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Who has the Right Angle
on RF, Microwave
& Millimeterwave adapters?

2.4mm, DC to 50 GHz 2.9mm, DC to 40 GHz

C.W. Swift & Associates, Inc., introduces S.G. McGeary Company’s high-
frequency coaxial adapters. Right-Angle In-Series configurations are avail-
able in 2.4mm, 2.9mm, 3.5mm and SMA interfaces. Straight In-Series and
Between Series configurations are available in 1.85mm, 2.4mm, 2.9mm,
3.5mm, 7mm, SMA, SSMA, N & TNC Interfaces.

C.W. SWIFT & Associates, Inc.

RF, Microwave and mm-Wave Stocking Distributors

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT - 818-989-1133 » 818-989-4784 (fax)
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Shipboard
Systems Know!

Shouldn’t You?

Know that when you need low loss, high performance flexible cable
assemblies, you should call IW. We're not only the technology leader,
but we also have the broadest line to solve your most demanding
requirements for both military and commercial applications.

e Assemblies to 60 GHz

e Aftenuation of only 20 dB/100 ft. at 18 GHz
e Optional ruggedization available

e A full line of precision connectors

¢ Responsive service

e Custom capabilities

Just give us a call or visit us at www.iw-microwave.com

Since 1970 ... Specialists in the manufacture of
bigb-performance microwave transmission lines.
20 East Franklin Street » Danbury, CT 06810
Tel: 203-791-1999 » Fax: 203-748-5217
e-mail: sales @iw-microwave.com
WWW.iw-microwave.com
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Choose from thousands of off-the-shelf models from Mini-Circuits, \\\S‘/and immediately available! From 2 and 3way
to 48way: 0°,90°,180°; 50875 ohms covering 2kHz to 10GHz and beyond...all characterized with data and
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ports...all at catalog prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, coaxial
connectorized...and custom packages are no problem! Our super-miniature and ultra-low prcfile Blue Cell™ surface mount
units provide excellent solutions in cellular, cable, and countless wireless applications. Plus all units come with a 1 year
guarantee and skinny 4.5 sigma performance repeatability. Add unsurpassed applications support and value pricing,
and the decision is easy. Contact Mini-Circults today!  Mini-Circuits...we’re redefining what VALUE is all about!
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True strength surpasses mere muscle.

Bulking up a business involves repetition —
repeatedly proving you can handle an incredible
workload with ease. At RFMD, we routinely
master weighty problems like integrated
function, power consumption, limited board

space and complex design.

Our reputation as an industry heavyweight
is built on proven performance, quality

and innovation.

Trust the company you can rely on to deliver the
components you can depend on —

turn to REMD.
We'll never let you down.

STRENGTH — it sets us apart.

) @

MICRO-DEVICES

Proprietary, State-Of-The-Art
RF Integrated Circuits™

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention strength when contacting us. www.rfmd.com

TM & © 2001, RF Micro Devices, Inc.
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C to GHZ from 9 f (Qty.25)

lower thermal resistance
better gain flatness
wide choice of gain
high IP3
high reliability *
& 2 year guarantee*

SOT-89

Actual Size in S‘tOCk l
TYPICAL SPECIFICATIONS AT 25°C:
Flatnesst Max, Power Out & Thermal DC Price
Freq.m Gain (dB) DC-2CHz  @1dBComp. Dynamic RangeA  Resist.  Operating Power ~ $ea.

Model (MHz) 0.1GHz 2GHz (dB) (dBm) NF{(dB) 1P3(dBm) Bjc,°C/W Current(mA) Volt (25 Qty)
GAL-1 DC-8000 12.7 11.8 +0.5 12.2 4.5 27 108 40 3.4 .99
GAL-21 DC-8000 14.3 1341 +0.6 12.6 4.0 27 128 40 3.5 .99
GAL-2 DC-8000 16.2 148 0.7 12.9 4.6 27 101 40 35 99
GAL-33 DC-4000 19.3 175 09 13.4 39 28 110 40 43 99
GAL-3 DC-3000 224 19.1 1.7 12.6 35 25 127 35 33 99
GAL-6F DC-4000 12.1 116 03 15.8 45 355 93 50 48 1.29
GAL-4F DC-4000 14.3 13.4 1056 16.3 40 32 93 50 4.4 1.29
GAL-51F DC-4000 18.0 159 +1.0 16.9 35 32 78 50 4.4 1.29
GAL-5F DC-4000 20.4 17.4 +1.5 15.7 3.5 31.5 103 50 43 1.29
GAL-55 DC-4000 21.9 18.5 +1.7 16.0 33 285 100 50 43 129
GAL-52 DC-2000 22.9 17.8 +25 16.5 2.7 32 85 50 4.4 129
GAL-S66 DC-3000 22 173 +2.4 2.8 27 18 136 16 3.5 99
GAL-6 DC-4000 122 118 +0.3 18.2 4.5 35.5 93 70 50 1.49
GAL-4 DC-4000 14.4 135 +0.5 17.5 4.0 34 93 65 46 1.49
GAL-51 DC-4000 18.1 161 +1.0 18.0 3.5 35 78 65 45 1.49
GAL-5 DC-4000 206 175 16 18.0 35 35 103 65 4.4 149

m Low freq, cutoff determined by external coupling capagcitors TMUglsuruﬁ in [est_hxturc P/N 90-6-20-26 Desrgners Amphﬁer Kits: K1-GAL: Only $99 95

AModels tested at 2GHz except GAL-4, -5, -6, -61, -52, -6F, -4F -51F, -5F, at 1GHz.
*Subject to terms and conditions of the warranty published in our current Designer's Guide. Complete specifications Contains 10 Ea. of GAL-1,-2, -3,-4,-5,-6,-21,-33,-51 (90 pieces total)

performance data, and reliabllity report available on our web site. K2-GAL: Only $64.95
Newest models added to series. Contains 10 Ea. of GAL-6F, -4F, -51F, -5F -55 (50 pileces total).
Mini-Circuits...we're redefining what VALUE is all abc Kits Include Specifications, S-Parameters, And A Free Test Fixture!
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Range NF  GanFat 1dBcomp. 3dOder VSWR DCCarent
(GH2) (dBmin) (dBmax) (+dB) pt.(dBmmin) ICPmin In/Outmax

(mA)
MEDIUM POWER AMPLIFIERS (UP T02 WATTS)
JCAOI-POT  05-1.0 35 35 1 201 250
JCA12-PO1  1.0:20 2 3 1 30 40 201 800
JCA34-PO1 3742 30 3 1 30 40 201 750
ICAS6-PO1  5.964 30 3 1 30 40 201 850
ICA78-PO1  7.9-84 30 4 1 30 4 201 900
JCA812-P2 83117 4 5 15 3 4 201 1700
JCA10-PO1 95100 30 4 1 3 4 201 1300
ICAT011-POT 107117 30 4 1 30 4 20:1 950
JCA1819-P01 18.1-186 30 5 1 27 37 201 800
RADAR & COMMUNICATION BAND LOW NOISE AMPLIFIERS
JCAZ3-302 2223 30 08 0.5 10 2 201 80
JCA34301 3742 30 1 0.5 10 2 20:1 80
JCAS6-502 5459 30 1 0.5 10 20 201 160
JCATE-305 725175 27 12 0.5 13 3 01 100
JCA10-305  9.0-95 27 14 0.5 13 3 1.5:1 150
JCAI12:305 117122 27 15 0.5 13 3 151 150
JCA1415-305 140145 26 16 0.5 13 3 1541 160
JCA1819-305 18.1-186 22 20 05 10 2 1541 160
JCA2021-600 202212 30 22 1 13 3 151 240
TRI-BAND AMPUFIERS (5. 85 T0 14.5)
ICA314-201  5.85-145 8 1 2 20 100
JCA514300 585145 14 6 LS 10 2 20:1 150
JCAS14302 585145 22 6 15 2 30 20: 350
JCA514-400 585145 25 6 e 10 20 201 250
JCA514-403 585145 32 6 1.5 3 B 201 500
JCA514501 585145 35 6 15 16 26 201 35
JCAS14503 585145 4 b 15 3 B 204 500
ULTRA-BROAD BAND AMPLIFIERS (2.0 TO 18 GH2)

ICA218-200  2.0-18.0 5 25 10 2 201 90
JCA218-300  2.0-18.0 23 5 25 10 2 201 110
JCA218-400 20180 29 5 25 10 20 201 150
JCA218-500 20180 39 5 25 10 2 2011 180

JeA's




Letters

Editor:

I was somewhat disturbed by the comments on trav-
eling wave tube amplifiers (TWTAs) in the article
“Design and Test Considerations for Multicarrier LMDS
Radios” (August 2001). Although the article made many
excellent points, its representation of the trades
between TWTAs and solid state power amplifiers
(SSPAs) was inaccurate.

The choice between TWTAs and SSPAs depends on a
number of factors. Generally, the higher the operating
frequency and output power required from an amplifier,
the more likely the best technological choice will be a
TWTA or, its narrow band cousin, the klystron. The real
question arises at lower output power levels. In the days
before solid state devices reached the microwave fre-
quencies, TWTAs were even used for receive applica-
tions. For the 1 watt application discussed in the article,
a SSPA is probably the best choice. But at 10 watts and
above, this may not true.

The article states that “traveling wave tube technol-
ogy requires high to very high power, a large number of
carriers per transmitter (i.e., 20 to 40 carriers), low reli-
ability and high cost per sector. This method is also dif-
ficult to engineer for outdoor use and results in large
prime power and challenging back-up requirements.”
What do the authors mean by “high to very high
power”? I am particularly sensitive to this issue as there
have been several papers on Ka-band SSPAs in the 16 to
30 watt power range in IEEE MTT publications that
make similar statements. Contrary to these statements
and common beliefs, TWTAs remain the most efficient
linear power amplifiers. The reliability of TWTAs is
comparable, if not superior, to SSPAs, as found by a
recent NASA study.

Also, there is no problem operating TWTAs outdoors.
Many high power amplifier vendors offer TWTA ampli-
fiers specifically packaged for outdoor use.

A great deal has been written about the relative mer-
its of power amplifiers. Proponents of SSPAs have tried
to associate TWTAs with grided vacuum tube amplifiers
(GVTAs). However, TWTAs operate on a completely dif-
ferent physical principle than that governing GVTAs.
The only real similarity is that both make use of an elec-
tron beam. One of the most important differences is
that TWTAs, as SSPAs, are still a developing technolo-
gy. Improve-ments in TWTA parameters, such as effi-
ciency, size and power level, are announced regularly.
Because of the changes in the state of the art, it is
important that comparisons are made between ampli-
fiers of the same time frame. I am afraid some writers
have compared the most recent SSPAs with TWTAs as
they were more than a decade ago.

One of the biggest changes in TWTAs is the incorpo-
ration of linearizers in many modern TWTAs. Without
linearization TWTAs must be operated at about half the
power level of a comparably sized SSPA to achieve the

10 - ApPLIED MICROWAVE & WIRELESS

same linearity. With linearization, TWTA linearity can
be equal or superior to a similar power unlinearized
SSPA. At higher output power levels TWTAs are less
costly than SSPAs, even when TWTAs are linearized.
The output level where this cost advantage begins is
very much a function of frequency. At C-band, I found
that a 300-watt SSPA (360 watts saturated) costs about
40 percent more than a linearized 400-watt TWTA. The
SSPA is about four times the size of a comparable TWTA
and requires more than twice the electrical power.

The cost advantage of a TWTA does decrease at lower
power levels, but at 200 watts, the cost of an SSPA is
still about 25 percent greater than a linearized TWTA.
At Ka-band, these differences (cost, size, efficiency) are
much greater. Even at 30 watts and in some highly lin-
ear applications, 5 or 10 watts, a Ka-band linearized
TWTA will have the advantage.

Today, advanced TWTAs provide the highest efficien-
cy and most compact microwave power amplifier tech-
nology available. In the future, even greater efficiency
and smaller size is projected.

Dr. Allen Katz, President
Linearizer Technology, Inc.
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Editor:

I wish to thank the authors of the article “Design and
Test conditions for Multicarrier LMDS Radios” for
relating intermodulation products to LMDS link perfor-
mance in a direct and informative fashion. At the same
time, I’d like to clear up what appear to be misstate-
ments regarding the relative performance characteris-
tics of solid state and thermionic amplifiers.

The authors indicate that traveling wave tube tech-
nology is characterized by low reliability, high cost, dif-
ficulty in engineering for outdoor use and high power
consumption. Those statements are inconsistent with a



Measuring peak power?
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Sometimes all you want is a simple, hasic measurement. Peak power,

for instance. But you end up dealing with a system that’s a lot more

complicated than the measurement. Now there’s a way to get around

all of that. The Agilent Technologies EPM-P pawer measurement system.

Starting at $3,625"

TDMA, CDMA, or W-CDMA, the EPM-P system gives you capability
* Simultaneous Peak. Average, Peak-Average ratio measurements
« Four simultaneous independent time-gated power measurements
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Just call us, or go to the web site. Get in, get the measurement. and

u.5.1-800-452:4844, ext. 7513 :
canada [-877-894-4414, ext 7390 get out. No hoops, no confusion.
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Letters

growing body of empirical evidence. For the power lev-
els required for LMDS architectures, TWTAs have been
found to be two to four times more efficient than SSPA
equivalents. A representative state-of-the-art 10-watt
Ka-band SSPA from U.S. Monolithics requires a 130-
watt power supply to produce 10 watts of utput at 1 dB
compression. Intelsat, in one of the largest studies per-
formed on the relative MTBFs of SSPAs and TWT
equivalents, found the failure rate of the SSPA popula-
tion to be about 15 percent higher than TWTs at fre-
quencies as low as C-band. When packaged for outdoor
use and integrated with appropriate power supply and
supporting circuitry, SSPAs are on the order of $10,000
each in small quantities and about $4,000 each in 1,000-
piece quantities. At that rate, LMDS SSPAs will reach
the selling price of microwave ovens equipped with mag-
netrons at quantities far greater than the LMDS market
will ever reach.

Perhaps the best solution for LMDS applications is a
synergistic blend of solid state and thermionic technolo-
gies. A 100-watt transmit module operating from 6 to 18
GHz with an overall efficiency of 40 percent at band cen-
ter has been demonstrated. The 50 dB gain of the module
was equally balanced between the MMIC driver and a
TWT output stage. The module represented a four-fold
efficiency advantage over an SSPA alone, a 20 dB
improvement in noise figure over a TWT alone and a ten-
fold reduction in size relative to either SSPA or TWT.

Solid state devices are clear winners at lower fre-
quencies and power levels, but as the number of junc-
tions increases and frequency goes up, efficiency goes
down and temperature increases exponentially. The
crossover region for MMICs versus TWTs is on the order
of tens of watts at tens of GHz, and it appears that it
will stay there for quite some time. The optimum solu-
tion for an LMDS installation is a function of informa-
tion capacity, distance, life cycle, cost, rain fade margins
and reliability. There is no panacea amplifier.

Ken Schoniger
Consultant

References
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power amplifier HPA — 2730-10” (and others).
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Editors:

The article “Microwave Multiplexer Design Based on
Triplexer Filters” (August 2001) fails to reference the
original paper describing an exact theory for contiguous
multiplexers having any number of channels. It consists
of singly-terminated bandpass filters connected in series
or parallel, plus an additional bandstop filter that
matches the entire structure at all frequencies. The
authors' paper describes the same arrangement for the
case of a diplexer plus a bandstop filter. The original
paper also describes how such multiplexers may be cas-
caded.

Although these authors have used the technique to
design a 10-channel multiplexer with 6 MHz wide chan-
nels covering the 30 to 90 MHz band, they would not
recommend widespread use, which would abandon the
commonly used computer-aided design techniques
based on combining channels without the complemen-
tary bandstop filter. Generally, it is more efficient to
avoid the bandstop filter, and in particular there is no
need to use it for the simple multiplexer described by
the authors. The exact theory may be regarded as of
interest in giving an analytic solution to a long-standing
problem, i.e., it is of academic interest. It also gives a
starting point for possible development of better tech-
niques for synthesizing manifold multiplexers, with the
bandstop filter replacing the usual end-short. In addi-
tion, the exact technique may find use where cascaded
multiplexers provide a convenient solution to difficult
problems, e.g., where two sets of contiguous multiplex-
ers are separated by a guard band.

Ralph Levy
R. Levy Associates
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Tel: 360-676-3290
Fax: 360-647-1445
E-mail: exhibitions@spie.org
Internet: http://www.spie.org/exhibitions/pw
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January 20-25, 2002

IEEE 15th International Conference on Micro Electro

Mechanical Systems (MEMS)
Las Vegas, NV
Information: Katherine K. Cline
Tel: 619-232-9499
Fax: 619-232-0799
E-mail: kkcline@pmmiconferences.com

January 29-31, 2002
IEEE International Workshop on Electronic Design,
Test and Application

Christchurch, NZ

Information: Dr. Serge Demidenko

Tel: +64 6 350 5799, x. 2457

E-mail: s.demidenko@massey.ac.nz

February 4-6, 2002
IEEE International Solid-State Circuits Conference
San Francisco, CA
Information: Diane Suiters
Tel: 202-331-2000
Fax: 202-331-0111
E-mail: isscc@courtesyassoc.com
Internet: http://www.sscs.org/isscc

February 12-14, 2002
Fourth Annual Broadband Wireless World Forum
Anaheim, CA
Information: Jane Preston
Tel: 949-443-3735
E-mail: jpreston(@scievents.com

February 19-21, 2002
International Zurich Seminar on Broadband
Communications
Zurich, Switzerland
Information: Dirk H. Dahlhaus
Tel: +41 1 63 22788
E-mail: dahlhaus@nari.ee.ethz.ch
Internet: http://www.izs2002.ethz.ch

February 25-March 1, 2002

Wireless/Portable Symposium & Exhibition
San Jose, CA
Information: Penton Media
E-mail: lwilczynski@penton.som
Internet: http://www.wirelessportable.com

March 26-28, 2002

RF & Hyper Europe 2002
Paris, France
Information: BIRP
Tel: +33 153 17 11 40
E-mail: birp@birp.fr
Internet: http://www.birp.com



Stanford Microdevices is now Sirenza Microdevices.

Stanford Microdevices, one of the industry’s most innovative
designers and suppliers of high-performance RF components for
communications equipment, has a new name: Sirenza Microdevices.

Our new name identifies a dynamic company— a company building
upon its solid leadership in RF/microwave technology to extend
uncommon innovation to emerging requirements in applications
such as fixed and mobile wireless infrastructure as well as CATV
and fiber-optic communicarions.

Bur, the new name is the only change you'll see. SMDI products
will continue to meet the most demanding requirements for

connectivity, mobility, functionality, bandwidth and reliability in
today’s—and tomorrow’s—advanced communications networks.

State-of-the-art clean room
and engineering lab.

E SIRENZA
MICRODEVICES
www.sirenza.com ® 800.764.6642

© Copyright 2001 Sirenza Microdevices. Sirenza Microdevices is a registered trademark of Sirenza Microdevices. Other trademarks are the property of their respective holder. All rights reserved.

Stanford Microdevices is neither affiliated with nor sponsored or endorsed by Stanford University.
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Calendar

SHORT COURSES

Process Sciences Inc.
SMT Bootcamp
Austin, TX ............ November 5-6, 2001
Seattle, WA . ........... November 8-9, 2001
Information: Process Sciences Inc., Tel: 512-259-7071;
Fax: 512-259-7073; Internet: www.process-sciences.com.

Besser Associates
Digital Communication Techniques

Mountain View, CA . . . ... November 5-7, 2001
Applied RF Techniques I

Mountain View, CA ... ... November 5-9, 2001

Mountain View, CA ... ... January 21-25, 2002
RF and High-Speed PC Board Design Fundamentals

Mountain View, CA ... ... November 7-9, 2001
Digital Mobile Radio Fundamentals

Mountain View, CA . .. ... November 12-14, 2001
Optical Communication

Mountain View, CA ... ... November 12-16, 2001
Signal Integrity, High-Speed, Power Distribution Design

Mountain View, CA ... ... November 15-16, 2001
Short Range Wireless Communications and Bluetooth

Mountain View, CA . . . ... November 27-30, 2001

Advanced Wireless and Microwave Techniques

Mlcrowaue & RE
Filters & Ilplexers

~ Point to Point Radi \
 Broadband Wireless Ieeoss _
 MMDS, LMDS, UMTS, GSM
» Satellite

- Frequencies trom
350MHz to 50GHz ¥ o
~ Band Pass, Low Pass andmm
© High Accuracy, o
Tuning Free Designs . _ .°
o With Excellent . ”“1'\ o
Temperature Stallllml

Fast design and delivery with first class
quality 1SO 9001 'and}SO 14001 approved

EMS 56886

Quasar Microwave Technology Limited
Battle Road - Heathfield - Newton Abbot - Devon TQ12 6XU . England.
TeI +44 (0)1626 834222 Fax: +44 (0)1626 832994

YW L L T il e s
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Mountain View, CA . ... .. December 3-7, 2001

Mountain View, CA . . .. .. February 11-15, 2002
RF Test Equipment Operation (lab)

Mountain View, CA . . .. .. December 11, 2001
RF Testing for the Wireless Age

Mountain View, CA . . .. .. December 12-14, 2001
Wireless Circuits System and Test Fundamentals

Mountain View, CA . .. ... January 7-11, 2002
RF and Wireless Made Simple

Mountain View, CA . .. ... January 14-16, 2002
RF and Wireless Made Simple 11

Mountain View, CA . . .. .. January 17-18, 2002
RF System Design Fundamentals

Mountain View, CA . . . ... January 28-30, 2002
Frequency Synthesis and Phase Lock Loop Design

Mountain View, CA . .. ... Jan. 30-Feb. 1, 2002
DSP Made Simple

Mountain View, CA . ... .. February 4-6, 2002
Introduction to GPRS and EDGE Technologies

Mountain View, CA . .. ... February 4-7, 2002
Fiber Optics Made Simple

Mountain View, CA . .. ... February 7-8, 2002

Information: Annie Wong, Tel: 650-949-3300; Fax: 650-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com.

