January 1999

Wireless Systems
A Half-Wave Hula Hoop Antenna for GSM Mobile Applications

Design ldeas

Gated Oscillator has Adjustable On and Off Times

Conference Freview

The 1999 Wireless Symposium



Since 1958
Closed every St. Patrick’s Day ...

..

Thanks to those who made
our 40th Anniversary possible
(the in-laws predicted we wouldn’t last a year)
Distributing:
Huber+Suhner, Dynawave, E Z Form Cable, Microwave Components,

Midwest Microwave, Johanson Manufacturing, RF Industries,
SRI Connector Gage, Stellex Microwave, SV Microwave

C.W. SWIFT & Associates, Inc.

the original microwave and RF stocking distributor

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT » 818-989-1133 « 818-989-4784 (fax)
sales@cwswift.com
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Who Offers

the Broadest
“*Ran x’% e of High

@, Performance

Microwave

/' Cable Assemblies?

We Do!

Our wide range of low-loss, high performance microwave cable
assemblies are custom built to your specifications...and your timetable.

Precision matching of our patented cable construction and connector designs deliver...

* Flexible cable assemblies to 60 GHz » Millimeter wave flexible assemblies optimized for

* Lowest loss assemblies to 18 GHz (0.2dB/FT) 40, 50, 60 GHz applications using 2-9“,““" 2.4m11_1
and 1.85mm connectors and waveguide transitions

* Improved phase vs. temperature characteristics ¢ Tuf-Flex" internally ruggedized cable assemblies
* Improved phase vs. flexing * Nomex® jacketed assemblies for airborne, EW and
* Composites integrating microwave, ECM systems

digital and power cables * Phase matched cable assemblies

INSULATED WIRE INCORPORATED
Since 1970...Specialists in the

Send for our
nufacture o, - orma
mmic{'owave t{ahrfsgfwgsgn Hne;.w ¢ catalog or VISIT US
ﬁ ON THE WEB at
MICROWAVE PRODUCT DIVISION: www.insulatedwire.com
Visa and MasterCard Accepted. 20 East Franklin Street » Danbury, CT 06810 and discover the

Telephone: 203-791-1999 « Fax: 203-748-5217 IW difference.
www.insulatedwire.com
e-mail: iwconn@insulatedwire.com
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Leap of [magingtion, purt three

Step Up to GOLDNOS Performance with Ericsson’s
total GOLD metallization LDIOS products.

Ericsson offers a complete line of RF Power Transistors
RS il . e b which are unsurpassed in the industry. Our technology
TR wses total gold metallization — gold top metal and
PTE 10048 s gold bond wires— on all our LDMOS products. We
PTE 10119 SelER  continually exceed our customer’s expectations for
product reliability and performance.

, Contact us today for information on our
19-20GHz PTF10035 BETEXTN  complete line of GOLDMOS products.

Contact our authorized distributor: E R I c s S o N

W\

Richardson

Electronics RF Power Products
Engineered Solutions 1-877-GOLDMOS (465_3667)
1-800-RFPOWER (737-6937) .
www.rfpowernet.com WWW.EI'ICSSOH.COHI/I‘prWBI‘
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Imagine an advanced

that integrates synthesis,
lumped elements,
schematic entry

and layout...

the = EMPOWER= module for GENESYS

Advanced | features GENESYS VERSION 6.5

Complete GENESYS / EM package $8990
(synthesis, circuit simulation, =empower=, schematic entry and layout)

=EMPOWER= continues the easy-to-use tradition of
GENESYS while providing advanced features still not avail- =empower= Plus . $4996
able in many expensive later generation EM simulators. (includes circuit simulation, schematic entry and layout)

=EMPOWER= includes:

=empower= Plus (for current GENESYS users) $2999

+ Automatic incorporation of lumped elements

+ Generalized S-parameter support

* Multimode ports and transmission lines AAOHEL
* Automatic detection and solution with symmetry okl

: i ing vi iti 170 HR#2 SR MR3-1-1
oalye g 1 e mncoien TEL 03-3988-1731 FAX 03-3988-1706 DRECT SALES AND USR SUPPORT
+ Viiaholes including generated fields BY FAX, PHONE OR LETTER

+ Any number of dielectric layers

* Deembedded and nondeembedded ports

« Full dielectric and metal loss E n G LE w ﬂ n e

* Box modes and package effects

» Slot-mode for slot and coplanar structures Eagleware Corporation * 4772 Stone Drive * Tucker, GA 30084 » USA
http://www.eagleware.com * eagleware@eagleware.com

+ 3D Viewer including dynamic plots . .
+ 32-bit code for Windows NT/98/95 Tel: 770.939.01 gﬁcll eF;;X‘ 770.939.0157




00 watts

In an 834 inch package!

This 700W Compact Medium Power
Amplifier (CMPA) gives you room to
grow. The lightweight CMPA packs high
efficiency and power into one rack
drawer. What you do with the extra
room is up to you — but when space

is at a premium, try the CMPA:

® Features an integral pin
diode attenuator
® [asy-to-use microprocessor control
® Offers an optional integral linearizer
® Available in extended C- and
Ku-band frequencies

® 500 Watt version available in DBS-band

CPI supports this small amplifier in

a big way. The CMPA is backed by the
industry’s largest sales and global service
network. Put the new CMPA to work, and
you'll put the space you save to good use.

CCo

What will you
do with that
extra space?

To find out
more, call us:

Tel: (650) 846-3700

Fax: (650) 424-1744

e-mail: marketing@satcom.cpii.com
www.cpii.com/satcom/

811 Hansen Way

P.O. Box 51625

Palo Alto, CA 94303

Circle 13

,’1

Communications & Power Industries
satcom Qdi vision

formerly varian® mep



Stanford Microdevices produces
the highest performance products

utilizing cutting-edge technology at

the lowest possible cost. All of
Stanford's RFICs are 100% tested
and qualified periodically to ensure
reliable field performance even
under the harshest environments,
making Stanford Microdevices'
products a favorite among major
OEMs worldwide. Stanford
Microdevices has produced over 20
million GaAs RFICs the last 2 years.

Stanford Microdevices’ SSW

Series switches are monolithic
broadband GaAsFET switches
housed in surface-mountable

ceramic and plastic packaging.

These switches provide high
isolation and low insertion loss

from DC up to 6GHz.

The SSW-124 provides 42dB
isolation @ 2GHz and 50dB
isolation @ 900MHz with less

than 0.7dB insertion loss.

For high power applications the
SSW-408 operates @ 2watts P1dB
power and +55dBm of output IP3.
These switches are ideal for wireless,
fiberoptic, and CATV applications.

Stanford Microdevices’ Catalog
now available on CD!

ngh Isolation and
High Power Switch
Now i 1{1 Stock

Pat  npole Bandwidth Insertion Isolation P1dB TOIP  Package

Number nthrow  Type  (GHz  Loss(dB) 2GHz(dB) (dBm) (dBm)  Style
SSW-107  SPDI Terminnted D4 038 30 +26 +45 SS0P-8

W12 SO Terminoed DG 0 b A5 ek

SW-207  SPDT  Reflective  DC-4 08 126 45  SSOP-8

WML O bade Bd 07 MW ks

SSW 307 SPOT Reﬂechve DC-3 0.6 431 450 S0P

SIS ST Refecive TS0 SR

SSW-407 SPOT Termmuied DC-4 0.9 11 436 455 SSOP-B

WS DT Tminaed DG6 0 D 4 455 Comicd

SSW 507 SPST Termmuied DC-4 +15 SSOI’8

ssw-m g .s

Call for more information

1-800-764-6642

Stanford

B Dept. SA1
I“_j Microdevices e
Wireless. . Effortiess http://www.stanfordmicro.com

All company and/or product names are trademarks and/or registered trademarks of their respective owners.
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Ifa
synthesizer
fallsin ¥,
the forest,
does it

make any
noise?

Not when it’s an Anritsu 69A.
The Anritsu 69A synthe-
sizer family sets a new stan-
dard for quiet, delivering the
lowest phase noise test signals
ilable in a microwave sig-
nal generator. <-110 dBc/Hz
@ 10kHz offset from 10 GHz.
Simply put, with an Anritsu

Linking .-
the

,you see your data in
re detail, uncorrupted b
test equipment.

Better yet, there’s a 69A
model to handle any job f
0.01 to 65 GHz; over 50 of
them. And if the synthesi
you need today isn't the one

you need tomorrow, no prob-
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lem. Modular design makes the
Anritsu 69A synthesizer family
easy and economical to upgrade.
For complete information

and a demo, call 1-800-ANRITSU
today

en you see how quiet the
Anritsu 69A family is, itll knock

you over.

/inritsu

One world. One name. Anritsu.
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On Our Cover

pHEMT MMIC Power
Amplifiers for Base
Stations and
Adaptive Arrays

GaAs technology pro-
vides gain, efficiency and
linearity for wireless
applications

For several years, Ray-
theon  Microelectronics
has produced MMICs
based on pHEMT technol-
ogy. Our cover and this
article feature several
amplifiers, their perfor-
mance, and design varia-
tions for different wireless

transmission formats.
— R. Pengelly, R. Binder,
J. Griffiths, M. Virostko
and M. McPartiin
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A Half-Wave Hula-Hoop Antenna for GSM
Mobile Applications

The “hula-hoop,” or directional-discontinuity ring-radiator antenna, is
revisited in this article. This extension to a 1960s development offers a
uniform radiation pattern in a rugged, low-profile design.

— V. Stoiljkovic, A. D. Spencer and G. Wilson, Centurion International

Design ldeas - Gated Oscillator has Independently
Variable £, and Z;

Here is a simple multivibrator oscillator with independent control of
the on and off times, which can be synchronized with an external clock.
— Alfredo Gallerani, Instituto di Radioastronomia

Exact Simulation of LNAs Reduces Design Cycle Time
This article illustrates the methods necessary to predict actual circuit
performance using computer simulation. Device selection, S parameter
data and parasitics are examined in a 900 MHz example.

— Sean Mercer, Motorola Canada
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A Preview of the 1999 Wireless Symposium
A quick summary of the schedule of events and attendance information
for this gathering of wireless communications design engineers.

Portable Instrument Measures Antenna
System Performance

Bird Electronic Corp. introduces a new instrument for field service in
the 806-2000 MHz range, accurately performing VSWR, return loss
and fault location measurements.

New Signal Generators Feature Low Noise, Expanded
Frequency Ranges

IFR Systems, Inc. expands their line of signal generators with three
new models covering up to 1.2 GHz, 2.01 GHz and 2.51 GHz.
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Q)  HP Introduces GaAs HBT Microwave IGC Family

Hewlett-Packard Company has announced the first products in its line
of InGaP-GaAs HBT ICs.

04  High Dynamic Range Mixers Deliver Performance for
Wireless Systems

FET mixers from Watkins-Johnson Company’s Wireless Products
Group offer high IPg for demanding applications.

O¢  Manual Tuners Help Make Precise Load Pull and
Noise Measurements

Micrometer head precision, repeatable measurements and high VSWR
capability are features of Focus Microwave’s Manual Microwave Tuners.

104 Bridging the Wireless Packaging
Knowledge Gap

The recently-formed International Wireless
Packaging Consortium (IWPC) is striving to help its
members stay abreast of new developments and
changing requirements for wireless components and
finished products.

— Don Brown, IWPC
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| Model Freq Range Gan NF  Gain 1dBComp. 3rdOrder VSWR DCCurrent
Hz dBmin dBmax Flat+/-dB ptdBmmin ICPtyp In/Outmax  mA

0.5 180 : 25 201 250
05-18.0 : 25 2011 300
2.0-180 : Zh 201 400
20-18.0 . 25 20:1 450
20-180 . 25 2 20 500

Fteq Range Gain NF  Gain 1dBCump 3rd Order  VSWR - DC Current
GHz dB min dBmax Fat+/dB ptdBmmin ICPtyp  In/Out max mA

0.5-4.0 50 188 2 2.0 560
0.5-8.0 45 18 2] 2.0:1 550
2.0-80 50 10 30 201 550
2.0-120 50 “ 4l 24 2011 550
6.0-18.0 60 2D 35 201 600
6.0-18.0 60 20 31 20:1 800

Freq Range Gam NF Gain 1dBComp. 3rdOrder VSWR DCCurrent

Hz dBmin dBmax Flat+/-dB pt.dBmmin  ICPtyp In/Out max mA

135 85 40 10 41 201 1000

3.1-35 45 10 4 201 D00

JCAS6-P01  5.9-64 50 10 A 01 100
i JCA812-P03 8.0-12.0 A 15 &8 2k 100
JCA1218-P02 12.0-18.0 . . 3b 0: 700

Freq Range Gain MNE  Gain 1dBComp. 3rdOrder VSWR DC Current
GHz dB min dBmax Flat+/-dB pt.dBmmin  ICPtyp In/Outmax  mA

JCA12:3001 1020 40 0 1.0 i ol N0
JCA24-3001 2040 32 1. 1.0 4 00
¢ JCA48-3001 4080 40 [ 10 g 00
JCAB12-3001 8.0-120 32 1 10 8 n
JCA1218-800 12.0-180 45 1.0 om0

Mode! Freq Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DC Curent
GHz dB min llﬂmax Flat+/-dB pt.dBmmin  ICPtyp  In/Out max mA

JCATZ1000 1216 25 05 10 20 201 8
WAR3? 2223 W 08 05 0 W 201 8
Wua 3042 WM o5 W W 201 %
UCABG.40 5459 40 05 10 0 201 10
Wi 759 @R 05 BB 01 10
W00 9095 8 42 05 13 B 151 180
0103001 95100 28 #2 05 13 B 151 150
112300 117 12 65 8 B im0
05 10 0 24 20

0 W w201 20
TECHNULDGY - 05 10 W 21 o0

0.5 10 e 0

EIW 30 DAYS ARO F ‘-'a‘"’esﬂ-"m Options:

C ilo. CA 93012 * Removable SMA Connectors  * Alternate Gain, Noise, Power, VSWR levels if required
E 2ie 1?0353' 9%7 6990 + Competitive Pricing * Temperature Compensation
bm www.jcatech.com 4 Cumpact Size * Gain Control
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SEI-1618PG/SEI-1618EB-00

The SEI-1618PG is an all new
PROGRAMMARBLE fractional PLL
device. This low cost 0.8  CMOS design
allows total control of the fractionality
from 1 to 64. This results in a phase noise
improvement within the loop filter
bandwidth of up to 36 dB over traditional
non-fractional PLL designs. Since the dual
modulus is external to the SEI-1618PG,
there is complete flexibility and versatility
to optimize the synthesizer for your system.

Editorial

145 Typcial Phase Detector Noise Floor
|13
-150 / A
4
-155 -
. g
-160
-165
100k ™M 10M_ 20M|
Maximum Frequency Input 100 MHz
Fractionality 1to64
Phase Noise Floor* <-170 dBc/Hz
Power +2 V1055V @15mA
Control serial
. +5/6,+8/9,+10/11,
Dual Modulus Control Lines <1617, and <32/33

*-82 dBc/ Hz actually measured at
1.85 GHz with fractionality set to 25
with phase detector reference at 1.25
MHz. Noise floor with no fractionality
and a phase detector reference of

1.25 MHz is -152 dBc/Hz.
SEI-1618PG

SCITEQ Communications, Inc.
9990 Mesa Rim Road

San Diego, CA 92121

(619) 558-3960

FAX(619) 558-3978

e-mail: info i

web site: www.osicom.com
An Osicom Technologies Co.
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Pursue New Ideas, hut
Don’t Forget the Past

By Gary A. Breed
Publisher

This is the first issue of the monthly Applied Microwave & Wireless! As
a mainstream publication for RF and microwave technology, we are excited
to be involved in the myriad of new ideas yet to be pursued in wireless com-
munications, navigation, telemetry and control. We are pleased to have your
support as we continue to grow =
with the industry.

One of our goals is to be
ready for the “next applica-
tion,” the technology that our
readers will be working on in
the near future. Yet, despite
this view to the future, we will
do our best not to forget how
technology has developed to
reach today’s level of achieve-
ment.

There is a real danger that
“old” ideas will be forgotten as engineers dlrect their efforts toward learn-
ing new techniques in areas like spectrally-efficient modulation, adaptive
antennas and low cost mm-wave techniques. The potential for lost knowl-
edge increases as older engineers retire, taking with them the accumulated
wisdom of decades of design experience. While some companies have a pro-
gram of using senior engineers as mentors to the younger staff, unfortu-
nately, this is not the norm.

If you doubt the importance of my concern, here is an example of old
technology coming around again: In the early 1950s, single-sideband was an
important development in voice communications. Early methods included
the phase-shift method, with major contributions by Norgaard and
Bedrosian. In the 1960s, advances in narrowband IF filters resulted in the
virtual disappearance of the phasing method. Today, digital transmission
employs I and @ modulation and demodulation, which is exactly the same
technique as phasing method SSB. You can bet that a lot of young engineers
have been studying papers published in the “old” IRE Transactions!

For our part, we will continue to include tutorial articles among the more
advanced topics. Some of these will be quite fundamental, targeted at engi-
neers with only a little experience. Other articles will revisit established
technology to be sure it doesn’t get lost.

One of my own strong beliefs is that nothing you learn ever goes to
waste! Information that now seems trivial, unimportant or obsolete will be
needed sometime in the future. The key is being able to remember past
information when you need it. We’ll try to help you with that part, just as
we help you learn the newest techniques. ]




Situation: You need a switch ASAP.

HP switches, including single-pole multi-throw, transfer and multi-port switches (pictured), offer 0.03 dB
repeatability guaranteed to five million cycles. We also offer new matrix switches.

Call 1-800-452-4844 for all your microwave test accessory needs.

0ption 2 It’s not always convenient to “procure” test accessories from your coworkers.
That’s when you call HP DIRECT. With the help of HP engineers, choose
from a selection of over 800 HP microwave test

ET)
accessories. And get them in a flash with HP HP DIRECT

QuickShip. This ad will self-destruct in 10 seconds.  1-800-452-484%, Ext. 5238
www.hp.com/go/mta

(ﬁ/’ HEWLETT®

pAC KA RD © 1998 Hewlett-Packard Co. TMSRSD656.3/AMW

Circle 20



Letters

LNA feedback article comment

Editor:
In the article “LLNA Design Using
Series  Feedback to  Achieve

Simultaneous Low Input VSWR and
Low Noise” (October 1998 issue, pg.
26), one should note that while the
added series feedback inductance
helps to improve the input match
and stability in the 1900 MHz band,
the circuit is still potentially unsta-
ble at the lower (below 1 GHz) and
higher (above 8 GHz) frequencies.
At the low RF frequencies where the
device is potentially unstable, the
small emitter inductor does not help
much. At the higher frequencies, the
inductor actually creates a positive
feedback that could lead to prob-
lems! To prevent possible unwanted
oscillation, a frequency-dependent
stabilizing network should be added
to care of out-of-band instability.

We should remember that k<1 is
only a necessary, but not sufficient

condition to test for stability. A sec-
ond condition, such as

8118925
isfied to assure unconditional stabil-
ity. A more convenient single test is
provided by the w-factor computa-
tion (M. L. Edwards and J. H.
Sinsky, “A  Single  Stability
Parameter for Linear 2-Port
Circuits,” IEEE MTT Transactions,
Dec. 1992).

Les Besser
Besser Associates.

Clarifications on capacitive-
coupled filters

Editor:

The article “RF Capacitive-
Coupled Filters” by GlenVar
Rosenbaum (October 1998 issue)
attracted my attention because of
the author’s good insight and practi-
cal approach. However, I found a few
possible errors that I thought were

“Build” networks up to
nine elements

s
17 i B

Easier Save and
Print options

Enter your own impedance
and frequency data table

A complete Help file
(you may never use the manual!)

i F R Mo msh e sy by Ay

Cursor location
parameters are
always displayed

Constant VSWR circles

Constant €Q arcs

=

2 easiest-to-use Smith
oumli anplace your

CRESTONE

. TECHNICAL BOOKS
SRR T SO T PN
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worthwhile to mention:

1. The coefficients of ql, q3, k12
and k23 as given in the article are
not the same as listed in [1] and [2]
(below). Table 5-5in [1] on page 5-20
gives: ql = q3 = 1.433, k12 = k23 =
0.662 for a 0.1 dB, n = 3, Chebyshev
filter. Table 2 in [2] on page 8-24
gives: ql = q3 = 1.43, k12 = k23 =
0.665 for a 0.1 dB, n = 3 Chebhyshev
filter. This raises some doubt of the
validity of other calculation given by
Mr. Rosenbaum.

[Mr. Rosenbaum’s response: The
example uses ripple passband coeffi-
clents, not -3 dB coefficients that are
in these “standard” tables. See pp. 76
and 78 in the article and Ref. 3]

2. There is a typo on page 78. The
two bottom left formulae should
have Cs instead of C3. [Yes, this
should be changed]

3. I think that the listing in the
C++ program should have k[0] = 0
and k[n] = 0 instead of ¢[0] = 0 and
cIn] = 0. [No, the listing is correct]

4. The Q = 35.7 given in the
author’s example is not set by the
inductors, but is a loaded Q of res-
onators 1 and 3. The loaded Q is due
to the effect of the source resistance
Rs and the load resistance Rl. The Q
of resonator 2 is assumed equal to
infinity. [The “Q1 and @37 in the
article are more general Q factors
defined to be functions of ripple and
center frequency divided by the pass-
band, not component unloaded or
loaded @, which are other important
factors, as noted in the article]

I want to express my gratitude to
Mr. Rosenbaum for sharing his
knowledge.

Roger Olin
Vectron Laboratories

[1] A. Williams, Electronic Filter
Design Handbook, McGraw-Hill.

2] Reference Data for Radio Engin-
eers, Howard W. Sams & Co.

Send letters to: Editor, 4pplied Micro-
wave & Wireless, 4772 Stone Drive,
Tucker, GA 30084; fax: 770-939-0157;
e-mail: amw@amwireless.com. [ ]



RF & MICROWAVE
CABLE ASSEMBLIES

FLEXIBLE: SEMI-RIGID + DELAY LINES - PHASE MATCHED -HARNESSES

For over ten years we have been the leader in producing low cost, superior quality cable assemblies, delay lines
and harness assemblies for the wireless and military markets. Through our innovative engineering excellence
combined with state-of-the-art manufacturing methods, we have proven to be the best in providing on-
demand and just-in-time delivery fo satisfy leading edge procurement needs. Our automated process supports
prototype, short runs and high volume production requirements (DC to 40 GHz) with the same high efficiency.

Whether your need is out-sourcing of an existing design or prototyping a new requirement, our engineering and
manufacturing teams are available to offer high value solutions and reduce your fime to market. Contact us today
for our new brochure and let us help you be more efficient and competitive.

