPLER INTRODUCÉS 
VERSATILE BROAD BAND FAMILY
Mini-Circuits 50 ohm TCD-13-4 is a broad 
band 5 to 1000MHz directional coupler 
offering a 13.0dB±0.5dB nominal coupling 
value with ±0.6dB maximum flatness. 
Mainline loss is low at 0.7dB (typ) and 
directivity is 18dB typical at midband. This 
rugged plastic surface mount device is 
equipped with solder plated leads for 
excellent solderability, and is from a family 
of low cost 9 to 20dB directional couplers 
in 50 and 75 ohm versions. Applications 
include cellular and CATV.

6 WAYSPUTTER/COMBINER 
IDEAL FOR VHF-TV
Mini-Circuits has introduced the AD6PS-1, 
a 6way-0° power splitter/combiner covering 
the 2MHz to 250MHz band. Uniquely 
engineered in a 0.210” low profile water 
washable package, this 50 ohm device 
exhibits high 30dB typical isolation, low 0.2dB 
insertion loss (typ. above 7.8dB), and less 
than 0.4dB amplitude, 6 degrees phase 
unbalance at midband. VSWR port matching 
sgoocwth 1.20:1 input and 1.10:1 output

3WAY SPUTTER/COMBINER IS 
HIGH POWER CELLULAR SOLUHON 
The ZB3CS-920-15W power splitter/combiner 
from Mini-Circuits is a conneetorized 
solution for 3way-0° cellular requirements 
in the 825MHz to 920MHz band. With 
typically high 27dB isolation, low 0.2dB 
insertion loss (above 4.8dB), and 0.1 dB 
amplitude, 1.7 degrees phase unbalance, 
this 50 ohm unit can handle up to 15 
watts input power and is a low cost 
price/performance value. Equipped with 
SMA connectors and immediately 
available from stock.

VERY BROAD BAND RF CHOKE 
BI ASES AMPLIFIERS TO 8GHz 
Mini-Circuits low cost ADCH-80A is a very 
broad band 50MHz to 8000MHz RF choke 
housed in an ultra-low profile 0.108” package. 
Typically, the unit displays low 0.3dB insertion 
loss when added in parallel to an RF circuit, 
1.1:1 VSWR, and 1.8jiH inductance at 
50mA DC current. Parasitic capacitance is 
low at 0.1 pF typical and the effective parallel 
resistance is 800 ohms (typ). This patent 
pending circuit provides high RF impedance 
over a very broad frequency range.

□  Mini-Circuits
PO. Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information .

‘The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://v

OS ff?  INT'L |f£  
CIRCLÈ READER SERVICE CARD 

NI-CIRCUITS CATALOG & WEB SITE
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voltages are pre­
sen t and the 
BNC-type inter­
face is required. 
C enter contacts 
are recessed vvith- 
in lengthened di- 
electric material 
to provide protec-

trical shock when handling unmated connec- 
tors. These non-eonstant-impedance M11V 
conncctors feature nickel-plated, machined- 
brass bodies; gold-plated pins and contacts; and 
Teflon insulation for enhanccd performance. 
They are designed to be used in applications 
with frcquencies of DC to 300 Mllz and a test 
voltage up to 5 kV RMS in mated pairs.

NEW
PRODUCTS

with total insertion loss of 0.8 to 1.0 dB. (The 
MEMS relays contribute a total of 0.1 to 2.0 dB 
of that loss.)
Raytheon Co.,
Fort Wayne, IN  (219) 429-5547.

Circle No. 232

■  Miniature High 
Voltage Connector

These miniature high voltage (MHV) connec- 
tors provide shielded disconnects where high

RF Connectors,
San Diego, CA (800) 233-1728 
or (858) 549-6340.

Circle No. 233

■  Surface-mount SAW Filter 
and Resonator

This surfaee acoustic wave (SAW) filter at 
868.35 MHz and 868.95 Milz with an accom- 
panying 10.7 MHz LO resonator is intended 
for use in the European Telecommunications 
Standards Institutes newly released 868 to 870 
MHz frequency band. The model RF1336B 
filter is a surface-mount, metal lid, ceramic 
base package with an 8.71 x 6.04 mm footprint; 
the model R02164A resonator is a surface- 
mount, ceramic lid, ceramic base package with 
a 5.97 x 3.94 mm footprint.
RF Monolithics Inc. (RFM),
Dallas, TX (800) 704-6079 
or (972) 448-3700.

Circle No. 234

■  High Power and Standard 
Cellular Duplexers

These cellular duplexers provide both high iso­
lation and low insertion loss. The absence of 
magnetic materials together with striet atten­
tion to stnicture result in low intcrmodulation. 
Both liigh power and Standard models are sup- 
plied in a 2U rack-mount package. Power rat­
ings assume an operating altitide of 10,000 
feet, a base plate temperature of +50°C and an 
antenna SWR of 2. Return loss is 14 dB and 
impedance is 50 £2.
RLC Electronics Inc.,
Mt. Kisco, NY (914) 241-1334.

Circle No. 235

■  SATCOM Waveguide Switch
The model WS8189 waveguide switch is the lirst 
m a family of waveguide switches being 

design« xl for use in 
SATCOM ground- 
based applications. 
The switch in- 
cludes manual 
override and Form 
3C inliibit contacts 
and is available in 
WR 75 and WR 
62. The switch 
time is 100 ms and 
the actuator cur­
rent is 0.9 A in all 
conditions. Typical 
values at room 
tem perature are 
60 ms and 0.7 A, 

resjxxtively. The eutirc switch (including the ac­
tuator) is weatherized and suitable for outdoor 
applications.
Sivcrs I jih  AB,
Kista, Streden +46 (8) 477 68 00 
or e-mail: tcgstcitch@siverslah.se.

Circle No. 236
[Continued on page 179]

Be on thp  Safe Sid
when the Frequency Source Fails

Large choice of ()CX0s for a ll levels 
in telecommunication networks
With an Oscilioquartz oscillator in every important module of your system 
you will be on the safe sidc when the original frequency source should fait 
Oscilioquartz is ieading world-widc in quarlz oscillator technology for more 
than 50 years. Oscilioquartz offers a large choice of oven-controled oscilla- 
tors lor a wide field of applications. Jhis oscillator program covers almost 
any accuracy and stabilily requirement up to the highest level anywhere 
available.

STRATUM 4 TCX0 VCX0 PX0. X0 DECT, GSM, DOS, COMA

STBATUM 3 OCXO 8741/3.8784. 8711/2 ATM; BSTfor 63  ̂0CS COM, TETRA

M 2 0CX0 8600,7. 8692 3. 8662/3 SDH. ESC tor W-CQMA üMTS

M 1 GPS 4510 (Cesium doek sync module) PRC Cesium GPS

■  Ail-overstabilityranging from 50 to 1.0x I0 '1 lyear
■  Operabng temperature ranges trom 0 ... +60°C 

to -40... + 70°C
■  Frequencies from 4.096 to 60 MHz .
■  Supply voltages from 5 to 24 V
■  Package dimensions (LxWxH) from 

20 x 13 x 7 .6 mm to 138x78x 88 mm..... v - . . ..

1®  OSCILLOQUARTZ
Oscilioquartz S.A. Rue des Brévards 16 ■ CH-2002 Netichétel 
Svritzerland Tel. + 41 32 722 5555 • Fax 1 41 32 722 5556 
e-mail: osa@oxilloqiiaru.com tittp: //www.oscilloquartz.com

mailto:tcgstcitch@siverslah.se
mailto:osa@oxilloqiiaru.com
http://www.oscilloquartz.com


Yin and yang.- Light anc datfcness Technology 

to use i t  Whiie the « te r  may not seetn cruciai to die average 

gerson. to you it is üfe Which is why we will be Uwe. With the right technology The 

nght insight At the right time. Youï: get the attention *ou oeed to give you the 
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Agilent Technologies
innovating the HP Way
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M ism atch Tolerant
HIGH POWER DIRECTIONAL COUPLERS 

10 K H z-1 0 0 0  MHz

' * hen your RF Power Measurement rcquircir.ents

that's up tQ.fte .ehalletige- W eA toae's response is a aew line 
ot Mismatch Tolerant couplers which,
design teehniques, allows our customers 100 percent reserve 
power handhng capability

- S t é i l  t e
DECADES AHEAD

H l l i i f j g j

DIRECTIONAL C(

WERLATONE Inc. • P.O. Box 47 • Brewster, NY 10509 • Telephone: (914) 279-6187 • FAX: (914) 279-7404



N EW  PRODUCTS
■  Cable Assemblies
The 94 series cable assemblies offer stable electrical performance in a 
ruggèd package. Consistent perform ance over multiple flexurcs 
(< 0.17GHz at 2.50" radius) malces these units an ideal choice for vector 
network analyzer test applications through 26.5 GHz. The solid con- 
struction is demonstrated by a connector retention of > 60 lb and com- 
pressive strength of > 200 lb/inch. The cable is also available with soft or 
hard armoring for when additional compression resistance is needed and 
flexibility is not as critical.
Storm Products-RF/Microwave,
Hinsdale, IL  (888) 347-8676 or (630) 323-9121.

Circle No. 237

■  l&Q Modulator/Demodulator
The models VMS 935 and VMS 1710 l&Q modulator/demodulator have 

niature package that measures 0.5" x 0.5" x 
0.22". The VMS-935 has 27 dB carrier and 
30 dB single sideband (SSB) rejection. Typ­
ical amplitude unbalance is 0.2 dB and 
phase unbalance is 1°. The VMS-1710 has 
an excellent carrier and SSB rejection of 25 
dB and 27 dB, respectively, with typical 
amplitude and phase unbalance of 0.4 dB 
and 2° respectively.
Synergy Microwave Corp.,
Patersön, NJ (973) 881-8800.

Circle No. 238

■  High Density PIN Interface Blocks
The VG series interface blocks (VGRCB) feature one model with triple 
capacity for Signal, power and high frequency transmission, and a second 
model with a Standard ribbon cable interface. Four configurations pro­
vide for 170, 136, 110 or 40 test Signals per connector block. The new 
136-pin count version is designed to use Standard ribbon cable headers. 
Size: 2.345" x 1.115" with 100-mil grid pin spacing.
TTI Testron, a  division o f  Everett Charles Technologies,
Pomona, CA (909) 625-9332.