Georgia Institute of Technology
Radar Cross Section Reduction

Atlanta, GA . .......... November 5-9, 2001
Infrared Countermeasures
Atlanta, GA ........... November 6-8, 2001

Information: Georgia Tech Distance Learning, Continu-
ing Education and Outreach, Tel: 404-894-2547; Fax:
404-894-7398; E-mail: conted@gatech.edu; Internet:
www.conted.gatech.edu.

Tektronix EMC
Systems Grounding and Shielding

San Jose, CA . ......... November 7, 2001

El Segundo, CA ........ November 12, 2001
Design for EMC

San Jose, CA . ......... November 8-9, 2001

El Segundo, CA ........ November 13-14, 2001
Information: Kimmel Gerke Associates, 1-888-EMI-
GURU (364-4878), Internet: www.emiguru.com.

International Institute of Connector and
Interconnection Technology (IICIT)
Basic Connector Technology

Orlando, FL . .......... November 7-8, 2001
Basics of Fiber Optic Interconnection

Orlando, FL ........... November 9, 2001
Communications and Standards

Orlando, FL ........... November 9, 2001
Information: Suzanne Romeo, Tel: 1-800-854-4248; E-
mail: sromeo(@iicit.org; Internet: www.iicit.org.



This Versatile,
es Are Wide Open.

~ Introducing the Lightnmg Broadband VNA, Anritsu’s
latest addition to the nghtmngVNA family. Unquestionably
the most versatile, high-performance broadband VNA on the
planet. It can be configured as a broadband VNA (from 40 Mz
to 110 GHz with Imm coax output), a standalone 65 GHz VNA
(from 40 MHz to 65 GHz with V-connector coax output), or a
millimeter wave VNA (from 65 GHz to 110 GHz with WR-10
waveguide connector output). And to give you even more
flexibility, we've made it possible for any Lightnmg modei to be
upgraded to this system. '
- Built upon the proven ¢ advanced technology developed for
 the “C” series 65 GHz Lightning VNA, the
' Lightning Broadband VNA gives you
 fast measurement throughput and the
repeatable accuracy needed for making
S-parameter measurements on either
passive or active high- frequency
components and devices. Now, throw
L ~ ina compact module design that permits
:faster, easier integration for on-wafer measurements and you
. can begm to see just how wide open the possibilities are.
= e find out more, check out our website product page
: at www nritsu.com/adsmailers/ME7808Avna.asp or
- cal TSU. You’ll“qu:ck}y see that for broadband
1 .charactemanon of high speed devices in both R&D and
- pm&uctmn envaronments, the nghtmng Broadband VNA is

” Zinritsu

Discover What's Possible™




Calendar

University of California at Los Angeles Extension
Optical Phase-Locked Loops

Los Angeles, CA ........ November 8-9, 2001
Automatic Test Equipment Selection, Design and
Programming

Los Angeles, CA ... ..... December 3-4, 2001
Design for Testability Built-In Self-Test
Los Angeles, CA .. ...... December 5-7, 2001

Information: UCLA Extension, Short Course Program
Office, Tel: 310-825-3344; Fax: 310-206-2815.

TTi Technology Training Initiative (Tustin Technical
Institute, Inc.)
Introduction to Mechanical and Structural Theory

Santa Barbara, CA . .. ... November 8-9, 2001
Fixture Design for Vibration and Shock Testing

Santa Barbara, CA . .. ... November 12-14, 2001
Environmental Testing Procedures

Santa Barbara, CA . . .. .. November 15-16, 2001
Environmental Test Specifications

Santa Barbara, CA . ... .. November 19-20, 2001
Fundamentals of Vibration for Test Applications

Santa Barbara, CA . .. ... November 26-28, 2001

Huntsville, AL ......... December 3-5, 2001

Mechanical Shock Techniques

Santa Barbara, CA . .. ... November 29-30, 2001
Information: Brian P. Slatery, Tel: 805-682-7171; Fax:
805-687-6949; E-mail: brian@ttiedu.com; Internet:
www.ttiedu.com.

Agilent Technologies
RF & Microwave Fundamentals

Winnersh, UK . ......... December 4-6, 2001
Information: Tracey Bull, Tel: +44 118 9276741; Fax:
+44 118 9276862; E-mail: tracey_bull@agilent.com.

University of Wisconsin at Madison
Engineering and Planning Telecommunication Local
Loop Facilities

Madison, WI ........... December 4-7, 2001
Information: Katie Peterson, Tel: 1-800-462-0876; Fax:
608-263-3160; E-mail: custserv@epd.engr.wisc.edu;
Internet: http://epd.engr.wis.edu.

Submit information for our Conference and Short
Courses Calendar to: amw@amwireless.com

More courses listed at www.amwireless.com

Broadhand Networking Made Simple
November -2, 2001

Short Range Wircless
Communications and Bluetooth

November 27-30, 2001

Digital Communications: Signaling

Advanced Wireless and Microwave
Techniques
December 3-7, 2001

Techniques
November5-7, 2001

Applied RF Techniques 1
November 5-9, 2001 RF Test Equipment Operation (lab)
December 11, 2001

RI and High-Speed 'C Board Design
Fundamentals

Noveniber 7-9, 2001

RF Testing for the Wireless Age (lab)
December 12-14, 2001

Digital Mobile Radio Fundamentals
November 12-14, 2001

Wireless Civcuits System and Test
Fundamenta

Janvary 7-11, 2002

Optical Communication
November 12-16, 2001 RF and Wireless Made Simple
January 14-16, 2002

Signal Integrity, High-Speed, Power -
Distribution Desi RI and Wireless Made Simple 2
January 17-18, 2002

RE Wireless, and High-Speed Digital Training

Join a new class of engineers! Over 25,000 satisfied industry professionals profit from our courses.

Applied RF Techniques |
Applied RF Technigues 1 March 25-29, 2002
January 21-25, 2002

RF and Wireless Made Simple
RF System Design Fundamentals March 25-27, 2002
January 28-30, 2002
Advanced Power Amplifier
Techniques
March 26-29, 2002

I'requency Synthesis and Phase Lock
Loop Design

January 30-February 1. 2002
Frequency Synthesis and Phase Lock
Loop Design

March 27-29, 2002

DSP Made Simple
February 4-6, 2002
Discounts available through
the end of 2001. For our
complete course catalog and
current schedule, visit us at
www.besserassociates.com

Introduction to GPRS and EDGE
Technologics
February 4-7, 2002

Fiber Optics Made Simple
February 7-8,2002
Save Money!

Bring our courses to your
workplace. Call today for
information about our onsite

training programs.

Advanced Wireless and Microwave
Technigues
February 11-15. 2002

Besser Associates™
The Worldwide Leader in RF and Wireless Training

201 San Antonio Circle, Building E, Suite 280, Mountain View, CA 94040
tel: 650-949-3300 fax: 650-949-4400 web: http://www.bessercourse.com

Space for all classes is limited; early registrations are encouraged. Schedule and venues subject to change.
The Besser Associates name and logo are trademarks of Besser Associates, Incorporated.
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‘C eninco“ - Connecting ;‘f_marter

£C1000 New Low Gost CMOS ﬂ,_’lfTranscew o
with Very Low Power consa
315/ 433 / 868 / 915 Mﬁz g

RPN O

KEOUT Ot

N if,?TIeryfm external components reqiﬁmd
'+ Low supply voftage (23-36V)
« High receiver sensitivity (-107 dBm)
* RSS! output

Ll Control Interface Block diagram CC1000 5 Iﬁth rate d bit sy ﬂchmﬂiz@f
« FSK data rate up to 19.2 kBaud
— N s =] * FSK modulation spectrum shaping (optional)
T”" @ = > ;’; t ; * Programmable output power ranging from -20 to 10 dBm
by R e o * Programmable frequency in 250 Hz steps
'HE e . i: _’q'__' QE « Crystal temperature drift compensation possible
who 4| e G el T without use of external TCXO
¥ O - :_7; « Suitable for multi channel systems and frequency
Ay e hopping protocols
e a3 o =m% « No external RF switch or IF filter required
T E - ' - « Single-port antenna connection
« Small 28 pins TSSOP package
s e s « Complies with EN 300 220 and FCC CFR 47, part 15
gﬁ””” Appiicatians Speciﬁcalinns Min  Typ (433 /868 MHz)  Max i
* Home automation G L
* Remote keyless entry
¢ Automatic meter reading

Wireless alarm and security systems
315/433/868/915 MHz SRD band systems

abuut the features of
HF—IBs visit

To learn more

Chipcon AS, Gaustadalléen 21, NO-0349 Oslo, Norway

Tol: +47 22 95 85 44, fax: +47 22 95 85 46, E-mail: wireless@chipcon.com, web: www.chipcon.com Circle 13




Calendar

CALLS FOR PAPERS

Advanced Technology Workshop on Ceramic
Applications for Microwave and Photonic Packaging

April 29-30, 2002 — Providence, RI

Topics: Portable wireless applications and Bluetooth;
base stations; broadband and millimeter-wave; military
applications; fiber optic and electro-optic applications;
materials; integrated passives; design, modeling and
simulation; testing; thermal properties; and assembly.

Authors should submit a 200-word abstract using the
online form at: http://www.imaps.com/abstracts.htm

Information: IMAPS
E-mail: abstracts@imaps.org

Deadline: December 3, 2001

SUPERCOMM 2002

June 2-6, 2001 — Atlanta, GA

Topics: Broadband, including DSL, wireless broad-
band, fiber and operations management; optics in the
core and access, optical switching and DWDM; IP and
packet-network evolution, including routers, gateways,

architectures, migration paths and protocols; wireless,
including 3G, wireless/wireline integration and applica-
tions; and communications and information technology,
including software, interoperability and OSS.

Submit a 100-word abstract, including presentation
title, along with the presenter’s name, job title, compa-
ny/affiliation, division, address, telephone, fax and e-
mail, as well as a short biography and company infor-
mation. Submit to the appropriate forum coordinator:

Global Market Forum, EtNet, Industry Updates:
Araceli Gomez
Tel: 312-559-4621
Fax: 312-559-4127
E-mail: agomez@iec.org

IEC Communications Forums, IEC Executive Forum,
Telecom Investor Forum:

Brock Silvey

Tel: 312-559-3301

Fax: 312-559-4127

E-mail: bsilvey@iec.org

Deadline: December 1, 2001

Customer
Satisfaction
with
Relial)ility

www.ntktech.com

SANTA CLARA
(408) 727-5180
Fax (408) 727-5076

SAN DIEGO
(760) 747-8843
Fax (760) 747-0689

BOSTON
(508) 820-0220
Fax (508) 820-3463

NTK rtecunoLocies

PACKAGING RF AND MICROWAVES

Call or
write
to Any
of Qur
Local
Sales
Offices

NEW JERSEY
(973) 376-6070
Fax (973) 467-5794

PHTOENIX
(602) 470-9898
Fax (602) 470-9797

AUSTIN
(512) 338-0727
Fax (512) 338-4350
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AMPS
CDMA
CDPD
DAMPS
DCS1800
ECM
EDGE
EW
GEO
GPRS
GPS
GSM900
HFC
IFF
LEO
LMDS
LMR
MMDS
NPCS
PCS
PC51900
RADAR
RFID
RLL
SMR
TDMA

TETRA
UMTS
WAP
WBA
WCDMA
WLAN
WLL
WWAN

v nears 3G

iety of precision
nents designed to meet

rrow’s wireless applications.

Vari-L can “have a
part in your future,”
please visit our website
or send us an email

at sales@vari-l.com.

4895 Peoria Street PLL Synthesizer Modules Wideband RF Transformers Couplers

OUR

= 303.371.1560 INCLUDE:

Denver, Colorado 80239 =9 Ta ] Voltage Controlled Oscillators l Power Dividers/Combiners l %

o 303.371.0845 PROUDLY MADE IN THE USA I 1509001 Certified

sales @ vari-l.com Contact the Vari-L Sales Department for your special microwave and RF component assembly needs.

Vari-L Company, Inc.
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EM-CIRCUIT

A 1930-1990 MHz LNA

(courtesy: Infineon Technologies)

The schematic and layout of
a LNA circuit

S-parameters shift slightly when
electromagnetic effects are considered

Modeled vs. Measured 3-tone test (HP856 18 spectrum analyzer)

TEST LINK reads measured data and
compares results with your model

CO-SIMULATION

GENESYS V8
combines the speed and flexibility of
circuit simulation with the accuracy of
electromagnetic simulation, allowing you
to quickly and easily use the best analysis
tool for your designs.

Say goodbye to traditional software that is
tedious and error prone when combining

EM simulation with circuit simulation.

GENESYS makes it simple. Just ask
GENESYS to simulate the layout with the
harmonic balance or s-parameter simulator.
It automatically runs EM simulation on the
layout, runs circuit simulation on the
lumped elements, and displays the
combined response. Lets you view the
effect of layout parasitics quickly and easily.
Even better, you can tune the lumped
components to compensate for secondary

electromagnetic effects in real time.

)ld On! And
get the extra power, speed and accuracy of
EM-Circuit co-simulation. With co-simulation
packages starting at $6,450 US, you'll be a

winner every time.

Phone: +1 678-291-0995

YL Fax: +1 678-291-0971
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News

BRIEFS

* The name of the IMAPS
Educational Foundation has been
changed to the Dr. Sidney J. Stein
Educational Foundation, to honor
Stein’s role as a founding member
of the foundation and his years of
service to the industry. The founda-
tion helps universities recruit and
support engineers and scientists in
microelectronics, engineering and
materials science technologies.

* Bechtel Telecommunications
has opened a Training, Demon-
stration and Research (TDR)
Laboratory at the company’s head-
quarters in Frederick, MD. The
TDR Lab is designed to showcase
the company’s simulation and eval-
uation capabilities for both wireless
and wireline network design,
including such protocols as VoIB,
PSTN, LMDS, MMDS, 2G/3G wire-
less and IEEE 802.11 WAN.,

* di/dt has announced the com-
pletion of a new manufacturing and
headquarters facility in Carlsbad,
CA. The 65,000-square-foot facility
houses complete assembly and
administrative activities for the
DC/DC power conversion company.

* Invisix™, a mobile wireless
systems integrator jointly owned by
Motorola and Cisco Systems, has
announced plans to open a new
Competency Centre in Jaguariuna,
Brazil. The location will focus on
the development of both General
Packet Radio Service (GPRS) and
Code Division Multiple Access
(CDMA) 2000 1X solutions.

* Qusion Technologies, a manu-
facturer of monolithically integrat-
ed optical components on indium
phosphide, has opened a new fabri-
cation facility at its headquarters
in North Brunswick, NJ. The
8,000-square-foot facility includes a
3,000-square-foot class 1000 clean
room and a 400-square-foot class
100 photolithographic clean room.

Research center to develop ICs

Atmel Corporation, Multilink
Technology Corporation and United
Monolithic Semiconductors (UMS)
have announced a partnership with
the University of Ulm in Ulm,
Germany, to create a joint research
and development group.

The Competence Center on
Integrated Circuits in Communi-
cations will conduct research and
development activities on integrated
circuits for analog functions in wire-
less and high-speed optoelectronic
systems, as well as semiconductor
device modeling and device and cir-
cuit characterization. The research
projects will make use of Atmel’s sil-
icon and silicon geranium process-
ing facilities, as well as UMS’ galli-
um arsenide processing.

Examples of planned projects
include high linearity amplifiers for
Code Division Multiple Access
(CDMA) systems and front-end ICs
for high-end, long-haul fiber optic
communication systems operating
at 40 GHz and beyond.

The three companies are supply-
ing funding for the center, with the
University of Ulm providing offices,
laboratories and other infrastruc-
ture support.

Additional startup funding will
come through the State of Baden-
Wurttemberg’s Ministry of Science,
Research and Art. Also contributing
through an ongoing grant program
will be the Stifterverband fur die
deutsche Wissenschaft, an industry-
led scientific funding organization.

Submit information for our News
section to Shannon O’Connor via
E-mail at: amw@amwireless.com.
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New thermoelectronic material
increases cooling capabilities

Research Triangle Institute (RTI)
has developed a new thermoelec-
tronic material that is 2.4 times
more efficient and responds 23,000
times faster than existing materials.
The new material was introduced in
the October 11, 2001, issue of
Nature magazine.

A thermoelectronic module using
one square centimeter of RTI’s new
material could provide 700 watts of
cooling under a temperature gradi-
ent of 58 degrees F. Tiny dots of the
material, applied specifically to hot
spots on a microprocessor chip,
would give better performance than
cooling the whole chip and would
consume less power.

The technology emerged from a
U.S. Department of Defense initia-
tive targeting thermoelectronic
technology. Funding for RTI’s
research has been provided since
1993 through the Office of Naval
Research and the Defence Advanced
Research Projects Agency.

Applications for the advanced
thermoelectronic material could
include lower voltage electroholo-
graphic devices, proteomic chips for

biotechnology and electrical conver-
sion in hybrid automobiles.

RTI is an independent research
organization based in Research
Triangle Park, NC.

Procter & Gamble donation
supports university research

Procter & Gamble has announced
the donation of its proprietary
Smart Power Management (SPM)
technology to the University of
Illinois at Chicago (UIC). The dona-
tion includes all patents and accom-
panying intellectual property.

The SPM development program
will be administered through UIC’s
College of Engineering. The school
plans to start up a faculty-led busi-
ness to complete commercial devel-
opment and deployment. According
to Procter & Gamble, the company
regularly donates technology such
as the SPM program because it can-
not fully develop all of the more
than 27,000 patents it holds.

SPM technology consists of micro
integrated circuits that deliver effi-
cient power, enabling the develop-
ment of smaller, lighter electronic
devices as well as increasing the
usable life of batteries.



WORLD’S FIRST ANALOG SWITCHES
IN UCSP PACKAGES

Smallest Switching Solution Available for Cell Phones Has 0.5<2 Ron at +3V

The MAX4684 family of analog switches are the highest performance, smallest switches available in the industry today.
They are specifically designed for precision signal routing and switching in cell phones, wireless LAN, and any next-
generation portable devices employing chip-scale package technology. These devices are offered in single-pole/single-
throw (SPST) and single-pole/double-throw (SPDT) configurations and come in the tiny UCSP package array.

INDUSTRY’S SMALLEST FOOTPRINT

10-PIN MAX 12-BUMP UCSP
' :E.Qﬁmm E 1.5mm
- - B
4.90mm 2mm

AREA = 14.46mm? AREA = 3mm?

SWITCHING BETWEEN INTERNAL 8CQ
SPEAKERS AND EXTERNAL 322 HEADSET

)7‘ To Internal Speaker

/ To External /
To Internal Speaker
80% Smaller! 7ot pesprore
MAXSI684
Choose from One of Twelve UCSP Switches for Your Next Gell Phone Design!
Ron MAX Ron Ron SUPPLY VOLTAGE
PART FUNCTION ©) MATCH (©) FLATNESS (©2) ton torr ) PACKAGE
MAX4686/7 | SPST NO/NC 25 — 1 30 12 +1810 +6.5 2 x 3 UCSP
MAX4696/7 | SPST NO/NC 35 — 13 80 25 +2.010 +5.5 2x3UCSP
- MAX4688 SPDT 25 0.4 1 30 12 +1.810 +5.5 2x3UCSP
MAX4698 SPDT 35 2 13 80 25 +2.0 10 +5.5 2 x 3 UCSP
MAX4684/5 | Dual SPDT 0.5/0.8 0.06 0.15/0.35 50 30 +1.810 +55 3 x 4 UCSP/10-uMAX
| MAX4693/4 | Triple/Quad SPDT 70 5 6 300 100 | +2.0to +11/+210 £5.5 | 4 x 4 UCSP/16-QFN
MAX4691 8:1 Mux 70 5 6 300 100 | +201to +11/x2t0 +55 | 4 x 4 UCSP/16-QFN
MAX4692 Dual 4:1 Mux 70 5 6 300 100 | +201to +11/+2t0 +55 | 4 x 4 UCSP/16-QFN

UCSP is a trademark of Maxim Integrated Products.