INCORPORATED

179 Ward Hill Avenue « P.O. Box 8224 « Haverhill, MA 01835
TEL: 978-469-0555 « FAX: 978-521-4589
E-Mail: connect@dynawave.com e http://www.dynawave.com

Dynawave is an ISO 9001 UL Registered Company
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Calendar

CONFERENCES

JANUARY

January 11-13, 1999

ISPS "99 —

International Systems Packaging Symposium
Paradise Point Resort, San Diego, CA
Information: IMAPS
Tel: (708) 758-1060; Fax: (708) 758-1066
E-mail: IMAPS@aol.com;

Internet: http://www.imaps.org/

January 19-21, 1999
Hyper & RF ’99
Paris, France
Information: Hyper & RF
Tel: +33 153 17 11 40; Fax: +33 1 53 17 11 45
E-mail: hyper@birp.fr
Internet: http:/www.birp.com/hyper

FEBRUARY

February 8-10, 1999
CTIA 1999 — Cellular Telecommunications Industry
Association’s 14th Annual Gonvention and Exposition
Morial Convention Center, New Orleans, LA
Information: CTIA
Tel/Fax: (202) 785-CTIA
Internet: http://www.ctiashow.com

February 10-12, 1999
1999 IMT-2000 3G Wireless Technology Conference
Radisson Hotel, New Orleans, LA
Information: WIT
Tel/Fax: (210) 344-6660
E-mail: witmail@bigfoot.com
Internet: http://www.bigfoot.com/~witmail

February 16-18, 1999
13th International Zurich Symposium & Technical
Exhibition on Electromagnetic Compatibility
Zurich, Switzerland
Information: EMC Zurich '99
Tel: +41 1 632 27 90; Fax: +41 1 632 12 09
E-mail: emc@nari.ee.ethz.ch
Internet: http://www.nari.ee.ethz.ch/emc/

February 17-19, 1999
ICPWG ’99 — 1999 IEEE International Conference on
Personal Wireless Communications

Jaipur, India

Information: ICPWC

Internet: http://www.citr.ece.uvic.ca/icpwc99
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February 22-25, 1999
INTER COMM 99 —
Communications Infrastructure Solutions
Vancouver, British Columbia, Canada
Information: CAPA Ventures International Ltd.,
Norwood, MA
Tel: (781) 762-6279; Fax: (781) 255-9211
Internet: http://www.intercomm99.com

February 22-26, 1999

Wireless Symposium/Portable by Design Conference

and Exhibition
San Jose Convention Center, San Jose, CA
Information: Debbie Cameron, Penton Publishing
Tel: (201) 393-6256; Fax: (201) 393-6297
Internet: http://www.WirelessPortable.com

February 28-March 2, 1999
2nd Annual UCSD Conference on Wireless
Communications
Holiday Inn on the Bay,
San Diego, CA
Information: Dr. Terrence A. Davies, UCSD
Tel: (619) 822-00386
E-mail: tdavies@iter.ucsd.edu
Internet: http://cwe.ucsd.edu/~zorzi/cwe/conf99

March 14-17, 1999
International Symposium on Advanced Packaging
Materials: Processing, Properties and Interfaces
Chateau Elan, Braselton, GA
Information: IMAPS
Fax: (703) 758-1066
E-mail: imaps@imaps.org
Internet: http://www.imaps.org/

March 14-18, 1999
IPC Printed Circuits Expo ’99
Long Beach Convention Center,
Long Beach, CA
Information: Dan Green, IPC
Tel: (847) 790-5371
E-mail: DanGreen@ipc.org
Internet: http://www.ipc.org/html/expo99/htm

March 21-25, 1999
10th Microcoll
Budapest, Hungary
Information: Klara Lang or Attila Varga
Tel: +36 1 214 7701; Fax: +36 1 201 6383
E-mail: diamond.eft@ mtesz.hu
Internet: http://www.mtesz.hu/tagegy/diamond



When
Lightning Strikes...

You'll have to replace your lightning
protectors sooner or later, and
Huber+Suhner makes it easier.
Whether you need lightning
protectors with A/4 shorting

stubs, easily replaceable gas
™

capsules, Fine Protectors
or high-pass filters, we
have the ideal solution.
With nearly one
hundred different
versions and
configurations
of lightning
protectors,
you always
feel secure
when your
equipment is
protected by
Huber+Suhner.

Solutions for

a Wireless World!

@ HUBER+SUHNER

U.S.A. Phone: 802-878-0555 Fax: 802-878-9880
Canada Phone: 613-596-6646 Fax: 613-596-3001
www.hubersuhnerinc.com
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Calendar

April 12-13, 1999
1999 IEEE Emerging Technologies Symposium on
Wireless Communications and Systems

Clarion Hotel, Richardson, TX

Information: IEEE Dallas Section

E-mail: ETS@pobox.com

Internet: http://www.ieee.org/regional/section/dallas

April 12-16, 1999

12th European Frequency and Time Forum and

1999 IEEE International Frequency Control Symposium
Besancon, France
Information: Secretariat
Tel: +33 3 81 40 28 21; Fax: +33 3 81 88 57 14
E-mail: isabelle.bourgon@ens2m.fr
Internet: http://www.ens2m.fr/eftf

http://www.ieee.org/uffc/fc

April 19-22, 1999
GaAs MANTECH — 1999 International Conference on
Gallium-Arsenide Manufacturing Technology
Vancouver, British Columbia, Canada
Information: GaAs Mantech
E-mail: info@GaAsMantech.org
Internet: http://www.gaasmantech.org

April 28-30, 1999
IWCE "99 — 23rd Annual International Wireless
Communications Expo
Las Vegas Convention Center, Las Vegas, NV
Information: IWCE "99
Tel: (800) 288-8606; Fax: (913) 967-1900
Internet: http://www.iwceconexpo.com/

MAY - JUNE

May 25-28, 1999
ICARSM ’99 — Fourth International Conference on
Antennas, RadioCommunication Systems & Means
Voronezh, Russia
Information: Dimitry Sazonov
Fax: +7 095 362 8938
E-mail: dms@apchap.orbita.ru
Internet: http:/radio.stu.neva.ru/complex/icarsm99.html

June 1-4, 1999

49th Electronic Components & Technology Conference
Sheraton San Diego Hotel and Marina, San Diego, CA
Information: Bill Moody
Tel: (302) 478-4143; Fax: (302) 478-7057
E-mail: b.o.moody@ieee.org
Inernet: http://www.ectc.net/
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June 2-4, 1999
1999 Virginia Tech Symposium on Wireless Personal
Communications

Virginia Tech, Blacksburg, VA

Information: Jenny Frank

Tel: (757) 686-3765

E-mail: mprg@vt.edu

SHORT COURSES

University of California at Los Angeles Extension
Microwaves and Wireless Simplified
Los Angeles, CA ..... .. February 17-19, 1999
HBT IC Technology for Communications Applications
Los Angeles, CA .. ... .. February 18-20, 1999
Information: UCLA Extension, Short Course Program
Office, Tel: (310) 825-3344; Fax: (310) 206-2815.

Whiting School of Engineering
Johns Hopkins Universeity
Digital Signal Processing (DSP) —
Principles, Architectures, and System Applications
Washington, D.C. ... ... January 18-20, 1999
Understanding ATM Technology and Design
Washington, D.C. ...... January 25-27, 1999
Radiowave Propagation Channel Engineering for
Personal Communications, PCS
RTENC ............. February 1-3, 1999
Principles of Telecommunications
Washington, D.C. ...... March 8-10, 1999
GSM Systems Operation and Technology
Washington, D.C. . ... . March 15-17, 1999
Wireless Digital Communications Systems:
Specification, Test, Components, and Evaluation
RTPNC ............. March 22-24, 1999
Wireless and Personal Communications Systems
RTENC ............. March 29-31, 1999
Information: Anita Hellstrom, Program Coordinator,
Tel: (800) 683-7267; Fax: (301) 871-9608; E-mail:
info.oei@apl jhu.edu; Internet: http://www.jhu-oei.com/

Northeast Consortium for Engineering Education
Antennas: Principles, Design, and Measurements

San Diego, CA . ........ March 9-12, 1999

Orlando, FL .......... May 17-20, 1999

Colorado Springs, CO . . .August 16-19, 1999
Information: Kelly Brown, Tel: (407) 892-6146; Fax:
(407) 892-6146; E-mail: stcloudofl@aol.com; Internet:
http://www.usit.com/antenna

Besser Associates
Wireless RF System Design
Mountain View, CA ... .. January 11-15, 1999
Frequency Synthesis and Phase-locked Loop Design
Mountain View, CA .. ... January 21-22, 1999
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Calendar

Applied RF Techniques I
Mountain View, CA . . ... January 25-29, 1999
Practical Wireless RF Component and System

Measurements

Mountain View, CA . .. .. February 1-5, 1999
RF Transceiver Design

Mountain View, CA .. ... February 8-11, 1999
Signal Integrity of High-speed Digital Design

Mountain View, CA . . ... February 18-19, 1999
RFIC Design

Mountain View, CA . . ... February 22-26, 1999
RF Circuit Design Using EM Field Simulators

Mountain View, CA . .. .. March 1-2, 1999

Wireless Handsets: Architecture and Frequency
Planning

Mountain View, CA . .. .. March 3-5, 1999
RF and Wireless Made Simple

Mountain View, CA .. ... March 8-9, 1998
DSP Made Simple

Mountain View, CA . . ... March 10-12, 1999
Behavioral Modeling

Mountain View, CA . . ... March 15-17, 1999
Multitone Amplifier Design

Mountain View, CA . . ... March 29, 1999

RF Power Amplifiers: Operation and Use

Mountain View, CA ... .. March 30, 1999
Information: Annie Wong, Tel: (415) 949-3300; Fax:
(415) 949-4400; E-mail: info@bessercourse.com;
Internet: http://www.bessercourse.com/

University of Missouri-Rolla

Grounding & Shielding Electronic Systems — How to
Diagnose and Solve Electrical Noise Problems

Phoeniz, AZ ........ ... February 8-9, 1999

San Diego, CA ... ... ... March 8-9, 1999

San Jose, CA .. ........ April 28-29, 1999

Toronto, Canada . ... ... May 18-19, 1999

Ottawa, Canada . ... ... May 25-26, 1999
Circuit Board Layout to Reduce Noise Emission and

Susceptibility
Phoenix, AZ . .......... February 10, 1999
San Diego, CA......... March 10, 1999
San Jose, CA .. ........ April 30, 1999
Toronto, Canada . . . . ... May 20, 1999

Ottawa, Canada . ... ... May 27, 1999
Information: Buddy Poe, Tel: (573) 341-6061; Fax: (573)
541-4992; E-mail: buddyp@umr.edu; Internet:
http://www.umr.edu/~conted/ee.html

d Wsreless Made Simple

-9,.1999

Available on D

RF Transceiver Design
~ February 8-11, 1999

‘Behavioral Modelmgq
March 15-17, 199

Copper Access to ngh-speed

Digital Services
March 23-26, 1999

DSP Made m ple
March 10-12, 1999

RF System'Desng
Wireless Network Design.
Wireless Digi

able for all

_ Multitone Am hher_Desngn

- March 29 1999

RF Power Amplifiers '
Operation and Use

March 30, 1999
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research groups worldwide:

The National Radio As’rr‘onomy Observaories i
Greenbank, WV/ Ghdrloftesvile, VA/Tuscon AZ/S
Arecibo, Puerfo Rico |
University of California, Berkeley - quortmem of Asfronomy,
Paul Wild Observatory, Australia National Telescope Facility

| | . Max-Planck Institut fur Radioasironemie, Germany

S Eam— e @ Netherlands Founeation fer Research in Astronemy
st ‘University of Maryland, Bepartmeni of Astronomy” *
+ Instituto de Astrofisica de Cdnarias, Canary Islands: -
Cornell University, NY - National Agronomy Center
European Space Agency, ESTEC Netherlands

Instituto Nacional de Astrofisica, Mexico e
iversity*of Hawaii, Joint Astronomy Cenfer

CSIRO Division of Radiophysics, Australia

Centro Astronomico de Yebes, Spain
Space Applications Institute, India
University 6f Massachusetts,
Large Millimeter Telescope Project

Owens Valley Radio Observatory,

Cdlifernia Institute of Technology

Observatoire de Paris, France
Jet Propulsion Laboratory, CA
Conodlon Spoce Agency

...the unique noise analysw
copublhhes of the MMICAD
linear simulator have
been successfully
 applied to a wide range of
low noise cjrcuii,designs

Schematic Capture

Linear Simulation

Layout

Filter Synthesis

Large Signal Modellin

VNA & Power Supply Control
Data Acquisition

OPTOTEK The value leader in B/F Microwave CAE/CAT software for PCs
Tel: (800) 361-2911 E-Mail: sales @ optotek.com
-Fax: (613) 591-0584 Web: www.optotek.com
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Calendar

CALLS FOR PAPERS

1999 IEEE AP-S$ International Symposium and
USNC/URSI National Radio Science Meeting

July 1-16, 1999 — Orlando, Florida

Suggested topics: Electromagnetic Metrology, Fields
and Waves, Electronics and Photonics, Propagation, and
Electromagnetics in Biology and Medicine. A complete
list of conference topics, including topic numbers, is
available at the address below, or on the conference’s
website (URL below).

Summaries or abstracts may be submitted by mail or
e-mail. They must be in English and include the topic
number provided in the conference topic list.
Submissions must include the complete mailing
address, telephone number, e-mail address, and fax
number of the presenting author.

For complete submission information:

Parveen Wahid

1999 TPC Co-Chair

Dept. of Electrical and Computer Engineering

University of Central Florida

4000 Central Florida Boulevard

Orlando, FL 32817

E-mail: eetpe99@mail.ucf.edu

Internet: http://www-ece.engr.ucf.edu/apursi99
Deadline: January 8, 1999

PIMRC’99 — 10th International Symposium on
Personal, Indoor and Mobile Radio Communications

September 12-15, 1999 — Osaka, Japan

Suggested topics: Wireless Propagation/Channel
Modeling; Antenna and RF subsystems; Adaptive
Traffic and Access Control Protocol; Radio Resource
Management; Dynamic Channel Assignment; Coding
and Modulation; Acquisition and Synchronization;
Spread Spectrum; Adaptive Array; Signal Processing for
Wireless Communications; Software Radio; Ranging,
Positioning; Novel network and switching architectures;
EMC/EMI; Wireless ATM, LAN, WMAN, WLL/FWA;
Intelligent Transportation System; Optical Wireless
Communications; Satellite Communications; and Chip
sets for wireless applications.

Submit five copies of the paper, in English and no
more than 3,000 words, with name(s), affiliation and
full contact information for the author(s) on the title
page. Please indicate the technical area with key words
from the above list or other words describing the topic.

American continent submissions should be sent to:

Professor K. Pahlavan

Electrical and Computer Engineering Department

Worchester Polytechnic Institute

Worchester, MA 01609

Fax: (508) 831-5491

E-mail: kaveh@ece.wip.edu

Internet: http:/pimrc99 . kuee kyoto-u.ac.jp
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(In Europe, the Middle East and Africa, contact
Professor A.H. Aghvami at h.aghvami@kel.ac.uk. In
the Pacific and Asia, contact Professor R. Kohno at
kohno@kohnolab.dnj.ynu.ac.jp.)

Deadline: February 2, 1999

ICEAA '99 — International Conference on
Electromagnetics in Advanced Applications

September 13-17, 1999 — Torino, Italy

Suggested topics: Electromagnetic measurements,
modeling of devices and circuits, packaging and proper-
ties of materials, Electromagnetics in wireless commu-
nications, EMC/EMP, Finite methods, Frequency selec-
tive surfaces, Integral equation methods, Inverse scat-
tering and remote sensing, Microwave antennas, Opto-
electronics and photonics, Plasma and plasma-wave
interaction, Phase and adaptive relays, Printed and con-
formal antennas, Radar Cross Section and asymptotic
techniques, Radar imaging, Radomes, Random and non-
linear electromagnetics, and Technologies for mm- and
sub-mm-waves.

Authors should submit four copies of a one-page
abstract, in English, along with a cover letter containing
the author’s full mailing address, telephone and fax
numbers, and e-mail address.

Send to:

COREP — ICEAA 99

Politecnico di Torino

Corso Duca degli Abruzzi 24

10129 Torino, Italy

Internet: http://www.polito.it/iceaa99
Deadline: Febhruary 26, 1999

COST 259 Workshop — ““Spatial Channel Models and
Adaptive Antennas”

April 20-21, 1999 — Vienna, Austria

Topics: Adaptive antennas and spatial channel mea-
surements and modeling.

Authors should send papers in English, not longer
than eight pages, including full contact information for
all authors (name, address, e-mail, phone and fax num-
bers). Papers may be submitted by mail or electronical-
ly in Word for Windows (*.doc), Adobe Fostscript (*.ps),
or Adobe Acrobat (*.pdf) format. Detailed instructions
are available on the workshop’s web site (URL below).

Submit papers to:

“Workshop”

Institute of Communications and

Radio-Frequency Engineering / Secretary

Gulhausstrass 25/389

A-1040 Wein Austria

Tel: +43 1 58801-38901 or -38948

E-mail: cost_ws(@mobile.nt.tuwien.ac.at

Internet: http://www.nt.tuwien.ac.at/mobile/research/

COST259 Workshop/

Deadline: March 12, 1999



“Plug-in” YIG Sources

Same Great Performance in a Smaller Size

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offer PC Board “Plug-In”
YIG sources covering the 2 to 8 GHz
frequency range. Designed specifically
for Portable Test Equipment, Miniature
Frequency Synthesizers and Single Slot
VX1 based Instruments, these miniature
oscillators measure 1" square x .5" high
and weigh 1 ounce.

Phase Noise
RF Frequency - 8300 MHz

Noise (dBc/Hz) SSB

10 10° 10
Frequency (Hz)

MINIATUR

OSCILLATORS:
This series of YIG oscillators have been specifically
designed for commercial applications covering the

2 to 8 GHz frequency range. They provide +15 dBm

power output, +/- 0.1% linearity and typical phase
noise performance of between -130 to -123 dBe/Hz
@ 100 KHz depending on frequency of operation .

MLPB SERIES PERMANENT MAGNET
YIG OSCILLATORS:

This series of YIG oscillators have been specifically
designed for narrow band commercial applications
covering the 2 to 8 GHz region . They provide

2 GH: frequency coverage with the main coil and
+[- 50 Mhz via the FM coil. These units require
extremely low prime power of +/- 100 mA to
achieve the main coil tuning of 2 GHz. +16 dBm
power output is provided over any customer selected
2 GHz band within this series of oscillators.

FEATURES:

* Small Size

¢ Superior Phase Noise
e Light Weight

* F'M/Phase Lock Port
¢ Excellent Linearity

¢ Low Cost

MICRO
= LAMBDA, INC.

4037 Clipper Court
Fremont, CA 94538
Phone (510)770-9221
Fax (510) 770-9213
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News

BRIEFS

* Andrew Corporation has
begun production at a new factory
in the China-Singapore Suzhou
Industrial Park. The 5,000-square-
meter facility manufactures coaxial
cables and base station antennas
for the wireless communications
market in China.

* I[FR Americas Inc. has
redesigned its web site to reflect
the company’s recent acquisition of
Marconi Instruments. The new
site, http://www.ifrinternational.
com, includes an online catalog,
product index, data sheets, sales
information and company and
product news.

* Noise Com Inc. has completed
a web site redesign to improve nav-
igation and offer more information.
The site, http://www.noisecom.com,
offers technical specifications,
application notes, news and other
features.

¢ Ecliptek Corporation has
added a “chipset to part number”
cross reference to its web site,
http://www.ecliptek.com, as a guide
to specifying and ordering crystals
and oscillators for chipset designs.

* Photofabrication Engineering
Inc. has expanded its web site,
http://www.photofabrication.com, to
include divisional information, a
company profile and a description
of the etching process.

* Hewlett-Packard Company has
announced a new web site and
other programs to help test-and-
measurement customers deal with
Year 2000 issues. The site,
http://www.hp.com/go/tm-year2000,
will allow customers to determine
if their HP products are Y2K com-
pliant or will need upgrading.

* Andrew Corporation’s web
site, http://www.andrew.com, now
offers a Fax-On-Line service that
allows customers to receive product
and technical information by fax.
Users may select from more than
2,500 documents covering the com-
pany’s complete line of products
and services.

24 - AppLIED MICROWAVE & WIRELESS

Military warning system
upgraded with newest ICs

ATLANTA, GA — As part of an ongoing effort to improve military air-
craft performance, engineers at the Georgia Institute of Technology’s
Research Institute (GTRI) have redesigned a vital component of a widely
used radar warning system, making it more dependable and easier to main-

tain.

The GTRI team recently finished revamping the display unit found on
the ALR-69 Radar Warning Receiver (RWR), a system used on 2,000 US and

1,000 foreign aircraft. The refur-
bished display unit has all-new elec-
tronics that improve its predicted
reliability by more than 500 percent,
researchers say.

“In layman's terms, the ALR-69 is
the military version of a Fuzzbuster
(consumer radar-warning device),”
said Michael J. Willis, a senior
research engineer with GTRI's
Electronic Systems Laboratory. “It
lets pilots know when an enemy has a
radar pointed at them, so they can
take evasive action.”

Many of the improvements in the
system can be attributed to the better
capabilities, features and reliability of
today's electronics, Willis said. The
new model has no adjustable compo-
nents, better fault diagnostics and
built-in test capability.

“Twenty or 30 years ago the elec-
tronics of that day didn't have the fea-
tures and capabilities that we have
today because of newer integrated
circuits,” he said. “The reliability
improvements are more a function of
improved electrical performance and
integrated circuit performance than
any special mechanical changes.”

GTRI has worked on both hard-
ware and software aspects of the com-
plex system, which includes radio-fre-
quency, microwave, analog, digital
and other kinds of circuits.

Display replaces CRT
with flat-panel screen

Because any warning device

like the ALR-69 is useless if it can-

not relay a warning signal, the
dependability of the system's dis-
play hardware is critical. In place
of the old model's oblong 3-inch by
9-inch cathode ray tube (CRT), the
new system uses a flat-panel elec-
tro-luminescent screen - chosen
because of its relatively low power
requirement — and three printed
circuit cards. :

The new model's container is
identical in size and shape to the
old model, allowing plug-in unit-
swapping in the field. The only vis-
ible difference between the two
designs is the new model's amber
monochrome screen, a departure
from the green used by the old
model. The new display unit offers
higher brightness, night vision
compatibility, sunlight readability
and is fully compatible with the
rest of the system.

The new system also has a pre-
dicted reliability of some 14,000
hours, versus an actual reliability
of about 2,500 hours on the old
CRT-based model. @~

The U.S. military uses the ALR-69 on the B-52 bomber; A-10 and F-16
fighters; MH-53J and H-60 helicopters, and C-130 and C-141 cargo planes.

The redesigned display unit is now undergoing extensive electrical, envi-
ronmental and field testing. If all goes well, the new model should begin ser-
vice around the world within two years.

A technical article describing the work was published in the Georgia
Tech Research Institute Journal of Technology, available on the Internet at
http://www.gtri.gatech.edu/job/Coker/coker.htm
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News

BUSINESS AND FINANCE

Midway to install wireless network for school districts

Midway Electronics of San Diego, CA, has received a contract from a
consortium of four school districts in Venango County, Pennsylvania, to
install a wireless wide area network. The $394,000 project is being fund-
ed through a “Link to Learn” initiative sponsored by Pennsylvania
Governor Tom Ridge.

The system, which will use wireless bridges and routers provided by
Solectek Corp., will link schools in the Cranberry, Franklin, Oil City and
Valley Grove districts, providing shared Internet access and resources
among the four districts.

Midway is a provider of two-way microwave system design and instal-
lation services.

Motorola CIG wins new contracts, launches new system

Motorola’s Cellular Infrastructure Group (CIG) has announced three
contracts worth a combined $55 million to upgrade cellular systems in
China and Singapore, as well as the launch of a new CDMA network in
West Virginia.

Under a contract with M1’s Personal Communications Services (PCS)
in Singapore, Motorola CIG will upgrade the CDMA (Code Division
Multiple Access) digital cellular network in Singapore. Two contracts
with China United Telecommunications Corporation (China Unicom)
provide for expansion of GSM (Global System for Mobile) networks in
China’s Fujian and Shandong provinces.

The West Virginia system, run by Intelos, is a $38 million CDMA digi-
tal wireless PCS network operating along a corridor between Charleston
and Huntington. The system has been scheduled for expansion early in
1999.

Motorola, based in Schaumburg, 1L, is a leading provider of wireless
communications semiconductors and electronics systems, components
and services.

Richardson announces acquisition, signs distribution agreements
LaFox, IL-based Richardson Electronics Ltd. has acquired Sahabsa

S.A., a broadcast transmitter and component distributor based in Mexico.

Sahabsa will be renamed Sahabsa Electronics SA de CV and will serve as
Richardson’s broadcast division in Mexico.

Richardson will merge its Mexico City operation with Sahabsa’s, and
the new division will provide sales, design, installation and distribution
services in Mexico.