Circle No. 239

■  100 dB High Isolation Switch
The model SWM-6000-1DTU-ECL-GB is a 100 dB high isolation, 20 ns 
ultra-high speed, balanccd, low video transient, nonreflective, SPST 

solid-state switch. Betw'een 10 MHz and 2 
GHz, the insertion loss is 3 dB and the 
SWR is 2 (max). The switch operates from 
±5 V DC at ±100 mA (max). Control logic is 
ECL, but TTL is also available. Size: 1.5" x 
1.5" x 0.4", with removable SMA connec-

Frederick, MD (301) 662-4700.
Circle No. 289

■  Variable Capacitors
The 1500 series Eco-Trim“ variable capacitors are low cost, high perfor- 

Q and cost are design 
criteria. The devices 
are suitable for use in 
impedance matching, 
filter tuning, interstage 
coupling and antenna 
tuning with a capaci- 
tance range of .1 to 10 
pF, a rated voltage of 
250 VDC and an oper­
ating tem pera ture  
range of -65° to 

+125°C. Five mounting styles are available for PC and surface-mount 
applications. Price: Sl .95 (2500). Delivery: four to sixw'eeks.
Johanson, Boonton, NJ (973) 334-2676. Circle No. 291

CIRCLE 125 ON READER SERVICE CARD

■  Bandpass Filter

used in microwave radio applications to isolate, transmit and receive 
frequenties. It has a passband of 50 MHz 
in the 27.5 to 29.5 GHz. frequency range, 

agl» * ff r r fiB l maximum insertion loss of 2.0 dB, return 
loss of 15 dB (typ) and rejection of 30 dB 

^  S (min) at ±150 MHz from the center fre-
quency. The unit is supplied with WR-28 
fianges and has a maximum length of 1.75". 
Microwave Filter Company (MFC),

East Syracuse, NV (800) 488-1666 or (315) 438-4700.
Circle No. 292

■  Phase-invariant Attenator
The model A3P-64-0AE digitaUy controlled PIN diode phase-invariant 
attenuator offers virtually phase-free Operation over a dynamic range of 
45 dB in the 3:1 bandwidth of 6 through 18 GIIz. At any attenuation up 
to 20 dB, the unit has a flatness vs. attenuation of less than ±0.9 dB and a 
delta phase of less than ±5°. The attenuator demonstrates monotonie 
performance with eight bits of TTL-compatible binary logic and has an 
SWR of less than 2 with a total switching speed mider 350 ns.
G.T. Microwave Inc., Randolph, NJ (973) 361-5700.

Circle No. 290

■  RF Relays
The company’s expanded RF relay product offering includes magnetic 
latching, high repeatability, bypass and attenuation models. With en- 
hanced bandwidth performance up to 4 GHz, the units all have excellent 
RF signal response over their entire bandwidth. In addition, each device 
includes a metal enclosure for eleetrornagnetic interference shielding, a 
ground pin option to improve case grounding, high isolation between 
control and RF signal paths, and a higher resistance to ESD.
Teledyne Relays, Hawthorne, CA (323) 777-0077.

Circle No. 263
[Continued on page 181]
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N EW  PRODUCTS
■  Microwave Assembly
The model MP4269 highly integrated subassembly is designed for a mil­
itary' airborne requirement. This switched filter bank integrates seven 
switched bandpass filters operating over the input frequency range of 
0.45 to 20.10 GHz and a passband ränge of 0.45 to 8.05 GHz. The pass­
band insertion loss is 5.5 dB (max), passband-to-passband Variation is 1.5 
dB (max) and differential group delay is 10 ns. Channel-to-channel isola­
tion is 60 dB (min) and SWR (all ports) is 1.8. The operating tempera­
ture range for the assembly is 0° to +70°C with power supply voltages of 
+5 and -15 V. Logic is CMOS compatible. Size: 5.0" x  4.0" x 0.5" exclud- 
ing SMA conncctors, which are field rcplaceable.
Robinson Laboratories Inc., Nashua, NH (603) 880-7880.

Circle No. 294

■  Low Loss Flexible Cables and Cable Assemblies
The Coaxi-Flex™ liigh performance, low loss, flexible cables and cable as­
semblies designed for use in microwave and video applications. The innov­

ative priinary shield design features a silver- 
plated, flat copper strip instead of conven- 
tional round wire, significandy rcducing at­
tenuation. Coaxi-Flex performance capabili- 
ties are further enhanced by the precise 
engineering of prime material into die center 
conductor, dielectric, second and third 
shields, and sturdy jacket. The cables operate 
up to 26 GHz and are available in 0.195" and 

0.120" diameters. Cable assemblies in lengths of 18" 24" 30" and 36" are 
available Standard from stock widi SMA connectors.
Precision Tube, Salisbury, MD (410) 546-3911.

Circle No. 293

■  Thin- and Thick-film Chip Resistors
The models RM0502, RM0402 and RM0603 high reliability, thin-and 
thick-film chip resistors are qualified to M1L-PRF-55342 (revision G, 

lendment 3). They

The
resistors have power 
ratings of up to 70 mW 

and TCRs from 25 to 300 PPM. Maximum voltage ratings are 25 V 
(RM0402), 40 V (RM0502) and 50 V (RM0603), and the units are avail­
able with tolerances as low as 0.1 percent and have an operating temper­
ature range o f -55° to +125°C. Sizes: 0.05" x 0.02" x 0.01" (RM0502), 
0.04" X 0.02" x 0.01" (RM0402) and 0.06" x 0.03" x 0.01” (RM0603). 
State o f the Art Inc. (SOTA), State College, PA (800) 458-3401.

Circle No. 295

■  Low Profile EL Choke Coils
tors are low profile, un- 
.'rter IC choke coils. The 

coils are available in 
0.10 to 1.2 mH induc- 
tanee values and have a 
3.3 x 3.3 mm footprint 
with a lowr profile of 
only 1.7 mm (max). 
They are packaged on 
tape and reel in 3000-

■  High Power Directional Coupler
The model FC0813 directional coupler operates over the 280 to 560 
MHz frequency range and offers typical insertion loss of 0.2 dB, SWR of

Attenuators 
starting 
as low as
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1.29 (max) and direc- 
livity of 20 dB (min) 
Conpling is 10 ±1 dB. 
(latness is ±0 3 dB and 
power handling is 350 
W (avg). Typical appli­
cations include TX 

power monitoring in telecommunications base stations. Size: 6.26" x 
1.16" x 1.16" with Standard type-N fcmale connectors. Connectors and 
coupler configuration variants are available upon request.
Sage Laboratories Inc., Natick, MA (508) 653-0844.

Circle No. 308

■  Microwave Frequency Converters
The new AFC series miniature frequency- Converters have a frequency 

. ■ ’ for use in terrestrial mi­
crowave links. Each 
unit has a dielectric  
resonator oscillator 
that uses a GaAs FET 
as the  active device. 
The frequency Con­
verters can be meehan- 
ically tuned over ±30 
MHz and maintain a 
stability of frequency 
witlfin ±120 ppm over 
a temperature range of 
-10° to +60°C. Con­
version loss from RF to 
IF is typically 7 dB and 

| is fiat over the DC to 4 
i GHz IF range to with-

in 1 dB. Size: 2,5" x 1.0" x  0.55".
Atlantic M icrowave Ltd., Braintree, Essex, UK 01376 550220.

Circle No. 278
[Continued on page 183]
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NEW PRODUCTS
■ 26.5 GHz Fixed Attenuators
These 3.5 mm, fixed attenuators are available in a bulkhead Version 
(model 83) and a Standard round body configuration (model 56). The 

units are available in decibel values of 1 to 
10, 20 and 30 with a 2 W power rating and 
1.10 to 1.25 SWR (max). Operating tem­
perature range is -55° to +85°C with ±0.50 
dB deviation (max). Nominal impedance is 
5 0  n .
Weinschel Corp.,
Frederick, MD (800) 638-2048 
or (301) 846-9222.

Circle No. 309

■ IIQ Vector Demodulator
The model FPX-CDBQ-1076 I/Q vector demodulator operates over an 
RF freauencv ranse of 2.5 ±0.25 GHz. It has an input power of -1 ±3 

dBm, with an RF to video conversion loss 
of less than 14 dB and total ripple of less 
then 0.75 dB at either I or Q output. Quad- 
rature accuracy is ±3° (max), and I/Q video 
output power balance is ±0.25 dB (max) 
into a 1.25 SWR. Price: S750 (5-9).
Signal Technology Corp.,
Beverly, MA (978) 524-7211.

Circle No. 282
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■ 800 W C-band, Solid-state Power Amplifier
The 800 W C-band, solid-state power amplifier and 3200 W phase-com- 
bined System are built for satellite Communications. The single 10.5- 
inch-high rack design offers 800 W SSPA in C band, 600 W in X band 
and 250 W in Ku band. Phase-combined, multi-unit packages produce 
3200 W of power in C band with an equivalent performance of 10 kW 
traveling-wave tube (TWT)/klystron amplifiers, 2400 W in X band and 
1000 in Ku band. These amplifiers are low maintenance with no costly 
tubes to replace, and power consumption and heat generation are low. 
Advantech, Advanced Micron <i>e Technologies Inc.,
Montreal, Quebec, Canada (314) 420-0045.

Circle No. 240

M 2.25 kW C-band TW7 Amplifier
The model VZC-6967B4 C-b^i». TWT amplifier has been refined to 

intei *;e and CE certification for European 
saff.vy requirements. It works seamlessly 
wit! t earlier models and with fixed-satellite 
service applications such as video transmis- 
sion and high volume international data 
and telephony.
Communications 
6- Power Industries (CPI),
Satcom Division,
Palo Alto, CA 
(650) 846-3700.

Circle No. 241

■ Octave- and Ka-band Amplifiers
The model JCA1826-300 GaAs FET amplifier covers the frequency 
range of 18 to 26 GHz with a gain of 15 dB. Noise figure is 4.0 dB (max), 
minimum power output is +10 dBm and SWR is 2.0. Drop-in-style pack­
ages are available. The model JCA2730-K01 Ka-band amplifier for 
LMDS covers a frequency of 27.5 to 30.0 GHz with a minimum gain of 
31 dB and maximum gain flatness of ±1.0 dB. Typical noise figure is 6.5 
dB and power output is +15 dBm at PI dB. The SWR is 2.0 (max) and 
includes optional drop-in-style packages, altemate gains and tempera­
ture compensation.
JCA Technology Inc., Camarillo, CA (805) 445-9888.

Circle No. 243

d ept26
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■ Wideband Amplifiers
The models 7200LC (200 W linear) and 7400LC (400 W linear) ampli- 

range of 20 to 1000 MHz in a single band, 
making them ideal for a variety of broad- 
band applications including high power RF 
immuniiy testing. No band switching, tun­
ing or adjustments are required to operate 
the System. Both units are linear dass A 
amplifiers designed to be driven from 1 
mW (0 dBm) sources and feature low har­
monies and spurious Outputs, infinite SWR 
tolerance and remote control.
K a l m u s ,
Bothell, WA 
(425) 485-9000.