MUX & SWITCH  ANALDS 1) q

€ World's Plrst Analog Switches in

FREF Mux & Switch Design Guide—Sent Within 24 Hours!
Includes: Reply Cards for Free Samples and Data Sheets

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Time

M AXIMW

www.maxim-ic.com

2001 EDITION!
FREE FULL-LINE DATA CATALOG
ON CD-ROM

N\\GUU.

ARROW ELECTRONICS, INC.
1-800-777-2776

""“‘AVNE T

=== electronics marketing
1-800-332-8638

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
Distributed in Canada by Arrow and Avnet Electronics Marketing.

M AXILM is a registered trademark of Maxim Integrated Products, Inc. © 2001 Maxim Integrated Products.
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Amplifiers

Freq. Gain NF P-1 SSG VSWR IT
min max min flat 50 ohms +12vdc
(GHz) (dB) (dB) (dBm) (dB) (max) (ma)
5P26 18-26 20 4.0 120 175 22/22 325
1006
SP40 26-40 25 65 150 20 22/22 450
1007
SP40 18-40 20 65 150 25 22/22 475
1009
SP50 33-50 120 8.0 120 25 25/25 475
1005
SP60 40-60 25 85 120 25 25/25 450
1007
SP75 60-65 20 10 100 25 2525 450

1005

Banc
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News

BUSINESS AND FINANCE

RF Micro Devices to acquire
RF Nitro Communications

RF Micro Devices has announced
an agreement to acquire RF Nitro
Communications of Charlotte, NC.
Financial terms were not disclosed.

RF Nitro’s operations include a
four-inch wafer fabrication facility,
scheduled for completion this year,
that will be used both for produc-
tion and as a technology incubator.
The company also has design,
assembly and test facilities for three
compound semiconductor IC tech-
nologies, InGaP HBT, GaAs
PHEMT and GaN HEMT, on both
silicon carbide and sapphire sub-
strates. The company is expected to
operate under the name RF Micro
Devices Charlotte.

RF Micro Devices, based in
Greensboro, NC, manufactures pro-
prietary radio frequency integrated
circuits for wireless communica-
tions products and applications.

Motorola wins network contracts

Motorola has announced several
contracts for network expansion
services in China, India, Ukraine
and the United States.

* Under two contracts with
China Mobile Communications
Corpora-tion, Motorola will expand
the existing GPRS network in seven
provinces, as well as the 800 MHz
CDMA network in Hebei Province.
The CDMA contract is valued at
$34.8 million; the value of the GPRS
network was not disclosed.

* A $178 million contract with
Bharat Sanchar Nigam Ltd. calls for
the deployment of a GSM communi-
cations infrastructure in each of the
four states in southern India. A sep-
arate $70 million contract with
Bharti Enterprises will result in a
GSM network, including GPRS ser-
vices, in western India.

* CST Invest Ltd. has awarded
Motorola a contract to deploy a 3G
CDMA 2000 1X network in
Dnepropetrovsk, Ukraine. Finan-
cial terms were not disclosed.

* An agreement with Horizon
PCS calls for the upgrade and
expansion of the company’s existing
CDMA system in Pennsylvania,
Ohio, Tennessee, Indiana and por-
tions of New York and New Jersey.
The value of the contract is approx-
imately $30 million.

Motorola, based in Schaumburg,
IL, provides semiconductors, inte-
grated communications solutions,
embedded electronic systems, com-
ponents and network supply and
infrastructure services.

C-MAC to acquire circuit
switching lines from Nortel

Nortel Networks has reached an
agreement for C-MAC Industries to
purchase most of Nortel’s digital
multiplex system (DMS) manufac-
turing activities. In return, C-MAC
will supply Nortel with systems
integration, configuration and test-
ing services for DMS products.

Under the agreement, C-MAC
will acquire most of the DMS-relat-
ed manufacturing activities per-
formed at Nortel’s Systems House
in Research Triangle Park, NC, as
well as similar activities from the
Systems House in Monkstown,
Northern Ireland.

C-MAC, based in Montreal,
Quebec, Canada, manufactures
integrated electronic solutions from
components to full systems for com-
munications, automative, instru-
mentation, defense and aerospace
equipment markets. Nortel, based
in Toronto, Ontario, Canada, pro-
vides networking and communica-
tions solutions and infrastructure.

Celestica acquires Omni

Celestica has announced the
acqusition of electronics manufac-
turing services provider Omni
Industries Ltd. of Singapore in a
stock and cash transaction.

Celestica, based in Toronto,
Ontario, Canada, provides electron-
ics manufacturing, design, testing
and distribution services.



If you can dream it,
TRU can engineer it

«._ (even when you're thinking small)

N

If connecting point A ,
to point B in your next S X
design requires innovative

thinking, there’s only one place to tum.

At TRU, we’re constantly building on

our reputation for precision engineered
interconnects. And with the introduction
of robust subminiature designs, your dream
of a perfectly engineered high frequency
connection is now a reality. We now

offer SMA, SMB/SMC, BMA, MCX, 1.0/2.3,
and K (2.9mm) interconnections with the
same quality of attachment, plating, and
launching you've come to expect from TRU.
Visit our Web site or call 800-COAX-TRU for
more details.

www.tru-con.com
Circle 17



News

BUSINESS AND FINANCE

Harris receives Air Force contract
Harris Corporation has received
a one-year, $24.3 million contract
from the U.S. Air Force to provide
operations, maintenance and sup-
port services for the Air Force
Satellite Control Network (AFSCN)

and Global Positioning System
(GPS) ground network.

The contract, awarded through
the Operational Space Services and
Support (OSSS) program, is part of
$50 million in agreements awarded
to Harris. Options for five addition-
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al years could increase the total
value to $202 million.

Under the contract, Harris
Technical Services Corporation
(HTSC) will provide antenna oper-
ation, GPS site software and hard-
ware support, satellite orbital
analysis, technical assistance and
other services at several locations.

HTSC, based in Alexandria, VA,
is a wholly owned subsidiary of
Harris Corporation that provides
engineering and technical support
solutions for defense and govern-
ment markets.

1lliCom using WaveRider system
for network expansion project
WaveRider Communications has
announced that IlliCom Techno-
logies has purchased WaveRider’s
Last Mile Solution® system to
expand its wireless network in east
central Illinois. IlliCom will intro-
duce broadband internet access
using WaveRider’s LMS3100 non-
line-of-sight wireless products.
The LMS3100 system is de-
signed to deliver broadband inter-
net access at speeds of 1.4 Mbps
using the 900 MHz spectrum. The
system includes a wireless modem
and indoor antenna that can be
easily installed by subscribers.
WaveRider, based in Toronto,
Ontario, Canada, provides data
communications and wireless
internet networking products.

Vyyo receives 3.5 GHz order

Vyyo has received an order from
China Communications Systems
Company Ltd. (China Comm) for
the deployment of a 3.5 GHz broad-
band wireless network in China.
Financial terms were not disclosed.

Under the agreement, China
Comm will install Vyyo’s system in
the cities of Wuhan, Nanjing,
Qingdao, Xiamen and Chonging.

Vyyo, based in Cupertino, CA,
supplies point-to-multipoint broad-
band wireless access systems for
multiple frequencies.
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Wideband Transformers: An
Intuitive Approach to Models,
Characterization and Design

By Chris Trask
Sonoran Radio Research

ideband transformers constructed
‘;‘; with high permeability ferrite and
powdered iron magnetic materials are
used extensively for impedance matching,
power combining and power splitting, as well as
other functions, for frequencies ranging from
VLF to VHE. Despite this broad range of uses, a
concise step-by-step procedure for characteriz-
ing wideband transformers and effecting a
design making full use of the parasitic reac-
tances is lacking.

This article presents such a procedure as well
as discusses the development of the equivalent
circuit of the wideband transformer. The new
procedure aims to provide the designer with a
means for obtaining an intuitive understanding
of the limitations and compromises.

Ideal transformer model

In an ideal transformer, as shown in Figure 1,
all the magnetic flux produced in one winding
links all the turns of the second winding. Thus,
the voltage and current ratios are [1]:

a_Ns_ 1

vi Np n (1
I

Z=n (2)

where Np and Ng are the number of turns for
the primary side and secondary side, respective-
ly. The ideal transformer does not exist in the
real world, but is instead affected by a number
of parasitic elements.

Lossless transformer model

Actual transformers differ from the ideal
transformer in several ways. A schematic of the
equivalent model of a lossless transformer
model is shown in Figure 2. The low-frequency
performance is determined by the permeability
of the core material and the number of turns on
the windings [2]. The high-frequency perfor-
mance is limited by the fact that not all of the

iy k;i‘g“al iz
+O0——  ——O+

Vi V2

-0 ro-

A Figure 1. Ideal transformer model.
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A Figure 2. Lossless transformer model.
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A Figure 4. Wideband transformer model.

flux produced in one winding links to the second wind-
ing, a deficiency known as leakage [1].

Since the leakage flux paths are primarily in air, the
resultant primary and secondary leakage inductances
L;; and Lj;; are practically constant [3, 4]. A mutual
inductance (M) between the two windings is a result of
the linked flux in the transformer core. The nonlineari-
ty of the magnetic characteristics of the core material is
generally assumed to affect only the relation between
the mutual flux and the exciting current. The mutual
inductance M is determined by way of:

M= L,Lsk (3)

where Lp and Lg are the primary and secondary winding
inductances, which are measured at low frequency with
an inductance bridge, leaving the opposite winding
open. The coupling coefficient % is then determined by:

k=2 Le o (4)
Vl \f LS

where v; and vy are easily measured across the primary
and secondary terminals with a high impedance probe
and a network analyzer, an RF sampling voltmeter, or an
oscilloscope with the secondary unloaded and at a fre-
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quency that is much lower than the first resonant fre-
quency of the transformer [5]. The value of k is always
less than one, because perfect coupling between wind-
ings is unachievable. The coupling between windings
can be improved by such techniques as twisting the
wires together, which increases the interwinding capaci-
tance, or the use of coaxial transmission line where the
coupling fields are completely contained within the
dielectric.

With the mutual inductance known, the leakage
inductances L;; and L;; can be determined by way of [4]:

M
Lp=Lg— -n_ (6)

It is often convenient to describe transformer models
from the viewpoint of the primary winding. The model
as such for the lossless transformer is described in
Figure 3.

Lossless wideband transformer model

The transformer model that has been described so far
is adequate for describing low-frequency transformers
such as those used at audio frequencies where any para-
sitic resonances are far outside the frequency range of
interest. At higher frequencies, however, these reso-
nances, which are the result of stray capacitances, come
into play. The three principle capacitances that define
the wideband transformer are shown in Figure 4.

It is generally understood that the capacitances asso-
ciated with wideband transformers are distributed, but
it is inconvenient to model transformers by way of dis-
tributed capacitances per se; thus a single lumped capac-
itance is used.

In Figure 4, capacitor C;; represents the distributed
primary capacitance, which is a result of the shunt
capacitance of the primary winding. Likewise, Cys rep-
resents the shunt capacitance of the secondary winding.
Some models depict these shunt capacitances as a single
capacitor in parallel with the mutual inductance nM [6],
but such models do not fully describe the resonances
experienced in high-frequency transformers. Capacitor
Cys is referred to as the interwinding capacitance [7],
and is also a distributed capacitance. In conjuction with
the distributed inductance of the windings, capacitor C;,
can form a transmission line whose characteristic
impedance can be controlled by way of the wire size,
insulation thickness, and degree of twisting [8].

As with the earlier model of the lossless transformer,
it is convenient to describe the lossless wideband trans-
former model from the viewpoint of the primary wind-
ing, as shown in Figure 5. Here, the three model capaci-
tances are transformed in the following manner [4]:
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, |
C|1=C11+C12(1__} (7)
n
C
Cj,=—12 (8)
n
. C |
Gy = “nsz"' Clz(;_l) 9)

In some circumstances, the capacitance C';; may be
hypothetically negative [4]. Furthermore, the capaci-
tance C'y; is frequently ignored, since its effects are gen-
erally unimportant due to its position in the circuit [4].
However, at HF and higher frequencies it should be eval-
uated to determine its contribution to the high-frequen-
cy cutoff point.

Using the equivalent circuit shown in Figure 6, the
interwinding capacitance C'5 can be determined by first
measuring the parallel resonant frequency fi5 of the
unloaded transformer. Begin by connecting an appropri-
ate signal generator to the primary winding of the trans-
former. Using a high impedance probe with a network
analyzer, an RF sampling voltmeter, or an oscilloscope,
observe the voltage at the secondary winding while
adjusting the frequency of the generator. The resonant

A Figure 7. Equivalent circuit for determining C',.
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A Figure 6. Equivalent circuit for determining C'y, and C'5,.

frequency f}9 is the point where the voltage across the
secondary winding reaches a null, or minimum.

1

Ch=——
LEQ2(2ﬂf12 )2

(10

where the equivalent transformer inductance Lpg, is
determined by:

nML 11

nM + L,

Lpgr= (11)

The output shunt capacitance C'95 can now be deter-
mined by measuring the series resonant frequency /5, at
the input terminals of the transformer. With the gener-
ator still connected to the primary winding, adjust the
frequency while observing the voltage across the prima-
ry winding. The resonant frequency f5, is the point
where the voltage across the primary reaches a null, or
minimum.

, 2
1—C12L5Q2(2”fzz)

Cﬁz =
Lyor (27 )

(12)

In a similar manner, the input shunt capacitance C’y;
can be determined by measuring the series resonant fre-
quency f;; at the output terminals of the transformer.
Begin by connecting the signal generator across the sec-
onday winding, leaving the primary winding open. The
resonant frequency f1; is the point where the voltage
across the secondary reaches a null, or minimum.

2
1-Cl, Lo, (27,
i = 12 I:Ql( 1) (13)

LEQ](Zﬂfn)z

where the equivalent transformer inductance Lpg, is
determined by:
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Generally, the factors which affect the

insertion losses of the wideband trans-

I?ﬁai former at lower frequencies, attributed to

+ | the permeability of the core material and
the amount of wire in the windings [2],
have a negligible effect in the higher fre-
quency regions [9]. At the same time, the
factors associated with losses at higher fre-
E quencies, attributed to the skin effect of the
wire and the ferroresonance of the core

A Figure 8. Complete wideband transformer model.

n*ML |,

——2
M+nL, " (14)

LF,Q1=

Complete equivalent wideband transformer model

No discussion about transformer models is complete
without some mention of losses. Two principle loss
mechanisms are involved in the wideband transformer:
the resistive loss in the copper wires and the hysteresis
loss in the ferromagnetic core material. Figure 8 depicts
the complete model of the wideband transformer, which
has been referred to the primary side earlier. The series
resistance R; represents the loss associated with the
wire in the primary winding. This resistance is nonlin-
ear, increasing with frequency according to Vi because
of the skin effect of the wire itself [5]. Similarly, the
series resistance Ry represents the loss associated with
the wire in the secondary winding. Due to the short wire
length used in wideband transformers having ferromag-
netic cores, the contribution of the resistive loss to the
total loss is small and is therefore generally omitted [5].

The shunt resistance R represents the hysteresis
loss due to the ferromagnetic core [9], which increases
with ®? or even w?, and is significant in transformers
that are operated near the ferroresonance of the core
material [5]. In general, this is not a problem provided
that proper consideration is given to the selection of the
core material.

||
G, (op‘tiional)

n:1 .

V4 V2
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A Figure 9. Matching network components.
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material, have a negligible effect at the

lower frequencies [9]. At midband frequen-

cies, losses are more likely to be a result of
impedance mismatches.

Wideband transformer as a matching network
component

Using a wideband transformer at HF and especially
VHF frequencies without compensation is poor design
practice. The series inductance alone is sufficient to
reduce the high-end performance, and the capacitances
do not make things much better. Therefore, we consider
the equivalent series inductance of the transformer as
being the series inductor of a 3-pole lowpass filter. We
then add appropriate capacitors to the input and output
and possibly one from the input to the output to com-
plete a wideband matching network with minimal loss.

For the purpose of including the transformer induc-
tance as an element in a wideband matching network,
we first recognize that this equivalent inductance deter-
mines the maximum usable frequency w,,, for the
matching network. Therefore, we begin by determining

@max DY
— norm

Wmax =

Lo Ry

LEQ! (15)

where Rg is the source impedance of the generator and
L, o is the normalized inductance of the lowpass filter
section that will be used. A fairly complete listing of the
protoype values for a wide range of filter approximations
is shown in Table 1 [10, 11]. The added input and out-
put capacitances C; and C, are determined by:

C
Cl - Inorm Cll

@ ax RS (16)

2
C, = h C2nor'm -C
2 22

- @ max RS o

where Ci,om and Copo are the normalized input and
output capacitances of the lowpass filter section, also
listed in Table 1. Except for Bessel and Gaussian filter
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sections, which are time delay filters [12], the prototype
values for Cy, ., and Cyp, are identical.

In some cases, it may be desireable to make an
Inverse Tchebychev or elliptical filter section, such as in
the case where additional close-in harmonic energy
needs additional suppression, keeping in mind that the
group delay variations in the vicinity of the cutoff fre-
quency are more severe than for other filter types. In
such a situation, an additional capacitance can be
included from the input to the output of the trans-
former:

nC';
C - Jnorm C
3 —a) R 12 (18)

max

Note that the transformer must be symmetrical, i.e.,
either noninverting unbalanced to un-balanced or bal-
anced to balanced.

Design procedure summary

* Using an inductance bridge, measure the primary and
secondary winding inductances Lp and Lg.

* Using a signal generator, and a high impedance probe
with a network analyzer, a sampling RF voltmeter, or
an oscilloscope, measure the input and output voltages
vy and vy at an approriate midband frequency.

¢ Calculate the coupling coefficient £ using Equation (4)
and the mutual inductance M using Equation (3).

* Calculate the primary and secondary leakage induc-
tances Lj; and L, using Equations (5) and (6), respec-
tively.

* Calculate the equivalent inductances Lgg; and Lyggs
using Equations (14) and (11), respectively.

* Continuing with the test setup described in (2), mea-

sure the transmission parallel resonant frequency fs,

the input series resonant frequency f;;, and the output
series resonant frequency foo.

Calculate C’y5, C'9 and C’';; using Equations (10),

(12) and (13), respectively.

Calculate Cy5, C;; and Cyq using Equations (8), (7) and

(9), respectively.

Select a filter prototype from Table 1.

Calculate the maximum usable frequency w,,,, using

Equation (15).

Calculate the values for the input and output match-

ing capacitors C; and Cy using Equation (16) and (17),

respectively.

e If required, calculate the value for the capacitor Cq
using Equation (18).

Conclusion
Many considerations influence the design of circuits
employing wideband transformers. It is not sufficient to
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Fiher Type Clrmrm CZnurm Lnorm C]narm
Butterworth 1.000 1.000 2.000
Bessel 1.255 0.192 0.553
Gaussian 2.196 0.967 0.336
Tchebyschev
0.1dB 1.032 1.032 1.147
0.5dB 1.596 1.596 1.097
1.0dB 2.024 2.024 0.994
Inverse Tchebyschev
20dB 1.172 1.172 2.343 0.320
30dB 1.866 1.866 3.733 0.201
40dB 2.838 2.838 5.677 0.132
Elliptical
(0.1dB Passband Ripple)
20dB 0.850 0.850 0.871 0.290
25dB 0.902 0.902 0.951 0.188
30dB 0.941 0.941 1.012 0.125
35dB 0.958 0.958 1.057 0.837
40dB 0.988 0.988 1.081 0.057
Elliptical
(0.5dB Passband Ripple)
20dB 1.267 1.267 0.748 0.536
25dB 1.361 1.361 0.853 0.344
30dB 1.425 1.425 0.924 0.226
35dB 1.479 1.479 0.976 0.152
40dB 1514 1.514 1.015 0.102
Elliptical
(1.0dB Passband Ripple)
20dB 1.570 1.570 0.613 0.805
25dB 1.688 1.688 0.729 0.497
30dB 1.783 1.783 0.812 0.322
35dB 1.852 1.852 0.865 0.214
40dB 1.910 1.910 0.905 0.154

A Table 1. Matching section prototype values.

conclude the design by simply choosing the wire and the
core material to be used. The parasitic inductive and
capacitive reactances that accompany the transformer
must be considered in the overall circuit design in order
to realize the best possible performance. The trans-
former models and equivalent circuits presented here
should help the designer gain an intuitive understand-
ing of the nature of these reactances and their impact on
the circuits in which they are to be used. The procedure
shown should give the designer a brief but thorough
methodology for analyzing the transformers at hand and
then completing the circuit design with the transformer
parasitics incorporated in a broadband matching circuit
with minimal losses. ]
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Waveguide-Based Dielectric
Measurements of Solid Low and
Medium Dielectric Materials

By Travis J. Mensen and Bryan L. Hauck

Rockwell Collins

his article provides an

I overview of a method for

characterizing the real part

of the dielectric constant of solids

as implemented at Rockwell

Collins. This method is based on

the waveguide reflection method

originally developed by the

National Institue of Standards and
Technology (NIST).