Richardson’s Solid State & Components Group has also announced
new agreements with GHz Technology, based in Santa Clara, CA, and
PolyPhaser Corporation, a subsidiary of Smith Industries plc of London,
to distribute the companies’ products worldwide.

Richardson is a specialized international distributor of electronic com-
ponents, equipment and assemblies for industrial, communications, med-
ical and scientific applications.

Bliley Electric sold to Pennsylvania businessman

Bliley Electric Company and its subsidiary, Sunburst Electronics, have
been purchased by Roger W. Richards, a business attorney based in Erie,
PA. Terms were not disclosed.

Bliley is an established manufacturer of custom crystal oscillators and
quartz crystals.

26 - APPLIED MICROWAVE & WIRELESS

Bell Labs, German researchers
produce electrical images

Scientists at Bell Labs and
Germany’s Institute for Semicon-
ductor Physics have produced the
first microscopic images of electrical
forces inside a transistor.

The research, presented in
December at the IEEE Internation-
al Electron Devices Meeting, may
lead to improved software to design
today’s increasingly smaller transis-
tors by eliminating some of the need
for trial-and-error.

Studying boron in state-of-the-
art 0.18-micron transistors, the
researchers were able to receive
images of the source and drain
regions of the transistor. Electrons
flow between these regions, and
adding specific amounts of impuri-
ties to them can alter the electron
flow — and thus, the transistor’s per-
formance.

Bell Labs is the research and
development arm of Lucent Tech-
nologies, headquartered in Murray
Hill, NdJ. The Institute for Semicon-
ductor Physics is a publically funded
research and development institu-
tion located in Frankfurt, Germany.

Xilinx to offer computer-based
training on Verilog HDL

Xilinx Inc. has introduced a com-
puter-based training course, the
Verilog CBT course, as a new educa-
tional method for the Verilog hard-
ware description language (HDL).

The course teaches writing, syn-

| thesizing and simulating in Verilog
. HDL for Xilinx devices. It is based
~ on a three-day class offered in the
| traditional classroom format but
| has been converted into a computer-
- ized, self-study program. The pro-

gram is available through Xilinx dis-
tributors or directly from the com-
pany. Information is available on
the company’s web site (http://
www.xilinx.com).

Based in San Jose, CA, Xilinx
provides advanced integrated cir-
cuits, software design tools and field
engineering support.
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Reliability:

FMIBF =300 YEARS!

Price:

AM1 MTBF Data

WJ's AMI adds up to superior
performance and reliability.

The combination of high 1P3 and low noise figure at a low
DC bias makes the AM1 the amplifier of choice for today's
designer of multisignal wireless systems. Drawing only 75
mAmps, the AM1 boasts IP3 of +36dBm across the entire 250-
3000 MHz band. Add the low 2.6 dB NF with the high IP3
and great price, and you have an extremely versatile amplifier
to use in multiple locations, reducing your overall part count.

Some like it hot.

The AM1's superior electrical and thermal
design ensures long term reliability at high
temperatures. At 80°C, MTBF performance of
i S the AM1 is 7 million hours.

Frequency lMHzl
Do the math, then make the call

WJ Hiuh Dvnamic Ranae Amuplifiers Get more details today. Call our toll free number, fax us at
AR : I 650-813-2447 or e-mail us at wireless.info@wj.com to request

60 90 120 150 180
Ground Tab Temperature (degrees Celsius)

| Product Frequency IP3 P1dB NF Bias current

‘ (MHz) | (dBm.typ) | (dBm,typ.) | (dB.typ) | (mA,typ) data sheets and a complete catalog.

. AMT 250-3000 36 18 2.6 75
AH1 | 2503000 | 41 21 29 150 The Wireless Edge™
AH3 l 50-450 40 21 2.8 150

1 I d WATKINS-JOHNSON

Visi he web
ssontencha1.800-WJ1-4401

Distributed In U.S.A. by Microwave Components: 800-282-4771; Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-348-5580.
In Europe call WJ: +44-1252-661761 or your local Richardson Electronics Office: France: (01) 55 66 00 30; Germany: (089) 800 21 31; taly: (055) 420 10 30 UK: (01753) 733010;

Circle 60



News

BUSINESS AND FINANCE

L-3 to purchase Microdyne in $90 million transaction

L-3 Communications has signed an agreement to acquire Microdyne
Corporation by purchasing all outstanding stock and assuming the com-
pany’s existing debt. The transaction is worth approximately $90 million.

Alexandria, VA-based Microdyne manufactures telemetry receivers,
secure communications and technical support services. L.-3, based in New
York, NY, supplies secure communication systems and components,
microwave components, telemetry and other wireless products.

Stanford Telecom forms new subsidiary for MMDS, LMDS

Stanford Telecom has announced the formation of a new wholly owned
subsidiary, Stanford Wireless Broadband Inc. The new company will
design, manufacture and market wireless broad base headend and sub-
scriber modem products using both Multi-channel, Multipoint
Distribution Service (MMDS) and Local Multipoint Distribution Service
(LMDS) frequency bands.

Both Stanford Telecom and Stanford Wireless Broadband are based in
Sunnyvale, CA.

Tl selling Italian plant, dissolving joint venture in Portugal

Texas Instruments Incorporated has announced plans to sell its
Materials and Controls manufacturing operation in Aversa, Italy, to
Telital, the Italian telecommunications company. The transaction was
expected to be complete by the end of 1998

TI will also end a joint venture with Samsung, Electronica (Portugal),
Lda., in Porto, Portugal. The shutdown of the semiconductor assembly
operation there is expected to be complete by March 31.

RF Monolithics announces distribution agreement with Insight

RF Monolithies, based in Dallas, TX, has signed a distribution agree-
ment for Insight Electronics of San Diego, CA, to distribute RFM’s prod-
ucts through Insight’s 50 offices in North and South America.

RFM is a manufacturer of low-power components, short range radio
systems, frequency control modules and filters.

P-Com receives more than $6.5 million in radio system orders

P-Com Inc., based in Campbell, CA, has received purchase orders from
a PCS provider in the United Kingdom for the supply of digital millime-
ter wave radio systems. The orders are valued in excess of $6.5 million.

The systems are being used as part of a nationwide mobile network
rollout in the UK. The network provider has previously purchased radio
systems from P-Com.

P-Com develops and manufactures network access systems for wireless
telecommunications markets, including point-to-point, spread spectrum
and point-to-multipoint links.

DSP Communications to acquire Canada’s Isotel Research

Cupertino, CA-based DSP Communications Inc. has announced an
agreement to purchase Isotel Research Ltd. of Calgary, Canada. The
transaction’s value was not disclosed.

DSPC is a developer of chip sets and products for cellular, personal
communication services (PCS) and wireless local loop (WLL) markets.
Isotel develops call processing software for the digital cellular and per-
sonal communications markets.
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- Arsenide
| Services and Boeing’s third party IC
| design services to provide turn-key

TriQuint, Boeing team up
for GaAs IC services
TriQuint Semiconductor and The
Boeing Company have announced
an agreement to combine their
capabilities to develop turn-key
integrated circuit (IC) services.
Under the agreement, the compa-
nies will use TriQuint’s Gallium
(GaAs) IC Foundry

GaAs Application-Specific IC (ASIC)

. services.

TriQuint, based in Hillsboro, OR,
supplies high-performance GaAs
ICs. Boeing provides ASIC design
services over a broad range of tech-
nologies.

Millimeter Wave announces
microwave absorber breakthrough

Millimeter Wave Technology of
Marietta, GA, has made recent tech-
nology breakthroughs in almost
paper-thin microwave absorber
materials.

According to inventor Floyd C.
Cooper, one design with an overall
thickness of less than 65 mils has
provided significant attenuation
over broadband frequencies ranging
from microwave to millimeter wave.
The technology is expected to find
uses in such areas as antenna cou-

pling and multipathing.

Washington Laboratories
expands test capabilities
Washington Laboratories Ltd. of
Gaithersburg, MD, has recently
expanded its test capabilities to
measure radio frequency millimeter
wave frequencies up to 220 GHz.
Washington Labs specializes in
EMC and safety testing and design
consulting. ]

Companies, organizations and
institutions may submit informa-
tion for our News section to:
Shannon O’Connor, Managing
Editor, Applied Microwave &
Wireless, 4772 Stone Drive,
Tucker, GA; 770-939-0157 (fax);
amw(@amwireless.com (e-mail).
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PHEMT MMIC Power Amplifiers for
Base Stations and Adaptive Arrays

GaAs technology is used in a family of amplifiers for wireless
applications requiring good gain, efficiency and linearity

Raymond S. Pengelly, Robert B. Binder, James R. Griffiths,
Michael Virostko and Michael McPartlin

Raytheon Microelectronics

MICs based on pseudomor-

|\ /I phic HEMTs (pHEMTSs)
have been in volume produc-

tion at Raytheon Microelectronics for
several years. Applications include
low-noise and power amplifiers from
UHF through millimeter-wave. The
largest single application for pHEMT
technology is in power amplifiers for
cellular and personal communication
system mobile handsets. These
power amplifiers presently operate in
the voltage ranges of 3 to 7.5 volts
depending on the generation of the
platform. CDMA and TDMA phones
require linear amplifiers where the

maximum operating output power is
typically backed-off 3 dB from satu-
rated output power. Analog and GSM
phones normally operate with power
amplifiers that are much closer to
their saturated output powers. The pHEMTs
used in these designs have gate-to-drain break-
down voltages ranging from 14 to greater than
20 volts depending on the materials and gate-
recess technologies used in their fabrication. A
good rule-of-thumb for power amplifiers being
driven to saturation is that the breakdown volt-
age should be 3 times the nominal operating
voltage, e.g. a 4.8 volt PA requires a minimum
breakdown voltage of 14.4 volts.

pHEMT power amplifiers operating in the
cellular and PCS bands for reverse link applica-
tions (handset to base station) show excellent
linearities and power added efficiencies (PAE),
typically >65 percent PAE for saturated power
and 40 percent for linear power (e.g. CDMA).
Power amplifiers designed for forward link,
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A Figure 1. This pHEMT amplifier is shown in the PMBG-12 air
cavity plastic metal base package.

multi-carrier (base station to handset) applica-
tions are normally operated with their output
stages operating close to Class A. Efficiencies
are in the 15 to 30 percent range for such ampli-
fiers because of the much higher linearity and
IMD requirements that require further power
output back-off. For example, forward link
CDMA uses QPSK modulation whereas reverse
link uses OQPSK with a 6 dB higher peak-to-
average power ratio in the former case. All the
results in this article are for amplifiers that are
unconditionally stable over specified source and
load impedances and temperature ranges.

Output power as a function of operating voltage
The output power of a power amplifier is
directly related to the square of the operating
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voltage. Thus, an amplifier
such as the RMPA1902-53,
designed for 29 dBm linear
output power under 1900
MHz CDMA operation at
3.5 volt should have a lin-
ear output power of
greater than 34 dBm at 6.5
volts if the power output is
not limited by incorrect
output stage load imped-
ances. Measurements con-
firm this relationship to be
true. For linear operation
where the amplifier will be
typically backed off by
between 3 and 6 dB the
breakdown voltage of the
transistors needs to be
typically 2 times the operating voltage plus gate voltage,
e.g. an 8 volt PA requires a minimum breakdown voltage
of 16 + 1 = 17 volts.

in packaged form (right).

Thermal considerations

It is important to consider the impact of total thermal
resistance between the top surface of the GaAs die and
the heat sink for power amplifier MMICs that were orig-
inally designed to operate at lower voltages. For exam-
ple, the RMPA1902-53 amplifier was designed to operate
nominally at 3.5 volts with a dissipated power of 1.5
watts at its full RF output power of 29 dBm. The GaAs
die is silver epoxied into the PMBG-12 air-cavity plastic
package with a measured thermal resistance of 17 deg
C/watt. The PMBG-12 package (Figure 1) has a copper
base for heat sinking.

The channel temperature rise above the package
base temperature is about 25° C for that dissipated
power. For a maximum operating temperature of 90° C
the pHEMT channel is running at 115° C, well below
the 150° C normally considered “safe” for long lifetime
(i.e. at least 10 years). At 6.5 volts operating voltage the
RMBA19500-53 (a derivative of the RMPA1902-53
using an additional heat-spreader between the GaAs die
and the package metal base) has a dissipated power of
4.7 watts when delivering 2 watts linear RF power. The
thermal resistance of this approach is 9° C/watt. For a
PMBG-12 packaged MMIC soldered to the top surface
of a PCB, whereby multiple via holes are used for ther-
mal sinking as well as RF grounding, the channel tem-
perature at a 90° C baseplate temperature is calculated
to be 168° C. [90 + (4.7 X 9) + 36 (temperature rise
through board)]. Mounting the packaged amplifier
directly to a metal heat sink through the PCB results in
a transistor channel temperature of <135° C at a 90° C
heat-sink temperature. This is, therefore, the recom-
mended mounting approach.
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A Figure 2. The RMPA1911-96 35 dBm power amplifier is shown with the cover off (left) and

Typical pHEMT MMIC amplifier realization —
Amplifier electrical design

Discrete and MMIC pHEMT amplifiers have been
designed at Raytheon Microelectronics both for handset
and base-station applications.

Figure 2 shows a photograph of a two-stage 35 dBm
amplifier (RMPA1911-96) operating in the US PCS band
This chip-on-board design using discrete pHEMTs has
27 dB gain and 30 percent PAE (under CDMA forward
link operation) operating from an 8 volt rail. This ampli-
fier has been used as a “building block” for higher power
amplifiers as described later in this article.

Figure 3 shows a photograph of the MMIC used in a
three-stage 33 dBm amplifier operating in the U.S. PCS
band (RMBA19500-53). This air-cavity plastic packaged
MMIC design has 30 dB gain and 30 percent PAE (under
CDMA forward link operation) operating from a 6 volt
rail. Again, this amplifier has been used as a “building
block” for higher power amplifiers as described later in
this article.

The design of these power amplifiers is primarily
aimed at minimizing nonlinear effects and maximizing
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A Figure 3. 33 dBm linear power amplifier MMIC.
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A Figure 4. Performance parameters of RMBA19500-53.

efficiencies over different operating conditions deter-
mined by the system into which the amplifier is placed.
An extreme example of this is that the biasing and load-
line conditions for a “super-linear” amplifier requiring
<-60 dBe IMD products will be different than the con-
ditions required for an amplifier used in a TDMA appli-
cation (Class A bias in the former case and Class A/B
bias in the latter case). Generally, however, the design
approaches follow similar paths. The main sources of
spectral regrowth in pHEMT amplifiers are AM to AM
distortion resulting from nonlinear transconductance,
AM to PM distortion resulting from nonlinear gate-to-
source capacitance, and distortion caused by waveform
clipping at the gates and saturation and breakdown
effects at the drains. The design issues that are
addressed to minimize spectral regrowth are optimum
fundamental frequency drain loading on all amplifier
stages (but particularly the output stages), harmonic
gate and drain loading and pre-distortion of the wave-
form through the amplifier. Pre-distortion is essential
for linear operation as careful attention has to be paid to
quiescent bias currents and transistor sizing to allow
acceptable operation over temperature and maximiza-
tion of power added efficiency.

Load-pull measurements of a range of transistor
peripheries are required to determine the optimum
pHEMT device sizes. The input and output of the tran-
sistors are tuned at specific bias currents. Contours of
ACPR, output power, power gain, and PAE are plotted as
a function of source and load conditions using automat-
ed systems such as ATN, Maury and Focus. Careful mea-
surements result in the designer being able to choose a
small impedance region where the chosen device has a
“sweet spot” for best ACPR and PAE. Optimum effi-
ciency is just as important in base station applications as
in handset operation because significant reduction in
“ancillary” equipment such as cooling fans and power
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A Figure 5. Performance parameters of RMBA09500-53.

supplies can result, making the amplifiers physically
smaller and lower cost.

Base station driver amplifiers and phone PAs have
critical requirements for stability. Stabilization tech-
niques are required at the FET, MMIC, package and
board levels. Peak performances (PAE, ACPR and Gain)
are compromised when stabilization is added.
Raytheon’s amplifiers are tested into 10:1 load VSWRs
over temperature with no RF as well as under small sig-
nal and compressed power levels.

Results under linear and nonlinear conditions

Figure 4 shows the Pqoyp versus Ppy for the
RMBA19500-53 operating under forward link CDMA
conditions at 1900 MHz. Also shown is the PAE of the
amplifier as well as the ACPR1 in dBc over a 19 dB
dynamic range.

Figure 5 shows the Pqyp versus Pjy for the
RMBAO09500-53 operating under forward link CDMA
conditions at 870 MHz. The PAE as well as the ACPR1
of the amplifier are shown over a 19 dB dynamic range.

These amplifiers provide 32 to 33 dBm of output
power to the IS-95 forward link specification on ACPR.
They are attractive as building blocks for driver and
power amplifier applications as they are physically small
(approximately 250 mil square package) and are com-
petitively priced.

Differences between single carrier, multi-carrier,
reverse link and forward link applications

There are two basic types of cellular systems — analog
and digital. These systems require different types of
base-station PAs.

Analog cellular systems include AMPS in the USA,
ETACS/NMT in Europe and NTACS in Japan. Analog
systems use Frequency Division Multiple Access
(FDMA) and the power amplifiers that are required
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operate in saturated mode with
efficiencies as high as 60 to 70 per-
cent. These power amplifiers must
maintain harmonics below certain
values depending on system
requirements (e.g. =70 dBc). This
perofrmance is achieved using har-
monic terminations and filters.

Digital cellular systems include
1S-54 TDMA in the USA which
employs n/4 DQPSK modulation,
GSM in Europe using GMSK and
PDC in Japan using /4 DQPSK
modulation. In addition IS-95
CDMA has become popular in the
USA, Hong Kong and Korea where
OQPSK is used in the handsets and
QPSK in the base-stations. Unlike
GSM that employs constant enve-
lope waveforms, the other digital
standards have peak-to-average
power envelope fluctuations that
require linear power amplifiers to
avoid spectral regrowth. This spectral regrowth may be
defined by adjacent channel power ratio (ACPR) or an
absolute spurious emission power level.

ACPR = Adjacent Channel Power in dBm - Transmit
Channel Power in dBm

For IS-54 and IS-136 TDMA operation: Channel
Bandwidth = 24 kHz and Channel Spacing = 30 KHz.
The spectral splatter is determined by the ACPRI1
(Adjacent Channel) being <-30 dBc and the ACPR2
(Alternate Channel or next Adjacent Channel) being
<-48 dBc.

For IS-95 and IS-98 the relevant linearity require-
ments are an ACPR1 of <-42 dBc at 885 kHz offset
with a channel bandwidth of 1.23 MHz and an ACPR2 of
<-54 dBc at 1.98 MHz offset.

Base station splatter and emission level requirements
resulting from multi-carrier transmissions result in
more severe PA design requirements. In addition certain
standards, such as CDMA, require more linearity in the
base-station (forward link) PAs than in the handset
(reverse link) PAs. In the CDMA case this is because the
forward link modulation is QPSK with a 10 dB peak-to-
average power envelope while the reverse link modula-
tion is OQPSK with a 3 dB peak-to-average envelope.

Advantages of using pHEMT amplifiers in medium
power linear applications

pHEMTs consistently show greater efficiencies than
bipolar transistors and some MESFETs for highly linear
applications e.g. 15 to 20 percent PAE compared to 5
percent under backed off power operation. pHEMTsS,
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A Figure 6. RMBA19520 power amplifier.

operating at voltages below 10 volts, are ideal for “low
power” base-station and antenna array applications
such as microcell, wireless local loop (WLL), “smart
antennas” etc.. Such pHEMT amplifiers operating from
1 to >10 watts linear output power also find applica-
tions as driver amplifiers in macrocell sites.

Using pHEMT MMICs in higher power applications —
Power combining

A number of discrete and MMIC-based amplifiers
such as the RMBA09500-53, RMBA19500-53,
RMPA1911-96 and RMPA2450-53 products have been
used in higher power amplifiers by combining two, three
and four units. All of these amplifiers have been
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designed to operate from single drain and
gate voltages (usually 6.5 or 8 volts on the
drains and -3.5 volts on the gates).

Figure 6 shows the RMBA19520 con-
sisting of four RMBA19500-53s operated
at 6.5 volts. This amplifier has been used
in a Japanese PHS rural microcell appli-
cation, providing an output power of 5
watts, and an absolute emission level of
400 nanowatts at a 600 kHz offset
(Figure 7). The same amplifier provides
an output power of 6 watts under CDMA
operation at an ACPR1 of 49 dBc under
different biasing conditions. The overall
PAE of the RMBA19520 is between 20
and 30 percent depending on mode of
operation and biasing.

Figure 8 shows the RMBA09520 con-
sisting of four RMBA09500-53s operated at 6.5 volts.
This amplifier delivers 41.5 dBm saturated output
power in Analog mode. For example the IMD of this
amplifier is <-35 dBe at 10 watts output power at a PAE
of 31 percent. Under digital modulation the amplifier
delivers an output power of 38 dBm with a PAE of 29

A Figure 8. Photograph of the RMBA09520 cellular power amplifier.

percent with 45 dBc ACPR1 at 1.25 MHz offset for 1.23
Mbps forward link CDMA. The same amplifier, under
different biasing conditions, provides 39 dBm output
power at <-30 dBe ACPR1 and <-48 dBc ACPR2 at 30
and 60 kHz offsets for NADC TDMA with an overall
PAE of 32 percent. Under GMSK modulation for 270
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A Figure 9. The RMBA23610 power amplifier.

kbps the amplifier delivers 39 dBm output power at
<-30 dBc¢ and <-60 dBc emissions at 200 and 400 kHz
offsets respectively.

Figure 9 shows a third power amplifier example using
four RMPA2450-53 MMIC amplifiers. This amplifier is
designed to be used under W-CDMA modulation at 8.2
Mecps for WLL applications at 2.3 MHz. The amplifier
delivers 1.25 watts of linear power at an ACPR1 of -58
dBe. Figure 10 shows a wideband CDMA measurement
using an HP E4433B digital modulation source. The
four amplifiers are combined using Anaren Xinger sur-
face mount couplers, are operated from 7 volts and have
an overall PAE of 12 percent.

Table 1 and the
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A Figure 10. Wideband CDMA ACPR performance of the
RMBA23610 at an output power of 1.25 watts.

ple, for the 1900 MHz GSM requirement the reverse
intermodulation level is an absolute power level at the
power amplifier output of —-70 dBm. In this case the
reverse intermodulation product is defined as the resul-
tant intermodulation signal produced when a + 4dBm
single-tone signal is injected into the output of the
power amplifier under full output power of 36 dBm. This
measurement simulates the condition whereby a trans-
mitter “receives” an adjacent channel signal from
another nearby base-station. In order to prevent such
signals being generated power amplifiers require “lin-
ear” isolators to be placed between the amplifier and the
filters preceding the antenna. The lower the intrinsic
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A Figure 11. Reverse intermodulation: (a) without, and (b) with output isolator in a RMBA 19620
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tested and qualified periodically to ensure
reliable field performance even under the
harshest environments, making Stanford
Microdevices' products a favorite among
major OEMs worldwide.

The new SHF-0189 is a high performance
A/GaAs/GaAs heterostructure FET in plas-
tic SOT089 packaging. HFET technology
increases breakdown voltage for high drain
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voltage operation and also minimizes
Schottky leakage current for high efficiency
and linearity.

This half-watt HFET can be used in both
analog and digital wireless applications in-
cluding cellular, PCS, CDPD, wireless data
and pagers.

I notes are for amplifier circuits at 900MHz and
1900MHz. Samples upon request.

For performance, reliability and value, turn to Stanford
Microdevices distributed by Richardson Electronics.