Circle No. 244

■ Power Amplifier
The model ITT2305AK single positive supply power amplifier is de­
signed for use as a boost-er for high power Bluetooth devices. It features 

20 dB of gain that dramatically increases 
the range of low power devices. It can op­
erate over a wide range of supply voltages 
and has easily controlled output power via 
varying input power or the analog control 
voltage. The typical draw is 60 mA and the 
amplifier can operate at 100 percent duty 
cycle. Housed in an extremely small six-pin 
SOT plastic package, it is suitable for pick- 
and-place automated component insertion 

and can be supplied either on tape and reel or in cans.
GaAsTEK, Roanoke, VA (888) 563-3949 or (540) 563-3949.

Circle No. 242

[Continued on page 185]

m r n m m T  i n m v n  ■  n r V F  2000 1 8 3



foundryServices Your high-volume 
GaAs requiremerts will fit in our foundry. 
We offer processing Solutions for all your 
chip needs, from prototyping to production. 
You design it, well build it, Or bring us your 
specifications and weil provide end-to-end 
design, manufacturing and test. Our flexi­
ble foundry supports both HBT and HEMT 
manufacturing. Plus, our GaAs production 
line hoststhe industry's largestMBE capability.

WM'C Chips Pack more features into 
your products with TRW's compact GaAs 
MMICs. Smaller chips allow you to 
squeeze more capability in less space.

No real animals were used in the 
production of this advertisement

©2000 TRW Inc.

Our HBT and HEMT products offer the 
highest performance available anywhere. 
Our devices have a record of reliability 
proven by more than 4 million hours of 
lifetime testing and real-world experience.

®'S fcfeas We offer heavyweight Solu­
tions for your next generation products. From 
broadband wireless to high-speed digital, 
fiber-optic and photonics applications.

i f i n

www.trw.com/telecom 
ISO 9001 Registered
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N EW  PRODUCTS
■  6 -1 8  GHz Switched Amplifier
The model A222011-1 switched amplifier is a broadband integrated mi­
crowave assembly that includes a four-stage amplifier section that can be 
intemally bypassed by a pair of SP2T switches integrated at the input 
and output of the assembly. Also integrated at die output is a 20 dB di­
rectional coupler that provides a second sample RF output from the de­
vice. The unit operates from ±12 V DC supplies and requires a single 
TTL-level signal to control its RF state. When switched to the amplifier 
state, the insertion gain is +21 +1.5 dB widi high linearity (+38 dBm typ­
ical TOI). When switched to the bypass state, the insertion gain is -4  
±1.5 dB, with similor high linearity. In addition, the amplifiers +12 V 
bias current is reduced to less than 35 percent of its value in the amplifi­
er state, thereby reducing the device’s overall power dissipation. 
Microwave Concepts Inc. (Micro-Con),
Fairßeld, NJ (973) 244-1040.

Circle No. 245

■  Power Amplifier Module
The model PA3100™ power amplifier (PA) module is the first in a family of 
PA modules that will, in conjunction with the MSM3100™ Mobile 

Station Modem baseband processing chip, 
RFT3100™ transmit and RFR3100™ re­
ceive chips, and PM1000™ power manage­
ment chip, work to form a voiy complete and 
highly integrated CDMA chipset solution. 
Together, the PA310Ö module and the 
RFT31Ö0 chip compost' the entire radio por- 

tion of the transmit chain for I-95B-compliant handsets. The module deliv- 
ers 28 dBm linear output power with 25 dB linear gain and 34 percent lin­
ear efficiency in CDMA mode and 50 percent efficiency in AMPS mode. 
QUALCOMM Inc., San Diego, CA (858) 587-1121.

Circle No. 246

■  80 dB Ultra-high Dynamic Range SDLVA Chip
The model SDLVAC-0120-80 is a 300 MHz to 2 GHz, -75 to +5 dBm 
dynamic range succes-sive detection logarithmic video amplifier chip 
(SDLVA chip) with a log scope of 25 mV/dB (10 to 50 mV/dB available). 
The log linearity is ±1.0 dB from the best fit straight line over the dy­
namic range and an additional ±1.0 dB over the operating temperature 
range of-40° to +85°C (typ). The chip provides 20 MHz video bandwith 
and a limited IF output o f-20 dBm (min). It operates from +5 V DC at 
+80 mA and -5  V DC at -135 mA (typ). Size: 0.50" x 0.35" x 0.09’! 
Planar Monolithics Industries Inc. (PMI),
Frederick, MD (301) 662-4700.

Circle No. 247

■  CDMA/FM Low Noise Amplifier/Mixer 
900 MHz Downconverter

The model RF2461 complete receiver front end provides excellent noise 
figure and linearity performance for dual-mode CDMA/FM cellular ap­
plications. This component is the first introduced using the Companys 
advanced Silicon gennanium process technology. It meets all front-end 
requirements at an economic price and minimizes board area in its 4 x 4 
mm leadless package. The RF2461 offers a stepped gain control range as 
it amplifies and downeonverts RF Signals. Along with digitally controlled 
LNA gain, mixer gain and a power-down mode, the component features 
an adjustable IIP3 of the LNA and mixer bias current using an off-chip 
current-setting resistor. Price: Sl.87 (10,000).
RF Micro Devices Inc., Greensboro, NC (336) 664-1233.

Circle No. 248

■  18-31 GHz Low Noise Amplifier
The model CHA2069 18 to 31 GHz three-stage, self-biased, wideband 
monolithic low noise amplifier is manufactured with a Standard pHEMT 
process: 0.25 pm gate length. It provides a 2.5 dB noise figure with 22 
dB gain and ±1 dB gain flatness within the defined band. The 20 dBm 
output third-order intcrcept point provides a better dynamic range while 
offering low DC power consumption at 55 mA. Delivery: stock.
United Monolithic Semiconductors,
Orsay, France +33 1 69 33 03 35.

Circle No. 251
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■  K- and Ka-band Low Noise Amplifiers
The models SLK-18-3 and SLKa-18-4 low noise amplifiers operate from 

26.5 and 26.5 to 40 GHz, i '

dB (4.0 dB) in Ka band. Gain for both 
models can range from 10 to 30 dB. A vari- 
ety of moderate-bandwidth amplifiers can 
be built to customer specifications. Bias is 
+8 to +15 V at 75 mA. Input/output con­
nectors can be either K-connector or wave- 
guide.
Spacek Labs Inc.,
Santa Barbara, CA 
(805) 564-4404.

Circle No. 249

■  GaAs HBT MMIC Power Amplifier
The model TG2013F PA is ideal for applications in 1.9 GHz PCS and 
CDMA Systems. It offers high output power of 29 dBm, a single power 
supply of 3.6 V, high gain of 24 dB, efficiency to 30 percent and SWR of 
< 3. The low SWR allows the unit to transmit more power than it re- 
flects, making it much more efficiënt. The device provides even better 
linearitv than a Silicon device while the high output power and high gain 
boost the signal for transmission. Size: 5.3 x 6.4 mm. Price: S4.50 (1000). 
Toshiba America Electronic Components Inc.,
Irvine, CA (800) 879-4963, est. 209.

Circle No. 250

■  6 -12  GHz Microwave Amplifier
The model AML612P4401 6 to 12 GHz, 1 W microwave amplifier pro­
vides 44 dB gain and flatness of ±2 dB. The maximum noise figure is 2.5 
dB and input/output SWR is 1.8. DC current consumption is 700 mA 
(nom) from a 12 to 15 V DC supply. Connectors are removable SMA. 
Size: 2.0" x 0.8" x 0.35".
AML Communications Inc., Camarillo, CA (805) 388-1345.

Circle No. 298
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NEW
PRODUCTS

■  Surface-mount Power Amplifier
The model ASMA-301 surface-mount power 

> die 1 to 1000 MHz frequency 
range for RF and 
microwave^appli-

excellent choice 
for such broad- 
band applications 
as digital radios,

«tions base sta-

peaters. The de- 
vicc is also an excellent solution for 2.0 GHz 
PCS, MMDS and INMARSAT applications. 
Nominal power gain is 10.5 dB and output 
power is +28 dBm (typ) at 1 dB compression. 
The cascadable, broadband amplilier is a stable 
50 Q gain block that features good linearity, in­
ternal biasing and single positive supply Opera­
tion. It is provided in a ceramic power package 
and is available in tape and reel.
Avnet, Microwave Technical Solutions 
(Avnet MTS),
San Jose, CA (408) 360-4000.

Circle No. 296

■  Linear Amplifiers
These lightweight, high power, linear ampli­
fiers use LDMOS FETs for pulsed avionics ap­

plications. Using proprietary device and circuit 
technology, the amplifiers operate reliably at 
elevated DC voltages and exhibit ultralinear 
dass AB performance. They are also specifical- 
ly optimized to provide undistorted, open-loop 
amplification of the new, complex, high data 
rate avionics modulations.
Zeta, an Integrated 
Defense Technologies Company,
San Jose, CA (408) 434-3602.

Circle No. 253

■  Ultra-high Dynamic 
Range GaAs Amplifier

The model AH11 GaAs amplifier extends the 
linear efficiency advantages of prcvious models 
to higher power levels. It can deliver over +17 
dBm of linear output power with an output IP3 
greater than 50 dBm, operating from a 5 V 
supply in a push-pull configuration. The unit 
also exhibits a 3.7 dB noise figure at a PI dB of 
+27 dBm. The device is available in an SOIC-8 
package and is 100 percent RF and DC tested. 
Price: < $6.75 (10,000).

Watkins-Johmon Co.,
Munich, Germany (800) 951-4401 (CS) 
or *44 125 266 1761 (Europe).

Circle No. 252

I  Solid-state RF Amplifier
The model SSPA2.2-2.6-80 high power, solid- 
state RF amplifier is designed for use in com­
mercial or military Systems. It offers greater 
than 30 dB of gain from 2.2 to 2.6 GHz and 
has a 1 dB compression point of 49 dBm (min). 
The unit operates from 12 V DC with an in­
put/output SWR of less than 1.5 (typ) and a 
noise figure of less than 6 dB. Povver-added ef­
ficiency is greater than 30 percent. Size: 4" x 8" 
x 1" Input and output connectors are SMA fe- 
male Standard.
Aethercomm Inc.,
San Marcos, CA (760) 598-4340.

Circle No. 297

■  Dual-band,
High Power Amplifiers

These flexible dual-band, high power amplifiers 
allow easy utilization of both Ku- and DBS- 
band frequency ranges in one compact unit 
making them ideal for mobile applications. The 
amplifiers are available in either single-thread 
or configurations, with three models available 
for power levels of 100,300 and 5(X) W.
Xicom Technology,
Sunnyvale, CA (408) 481-3002, ext. 114.