The Rockwell Collins method
was developed using an Agilent
8510C for the network analyzer.
The calibration kit is an X-band waveguide cali-
bration kit from Maury Microwave. Agilent
makes a software package, 85071C, that is based
on algorithms designed by NIST for measuring
the dielectric constant of materials in waveguide
or coax. A computer with a minimum of 64 MB
of RAM and a 400 MHZ processor is also used,
and communication to the 8510C runs through
the GPIB interface. Some of the smaller tools
include a screwdriver, wrench, allen wrench (if
needed), vise, scissors, copper tape, hardware
and a caliber.

The process for measuring the dielectric con-
stant is very delicate. The first step is to ensure
that the waveguide pieces are precisely lined up
using guide pins. A waveguide extension is used
to prevent modal disruption. The extension is
clamped into a vise for convenience and to pre-
vent the cable from moving, which helps pre-
vent phase changes during a measurement
(Figure 1).

Starting the Agilent 85071C program loads
the parameters into the Agilent 8510, which is
necessary to prevent program failure when tak-
ing a measurement. The program does not load

42 - APPLIED MICROWAVE & WIRELESS

A Figure 1. Complete setup of material sample holder.

two parameters, Z, and waveguide delay. Z,
should be set to 1 ohm for the waveguide
method, and waveguide delay should be set for
the frequency cutoff of the waveguide under the
response menu of the Agilent 8510. The pro-
gram and analyzer are now properly configured
for calibration.

The sample holder must be included during
the calibration so that it is calibrated out. As
shown in Figure 2, the holder is two pieces, so a

U-Holder  Double L1 Double L2 Double L3

A Figure 2. Collection of material sample holders.
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Dielectric Constant e materials, their dielectrics an
Th terials, their dielect: d
50, - - .
; i . . %i8% [“lieews | the measurement frequencies are
| Voo =851 ¢ =237609 | shown in Table 1. The results should
45+ —— 5 =46.7581 & =46.587 s
i [—Mez have a smooth response within 10
w0l | Moso| | 53028 GH: percent of nominal, preferably within
g | b = 248239 5 percent.
€ w = 47.5022 .
85/ ‘ The first material sample holder
3 | f= 10 she was K-band waveguide, because some
L ] T - + .
50 24098 of the materials used were only avail-
a8 | able in small sizes. Samples of mater-
25 — f= 11.4025 GHz . . .
[ o— v — Ry ial that have a known dielectric were
0l o 2728 used to verify that the program was
L v = 47 6545 . .
| — e T meeting the required standards. The
15! ) . I . . material measured in K-band was not
A A available commercially, so the experi-
ment was moved to X-band.

A Figure 3. Measurement results of MG 20, MC 25 and MC 50.

Material Dielectric Constant Frequency (GHz)
TMM 3 3.27 10

TMM 4 45 10

T™MM 6 6 10
TMM 10 9.2 10

MC 20 19.4 10

MC 25 24.65 6

MC 50 48.13 1

A Table 1. The materials, their dielectrics and the corre-
sponding frequencies.

small misalignment is possible between the two pieces.
To help correct this problem, a copper shim tape is used
between the waveguide extension and the material sam-
ple holder. The center of the shim is then cut to fit the
waveguide opening. When the holder is tightened down,
the copper shim conforms and fills in any cracks and/or
air gaps.

The first three material sample
holders in X-band are similar in style.
For the first holder, the material was
about 0.0295 inches (0.75 mm) oversized on all four
sides. The pieces were 0.039 inches (1 mm) thick.
Measurements were not very repeatable. Air gaps were
present, but the significance was not understood.

Next, a piece that was 0.2755 inches (7 mm) oversized
on all sides was selected. The thickness was also 0.039
inches so that only one parameter changed at a time.
The width of the material was increased to allow a cylin-
drical-shaped gasket to be placed against the face of the
material. The gasket is shown in the second holder in
Figure 2. The gasket seemed to make the results worse.

For the third fixture, the material thickness was
changed to 0.125 inches to match available material. No
significant difference was seen. The conclusion after
these experiments was that the tiniest air gap was mak-
ing a difference, so an attempt was made to build a bet-
ter fixture.

The next two material sample holders are similar in
style. Both are 1 inch in thickness and designed for
material up to 1 inch thick. The U-holder was the first,

Dielectric Constant
12r
N - S S
101 —
— TMM 3
— TMM6
ol 1 - TMM 10
E
g R R — —————— - g
g 4-
T v - —57
2 -
_—
0 . 1 L ) " . ) ! )
8 85 9 85 10 105 1" 115 12 125
Frequency (GHz)

designed 0.02 inches oversized on all
fes20Hz =124 GH: sides, with the edges wrapped in cop-
o =35748 f::35075 per tape. This holder showed
oores nmert | improvement over the first three
‘ holders, with everything under a
1;91'.35?;36”? dielectric of 10 measured within tol-
G erance, but there were still air gaps.
&, = 10.8542 On the next fixture, double L1, the
¢ 10.3 GHz way that the fixture pieces were put
foooees together was changed to allow a bet-
= 6.3482 ter seal around the piece of material.
101228 The inside of the fixture was lined
;;g;;g’i e with copper tape, instead of the out-
235019 side of the material. The results were
¢ = 106463 better, but further improvement was
desired.

A Figure 4. Measurement results of air: TMM 3, TMM 6 and TMM 10.
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The final two fixtures were similar
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to the first double L1. Double L2 is
like double L3, except that double L2
was widened by one gasket width
instead of two gasket widths. Double
L2 explored the gasket being pro-
truded inside the waveguide dimen-
sions, but reflections resulted. The
gasket was conductive and 0.028
inches thick and in a sheet form to
line the entire inside of the material
sample holder. The double L3 inside
dimensions were barely over the
dimensions of the waveguide, elimi-
nating reflections. The material was
somewhat bigger than the opening
so that when the fixture was tight-
ened down. The piece pressed into
the gasket making an airtight seal.
The resulting measurements were
reasonably accurate up to a dielec-
tric constant of 50.

Future tests are planned, using
material with a higher dielectric
constant and comparing results with
various material thickness. These
tests have identified problems and
potential solutions. ®
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FREQUENCY CONTROL 1

Voltage controlled
oscillators

MN series voltage controlled
oscillators from MODCO provide
phase noise of —~120 dBec per hertz at
100 kHz offset at 3.3 GHz carrier

g il

'A-f"“f'%

frequency. Offering up to 5 percent |

tuning bandwidths over a range of
2.4 to 4.2 GHz, the MN series oper-
ates on +5 VDC at less than 35 mA
current. The MN series VCO is sup-
plied in standard 0.5 x 0.5 x 0.13
inch surface-mount housing and is
also available in UM series, offered
in a 0.35 x 0.35 x 0.10 inch surface-
mount package.

MODCO, Inc.

Circle #163

Phase-locked crystal

oscillator

EM Research offers phase-locked
crystal oscillators with fixed fre-
quency outputs in CMOS or (up to)
+7 dBm sinewave from 5 to 400
MHz. At 100 MHz output frequen-
cy, these devices offer —140 dBc per

hertz phase noise at 10 kHz offset.

Available in 1-inch square surface-
mount or connectorized 1.5-inch
square packages, the PLXO Series

is ideally suited for use as high sta-
bility low phase noise reference
(clock) oscillators.

EM Research, Inc.

Circle #164

High frequency oscillators

Champion Technologies

K1526/K1536 VCXO series, desig-
nated BLC and CLC. These devices
offer a frequency range of 55.1 to 80

low as *40 ppm in temperatures
ranging from 0 to 70 degrees
Celsius. Typically, these devices
would be used in phase-locked
loops, clock recovery, reference sig-
nal tracking and other applications.
Champion Technologies, Inc.

Circle #165

VCXO0 based phase-locked
loop solution

Vectron International has intro-
duced a new VCXO based phase-
locked loop solution to simplify a
variety of clock recovery and data
retiming, frequency translation,
clock smoothing and clock switch-
ing applications. The small size,
versatile functionality and high
performance of the CD-700 make it
ideal for various applications in
DWDM, switching, wireless bases-

has |
announced two new additions to its

MHz, with frequency stability as

tation, ATM, SONET/SDH, xDSL,
network communication, digital
audio/video and PBX systems.
Vectron International

Circle #166

Surface-mount VCXO0

M-tron has introduced the UVV
Series surface-mount LVPECL/
LVDS VCXO. Available in frequen-

| cies between 750 kHz and 650
' MHz, these VCXOs provide either

LVPEVL or LVDS compatible out-
puts in a standard 5 x 7 mm lead-
less ceramic package. The UVV
products offer absolute pull ranges

from = 25 to 100 ppm, —40 to +85
degrees Celsius operation with tri-
state and tight (45/55 percent) sym-
metry. Low jitter and phase noise
performance make the UVV ideal
for SONET/SDH/ATM, optical car-
rier, DWDM, WDM, gigabit ether-
net and fiber channel, PLL and
clock recovery applications.

M-tron Industries

Circle #167

Module development kit
MTI-Milliren Technologies has
announced a new development kit

| to be used in conjunction with its

line of Stratum 3 and 3e synchro-
nous timing modules. The develop-
ment kit uses simple windows
interface to allow design engineers
access to the multiplicity of user-
programmable features of the TM1
Series Stratum 3 and 3e network
synchronization timing modules.
Some of the features include six
user programmable input reference
frequencies and seven user selec-
table output reference frequencies
from 2 kHz to 311.04 MHz.
MTI-Milliren Technologies, Inc.

Circle #168
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Ethernet clock oscillators
CTS has announced the addition
of 125.000 MHz gigabit Ethernet
clock oscillators to its CB3 family of
5 x 7 mm hermetically sealed,
ceramic oscillators. The standard
four-pad, 5 x 7 mm CTS surface
mount oscillator packages are fully
compatible with SMT pick-and-
place assembly equipment and are
supplied in standard tape-and-reel
packaging.
CTS Corporation
Circle #169

VGO for U-NII band
applications

Z-Communications announces
its new V940ME11, which operates
within the 5220 to 5420 MHz fre-
quency range, is suited for HIPER-
LAN systems and delivers a single

Z-COMM*

sideband phase noise of -82 and

-107 dBc per hertz at 10 and 100

kHz, respectively. The device also
delivers 4 =2 dBm into a 50-watt
load with nominal 4.25 volt supply
while drawing less than 25 mA.
Z-Communications, Inc.

Circle #170

Synthesizers
Communication Techniques has
introduced a series of synthesizers

for the high data rate point-to-point
and point-to-multipoint digital
radio marketplace, as well as the
satellite communications market.
DRS series synthesizers are avail-
able for frequencies from 4 to 15
GHz in bands with step sizes from
as low as 10 kHz. Other product
features include low phase noise of
-119 dBc per hertz at 100 kHz off-
set typical at 10 GHz, high immu-
nity to phase hits, small size, band-
widths to 1200 MHz and external
or internal reference.
Communication Techniques, Inc.
Circle #1171

Rubidium atomic clock

oscillator

TEMEZX has announced the avail-
ability of a new Rubidium atomic
clock, the RAF'S series, approved by

ARF450 125

ARF460 125 60
ARF461 250 60
ARF462 65 60
ARF463 125 100
ARF464 65 100
ARF1500 125 40
ARF1501 250 40
ARF1502 65 40

High Power RF MOSFETS

Frequencies to 120 MHz
Superior Ruggedness
High Voltage Operation -
up to 250 Volts

" Lowest Cost per RF Watt

.26
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.50
.50
.70
.70
12
.12
.12
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*DC Breakdown Voltage is 4 Times
The Rated DC Operating Voltage

Download these and other data sheets at
www.Advancedpower.com
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the European Space Agency for use
in the Galileo Global Navigational
System. The RAFS has a low tem-
perature sensitivity of less than 1 x
1013 per degree Celsius, required

for radio-navigation applications.
The RAFS exhibits short-term sta-
bility of less than 5 x 1014 per
10,000 seconds and drift of less than
3 x 10713 per day.

TEMEX

Circle #172

SiGe:C integrated RF
cascode amplifier

A cost-effective, high isolation
cascode amplifier using silicon ger-
manium: carbon (SiGe:C) technolo-
gy has been introduced by
Motorola’s Semiconductor Pro-
ducts Sector. The MBC13916 ampli-
fier is intended to help to simplify
RF designs for 100 MHz to 2.5 GHz
applications and is available in an
SOT-343R  miniature surface-
mount package. This general pur-
pose SiGe:C RF cascode amplifier is
intended to be a similar but
improved replacement for the
MRFIC0916, which was introduced
by Motorola in 1998.

Motorola, Inc.
Circle #173

Four-stage GaAs pHEMT
buffer amplifier

Mimix Broadband has intro-
duced a GaAs (gallium arsenide)
monolithic microwave integrated
circuit (MMIC) four-stage buffer
amplifier. Using 0.15 micron gate

length GaAs pHEMT device model
technology, this gain block amplifi-
er covers the 36 to 43 GHz frequen-
cy bands. The MMIC device has a
typical gain of 25 dB, with gain
increasing with frequency to com-
pensate for other component roll-
off factors common in 38 to 40 GHz
systems. The device has a typical
noise figure of 4 dB across the band.
Mimix Broadband

Circle #174

High power X-band solid
state RF amplifier

Aethercomm has introduced its
new solid state RF amplifier. The
P/N SSPA 7.1-7.3-10 is a high
power X-band SSPA used in the

DSCC exciter-transmitter subsys-
tem. Features include 5 watts linear
or pulsed RF power minimum,
operation from 7.1 to 7.3 GHz, 0.2
dB gain flatness, 47 dB minimum
small signal gain and an RF inhibit
switch that gives 40 dB isolation
minimum.

Aethercomm, Inc.

Circle #175

Gain block amplifiers
Anadigics has launched the
AGB3301, the first device in a new
product line of gain block amplifiers
designed for use in environments
requiring high linearity, low noise
and low distortion. The AGB3301 is
ideal for transmit and receive paths
in 50-ohm wireless applications,
such as cellular base stations, WLL
and MMDS, all of which require
highly linear components.
Anadigics, Inc.
Circle #176
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Multi-carrier IF line
compensation amplifiers

Pascall Electronics has intro- |
duced its transmitting and receiv-
ing multi-carrier IF line compensa-
tion amplifiers to provide compen-

sation for cable loss in broadband
microwave  wireless  systems.
Pascall s line compensation ampli-
fiers minimize the effects of cable
loss and crossband slope without
any significant degradation of the
multi-carrier signal. The amplifiers
are designed with a gain profile
that compensates for the transmis-
sion characteristics of commonly
used cables.

Pascall Electronics Limited

Circle #177

CABLES & CONNECTORS

New low-loss connector

RF Connectors has released a
new 7-16 DIN series coaxial con-
nector designed for use with LMR-
6001 low-loss cable from Times
Microwave and WBC-600 low-loss
cable from CommScope. The RFD-
1604-2L2 is a 7-16 DIN male crimp
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connector featuring a silver plated
body and contact for intermodula-
tion distortion reduction. The con-
nector uses Teflonf insulation for
excellent dielectric performance.

RF Connectors

Circle #178

Coaxial cable assemblies
Custom fabricated standard and

high power RF coaxial cable assem-

blies featuring various dielectrics,

| jacketing or plenum rated materi-

als are being introduced by Tru-
Connector. The custom cable
assemblies are manufactured to

[

‘i“ ]

&

specification to meet special appli-
cation and environmental require-
ments and can include various con-
nector types, such as SMA, 7/16, C,
LC, SC, HN, QDS and Triax.
Tru-Connector Corporation

Circle #179

Telecom cable tool kit

The new TK-2 tool kit from
Jensen is a complete set of tools
specifically designed for cable
sheath slitting, ring cutting, lacing,
sewing, parallel drop wire slitting,
switch or panel board terminating.
The tool kit comes in a padded, zip-

pered vinyl carrying case and is |

ideal for use in the central office or
in the field. The kit includes a
sheath stripper, sheath slitter, ring
cutting tool, curved sewing needle,

straight seven-inch sewing needle,
wire loop lacing needle, aerial drop

. wire slitter and a straight, flat

metal sewing needle.
Jensen Tools, Inc.
Circle #180

DRAM and SRAM adapters

Accutek Microcircuit has intro-
duced a line of DRAM and SRAM
DIP and ZIP adapters that are pin-
to-pin replacements for end-of-life
ICs used in telecommunications,
machine vision, VME, DSE net-
working, data acquisition and high
speed  graphics  applications.
Configurations include 1 MEG x 1,
4 MEG x 1, 256 K x 4 and 1 MEG x
4 DRAM DIPs and ZIPs, a 64 K x 4

. LR AARRARAY

DRAM DIP and a 128 K x 8 SRAM
DIP with 0.300 mil and 0.400 mil
lead row centers.

Accutek Microcircuit Corporation
Circle #181

Coaxial connectors

Cristek Interconnects has intro-
duced a coaxial connector with a
hybrid combination of coaxial and
signal contacts in one shell. Using
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Products

the Micro-D shell, designers can
meet the demand for smaller,
tighter packaging and weight while
maintaining  signal integrity.
Cristek CCD connectors provide RF
performance in standard Micro-D
metal shells and uses RG 176, RG
179, RG 196 and RG 316
coax/power wire type.

Cristek Interconnects, Inc.

Circle #182

D and E connectors

AVX now offers 2-mm hard met-
ric type D and E male and female
connectors. These connectors, des-
ignated the 8077 series, allow for a
large number of signal pins in a
small space, saving PCB real estate.
Additionally, the high number of

signal pins allows for use in higher

speed applications.
AVX Corp.
Circle #183

TEST EQUIPMENT

Waveform generator
Highland Technology has intro-
duced a new VME four-channel
arbitrary waveform generator. The
Model V370 was designed in coop-
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eration with major aircraft engine
and power systems manufacturers
to provide the features needed for
accurate simulation of real-world
sensor inputs. The V370 is ideal for
simulation of sensor signals from

complex rotating machines, genera-
tion of pure and distorted
polyphase AC waveforms, genera-
tion of complex pulse trains with
realtime control of relative pulse
positions and amplitudes and shake
table, servo or actuator drive.
Highland Technology

Circle #184

Analyzer and exerciser
VMETRO introduces an addition
to its bus analyzer family, the PBT-

Classic Series.

Radio-Efectronzc
Transmission
Fundamentals by B.
Whitfield Griffith,
Jr. (reprint 2000)

Filtering in the Tine

and Frequency

-~ Domains by Herman
- | J. Blinchikoff, Anatol

1. Zverev

(reprint 2001)
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PUBLISHING

The Noble Publishing Classic Series is dedicated to making available important
reference and design-oriented textbooks that have stood the test of time and
remain significant today. Do you know of a classic title that has gone out of print
but you would like to see back in print? If so, tell us and nominate a title for our

Current classic reprints available from Noble Publishing:

x Raoio HF Radio Systems &

o e S

SUBMIT YOUR NOMINATION
BY MAIL, FAX, E-MAIL OR
ON-LINE AT WWW.NOBLEPUB.COM

630 Pinnacle Court, Norcross, GA 30071

NOBLE PUBLISHING CLASSIC SERIES PRIZE

& Cincurts Cireuits, Edited by

William E. Sabin,
Edgar O. Schoenike

Books must be in the following areas of
(practical) engineering:

® Analog Circuit Design

® Digital Design

® Microwave Circuit Design

® RF Circuit Design

¢ Antennas and Transmission Lines

® Electromagnetic Compatibility

® Telecommunications

® Communications Systems

(reprint 1998,
previously published
as Single Sideband
Systems & Circuits)

Spectrum and Nenwork
Measurements by Robert
A. Witte (reprint 2001)

GUIDELINES

® Book nominations can be made by mail, fax
e-mail or on-line and must be received by
December 31st of each year. Please include
your name, address, phone number, and e-mail
address, and tell us why this book should be
available.

# The winner will be announced by March 1st
following the submission deadline. The title
will be published later in the year (subject to
obtaining requisite permission and rights).

# The reader who nominates the selected title
will receive $250.00 upon publication.

® Nominations must be out-of-print, with
available copyright.