More than 60 locations worldwide to serve you. Toll Free US/Canada: 1-800-RF POWER or 1-800-737-6937, Argentina: +54 (327) 55750, Australia: Bayswater +61 (3) 9738
0733, Castle Hill +61 (2) 9894 7288, Brazil: Sao Paulo +55 (11) 820-6199, Canada: (905) 795-6300, France: +33.1.55.66.00.30, Germany: Puchheim +49 (89) 830 214-0,

Indonesia: +62 (21) 912-0727, ltaly: Agrate Brianza (MI) +39 (039) 653 145, Roma +39 (06) 41.73.37.51, Sesto Fiorentino (FI) +39 (055) 42.08.31, Japan: Osaka +81 (6) 314-5557,
Tokyo +81 (3) 5215-1577, Korea: +82 2 539-4731, Mexico: +52 (5)546-0015, Singapore: +65 744-2128, Spain: Barcelona +34 (93) 415 83 03, Madrid +34 (91) 528-3700, Sweden:
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Part Number & Voo Pour Pout Pout Pour Pout Gain PAE Piag 0IP4 1P & Noise  Harmonics

Frequency volts GSM CDMA  TDMA PHS IMD dB % dBm daBm 0/P Figure dBc
dBm dBm dBm dBm dBm (5.5) CDMA  CDMA  CDMA  VSWR dB (CW)

RMBA09500-53 6.5 34 31 34 30 30 34 44 21 5 -30

840 to 900 MHz

RMBA09510 6.5 37 34 37 30 30 37 47 1.5:1 525 -35

840 to 900 MHz

RMBA09520 6.5 39 38 40 40(b) 30 29 40 50 1.5:1 5.5 -40

840 to 900 MHz

RMBA19500-53 6.5 33 32 32 30 30 335 41 2:1 6 -30

1900 MHz

RMBA19510 6.5 35 34 34 30 26 38 46 1.5:1 6.5 -35

1900 MHz

RMBA19520 6.5 37 37 37 38(a) 29 19 40 48 1.5:1 7 -40

1900 MHz 27(b)

RMPA1911-96 8 33 34 34(a) 27 27 34 44 2:1 5 -30

1900 MHz 21(b)

RMBA19600 8 22(b) 27 24 35 45 2:1 6 -30

1900 MHz

RMBA19610 8 35 36 34 36(a) 27 11 36 45 151 5.5 -35

1900 MHz 23(b)

RMBA19620 8 36 37 37 37(a) 26 14 39 48 151 6 - 40

1900 MHz 24(b)

RMPA2450-53 7 25 12 27 37 2:1 5.5 -30

2300 MHz

RMPA2311-96 8 30 12 32 42 2:1 55 -30

2300 MHz

RMBA23610 7 31 30 12 33 43 1.5:1 6 - 40

2300 MHz

Notes

1. The linearity parameters are not necessarily available simultaneously. The amplifiers are biased for optimum performance for each type of modulation scheme or linearity requirement.
POUT is linear output power to meet one or more of the following specifications:

GSM: 270.8 kHz symbol rate; Forward Link; GMSK modulation; ¢+ 200 kHz offset ACPR1 = 35 dBc; (@ 400 KHz offset ACPR2 = 65 dBe

CDMA: 1.23 MHz symbol rate; Forward Link; 9 Channels

(e 1.23 MHz offset in 30 kHz integration bandwidth ACPR1 = 46 dBc; (« 2.5 MHz offset in 30 kHz integration bandwidth ACPR2 = 64 dBc

TDMA: NADC with 48.6 kHz symbol rate; @ 30 kHz offset ACPR1 = 30 dBg¢; tv 60 kHz offset ACPR2 = 48 dBe

PHS: Relative emission level of -70 dBe at Bit Rate of 384 kbps at offset frequency of 600 kHz

IMD: (a) Third Order Two Tone Rejection >30 dBe; (b) Third Order Two Tone Rejection =60 dBe; This parameter does not refer to reverse IMD

2. Baseplate Operating Temperature Range: 0° C to +50° C. These amplifiers do not contain temperature compensation unless specified by the customer. Gain change with temperature
is approximately 0.02 dB per °C

Non-operating Temperature: -40° C to + 85" C; Humidity without condensation: 95% relative; Altitude: 10,000 feet

Outlines are to customer requirements; normally consist of either machined enclosures with gasket seals, SMA Female or Type N Female connectors, EMI/RF filters or tab leaded modules
Single Power Supply. Maximum supply without damage: 10 volts

6. Load Mismatch sustainable without damage: 3.0:1

Packages

Type 53 is a 12 lead “quad” plastic package with metal base; Type 96 is a 7 “edge” leaded package with flange

SIS

A Table 1. Summary of performance parameters of pHEMT-based base station power amplifiers.

Temp. Deg. C Small Signal Gain, dB  Large Signal Gain, dB Quiescent Current, mA RF Loaded Current, mA ACPR1, dBc
-38 26 259 1800 2500 46.2
-30 26 25.7 1730 2520 45.6
-20 25.9 25.6 1660 2560 45.1
-10 25.6 254 1570 2630 46.5

0 254 251 1580 2700 451
10 25.1 24.8 1430 2773 46.6
20 24.9 24.7 1410 2780 450
30 247 24.4 1410 2850 45,0
40 247 24.2 1370 2900 45.0
50 24.4 24.0 1360 2950 44.0
60 24.2 23.8 1290 3000 445
70 24.0 235 1330 3070 443
80 23.5 23.2 1340 3130 442

A Table 2. Variation in performance of the RMBA 19620 as a function of temperature.
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reverse Intermodulation of the
power amplifier the less stringent
the requirements placed on the “lin-
ear” 1isolators (isolators chosen
specifically to exhibit very small
nonlinear effects). Figure 11 shows
the reverse intermodulation of the
RMPA19620 that results from using
a standard isolator compared to no
isolator. With the isolator connected
the reverse intermodulation level is
<-115 dBc (or -79 dBm) compared
to —96 dBc (or -60 dBm) without the
isolator.

Typical amplifier performance
versus temperature

The amplifiers described above do
not feature temperature compensa-
tion. In many cases temperature
compensation is not required
because the intrinsic variation in
gain etc. of the amplifiers using
pHEMTsS is acceptably small. Table 2
shows the typical parameters of the
RMBA19620 1900 MHz amplifier as
a function of temperature. The
ACPRI1 figures refer to 9 channel
forward link CDMA conditions with
QPSK modulation. The measure-
ments were performed by setting the
output power to 36 dBm by adjust-
ing input RF power at each temper-
ature and recording the parameters
that are tabulated. The amplifier
quiescent current was set to a nomi-
nal value at 20° C only. The mea-
sured temperature coefficient of
gain over —38° to + 80° C. is 0.02 dB
per °C.

Conclusions

pHEMT transistors have been
used effectively in a range of power
amplifiers for cellular and PCS base-
station applications. These ampli-
fiers, having linear output powers in
the range of 1 to 10 watts, show
excellent efficiencies when com-
pared to BJT and MESFET based
products.

Low operating voltages coupled
with relatively high efficiencies
result in simplified construction and
installation of the amplifiers. This
makes them suitable for masthead

applications where convection cool-
ing is sufficient to maintain the
amplifiers below safe operating tem-
peratures. A number of examples of
such amplifiers have been described
in this article together with typical
data for a range of constant envelope
and linear modulation conditions. W
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‘Detectors

RLC Broadband Detectors,
Customized to Your Needs:

* Frequency Range of 10 MHz to 40 GHz
e Excellent Stability Over Temperature
¢ A High Degree of Sensitivity
e Excellent Flatness
® [ ow Video Impedence
e Can Be Supplied with Couplers and DC Blocks
e N, BNC, SMA and TNC Connectors
e Can Be Optimized for Your Power Range
in Terms of Linearity and Output

Call, fax or e-mail your requirements.

RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549  Telephone: 914-241-1334  Fax: 914-241-1753
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A Half-Wave Hula-Hoop Antenna
for GSM Mobhile Applications

Here is a low-profile antenna option for applications requiring
low visibility, durability and a uniform radiation pattern

V. Stoiljkovie, A. D. Spencer and G. Wilson

Centurion International, Inc.

the input impedance bandwidth and radi-

ation characteristics of a half-wave hula-
hoop antenna. The antenna is designed to work
in the GSM frequency band of 860-960 MHz.
Theoretical and experimental results are pre-
sented, showing the antenna’s capability of pro-
ducing nearly isotropic radiation patterns. The
basic antenna structure is metallic and does not
involve any dielectric materials, enabling an
inexpensive and easy-to-construct low-profile
antenna design.

Low-profile antennas have been used in spe-
cialized and covert applications in Professional
Mobile Radio (PMR) for many years. They were
initially designed to satisfy the need for almost
indestructible antennas. The aesthetic appeal of
low-profile designs and their durability are their
main marketing advantages. On the other hand,
GSM is increasingly employed in mobile loca-
tion services, especially tracking and remote
services. Tracking services, for example, are
used to locate and monitor cargoes, and remote
services are used for long-distance control of
vehicle functions, etc. most of these applications
require robust low-profile antennas with an
omni-directional radiation pattern. This article
introduces one such design, which is inexpen-
sive to produce and has good RF performance.

This article describes an investigation into

Structure of the antenna

The hula-hoop antenna, also known as a
directional-discontinuity ring-radiator (DDRR)
gained a lot of attention in the early 1960s | 1-3].
The original version consists of a quarter-wave-
length long piece of wire bent into a circular
shape over a conductive ground plane, as illus-
trated in Figure la. The position of the loop is

42 - APPLIED MICROWAVE & WIRELESS
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A Figure 1. Hula-hoop antennas: (a) the guarter-
wave loop, and (b) the half-wave loop.

parallel and close to the ground plane. The loop
is driven at one of its ends and open at the other.
The antenna resonant frequency can be lowered
by capacitive tuning at the open end. The basic
idea of this design is to replace a quarter-wave
monopole antenna with a shorter but wider
radiating structure with similar electrical char-
acteristics. The quarter-wave DDRR has, how-
ever, been proven to have the input impedance
bandwidth of only one to two percent [4].

In order to increase the input impedance
bandwidth, a closed half-wave loop structure
has been proposed (Figure 1b) [4]. A half-wave-
length long piece of wire is bent into a circle and
short-circuited to a ground plane at one point.
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Loop Loop Resonant Bandwidth
Diameter (mm) Height (mm) Frequency (MHz) (MHz)
50 30 1050 90
50 35 975 85
50 40 910 70
50 45 855 60
60 25 1040 120
60 30 960 105
60 35 3900 80
60 40 840 70
60 45 795 65
70 25 940 50
70 30 880 65
70 35 825 70
70 40 775 60
70 45 735 60
80 25 870 45
80 30 760 50
80 35 760 55
80 40 720 60
80 45 685 60

A Table 1. Antenna resonant frequency and bandwidth as a
function of loop diameter and height.

The antenna is fed by a coaxial cable at another point.
The position of the feed point is usually 100° to 140°
away from the short-circuit point. By changing the orig-
inal quarter-wave long, open hula-hoop design into a
half-wave long closed-loop design, a noticeable improve-
ment in the input bandwidth can be achieved.

The antenna was modeled using WIPL [5]. Initial
numerical results showed that the antenna impedance
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A Figure 2. Measured antenna input reflection coefficient
vs. frequency.
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A Figure 3. Radiation pattern (azimuth) at 925 MHz.
Triangles are vertical polarization, squares are horizontal
polarization and diamonds are the reference horn antenna.

bandwidth was strongly dependent on the size of the
ground plane. For practical reasons, the ground plane
was chosen to be circular with a diameter of 240 mm.

The loop diameter and its height above the ground
plane were then changed and the antenna resonant fre-
quency and input impedance bandwidth were calculat-
ed. The numerical results are shown in Table 1. As
expected, the resonant frequency decreases with an
increase of both loop diameter and its height above the
ground plane.

In order to cover the whole of the GSM band (890-960
MHz), the loop diameter was chosen to be 60 mm and its
height was chosen to be somewhere between 30 and 35
mm. The final value for the height was to determined
experimentally.

Antenna electrical characteristics

A prototype antenna was built and tested. the anten-
na’s input reflection coefficient as a function of frequen-
cy is shown in Figure 2. The bandwidth (-10 dB) is about
90 MHz.

The antenna radiation patterns in the azimuth and
elevation planes are shown in Figures 3 and 4, respec-
tively. The antenna has an almost omni-directional radi-
ation pattern. The peak gain is 0.2 dBi in the azimuth
plane and 2.0 dBi in the elevation plane. The gain was
measured using a double-ridged horn as a reference
antenna. The horn peak gain was 6.3 dBi. The fair
amount of cross-polarization in the elevation plane is
considered to be beneficial for applications involving
multipath fading.
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Stellex Microwave Systems is a
proven industry leader in the design
and manufacture of RF and Microwave
components and subsystems. For over
40 years, Stellex products have been
designed into sophisticated defense
electronic systems, satellite commu-
nications systems, and high-end
commercial applications.

The Stellex Advantage is dedication to
design, advanced packaging and man-
ufacturing processes. This balance
between electrical, mechanical and
process design is unique and offers
our customers these benefits:

Rapid time-to-market

For more information, fax us at
650-813-2030 or call our 800 number:

1-800-321-8075
www.stellexms.com

llex Microwave Systems

The Stellex Advamiage

TN
PRS LN

RF & MICROWAVE MIXERS RF & MICROWAVE
= Frequency Range: DC to 26 GHz FREQUENCY DOUBLERS
« L0 Drive Levels: +7 dBm to +27 dBm » Frequency Range: 0.005 to 12 GHz
* Packaging: Surface Mount, Microstrip, Open « LO Drive Levels: +10 dBm to +23 dBm
Carrier, TO & SMA Designs « Packaging: Various Hermetic, Open Carrier & SMA

RF & MICROWAVE LIMITERS & LIMITING
CASCADABLE AMPLIFIERS AMPLIFIERS
* Frequency Range: 0.001 to 12 GHz  Frequency Range: 0.005 to 4 GHz
« Designs: Bipolar, GaAs FET/MMIC, & PHEMT » Designs: Bipolar, GaAs FET & MMIC

« Packaging: Surface Mount, TO & SMA Designs » Packaging: Surface Mount , TO & SMA Designs

COMMERCIAL YIG ATTENUATORS
OSCILLATORS * Frequency Range: 0.005 to 4 GHz

«2-10 GHz low cost, low noise TO-8 style YIG . Designs: PIN/NIP Diode Linearized & Non-l_‘mear&zed
Osgcillators. Ideal for DRO replacement * Packaging: Surface Mount, TO & SMA Designs

» 2-14 GHz low cost, low noise, broad tuning range
YIG Oscillators

INTEGRATED CUSTOM SUBSYSTEMS
MILLIMETER WAVE
TRANSCEIVERS/CONVERTERS

« Highly integrated custom military and commercial
subsystems

« In-house metal injection molding and glass

« Advanced mixing technology for up and

o Hi i il tom military and commer- :
Highly integrated cus ilitary and commer Eutbeatibe -

cial subsystems

sealing for rapid low cost packaging

*%% o te"ex
E AN
\34@\\}3 MICROWAVE SYSTEMS

Stellex Microwave Systems, Inc.
3333 Hillview Avenue, Palo Alto, CA 94304-1223
emalil: sales@stellexms.com

AN 150 9001 REGISTERED FIRM

Circle 58



FANIENNA

180

A Figure 4, Radiation pattern (elevation) at 925 MHz.
Triangles are vertical polarization, squares are horizontal
polarization and diamonds are the reference horn antenna.

* Clean, controlled copper edges for uniform
dielectric constants

* Accepts your Gerber, Gerber-X, DXF and
HPGL files

*» Win95 software with programmable copper
removal and full tool life tracking

» Also builds high-frequency parts from thin
metal sheet stock, brass and beryllium-copper

* No chemicals required

« Fast payback - typically 3-12 months

Make guul own prototype circuit boards
with the ProtoMat®*91s/Vs.
Most boards are done in less than 15 minutes.

Contact us TODAY 1-800-345-5753
e-mail: Ipkf@northwest.com - www.Ipkfcadcam.com
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Conclusion

A half-wave hula-hoop antenna has been described.
The antenna operation was analyzed both theoretically
and experimentally. It has been shown that the antenna
has an almost omni-directional radiation pattern. The
antenna also has a low profile and is inexpensive and
easy to manufacture. The design presented here is suit-
able for GSM applications. |
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FEATURES
e Fast Recovery Time
e Low Output Noise for

Increased Accuracy

e Improved Sensitivity Through
Low Noise Figure Input Stages

e Custom Electrical Performance Available

Model Number

Center
Frequency
(MHz)

ELECTRICAL SPECIFICATIONS

Operational
Bandwidth
(MHz, Min.)

Dynamic
Range

TSS

Log Video
Linearity | Flatness

(dB, Min.) |[(dBm, Max.)|(xdB, Max.)|(+dB, Max.)

Rise Recovery |
Time Time
(ns, Max.)|(ns, Max.)

MLIF-500/100-70
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MLIF-1000/300-60
MLIF-1000/500-70
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LOG LINEARITY
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LOG ERROR IN dB
1
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INPUT POWER IN dBm

PULSE RESPONSE
MLIF-1000/300-60
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A: 25 mV
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Ch 1 Rise

1.74 ns

Ch 1 Fall
4.82 ns
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Ch 1 +Over

-
e
N

—

T NG
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For additional information, please contact Boris Benger
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High Volume Production

Capability Wireless Applications

High Power Handling

Symmetric and Asymmetric Lorch Microwave is now producing a full line of filters and
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Products

Linear amplifier modules
Semelab has started production
of new RF power amplifier modules
for linear modulation architectures
used

in Private Mobile Radio

(PMR), Public Access Mobile Radio
(PAMR) and Terrestrial Trunk
Radio (TETRA). Power output of
the modules is 5.5 watts using a 7.2
volt supply. Wide temperature oper-
ation and rugged, compact construc-
tion are additional features. Models
are available for the 220 MHz and
150-170 MHz bands. Additional
modules are in development.
Semelab plc

Circle #159

1-500 MHz amplifier

RF Gain, Ltd. now offers a wide-
band amplifier for laboratory equip-
ment, test bench or general purpose

\

applications. The RFGA0105-01
operates over 1-500 MHz with an
output power of 1 watt at 1 dB com-
pression, or 2 watts CW. The third
order intercept point is +40 dBm,
small signal gain is 30 dB, and the
unit features high linearity, low
spurious, noise and harmonics. The

amplifier is designed around high
reliability gold metalized transis-
tors. The RFGA0105-01 is current-
ly available from stock.

RF Gain, Ltd.

Circle #160

Amplifier covers 2-18 GHz
Planar Electronics Technology

has introduced the PE1-38-0218-

12/-7-T-SFE, with temperature com-

pensation for operation over 2-18
GHz with 38 dB gain. Gain varia-
tion is just =3 dB over a tempera-
ture range of -55 to +85°C. The
PE1 series can be used in
microstrip or connectorized appli-
cations, and measures 1.08 x 0.56
X 0.195 inches.

Planar Electronics Technology

Circle #161

Low power wideband unit
Mini-Circuits offers the ZJL-7G,

a connectorized amplifier with an

IP; of +27 dBm (typ. at 2 GHz),

gain of 10.2 dB (£1.2 dB) and a typ-
ical Pigg of +12.4 dBm. The fre-
quency range covered by the unit is
20-7000 MHz. Pricing of the ZJL-
7G wideband amplifier is $99.95
each in 1-9 quantities.

Mini-Circuits

Circle #162

50 watts for PCS GSM

Chesapeake Microwave Tech-
nologies’ 50 watt GSM amplifier
offers 45 dB of gain and a minimum
of 50 watts output power in a single
assembly. The unit operates in the

1930-1990 MHz PCS band, using
GaAs FETs in class AB linear oper-
ation. A DCS model is also avail-
able. It is packaged in a 8.0 x 4.0 X
1.5 inch case with an integral heat
sink. Power requirements are +15
volts at 9.5 amperes.

Chesapeake Microwave Technology
Circle #163

38 GHz amplifier MMIC

TriQuint Semiconductor has
introduced a 36 to 40 GHz pHEMT

. MMIC power amplifier for mm-
| wave applications in point-to-point

and point-to-multipoint digital
radio systems. The TGA1071-EPU
is a two-stage monolithic amplifier
with 15 dB small-signal gain and

150 mW power output when biased
at 120 mA from a 5 volt supply. The
device is available in chip form with
a physical size of 3.4 x 2.1 x 0.10
mm. Bond pad and backside metal
is gold plated. Pricing is $56 each in
quantities of 1000.

TriQuint Semiconductor

Circle #164
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Products

SOFTWARE

Modeling enhancement for
MOS/CMOS ICs

HP EEsof has added new para-
meter extraction capabilities to its
HP IC-CAP device modeling soft-
ware. The new package contains
the latest release of the U. C.
Berkeley BSIM3v3.2 MOS model,
extraction templates and a model-

g i f
b A

4

FREQUENCY?

_ How'’s Yours?
Our’'s is

) GHz

TOV 5 | oo

Coaxial switches to 40 GHz. That's frequency!!!

Typical Specifications | SPDT TRANSFER MULTI-POSITION
at 26.5-40GHz
V.S.WR. (max] 1.9:1 201 201
Insertion loss (max) 0.8dB 0.908 0.9dB
Isolation (min) 50dB 50dB 50dB
RF Power Avg. 10 watts Avg. 5 watts Avg. 3 watts
Switching time 15 msc max 15 mse max 15 msc max
Operating mode Failsafe or Latching Failsafe or Latching Failsafe or Latching
Environmental Designed to meet MIL-E-5400 and MIL-S-3928

150-9001 Certified

DUCOMMUN

TECHNOLOGIES, INC.
A SUBSIDIARY OF DUCOMMUN INCORPORATED
23301 So. Wilmington Ave. ® P.0. Box 6240 ® Carson, California 90749-6240
Tel: (310) 513-7200 ® Fax: (310) 522-8994 ¢ e-mail: sales@ductech.com ® www.ductech.com

oM r
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ing toolkit. The package offers a
fast and accurate solution for mod-
eling MOS/CMOS ICs in high-fre-
quency applications such as wire-
less communications. Parameters
modeled include DC I-V, capaci-
tance models, temperature behav-
ior, noise effects and high-frequen-
cy modeling. The HP BSIM3v3
modeling package is $15,000 and is
available as part of HP IC-CAP
Version 5.2 for UNIX® system plat-
forms from HP and Sun.
Hewlett-Packard Company

HP EEsof Division

Circle #165

Digital video broadcast

system-level simulation
Elanix has added support for
Digital Video Broadcasting (DVB)
applications for the SystemView by
Elanix simulator. The DVB library
enables developers of applications
conforming to the European
Telecommunications Standard

DVB 840AM Mode 2k Alpha
End to End Simulation

(ETS) 300 744 to rapidly analyze
different design approaches. The
library enable simulation of base-
line transmission systems, support-
ing specifications fcr channel cod-
ing and modulation. Functional
blocks include signal generators,
the shortened Reed-Solomon
encoder, convolutional interleaver,
punctures convolutional encoder
and the DVB modulator/demodula-
tors. The modulators can be used as
a single token, or broken down into
constituent components. The DVB
library costs $1,995 and is now
available.

Elanix Inc.

Circle #166
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FDTD EM analysis released
for Windows®

Remcom announces the release
of version 5.0 of XFDTD for
Windows 95/98/N'T, complementing
its existing UNIX products. Key
features of XFDTD include steady
state and transient analysis, S

parameters, complex media and
specific absorption rate (SAR) for
biomedical applications. The prod-
uct allows its users to perform
complex analysis for many applica-
tions in antennas, cell phone
design, EMC, propagation, biomed-
ical technology and radar cross sec-
tion. The main module is priced at
$12,000.

Remcom Inc.