Circle No. 299

[Contimied on page 188]

Call for Book and Software Authors I  Standard and Precision
You can enhance your professional prestige and earn 
substantial royalties by w riting a book or a software 
package. W ith  over 400 titles in print, Artech House is a 
leading publisher o f  professional-level books in  microwave, 
radar, and telecommunications. We are seeking to  publish 
new microwave engineering books and software in  such areas 
as wireless Communications, microwave and R F  device 
design, advanced radar and antenna design, semiconductors, 
electromagnetic analysis, and more.

We are currently seeking potential authors among engineers 
and managers who feel they can make a contribution to 
the literature in their areas o f  expertise. I f  you have 
published technical papers, conducted professional seminars, 
or solved important real-world problems, you are an 
excellent candidate for authorship.

We invite you to  submit your manuscript o r software 
proposal for review. For a complete publications catalogue 
and A uthors Q uestionnaire please contact:

Dr Julie Lancashire 
Artech House Books
46 Gillingham Street 
London SW 1V 1 AH UK 
Tel: +44 (0)20 7596 8750 
jlancashire@artechhouse.co.uk

ÏH Artech House Books
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Quality and Service since 1896
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SUHNER QUICK-FIT -  Reliable 
Communications where Others are Silent

The new generation of SUHNER QUICK-FIT connectors: 
quick and easy assembly, absolutely watertight.
•  Absolutely watertight (IP 68) even under extreme conditions, 

thanks to our three-stage sealing concept
•  Very easy, reliable and quick assembly
•  Rugged mechanical design -  stable electrical characteristics
•  Excellent intermodulation performance, better than -155 dBc

^  HUBER+SUHNER
HUBER+SUHNER AG 
RF Interconnection Division 
9100 Herisau, Switzerland 
Phone+41 (0)71 353 41 11 
Fax +41 (0)71 353 44  44 
www.hubersuhner.com

AFFILIATED COMPANIES (Phone-Nol Australia: 0061 2 9905 0000; America 
613 271 9771; China: C0852 28 66 66 00 Shanghai: 0086 21 5298 5008; 
--------  ----- singapore/ Ma|aySia. 0065 861 81 86; Sweden: 0046 f
364 100; USA: 001 £ 
0032 2 735 51 61; Di 
0091 80 668 77 42; I

; 447 5200: United Kingdom: 0044 1 8t 
.... 0043 1 61003; Belgium: l'UBER+SUHN

Finland: - -  India: Rashmi Enterp+
Electronics Uci. 00972 3 921 50 01; Italy: AlHof di A. Hoffmonn SRI 0039 (

________________________  . 5.0047 22 65 44 20; Philippin«
:Ä T 8 F 3 2 0 7 ,  South Africa: Dartcom (Pty.J Lid. 0027 11 907 9520 Spain: Redislogar In 

pf 413 91 11; Taiwan: Ring-Line Corporation 0088 62 2709 4520; Torlcay: Elnox SA 0041 [0)24 466
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NEW
PRODUCTS

ANTENNAS
■  GPS Antenna

This fixed-mount GPS antenna enables the 
capture and deployment of synchronized time 
Signals for timing applications in cellular, pag- 
in& PCS operations and other industries. It 
permits GPS Signals to be used at fixed loca- 
tions in establishing precise time/spaee refer- 
ence measuremcnts. In addition, tlie antenna 
can be used to geographieally locate signal 
sources and is designed for Operation under 
harsh conditions. Gain is 3.5 dB with an LNA 
gain of 26 dB, and the unit operates at a fre­
quency of 1575 MHz ±4.0. SWR is < 2.0 and 
impedance is 50 Q. Price: starts at $275. Deliv­
ery: four to six weeks.
Hirschmann,
Pine Brook, NJ (973) 830-2000.

Circle No. 254

■  Broadband Yagi Antennas

The models ASP-998 and ASPG998 Yagi an- 
tennas provide broadband coverage for the 806 
to 894 and 890 to 960 MHz frequency ranges, 
respeetively, eliminating field tuning. These 
lightweight, durable, water-resistent antennas 
are ideal for quick and easy deployment in 
point-fo-point Systems, wireless local loop, 
spread spectrum and select area coverage ap­
plications. The two antennas have 8 dBd (10 
dBi) gain with an SWR of 1.5. Both are wind 
rated at 120 mph, have black DURACOAT™ 
aluminum elements, include completely en- 
capsulated feed assemblies, are vertically po- 
larized and have a 125 W pow er rating. 
Weight: 1.2 lb (0.55 kg). Length: 23.2 inches 
(58.9 cm).
Antenna Specialists, an Allen Telecom 
Company, Cleveland, OH (440) 349-8400.

Circle No. 300

■  2.4 GHz ISM-MPR
Parabolic Reflector Antennas

The models MPR24020, 24022 and 24024 par­
abolic reflector antennas are designed for the

2400 to 2483.5 MHz frequency band. They can 
be used as a bridge antenna between two net- 
works or for point-to-point Communications. 
The nominal impedance is 50 ß . Wind survival 
is 110 mph with 1/2-inch of iee. The units fea­
ture a narrow beamwidth and have rugged 
mounts with a 20° fine-adjustment feature for 
horizontal and vertical planes.
MAXRAD,
Hanover Park, IL  (800) 323-9122.

Circle No. 255

■  Embedded Antenna
The industry’s smallest Bluetooth embedded 
antenna is currrently available for Bluetooth 
adopters. The 2.4 GHz model for notebook 
computers provides reliable, easy-to-use, ad- 
justment-free antenna technology. This anten­
na features spherical coverage and is so small it 
can be mounted onto a board as if it were a 
component without sacrificing performance. In 
addition, the unit provides both vertical and 
horizontal polarization when installed on a hor­
izontal plane, making it ideal for notebook

Rangestar Wireless,
Aptos, CA (888) 647-7100 
or (831) 661-4200.

Circle No. 256

M ln-band Transverter/Antenna
The model MTR2000 MMDS transverter and 
antenna has been designed to operate in the 
MMDS band exelusively. It features 126 MHz 
of downstream and 12 MHz of upstream band­
width. The pre-LNA filter and internal diplex-

[Continued on page 190]
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U J h a t ' s  n e x t ?

Anaren is proud to announce the acquisition of RF Power Components, Inc., to complement our 
current microwave component manufacturing and design capabilities. We welcome RF Power's 
management, engineers, employees, and customers to the Anaren family and look forward to 
providing our joint clients worldwide with new opportunities and ideas.

Anaren
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PRODUCTS
er provide excellent immunity to interfering 
PCS, military and weather radar Signals. A sin­
gle crystal oscillator provides the reference fre­
quency for two phase-locked local oscillators. 
Optional antennas with gains of 15 or 18 dBi 
are also available.
REMEC Magnum Inc.,
San Jose, CA (408) 432-9898.

Circle No. 257

NEW

■  Dual-polarlzed
Diagonal Horn Antenna

The model 9911-800 dual-polarized broad­
band diagonal horn antenna is designed for 
very low sidelobes and near-constant 
beamwidths. It was originally intended for use 
in radiometry data gathering, but may be used 
in any application requiring low sidelobes 
and/or near-constant beamwidth. The frequen­
cy range is 4.5 to 7.0 GHz with 21.0 dBil gain. 
SWR is 1.7, isolation is 20 dB (min) and cross 
polarization is 25 dB (min). The unit weighs 
approximately 17.5 lb.
Seavey Engineering Associates Inc., 
Pembroke, MA (781) 829-4 740.

Circle No. 258

DEVICES
■  860-960 MHz Power Transistor
The model PT F10160 power transistor fea­
tures a flat power gain of 16 ±0.2 dB over the 
869 to 894 MHz and 921 to 960 MHz ranges, 
while efficiency is 53 percent (typ). The 85 W 
device is supplied in a 20248 package, which 
offers a footprint of 34 x 19 mm, including 
(langes. Designed to operate from a Standard 
26 V power supply, the unit offers a drain- 
source breakdown voltage of 65 V. At 25 W 
peak envelope power, the third-order dass AB

low -43 dBc. The transistor employs füll gold 
metallization to ensure good device lifetime 
and reliability. To meet quality control proce­
dures, 100 percent lot traceablity is Standard. 
Ericsson Microelectronics,
RF Power Products,
Newcastle-under-Lyme, Staffordshire, UK 
+46 8 757 4700.

Circle No. 259

■  RF LDMOS Devices
The models MRF21125 and MRF21180 RF 
LDMOS devices are designed for use in 3G 

base station appli­
cations. The 
MRF21125 is a 
high power, sin- 
gle-ended device 
(125 W), and the 
MRF21180 is a

high power, push-pull device (160 W) available 
in the 2.2 GHz band for wideband CDMA ap­
plications. The new devices are fully character- 
ized, individually tuned to operate in the 2.1 to 
2.2 GHz frequency range and suitable for all 
linear transmitter formats. The complete char- 
acterization of the devices makes them easier to 
use in applications where matched device per­
formance is itnportant. The MRF21125 is a sin-

190

gle-ended, 125 W device with 20 W average 
power operating at 2170 MHz. For applications 
requiring higher peak and average power, the 
MRF21180 is an internal impedance-matched 
push-pull transistor that provides 160 W  peak 
power and 24 W average power while; meeting 
the wideband CDMA maslc. Both devices are 
available in package styles with and without the 
flange and are designed for dass AB wideband 
CDMA applications, Prices (10,000): S216 
(MRF21125); S312 (MRF21180).
Motorola, Semiconductor Products Sector, 
Phoenix, AZ (480) 413-5383.

Circle No. 260

■  Low Voltage RF Power 
LDMOS Transistor

This 7.5 V, 6 W surface-mount transistor exhibits 
It is not internally 

matched and will 
perform well 
down to DC. The 
unit is designed 
for both narrow 
and wideband 
data/voice com- 
munication appli-

sheets, Spice mod­
els and S-parame- 

ters are available at www.polyfet.com.
Polyfet RF, Camarilla, CA (805) 484-4210.

Circle No. 261

■  Varactor Tuning Diodes
The models GVD60100 and GVD60200 Silicon 
varactor tuning diodes are offered in a new 
surface-mount monolithic package (SMMP). 
This new package design approaches the size 
of a diode chip yet can be handled using sur­
face-mount technology. It employs photolitho- 
graphic methods at wafer fabrications to con- 
nect to the diode. Since this technique is more 
exact than wire bonding, it makes it possible to 
tightly control the parasitic package induc- 
tance. Operation is optimized at approximately 
2 GHz and is possible up to 10 GHz. The 
60100 has a C-V characteristic designed for 
low voltage VCO applications; the 60200 has a 
characteristic well suited for wide-bandwidth 
VCO designs. Both of the models have high Q. 
Price: S7.75. Delivery: eightto 10 weeks.