Fax: 770-448-2839

E-mail: dennis@noblepub.com
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Next Generation, Low Cost
YIG Components for Test and Measurement

Micro Lambda, Inc., the leader in YIG YIG-Tuned Fundamental
technology offers the widest product ~ Oscillators 500 MHz to 30 GHz
range of YIG-based devices for the Test * Double Frequency Outputs

and Measurement Market. Designed to 44 GHz

o * 1.75" Cylinders
specifically for Spectrum Analyzers, « 10" & 1.25' Cube
Signal Generators, Synthesued « VXI & VME Miniature Format
Sources and a multitude of general « PC Board Interface
purpose Test and Measurement * Frequency Synthesizers

equipment, Micro Lambda, YIG-based
components will put you ahead of the  YIG-Tuned Bandpass Filters
competition in performance. 500 MHz to 46 GHz

* 1.7, 1.4"&1.0" Cube
Whether your requirements are for low * YXI & VME Miniature Format
noise, wide tuning bandwidth's, low * PCBoard Interface
power consu_mption{ miniature size or YIG-Tuned Multipliers 1 GHz
low cost devices, Micro Lambda has to 20 GHz
a solution for the most stringent e 1.7"& 1.4" Cube
applications. Fast delivery of prototype
or evaluation units will help you meet Driver Controls
those impossible delivery schedules. * Analog 0 - 10 Volts

« Digital 12 Bit Parallel
“Look to the Leader in YIG-Technology” Covering the frequency spectrum of « Remote Location

500 MHz to 46 GHz, units are available  * FM Coil Drivers
>§ \IYIV :%E(L)Elé%lvll I%EA for 19" rack, VXI and VME configured
. instruments. .
'

48041 Fremont Blvd. Fremont, CA 94538 (510)770-9221 sales@microlambdawireless.com www.microlambdawireless.com
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615 PCI-X bus analyzer and exer-
ciser. Designed for debugging, test-
ing and validating next-generation
PCI-X boards and systems, the
PBT-615 is a single-slot short card
containing a complete logic analyz-
er, exerciser and protocol checker
for the PCI-X and PCI bus.
VMETRO, Inc.

Circle #185

Compliance test system
IndexSAR has introduced an
SAR compliance test system for
automatically measuring specific
absorption rate from mobile tele-
phones and other wireless devices
to the draft CENELEC and draft
IEEE standards. Using a 6-axis,
compact, industrial robot with
probe positioning accuracy of =0.04

Visit our new online catalog today @

Johansonmfg.c

he source for tr

Rockaway Valley Roa

Boonton, New Jersey 07005 :
TEL 973-334-2676 FAX 973-334-2954
www.johansonmfg.com

Circle 11
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mm, the system can measure SAR
from mobile telephones and other
wireless devices using an upright
generic phantom head.

IndexSAR

Circle #186

Remote monitoring

analyzer
Morrow  Technologies  has
launched its real-time, remote

monitoring P9116 satcom spectrum

analyzer. The full-featured P9116
reduces both downtime and field
service calls by allowing remote
system monitoring from virtually
any location via local area network,
modem or the Internet. The analyz-
er was designed for ease of use and
convenience.

Morrow Technologies Corporation
Circle #187



| RF Pedk Power Meter selection Meeting
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Widest peak weasurement band—width
Ful band- u)acl’rlq over entire Aynamc range

Speed

Accurac

Interactwe gmphucal chsplay
Ease of use
Automatic capture of wavesorm

GI tches

‘l’fnmﬂs to avoids

Ranqing and associated errors, delays, slowdowns

Conclusions BOONTON ELECTRONICs 4530 RF
PEAK FPOWER METER.

Action ltem: cal Boonton Electronics AsAP!

The Boonton 4530 RF Peak Power Meter brings peak
power measurement capabilities to both the laboratory and
production, making Peak, CW Power and RF Voltage
measurements at high speed from 10 Hz to 40 GHz.

Contact Boonton Electronics for all of your
power measurement testing needs.

Phone: 973-386-9696

Fax: 973-386-9191

Email: sales@boonton.com
Web: www.boonton.com
Boonton Electronics

PO. Box 465

Parsippany, NJ 07054-0465
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Multi-source signal

generator

IFR Systems has introduced a
multi-source signal generator capa-
ble of generating multiple :
Bluetooth and GSM carriers within ‘ , ‘ f’?
one instrument. The 2026B, a 10 R ——
kHz to 2.51 GHz source, can be fit- '
ted with either two or three signal

A [ { [ Serving the mm-wave industry for over 25 years.

SPACEK LABS INC.

Millimeter-Wave

Block Downconverters
FULLY INTEGRATED it : ,..._..._._- MME
FULL BAND.COVERAGE TO 75 GHz

PARTIAL BAND COVERAGE T0 110 G

DOWNCONVERTS TO YOUR EXISTING -
LOW FREQUENCY RECEIVERS

The millimeter-wave block

converters combine Spacek

Labs amplifier, mixer, multip

filter and source technologies

into one broadband receiver. o

Our in-house design and manufacturing capabilities
produce a compact, high performance sub-assembly.
Spacek Labs has delivered hundreds of standard and
custom Millimeter-Wave Block Downconverters.

Call us with your specific requirements. We will tailor
our product to meet your system needs.

Model No. fg; _Sreq :é‘ﬁszq !2 ?fzr‘eq _ gCLgsr;-.'_dGB?m

MPKKa-6L 18 - 40 17 & 28 1-12 20
3 28 2-10 30

CSKKa-9U  18-40 - 2 s
RKa-9U 26 - 40 42 2-16 30
i e 2i42 ©
CSu-8u 40- 60 e i 9
EL44-21L 43.4-446 228282332 200-214 60

KO94-Kal 93-95 60 33-35 25 5.0
*Lo source is internal, typical stability is 10p;§m 0to +60 deg C. Image rejection is 30 to 76 dBe.

- o W ®  Our newly-expanded
' mm-wave amplifier lab
@ - will also build to your

e S W) custom specifications.

Spacek LaBs INc. t Gut ‘ bara, Californi

MM-WAVE TECHNOLOGY (8 b Fax com wWww.spac
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sources that can be combined
together into a common combiner
output or routed to individual out-
puts. Each of the signal sources can
be frequency and amplitude-cou-
pled so that common measure-
ments, such as intermodulation or
receiver selectivity, can be per-
formed more quickly and more
accurately than using individual
signal generators.

IFR Systems, Inc.

Circle #188

PRODUCT LITERATURE
Wire and cable catalog

Calmont Wire & Cable has a new
30-page catalog that features the
company s broad range of precision
custom wire and cable. Applica-
tions include aerospace, medical,

robotics, sensors, military, instru-
mentation, computer and high-end
audio. The catalog is subdivided
according to construction, complex-
ity and application, with particular
emphasis to Calmont s high-flex,
high temperature and ultra-minia-
ture cables.

Calmont Wire & Cable, Inc.

Circle #189

Amplifiers brochure

A new 12-page short-form
brochure from Aldetec describes
the company s product line of RF
and microwave amplifiers. Included
in the product line are standard



Performance*

* SV Microwave is the industry
leader in military QPL products for
SMA connectors, adaptors, attenua-
tors and terminations. SV Microwave
was the first QPL supplier of
Blindmate connectors, MIL-PRF-
31031. With over 40 years of proven
performance, SV Microwave pro-
vides a broad range of RF products
including QPL, custom designs and
space qualified components for your
unique requirements.

We are recognized for our unlimited
capabilities to produce high perfor-
mance components. When it comes
to manufacturing QPL, high reliability
or space level connectors and com-
ponents, SV Microwave has set the
standard.

Military QPL

CONNECTORS &
COMPONENTS

MIL-PRF-31031
MIL-PRF-39012
MIL-PRF-55339

MiL-A-3933
MIL-C-83517
MIL-D-39030

RF Connectors & Components

2400 Centerpark West Dr.
West Palm Beach, FL 33409
p 561.840.1800 f561.842.6277
WwWw.svmicrowave.com
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broadband amplifiers covering 500
MHz to 18 GHz, broadband power
amplifiers with >2 watt P45 out-
puts, high power amplifiers featur-

ing 10 watt P45 outputs to >14.5
GHz, low noise amplifiers featuring
< 1 dB NF to > 15 GHz and tem-
perature compensated amplifiers
guaranteed over a range of -54 to
+85 degrees Celsius.

Aldetec, Inc.

Circle #190

Wireless radio test sets

catalog

IFR Systems has released its lat-
est product catalog, covering speci-
fications on the company’s entire
product offering. Included are radio

......

test sets that cover multiple stan-
dards and frequencies; signal
sources that produce high-resolu-
tion, low phase noise carrier sig-
nals; and hand-held and desktop
tele-communications testers.

IFR Systems, Inc.

Circle #191

Thermal cutoffs catalog

A new catalog describing a full
range of thermal cutoffs is being
offered by Atlantic Components.
The MICROTEMP® Thermal
Cutoffs Product Catalog features

devices that protect against over- |

heating by interrupting the electri-
cal circuit when operating tempera-
tures exceed their rated tempera-
ture. Different temperature and
package configurations, along with
application, installation, calibra-
tion and test procedures, are also
provided in the catalog.

Atlantic Components

Circle #192

MICROTEMP”
Thermal Cutoffs

PRODUCT CATALOG
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subscription.

Been online lately?

Visit Applied Microwave & Wireless magazine online
and see how you can subscribe or renew your
Browse through the archive and
download selected articles to read. Read news in the
radio frequency and microwave community, or check
our calendar of events for conferences, short courses
and calls for papers. Authors and advertisers can
' access all the information they need, including our
deadlines, editorial calendar and complete 2002
' media guide. Or, if you prefer, you can simply contact
a member of our staff.







Low-Cost X-Band Gunn Oscillator
for Educational and Research

Purposes

By José-Maria Zamanillo, Constantino Pérez-Vega,

Juan A. Saiz Ipina and Miguel A. Solano
University of Cantabria

his article introduces a
I low-cost, high-perfor-
mance X-band Gunn
oscillator for educational and
research purposes. The cavity
was manufactured in standard Holes used
waveguide WR90 with a by
UBR100 flange in order to
make it compatible with wave-
guide circuitry available in a
basic microwave laboratory.
The ability to sweep the entire
X-band (8 to 12 GHz) with con-
stant output power and low
phase noise, added to its low
cost, makes this oscillator a
broadly useful tool.

Female BNC Biasi

two tuning screws

IRIS

Detail of female
BNC connector

Introduction )
Given the limited resources
of universities to equip
microwave laboratories with Vertical
the basic instrumentation IRISES

required for educational uses,
we decided to develop a high-

Pressure-Adjustable Spring___—-——-—"?
%‘H—)_I TE A
(@)  Vertical / | -

Insulating Case M5

ng Connector —7

Movable Shortcut

Detail of the diode
| holder with the
pressure spring

Shortcut

Micrometric screw

performance, low-cost, robust
microwave oscillator capable of
sweeping the entire X-band (8
to 12 GHz) at constant output
power with low phase noise. The oscillator
would be suitable as a microwave source in a
wide range of experiments. In addition, taking
into account the fragility of Gunn diodes regard-
ing their biasing, we designed an external pro-
tection circuit for the device. As a result, if the
user reverses the supply polarity or exceeds the
maximum working voltage, the Gunn diode will
not be damaged.
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A Figure 1. Mechanical drawing of the waveguide Gunn oscillator,
showing (a) transversal view and (b) top view.

Gunn oscillator

In a Gunn oscillator, the frequency of oscilla-
tion is determined by the resonant circuit,
loaded by the impedance of the device.
Experimental results and computer simulation
[1-3] have shown that the device can be tuned
over more than one octave bandwidth by an
external cavity. The frequency is decreased as
the inserted length of the tuning screw increas-



Next to Teradyne, other Bluetooth™test companies

are still teething.

While other semiconductor wireless test solutions are still in their infancy, Teradyne’s Catalyst
system is already out there working for a living. In fact, a majority of the world's Bluetooth
devices are tested on Catalyst. And it looks like we've got more design-ins than all others
combined. But then, Catalyst does all the tests, not just some. And it tests faster. We're # 1
baby, and that's the true-blue truth. To learn more contact Harding.Ounanian@teradyne.com or

call 617 422 2125 right now.

JERADYRE:

www.teradyne.com

BLUETOOTH is a trademark owned by Telefonaktiebolaget L M Ericsson, Sweden
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A Figure 2. Photograph of the oscillator from Figure 1.

es and the movable short circuit allows the user to
change the frequency over a broader range.

Gunn oscillators are generally tuned over a wide fre-
quency range by changing the reactance of the
microwave circuit loading the device. The frequency of
oscillation depends on the requirement that the suscep-
tance of the device must resonate with the circuit sus-
ceptance.

When a Gunn device mounted in a microwave circuit
is tuned mechanically by varying the sliding short-cir-
cuit position, the frequency of oscillation corresponds to
a half-wavelength (or a multiple) of the cavity length.
Deviations from this behavior can be attributed to either
the mounting configuration of the device in the particu-
lar circuit, its package, or its finite capacitance. Because
the tuning characteristic follows the half wavelength
behavior, the loaded @ (quality factor) of the cavity
increases. We decided to use a Gunn diode type
MA49156 due to its excellent cost-performance ratio [4].

The mechanical drawing of the assembly is shown in
Figures 1(a) and 1(b) for transversal and top views,
respectively. Figure 2 shows the assembled oscillator
with its WR-90 waveguide and UBR-100 flange.

Figure 3 shows the variation of frequency versus the
length in millimeters of the movable short circuit from
the diode position.

3 -
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| 10u
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5 10 15 20 25 30 35

Short Circuit position L (mm)

A Figure 3. Mechanical tuning characteristic of the config-
uration shown in Figure 4. Gunn device MA49156 Vg;,s =
14.0 volts.

Protection circuit

The schematic for the external protection circuit is
shown in Figure 4(a) and the PCB layout of the circuit
in Figure 4(b). This circuit allows the biasing of the
Gunn diode under a wide range of conditions. If the bias-
ing polarity is reversed, the power diode D1IN4007 does
not conduct, and the output voltage is zero.

The programmable linear regulator LM317 is set to
the optimum bias voltage (in this case 14 volts) for the
Gunn diode by varying the value of the potentiometer
POT1. If the input bias range exceeds the maximum
operation voltage of the Gunn diode, the linear regula-
tor adjusts the output voltage at 14 volts (or the maxi-
mum voltage set by POT1). Even if the DC supply volt-
age is increased to up to 40 volts — the maximum per-
missible voltage at the input of the LM317 — the Gunn
diode will not be damaged.

Ic1

R2

e

aNO oV

A Figure 4(a). Diagram of the protection circuit.
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A Figure 4(b). PCB layout of the protection circuit.



The fastest tools help us engineer the
finest waveguide components.

THE SHORTEST DISTANCE BETWEEN DESIGN AND DONE.

Our engineers are at the top of their profession.

And we make it our business to provide them
with the finest tools available. Aside
from employing proprietary MDL
soft- ware, they work with computerized de-
sign systems, utilizing SolidWorks to render 3-D
models and Ansoft HFSS to compute a full complement

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

little time.

CALL Us TODAY.

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

waveguide packages in the world. Call an MDL specialist today at
1-800-383-8057 or visit us at www.micro-dev-labs.com.

WAVEGUIDE CAST BENDS & TWISTS

WAVEGUIDE FEED ASSEMBLIES

MONOPULSE COMPARATORS

ROTARY JOINTS

MICROWAVE FILTERS

ROTARY SWITCHES

WAVEGUIDE TO COAX ADAPTERS

WAVEGUIDE PRESSURE WINDOWS

COMMERCIAL WAVEGUIDE ASSEMBLIES

The future of waveguide technology.
Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494 « Tel: 781-292-6680/6684 * Fax: 781-453-8629
E-mail: mdlsales@mdllab.com ¢« www.mdllab.com
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This oscillator generates a clean spectrum over the
entire tuning range. The mean power obtained at these
frequencies was 1.8 mW, with good phase noise charac-
teristics. The observed output power over the entire X-
band was fairly constant. We contemplate the extension
of this cavity for higher power diodes. ]

References

1. Y. Wang and K. J. Gu, “Modeling, Analysis and
Optimization of GUNN Diode VCO,” MTT-S
International Microwave Symposium Digest 90.1, Vol. 1,
1990.

2. R. P Owens and D. Cawsey, “Microwave
Equivalent-Circuit Parameters of Gunn-Effect-Device
Packages,” Transactions on Microwave Theory and
Techniques 18.11, November 1970.

3. D. Christiansen, Electronic Engineers’ Handbook,
4th Edition, New York: McGraw-Hill, 1996.

4. J. S. Ipina, et al, “Osciladores a Diodo Gunn para
Docencia en Banda X,” Unidn Cientifica Internacional
de Radio URSI, XV Simposium Nacional, Actas,
Zaragoza, September 2000.

Author information

José-Maria Zamanillo received a bachelor of science
degree and a Ph.D. in physics from the University of
Cantabria, Spain, in 1988 and 1996, respectively. Since
1988, he has been devoted to education and research at
the University of Cantabria, where he is an associate
professor. He has been engaged in various European and
Spanish projects, mainly in the fields of microwaves and
device modeling. His research interests include linear
and nonlinear modeling of GaAs MESFETs, HEMTs,
(HBTs) and microwave active devices. He may be
reached via E-mail: jose.zamanillo@unican.es; Tel: +34-
942-200887; or Fax: +34-942-201488.

66 - APPLIED MICROWAVE & WIRELESS

Constantino Pérez-Vega received a degree in electron-
ics and communications engineering from the Escuela
Superior de Ingenieria Mecéanica y Eléctrica of México in
1965 and a Ph.D. in telecommunications engineering
from the University of Cantabria, Spain, in 1997. He
held several technical managing positions in the
Mexican Government Radio and Television System since
1972 and was director of engineering at the Instituto
Mexicano de Televisién, as well as technical advisor at
the Direccion General de Radio, Televisién y Cinema-
tografia of the Secretaria de Gobernacién in Meéxico
until 1988. He has been also dedicated to teaching since
1966 in México. Since 1989, he has been a professor at
the University of Cantabria in the areas of television
and communication systems.

Juan A. Saiz Ipina received a bachelor of science
degree and a Ph.D. in physics from the University of
Cantabria, Spain. He has been an associate professor in
the Communications Engineering Department at the
University of Cantabria since 1990. His research inter-
ests include the fields of computational methods in elec-
tromagnetics, numerical analysis of waveguides and
scattering problems.

Miguel A. Solano received a master of science degree
in physics in 1984 and a Ph.D. in physics in 1991, both
from the University of Cantabria, Spain. Since 1984, he
has been with the University of Cantabria, formerly in
the Electronics Department and now in the
Communication Engineering Department, where he
became an associate professor in 1995. In 1992, he
worked at the Centre for Communication Research,
University of Bristol, UK., through a research grant
from N.A.T.O. His current research activities include
electromagnetic propagation in waveguide structures,
with anisotropic and bianisoptropic media and numeri-
cal methods in electromagnetics.



2 &4WAY

POWER SPLITTERS

5 to 2600MHz ..*1%°.

Want low cost 2WAY-0°, 2WAY-90°, and 4WAY-0° power splitters
packed with compelling features that go above and beyond traditional
solutions? Select Mini-Circuits Blue Cell™ power splitters! Designed
using low temperature cofired ceramic construction, these splitters
provide exceptionally low profile down to 0.050", very repeatable
performance, and superior temperature stability...all at truly low prices!
And Blue Cel™ power splitters are leaders when it comes to electrical
performance delivering low insertion loss, high isolation, and excellent
amplitude and phase unbalance. So put your project at the forefront of
innovation. Specify Mini-Circuits Blue Cel™ LTCC power splitters
for your & to 2600MHz designs.

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

Power Splitter Families:

Family

Model
Way Deg. Prefix
2 0 SBTC
2 0 SBA
2 0 SBB
2 90 QBA
4 0 SBD

No.of Freq. Range Isol. **Ins. Loss Phase Unbal
Models of Family Range Range Price
inFamily ~ (MHz)  Typ.(dB) Typ. (dB) Deg (Max) Sea.(Qty.10)

3 52500  20-25  0.3-1.0 1.0-30 1.99"
4 1200-2600 16-22  0.4-08 5.0-10.0 6.95
5 800-2300 22-24 0.5-06 3.0-4.0 4.95
7 340-2400 21-28 0.25-080  3.0-7.0 6.95
1 1800-2600 20 10 8.0 9.95

*$ea. Quantity 100.

“Insertion loss above theoretical.
Blue Cel™ protected by U.S. patents 5534830, 5640132. Add'l Pat. Pend.
See our web site for additional information.

BLUE CELL’

TECHNOLOG Y

SBTC

ACTUAL SIZE

SBA

102 . 112
m M I n I - c I rc u Its cul?JcSLE READER?;'R;CECARD

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
m The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
il

ISO 9001 CERTIFIED

F 343 Rev org



Comparing Differential
Measurement Techniques

By Loren Betts
Agilent Technologies

Editor’s note: This is part one of
a two-part article. The second part
will appear in the December 2001
issue of Applied Microwave &
Wireless magazine.

he use of differential compo-
Tnents, such as surface

acoustic wave (SAW) filters
and differential amplifiers 1is
becoming more common in the
wireless industry because they
offer better performance than their
single-ended counterparts, such as
the traditional single-ended three-
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Common-mode signal  ¢/\/ Ve ——
(EMI or ground noise) N -
Differential-mode signal ! g >

= nNA __P/ — NN,
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Common-mode signal }f\/‘ - \“g}_. S
(EMI or ground noise) N —

Gain = 1

Balanced to
single ended

Gain =1

o

Fully balanced

terminal duplexer filters used in A Figure 1. Two types of differential components, with single-

mobile handsets. Most vector net-
work analyzers have single-ended
RF ports that cannot directly mea-
sure differential parameters, which makes accu-
rate measurement of these components chal-
lenging.