Circle #167

Test data presentation and

analysis software

P & H Technology Consultants
has introduced SoftPlot, a
Wmdows ~based package for the

capture, display and formatting of
measurement data from spectrum
or network analyzers, oscilloscopes,
etc., which can then be embedded
in documents, presentations and

spreadsheets. SoftPlot is targeted alla
at RF and microwave engineers, | I

using integral GPIB drivers for
connection to the test instrumenta-
tion. Once captured, data can be

displayed as needed as VSWR, log -
magnitude, Smith chart, real and JIdG
imaginary or polar plots. Markers, i I
test limits, trace math and text :
annotation are also included. - » Varactors
Pricing of SoftPlot is £390 (+'VAT ¢ »PIN Diodes
as required). A National ,
Instruments GPIB card, or equiva- gy )Schoﬂky Diodes
lent, is required. . itor
P & H Technology Consultants >Ch|p Cupac fors
Circle #168 > FETs
. . > Attenuators

EM field simulator for < - .
microwave circuits : L

CST MicroWave Studio is a high- ~ . e
frequency electromagnetic field .,

simulator, featuring a user-friendly ) |

» Power Amplifiers
» Switches
/ » Attenuators

@ > Directional
Couplers

» Power Dividers

a

T

VIE!
graphical interface and fast, accu- DIRf
rate calculation of S parameters for

waveguide filters and couplers, s )Amp"ﬁers
dielectric filters, directional cou- ‘j‘ LNA

plers, microstrip lines and other — Power
microwave circuits. A full set of dis- ; .

play and calculation features is o - > Mixers
included. The software incorpo- @ . > Attenuators
rates the company’s Perfect % » Switches
Boundary Approximation tech- : Available packaced or chios
nique for accurate modeling of o poccgeaordip
curved surfaces, which maintaining

the high performance of the FI-

For more information contact us at:

[508] 894-1904 x314
Fax [617] 824-4579

method in the time domain. CST
MicroWave Studio is based on the
ACIS 3D solid modeling kernel,
which enables 3D interoperability
with other ACIS-enabled applica-
tions such as AutoCAD.

CST - Computer Simulation Technology
Circle #169

or visit our web site at www.alphaind.com

i Alpha

Circle 71
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SEMICONDUCTORS

30 watt GaAs MESFET for
Wireless Local Loop

California Eastern Labs has
announced the availability of the
NEC S-Band GaAs MESFET, the
NEZ3436-30E. The device features
high output power, low distortion
and high linear gain in the 3.4 to
3.6 GHz frequency band. The
NEZ3436-30E provides 30 watts

6/ /

output power, 10.0 dB linear gain
and -45 dBc third-order intermodu-
lation products at 33 dBm SCL.
Power added efficiency is 37 per-
cent, and the device is intended for
Class A or AB operation. Internal
matching to 50 ohms is provided.
The NEZ3436-30E comprises two
chips with 0.9 um tungsten silicide
gate structure, silicon dioxide passi-
vation, and is sealed in a rugged
hermetic package. Price of the
device is $265 in 100-piece quantity.
California Eastern Laboratories

Circle #170

DECT baseband processors

VLSI Technology has announced
the VEGA+™ family of baseband
processors for cost-sensitive DECT
applications. Features include 128
kbytes program memory, RISC
processor, digital answering
machine functionality, caller ID
detection, DTMF detection and
other calling functions. Pricing is

below $5 in 1 million quantities, and

is part of a sub-$25 reference design.
VLSI Technology
Circle #171
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Low voltage analog switch
Vishay Siliconix has two new
analog switches offering high per-
formance at voltages a slow as 2.7 V.
The single-pole, double-throw

DG9431 and DGY9461 provide sig-
nal routing and signal source selec-

tion in applications like cellular
phones, portable communications
equipment, test instruments and
notebook computers. Typical on
resistance for the DG9431 is 30
ohms, or 50 chms for the DG9461.
Typical turn on/turn off times are
50/20 ns in 3 volt applications. In
1000-piece quantities, pricing is
$0.90 for the DG9431 and $0.80 for
the DG9461.

Vishay Siliconix

Circle #172

High power for PCS

The latest addition to Ericsson
Component’s high power, high fre-
quency transistor line is the

“ .

PTF10112. The transistor operates
in the 1.93 to 1.99 GHz PCS band,
providing 60 watts P45 with a typ-
ical power gain of 12 dB. Gain flat-
ness is +£0.2 dB over the band, and
Class AB two-tone third-order IM D

is —40 dBc at 25 watts power out-
put. The gold-metalized LDMOS
device operates from a 28 VDC sup-
ply with a 65 volt minimum drain-
source breakdown voltage.

Ericsson Components

Circle #173

PLL cuts noise, spurs and
power consumption

Peregrine Semiconductor Corp.
offers the PE3291, a PLL designed
for two-way pagers, CDMA and

wireless meter reading products.
The new PLL is a 1 GHz dual frac-
tional-N synthesizer IC with low
noise and spur performance. Low
voltage operation (as low as 1 V for
the prescaler) conserves power in
battery-operated equipment. The
PE3291 is priced at $1.95 in 100k
quantities. A full evaluation kit and
manual is available.

Peregrine Semiconductor

Circle #174

45 GHz f; silicon hipolar
low-noise transistor

Siemens Semiconductor Group
announces the development of the
BFP 520, a silicon bipolar transis-
tor with an fy of 45 GHz, 0.95 dB
noise figure at 1.8 GHz, and a typi-
cal power gain of more than 20 dB.
Minimum noise figure at 6 GHz i
1.8 dB. With a collector current of
20 mA, IP; is +25 dBm, or +17
dBm at 7 mA (2 volt supply). P14p
under the same conditions is +12
dBm or +5 dBm. The new BFP 520
launches the SIEGFET® 45 family,
surpassing the performance of the
earlier SIEGFET 25 devices.
Siemens Semiconductors
Circle #175
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SIGNAL PROCESSING

AMPS transmit filter

Lorch Microwave offers the WD-
00003, a full band AMPS transmit
filter, with a passband insertion

loss of less than 0.5 dB and ripple
less than 0.25 dB. The filter
exhibits receive band rejection of
greater than 80 dB. The filter oper-
ates over —20 to +70° C at 5 kW PIP,
2.5 kW PEP.

Lorch Microwave

Circle #176

Coaxial switch operates
up to 40 GHz

DMT announces a DC-40 GHz
coaxial switch to meet market
demand for higher frequency test-
ing. SPDT, multiposition and trans-

fer configurations are available.
Over the DC-40 GHz range, maxi-
mum VSWR is 1.9:1, insertion loss
is 0.8 dB and power handling is 10
watts. Isolation between ports is 50
dB, minimum.

DMT

Circle #177

Mixer line adds high IP3
triple balanced model

Synergy Microwave comple-

ments its extensive mixer line with
the SMDHI series of triple balanced

mixers, with +17 dBm LO level and
a guaranteed input IP; of +30
dBm. Models are available opti-
mized for specific frequency bands
for cellular and PCS, suitable for
both CDMA and TDMA signals.
Synergy Microwave Corp.

Circle #178

sWaveguide
ipline/Microstrip

Circle 46
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Guidelines for submitting
New Product press releases:

1. Press releases should include a concise, but
complete technical description of the product.

2. Include price information.

3. Be sure to include contact information for: (a)
editorial follow-up, (b) reader service response
delivery, and (c) direct reader contact.

4. Photography should be either color print or
color slide. Send 2-1/4 or 4 x5 transparen-
cies only if no other format is available.

5. Electronic images should be color TIFE 300
dots-per-inch, in PC format (not MAC!).
Please note — 72 dpi Web images are not
acceptable for magazine publishing.

6. Please include a data sheet! New Products
are handled by real engineers on our editorial
staff, not journalism or English graduates.

7. Regular mail is preferred. E-mail is also
acceptable. Faxed releases should only be
used when no photography is submitted.
We're a monthly magazine; overnight deliv-
ery is rarely required.

8. Send releases to the New Products Editor
using the address at the bottom of the right
hand column on page 8.
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High power 90 degree
hybrid coupler

Cable simulator
Faraday Technology Ltd. offers a

cable clone that can simulate cable
lengths to 150 meters, to assure
accurate loss vs. frequency charac-
teristic for HDTV signals adhering
to SMPTE 292 M. The simulator
can substitute for actual cable
when establishing system timing.
Faraday Technology Limited

Circle #182

e'a Lab-Flex

[ b HIGH-PERFORMANCE TEST CABLE ASSEMBLIES
LU | B WeDoN'T
Passive Power

Solutions. | I/V{\T }OU TO
IEYOUR OLD

The  Coupler  Components

Division of RF Power Components
has just released a high power 100

watt surface mount 90 degree cou-
pler for the 2.0-3.0 GHz frequency
range. Model S03A2500N1 provides
low insertion loss (<0.3 dB) 1.2:1
VSWR and isolation of greater than
20 dB. Phase and amplitude bal-
ance is =2 degrees and =0.35 dB,
respectively. Additional products in
this line cover 400 to 3000 MHz at
power ratings of 50 to 200 watts.
RF Power Components

Circle #179

“A” Band transmit filter

ClearComm Technologies’ * Excellent to

 » Phase Matche
| Avallable

e Durable Flexibility,

new

CCTF-28 integrates a filer and
directional coupler into an A Band

transmit filter assembly with high
power handling (12.5 kW) and 120
dBm intermodulation performance.
ClearComm Technologies, Inc.

Circle #180

mm-wave chip mixers

TRW offers new mixers for fre-
quencies from 19 to 64 GHz. For
example, the MBD171C is a doubly-
balanced image-reject mixer for 35-
45 GHz with 8 dB conversion loss

and 20 dB image rejection bE P{X («5 'j J-l-l*SSQ-Z
TRW Inc. g : o e
Circlen;181 Toll Free Voice (800) 544-5594

PO Box 899, Stuart, Florida 34995-0899

Circle 73
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FREQUENCY CONTROL

Rubidium frequency source

The new Rhino from Berkeley
Varitronics is designed for either
field or laboratory use. Qutputs for

CDMA equipment include 19.6608
MHz, 1 pps, phase adjustable 1 pps
and 1/2 pps synchronized to UTC.
The Rhino includes eight buffered
10 MHz outputs with Rubidium

standard stability, and the unit is
equipped with a GPS receiver that |
allows locking of the unit’s internal |
standard to UTC, even in portable |

operation.
Berkeley Varitronics
Circle #183

Oscillators reach high fre-

quency without multipliers

The HK-2900 Series of quartz
crystal oscillators from NEL
Frequency  Controls  feature
advanced crystal overtone technol-

,.ILLLH ”HMM

ogy to offer high frequencies with-

out using phase locked loop tech- |
niques. Power supply noise and |
loop synchronization problems are |

thus avoided. Frequencies are
available up to 600 MHz. The HK-

2900 has cycle-to-cycle jitter of less
than 30 ps, with frequency toler- |
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ance from =0.01 percent, depend-
ing on customer requirements. The
units are provided in a welded all-
metal package.

NEL Frequency Controls

Circle #184

Dual hand VCO

Vari-L model SV-967/1750V gen-
erates frequencies in band one from
954 to 980 MHz, and band two from
1720 to 1780 MHz. Both bands

0.4 to 2.7 volts. The unit typically
requires 6.0 mA from a 3 volt sup-
ply. Typical band one specifications
include -116 dBc¢/Hz phase noise at

operate with a control voltage from |

30 kHz offset and -3.0 dBm power |
output. For band two, the unit pro- |

| vides —106 dBc/Hz phase noise per-

formance and —-4.0 dBm power out-
put. Second harmonic suppression
is =10 dBe, with third harmonics at
-20 dBec.

Vari-L Company, Inc.

Circle #185

VCXO0 targets telecom PLL
applications

Ecliptek Corp. announces the
EC3200 series of 3.3 volt VCXOs.

This series is suitable for phase
locked loop applications in
microwave, radio, video decoders,

cable modems, set-top boxes, WLL
handsets and other telecommunica-
tions systems. The EC3200 pro-
vides outputs ranging from 1.000 to
40.000 MHz, with stability options
from a tight =20 ppm to =100 ppm.
The VCXOs are housed in either a
14-pin of 8-pin DIP welded metal
package.

Ecliptek Corporation

Circle #186

Very low phase noise

microwave source

Techtrol Cyclonetics offers the
M4100 Series crystal-controlled
source providing fixed frequencies
from 500 MHz to 2.5 GHz with low
PM/AM noise and spurious. The
M4100 is a solution for noise-criti-

cal transmitter and receiver
designs. Phase noise is -103 dBc/Hz
at 100 Hz, —-127 dBc/Hz at 1 kHz
and -135 dBc¢/Hz at 10 kHz. -135
dBc/Hz is the noise floor for a typi-
cal 1.6 GHz unit. Stability is speci-

| fied at +5 ppm over -20 to 60° C.

Operation is from a+15 volt supply,
drawing 115 mA and providing + 13
dBm power output. Harmonics and
sub-harmonics are -60 dBc; spuri-
ous rejection is -90 dBec. =8 ppm
electronic tuning for fine frequency
control is an available option.
Techtrol Cyclonetics

Circle #187

Super-low jitter VCX0s

MF Electronics announces the
Series 3262 VCXOs, with super low
jitter specifications (<20 ps p-p) for
applications such as up-conversion
to the GHz-range for ATM,
SONET, gigabit ethernet and high-
speed backplanes. The VCXO series
offers frequency outputs up to 175
MHz, using regular crystals from 3
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1S now just a phone call away.

Microwave Components is now a full line distributor for
M/A-COM RF semiconductors and components.

MIGR

3171 S.E. Dominica Terrace
Stuart, Florida 34997-5994

Fax: (561) 286-4496
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+ Cable Assemblies
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* Connectors

+ Couplers

* Fixed Attenuators

* Integrated Circuits
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to 44.736 MHz, and inverted-mesa
high frequency fundamental crys-
tals from 44.736 MHz to 175 MHz.
The Series 3262 VCXOs operate
from a +5 volt supply and are com-
patible with HCMOS logic families.
pulling range is from =100 to £200
ppm. full size and half size stainless
steel DIL packages are offered,
including a gull wing version for
surface mounting.

MF Electronics Corp.

Circle #188

Digitally compensated

crystal oscillator

Valpey Fisher has developed the
DigiX0, a digitally compensated
crystal oscillator that achieves
greater stability over ordinary
TCXOs. Stability of the DigiXO is
+0.3 ppm and better over range of
-40 to +85° comparable to a low-
end oven-controlled crystal oscilla-

tors, with much lower power con-
sumption. Stability exceeds the
+4.6 ppm tolerance specified for

Straturn 1T tlmlng for telephony,
GPS and satellite modems. Phase
noise is typically less than -145
dBe/Hz at 10 KHz and greater off-
sets. Packaging is a standard 0.8 X
0.5 x 0.35 inch 14-pin DIP. Pricing
is $45 to $60 in 1000 quantities for
standard products.

Valpey Fisher

Circle #189

4-pad SMT crystals

Abracon Corporation offers a
new series of 4-pad microprocessor
crystals (the ABSM3 series), with
land pattern compatibility with
popular plastic encapsulated crys-
tals from other manufacturers. Two

3
-l
(]

2

ABSM3A

ABSM3B

crystal connection options are
available, the ABSM3A and
ABSM3B. Frequencies are avail-
able from 3.579 to 60.0 MHz, with
fundamentals up to 40.3200 MHz.
Abracon Gorporation

Circle #190
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* Accurate Drilling, Milling, Routing

* Plated Through Holes
* Multilayer Capability

* Better Registration and Mechanics

*Sample Boards and Demos
show why we
offer the best solution.

T-TECH,
5591-B New Peachtree Rd. = Atlanta, Georgia 30341 USA
voice: 770.455.0676 fax: 770.455.0970

CE  email: sales(@t-tech.com ® http:// www.t-tech.com

SEE US AT PACIFIC DESIGN — BOOTH 5324

INC.
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New Product information in this
section is a free service for
our 40,000 readers.

Question — Would you like to see faster
response to your Reader Service circle
numbers? Would you like a direct link
to these companies via the Web?

We are now making plans for improved
Reader Service response and we want
your input. Please tell us how you prefer
to reach companies whose products are

featured here!

Send us you comments via e-mail to:
amw(@amwireless.com

Thank you for your help!
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TEST EQUIPMENT

Transmitter tester for
GSM and cdmaOne

To help wireless equipment man-
ufacturers speed production, Hew-
lett-Packard Company has intro-
duced the HP E4406A VSA-series

transmitter tester. The instrument
offers format-specific, standards-
compliant testing for GSM and
cdmaOne now, W-CSMA, NADC,
PDC and other formats under
development. The basic HP E4406A
is priced at $27,800. The GSM
(Option BAH) and cdmaOne
(Option BAC) measurement per-
sonalities are $3,400 each.
Hewlett-Packard Company

Circle #191

Solid state TACAN/IFF RF

source replaces tube types

SierraCom offers Model 2760 for
the calibration of TACAN and IFF
test sets. The unit was developed

for the Air Force to replace older

tube-based sources. Solid state
design and a internal microcon-
troller permit complete control of
pulse shape, frequency and ampli-
tude for accuracy and long-term
reliability.

SierraCom

Circle #192

|

tors permit easy monitoring.

AVCOM of Virginia, Inc.

Affordable microwave

spectrum analyzer

AVCOM’s latest microwave spec-
trum analyzer is priced at $3875,
covering 50 kHz to >1 GHz with 1
kHz frequency accuracy. Seven IF
bandwidths are offered, from 3
MHz to 3 kHz. Internal demodula-

Circle #193

fteta-qido-w Quality Crafted, Full Service

Cable Manufacturing

Haverhill Cable and Manufacturing Corp.

Semi-Rigid Coaxial Cable Specialists

TEL [978) 372-6386 « FAX [978) 373-8024
P O. BOX 8222, Haverhill, MA 01835

HCMC is a technology leader p_ro_viding

. Using modern manufactunng
“techniques HCMC has developed a

product line of superior semi-rigid
_hand formable and flexible coaxial
_cables and components.

A.) Easy Bend semi-rigid cables are fully
qualified to MIL-C-17 and space applica-
tions. Various impedances and low loss
versions also available.

B.) Easy Bend Il tmplated aluminum cables

y can be hand formed with exceptional
ease with no spring back. Cables can be
reshaped, eliminating the need for costly
drawings. In many cases Easy Bend I
aluminum cables can be substituted for
flexible cables; increasing shielding
effectivity, lowering loss, improving
performance and lowering cost.

C.) For commercial and telecommunication
applications where a flexible cable is
required, H-Flex series cables are
available offering performance and
shielding effectivity greater than

standard Flexible RG

coaxial cables.

Circle 40
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LITERATURE f

Ultra low phase noise signal sources

Spectral Line Systems Ltd. offers a line of specialized

high performance oscillators,
multiplied signal sources,
VCOs and VCO-based subsys-
tems, microwave cavity mul-
tipliers, frequency synthesiz-
ers and discriminator stabi-
lized ultra-low phase noise
microwave sources. Their
brochure includes applica-
tions notes on phase noise
measurement, microwave fre-
quency agile techniques and a
note on techniques for ultra-
low noise synthesizers that

have achieved -127 dB¢/Hz phase noise at 1 kHz offset

at 8.7 GHz.
Spectral Line Systems Ltd.
Circle #194

Spectral Line Systems Lid

High Spectral Purity
Microwave and RF
Sources

Precision tuned crystal oscillators

MTI-Milliren Technologies
Inc. has released its latest
product  catalog, which
includes is newly-expanded
line of Precision Quartz
Crystal Oscillators — TCXOs,
VCXO0s, OCXOs and its new
ultra-stable OCXOs.. the new
catalog features performance
specifications, technical
information and a selection
guide. Basic products can be
customized to meet specific
requirements.

MTI-Milliren Technologies Inc.
Circle #195

Microprocessor-controlled amplifiers

Communication Power
Corporation offers a four-
page brochure featuring their
CPS series of microprocessor-
controlled high power ampli-
fiers. This series of linear
amplifier systems cover the
frequency range of 500 kHz to
2.5 GHz in discrete bands, at
power levels of 10, 100, 500,
1000 and 10,000 watts power.
The amplifiers feature com-
plete control and monitoring
systems.

Communication Power Corporation

Circle #196

oy SERIES CPS
& } MICROPROCESSOR-CONTROLLED

HIGH POWER AMPLIFIERS
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EW systems capabhilities

Wide Band Systems has
brochure, EW for the 21st
Century. The brochure high-
lights the company’s signal
acquisition and processing
products for real time, tacti-
cal signal identification for
land, sea and air defense
forces. Their products include
digital frequency discrimina-
tors (DFDs) and instanta-
neous frequency measure-
ment (IFM) receivers used in
radar warning receivers, elec-
tronic warfare and counter

pubhshed a capabilities

Fore Trer

L S earaReresr

measures systems, and electronic intelligence systems.

Wide Band Systems
Circle #197

Wireless products catalog

K&L Microwave has a new Wireless Products cata-

log, with a company overview,
power handling notes and
detailed product information.
The catalog presents the com-
pany’s  wireless system
assemblies, receive multicou-
plers, duplexers and diplex-
ers, receive filters, transmit
combiners, transmit filters,
fixed notch filters, tunable fil-
ters and ceramic filters.
Complete descriptions, per-
formance specifications and
measurement  plots are

Wireless Products |

included for the entire product line.

K&L Microwave
Circle #198

Crystal oscillator catalog

MF Electronics’ new crystal oscillator catalog sum-

marizes specifications for
their fixed frequency oscilla-
tors and VCXOs for both dig-
ital and communications
applications. Featured prod-
ucts include low jitter oscilla-
tors for frequency multiplica-
tion and extended tempera-
ture range oscillators. The
line covers 1 KHz to 400 MHz
in CMOS, TTL, ECL and
other logic families, including
standard packages and low-
height SMT models.

MF Electronics

Circle #199

ELECTRONICS
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and
SURFACE




Mismaitch Tolerant
HIGH POWER WIDEBAND COMBINERS

1.5 - 30 MHz | 20 - 500 MHz

Type Power Level(s) Insertion Loss Type Power Level(s) Insertion Loss
2-Way 3000W 0.1dB 2-Way 100 and 500 W 0.4 dB
2-Way 6000 W 0.25 dB 2-Way 1500 W 0.5dB
4-Way 1000 W 0.2dB 4-Way 100, 500 and 750 W 0.7 dB
4-Way 7000 W 0.3dB

20 - 100 MHz 100 - 1000 MHz

Type Power Level(s) Insertion Loss Type Power Level(s) Insertion Loss
2-Way 200, 500, and 1500 W 0.3dB 2-Way 300w 0.5dB
4-Way 400 W 0.4dB 4-Way 100w 0.6 dB
4-Way 3000 and 7000 W 0.3dB 4-Way 250 and 400 W 0.8dB

Note: All units are isolated and withstand at least one input failure at rated power.

_ INSURING A FUTURE OF
High Power Couplers H IGH POWE R muioctave
10 kHz - 4.2 GHz  PERFORMANCE
High Power Combiners w TUNE
. 10 kHz - 2.4 GHz Enlln

DECADES AHEAD

Werlatone Inc. « P.O. Box 47 « Route 22 « Brewster, NY 10509 Telephone: 914.279.6187 * Fax: 914.279.7404
E-mail: sales@werlatone.com * Web Site: www.werlatone.com
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Gated Oscillator has Independently
Variable t,, and {;

By Alfredo Gallerani
Instituo di Radioastronomia

clock source is a very
. . . +5V +5V
important circuit,
because it finds appli-

cations in almost any digital
circuit, whether in communi-
cations, computation or sys-
tem timing. Generally, clock
oscillator design does not
present any particular diffi-
culty, and suitable circuits
are mainly of two types:

Crystal-based if frequency |y
S C | A Q A a—» Vu
accuracy and stability is a ﬂ

necessary requirement, and 15V ~——d im L sy - d (B;LH a
some form of RC free-run- UIA 74LS123 U1B 7415123
ning multivibrator in most
other cases.