Westbury, N Y (516) 334-8700.
Circle No. 262

■  Hyperabrupt Junction 
Tuning Varactor

The model SMV1763-079 hyperabrupt junc- 
ificallv designed for 

3 V platforms and 
fea tures a high 
capacitance ratio 
at low' reverse 
voltage, maldng it 
ideal for low 
phase noise VCOs 

in wireless systems up to and beyond 2.5 GHz. 
The unit is designed for high volume, low cost 
batteiy applications, including low noise wide­
band U H F and VHF VCO for W-CDMA, 
GSM, PCS and analog phones. It is manufac- 
tured in the ultra-small SC-79 package and is 
available in tape and reel.
Alpha Industries,
W obum, MA (781) 935-5150.

Circle No. 301

HARDWARE
■  Low Closure Force EMI Gaskets
This new line of SOFT-SIIIELD* 5000 electro- 

5MI) gaskets are 
compliant with 
94V-0 flammabili- 
ty requirem ents 
and are designed 
to m eet the 
shielding and me- 
chanical perfor­
mance requ ire ­
ments for today’s 
commercial elec­
tronic enclosures. 
Consisting o f an 
electrically con- 
ductive fabric 

jacket over soft urethane foam, the gaskets re- 
quire less than 1 lb/inch (0.175 N/mm) closure 
force to achieve 40 percent deüection. They are 
self-terminating and provide greater than 90 dB 
of EMI shielding from 30 MHz to 1 GHz, and 
more than 75 dB at 10 GHz. All gaskets are 
available with a pressure-sensitive adhesive 
tape for easy attachment. Profiles include rec- 
tangular, D- and P-shaped profiles, and C-folds. 
Price: $l/foot (500 ft) for Standard lengths. 
Chomerics,
a division o f Parker Hannifin Corp., 
W obum, MA (781) 939-4163.

Circle No. 302

INTEGRATED
CIRCUITS
■  Clock Generator
The model FS6261-01 single-chip mother- 
board clock generator IC is designed for 133 
MHz front-side bus motherboards and offers 
nonlinear, spread spectrum modulation for re- 
duced System electromagnetic interference. It 
also delivers low cvcle to cycle CPU clock jitter 
(under 150 ps p-p) for improved time margins. 
The FS6261-01 provides four CPU clocks at 
up to 133 MHz, two CPU/2 clocks, seven PCI 
bus clocks, four AGP clocks, three IOAPIC 
clocks, two REF clocks and one USB clock. It 
is available in a 56-pin, 0.3-inch shrink small 
outline package. Price: $2.18 (10,000). 
American M icrosystems Inc. (AMI), 
Pocatello, ID (208) 233-4690.

Circle No. 311

■  Two-way
Wireless Transceiver

The model PT800 multipurpose RF (MuRF) 
transceiver enables two-way radio communica- 
tion in personal wireless Connectivity applica­
tions operating in the 220 to 870 MHz and 902 
to 928 MHz industrial, scientific and medical 
bands. The unit halves the number of compo­
nents normally required for two-way radio 
transmission, which reduces power consump­
tion by up to 100 percent and cost by up to 50 
percent. The frequency-locked active filter de­
sign enhances gain, sensitivity and selectivity 
while minimizing battery power consumption. 
The peak power consumption for the receiver 
section is less than 8 mW, which is a reduction 
of 40 to 100 percent. The transceiver powers 

[Continued on page 192] 
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At Trilithic, our engineers are thinking all 
the time. One of the things we’ve been 
thinking about lately is how to utilize recent 
advances in ceramic technology and its significant 
power handling capabilities. We thought it might be in- 
teresting to apply this technology to our advanced filter 
product line. Offering superior insertion loss and suppres- 
sion performance, the Trilithic dielectric resonator filter 
configuration offers a variety of advantages. RF design engi­
neers will now enjoy greater flexibility in meeting demand- 
ing spectral purity and interference requirements for special- 
ized wireless communication Systems. The result is an out- 
standing filter implementation, offering cryogenic performance 
for insertion loss and signal suppression during high power lev­
els -  at room temperatures (patent applied for). This technologi- 
cal creativity may seem alien to some. But then again, at Trilithic, 
we see the world a little differently.

C all 1 -80D-TRILITHIC f o r  m o r e  In fo r m a t io n  & 
d o n ’t  f o r g e t  t o  a s k  f o r  y o u r  f r e e  c a t a l o g .

V  TRILITHIC
Hard Working Engineers-Like You

9202 East 33rd Street /  Indianapolis, IN 46235
(800) TRILITHIC (800-874-5484) (317) 895-3600 (317) 895-3612 Fax
E-Mail: sales@ trilithic.com /  In ternet:w w w .trilithic.com

£
T « r

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


PRODUCTS
down to below 1 pA current drain to allow ex- 
tremely long battery life for remote sensors. 
Price: less than $4.00 in volume.
Phiisar Semiconductor Inc.,
Nepean, Ontario, Canada (800) 551-2319 
or (613) 274-0922.

Circle No. 230

■  Low Drift
RF Detector/Controller

The model AD8314 RF detector/controller cn- 
ables precise, temperature-stable power ampli­
fier control and supports all curren t and 
emerging cellular Standards. I t replaces dis­
crete diode detectors and offers wireless de­
signers a single-package IC solution. Operating 
at up to a 2500 MHz frequency range with 45 
dB dynarnie range, the unit handles a wide Sig­
nal range with ±0.5 dB accuracy. Designers no 
longer have to adjust for temperature variabili- 
ty during manufacturing, and design time is rc- 
dueed. The detector/controller also minimiz.es 
board area due to its eight-pin microSOIC 
packaging, which reduees required space by as 
mueh as 50 percent. Price: $3.95 (1000).
Analog Devices Inc.,
Wilmington, MA 
(800) 262-5643.

Circle No. 303

NEW

MATERIAL
■  Urethane

Liquid Foam System
The ECCOSTOCK®FPH high temperature 
rigid foam in place urethane series gives users 
a two-part liquid foam System for filling cavi- 
ties populated with sensitive electronics to pro­
vide lightweight, low diclcctric loss, thermal in- 
sulation and vibration-damping properties. The 
series is available in kits with densities of 2, 4, 6 
and 10 pound/ft3. Kits are available in 2-, 10- 
and 70-pound sizes.
Emerson i? Cuming Microwave Products, 
Randolph, MA (800) 650-5740 
or (781) 961-9600.

Circle No. 304

PACKAGING

PROCESSING
EQ UIPM ENT
■  Circuit Board Plotters
The ProtoMat C series circuit board plotters 
are designed based on a 75 mm cast aluminum 

base plate frame-

high resistance to 
torsion and Vibra­
tion absorption 
without excessive 
w eight. D im en­
sional accuracy is 
achieved  ̂ and

precise milling and integration o f patented 
roller guides under the machine table. The y- 
axis of the series is constructed of a solid cast 
aluminum frame with a V profile cross section 
and patented integrated guides. The ProtoMat 
technology has thus been improved such that 
even with the smaller model, struetures finer 
than 0.1 mm can be produced when milling 
printed circuit boards.
LPKF Laser <Lr Electronics AG,
Garbsen, Germany +49 (0)5131-7095-0.

Circle No. 268

■  EMI Gasket Installation System

The GORE-SHIELD ALLEGRO™ semi-au- 
tomatic assembly machine rapidly and accu- 
rately installs GORE-SHIELD® EMI gaskets 
that are narrower than 1 mm and at through- 
puts consistently faster than other smaller ma­
chines. It is ideal for medium to high volume 
production of shielding components used in 
hand-held portable devices, such as cellular 
telephoncs. The System is designed for low 
maintcnance Operation, long service life and 
maximum throughput.
W.L. Gore & Associates Inc.,
Newark, D E (800) 445-4673.

Circle No. 305

iM a V

■  Hermetic Headers,
Connectors and Feedthroughs

This new line of herme;tic headers, connectors
and feedthnoughs uses; pins made of Alumel,
Chromel or copper. It is possible to use these
materials in glass-to-metal seals with a variety
of body mai:erials due to a newly developed
sealing glas:5 and the Companys proprietarv
Tek-Seal™ sicaling process. The pin materials
are especially suited tci the temperature-sens-
mg mdustiy or any application in which low
electrical resistance is r equired.
Tekna Seal Inc.,
a division o f  Maxwell Technologies, 
Minneapolis, M N (612) 574-1613.

Circle No. 267

SERVICE
■  Prototyping Service

for Plugging High Density 
Multilayer PC Boards

This service utilizes rnicrovia'technology, which 
eliminates the need for through-hole plating

j O U * .  ™ "H » I"
■JÊÊÊKÊPfr' highly miniatur-

ized PG boards 
with blind, buried 
and throughhole 

j g R B P Ê g t f m  Mas. The (eeluiol- 
H S W  ogy is ideal for 

the production of most compact electronic Sys­

tems and equipment and is intended to “boot 
strap” the process of getting potential users 
started with mierovia-eqiiipped PC boards by 
showing both designers and inanufacturers how 
the process works and demonstrating what 
types of benefits it offers.
Methode Development Co., 
a subsidiary o f Methode Electronics Inc., 
Chicago, IL  (800) 323-6858.

Circle No. 269

SOFTWARE
■  High Frequency Circuit 

and System Design Software
Serenade Version 8.5 is the latest version of tl«? 
Companys high frequency circuit and system 
design software, which adds powerful new ca- 
pabilities for demanding RFIC, MMIC and 
wireless circuit and system designs. Features 
such as compiled usor-defined models and 
Matlab cosiirmlation provide engineers with 
eustomizable models necessary for advanced 
device Simulation found in today’s telecommu- 
nication Systems. These benefits provide a sig­
nificant mcrease in the flexibility of both the 
linear and nonlinear circuit and system design 
suites. New layout capabilities enhance fea­
tures such as parameterized footprints and 
support of an arbitraiy number of layers.
Ansoft Corp.,
Pittsburgh, PA (412) 261-3200.

Circle No. 270

■  Calibration Software
This newest version of MET/CAL* Plus cali­
bration software now extends workload cover­
age to include RF and microwave instruments 
like signal generators. The software also meets 
new international Standards for caleulating and 
reporting measurement uncertainties, and adds 
synchronization and Web server options. This 
capability further enhances the softwares us- 
ability and accessibility in remote and nctwork 
applications. Price: $3800 (upgrade from previ- 
ous version, $1000).
Fluke Corp., Ecerett, WA (888) 492-7554.