However, there are several alternative meth-
ods of obtaining the differential parameters
needed to characterize these devices. This and a
subsequent article discusses the challenges
designers face in measuring the performance of
differential components, and describes each of
the most widely used techniques. Although each
technique produces a specific level of accuracy
that depends on the characteristics of the device
to be tested, the “calculated mix-mode” method
provides the most accurate device characteriza-
tion and has the fewest drawbacks.

Figure 1 shows two types of differential com-
ponents, one with a single-ended output and the
other with a differential output. The differential
port of the devices consists of a pair of these out-
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ended and a differential output.

puts. Differential components are unique in
that signals are referenced not only to a com-
mon ground but to each other as well. The sig-
nals referenced to each other are called “differ-
ential mode” and the signals referenced to a
common ground are called “common mode.”
Differential components can have both common
mode and differential mode signals.

In most cases, the differential mode signals
are anti-phase because their phase relative to
each other is 180 degrees, which creates a virtu-
al ground along the axis of symmetry of the
device. At the virtual ground, the potential at
the operating frequency does not change with
time, regardless of the signal amplitude.
Common-mode signals are induced at the termi-
nals of the device with the same phase and
amplitude relationship.

While a differential component has no perfor-
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suring differential parameters. Their RF ports are
single-ended with common impedance values and
cannot supply differential and common mode sig-
nals to the device. Single-ended devices have imped-
ances of 50 to 75 ohms; differential components
have no standard impedance values. To measure a
four-terminal (two-port differential) component
requires 16 S-parameters, but these single-ended S-
parameters are not sufficient to accurately charac-
terize a differential component operating in differ-
ential mode. As a result, measuring differential
components accurately using a single-ended analyz-
er cannot be accomplished without applying some
type of hardware or software conversion to the sin-

A Figure 2. Mode conversion occurs when some of the differential
signal is converted into the common mode and some of the com-

mon-mode signal is converted into the differential mode.

mance advantage over a single-ended component when
used in common mode, it exhibits significant benefits
when used in differential mode because it will pass dif-
ferential-mode signals and reject common-mode signals.
For example, noise from a power supply will affect both
terminals of the device equally with the same phase rela-
tionship. The device does not respond to these common-
mode signals and attenuates them at the output. Since
no device is ideal, some of the applied differential signal
applied is converted into the common mode and some of
the common-mode signal is converted into the differen-
tial mode. This is referred to as mode conversion (Figure
2), and is directly related to noise immunity of the
device.

Measurement obstacles
Vector network analyzers are typically employed to
measure RF components and are not designed for mea-

Spp22 Spca Spen
1 Scpiz Scen Scenz
1 Sep22 Scea Scex

Nam“‘g Convention: Smode res., mode stim., port res., port stim.

A Figure 3. A mixed-mode S-matrix can be organized in a
similar way to the single-ended S-matrix, in which each
column represents a different stimulus condition, and
each row represents a different response condition.

70 - ApPLIED MICROWAVE & WIRELESS

gle-ended data. Two common approaches use either
a balun, or perform some type of mathematical
transform.

The balun-based technique requires the balun to
be placed between the differential port of the device
and the single-ended port of the analyzer. The
balun transforms the single-ended signal of the analyz-
er to a differential signal that is applied to the device.
There are a number of problems with this approach. The
measurement plane should be at the terminals of the
device, but this is difficult to realize because there are no
standard calibration standards for differential mode. As
a result, a calibration must be performed at the single-
ended input side of the balun. The analyzer is now mea-
suring the performance of the differential component
and balun as one device. The balun has finite return
loss, insertion loss, amplitude balance, phase balance,
and bandwidth, and becomes a major limiting factor in
measuring the component. In addition, the measure-
ment plane should also be at the terminals of the device,
which cannot be accomplished with a balun in place.
Also a balun will not pass common-mode signals, so
none of the mode conversion parameters of the device
can be measured. Finally, the balun method will only
provide information about the differential mode of the
component.

Another method called the mixed-mode S-parameter
technique uses a mathematical transform to convert the
single-ended data to differential parameters. It provides
the common-mode and differential-mode parameters of
the device, and is similar to single-ended measurement
except that instead of stimulating a single terminal of
the DUT, pairs of terminals are considered to be stimu-
lated in either a differential (anti-phase) or a common
(in-phase) mode. A physical differential/common mode
stimulus to the device is not being provided. A single
stimulus signal is actually supplied to each of the ports,
and the response is measured. This single-ended data
can then be transformed to mixed mode. The mixed-
mode S-parameter technique seeks to determine (with a
differential mode stimulus on a differential port) the
corresponding differential and common mode responses
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on all of the device ports. For a common-mode stim-
ulus, it attempts to determine the differential-mode
and common-mode responses. A mixed-mode S-
matrix can be organized in a similar way to the sin-
gle-ended S-matrix, in which each column repre-
sents a different stimulus condition, and each row
represents a different response condition (Figure
3). Unlike the single-ended example, the mixed-
mode S-matrix not only considers the port but the
mode of the signal at each port.

The naming convention for the mixed-mode S-
parameters must include mode information as well
as port information. Consequently, the first two
subscripts in the matrix describe the mode of the
response and stimulus respectively, and the next
two subscripts describe the ports of the response

Differential Mode,
Common Mode

&

Single-Ended

5

Port 2
(balanced)

Port 1
(unbalanced)

Single Ended | [ ' ¥ )
[Ssu | S Swen |
e ’ |\Sos21 Sopan SoczzJ
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and stimulus. The mixed-mode matrix fully
describes the linear performance of a differential
two-port network.

A Figure 4. When the four-terminal matrix is converted to a three-
terminal matrix, the differential and common modes on the dif-

ferential ports and one mode on the single-ended port must be

Differential measurement techniques

The techniques employed to measure a differen-
tial device in the following discussion are based on
measurements made of a three-terminal SAW filter
in an LTCC antenna switch module using an
Agilent PNA Series vector network analyzer. The results
are shown in Figures 5 and 6.

A simple extension of the mixed-mode concept can be
applied to devices having a combination of differential
and single-ended ports, as is the case with the SAW filter.
The four-terminal matrix can be converted to a three-
terminal matrix by removing the port 1 differential mode
stimulus and response, as illustrated by the shaded row
and column in Figure 3. In this scenario, the differential
and common modes on the differential ports and one
mode on the single-ended port must be considered.

The S-matrix (Figure 4) for such a device is arranged

considered. The S-matrix for this configuration is arranged with
the stimulus conditions in the columns and the response condi-
tions in the rows.

with the stimulus conditions in the columns, and the
response conditions in the rows. The mode on the single-
ended port is referenced with an ‘S’ for single-ended
instead of a ‘C’ for common mode because only one mode
is available on this port. Two columns and two rows
describe each differential port, and one column and one
row describe each single-ended port. In this case, the
four parameters in the lower right corner describe the
four types of reflection that are possible on a differential
port. The single parameter in the upper left describes
the reflection on the single-ended port, and the other
four parameters describe the differential and common

freq, Mz

A Figure 5. Offset between the values of S;; and S5, repre-
sents the overall balance between the two terminals that
make up the differential port. This image also contains
the comparison of the balun and mixed-mode methods.

A Figure 6. The phase difference between the two terminals
(S31 and Sy,) of the differential port measured single-
ended as with the single-ended method.
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phase difference between the two terminals.
The difference in phase shown in the figure is
not exactly 180 degrees because of the asym-
metries of the device. This method also does
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not yield insight into the full mixed-mode S-
parameter matrix.

Physical balun method

5

. S-PARAMETERS

A balun may be used to convert the single-
ended port of the network analyzer to the dif-

S_Param
"SSP
- Start=840 MHz
. Stop=1040 MHz .
. Step=

ferential port of the device, which transforms
the impedance of the differential device to the
impedance of the network analyzer. In this
case, the differential port impedance is 100
ohms and the single-ended port impedance of

A Figure 7. The single-ended data is imported into Agilent’s Advanced
Design System (ADS) simulation tool, where it can be transformed to

differential data using a balun circuit component.

mode transmission characteristics in the forward and
revere directions.

Single-ended method

Measuring the differential device as a single-ended
multiport device is easy yet time-consuming because
multiple two-port measurements are needed to fully
characterize the device. In addition, it can produce mis-
leading results because the single-ended data may not
give a representative indication of the performance of
the device when it operates in one of its differential
modes. This occurs because the single-ended data does
not provide accurate information of differential perfor-
mance. For example, Sy, is the insertion loss measure-
ment from the antenna terminal (terminal 1) to the rx+
terminal (terminal 2). It is not the same as the insertion
loss measurement from the antenna to the differential
port. In Figure 5, there is offset between the values of
S3; and Sg;, which represents the overall balance
between the two terminals that make up the differential
port. This offset may be caused by an asymmetrical
device topology that will result in a decrease in differen-
tial mode performance. Ideally, S3; and Sy; should have
the same amplitude characteristics.

Delta method

The delta method measures the single-ended trans-
mission phase characteristics of the device. The topolo-
gy of most differential devices will constrain the electri-
cal length of the two terminals comprising the differen-
tial port to give a 180-degree phase shift between them.
This parameter is directly related to how well the device
performs in differential mode. Figure 6 shows the phase
difference between the two terminals (S3; and Sy;) of
the differential port measured single-ended as with the
single-ended method. There should be 180 degrees of

72 - APPLIED MICROWAVE & WIRELESS

the analyzer is 50 ohms. This method will
provide some degree of accuracy about the
differential characteristics of the device but
does not provide information on common-
mode performance. The accuracy of this
method is also highly dependent on the calibration ref-
erence plane and the characteristics of the balun.

Mathematical ‘ideal balun’ method

The single-ended data may also be imported into a
circuit simulator such as Agilent’s Advanced Design
System (ADS). This data can then be transformed to dif-
ferential data using a balun circuit component in the
simulator (Figure 7). As with the physical balun method,
the common-mode performance of the device cannot be
measured. The circuit component is an ideal balun, so
the common-mode impedance is infinite (where the non-
center tapped reflection coefficient equals +1). Any com-
mon-mode signals at the output of the device will reflect
from the balun and possibly back to the output as an
error signal, depending on the mixed-mode performance
of the device. The same will be true when using a phys-
ical balun, but the reflection coefficient will differ
depending on its characteristics. The mixed-mode per-
formance of the device cannot be measured using a
balun, so there is no way to determine what the error
result may be. The same is true for the center-tapped
balun (where the reflection coefficient equals -1).

Simulated mixed-mode method

A circuit simulator may also be used to measure
mixed-mode parameters of the differential device
(Figure 8). A center-tapped balun is used to perform the
differential mode conversion and also provides the
mechanism for the common-mode terms. The common-
mode conversion occurs at the center tap of the balun
where only common-mode signals will appear because of
the characteristics of the balun. These common-mode
signals are then terminated through a balun into a 25-
ohm termination, which is the common-mode imped-
ance of the SAW device. This configuration will allow all
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standard vector network analyzer and
the associated common and differential
waves that realize mixed mode S-para-
meters. This method is highly beneficial
because of the quick and simple method
of conversion. It does not require a cir-
cuit simulator and therefore can be per-
formed in real time using a compiled
math function library. For example, the
mixed mode S-parameters of a differen-
tial device can be accurately measured in
a manufacturing environment in which
differential measurement speed and
accuracy are of high concern.

Term
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Z=25 Ohm

Method comparison and conclusion
The simulated and calculated mixed-
mode measurements have the same
result, which would be expected because
both methods provide all the differential

A Figure 8. A circuit simulator may also be used to measure mixed-mode para-

meters of the differential device.

the mixed-mode characteristics of the device to be mea-
sured. It also provides the appropriate terminations for
differential and common-mode signals so that mode con-
version terms do not cause errors like those produced by
the balun method.

Calculated mixed-mode S-parameters method
Bocklemann and Eisenstadt [1] have analyzed a
method to convert the single-ended data to mixed-mode
using mathematical algorithms. These algorithms show
the relationship between nodal waves generated by a

characteristics of the device. However,
the calculated mixed-mode method does
not require a circuit simulator to per-
form the conversion. Figure 9 shows a
comparison of the mathematical balun
method versus mixed-mode S-parameters.

The error caused by mode conversion of the device is
clearly seen in this measurement comparison, and is the
reason why the balun method result is not accurate.
Using calculated mixed-mode S-parameters, a differen-
tial device can be quickly and accurately characterized
in all the modes of operation.

The second part of this article will provide a more rig-
orous analysis of the error effects of each measurement
method, including issues such as improper third-port
termination and fixturing. |
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Measurement of the Anisotropic
Dielectric Constant of a Glass
Bead in a Coaxial Test Fixture

By Bruce Bullard
Atmel Corporation

ermetic connectors are used throughout
che microwave industry, in applications

ranging from extreme humidity and salt
fog to vacuum systems. The most widely used
seal is made from glass. For frequencies below 1
GHz, most glass is interchangeable. However,
for higher frequencies where insertion loss and
VSWR are factors, glass types behave different-
ly. Some are easily fired and exhibit a very
repeatable dielectric constant, but with high
loss. Others have low loss but exhibit variations
in the dielectric constant from lot to lot and as a
function of firing schedules. This results in
VSWR performance variation from lot to lot.

The solution to manufacturing a high perfor-
mance hermetic connector is to identify a spe-
cific glass and then optimize the glass seal
process to obtain low loss material and repeat-
able dielectric constant.

Measuring the dielectric constant poses a
problem. The classical method [1, 2] places the
bead in a resonant cavity, then uses the quality
factor and changes in the resonant frequency to
determine the properties of the bead. A draw-
back of this method is the bead is not measured
in the configuration in which it is used. Also,
when fired into the connector, the bead forms a
compression seal with its surrounding body.
This article will show that the compression
influences the dielectric properties.

Another disadvantage of this method is that
the bead should be fired into a regular shape.
Since the beads are purchased in preformed
shape (in this case a coaxial configuration), fir-
ing the bead into a different shape, one without
an inner conductor, is cumbersome and requires
undesired machining.

Ideally, the properties of the bead would be

A o1 BN MTCROWAVE & WIRELESS

measured once it has been fired into the con-
nector body. One method of achieving this is to
fire a seal into a connector, perform a TDR mea-
surement of the connector, and analyze the
impedance of the connector around the glass
seal. Drawbacks to this procedure are:

« The connector must be attached to a matched
load for the measurement.
« The connector and matched load must operate
to high frequencies (18 GHz minimum).
The seal is on the order of 0.08 inches long.
The resolution of two adjacent discontinuities
by TDR is nearly equal to the width of the seal
even for broadband measurements. If discon-
tinuities adjacent to the seal are not mini-
mized, they mask the impedance measure-
ment of the glass.
The TDR measurement is a broadband fre-
quency measurement, which computes the
impedance based on the response to all fre-
quencies. Therefore, any variation with fre-
quency is masked.
The TDR method does not account for
anisotropic dielectrics.

L]

This article describes a method where a glass
bead is fired into a coaxial test fixture configu-
ration that is similar to the connector. The glass
is assumed to be anisotropic following the firing.
The parallel (to E field, &) relative dielectric
constant is computed by comparing the theoret-
ical VSWR to the measured VSWR. The perpen-
dicular relative dielectric constant (g,) is com-
puted by comparing the theoretical phase
response to the measured phase response. The
theoretical insertion phase is computed using
established analytical methods [3, 4] for capaci-
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1\ XEMOD

Xemod, Inc. * 9365 S. McKemy Street ¢ Tempe, AZ 85284 ¢ www.xemod.com * 480-783-8900
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ZL=50

Zind  Zin3 Zin2 Zin

A Figure 1. Glass bead test fixture mated to 3.5 A Figure 2. Glass head test fixture transmission line mode.

mm (f) connectors.

tive discontinuities, combined with the theoretical phase
response of a coaxial transmission line. Using the test
fixture has the advantage that the same firing fixtures,
cover gas, inner conductor, similar outer conductor, and
heating schedule are used for firing the connector.

The bead is also under the same compression as when
it is fired into the connector. These factors all contribute
to minimizing a number of uncertainties in the firing
process.

The test fixture

The glass bead is fired into the configuration shown
in Figure 1. Four junction discontinuities are apparent
when the fixture is mated to 3.5 mm (f) connectors. The
dimensions of the fixture are determined based on
dielectric constant estimates/values supplied by the
manufacturer, or past experience. The following para-
graphs and references [3, 4] provide the necessary ana-
lytical tools for design. The design should be optimized
for the minimum possible VSWR, which reduces the
phase measurement error.

Device parameters

The transmission line model for the device is shown
in Figure 2, and the parameters are tabulated in Table
1. The dielectric constant for section 3 is provided by the
glass supplier, then refined using the following proce-
dures. The glass dielectric is assumed to be anisotropic
[5]. All dimensions are in inches; SI units are used in all
calculations.

The ABCD parameters [6] are computed and convert-
ed to S parameters. The VSWR is the usual ratio of the
reflection coefficient, and the phase response is the
argument of the Sy; term. The ABCD parameters for the
lossless transmission line with the configuration
described in Table 1 and Figure 2 are:

[; = length of section
B =2af \Ju,e e,

_5996 b

Zo In -

A é‘q v
ACBD ,,, =
C

eqv eqv

B eqv
D

jZosin B0,
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Q4

1 0
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cos Bl JZoysin B4, | 0
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—J—sinﬁ}l3 cos 351 4 (ij; l)
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Equation 1 shows the resulting calculations.
The S;; and Sy; parameters of the scattering
matrix are:
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A Equation 1.
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DIELECTRIC MEASURENMENTS
Section  Diaa Diab  Dielectric Length Capacitance discontinuities on either side of the glass seal
(in) (in) (in) (in) and the seal cannot be resolved.
1 0.0598 0.1378 1 0 n/a The estimate of the dielectric constant is
2 0.0360 0.1180 1 0.015 9.62 made by ignoring the discontinuities and calcu-
3 0.0235 0.1180 gy £) 0.085 188 ¢ lating the isotropiq dielectric constant gf the
4 0.0360 0.1180 1 0.015 188 ¢ glass based on the impedance measured in the
5 0.0598 0.1378 1 0 9.62 area, as well as the dimensions in that area. For
section 3,

A Table 1. Glass head fixture diameters.

Measurement results

TDR measurement

The glass bead test fixture (Table 1) was manufac-
tured and tested at room temperature using 7070 glass.
A rough estimate of the dielectric constant can be
obtained using the TRD method.

Using the HP8510 network analyzer’s TDR mode, the
characteristic impedance of the fixture was measured
and is shown in Figure 3. The first high corresponds to
the mismatch caused by the glass and the discontinu-
ities on either side. The second high is a result of the
transition between the glass seal and the load. The
HP8510 network analyzer settings are: frequency span
= (0.045 to 18.0 GHz, window = normal, low-pass mode.
For this setup, the minimum resolvable spacing between
discontinuities is:

1 (0.60)-(1.6
Fmin = 5'%“‘M= 27pS (4)
req Span
1% 08

Note that with this setup, the difference between the

Characteristic Impedance
50.7
50.6
50.5
50.4
50.3
50.2
50.1
50.0
49.9
49.8

-0.10 0.00 0.10 0.20 0.30 040 050 0.60

Distance (in)

—— Characteristic
Impedance

A Figure 3. TDR for the glass head text fixture of Figure 2
and Table 1.
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59.96
50.25

0.118
0.0235

r

(6)

N

Note that the impedance in sections 1, 2, 4 and 5 can
skew impedance measurement. These values are:

Zyp=2Zy
= 599602z =5096m 0 D
a2 as
=71.2Q =50Q

For section 1, between the glass and the load, the
measured value from the TRD is:

Z,,=5060
ll = 0.5 iIl

VSWR performance

The parallel dielectric constant (g)) is estimated by
comparing it to the theoretical VSWR. Equations (1) and
(2) and the TDR measurement of the length and imped-
ance of section 1 are used. Note that the parallel dielec-
tric has the most influence on the magnitude of the
VSWR, whereas the perpendicular dielectric constant
(¢,) has the effect of changing the phase response and,
to a small extent, the spacing of the VSWR nulls. A com-
parison between theoretical VSWR performance and
actual VSWR performance is shown in Figure 4. The
estimated value for the dielectric constant is 3.5 parallel
and 3.5 perpendicular. Good agreement is obtained.

Phase response

The perpendicular dielectric is determined by com-
paring the measured phase response to the theoretical
value calculated with Equations (1) and (3). The parallel
dielectric is as calculated above, ¢ = 3.5. The influence
of the parallel dielectric is only slightly significant.
Using an isotropic dielectric changes the calculated per-
pendicular dielectric constant by roughly 0.03.