The design can become
quite another story if the A Figure 1. Circuit diagram of the gated oscillator.
oscillator has the following
unusual requirements:

R2
CEXT 8.2k

CEXT

REXT/CEXT REXT/CEXT

[s]]

* Wide frequency range external components R,; and C_:
¢ Variable duty cycle with ¢,, and ¢, adjustable inde-
pendently of one another t, =k Roy Cox
¢ The capability for synchronization with an external
signal where £ = 0.45 for C_,, >1000 pF [1].

The number of references available for the design of Assuming R, = R, + Ry and R = Ry + Ry, the peri-
an astable multivibrator are is considerable, but rarely od and the duty cycle are given by:
are the above requirements achievable in a single circuit.
One very simple solution is proposed here in Figure 1.
As shown, the circuit is built with only one 741.5123,
two capacitors and two resistors. This basic design
assumes that a final design will combine the poten-
tiometers’ resistance values with resistors R; and R,. _ Rp-Cy
To analyze this circuit, let the A input of the first R,-Ci+Rp-C,
monostable UlA be momentarily connected to ground.
U1B’s positive-going output of Q triggers the B input of
UlA, whose @ negative-going output triggers the A If C; = Cy, then:
input of U1B, establishing a DC positive feedback that

DuCy = ton _ K- RB 'CQ
! tun-"_tclff K'RA-C1+K'RH‘CZ

will always self-start the circuit. DuCy = _Rp__
t.n is determined by the time constant (Ry+Ry) X Cq, R4+ Rp
and ¢ by (R;+Rg) X C,. For the 74LS123, the output
pulse width is essentially determined by the value of the and the circuit oscillates at the frequency:
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f=

t.+ty K R, C+K Ry C,
In the 74L.S123 operating range (5 k) < 200

kQ and no limits for C,,;) we have: 2

e For Ry = 5 kO and Ry = 200 kQ), DuCy = 100%
* For Ry = 200 kQ and Rg = 5 kQ, DuCy = 0

That is, the duty cycle can change from the
minimum to the maximum possible. What is

+ b +

i
—
£
£

RS

more, since f,, and {4 are completely inde- ||
pendent, it is also possible to vary frequency
without affecting the duty cycle. The oscillator

-

frequency is adjustable from approximately a
few Hz to 15 MHz.

Another important property of the circuit is
the fact that it can easily become a gated oscil-
lator simply by applying to the A input of U1A
a square wave ve whose frequency is less than
that defined by f. In this case, the oscillator is gated by
ve, with the oscillator output low when the gating signal
is high, and free-running when the gating signal is low.
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A Figure 2. Waveforms of the gating signal (top), the oscillator output
(center) and its expanded waveform (bottom).

Figure 2 shows the 200 Hz gating signal, the oscilla-
tor output and its expanded waveform when R, = 170
kQ, Rg = 50 kQ and C,,; = 2700 pF. In this case, using
the above formulas we have ¢, = 60 us, ;= 206 us and
f = 3741 Hz. These calculations are in good agreement
with the oscilloscope waveform. |
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Frequency Impedance  Cable Type Coupling Body & Contact Finish
Material

BMZ Subminiature Blindmate RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold

Also available: Panel mount receptacles, PC board receptacles, hermetic seal jacks, in and between series adapters.

BZ Miniature Blindmate RF Coaxial Connectors
DC to 12.4 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold

Also available: Panel mount receptacles, PC board receptacles, in and between series adapters.

BMA Miniature Blindmate RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold

Also available: In series jack to plug adapters

SSMA Screw-on Subminiature RF Coaxial Connectors
DC to 26 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Gold

Also available: Panel mount jacks and plugs (hermetic), bulkhead mount jacks (hermetic), surface launch plugs and jacks, in and between
series adapters.

HFSSMA Screw-on Subminiature RF Coaxial Connectors
DC to 40 Ghz 50 Ohms Semi-Rigid Screw-on Stainless Steel Pass/Gold
Beryllium Gold

Also available: Panel mount plugs and jacks, in and between series adapters.

SMA Screw-on Miniature RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Screw-on Stainless Steel Pass/Gold
Flexible Beryllium Copper Gold

Also available: Panel mount jacks and plugs (hermetic and field replaceable), M.I.C. launcher jacks and plugs, bulkhead jacks (hermetic),
surface launcher jacks and plugs, end launcher jacks, in and between series adapters, dust caps, flange mount cable receptacles, glass
seals, 27 GHz versions.

TNC Smail-size Screw-on RF Coaxial Connectors
DC to 11 Ghz 50 Ohms Flexible Screw-on Brass Silver or Nickel
Beryllium Copper Gold

Also available: Panel mount jacks and plugs (hermetically sealed), bulkhead jacks and plugs (hermetically sealed), surface launcher jacks
and plugs, end launcher jacks and plugs, in and between series adapters, dust caps.

PTNC Precision Small-size Screw-on RF Coaxial Connectors
DC to 15 Ghz 50 Ohms Flexible Screw-on Stainless Steel Pass/Gold
Semi-Rigid Beryllium Copper Gold

Also available: Panel mount jacks, bulkhead mount jacks, in and between series adapters, dust caps, hermetics.

TYPE N Large-size RF Coaxial Connectors
DC to 11 Ghz 50 Ohms Flexible Screw-on Brass Silver or Nickel
Beryllium Copper Gold

Also available: Panel mount jacks, surface end launch jacks and plugs, dust caps.

PN Precision Large-size RF Coaxial Connectors
DCto 124 Ghz 50 Ohms Flexible Screw-on Stainless Steel Pass/Gold
Semi-Rigid Beryllium Copper Gold

Also available: In and between series adapters and 18 Ghz versions.

Also Available: Cable Assemblies, Attenuators, Terminations and special products.
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Exact Simulation of LNAs
Reduces Design Cycle Time

A 900 MHz design example illustrates the methods necessary to
predict actual circuit performance using computer simulation

By Sean Mercer
Motorola Canada

imulated and measured
Sdata for 900MHz single-
stage low noise amplifiers
with <1.5:1 input VSWR are
presented in this article.
Excellent correlation is demon-

strated between the simulation v o

spoKT(1)+"

and measured data, and poten- s

tial design and layout problems
that may lead to poor circuit
performance are discussed. A
comparison of amplifier perfor-

mance on FR4 and higher qual-
ity substrate is also given.

RF circuit design is still con-
sidered an iterative process in some circles. In
fact many RF circuit designers accept circuit
tuning or tweaking as part of the design process,
often leading to multiple PCB iterations and
increased design time. The ability to produce RF
circuits with first time design success can pro-
vide a valuable competitive edge.

The specification of an LNA is strongly influ-
enced by the intended application. Consider-
ation must be given to performance, power con-
sumption, linearity and cost. A compromise
between these parameters is often necessary.
Base station infrastructure applications usually
have minimal power constraints so higher LNA
power consumption can be tolerated to obtain
better linearity. Battery powered equipment
applications, however, usually demand low
power operation.

Component cost is another important consid-
eration, usually forcing a compromise in other
parameters such as noise figure and linearity. A
low noise bipolar transistor is cheaper than a
GaAs FET, but superior noise performance can

74 - APPLIED MICROWAVE & WIRELESS

A Accurate simulation can translate into faster design time.

be obtained from FET designs. Most portable
wireless devices currently use silicon transis-
tors. Component costs can be further reduced by
using high impedance lines as inductive ele-
ments if real estate is available to accommodate
the traces.

A transistor low noise amplifier design oper-
ating at 2.7 V, 2 mA will be presented in this
article. Circuit performance on two different
substrates will be compared. A high perfor-
mance GaAs FET design biased for 2 V 25 mA
operation will also be presented for comparison.

Choose a device that can deliver the required
noise performance. The noise figure listed on a
device data-sheet is the optimum device noise
figure for a ‘typical’ device when its input is ter-
minated with the specified optimum noise
match, I'gpr. This device noise figure does not
include circuit losses, which can be high with
low cost substrates such as FR4. You will obtain
a poorer than specified noise figure from the
device if your matching circuit presents a termi-
nation other than the optimum noise match



YOU HAVE JUST

SOLVED

THE TELECOM INDUSTRYS
TOUGHEST RF DESIGN

PROBLEM

(But if you didn’t, grab a cup of coffee and try again.)

Our RF design soﬂwaré is s0 quick and easy to use that you can run a dozen simulations in the
time it takes the other guys to get started. Visit our website today and do more with less hassle.

Circle 30



(Fgpr) to the device.
The accurate mea-
surement of noise fig-
ure has been detailed
in the literature [1].
Bias your transis-
tor or FET for the
same operating con- E
dition as the S para-
meter data used in
the simulation. The S
parameter data is a
representation of the
device characteristics
at a specific operating
point. A different bias
point for the same
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transistor can signifi-
cantly alter the ter-
minating impedances
that should be presented to the device for optimum per-
formance. Biasing a device at an operating point that is
significantly different from that used for the S parame-
ter data reduces the likelihood of good correlation
between simulation and measured performance. If you
design for unconditional stability using the S parameter
data and then operate the device under different bias
conditions your circuit may be unstable. Why risk this?

Most active devices that will be selected for use as low
noise amplifiers in wireless applications will have gain,
and the potential to oscillate, at frequencies much high-
er than the intended operating frequencies. The transis-
tor used for two of the 900 MHz amplifiers discussed in
this article has gain at 5 GHz. It is wise, and possible, to
design for unconditional stability at all frequencies at
which the device has gain. To this end, all microstrip dis-
continuities should be included in your circuit simula-
tion. The effect of these step discontinuities will often be
negligible at 900 MHz but can be significant at much
higher frequencies.

Include the transistor mounting pads in your simula-
tion. The mounting pad dimensions must be chosen to
allow proper soldering of the device to the substrate. If
your device has 0.5 mm wide leads, don’t use a 0.3 mm
line in your simulation to connect to the device. If you
omit an appropriate mounting pad for the device, you
will have poor correlation between your simulation and
the measured circuit performance. Choose a pad topolo-
gy that can be modeled with the available software tools.
For these designs, Eagleware simulation and layout soft-
ware was used. The circuit boards were fabricated using
a T-tech Quick Circuit 5000 milling machine.

Include the mounting pads for passive components
such as inductors, capacitors and resistors in your simu-
lation. Include the step width discontinuities between
the component pads and other traces in your simulation.
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A Figure 1. Simplified schematic of a 900 MHz transistor LNA.

A long microstrip line can be meandered to produce a
more compact form factor. Include any bends in
microstrip lines. If you follow the above design guide-
lines and simulate a design with unconditional stability,
it is not likely that you will have any unpleasant sur-
prises when you build your circuit.

Ideal passive components were used for the initial
amplifier designs. Many passive component manufac-
turers provide S parameter data for their products. The
ideal component models were then replaced with manu-
facturer’s S parameter data. Microstrip component
lengths were then adjusted to restore the desired per-
formance if the component S parameter data caused a
significant change to the circuit performance. Resistive
loading may need to be increased if the real component
data introduces a potential circuit instability (k<1).
The manufacturer’s S parameter data for the Murata
GRM39 series chip capacitors, the Coilcraft 0603CS and
0805HT chip inductors and the ATC100A chip capaci-
tors were used in the simulation of these amplifiers. All
the resistors in these circuits were of the 0603 chip vari-
ety.

Be aware of the limitations of S parameter files. The
S parameter data from some manufacturers is not very
accurate and can lead to variations between simulated
and measured performance. The manufacturer’s data
represents typical components. If you are using parts
with a 5 percent tolerance you must expect to see some
differences between simulated and measured results.
Using statistical analysis, some components are only
characterized over a limited frequency range. Most lin-
ear simulators will, however, extrapolate data beyond
the frequency range included in the data files. If a com-
ponent is characterized to 3 GHz, do not believe the
results of your simulation at 5 GHz, where the accuracy
of the extrapolated data is questionable. If your simula-



tion frequency range extends beyond
the available S parameter data for
the passive components, you can
check circuit stability by using ideal
component models and include para-
sitic elements [2].

The Hewlett Packard AT32033
bipolar transistor was used for two
amplifier designs, the first using 0.8
mm FR4 substrate and the other
using the higher quality Taconic 60
mil RF-35 substrate. The manufac-
turers 2.7 V, 2 mA S parameters for
this transistor were used. A simpli-
fied schematic diagram for these 900
MHz transistor low noise amplifiers
is shown in Figure 1. Minor adjust-
ments to component values and line
lengths and widths were required to
implement this circuit topology on
the substrates with different thick-
ness and dielectric constant. The
actual base and collector bias cir-
cuits are not shown here. A Siemens
BCR400 active bias chip was used to
maintain the transistor’s 2.7 V, 2 mA
operating point. A single external
resistor can be used with the
BCR400 to set the transistor collec-
tor current.

For the sake of clarity the
schematic in Figure 1 does not
include the microstrip lines for com-
ponent pads, the discontinuities due
to microstrip bends or changes in
line width or the effect of the via
holes to ground. All of these effects
were, however, included in the actu-
al circuit simulations and are reflect-
ed in the simulated performance
curves presented in this article.

Capacitor C1 served as a DC
blocking capacitor. The high imped-
ance transmission line TL1 was con-
nected in series with the lumped
inductor L1 to provide input match-
ing and a base bias injection point.
Capacitor C2 provided low imped-
ance at 900 MHz (close to short cir-
cuit in-band) while presenting a
much higher impedance at very low
(say <100 MHz) frequencies.
Resistor R1 provides input loading
to improve stability at very low fre-
quencies. To avoid degrading the in-
band circuit noise performance, the

resistive loading at the device input
is kept to a minimum. The value of
C2 can, however, be selected to allow
a small amount of resistive loading
from R1 if this is required to
improve device stability.

A small amount of inductance in
the form of trace TL3 is included in
series with the device emitter lead
[3, 4]. This has the effect of moving
the optimum noise match impedance

(Fopr) and the terminating imped-
ance for optimum input match (S;;)
closer together. When the device is
matched for optimum noise perfor-
mance, it is then also possible for the
input match to be close to optimum.

The series transmission line TL4
was used as a matching element,
along with series capacitor C6.
Collector bias injection was via the
high impedance transmission line
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Input Return Loss: AT32033A 2.7V, 2mA on FR4
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A Figure 2a. Input return loss for the transistor LNA on FR4.

TL5. There are four resistors used in the output match-
ing circuit to ensure excellent device stability. Resistor
R2 serves to enhances low frequency circuit stability. In
higher current designs, the resistor must be constrained
to a low value to prevent excessive power dissipation in
this component. The shunt stub TL6 formed part of the
output matching circuit. A small value series resistor R3
was included in this stub for enhanced amplifier stabili-
ty.

The value of the shunt resistor R5 is very high (680
ohms) and has minimal loading effect on the device
while improving high frequency stability. The series
resistor R4 has a low value (typically 2.2 to 6.8 ohms) to
provide some circuit loading to enhance broadband
amplifier stability. Although these resistors will have a
very slight adverse effect on the amplifier noise figure
and output compression point, this is a small price to
pay for a highly stable circuit. The shunt inductor L2
formed part of the output matching network.

The amplifiers presented in this article were designed
for operation over the 850 - 950 MHz frequency range.
The design goal was an input VSWR of better than 1.5:1

A Figure 2b. Output return loss for the transistor LNA on FR4.

with an output VSWR of at least 2.0:1. Unconditional
stability at all frequencies at which device data was
available was a requirement. The designs were opti-
mized for minimum noise figure and maximum gain
over the 850 - 950 MHz frequency range. No attempt
was made to flatten the gain response of these single-
stage amplifiers. Resistive feedback can be applied
between the base and collector (gate and drain for a
FET) of a transistor to flatten the gain response. There
is usually a noise figure penalty associated with this. It
is common to use this type of feedback in the latter
stages of a multi-stage design to achieve a flat gain
response without compromising the noise performance
of the critical first stage.

The data for the LNA constructed on 0.8 mm FR4
substrate are presented in the following diagrams. The
circuits presented in this article were constructed using
the simulated component values, and no tuning, tweak-
ing or component substitutions were made at all. Figure
2a shows the simulated and measured data for S;;. The
input match was optimum at a slightly higher frequen-
cy than simulated, but the design requirement was met

i Gain for AT32033A at 2.7V, 2mA bias
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A Figure 3a. Gain for the transistor LNA on FR4.
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A Figure 3b. Noise figure for the transistor LNA on FR4.



without circuit adjustment. A Monte
Carlo analysis indicated that the
measured performance was within
the limits dictated by component tol-
erances. The data in Figure 2b indi-
cate that the 10 dB output return
loss requirement was easily met.
The actual circuit gain displayed in
Figure 3a was within 0.4 dB of the
simulated response. The measured
amplifier noise figure shown in
Figure 3b was approximately 0.4 dB
worse than predicted in the simula-
tion. This measured noise figure was
not predicted by statistical analysis.
The high measured noise figure
value could have been due to exces-
sive substrate loss attributed to the
use of many distributed elements on
the FR4 PCB.

A similar amplifier circuit was
fabricated on 60 mil RF-35 Taconic
substrate for comparison. The cir-
cuit topology shown in Figure 1 was
also used for this amplifier. The sim-
ulated and measured results for S;;
and Sy, are shown in Figures 4a and
4b. The design requirement for
these parameters was easily met and
the measured results were within
the limits predicted hy statistical
means. The similar measured and
simulated circuit gain responses are
graphed in Figure 5a. The noise fig-
ure results in Figure 5b indicate that
the actual circuit noise figure was
within 0.2 dB of the simulated value.
It can be seen from the data above
that there was good correlation
between simulated and measured
performance for all of the above
parameters. From the above data it
seems that the simulated noise fig-
ure value was slightly optimistic,
and the simulation was not entirely
successful at predicting the noise
performance on the FR4 material.
The electrical parameters of FR4 are
poorly controlled during manufac-
ture. A nominal value of . = 4.7 and
loss tangent = 0.025 were used in
the simulation. Substantially chang-
ing these parameters in the simula-
tion could not, however, predict the
actual measured circuit noise perfor-
mance. FR4 PCB material can also

exhibit anisotropy with respect to
dielectric constant and this may
have adversely influenced the mean-
dered microstrip components.

The transistor was conjugately
matched in the above circuits, with
no attempt to provide the optimum
power termination to the device out-
put. For the FR4 design, the P45
point was measured to be -3.4 dBm
with an output IP; of +10.3 dBm.

The circuit built on RF-35 substrate
had a P4 of 2.7 dBm and an IP; of
+16 dBm. The latter IP; result was
tested numerous times and appears
to be correct. This unusually high
value for IP; has been previously
reported with this device [5] and
seems to be matching circuit depen-
dent. The design described in [5]
achieved similar noise performance
to the FR4 design presented here,
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A Figure 5a. Gain for the transistor LNA on RF-35 substrate.

but with an input return loss of approximately 7.5 dB at
900 MHz.

The AT32033 has a good noise figure for a silicon
transistor but a GaAs FET or HEMT is required for
amplifiers with substantially better than 1 dB noise fig-
ure. The Celeritek CFB0301 GaAs FET was used in the
amplifier circuit configuration shown in Figure 6. No
chip inductors were used in the design and all inductive
elements were implemented as high impedance lines on
the 0.060 inch Taconic RF-35 material. Capacitor C1
served as a DC block with input matching provided by
traces TL1 and TL2. Note that the FET package has two
source leads and traces TL3 and TL4 are each connect-
ed to one of those leads. Remember to include via holes
in your simulation as these add inductance to the source
traces. Output resistive loading to ensure device stabil-
ity is provided by the low value (2.2 - 6.8 ohm) resistors
R2 and R5. The high value shunt resistor R4 does
improve high frequency stability with minimal degrada-
tion of the output power compression point. Capacitors
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A Figure 5b. Noise figure for the transistor LNA on RF-35
substrate.

C2, C3 and traces TL5, TL6, TL7 and TL8 formed the
remainder of the output matching network.

The manufacturer’s 2 V, 25 mA S parameter data
were used for this design. Ideally, any design should
have noise and S parameter data available at the same
bias point. This allows the designer to simulate all para-
meters of the design, including noise-figure and stabili-
ty k-factor, and have confidence that the actual circuit
will perform as simulated. Regrettably, the manufactur-
er of the CFB0301 has provided noise data and S para-
meter data at different bias conditions. The available
manufacturers data, the 2 V, 25 mA S parameter data
and the 4 V, 30 mA noise data, were used for this design.

The simulated circuit was designed for unconditional
stability using the S parameter data and the amplifier
was biased for 2 V, 25 mA operation to ensure stable
operation. A dual supply was used for this amplifier,
with a gate bias voltage of approximately —0.79 V result-
ing in 25 mA drain current. It was understood that there
could be a discrepancy between the simulated and mea-
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sured noise figure due to the different bias conditions for
the noise data and the actual circuit.

The simulated and measured input and output return
loss data for this GaAs amplifier design are presented in
Figures 7a and 7b. The input return loss was better than
-15 dB and output return loss better than -10 dB over
the 850 - 950 MHz frequency range. The output return
loss response is within the limits predicted by a Monte
Carlo analysis of the circuit. The amplifier gain respons-
es recorded in Figure 8a demonstrate very good correla-
tion between simulated and measured performance.

A plot of the amplifier noise figure is given in Figure
8b. The amplifier noise figure was measured as less than
0.46 dB over the 850 - 950MHz frequency range. This is
an excellent result given that the CFB0301 device has an
optimum noise figure of 0.4 dB at these frequencies. The
simulated noise figure prediction varied from 0.61 dB to
0.64 dB over this frequency range. This was clearly pes-
simistic and is not surprising given that the noise figure
prediction was based on data taken at a completely dif-
ferent bias condition (4 V, 30 mA). We were fortunate
that the actual circuit noise figure was better than pre-
dicted. It is highly desirable to have device noise and S
parameter data at the same bias point to obtain good
correlation between predicted and measured perfor-
mance. For interest, the circuit noise figure was record-
ed over a wider span and found to be <0.6 dB over the
700 - 1200MHz frequency range. All noise figure mea-
surements presented here were measured in a screened

room using an HP346A noise source and an HP8970A
noise figure meter. The amplifier’s output power com-
pression point (P;4g) was determined to be +13.2 dBm.
The third order intercept point was found to be +25.1
dBm using a two-tone test at 900 MHz.

The simulated and measured performance for three
different amplifiers has been compared in this presenta-
tion. By following a few simple guidelines it is possible to
produce high performance LNAs without multiple
design iterations:

* Choose a device that is appropriate for the intended
application. Silicon transistors can be low cost but
a FET can offer superior noise performance.

The use of emitter or source feedback in the ampli-
fier circuit allows the designer to simultaneously
obtain good noise performance and a good input
match.

Avoid unintentional coupling between microstrip
elements in the circuit layout.

Resistive loading for device stabilization should be
applied largely to the device output to avoiding
degrading the circuit noise performance.

Include all microstrip discontinuities, including
component pads, in your circuit simulation. This
will allow accurate evaluation of the amplifier’s
high frequency stability.

The circuit modeling techniques presented in this
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A Figure 6. Simplified schematic diagram for the FET LNA.
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A Figure 8a. Gain response for the FET LNA.

article are all valid at much higher frequencies. Be
aware that the effects of discontinuities and bends are
greater at high frequencies where signal wavelengths
are shorter. Synthesis software is available that will
allow first time design success at X band and beyond [6].
Following the guidelines presented above will greatly
assist in obtaining good correlation between design sim-
ulation and practical results. &
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The newest addition to our growing
product family, the SX Series

amplifiers provide the features that
RF designers desire the most. With

| P1dB output power up to 4 watts,
| ultra-linear output third order

| intercept points of +52dBm and

| thermally efficient packaging,

these devices are ideal for use in
narrowband PCS, ISM, multi-carrier

| systems and cellular applications.

| They operate from a single supply
voltage and require no external

| matching. These GaAs HBT MMICs

are fabricated using molecular beam

| epitaxial growth technology which

produces reliable and consistent
performance from wafer to wafer
and lot to lot. The SXL Series are
specially designed for use as driver
devices for infrastructure equipment
in the 800-960MHz cellular, ISM
and narrowhand PCS. The SXT
Series are designed for use as driver
devices for infrastructure equipment
in the 1800-1950MHz PCS/PHS
band. The SXA Series utilize

. Darlington pair topology for

broadband performance from
DC-2.5 GHz. Heterojunction
technology minimizes emitter
non-linearities resulting in high
TOIP to P1dB spreads, ideal for
high-linearity applications.