Circle No. 271

■  Electronic Design 
Automation Products

GoldenGatc/Sim™ and GoldeuGate/XN-Mod- 
el Gompiler™ software dramatically aeceler- 
ates design cycles for RF and wireless commu- 
nication. The products are targeted to design­
ers developing products for existing 2G and 
rapidly evolving 3G and Bluetooth communi- 
cation Standards. GoldenGate/Sim is a compre- 
hensive RF circuit- and subsystem-level Simu­
lation and analysis tooi that offers advanced, 
robust and accurate linear RF, harmonie bal­
ance and envelope circuit Simulation tools with 
unique linear and nonlinear stability and phase 
noise analysis capabilities. Golden Gat e/NN- 
Model Compiler is an innovative; behavioral 
modeling tooi based on neural network tech­
nology that enables designers to accelerate RF 
circuit and subsystern Simulation while main- 
taining circuit-level Simulation accuracy. I t sig- 
nifieantly increases productivity of wireless Sys­
tem designers and enables them to handle 
complex designs. Prices: GoldenGate/Sim is 
$55,000 for Unix platforms, $10,000 to 40,000 
for Windows™ platforms; GoldenGate/NN- 

[Continued on page 194]
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WHEN YOU NEED YOUR CABLE ASSEMBLIES 
RIGHT AND RIGHT NOW, CALL THE LEADER.

To be more efficiënt and more competitive, call a Company that's more efficiënt 
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 cAfl^JSsE^uÉi 
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.

135 Ward Hil! Ave., P.0. Box 8224, Haverhill, M A 01835 U.S.A.
Tel: 978-469-0555 /  Fax: 978-521-4589 /  E-mail: connect@dynawave.com /  Website: www.dynawave.com 

Dynawave is an ISO 9001 UL Registered Company

CIHf-LE 48 ON READER SERVICE CARD

mailto:connect@dynawave.com
http://www.dynawave.com


PRODUCTS
Model Compiler is $75,000 for both platforms. 
Xpedion Design Systems Inc.,
Santa Clara, CA (408) 987-0615.

Circle No. 266

NEW

SOURCES
■  925-1650 MHz VCO
The model V585ME20 VCO has been engi- 
ueered for the cable modern market and öfters 

linear, broadband 
timing and single- 
sideband phase

quencies from 925 
to 1650 MHz 
within 3 to 21 V 
DC of control 
voltage and covers 
the ’ frequency

erage tuning sensitivity of 57 Mllz/V. The VCO 
also exhibits good spectral purity  o f -1 0 2  
dBc/Hz (typ) at 10 kHz from the carrier while 
drawing 16 mA of current from an 11.5 V DC 
supply. The unit offers 7 ±2.5 dBm of output 
power into a 50 Q load and is designed for 
tough outdoor applications sincc it is specified 
to operate over the extended commercial tem- 
perature range of -40° to +85°C. ln addition, 
the device can optimize any cable modem 
phase-loekcd loop with its 1.1:1 linearity over 
frequency and temperature. The VCO also pulls 
less than 20 MHz with a 14 dB return loss, any 
phase, and has a pushing specification of less 
than 2 MHz/V within a five percent change in 
the supply voltage. The unit is supplicd in an in- 
dustry-standard, low profile, miniature SMT 
package mcasuring 0.50" x 0.50" x 0.22'! Price: 
815.95 (5). Delivery: stock to six weeks.
Z- Communications Inc.,
San Diego, CA (858) 621-2700.

Circle No. 277

■  PECLVCXOs

and ±50 ppm at -40° to ±85°C. The Kl 7255 
operates from a 5.0 V supply voltage and the 
K17355 operates from a 3.3 V supply voltage. 
The devices are ideal for low jitter perfor­
mance (5 ps, typ) as jitter performance is main- 
tained while the VCXOs exhibit waveform rise 
and fall times of less than 450 p. The crystal is 
hermetically sealed for predictable long-term 
aging and reliability.
Champion Technologies Inc.,
Franklin Park, IL  (800) 888-1499.

Circle No. 272

■  Synchronous Clock Generators
The SCG series synchronous clock generators

designed phase- 
Iocked loops 
(PLL). The gen­
erators will accept 
an input refer- 
enoc Signal at onc 
frequency and the 
output will be a 
jit te r - re d u c e d , 

phase-coherent signal at a higher frequency. 
The SCG devices are miniature timing Sub­
systems that dramatically reduce design time 
in a complete single-paekaged PLL. When 
used with a timing module the user has a com­
plete paekaged telecom timing system and 
can be assured the maximum, tight-tolerance 
performance.
Connor-Winfield Corp.,
Aurora, IL  (630) 851-4722.

Circle No. 306

has been engineered to

■  SAW-based, Voitage-controlled 
Oscillator

The model VS-500 SAW stabilized, voitage- 
controlled oscillator operates at the fundamen­

tal frequency of 
the internal SAW 
filter. I t is a  high 
stability, high Q 
quartz device that 
enables the  c ir­

cuit to achieve low phase jitter performance 
over a wide operating temperature range: 3 pS 
rins (typ) for 622.080 MHz and 6 pS mis (typ) 
for 155 MHz. The VS-500 has output frequen­
ties from 155 MHz to 1 GHz with 10 K ECL, 
PECL logic levels and fast transition times. 
The unit is ideal for clock smoothing and fre­
quency transition in clock and data retiming 
applications. It is housed in a low profile, sur­
face-mount package that is the smallest avail­
able at 622.080 MHz.
Vectron International,
Norwalk, C T (888) 328-7661.

Circle No. 307

■  Ceramic Resonator
The CSTS-MG series resonator is a drop-in re- 
placem ent for the  company's CST-MGW, 
downsized 10 percent in widtli and 20 percent 
in thickness. I t has a shorter Standard lead 
length than the current CST-MGW (3.5 vs. 5.0 
mm) with excellent temperature and seoular 
characteristics. In addition, the resonator has 
improved mounting reliability duo to round 
leads and is available on tape.
MuRata, Smyrna, GA (770) 436-1300.

Circle No. 274

SUBSYSTEMS
■  Integrated Modular Assemblies
Designed for microwave, RF, video and audio 

iplications in the DC to 18 GHz range, 
these integrated 
nodular assem-

tiple inputs and Outputs that need to be tested. 
The Companys switch matrix technology' pro­
vides the basis of the integrated assemblies. A 
variety of passive components are added, de- 
pending on the schematic, to provide cus- 
tomization and increased functionality to test- 
ing processes. The units’ modular design adds 
flexibility by allowing the rcmoval of sections 
from the complex assembly' for easy mainte- 
nance and service. The switches range from 
SPST to SP6T, transfers, T-switches and a fami­
ly of waveguide designs as well as waveguide 
blocks, matrices and integrated assemblies. 
Dow-Key Microwave Corp.,
Ventura, CA (805) 650-0260.

Circle No. 279

■  Pre-approved RF Transceiver
The model TR-916-SC-PA RF module can 

ato products without furthe
be

k.-t The

fication from the 
FCC, which saves 
customers thou- 
sands o f dollars 
and untold delays 
in bringing their

unit operates in the 900 MHz band 
and is eapable of transferring analog or digital 
content bidireetionally. Price: $34.70.
Linx Technologies,
Grants Pass, OR (541) 471-6256.

Circle No. 281

M  C-, X K u -  and K-band 
Linearizers

The WAFL series predistortion linearizers can 
give TWTAs an effective 4x power increase 
with multicanier traffic. The frequency ranges 
are 5850 to 6650 MHz, 7900 to 8400 MHz, 
13,750 to 14,500 MHz and 17,300 to 18.400 
MHz, respectively. The input/output SWR is 
less than 1.35. Input power is 120/220 V AC, 
less tlien 20 W. The units are easy to tune with 
füll uplink bandwidths.
Linearizer Technology Inc.,
Hamilton, NJ (609) 584-8424.

Circle No. 280

TEST EQ U IPM EN T
Digital Power Meter

tional RF power 
nieter combining a 
digital display with 
the ability to accu- 
rately measure 
power in both ana­
log and digital RF 
Systems. lts 

_  „ ruggec* construc-
tion and rechargeable SjiMH battery make it ide­
al for use in the field. The Operation is fast and 
easy with a backlit digital display, simple menu 
commands and five dedicated speed keys. The 
device provides average, true average or peak 
measurements of 0.1 to 10,000 W with ±5 per­
cent accuracy and automatically calculates SWR, 
return loss and match efficiency. Operating range 
is 0.45 to 3600 MHz.
Bird Electronic Corp.,
Cleveland, OH (440) 248-1200, ext. 2226.

Circle No. 284  

[Continued on page 196]
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a Wide Range of
Quality Attenuators

Step-Rotary /  Continuously Variable /  Fixed Coaxial

Designed by KMW for consistency and stability, these Attenuators will be your first choice for 
building wireless communication system applications

KAT 2 D04S A000 
KAT1D04SA002

■ Step-Rotary Attenuators

■ Fixed Coaxial Attenuators are available
N-type, SMA-type Connectors

___ * taes 13131 East 166th Street, Cerritos, CA 90703-2202
K M W«_'• V'-T. "y iw  gè—»fr1— . Wfc 1-800-8320-KMW • www.kmwinc.com

http://www.kmwinc.com


Highest Channel to 
Channel Isolation

http://www.cmtf ilters.

Personal
Probe

Station
Very Low Cost 
High Function

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

CIRCLE 85

CIRCLE 39

t TSAT
Ku to  L-band Transceiver, 2 W

Completely Integrated, total weight 2 kg
• HPC, OMT, TRF, LNC.
• Microcontroller 

Two cables Interface:
• Rx IF, 10 MHz ref and 24 DC
• Tx, HPA on/off

For more Information:
Tel: +47 23 03 73 60 • Fax: +47 23 03 73 61 

e-mail: info@LsaLno

CIRCLE 170

CIRCLE 64

NEW
PRODUCTS

■  Noise Generator
The VXI9000 series programmable noise gener­
ator is ablc to switch between two noise bands 
within one instrument, providing dual-frequen- 
cy capabilities. Available options include a signal 
and noise combiner, 0.1 dB precision attenua­
tion steps for both the signal and the noise path, 
and custom noise filtering. Frequency ranges 
are available from 10 Hz to 40 GHz.
Noise Com,
Paramus, NJ (201) 261-8797.