When manufacturing the test fixture, the lengths /,
and /, are relatively easy to control, but /5 varies because
of process variations. These lengths are significant in
phase calculation. Lengths [, and I, are held constant at
0.015 inches. The measured phase and calculated per-
pendicular dielectric constant are listed in Table 2.
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VSWR - Theory vs Measured

— Meas 01
— Meas 02
— Meas 03
— Meas 04
— Meas 05
— Meas 06
— Meas 07
—— Meas 08
— Meas 09
— Meas 10
— Meas 11

1.10
1.08
1.06
1.04
1.02
1.00 *

N

8
Freq (GHz)

10 12 14 16 18

Theory (er=3.5)

be relatively flush to the glass because capacitance of
the junction is based on the dielectric constant of the
glass, as well as the proximity of the step to the glass.
The second error lies in the physical measurement of
the fixture’'s dimensions. These can be reduced using
standard measurement techniques for small dimen-
sions, testing a large number of devices and taking
the average dielectric constant. A third considera-
tion is the accuracy of the capacitance estimate and
its variance with frequency. The capacitance is esti-
mated to within 3 percent, and the variance with fre-
quency should not exceed 2 percent. Another error

A Figure 4. VSWR for the glass head fixtures from Table 1.

Sample  Measurement Phase Length (in) €]
(degrees) lo + 13+ 14

1 -84.985 0.1135 4.02
2 -83.767 0.1110 412
3 -85.591 0.1125 419
4 -86.670 0.1140 4.16
5 —84.346 0.1110 4.19
6 -86.626 0.1150 4.07
7 -85.850 0.1150 3.98
8 -85.000 0.1120 417
9 -86.640 0.1150 4.07
10 -87.163 0.1160 4.03
11 -85.368 0.1130 4.11

Average = 4.10

STD Dev = 0.07

Af = 13.343 GHz

A Table 2. Measured phase and dielectric constant.

Published data

Several sources were found for the dielectric constant
of 7070 glass. The published values are for an uncom-
pressed dielectric or, in this case, the perpendicular
dielectric constant (¢ ). Good agreement is obtained.
The results are shown in Table 3.

Measurement errors

Calculation of the perpendicular dielectric constant
based on phase response is subject to several sources of
error. First, the fixture must be assembled as shown in
Figure 1. The steps on either side of the glass seal must

term is estimating the phase change per length of

line from Equation 1. Specifically, the loss terms

were ignored. The model is estimated to be within
0.5 percent.

The network analyzer measurement error is easily
reduced. It has a worst-case phase measurement error of
roughly + 2.9 degrees [8]. Plugging this into Equations
(1) and (2), the error in the dielectric measurement is
roughly = 0.3. (Keep in mind this error is the worst case,
and typically the accuracy will be much greater) A
rough measurement of the network analyzer phase
error has been made [9] and it was shown that most
measurements are within + 0.4 degrees. The reduction
in the variance is accomplished by taking several phase
measurements over varying frequencies.

VSWR can also generate phase errors. For the VSWR
measured, 1.10:1 the phase error is estimated as [10]:

q)err - iSin_1|plp2| = 0.033° (8)

where

py = 0.048

Ignoring the dimensional discrepancies, combining
the capacitance errors, considering the errors in the
model for phase/length and using a phase measurement
error of +0.4 degrees, the error in the dielectric mea-
surement will be approximately +0.08.

Because test fixture is similar, the errors from the
capacitance estimates should be repeatable, as are the
errors from the phase/length equations. To a lesser
extent, because of the similarity of devices, one can
argue that the errors in the phase measurement are also
somewhat repeatable. These factors combine to yield an

Relative Dielectric Constant
(room temperature)

estimate of the dielectric constant that
may have a mean error of +0.08, but

Source Frequency Range
Corning, Publish Spec 1 MHz
GBC Materials (supplier) 1 MHz
A. von Hipple 100 Hz to 10 GHz
A. von Hipple 25 GHz

that has a low error variance.

4.1
2'(1) Verification using electromagnetic
3.9 finite integration

A finite integration simulation/mod-

A Tahle 3. Published dielectric constant of 7070 glass [7].

82 - APPLIED MICROWAVE & WIRELESS

eling program was made available by



Conductivity. -

PLANSEE heat sinks made of MoCu and WCu are designed to be the ideal solution for thermal
management in telecommunication systems, radar technology or diode lasers. Our 80 years of
experience in the manufacture of refractory metals and the purity of our pre-materials result in the
production of heat sinks with outstanding thermal conductivity. PLANSEE offers the complete
process technology including machining and plating as well as stamping of MoCu for high volume
parts. MoCu sheets can be rolled down to a thickness of 0.005 inches.

A ‘STEP AHEAD IN TECHNOLOGY.

SCHWARZKOPF Technologies Corporation, 115 Constitution Blvd, Franklin, MA 02038 SCH WARZKOPF

Phone: 508-553-3800, Fax: 508-553-3823,Toll Free: 800.STC.MOLY (800-782-6659) A PLANSEE Affiliated Company

Cicle2s [




(DUELECTITRIC MIEASUIRIENIER

NS

o

AfGHz  Dielectric Constant Phase Response | the resonate cavity, the method accounts
CST Microwave Studio  13.99 3.550 86.82° for compression and anisotropic dielectrics
(phase is calculated and can be easily implemented. |
from dielectric)
ABCD Theory 13.99 3.627 86.82° Acknowledgements
(dielectric is calculated The work detailed in this article was
from phase) funded by Kaman Instrumentation. CST
A Table 4. Comparison to finite integration analysis. America provided a valuable analysis that
helped greatly in confirming the theory.
CST America and used to confirm the accuracy of the References

theory presented. The device was used as defined in
Table 1. The CST model was run with a isotropic dielec-
tric of 3.55 instead of the measured ¢, = 3.5, 4.10,. For
comparison, the ABCD model also uses an isotropic
dielectric. The results are shown in Table 4.

Frequency dependent dielectrics

Frequency dependent dielectrics can be measured as
described above. The goal is to narrow the frequency
span to encompass the frequency of interest. Several
measurements are made over varying frequency bands
that surround the frequency of interest. Using this
method, the phase measurement error can be reduced,
thereby reducing the error in the measured dielectric
constant.

Complex dielectric constant

The basic Equation (1) still applies. Beta becomes the
complex propagation constant gamma, which takes into
account conductor loss and dielectric loss. The cosine
terms become hyperbolic cosines, the sine terms, hyper-
bolic sines and the j is dropped. Two good sources for
proceeding are [11, 12].

Conclusion

The illustrated measurements show that the dielec-
tric constant of 7070 glass is dependent on the compres-
sion the glass is under. In the direction parallel to the
electric field, the relative dielectric constant (g) is
reduced because of increased pressure, while the relative
perpendicular component (g, ), which is not under com-
pression, maintains its typical value.

The key to designing low VSWR hermetic seals is to
quantify the changes in the dielectric constant as a
result of the compression seal. This method gives con-
nector manufacturers tools for monitoring the firing
process and adjusting when necessary. The tools and
techniques required are basic and available in most
microwave manufacturing facilities.

In addition, this method allows the designer the
option of testing over frequency without setting up
numerous resonate cavities. Although not as accurate as
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Mini-Circuits Introduces a
New Low-Cost, Triple-
Balanced LTCC Mixer

ouble-balanced mixers are widely
Dused in frequency translation appli-

cations. Some of the advantages of
the double-balanced mixer are good L-R
and L-I isolation and moderate R-I isola-
tion. Triple-balanced mixers, also called
double-doubly balanced mixers, have three
separate baluns for LO, RF and IF ports.
This structure helps provide wide band-
width, good L-R, L-I and R-I isolations,
VSWR, compression and IP3, all at the
expense of 3 dB higher RF power. The only
disadvantages are the number of compo-
nents, resulting in a large size, and the
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complexity, which makes the design more
expensive. &

Mini-Circuits has designed a new low-
temperature co-fired ceramic (LTCC) based
mixer (patent pending) that is substantially
reduced in size and complexity. It uses a combi-
nation of LTCC and ferrite based baluns and
Schottky diode quads to realize a small, triple-
balanced mixer.

Operating principle of the mixer

Figure 1 shows the schematic of the mixer.
The mixer consists of an LO transformer T1, an
RF transformer T2 and an IF transformer T3.
Transformer T1 is comprised of transmission
line transformers T1’ and T1”. Similarly, T2 is
comprised of T2’ and T2”.

Transformer T3 is also a transmission line
transformer. Quads QD1 and QD2 are in mono-
lithic form to assure superior match.

During the positive half cycle of LO, diodes
D1, D3, D6 and D8 are on. The resulting polari-
ty of the RF signal at the IF port is of a particu-
lar polarity. During the negative half cycle of
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A Figure 1. Schematic of the mixer.

LO, diodes D2, D4, D5 and D7 are on the result-
ing polarity of the RF signal at the IF port is
now reversed. This is equivalent to mathemati-
cal multiplication or mixing. The result is a sum
and difference frequency of LO and RF signal.
Usually, the difference frequency is used as the
desired IF.

Interport isolation is achieved due to the bal-
ance of the circuit. In Figure 1, node E and
F are at ground potential for LO signal.
Hence, LO and IF are isolated.

The LO signal from T1 appearing at T2’ ter-
minal (so also at T2") is of the same polarity and
magnitude. Hence, LO and RF ports are isolat-
ed from each other.

The RF signal appearing at the IF port is
switched every half cycle. Using Fourier analysis,
it can be shown that the RF signal component is
not present at IF. This interport isolation is ideal
for the usability of the mixer, because it elimi-
nates or reduces the need for external filtering.
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A Figure 2. Photograph of the LTCC mixer.
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A Figure 4. L-1, L-R and R-I isolation of the MCA-35LH mixer.

A Figure 3. Conversion loss of the MCA-35LH mixer.

Construction of the LTCC mixer

For frequencies below 5 GHz, ferrite-based trans-
formers are widely used as baluns. The result is a
manual-oriented manufacturing process, which
becomes a major handicap for large-scale manufac-
turing. In this new approach, low temperature co-
fired ceramic (LTCC) has been used as the medium
to realize two of the baluns to make it a compact
mixer. Quads are used in die form to minimize size
and cost.

The advantages of the new approach are:

* Small size (0.25 x 0.3 x 0.2 inches)

* Reduced manufacturing steps

* High repeatability due to integrated components
* Ease of mass production

* Low cost
Model Frequency Conversion L-R L-l IP3 (dBm) E Case Price
number (MHz) Loss Isolationlsolation@ center | Factor | Style* $
(dB) (db) (db) band Qty.
LO/RF IF Typ. c Max. (10-49)
fi-fy
MCA-35LH 500-800 10-300 63 01 77 18 11 32 25 16 06 | DMB42 | 6.95
800-1000 10-200 7.1 0.1 8.9 24 17 30 23 18 0.8
1000-1800  10-800 73 041 8.9 29 20 28 20 16 0.6
1800-2000  10-200 63 01 82 32 25 30 23 16 0.6
1800-2500 10-700 58 0.1 82 32 22 30 21 16 06
2000-3500 10-1500 65 0.1 87 29 17 26 16 17 06
500-3500  10-1500 69 01 89 . .
MCA-50LH | 1000-1400  10-400 68 01 85 20 11 32 25 17 0.7 | DM842 7.95
1400-2000 10-600 66 01 77 25 20 32 25 17 0.7
2000-2600  10-600 78 02 99 25 18 30 24 18 0.8
2600-4500 10-1500 78 01 86 35 20 25 15 15 0.5
4500-5000 50-500 80 02 99 35 22 25 15 16 0.6
1000-5000 10-1500 73 02 99 . .
* See individual band specs.
E-Factor = [IP3(dbm) — LO Power (dbm)]/10
* Leadless version available in case style DN844

A Table 1. Electrical specifications (L0 = +10 dBm).
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Figure 2 shows the photograph of the new

mixer.

Performance of the mixer

Figure 3 shows the conversion loss of the mixer
MCA-35LH. The conversion is around 6.5 dB over
1800 to 2500 MHz. This mixer has a typical L-R,
L-I and R-I isolation of 30 dB as shown in Figure
4. Tt also has excellent matching on all three ports
with the following return losses:

LO port: 12 dB typical

RF Port: 10 dB typical

IF port: 20 dB to 500 MHz and 10 dB to 1000
MHz

Figure 5 shows the return loss of LO, RF and
ports; Figure 6 shows that of IF port. Figure 7
shows the IP3 performance. The third order
intercept point of this mixer is 16 dBm typically
over its entire range. The 1 dB conversion point is
typically at +16 dBm RF input. This mixer has
useable performance over 500 to 3500 MHz.

A second mixer with optimized performance
over 3000 to 4500 MHz with an IF BW of 10 to
1300 MHz and a useable range of 1000 to 5000
MHz has also been designed and designated
model number MCA-50LH. The above mixers
need 10 dBm LO power to operate.

Conclusion

A series of triple-balanced mixers have been
designed using LTCC. These mixers are small in
size, have repeatable performance, need less man-
ufacturing steps and are less expensive. They are
ideal for low, medium and high volume markets
because they are easy to reproduce compared to
ferrite based mixers. |

For more information:

Mini-Circuits Engineering

P.0. Box 350166

Brooklyn, NY 11235

Tel: 718-934-4500

Fax: 718-332-4661

E-mail: sales@minicircuits.com
Internet: www.minicircuits.com

or circle Reader Service #200
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A Figure 5. LO and RF return loss of the MCA-35LH.

LO=+10 dBm

40.00

35.00

30.00

RETURN LOSS (dB)
- N )
(4] o w
o o o
o o o

10.00
5.00

0.00
0 200 400 600 800 1000
FREQUENCY (MHz)

1200 1400 1600

A Figure 6. IF return loss of the MCA-35LH.
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Product Focus — Attenuators

and Terminations

Coaxial attenuators for DC to 18 GHz
Mini-Circuits offers a family of broadband
DC to 18 GHz precision fixed attenuators that
handle 125 watts maximum power. Fifteen mod-
els offer nominal attenuation values from 1 to
10 dB plus 12,
15, 20, 30 and
40 dB. These
stainless steel
attenuators
exhibit excel-
lent tempera-
ture stability,
high repeata-
bility and typi-

cal VSWR of 1.15:1. Applications include imped-
ance matching and providing a 2 watt or 5 watt
termination load for power amplifiers.
Mini-Circuits

Circle #193

Compact digital attenuators

Alpha Industries has introduced the AA107-
310 and AA109-310 GaAs IC 5-bit digital atten-
uators with serial to parallel silicon drivers
housed in leadless 5 x 5 mm plastic packages.
Featuring low loss, high attenutor accuracy and
high TP3, the digital attenuators are designed
for use in base stations, as well as for wireless
data and wireless local loop applications.
Alpha Industries, Inc.
Circle #194

Kit includes four attenuators

Bird Component Products has released a new
attenuator kit, the 3-A-MFB-K1. The kit
includes four attenuators, each rated at 3, 6, 10
and 20 dB values and with BNC male and

90 - AppPLIED MICROWAVE & WIRELESS

female connectors.
This cost-effective
kit is designed for
use by installers,
technicians  and
engineers to deter-
mine exact dB val-
ues needed for
transmit, receive
or measurement
systems, as an
alternative to more
costly variable at- b
tenuators. The kit is prov1ded in a foam lined,
impact-resistant case.

Bird Component Products, Inc.

Circle #195

4-line array Schottky bus terminator

Diodes Incorporated has launched a new
quad data line Schottky bus terminator. The
QSBT40 is a high-density array designed to pro-
tect the sensitive in/out ports of Transmtor-
Transistor Logic
(TTL) and Com-
plementary
Metal-Oxide
Semiconductor
(CMOS) inte-
grated circuits
from over-volt-
ages caused by
induced electri-
cal transients.
This SOT363 device is based on Diodes’ apphca-
tion-specific multi-chip circuit high-density
implementation. Four data line terminators are
mounted in one surface-mount package, with




IR LRI WITH SAWTEK!

Sawtek delivers a full line of

RF SAW filters for all your design
needs. Our expanded capacity
and product portfolio make
Sawtek your total SAW solution.
These products — plus a complete
line of SAW filters for worldwide
wireless architectures — are setting
a new standard for performance

and dependability.

Sawtek...
Your Total SAW Solution!

Sawtek’s RF Filter Family

Frequéncy Bandwidth
{MHz) (MHz) Band Apmicaﬁon_

836.5 25.0 T US. Cellular
881.5 25.0 CRe. UM Cellular
942.5 350 Rx EGSM
1575.0 2.0 Bk es
1842.5 75.0 . DES
1880.0 600 T {1 pes
1950.0 60.0 T UMIS
1960.0 60.0 Rx Us pcs
2140.0 €00  Rx . uMTs

Filters are available in various package sizes and input/output
impedances. Call us or visit our website for more information.

M fa TQuint company

=== electronics marketing CALL US OR VISIT OUR WEBSITE!
www.em.avnet.com www.sawtek.com

Phone: (800) 332-8638 Phone: (407) 886-8860
Fax: (407) 886-7061
Avnet and the Avnet loge are registered trademarks of Avnet, Inc. E-mail: info@sawtek.com
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eight diodes arranged in four series..{;pnnected pairs.
The packaging offers as much as a 19:1 board space
reduction ratio as compared to other discrete Schottky
diodes. Applications include LAN/WAN equipment, set-
top boxes, Ethernet connections and T line cards.
Diodes, Inc.

Circle #196

Aluminum nitride attenuators

Anaren Microwave has introduced two RF power-
brand aluminum nitride (AIN) attenutors, rated at 20
and 30 dB. The attenuators, designated RFP-100NXXAF
and RFP-100NXXAE, handle 100 watts (average CW)
and are designed for the DC to 2.5 GHz range.
Specifications include thick film resistive elements,
99.99 percent pure silver leads and operating tempera-
ture range from -55 to +150 degrees Celsius. The RFP-
100NXXAE also offers a copper nickel plated mounting
flange per QQ-N-290 requirements. The units meet or
exceed applicable portions of MIL-E-5400 and measure
0.350 x 0.225 inches.
Anaren Microwave Inc.
Circle #197

Low-cost coaxial terminations

Elcom Systems announces the availablity of a series
of miniature 50-ohm coaxial terminations suitable for
military and commercial equipment. The terminations
are provided in BNC, TNC, N, SMA or SMB configura-
tion, with connectors in male or female (SMB female

TECERIOLOGIES

Y

only). Specifications include VSWR of 1.1:1 nominal and
1.25:1 maximum over a frequency range of DC to 2 GHz
for BNC), 2.5 GHz for TNC and N, 4.2 GHz for SMA and
3 GHz for SMB. Disspation is 0.5 watts CW, 1 kW peak
over the temperature range of -25 to +85 degrees
Celsius. The terminations are designed with gold, silver
or nickel plated connectors, with the resistor element
mounted in a silver plated housing.

Elcom Systems, Inc.

Circle #198

10-watt terminations up to 10 GHz

Bird Component Products has increased the frequen-
cy range of its 10-T series 10-watt terminations. The
series is now rated up to
10 GHz. Standard oper-
ating temperature is -40
to +40 degrees Celsius.
VSWR is 1.1:1 maxiu-
mum from DC to 2.4
GHz, 1.15:1 maximum
from 2.4 to 6 GHz and
1.25:1 maximum from 6
to 10 GHz. Available
connectors are N male
and female. BNC and
TNC connectors are also offered for applications with a
maximum frequency range of 4 GHz or below.
Bird Component Products Inc.
Circle #199

Applied

Authors’ Guidelines

Applied Microwave & Wireless magazine does
not use a detailed author’s guide! We don't want
to make your job of writing any more difficult.
We're editors, and it’s our job to make sure your
efforts are presented to our readers in a profes-
sional manner.

To submit an article for publication in Applied
- Microwave & Wireless magazine, send a proposal
. or abstract to the address given at right. Please
be sure to include a contact name, telephone and
fax numbers, and e-mail address.

We will notify you if we want to publish your
work and will ask you to submit the final article,
including all figures and images, both on disk and
in hard-copy form. Articles are accepted on PC-
formatted disks or by e-mail, with Microsoft
Word documents preferred. Figures and images

should be high-resolution to ensure high quality
when printed. We cannot accept low-resolution
JPEGs or other web-formatted image files.

We’ll need to receive your final article at least
eight weeks before the date of publication. You
may consult our Editorial Calendar (available
online at www.amwireless.com) and indicate a
topic on your proposal, although we cannot guar-
antee publication in a specific issue.

Submit article proposals to:

Article Submissions
Applied Microwave & Wireless
630 Pinnacle Court |
Norcross, GA 30071
E-mail: submissions@amwireless.com
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DC-6GHz

Mini-Circuits VAT and HAT fixed attenuators rank at the top of their class
for high performance, big selection, and low cost! Choose from 14 different
attenuation values; from 1 to 10dB in 1dB steps plus 12, 15, 20, and 30dB.
All'in stock, ready for immediate shipment, and value priced from only $9.95 for
BNC (HAT ) and $11.95 for SMA (VAT). Performance wise, these devices offer
excellent attenuation flatness, low VSWR, and handle up to 500mW input
power. Plus, rugged unibody construction makes them very easy to use in
systems, testing, and product development applications. So get the best
economy from your design with Mini-Circuits fixed attenuators.

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

VAT MODELS $11.956a.(qty. 1-9)

DESIGNER’S KITS AVAILABLE

ATTENUATORS .