E Stanford Microdevices produces

the highest performance products
utilizing cutting-edge technology

at the lowest possible cost. All of
Stanford’s RFICs are 100% tested
and qualified annually to ensure
reliable field performance even under
the harshest environments, making
Stanford Microdevice’s products
a favorite among major OEMs
worldwide. Stanford Microdevices
has produced over 20 million GaAs
RFICs over the last 2 years.
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Preview of the 1999
Wireless Symposium

Wireless products and technologies are on display at

this annual conference and exhibition

and Portable by Design Conference &
Exhibition will take place February 22-26
at the San Jose Convention Center in San Jose,
CA. After several years of holding the event in
the nearby Santa Clara Convention Center, the
new venue allows for expansion of the exhibi-
tion, with up to 40 percent more room. The
exhibition floor will be open on February 23-25.
The conference portion of the event will be
held during the entire week of February 22-26.
Conference sessions include the following wire-
less and portable engineering topics:

Tho Seventh Annual Wireless Symposium

e Cellular, cordless and PCS design

e Digital communications systems

* Modulation techniques

* Wireless data transmission

» Wireless Local Area Networks (WLANSs)

* Point-to-point and base station design

* High power design

* Wireless IC solutions

¢ Automotive and satellite systems

* Test & measurement solutions

* Embedded Internet systems

* MMITS/advanced wireless systems

* Portable system software issues

 Systems, busses and architectural issues

e Batteries, power management and charg-
ing circuits

* CPUs and DSPs for portable devices

* Mobile and RF system packaging technolo-
gies

* Infrared data connectivity

e Industry Week’s Electronics Manufactur-
ing Executive Roundtable

« IMAPS Wireless Electronics Packaging
Conference
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Conference organizers characterize this
year’s program as representing the future of
wireless technology, with its “high-level techni-
cal papers with a heavy concentration on per-
sonal communications services (PCS) and wire-
less data systems.” In addition, the program
offers strong technical sessions on RF identifi-
cation, satellite communications, cellular/cord-
less system design, integrated circuits (ICs) and
spread spectrum techniques.

1999 Wireless Symposium and
Portable hy Design
Conference & Exhibition

Facts-at-a-glance:

Where: San Jose Convention Center
W. San Carlos
San Jose, CA
When: February 22-26, 1999 (conference)
February 23-25, 1999 (exhibition)
Registration Information:
Wireless/Portable
611 Route 46 West
Hasbrouck Heights, NJ 07604
Tel: 888-947-3734 (U.S)
Tel: +12071-393-6213 (International)
Fax: 201-393-6297
Web: www. WirelessPortable.com

Fax-back informational brochure:
800-561-SHOW, document #170
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* 4 or 8 pF maximum capacitance
* 0.4" long

* Self-resonance to 2.7 GHz
* Linear tuning...7 full turns
* No microphonics

* High reliability designed in

* Can be supplied on tape and reel
* High-voltage, 40 p.s.i., and non-
magnetic versions available

The patented solid dielectric design of the A-1 Series
trimmers eliminates any chance of intermittent shorting or
microphonics. Positive stops at minimum and maximum
capacitance prevent disassembly. All standard mounting
configurations are available.

Best of all, the A-1 Series gives you high reliability at

low cost, less than $1.60 in quantity. For more information
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The Wireless Symposium/Portable by Design
conference technical program

Mini-tutorials and paper presentations will be held
February 24-26. The following is the schedule of sessions

for these presentations:

Wednesday, February 24, 1999
9:00 a.m. - 10:00 a.m.
W-CDMA and cdma2000 Basics
FCC Approvals
Infrastructure Buildout for CDMA Repeaters
CPUs and DSPs for Portable Systems [
Battery Chemistries I
Software Defined Radio
Integrated Packaging for Wireless I

11:00 a.m. - 12:00 p.m.
Next Generation Handsets
Wireless Data 1
Point-to-Point and Base Station Design I
CPUs and DSPs for Portable Systems 11
Battery Chemistries I1
Extending Adaptive Communications
Integrated Packaging for Wireless I1

1:30 p.m. - 3:00 p.m.
Cellular, Cordless and PCS Design 1

Point-to-Point and Base Station Design 11

CPUs and DSPs for Portable Systems I11
Charging and Related Electronics I

Software Defined Radio: Hardware Perspective
Integrated Packaging for Wireless: Case Studies I

3:30 p.m. - 4:30 p.m.
Cellular, Cordless and PCS Design 11
Wireless Data I11
Low Cost Integrated Power Termination
CPUs and DSPs for Portable Systems IV
Charging and Related Electronics II
Software Defined Radio: Software Perspective
Integrated Packaging for Wireless: Case Studies IT

Thursday, February 25, 1999

9:00 a.m. - 10:00 a.m.
120 Mbit Burst Mode QPSK Receiver
Filter Tuning in the Time Domain
High Power Design 1
Battery Related Electronics
Software Defined Base Stations

Integrated Packaging for Wireless: Make it Happen I

11:00 a.m. - 12:00 p.m.
Introduction to Spread Spectrum Systems
Test & Measurement Solutions 1

Wireless Data 1T High Power Design I
Workshops — February 22-23, 1999
10:30 a.m. - 5:00 p.m.
M February 22 Ateiiias dnd Pr:pn;gation for Wireless

10:30 a.m. - 5:00 p.m.
RF and Wireless Made Simple

Al Scott, Besser Associates

10:30 a.m. - 5:00 p.m.
DSP Made Simple

Rick Lyons, Besser Associates

10:30 a.m. - 5:00 p.m.
RF Circuit Fundamentals,
Les Besser, Besser Associates

10:30 a.m. - 5:00 p.m.
Measuring the Wireless Transmission Spectrum
Morris Engelson, Joint Management Strategy

10:30 a.m. - 5:00 p.m.

Phase Locked Loops (PLLs) and Frequency Synthesis
for Wireless Design Engineers

Eric Drucker, PLL Consultants

Communication
Dr. Steven R. Best, Cushcraft Corp.

10:30 a.m. - 5:00 p.m.
Printed Circuit Board Suppression Techniques for
EMC Compliance

Mark Montrose, Montrose Compliance Services

10:30 a.m. - 5:00 p.m.
Practical Filter Design
Randy Rhea, Eagleware Corp.

M February 23

9:00 a.m. - 3:00 p.m.
RF and Wireless Made Simple, Part Il

Al Scott, Besser Associates

9:00 a.m. - 3:00 p.m.
DSP Made Simple, Part 1I

Rick Lyons, Besser Associates
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Smart Battery Systems
Software Defined Radio: The Market View
Integrated Packaging for Wireless: Make it Happen 11

1:30 p.m. - 3:00 p.m.
Modulation Techniques I
Test & Measurement Solutions II
Automotive and Satellite Systems I
Portable System Software Issues I
IR for Universal Wireless Connectivity 1
Making Sure the CPU tools Work for You
Introduction to EMC and the Printed Circuit Board
Nonlinear Characterization of High Power Transistors

3:30 p.m. - 4:30 p.m.
Modulation Techniques II
Test & Measurement Solutions III
Automotive and Satellite Systems 11
Portable System Software Issues 11
IR for Universal Wireless Connectivity I1
LPGAs for Low-Power Wireless Applications
Fundamentals of Signal Integrity and EMI

Friday, February 26, 1999

9:00 a.m. - 10:00 a.m.
Digital Communications Systems
Worldwide Compliance for WLAN Devices
Automotive and Satellite Systems 111

Systems, Busses and Architectural Issues I
Portable System Software Issues 111

11:00 a.m. - 12:00 p.m.
Synchronization for Wireless Digital Radios
Wireless LANs for Small Business and Home
Wireless IC Solutions, Design
Systems, Busses and Architectural Issues IT
Portable System Software Issues IV

1:30 p.m. - 3:00 p.m.
Digital Communication Systems I
Issues in Wideband and High Data Rate WLANs
Wireless IC Solutions I
Systems, Busses and Architectural Issues I1T
IrDA System Design and Test Guidelines

3:30 p.m. - 5:00 p.m.
Digital Communication Systems IT
IEEE 802.11 Developments
Wireless IC Solutions IT
USB Power Management Tricks, Traps and Tradeoffs
IrDa Protocol and Inter-Op Test Detail

The three-day conference registration fee is $554 in
advance, 8615 on-site. Contact information is given
below in the “Workshops” box.

Workshops — February 22-23, 1999

9:00 a.m. - 3:00 p.m.
RF Circuit Fundamentals, Part Il
Les Besser, Besser Associates

9:00 a.m. - 3:00 p.m.
Digital Modulation Workshop
Harold Walker, Pegasus Laboratory

9:00 a.m. - 3:00 p.m.
Managing the New Microwave Market
David L. Sprague, Chaparral Labs

9:00 a.m. - 3:00 p.m.
Fundamentals of CDMA

Darryl Schick, Linear Lightwave

9:00 a.m. - 12:00 p.m.

Packaging Considerations for Microdisplays in
Wireless Consumer Products

Ramon M. Oliver IV, MicroDisplay

9:00 a.m. - 3:00 p.m.
Oscillator Design Principles
Randy Rhea, Eagleware Corp.

1:30 p.m. - 3:00 p.m.
Optical Design in Portable Microdisplay Products
Ramon M. Oliver IV, MicroDisplay

B Workshop registration

Registration fees: By Feb. 1 On-site
VIP All-Access Pass $909 $1010
Two-day workshop $631 $701
One-day workshop $394 $438
Three-day conference $554 $615

Workshop and General registration contacts:

Wireless/Portable Registration
Penton Publishing

611 Route 46 West

Hasbrouck Heights, NJ 07604

Fax: 201-393-6297

Tel: 201-393-6213 or 888-WireReg
Weh: www.WirelessPortable.com
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Portable Instrument Measures
Antenna System Performance

Electronic Corporation provides antenna
site measurements for cellular, data, pag-
ing, PCS, SMR/ESMR and other communication
systems in the 806-2000 MHz range. The unit
measures VSWR, return loss and fault location
with extensive display and reporting capabilities.
The SITE ANALYZER facilitates regular
measurements and performance records to eval-
uate system aging or to detect damaged anten-
nas or cables. For example, a portable printer
can be used to create a report that can be post-
ed at the site, while stored data can be reviewed
and archived at the main engineering office.

The unit is approximately 10-3/8 x 8-1/2 X 3-
3/16 inches and weighs 4-1/2 lbs., and includes
an integral color LCD display. Complete on-
board measurement and storage features are
complemented by a printer port, an RS-232
interface and Windows® 95/98 compatible
analysis software. A lithium ion rechargeable
battery pack provides 3+ hours of operation per
charge, and has an easily accessible compart-
ment for quick field replacement.

VSWR and return loss measurements are
made with 42 dB directivity and 0.01 VSWR res-
olution. The fault location circuitry has 60 dB
dynamic range and 238 data points. Immunity
to on-channel interfering signals is +13 dBm for
reliable measurements at active sites.

Intuitive pop-up menus contain pre-pro-
grammed frequency bands and cable types, as
well as provide access to stored measurement
data. Both visual and mathematical compar-
isons of the current measurements to stored
data can be made without an external computer
for instant identification of problems.
Measurements include automatic date and time
stamping, and flexible data labeling allows cus-
tom reports to be created.

The new SITE ANALYZER™ from Bird
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A The Bird SITE ANALYZER provides convenient and
accurate portable antenna measurement, with
data recording and reporting capability, printer
port and an RS-232 PC interface.

The SITE ANALYZER includes a carrying
case, instruction manual, serial cable, PC Tool
software, AC power supply and automotive
power adapter. |

For more information, contact:

Bird Electronic Corporation

30303 Aurora Road

Cleveland, OH 44129

Tel: 440-248-1200 ext. 2207

Fax: 440-248-5426

E-mail: sales@bhird-electronic.com
Web: www.hird-electronic.com

Or circle Reader Service #200



120Watt and 60Watt
2GHz GOLDMOS

New!

e Power Out

120Watts Minimum and 60Watts Minimum

e (ain
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e LDMOS Linearity
e Gold Metalization
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New Signal Generators
Feature Low Noise, Expanded
Frequency Ranges

odels 2023A/B and
2025 signal generators
from IFR Systems, Inc.

are aimed at demanding receiv-
er and component testing in the
engineering development lab,
production line and mainte-
nance operations.

The 2023A covers 9 kHz to
1.2 GHz, the 2023B extends the
upper frequency to 2.05 GHz
and the 2025 reaches 2.51 GHz.
The signal generators provide a
large number of modulation
modes, supporting such appli-
cations as LEO and MEQ satel-
lite systems, cellular and PCS | o
products, ISM band devices, & e
WLAN and WLL, and many A New signal generators from IFR Systems expand the frequency
others. Among the available range, performance options and features for RF, microwave and
options to tailor insrument fea- wireless system testing in the Iab, production line or service.
tures to a particular application
are High Power and Fast Pulse
Modulators. These options now include high- applications beyond the range of IFR’s and
performance SINAD measurement (option 12) other manufacturers’ industry standard 2.0
to provide a self-contained test solution for ana- (GHz instruments.

log and digital radios. U. S. prices for the new signal generators are:

With a 2.51 GHz frequency range, the 2025 $6,366 for the 2023A, $8,143 for the 2023B and

offers an economical signal generator choice for  $9,415 for the 2025. |
Model Frequency Applications For more information, contact:

2023A 9 kHz-1.2 GHz  Cellular, SMR/ESMR
VHF/UHF, General Lab '1F0“23;5‘t;mfsv'“‘; Stroet
20238 9 kHz-2.05 GHz PCS, GPS, PHS, DECT | o mhs cont oo
DRB, Other L-Band '
2 Tel: 800-835-2352 (U.S.)
2025 9 kHz-2.51 GHz WLAN, WLL, ISM E-mail: info@ifrsys.com
MMDS, LEO, MEO Weh: www.ifrinternational.com

A Summary of new IFR signal generator ranges. Or circle Reader Service #201
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"They laughed when we said
we’d have a design tomorrow...

New in Version 6!

GENESYS is known for it's casc-of-use.
Version 6 adds these powerful features:

* Simple multiport descriptors (S31.533.ctc)

* More models and device data

* Advanced user modeling

* Gain, noise and improved stability circles

* Powerful yield optimizer

* On-line hyper-text and hyper-graphics help

* Parameter sweeps

* Excellon drill lists added to Gerber files

* Additional transmission line types

* Math functions and in-line equations

* Optimization targets display on screen

* New examples in documentation

GENESYS 32-bit applications run on IBM and
compatible PCs under Windows 3.1, Windows NT
and Windows 95.

GENESYS

VERSION 6.0
=SuperStar= Professional simulator .. .. ... .. $399
Simulator with schematic entry and layout . . .$1997
GENESYS package with synthesis ........ $6990
Upgrade for current customers . .. .. ... $299-5499

o W

EENOF SR f

T A A vk =1 SAME PRICES INTERNATIONALLY
170 HAARS & XA LR3-1- DIRECT SALES § USER SUPPORT
TEL 03-3988-1731 FAX 03-3988-1706 BYFAX PHONE O LETTER

EAGLEWARE

Eagleware Corporation # 1750 Mountain Glen # Stone Min, GA 30087 # USA
http://www.eagleware.com #* eagleware@eagleware.com

TEL (770) 939-0156 # FAX (770) 939-0157
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HP Introduces GaAs HBT
Microwave IC Family

ight new microwave ICs
Ehave been announced
by  Hewlett-Packard
Company, their first products

using InGaP-GaAs HBT tech-
nology. Benefits of this tech-
nology include high gain per
stage, low phase noise, high
linearity, uniformity and
repeatability.

HMMC-3002, -3004, -3008:
200 MHz to 16 GHz divide-by-
two, divide-by-four and divide-
by-eight prescalers with phase
noise of -153 dBc¢/Hz at 100
kHz offset. On-chip pre- and
post-amplifiers provide high
sensitivity (-20 to +10 dBm
from 1-10 GHz), 0 or +5.5 dBm
output, and -75 dB output-to-input isolation.

HMMC-3022, -3024, -3028: High-efficiency
divide-by-two, divide-by-four and divide-by-
eight prescalers operating at half the current of
the -300x series.

HMMC-5200, -5220: DC-20 GHz and DC-15
GHz Darlington-feedback amplifier chips with
50-ohm input and output match, operating from
a single >4.75 volt supply. A typical device
draws 44 mA and provides 9.5 dB =1 dB gain
with +12 dBm output power (P4p) at 1 GHz.
Both amplifiers have a low 1/f noise corner at
less than 20 kHz.

The InGaP-emitter HBT process used in
these devices achieves f and f,,,, values of 65
GHz and 75 GHz, respectively. Reliability test-
ing by HP indicates that the mean time to fail-
ure (MTTF) appears to be an order of magni-
tude larger than that achieved using AlGaAs-
emitter HBT circuits.

92 - APPLIED MICROWAVE & WIRELESS

A New microwave ICs from Hewlett-Packard use GaAs HBT technology
to achieve low noise, high gain and single-supply voltage.

These MMIC devices are available in chip
form, and are priced as follows in 1,000-2,499
quantities:

HMMC-3002 $27.35
HMMC-3004 $27.35
HMMC-3008 $27.35
HMMC-3022 $27.35
HMMC-3024 $27.35
HMMC-3028 $27.35
HMMC-5200 $21.40
HMMC-5220 $15.10 |

For more information, contact:
Hewlett-Packard Company

Tel: 800-537-7715, ext. 10055
Web: www.hp.com/go/rf

Or circle Reader Service #202



TECHNICAL BOOKS

RF & microwave circuit fundamentals

HE FILTER DESIGN
COMPUTER SIMULATION

T

Radio Frequency

Principles and Applications

Albert A. Smith, Jr.

A wealth of accessible, practical information
on radio system behavior, wave propagation
and system-level considerations.

|20 S $70.00

Introduction to

Radio Frequency Design

Wes Hayward

A guide for practicing engineers, with special
attention to the circuits that make up a radio
system, with a receiver as the main example.

AR-T.... 00 00 see o o e $30.00

RF Design Guide

Peter Vizmuller

A design “cookbook” that covers circuit
examples with sufficient theoretical back-
ground. Includes a software workbook of
design examples and equations.

HF Filter Design and

Computer Simulation

Randall W. Rhea

An excellent basic design book on LC and dis-
tributed filters; for engineers who must build
filters with the desired performance.

Radio Frequency Transistors

Norm Dye and Helge Granberg

Solid state amplifier design from microwatts
to kilowatts, from HF through UHF, is the sub-
ject of this book. A concise book based on the
authors’ many years of experience.

BH-1...... Qe i . $48.00

Microwave Transistor Amplifiers
Guillermo Gonzales

The classic book on network theory and Smith
Chart-based design techniques for amplifiers.
Complete coverage of noise, stability, match-
ing and other necessary considerations.

PH-1. ... $91.00

T ]
IRAR AT/ B

ot N
RAQIQ-FREGUENCY
ELECTRONICS

FHED GARDIOL

R Circuit Design

Electronic Applications

of the Smith Chart

Phillip Smith

The original book by the author of the most
powerful RF design tool ever developed. Learn
matching and analysis using the Smith Chart.

NP-4.................... $59.00

Oscillator Design and

Computer Simulation

Randall W. Rhea

A unified approach to oscillator design with
many active device types and all the impor-
tant resonator types: LC, crystal, SAW, etc.

NP1t $64.00

Practical Microwaves

Thomas S. Laverghetta

Lessons in the full range of microwave theory
in down-to-earth language. Covers materials,
components, design methods, test equipment
and measurements.

Radio-Frequency Electronics:

Circuits and Applications

Jon B. Hagen

A good introduction to radio concepts and cir-
cuits. Basic, but with enough technical depth
to properly cover many RF circuits.

CU-T. ot $53.00

Microstrip Circuits

Fred Gardiol

A valuable overview of high-frequency distrib-
uted-element printed circuits. For engineers
with interest in microwaves, antennas, and
even high-speed digital design.

JWA18 L $90.00

RF Circuit Design

Chris Bowick

Get started with Smith Chart-based low noise
amplifier, power amplifier and oscillator design.
An excellent tutorial approach to RF circuits,
transmission lines and matching techniques.

HS-1... ... ... . $25.00

4772 Stone Drive

Tucker, GA 30084

CRESTONE 1. 709082320

TECHNICAL BOOKS
e e n e s

Fax: 770-939-0157

Crestone Technical Books
Division of Noble Publishing Corp.
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Order today by phone, fax or
on the web, using your VISA,
Mastercard or American Express!



High Dynamic Range Mixers
Deliver Performance for

Wireless Systems

o
-]

1IP3 vs. RF Frequency

Conversion Loss vs. RF Frequency

our GaAs FET mixers from
FWatkins—Johnson Company
offer high dynamic range
performance for cellular, GSM,

FS
&
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PCS, DECT, PHS and other wire-
less systems, plus CATV headend
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quency conversion and modulation a0 -
applications.
The HMJ1 model features +39
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dBm IIP; with +17 dBm LO drive. T

It covers the 80-1000 MHz cellular °
band with an IF in the 20-100
MHz range. No external matching
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is required and the mixer operates "
from a +3 volt supply, drawing 23 1

0

1

mA (typical). Plots of key operat- 0T e

LO Frequency (MHz)

820 860 900 940 980 800 850 900 950 1000
RF Frequency (MHz)

ing parameters of the HMJ1 are
shown in Figure 1.

The HMJ2 covers the 1850-1990
MHz PCS band, delivering +37
dBm IIP; with +17 dBm LO drive.
It draws 25 mA (typical) from a 3 volt supply,
and also requires no external matching.

For the 1700-1880 DCS1800 and PHS fre-
quency range, model HMJ4 provides +36 dBm
ITP; with +17 dBm LO drive, drawing 18 mA
(typical) from a 3 volt supply. This mixer sup-
ports IFs from 50-150 MHz.

These three wireless band mixers offer 7.7-
9.0 dB typical insertion loss and high port-to-
port isolation.

The HMJ7 provides general purpose perfor-
mance over 1000-2000 MHz for CATV headend
equipment and other applications in this band.
Performance specifications are +34 dBm IIP,
with +21 dBm LO drive, 40 mA current draw
from a 5 volt supply, and a 10.5 dB noise figure.
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A Figure 1. Intercept, conversion loss and isolation performance
graphs for the HMJ1 cellular-band FET mixer.

The mixers are offered in J-lead surface
mount packages, 18 pins for the HMJ1, 2 and 4
and 22 pins for the HMJ7. The mixers are pro-
vided on tape and reel, 300 pieces per reel, for
automated production. B

For more information, contact:

Watkins-Johnson Gompany
WJ Wireless Products Group
Tel: 800-WJ1-4401

Fax: 650-813-2447

E-mail: wireless.info@wj.com
Web: www.wj.com

Or circle Reader Service #203



Symbol

Atomic Number
Atomic Mass
Electrons in each shell

ireless applications will require greater effic
performance — they'll demand a technology that can deliver.
Silicon can.