Circle No. 286

■  Universal Power Meters

The 8650A series universal power meters have 
added significant new features such as his- 
tograms, CDF/CCDF and strip chart capabili­
ties. They are available in single- and dual-chan- 
nel configurations and have extensive measure- 
ment capabilities and features required to 
measure the peak and average power of TDMA, 
GSM and CDMA (IS-95 and third-generation) 
Signals. They can also measure CW and pulse 
modulated signals with NIST-traceable accuracy 
from 10 MHz to 40 GHz over a -70 to +47 dBm 
range. The new histogram, CDF/CCDF and 
strip chart measurement features join crest fac­
tor Standard deviation and mean power to pro­
vide statistica! analysis modes for evaluating

[Continued on page 198]
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future of 
wireless.

M/A-COM p ro v id e s  an in te g ra te d  d i g i t a l  vo ic e  and data  
co iranun ications ne tw ork s o lu tn o n  to  the P u b lic  S a fe ty . 
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...Your Career

goals in all departments. BSEE preferred/15+ years ex a semiconductor lab. Suc-

Sr. IC Design fnff/neerrResponsible lor IC designs including mixers, oscillators, ampli­
fiers and filters. Responsible for Simulation, preiiminary layoul and preliminary engineerini 
evaluation; also for engineering mask starts and engineering wafer lot tracking. BSEE and 8 ti 
10 years of experience, MSEE with 4-5 years or PhD with 2-3 years experience in RF/IC Mi- 

crowave/Analog/IC design. Exposure to design software such as Spice and Harmonie Balance. Ability to si

for cellular/PCS applications. Requirei fe MS or PhD and experience in MMIC or RFIC design ar

id component level; participatlng with 
on notes and data sheets. Requires H ' 

RF/Microwave measurement skills; desigi
plication notes and data sheets. Requires BSEE/MSEE with minimum 3 years RF design/product experience, strong

RFIC product development; developing af 
years RF design/product experience, stron. 

analog and digital modulation schemes (AMPS, GSM"

iw product development, coordinating the contributions of many 
iring, Marketing and Quality Assurance. Will prepare marketing 

plans that Include new product objectives, competitive analyses, main user benefits, cuslomer profiles and primary sell- 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 experience, technical safes ar'

ts including Design Engineering, Manufacturing, Marketing ar marketing
marysell-
marketinging points. Requires BS degree in Engineering-related discipline and 

experience in RF/Wireless industry preferred.
Key Account Manager: This Position will work closely with key Customers to implement Standard product de- 
sign-ins and custom IC development projects. Individual will manage all phases of project development: sched- 
ules, forecasts, resources and technical goals. Requires engineering degree and experience with project manage­
ment methods and tools. Account management or sales management experience is also a plus.
Filter Design Engineer: MS. Minimum 3 years experience in the design and development of Broad Band, 
comb-line, strip line, interdigital, low pass and high pass filters, multiplexers, diode switches (phase shifters) at- 
tenuators and microwave subsystems desirable.
Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products. Circuits to be designed 

'e: power amplifiers, driver amplifiers, LNAs, mixers, IF amplifiers, buffer amplifiers. RF frequencies are 900

ss Communications applications in a 60 GHz SiGe BiCMOS technology. Includes transceivers for cellular and PCS 
handsets and wireless Communications devices at 900 MHz -1.8 GHz. Ph.D./MS 

th experience with one of the following: LNAs, VCOs, power amps, mixers and frequency synthesizers, 
anager of Active Components: Lead the effort to develop the active component design competency and de­

velopment strategy. BSEE with experience in designing discreet RF active components and managing design engi- 
neers requirec. Candidate must have experience in defining and recruiiing associated disciplines required to si 
cessfully produce RF active components in high volume.

e Components Engineer: Design discreet RF active components for RF Systems. BSEE with at least 
yea's experience in designing LNAs required. Experience with high power amplifier design is a plus.
Synthesizer Engineer: BS in Electrica! Engineering, and 5 years experience in the design of RF and microwa 
synthesizer products. The candidate should be fully conversant with phase locked loop oscillator multi-loop de­
signs, frequency division plans, and summing techniques that produce low phase noise and opbmum s 
performance. In particular, he or she should have hands-on design experience with VCOs, frequency/phase detec-

RF/microwave circuit design and development i

The individual in this Position will also verify test 
bleshooting guides for tes: system support and mainienance. Must also be able to design complex hardware interfaces to 
RF test equipmenL Experience with CDMA, GSM and TDMA modulation formats a plus as is experience with VB and/or 
C++ programming and experience with device handlers (piek and place or gravity led). A BSEE or equivalent.

V is it  o u r  W e b s it e  at w w w .m ic s e a r c h .co m

■ P  P  P  COMMUNICATIONS 
l O n  W  EXECUTIVE SEARCH

Hè speciolize in the placement of wireless, RF, microwave Communications 
professionals both nationally and intemationally

35 New England Business Center Ste. 205 
Andover, MA 01810

Call Collect: Tel: (978) 685-2272 • Fax: (978) 794-JOBS

NEW PRODUCTS
modulatcd signals over a selected time interval. Pri 
channel), $4870 (dual channel). Delivery: 30 days. 
Giga-tronics Inc.,
San Ramon, CA (800) 726-4442.

Circle No. 285

■  Cable Network and Interference Emulator
The TAS 8250 cable network and interference emulator is the first prod­
uct to emulate critical hybrid fiber/coax cable network impairments in a 

controllable laboratory 
instrument. It is an ide­
al tooi for evaluating 
the transinission per­
form ance of cable 
modems, cable modem 
term ination Systems, 
set-top boxes, HDTV 
equipment and Inter­
net protocol products. 

(S It emulates both up- 
:  stream (5 to 42 MHz) 

and downstream (50 to 
860 MHz) HFC chan- 

iment. A built-in diplex fil- 
rlownstream channels from 
e, allowing single or multi-

nel cha icteristics in a single, integrated ii

the CMTS (or headend) into a single inte: 
ple subseriber devices to be tested. 
Telecom Analysis Systems Inc. (TAS), 
Eatontown, NJ (732) 544-8700.

Circle No. 287

■  TV Test Transmitters
The new DVB-T SFQ- TV test transmitter features bandwidths of 6, 7 

and 8 MHz as well as 
hierarchial coding in 2k 
and 8k COFDM mode. 
The ATSC model com- 
plies with the DTV 
Standard and has 8 
VSB and 16 VSB 
capability.
Rohde i j  Schwarz 
GmbH i j  Co. KG,

Munich, Germany +49 89 4129-3779.
Circle No. 276

TUBES
■  Miniature Traveling-wave Tube
The TH 4030 traveling-wave tulxr is part of a new range of conduction- 
cooled mini tubes that is specifieally designed for satellite uplink and lo­

cal multiple distribu- 
tion system (LMDS) 
applications. Operating 
in a bandwidth of 25.5 
GHz to 31.5 GHz it

used by these applica­
tions. Developing 40 W 
CW, the unit also ac- 
commodates most of 
the pow er require- 
ments for satellite up­
link and LMDS. 

ncy driving power con­
sumption down to 140 W (max). It has a gain of 45 dB (min). Size: 180 x 
30 x 40 mm.
Thomson Tubes Electroniques,
Velizy, France +3 (1) 30 70 36 40.

Circle No. 288

The dual- stage collector enables high efficic
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Encode, multiplex, modulate, upconvert, filter, amplify, transmit, receive, reverse 

and recover. Symphony's end-to-end communication system design suite Iets 

you simulate your baseband, transceiver and channel with speed and flexibility.

Make key architectural decisions and component specifications at any stage of 

your development. Optimize performance such as noise figure, BER, 

ACPR, or SINAD with a comprehensive library of RF and 

DSP behavioral models, along with

frequency, discrete-time 

domain and mixed 

mode analyses. 

Symphony provides 

the speed and 

power for 

s;mu!ating Systems 

such as GSM, CDMA 

and 3G. As a p a l of 

Ansoft s Se'enade Des gr 

Symp-iony o'ovides a

soamless link to om.ut s ■" ulation, 3D ard plarar 

electromagnetics in addition to Matlab co-simulation.

Design w ith  speed and flexibility.

Discover the difference Symphony makes in your system 

development and component specification.

For your free evaluation copy of Symphony, or any of the tools in 

Ansoft's Serenade Design Environment call 412-261-3200 or 

send e-mail to info@ansoft.com.

CIRCLE 25 ON READER SERVICE CARD
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NEW LITERATURE

► NICRP-ADS -4

fc- Stea/th Microwave
" A OMtlon <* SSB Technotogt« Inc.

1007 Whfeehead Road Ext. Trenton. NJ 08538 
Tel: 609-538-8538 * Fax: 609-538-8587 

Email: sates@ssbtech.cam 
Visit us on the Wab: www.ssbtech.com

CIRaE 157

ORCLE 149

■ Product Catalog

This 132-page catalog offers infbrmation and 
specificaHons on the Companys full hne of RF 
inductors, power inductors, EMI/RFI Suppres­
sors, transformers and other specialty products. 
Industry-standard, circuit solutiori and applica- 
tion-spccific components are detailed as well

API Delevan Inc.,
East Aurora, NY (716) 652-3600.

Circle No. 200

■ RF Product Data Sheet

This two-page data sheet describes a variety of 
RF products, including adapters, connectors, 
cable assemblies, attenators, circulators, Split­
ters, loads and custom assemblies. A “build 
your own coax cable” fax form is included. 
Delaire USA,
Manasquan, NJ (732) 528-4520.

Circle No. 201

■ RF Connector Catalog

This 176-page catalog contains drawings and 
specifications for the Companys 25 Standard 
connector series, which range from subminia- 
ture types to large, high power connectors. Full 
cable assembly instructions and mounting di- 
mensions are included as well as a section out- 
lining many of the Companys production tech­
nologies. A CD-ROM Version is also available. 
Delta Electronics Manufacturing Co., 
Beverly, M A (978) 927-1060.

Circle No. 202

■  OVEN-CONTROLLED CRYSTAL
Oscillator Data Sheet

This two-page data sheet describes the model 
FE-2260A temperature-stable, oven-controlled 
crystal oscillator. This unit features warm-up to 
stabilized frequency in less than two minutes 
and temperature stability of 5 x  ICH1 (-55° to 
+85°C). Full specifications and technical high- 
fights are listed.
Frequency Electronics Inc.,
Mitchel Field, N Y  (516) 794-4500.

Circle No. 203

M ic ro w a v e  F ilt e r  C o ., in c .

■ Electronic Packaging 
Product Catalog

This 38-page catalog describes a variety of con- 
necting, heat dissipation and shielding Solu­
tions. It focuses on elastomeric connectors 
where space is most limited, offering up to 500 
conductors per inch, thermal management 
components, shielding and custom silicone 
rubber extrusions.
Fujipoly, Kenilicorth, NJ (908) 298-3850.

Circle No. 204

■ Coaxial Probe 
Supplementary Catalog

This supplementary catalog details some of the 
Companys most successful custom coaxial 
probe designs, expanding on the nine offerings 
in the current catalog and sourcebook. The 
probes feature tme rated characteristic irnpe- 
dance through their entire length and are avail­
able in both 50 and 75 ß  versions. 
lnlerconnect Devices Inc. (IDI),
Kansas City, KS (913) 342-5544.

Circle No. 205

■ RF Personal M onitor Data Sheet

This data sheet describes the 8846 and 8848 
series RF personal monitors, which offer 300 
kHz to 45 GHz detection in one unit. The 
monitors’ patented “shaped” frequency re­
sponse is designed to conform to Federal 
Communications Commission, Safety Code 6, 
ICNIRP and NRPB Standards and guidelines. 
Specifications and photographs are provided.

Uauppauge, NY (631) 231-1700. P ^
Circle No. 206

■ Cable Assembly and A dapter Catalog

This 60-page catalog features an extensive line 
of Standard flexible and semirigid cable assem­
blies and coaxial adapters. Also included are 
descriptions of RF/microwave components, 
such as isolators, circulators, detectors, Iim- 
iters, attenuators, terminations, and phase-ad- 
justable adapters and connectors.
Microwave D istributors Company (MDC), 
lslandia, NY (800) 637-4353.

Circle No. 207

■ DC-to-DC  Converter 
Reference Guide

This eight-page reference  guide (Power 
Page™ 41) is designed to aid engincers in im- 
proving performance in Systems using DC-to- 
DC Converters. It includes discussions of the 
key safety, thermal and mcchanical considera- 
tions that are applied to the use of these Con­
verters as well as details on the input and out­
put connections and sense circuits required for 
Optimum system performance.

Chatsworth, CA (800) 866-3590.
Circle No. 208

■ Trimmer Capacitor B ulletin

This 12-pagc bulletin describes the Companys 
complete line of ceramic dielectric trimmer ca­
pacitors. It contains product data for surface 
mount, lead-through-hole and hybrid application 
models. Features, specifications, outline draw­
ings and application notes are also included. 
Sprague-Goodman Electronics Inc., 
Westbury, NY (516) 334-8700.

Circle No. 210

■ Single-ended A luminum Electrolytic 
Capacitor Data Book

This 172-page data book provides a chart for 
viewing new and existing single-ended alu­
minum electrolytic capacitors at a glance. A 
Company overview, list of applications and 
complete set of data sheets are also included. 
EPCOS Inc. (formerly Siemens), 
lselin, NJ (800) 888-7729.

Circle No. 211

■ Test Solution Catalog

This 152-page catalog (EMC Test Solutions) de­
scribes the Companys complete line of electro- 
magnetic compatibüity (EMC) instrumentation

en to EMC test Solutions for the industrial,

Schaffner EMC Inc.,
Edison, NJ (732) 225-9533.

Circle No. 212
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For additiqnal Information, contact 
Synérgy's sales and application team.
201 McLean Boulevard, Paterson, NJ 07504 
Tel: (973) 881-§800 * Fax: (973) 881-8361 
E-mail: sales@synergymwave.com 
World Wide Web: www.synergymwave.com

Consider Synérgy's füll range of
LOW COST, very HIGH PERFORMANCE

V O LT A G E  C O N T R O L L E D  O S C ILL A T O R S .

CRO, CFO and MFO series - Ceramic resonator based with extemely low phase 
noise and hkjh-stability. Frequency range ( 350 MHz to 2100 MHz ).
MFC, VCO and VFC series - Microstrip resonator based offering superb phase 
noise performance and bandwidth from optimized to over an octave frequency 
generation. Frequency range (40 MHz to 6100 MHz ).
TFC series - Microstrip resonator based and miniature style package for 
optimized bandwidth with frequencies ranging from 100 MHz to 3000 MHz. 
Series 5 - Dual isolated output with excellent phase noise and good stability. 
Available from 50 MHz to 1000 MHz in optimized bandwidths.

All models are available in various surface mount and through hole 
packages ideally suited for automated manufacturing techniques.

f -  W  ' .

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


THE BOOK END
■ Flip Chip Technologies 
John H. Lau 
McGraw-Hill 
565 pages; $89 
ISBN: 0-07-036609-8

Of the three populär chip-level conneetion technolo­
gies, flip chip provides the highest packaging density 

and performance, and the lowest packaging profile. Un- 
fortunately, it is also the least understood. This book deals
...ïliriTTi..... ..........■. with classical solder-bumped

flip chip technologies, the 
"...flip chip next-generation flip chip

technologies and knovvn- 
provides the good-die (KGD) testing for
hieltest packaging multi-chip module (MCM)
- * p I ? 11: {;. applications.
density and Solder-bumped flip chip

wÈÊÈÊÊÈÊÊêiMti* t ::;;: teehnologv is described, in-

and the lowest called plasma-assisted dry sol-
Izltr'J : . dering. Important aspeets of
packaging profile. the electrical and thermal per- 

: ; form ance of solder-bu mped
flip chip assemblies are dis- 

cussed as well as a methodology to develop accelerated test 
strategies. Some test results of the thermal management, 
inanufacturability and reliability of very large and high I/O 
flip chip technologies are examined. The design, develop­
ment and optimi7.ation of manufacturing processes for cost- 
effective, large-volume assembly of flip chip are presented.

Polymer flip chip technology is overviewed along with 
design, process, electrical and mechanical reliability data. 
Polymer bump formation and metallization, assembly/re- 
work processes, and fabrication costs are discussed. Appli- 
cations of anisotropic conductive film (ACF) and adhesive 
(ASA) paste are described. The principle of ACF inter- 
connects and the role of condueting particles dispersed in 
ACF are presented, along with the application of ACA 
and ACF materials to flip chip on glass technology.

Face-down wired flip chip technologies are covered 
along with an area array tape-automated bonding type of 
flip chip. Metallurgv-bumped flip chip technology is dis­
cussed as well as bumping processes and eharaeteristics 
for Au, AuSn and NiAu metallurgies, and Au stud and sol- 
der-stud bumps. The final section deals with the applica­
tion of flip chip technology to MCM packaging. KGD def- 
inition and Standards are presented and the principles of 
burn in for flip chip ICs are explained.

This book is particularly aimed at individuals active in re­
search and development of flip chip technologies, and is use- 
ful to those engineers who have encountered problems with 
the technology or must choose a high performance, robust 
and cost-effective packaging technique for their product.
To o rd e r  th is  b o o k , c o n ta c t:  M c G ra w -H i ll P u b lish in g  
C o . , N e w  Y o rk , N Y  (80 0 )  2 6 2 -4 7 2 9 .

■ Radio Propagation in Cellular Networks 
Nathan Blaunstein 
A rtech House Inc.
386 pages; $89, £61 
ISBN: 1-58053-067-2

This book examines the different situations of wireless 
communication in an urban environment and various 

propagation phenomena that influence the line-of-sight 
(LOS) and non-line-of-sight (NLOS) obstructive trans- 
mission of radio Signals through urban communication 
channels. The various phenomena described include free- 
space propagation above regulär and irregulär terrain, re- 
flection and diffraction by various obstacles regularly or 
randomly distributed on the terrain, and effects of Scatter­
ing from such obstructions and from the ground surface. 
The behavior of waves at UHF and L-band frequencies is 
emphasized.

The book is segmented into four parts. Part one de­
scribes how to differentiate between various urban envi­
ronments by using different kinds of terrain surfaces and 
antenna positions. Applied aspeets of electromagnetism 
and wave propagation are discussed.

Part two describes the propagation phenomena in open 
and rural areas. Radio wave propagation over flat and 
curved smooth terrain is then s**»** — •
discussed and propagation in mmÈW 
rough and hilly terrain for wThis book 
LOS and NLOS conditions is WÊmÈKÊÊ&*\lt£si!?!* 
depicted. exam ines th e

Part three describes prop- a tó f ë r e n t  situ a tion s  
agation phenomena in built- ;*;: ■
up areas. E valuation by o f  wireless  
means of a nmlti-slit Street c o m m u n i c a t i o n  
waveguide model is intro- *l i %’i ; ;  ;*
diiced to describe wave in :  a n  u r b a n  
propagation eharaeteristics wÊÊikLt*l % . 
along straigl11. rectang. n t —
streets in cases where both WÊÊÊÈÈÊÈÊi'S.tt*:«**-» 
antennas, receiver and trans-
mitter, are directly visible at lower than rooftop levels or 
with NLOS conditions. Irregulär built-up terrain is con- 
sidered and existing empirical and semi-empirical models 
are presented for describing propagation eharaeteristics 
above rough terrain with many obstacles randomly distrib­
uted.

Part four considers special aspeets of cellular map con- 
struction. The rnain eharaeteristics of cellular areas are 
described and a useful technique for predicting th<> di- 
mensions and geometry of contours of cellular maps using 
the propagation eharaeteristics for each cellular channel is 
presented.
To o rd e r  th is  b o o k , c o n ta c t:  A r te c h  H ou se  Inc.,
6 85  C a n to n  S t., N o rw o o d , M A  0 2 0 6 2  (781 ) 
7 6 9 -9 7 5 0 , e x t. 4 00 2 ; o r  4 6  G illin g h a m  S t., L on do n  
SW 1V  1 H H , U K  +44 (0 )2 0  7 5 9 6 -8 7 5 0 .

Frank Bashore
Frank Bashore lember o f the Microwave Journal stuff.
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The Cable Assembly Standard for Connecting a Wireless World
□Mi's proven LOW LOSS "SOI” 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.

Small/Weak 
Signals 

Transmit/ 
Receive Systems 

Performance 
Upgrades

Cost Reduction

“301” 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 Workliorse Test Cables.

SMA Rieht
Angle SMA Plug

MADE IN THE USA

Tensolite

A GL:1;1,1 Company

■8 IS
Microwave
Interconnects

1-800-362-FLEX
301 Ballardvale St. Wilmington, MA 01887 

FAX: (978) 988-9393 www.qmiinc.com Email: sales@qmiinc.Gom

http://www.qmiinc.com
mailto:sales@qmiinc.Gom
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He just placed a m arket order.
But go t bread and milk instead. Isn’t  3G great?

Mobile Equipment Test Tools Is it the air interface? The signaling interface? As you design the latest network 

elements, look to us for a complete family of test tools that ensure they make great connections. In fact, our mobile 

I H l  infrastructure tools have successfully tested fast packets in 2.5G GPRS technology, time and again. 

|  p P  Want to avoid getting your Signals crossed? Call 800-426-2200 x3054 or visit www.tektronix.com/3G

Tektronix
/
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