At RFMD, we create tomorrow’s technology today. Combining IBM Blue Log
process technology with our own commitment to
innovation, we develop highly integrated silicon-
based components. )))))))

For next-generation wireless — from basic amplifiers

to application-specific ICs for CDMA cellular/PCS - MICRO 'DEVICES

call us about the newest REMD™ Si...no strings attachecdl.

wvw.rfmd.com

T™, SM & © 1998, RF Micro Devices, Inc.
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Manual Tuners Help Make
Precise Load Pull and Noise

Measurements

new family of Manual
A‘Microwave Tuners MMTs)
is offered by Focus
Microwaves, Inc. The new tuners
generate high CSWR (10~20:1)
using a single probe, and more
than 40:1 when the second, inde-
pendently movable probe is used
for prematching. The smooth slid-
ing mechanism of the manual
tuners provides high tuning stabil-
ity and position accuracy, and is
insensitive to vibrations and
mechanical jitter. The MMTs are
available from 400 MHz to 50
GHz, and can be equipped with a
wide variety of connectors: GPC-7,
N, 3.5, K and 2.4 mm.
Manual Microwave Tuners

(Figure 1) are designed for critical
RF impedance matching opera-
tions, like load pull and noise mea-
surements. MMTs use parallel
plate airlines (slablines) and one or two sliding
carriages with one vertical micrometer screw
and a microwave probe (slug) each. The
microwave probes and slablines are designed to
generate high reflection factors over a very wide
frequency band, such as 0.8 to 18 GHz with a

Manual Microwave Tuners at a Glance
Frequency range: 0.4 to 40.0 GHz

A Figure 1. Photo of a Microwave Manual Tuner (MMT) from Focus
Microwaves.

VSWR tuning range: 1.04:1 to 20:1
Phase tuning range: 0 to 360 degrees
Instantaneous bandwidth: up to five octaves
VSWR with prematching: up to 50:1
Insertion loss: 0.1 to 0.9 dB
Connectors: GPC-7, 3.5,2.9, N, SMA, K
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typical VSWR of 20:1. The two independently
adjustable carriages allow mutual prematching
of the probes and thus selectively generate
extremely high VSWR of greater than 50:1. The
sliding mechanism and the probes ensure long
lasting operation, high reproducibility and
insensitivity to vibrations. MMTs are manufac-
tured for frequencies from 400 MHz to over 40
GHz, using many different connector types.

Tuning and repeatability

Figures 2 and 3 show the tuning capability of
various MMT models with two RF probes
mounted on two independent carriages. Model
1808 (Figure 2) covers 0.8 to 18 GHz, with GPC-
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A Figure 2. T/ ay 0f the MMT-1808.

A Figure 2. T'pip/T'max Of the MMT-4002.
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START 2 200. DOR 908 Mix STOP 2 920. 200 2O MHx

Setting ~ Syy,fy4 Stz Sanhy Szafpe  Loss (dB)
1 0.883-36.2 0.372331 036933.0 0839-76.1 L=2.038
2 0.883-36.3 0.366326 0364325 0.842-76.5 L=2.151
3 0.887-358 0366325 0363324 0.841-76.8 L=2.024
4 0.884-35.8 0.36932.8 0367328 0.837-768 L=2.059
5 0.884-357 0373330 0371330 0835-76.7 L=1.964
6 0.891-37.2 0.35231.7 0.35031.6 0.847-76.7 L=2.229
7 0.890-36.2 0354319 0352318 0852-77.2 L=2.193
8 0.887-35.5 0367326 0365325 0843-771 L=1.987
9 0.884-36.1 0.364324 0.361324 0838-76.9 L=2.168
10 0883-36.1 0365327 0363326 0832-766 L=2178

A Figure 3. High T (Z ~ 0.65Q2) generated using prematch-
ing capability of Manual Tuners at 2.0 GHz.

7 connectors, while model 4002 (Figure 3) covers 2 to 40
GHz with K connectors. Figure 4 shows the “pre-
matched” tuning range, where one probe is used to
increase the tuning range of the second one, in a narrow
frequency range around 17 GHz. Table 1 summarizes
tuning repeatability data. To obtain this data, the tun-
ing probe was re-positioned manually and the network
analyzer S parameters were measured via GPIB and
saved in a PC file.

Conclusion

Manual Microwave Tuners (MMTs) are a reliable, low
cost, yet still very accurate, tuning method for
microwave load pull and noise measurements. MMTs
are available from 0.4 to 50 GHz and provide very high

A Table 1. Repeatability of Manual Tuning using the MMT-
1808 at 3 GHz.

VSWR through prematching using two horizontally and
vertically independent probes. 2]

For more information, contact:

Focus Microwave, Inc.

970 Montee de Liesse, Suite 308
Ville St. Laurent, Quebec H4T 1W7
Canada

Tel: 514-335-6227

Fax: 514-335-6287

E-mail: info@focus-microwaves.com
Web: www.focus-microwaves.com

Or circle Reader Service #204.
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Product Spotlight

Very Low Cost
High Function

atured, mndnvliy priced, manually operated probe station

developed for engineers and scientists

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

SUPER NARROW NOTCH
Our TNF400 tuneable filters
provide <0.7% notch width
with notch depths of >30 dB.
Frequencies available are 10 to

A compact full f

o
(]
=
B
(@)
o
o

e(<1l’) » Vacuum chuck  X-Y-@ stage o
* X-Y-Z prabe p 5 »Top Plate Z-fiit #Vacuum Accessory Manifolde
* 7X-40X Stereo Zoom Microscope » Adjustable Halogen lluminator »
Vacuum Accessaries ® Compatible with 40GHz+ probes »

= Accessories for Thermat Chucks and Probe Cards &

500 Mhz. Units will pass up to

 Test walers, microstrip packages and surface mount componentse

J microTechnology
s Pl

4
@c b (503 531
ot www Jmicrot

A Probe Station On Every Bench

More Info? Phone: 520.204.2597

1.0 GHz. Package sizeis 2"x 2."
Call for FREE application note!

CAGRF

GIHCLE 101 CIRCLE 102
0 o0 = WAVEGUIDE DESIGN AND
. SURGE PROTECTION A o ann

See us ot WIRELESS ‘99 Booth # 5354 |

i COAXIAL Surge Suppresmrs
for PCS, GPS, RF equipment -
e AC Protector UL 1449,
# T1/EI Protection

SURGE ARRESTER
GAS TUBES

» Voltage from 75V to 1500V
* Available in Surface Mount

CITEL, Inc
Tel: (305) 621-0022
Fax: (305) 621-0766

www.citelprotection.com

Full EM Field Modeling Based
Filters:
Lowpass, Bandpass, Bandstop,
Evanescent, Dual Mode, Finline
Diplexers & Multiplexers
E/H-Plane, Bifurcated, T, L. and Coaxial
Line Common Ports

Transformers
E-Plane, H-Plane & EH-Plane

Power Dividers & Couplers
Hybrids and N-Way
OMT-Polarizers & Horn
Antennas

Consulting services for all types of
filter design including planar

POLAR WAVES CONSULTING
6-425 Pinehouse Drive
Saskatoon, SK STK5K2

Tel: (306) 934-6688 Fax: (306) 931-4694
e-mail: pramanick@sk.sympatico.ca
http:/iwww.polarwaves.com

CIRCLE 103

It pays to advertise ...

. especially when you
advertise here!

CALL TODAY
FOR INFORMATION!
(770) 908-2320

A= R lied
~ 7 MICROWAVE & WIRELESS

CIRCLE 104

CIRCLE 105

How to place Product Spotlight and Class:ﬂed ads

Our Product Spothght section allows you to show Or, if you prefer our staff can make up the ad for
off your company’s products or services in an you.

economical 1/9 page color ad. Ads may be sent
camera ready, or we’ll make up an ad for you! All
you’ll need to provide is a product photo, compa-
ny logo and a description of the product or ser-

vice you want to advertise.

Our Classifieds section is the place to advertise
career opportunities, consulting services, used
test equipment and just about anything else.
Special Classifieds rates are available and are

agency-commissionable if material is supplied. 0157,

Classified display_ads are available in color or
black and white in standard ad sizes, or in black
and white by column inch. (Column—mch ads are
2-1/4 inches wide.) .

For more information on advertising in these two
new sections, please contact Paul Beavin, Applied
Microwave & Wireless, 4772 Stone Drive, Tucker,
GA 30084; Tel: (770) 908-2320; Fax (770) 939-

98 - APPLIED MICROWAVE & WIRELESS




Product Spotlight

0.5 TO 26.5 GHz
SIGNAL GENERATORS

Seven compact,
programmable
models cover
0.5 to 26.5 GHz

with 1 MHz
resolution.
Prices start at
$3,750

April Instrument
Sunnyvale, CA

Web site:
http://www.aprilinstrument.com
Tel: (650) 964-8379 » Fax: (650) 965-3711

CIRCLE 106

SWITCH OVER TO:

1mi) SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 117229
(516)242-2300 - Fax: 516-242-8158

Request your “R-F Switch slide Guide” today!

CIRCLE 107

MINIATURE CRYSTAL
CONTROLLED BLOCK
DOWN CONVERTER

v HEATER STABILIZED L.0.

v THICK FILM HYBRID CONSTRUCTION

v MACHINED ALUMINUM HOUSING

v RF INPUT: 50 MHz T0 2.5 GHz

v IFOUTPUT: 0.1 TO 500 MHz

v/ RF T0 IF GAIN: -7dB TO +40d8B,
CUSTOMER SPECIFIED

5350 Kazuko Court, Moorpark, CA 93021

w,Ima"co (805) 523-2390 FAX (805) 523-0065

CIRCLE 108

access for oaiustfﬁ nts
To meet industry deman

style and the versatile CBS2 dua
To learn more about our comple

~ removablecover CBS assemblies, as we

custom design and manufacturing ca

visit us at www.leadertechinc.com or
leader Tech catalog of 813-855-6

813-855-3291.

Leading Products Into The New Millennium
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Project Box
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FGK series

FRONTIER
GINEERING

ANTENNAS
ELECTRONICS
HicH Power RF
SERVICE
PROTOTYPING
MANUFACTURING

Ideal for engineering models,
prototypes, etc.

Inexpensive, replace a tray if
you need to redesign
Integral + /- 12VDC @ 3A
power supply available
Blank or pre-punched

trays available

Request a copy of our test
equipment options list
Dimensions 8"W x 9"H x
10"D, finished in black
Special introductory offer...
only $235

High Power Amplifiers

v

NN NN

Continuous coverage from
1.6 to 30MHz

5kW output for plasma, RF
research and signal sources
Comprehensive protection
circuity

Many options, including
automatic tuning
Competitively priced from
$5500, FOB Denver, CO.

PO. Box 837
Platteville, CO 80651

Tel: 970.785.2897
frontier@LanMinds.net

Classifieds

GLOBAL
CERTIFICATION
LABORATORIES, LTD.

East Hampton CT

ETSI RF TESTING IN THE USA
Witness Testing Program, under
the auspices of NMi, a

Designated Test Laboratory for
ETSI 300, 330, 440, 683

(800) 714-7448
fax:(860) 873-1947
icg@connix.com

MANAGEMENT
m RECRUITERS ~
OF BOULDER, INC.

The search and recruiting specialists

WINDY BRADFIELD, CSAM

RF/MICROWAVE SPECIALIST
WIRELESS DIVISION

THE CONTINENTAL BUILDING
1401 WALNUT STREET « SUITE 301
P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900 - FAX (303) 447-9536
windy@mrboulder.com
http://www.mrboulder.com

RF TEST INSTRUMENTS

Amplifiers, Comparators, Analysers,
RL Bridges, Adapters, DC Blocks,
Terminations, Switches, Bias Ts,

MLP’s, Impedance Converters,
Directional Couplers, and more.

WIDE BAND ENGINEERING COMPANY, INC.
P.0. Box 21652, Phoenix, AZ 85036-1652
Phone/Fax: 602-254-1570
http://www.wbecoinc.com

WIRELESS OPPORTUNITIES

My clients need top-notch RF Design and RF
Systems Engineers, 3 to 10+ years experience. HF
to 3GHz, Receivers, Transmitters, Power Amplifers,
Synthesizers, Spread Spectrum, ASIC/MMIC
Design, Modems, DSP, PCS, Cellular, Mobile Radio,
Handheld radios and Basestations. Nationwide.
Employer paid fees.

Randy Brei, BSEE
Brei & Associaties, Inc.
2598 28th Ave. « Marion, 1A 52302-1210
Phone: (319) 377-9196 « Fax: (888) 566-2363
Email: WIRELESS@ENGSOURCE.COM
Web Site: http://engsource.com

CAREER OPPORTUNITIES

NATIONWIDE
Engineers & Techs - Perm. Only

Cellular & Wireless Systems, RF,
PCS, Microwave, Antenna, Network,
Software, Sales, Dig. & Analog, many
more. Resume to: Peter Ansara, c/o
ABF, P.O. Box 239, W. Springfield,
MA 01090. Tel: (413) 733-0791, Fax:
(413) 731-1486, or pa@ansara.com.
See our web site:
http://www.ansara.com

Help Wanted

TECHNICAL
EDITOR

for Applied Microwave &
Wireless

Are you an engineer who wants a
unique job that puts you in touch
with the best minds and most
influential people in the RF/
microwave/wireless industry?

Do you have good language
skills, both spoken and written,
that can help other engineers get
their technical messages deliv-
ered to interested readers?

If so, you may be just the right
person to help our magazine
continue its growth, with strong
technical articles, appropriate
new product coverage and per-
sonal contact with the industry.
This is a full-time position based in
our Atlanta-area offices.

We don't need a lot of experi-
ence, just a familiarity with the
technology and the drive to be
involved in the hottest thing since
the personal computer!

Interested? Send a resume and
salary history to:

Gary Breed, Publisher
Applied Microwave &
Wireless
4772 Stone Drive
Tucker, GA 30084
Fax: 770-939-0157
amw@amwireless.com
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VIDEO COURSEDS

for training

RF Circuit Fundamentals

Instructor: Les Besser

This is the first part of the best one-two punch in
basic RF circuit design instruction! It's an ideal
introduction to high-frequency analog design for
new engineers, or for engineers from digital or
low-frequency specialties. Topics covered
include — RF Concepts, Lumped-Element
Component Methods * Resonant Circuit and
Filters » Transmission Line Fundamentals ¢ The Smith Chart and its
Applications « Small-Signal Amplifier Design with S Parameters. The
course includes six one-hour tapes, class notes, and the book RF
Circuit Design by Chris Bowick. This class offers thorough coverage
of all the essential basic concepts specific to RF engineering.

NP-16. .. .. $595.00

RF Circuit Fundamentals Il

Instructor: Les Besser

Instruction continues from the above course, adding
the topics — Microstrip Transmission Lines <
Power Combiners and Dividers = Broadband Match-
ing Networks + PIN Diode Circuits ¢ Broadband
Amplifiers  Large-Signal Amplifiers. Many
examples are used to illustrate key concepts.
The course includes six ane-hour tapes, notes,
and the book Transmission Line Transformers by Jerry Sevick.

NP-17. .. . e Tbad il s N i $595.00

Microwave Filters, Couplers and
Matching Networks

Instructor: Robert Wenzel

Detailed instruction on distributed structures — Fllter Responses
and Basic Calculations « Realization of Practical Filters = Filter
Design = Directional Couplers « Distributed Element Matching
Networks. Six two-hour tapes plus complete class notes.

NP-1S. ... e R e $1195.00

Microwave Transmission Lines and

Their Physical Realization

Instructor: Steven L. March

Six hours of transmission line education on striplines, microstrip,
coupled lines, suspended substrates, coplanar waveguide,and more.

NP-1B. .. $595.00

* For any TWO video courses, take 5% off
* For any FOUR video courses, take 10% off

and development

RF/Microwave Transistor Amplifier Design
Instructor: Les Besser
Amplifier matching, stability and noise techniques
are a cornerstone of RF and microwave engineer-
ing! This course is an outstanding way to learn
@ classical amplifier techniques — Review of Circuit
e Fundamentals  Introduction to CAD = Amplifier
Design Methods and Comparisons = Impedance
Matching ¢ Lossless Transformations < Applying
Negative Feedback. Amplifier design is covered completely, includ-
ing CAD and Smith Chart methods, gain and stability analysis, low
noise techniques and layout. Real-life examples are used throughout
the course. Six two-hour tapes (12 hours total) and the book
Microwave Transistor Amplifiers by G. Gonzales.

NP ol i, v e e $1195.00

Filter and Matching Networks

I Instructor: Randall W. Rhea

Complete, well-presented information on practical
filters and matching networks that you will actually
build, not just theory and equations with no appli-
cation. Topics — Fundamentals « CAE
Techniques « Real-World Effects = Matching »
Bandpass Filter Symmetry ¢ Group Delay *
Direct-Coupled Microwave Filters = Field-
Coupled Microwave Fitters. Nine one-hour tapes and complete notes.

NP-12. . $895.00

Oscillator Design Principles

Instructor: Randall W. Rhea

No other course gives you as much insight into oscillator design. All
common resonator types are discussed — LC, coaxial, microstrip,
crystal, SAW; and many active devices — bipolar, FET, MMIC ampli-
fier. Noise performance, oscillator starting, VCOs and more. Many
examples are given in this six-hour course with extensive notes.

NP3, . $595.00

Introduction to the Smith Chart

Instructor: Glenn Parker

Learn the Smith Chart in 50 minutes. This tape shows you how to
navigate around the chart, use various lumped and transmission line
glements. A great teaching tool for new engineers.

* For any SIX video courses, take 15% off
* For all EIGHT video courses, take 25% off

SAVE $1441 — GET THE COMPLETE SET OF EIGHT FOR JUST $4323

www.noblepub.com
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CRESTONE .. 7790582320
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Guest Editorial

The EPDeS initiative’s goal is to streamline the
portable wireless device design process. Taking a top-
down approach, the group has embarked on a two to
three year effort to integrate existing mechanical, ther-
mal, and electrical EDA design tools with materials
data, models, and manufacturing process, focusing on
packaging and interconnect technologies. There are two
primary challenges. First, we must develop the ability
to transfer files seamlessly from one EDA tool to anoth-
er, keeping material properties and attributes intact.
Second, we need to create a “common language” to
communicate materials properties, models, and manu-
facturing processes up and down the supply chain in a
way that the EDA suppliers can “codify” into their
design tools.

Another major Workshop will take place on January
24, 25, and 26 1999 where the IWPC will focus on com-
pletely different issues. Bringing together pro-active
manufacturers of ground-based low-earth orbit (LEO)

satellite and Local Multi-Point Distribution System ter-
minals and their suppliers, this meeting is designed to
facilitate and stimulate breakthrough thinking to meet
the stringent needs of consumer-priced microwave/mil-
limeter-wave antenna subsystems.

The workshop, entitled “Consumer-Priced Antenna
Subsystems for LEO Satellite Terminals and Local
Multi-Point Distribution Systems (LMDS),” will be host-
ed by Motorola’s Ground Systems Division in Phoenix,
and will include a tutorial section, entitled
“Microwave/Millimeter Wave Antenna Fundamentals
for Non-Antenna Experts,” presented by IWPC’s
Technical Director, Rene Douville, a 30 year veteran and
expert in this industry.

Currently, the IWPC is inviting companies that want
to take a proactive role in shaping these designs of the
future to join the consortium. For more information on
the IWPC, its resources, and membership, visit our web
site at http://www.iwpc.org. [ |
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Guest Editorial

Bridging the Wireless Packaging
Knowledge Gap

By Don Brown

International Wireless Packaging Consortium

etting product to market and reducing cost are
not just important goals for wireless component

and system manufacturers,
they are essential for success in this
intensely competitive market.
Although achieving these goals
requires close cooperation between
manufacturers and their suppliers, it
is difficult for such synergy to develop.
The International Wireless Packaging
Consortium (IWPC™) was recently
created to provide just such an oppor-
tunity, and it is already receiving
broad support.

The IWPC’s mission is to reduce
costs and time to market for all types
of wireless products from RFID tags
to satellites, focusing on all levels of
packaging and interconnection from
individual device packaging to sys-
tems packaging.

Members of the IWPC represent
both OEMs and their suppliers, from
the largest mobile phone manufactur-
ers, to material suppliers, manufac-
turing and assembly houses, and elec-
tronic design automation (EDA)
developers from around the world.
After 100’s of face-to-face meetings
with industry leaders, I helped to
found the IWPC because T discovered
a wide knowledge gap between the
OEMs and suppliers in the wireless
manufacturing industry and a hunger
to bridge that gap.

I would often mention a new pack-
aging technology to an OEM engineer-
ing manager that might solve some
design issue, and the manager would
have never heard of it. This was
because there were limited opportuni-
ties and very little time for OEM
designers and their suppliers to sit

down and share their technology roadmaps to find solu-

tions for engineering needs.
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491-2113; e-mail: donbrown
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Ironically, even though reducing time-to-market is so
important, the effort required just to maintain the sta-

tus quo is robbing the industry of the
time required to achieve it.

IWPC services

The IWPC steps into that knowl-
edge gap and provides members with
interactive technical workshops and
tutorials as well as numerous other
services. For instance, we conduct
more than 100 face-to-face interviews
worldwide per year with selected com-
panies and report on the conclusions.
The goal of these interviews is to iden-
tify the current and future needs of
wireless and RF OEMs and the capa-
bilities of advanced thinking suppliers.

IWPC also attends and reports on
relevant national and international
technical conferences, and maintains
a wireless and RF packaging “key-
word index service” for its members
on the IWPC web site (http:/
www.iwpc.org) that contains listings
(more than 6,000 documents to date
and counting) for many major techni-
cal proceedings, trade newspapers,
magazines, and other media.

Upcoming events

The IWPC organizes interactive
technical workshops on key issues
faced by its members. The latest,
which launched the Electronic
Product Design System (EPDeS)
Initiative at the Nokia Research
Center in Helsinki, Finland, was held
this past October. The next EPDeS
workshop is scheduled for February
26 and 27, 1999 and will feature input
from Qualcomm in San Diego, CA and
many other companies interested in

moving this effort forward.

(continued on pg. 103)



The Standard for Performance

For over fifteen years engineers and
OEMs alike have relied on PTS frequency
synthesizers for unmatched stability,
speed and spectral purity. These direct
analog and direct digital synthesizers
meet the most challenging s
de\elopment requirements...

nthesizer models cover the 100 KHz

z band with 0.1 Hz resolution.
able with switching times
spurious outputs as low
standing phase noise
ristics (SSB phase noise at 1 GHz,

The Standard for Reliability

PTS synthesizers were designed from

the outset to deliver the best reliability
in the business. We adhere to conservative
derating practices, keep power consump-
tion and internal heat buildup to an
absolute minimum and qubject finished

proven 2.5,0()( hr N
offered a full 2 yea
rate repair fee of just
3 through 10.

It's time you had the

the best reliability. (‘all tﬂ(ld\ for more
information.

Features and Options

*BCD or GPIB remote confrol

¢DDS with phase-continuous switching
*0CX0, TCXO or external standard
sResolution to 0.1 Hz

eDigital phase rotation

eQutput power to +13dBm

*Proven 25 ()ﬂ()hr MTBF

ars 3 - 10
$750, PTS 3200)

visit our Web site at
http://www.programmedtest.com
or e-mail us at
info@programmedtest.com

=

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road, Littleton, MA 01460
Tel: 978 486-3008 Fax: 978 486-4495

1 KHz offset,-110 dBe/Hz).

Circle 70




HP ESG-D Series RF Signal Generators

Being an engineer is an occupation that’s pretty tough
to leave at the office. So the last thing you need is

test equipment that won’t do what you need it to.

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

Yet when we talked with R&D engineers, they told

us traditional signal generators lack flexibility.

We responded by enhancing our digital ESG-series

signal generators. Now you can create custom
formats by choosing from over 15 modulation
types, a variety of filters, and data rates from 50 Hz
to 12.5 MHz. And of course, you can also generate
existing as well as developing formats like CDMA,

GSM, NADC, PDC, DECT, PHS, TETRA and W-CDMA.

The result? You spend less time dealing with inadequate
test equipment and more time finding the perfect
design. And hopefully free up some of that cherished

vacation time to spend with the kids in the wading pool.

For a free application note, Custom Digital Modulation
with the HP ESG-D Series Real-time 1/Q Baseband
Generator, or for more information, call 1-800-452-4844,

Ext. 5893, or visit our Web site:

www.hp.com/go/wireless

© 1998 Hewlett-Packard Co. TMMIDS21/AMW

(ﬁ/’ HEWLETT

PACKARD
\i Expanding Possibilities

[ HOTEL ROOM ON FAMILY VACATION |
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