09

ea.(qty.1-9)

Models Attenuation* (dB)

SMA-M/F  BNC-M/F Flatness VSWR (:1)
DC-6GHz DC-2GHz  Nominal  Midband Typ.  Midband Typ.
VAT-1 HAT-1 11 0.20 0.11 110 1.2
VAT-2 HAT-2 2 2 0.20 0.10 120 1.2
VAT-3 HAT-3 3 3 0.15 0.12 115 1.1
VAT-4 HAT-4 4 4 0.15 0.08 115 1.1
VAT-5 HAT-5 5 5 0.10 0.08 1.16 1.1
VAT-8 HAT-6 B 6 0.10 0.02 115 1.1
VAT-7 HAT-7 77 0.10 0.05 115 1.1
VAT-8 HAT-8 8 8 0.10 0.04 120 1.1
VAT-9 HAT-9 9 9 0.10 0.02 115 1.1
VAT-10  HAT-10 10 10 0.20 0.03 120 141
VAT-12 HAT-12 12 12 010 0.05 120 1.1
VAT-16 HAT-15 15 15 0.30 0.05 140 11
VAT-20 HAT-20 20 20 0.75 0.18 120 1.1
VAT-30 HAT-30 30 30 0.30 0.38 115 11

Power: 0.5W at 70°C ambient.
* Attenuation varies by +0.3dB max. (VAT), +0.2dB max. (HAT ) over temperature.

oHAT MODELS $9.95¢ea.(qty. 1-9)
ALL MODELS IN STOCK

K1-VAT: 1of Ea. VAT-3, -6, -10, -20, -30 (5 total) $49.95
K2-VAT: 1of Ea. VAT-1, -2, -3, -4, -5, -6, -7, -8, -9,-10 (10 total) $99.95
K3-VAT: 2of Ea. VAT-3, -6, -10 (6 total) $59.95

K1-HAT: 1of Ea. HAT-3, -6, -10, -20, -30 {‘w total) $48.95
K2-HAT: 1of Ea. HAT-1, -
K3-HAT: 2 of Ea. HAT-3, -6, 10 (6 rorai)$)8 95

[JMini-Circuits =@

-4, -5, -6, -7, -8, -9, -10 (10 totat) $97.95

INT'L

CIRCLE READER SERVICE CARD
P.O. Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

w The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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Very Low Power RF Transceiver
Targets Demanding Applications

By Peder Martin Evjen
Chipcon AS

he new RF transceiver |parameter CC400 CC900 CC1000

CC1000 from Chipcon is | Frequency range (MHz) 300-500 500-1000 300-1000
specifically designed to com- | Range . Best Best Good
ply with stringent requirements for ggy::ycggs%g?ggg goog goog SES:
Co icati 00 00 es

short-range RF applications. The | o/ S voltage range 2733V 2733V 23-36V
CClOOQ is a true single-chip UHF | pjwer down mode Yes Yes Yes
transceiver developed for very low | Multi-channel systems Yes Yes Yes
power consumption and low voltage | Frequency hopping Yes Yes Yes
operation. Based on a 0.35 mm | Frequency fine tuning Yes Yes Yes
CMOS technology this is the only | RSS! , _ No No Yes
roduct currently available that lntegratgd bit synchronizer No No Yes
p . Y . ‘ Integration level Good Good Best

offers a unique combination of low | package SSOP-28 SSOP-28  TSSOP-28

cost, high integration, high perfor-
mance and flexibility, thus setting a
new standard for short-range wire-
less communication devices.

The CC1000 is designed primarily for FSK
systems in the ISM/SRD bands at 315, 433, 868
and 915 MHz. However, it can easily be pro-
grammed for operation at other frequencies
between 300 and 1000 MHz. The low power con-
sumption and the high integration level make
the CC1000 ideal for remote keyless entry, home
automation, automatic meter reading and wire-
less alarm and security systems.

New technology, new applications

The introduction of CC1000 adds state-of-
the-art technology to Chipcon’s high perfor-
mance CC400 and CC900 RF transceiver inter-
grated circuits. These two products target long-
range and high sensitivity applications, features
essential for applications such as automatic
meter reading, home automation, point-of-sales
systems, barcode scanners and industrial
remote controls.

However, the ever-increasing demands for
reduced size and low power consumption in bat-
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A Table 1. Comparison of transceiver features.

tery applications led Chipcon to develop the
very low power CC1000 transceiver. Table 1
summarizes and compares the features of these
three chips.

The CC1000 operates from 2.3 to 3.6 V, mak-
ing it ideal for battery applications using a sin-
gle lithium manganese dioxide 3.0 V coin cell or
a lithium thionyl chloride 3.6 V cell. The current
consumption is 7.7 mA in receive mode and
from 5.3 mA up to 28 mA in transmit mode,
depending on the output power. Output power
can be programmed in 1 dB steps up to 10 dBm
at 433 MHz. In power-down mode, the device
draws 0.2 mA, another important feature for
battery applications. Remote keyless entry and
tire pressure monitoring are two of the applica-
tions in the automotive industry that take
advantage of the CC1000 benefits.

CC1000 comes in a TSSOP28 package, speci-
fied over the temperature range from -40 to
+85 degrees Celsius. Table 2 summarizes the
CC1000’s technical specifications.
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PRODUCTS & TECHNOLOGIES
Specifications Min  Typ (433/868 MHz)  Max  Unit A sensitivity of -109 dBm
General: RF Frequency Range 300 1000 MHz | combined with high output
Data Rate 0.6 19.2  kBaud | power (10 dBm) makes it possi-
TX Mode: QOutput Power (programmable) -20 10/5  dBm | ble to build very low power bat-
FSK Separation(programmable) 1 65 kHz tery operated systems offering
RX Mode: Receiver Sensitivity, -107/-106 dBm a long and reliable communica-
1.2 kb/s tion range. The CC1000 has an
Power Supply: Supply Voltage . 2.3 3.6 v integrated PLL that can be pro-
Curto: Consupton, T, 20 i 5386 ma | Erommed in 250-Hz steps, malk-
, , = , , m . .
Current Consumption, TX, =5 dBm 8/13,9 mA :cl)i;:gs:jlorfelpnor;g&t;r;s cg;%
Current Consumption, TX, 0 dBm 11,6/16,4 mA 1 .
Current Gonsumption, TX, 5 dBm 14,6/12,2 mA as p‘r0v1d1ng the options of
Current Consumption, TX, 10 dBm 27.8/- ma | multi-channel systems and fre-
Current Consumption, power down 0.2 1 mA quency hopping protocols.
The CC1000’s multi-channel

A Table 2. Specifications of CC1000 at 433 and 868 MHz.

possibilities are an advantage
when designing equipment for
operation under different regu-

RSSUIF

MIXER

DIO

1
IF STAGE r-»': DEMOD
J DCLK

RF_OUT

_. Receiver
| Transmitter
L | Synthesiser

L] Control Interface

n PDATA PCLK.,

latory restrictions and when developing solutions
that can be used in different markets. Automatic
frequency selection and frequency hopping proto-
cols may be used to increase the reliability of the
system as the frequency bands used for license-
free short-range communications become more
crowded.

The device offers an integrated bit synchronizer
and RSSI and is easily interfaced to any micro-con-
troller through 5 I/O lines.

PALE

Application circuit
Few external components are required to make

A Figure 1. Block diagram of the CC1000.

A highly integrated transceiver

The block diagram of the CC1000 (Figure 1) shows
that all blocks needed to make a complete RF transceiv-
er are integrated into the chip. Even with the high
degree of integration, the CC1000 is very flexible.
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A Figure 2. Application circuit of the CC1000.
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a complete transceiver, so the CC1000 is a good
choice for lowest cost and smallest size applica-
tions. The application circuit is shown in Figure 2.

Summary

The CC1000 transceiver by Chipcon is designed for
demanding wireless automotive and consumer applica-
tions. It is supported by a development kit that provides
a complete reference design with schematics, bill of
materials and layout for the developer. Samples and
complete development tools are available now. i)

Author information
Peder Martin Evjen is director of Technical Support
for Chipcon AS.

For more information, contact:

ChipGon AS

Tel: +47-22958544

Fax: +47-22958546

E-mail: wireless@chipcon.com
Internet: www.chipcon.com

or circle Reader Service #201



GPS Receiver Based On
Pure CMOS Technology

alence Semiconductor has introduced the

‘ ; VS7001 integrated circuit for GPS appli-

cations. The VS7001 is a fully integrated

pure CMOS receiver, providing a clear path to a
single-chip GPS system.

The VS7001 incorporates a fully integrated
LNA front end, IF section, digital sampler and
local oscillator synthesizer. It is fabricated in
0.35-micron pure CMOS that provides design
advantages including low cost, robust perfor-
mance, integration with industry-leading base-
band technologies and low power consumption.

With typical total power consumption of 27
mW at 2.2V, the VS7001 receiver may be placed
in battery-operated devices. Operational supply
voltage range is 2.2 to 3.6 V. The receiver accom-
modates available baseband technologies includ-
ing those offered by Sony and Mitsumi. It also
eliminates the need for surface acoustical wave
(SAW) TIF filters, or multiple passive compo-
nents, which other GPS systems use to attenu-
ate image signal and noise.

Specifications. for the VS7001 include input
frequency of 1575.42 MHz (GPS L1), external
LNA gain of 25 dB, noise figure of 8 dB and
power dissipation of 0.027 W at 2.2 V. Clock fre-

BAGRABASREARE

©v.

Em/i

VS7001
60694 . AB
TC0133 . DES

A Valence Semiconductor has introduced the
VS7001 integrated circuit for GPS.

quency is 18.414 MHz, with crystal or TCXO
clock input. Sampled IF output is 1.023 MHz.
LO phase noise is =50 dBc at 10K and -80 dBc at
100K. Operating temperature range is —40 to
+85 degrees Celsius.

The VS7001 is provided in a 48-pin TQFP
package. Product samples are available now to
prospective OEM partners. Full reference
designs (supporting multiple basebands) and
evaluation boards are also available. |

\/
BPF

1.57542 GHz

1.023 MHz IF Output:

P Full Swing

For more information, contact:

» Differential

_m

==

S— —
S

¥ Limited Swing
t+— Output Control

Valence Semiconductor
41 Discovery

Irvine, CA 92618

Tel: 949-655-4100

18.414 MHz

Clock Output:

P Full Swing

— Limited Swing

E-mail: support@valencesemi.com

Clock Output Control

Internet: www.valencesemi.com

A Figure 1. GPS front end block diagram.
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has the best
IP3 mixers.

Typical Specifications:

Best performance, best innovations, best value. Frequency L

) . N (MHz) level  IP3 Conv. Loss Isola!lon (dB) Sea

Someone will always be on top. For example, while other Model RF IF (dBm) (dBm) AE Factor  (dB) L (1-9)
companies offer some high IP3 mixers, at Mini-Circuits we've ﬁJE-Q swav?gso ;g—woo 7 22 15 7.1 36 zi }o.gg
introduced an entire family of mixers incorporating unique HjK_g? 13?8_1910 1 80,133(% 75 it %2 Sg ?9 18_35
patented technology to deliver the highest IP3 for low, medium, HJK-9LH 818-853  40-100 10 27 1.7 6.7 gg % ]Sgg
and high LO power levels. IP3 as high as +38dBm! And unlike RO 1o e 10 2 12 13 %% e
other mixers, our HUD and HJK models require no DC power, HIK-9MH  818-853  40-100 13 31 1.8 67 37 27 }i.gg
which simplifies circuit layout and makes them very easy to use FUCIOMA jSc00i0 o0 1B : 11 M RN R LE
in 115 to 2300MHz applications. But while other suppliers are HJK-3H 140-180 0520 16 37 2.1 80 44 44 16.95
i I ini-Ci i HJK-9H 818-853 40-100 17 33 1.8 6.7 35 31 16.95
concentrating ma_unly on IP3 performa_nce, Mini-Circuits goes Dol iaoinio a1 aa 15 CEAR O L
beyond by providing very low conversion loss down to 6.7dB, HJK-21H  1850-1910 180-300 17 36 1.9 7.6 28 25 16.95
hlgh isolation up to 49dB, and 1dB RF compression point 3dB .« up.a 140-180 0590 16 37 24 8.1 47 45 1595
higher than LO power...all from a smaller, industry standard ~ # HUD-18SH  1819-1910 50-200 19 38 19 75 38 36 19.95

package fitting the same footprmt as our popular SYM quels. A Factor= [IP3 (dBm) - LO Power (dBm)] <10.
Nobody else has these high performance, high IP3 mixers. *Units protected under U.S. patents 5,416,043 and 5,600,169.
B . R . ** Additional patents pending
But even if they did, nobody buf[ Minl_ Circuits could offer them Sive (LxW xH): HJK 0.500" x 0.375" x 0.23", HUD 0.803" x 0.470" x 0.250".
off-the-shelf at an amazing price from only $10.95 each!

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

[ Mini-Circuits .=
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P.O. Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
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Inline Couplers Split Signals
to Multicarrier Power Amplifiers

amplifiers designed to handle as many

carriers as possible, in order to reduce the
cost of each transmit channel. Combining and
dividing RF power is one of the most basic
requirements in these base stations, as the out-
puts of multiple amplifiers must be combined at
the antenna interface. The hardware employed
to accomplish these power combining and divi-
sion functions in second-generation wireless
systems and beyond has decreased dramatically
in size because of the need for lower effective
radiated power in each sector.

The ILC-SH series of inline couplers from
Merrimac Industries have reduced this size even
further, to a fraction of the space required by
competing technologies, while still handling up
to 100 W CW in the operating range of 1.8 to 2
GHz (Figure 1).

The ILC-SH inline couplers are fabricated in
the company s Multi-Mix process, the next gen-
eration of which, called Multi-Mix PICO, was
announced this year. Multi-Mix is a multilayer
technology in which fluoropolymer composite
substrates are fusion-bonded together to form a
multilayer structure of microwave circuits that

Current base stations employ multicarrier

are a fraction of the size of similar components
realized with conventional fabrication technolo-
gies. Nearly any type of active or passive
microwave element, from discrete semiconduc-
tors to MMICs, and plated-through via holes,
can be contained within this structure to form a
multifunctional circuit that is self-contained
and requires no additional packaging.

Multi-Mix PICO advances Multi-Mix minia-
turization by reducing the size of devices that
can be fabricated by as much as 90 percent. The
first Multi-Mix PICO devices introduced by
Merrimac, quadrature hybrids and directional
couplers, are the some of the smallest achiev-
able with any commercially-available technolo-
gy. A family of three-way power dividers has
since been added to Multi-Mix PICO line, and
they are typically 90 percent smaller than their
nearest competitor.

ILC-SH inline couplers are also extremely
small in comparison to current products that
deliver the same functionality. Within a 0.2 x
0.56 x 13 inch package that weighs 0.023
ounces, the ILC-SH devices contain a complete
inline coupler solution that handles RF input
power of 10 W CW, and optionally 100 W.

T3

Multi-Mix PICO™
In-line Multicoupler
0.20" x 0.56"

@ @ @
Sl Te © ® @ Py
Conventional
In-line Coupler
6.15"x1.12"

A Figure 1. The Multi-Mix PICO ILC-SH inline coupler delivers dramatic size reduction compared to similar

devices realized with conventional technology.
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Operating frequency 1.8 t0 2.0 GHz
Nominal coupling 4.8 dB
Insertion loss 0.25 dB typical
Amplitude balance +0.6 dB typical
Isolation at least 22 dB
VSWR 1.35:1 typical
Maximum input power1 10 W CW

Optionally 100 W CW
-55 to +85 degrees C
0.20 0.56 0.13 inches
0.023 ounces

Operating temperature range
Size
Weight

* CW input power tested as a divider, internal load disspation 375 mW
or less for 10-watt model and 1.5 W or less for 100-watt model

A Table 1. ILC-3SH-2.0G inline coupler specifications.

Insertion loss is typically 0.25 dB, and isolation is at
least 22 dB.

The ILC-SH series is a serial coupler network that
has several advantages over corporate networks that
employ Wilkinson power dividers in a parallel configu-
ration. It allows any number of splits to be achieved, and
produces a device with a wide bandwidth and lower
insertion loss. The ILC-SH devices consist of serially

connected couplers, each one with a different coupling
value. Equal split loss is maintained at all coupled ports
because the direct-path loss of previous couplers in the
line is added. Each of the paths through a divider/com-
biner pair have equal insertion phase, but the individual
path ports do not. The technique results in extremely
accurate phase and amplitude balance, in the vector
sum, which makes the ILC-SH inline couplers well suit-
ed for use in the multicarrier amplifier applications.
Three-way ILC-SH series devices are available on
tape and reel from stock. Custom models in four-way,
six-way and other configurations are available as well,
with exact specifications tailored to customer require-
ments. |

For more information, contact:

Merrimac Industries

41 Fairfield Place

West Caldwell, NJ 07006

Tel: 888-434-6636

E-mail: MMFM@merrimacind.com
Internet: www.merrimacind.com
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Need to design an x-band amplifier for example? Choose your transistor and
start your engines.
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1. Use our MATCH module to synthesize your amplifier matching circuit.
Simply enter your device models and matching network topologies and
MATCH calculates the network parameters needed for an optimal match
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2. Then use ADVANCED T/LINE to automatically convert schematics between
ideal, microstrip, stripline, coplanar and transmission line types.
You'll jump start your design without even switching gears.

So Grab a Seat and Hold On! And get the extra power, speed and
accuracy you need. With synthesis packages starting under $3,000 US, you’ll
land the pole position every time.

Phone: +1 678-291-0995 EAGLEWARE

RF and Microwave Design Software
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Guest Editorial

continued from page 106

technical direction and then by clearly articulating the
corporate strategies and objectives that result from this
process. In return, we hold all employees, and particu-
larly our engineering team, accountable for delivering
leading-edge solutions for our customers’ needs.

Job satisfaction and career development opportuni-
ties are two additional areas of focus. Again, we have
enhanced our personnel policies to be better aligned
with the needs and expectations of the people to which
they apply. Our engineers benefit from practical quality-
of-life enhancements we have adopted, such as 25 three-
day weekends per year, flexible work schedules to avoid
stressful rush-hour commutes and a relaxed, casual
environment conducive to improved productivity. We
have begun tuition reimbursement for continuing edu-
cation, improved orientation and training processes and
career advancement options covering both management
and technical opportunities. Our small-company envi-
ronment also offers opportunities for creativity and
innovation and allows employees to become involved in
many aspects of the business, not just a narrow techni-
cal specialty. This provides the chance to form teams
that strongly influence the success of the business.

This is not to say that compensation isn’t important.
Competitive salaries will always play a major role in
attracting strong talent. In addition, despite the stock
market decline of 1999-2001, stock options will remain
an important component of compensation packages.

Over the next several months, Vari-L hopes to double
its technical staff, adding engineers who are drawn to a
well-rounded opportunity that offers strong potential
for a successful career in conjunction with high quality
of life. These objectives are not mutually exclusive; they
are being achieved now. B

Chuck Bland is president and CEO of Vari-L Company
(www.vari-l.com), a developer of RF and microwave com-
ponents for commercial wireless and military/aerospace
customers. He has more than 25 years of international
management, finance and operations experience, includ-
ing senior executive positions with Qwens Corning, where
his assignments ranged from president of Africa/Latin
America operations to president of Asia Pacific opera-
tions. Bland earned a B.S. in accounting and finance
from Ohio State University and an MBA from the Sloan
School at Massachusetts Institute of Technology.
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analysis of the error effects of each measurement method, including such concerns as improper third-
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Guest Editorial

The Challenge of Finding Good Engineers

By Chuck Bland
Vari-L: Company

for wireless products and services were good news

for RF engineers but challenging and often frustrat-
ing for companies trying to attract and retain those
engineers. This increased demand occurred after a peri-
od of declining demand for RF and microwave engi-
neers. The primary demand had previously come from
military applications, and the shrinking defense budget
of the late 1980s and early 1990s discouraged engineers
from entering this discipline. In addition, RF and
microwave engineering was not a commonly taught dis-
cipline in universities. This created a low supply.

The wireless boom altered this balance significantly.
Engineers who once competed for a finite number of
jobs were suddenly being pursued by employers compet-
ing to fill a seemingly endless need for engineers. In the
second half of the decade, an unprecedented flow of
investment capital into the wireless and technology sec-
tors created more jobs and tightened the market even
further. Established companies and a growing number
of venture- and IPO-funded start-ups beefed up com-
pensation packages with aggressive salaries and stock
options, and for many companies the pursuit and reten-
tion of engineers was the determining factor in growth
rates and product introduction. It was not uncommon
with this seemingly relentless demand for an engineer
to seek new opportunities with another company after a
year or two of work.

Over the past couple of years, of course, the economy
has slowed considerably, the wireless industry itself has
come under pressure and many bubbles have burst.
Scores of start-ups have shut down and investment cap-
ital has all but dried up, leaving many other companies
on unsteady financial ground. As a result, while overall
demand for talented engineers remains relatively
strong, many engineers are re-examining career choices,
objectives and priorities. With stock options underwater
and layoffs looming, stability and quality of career and
quality of life are re-emerging as key considerations in
job selection. The horrific events of September 11 have
only sharpened this focus as all of us examine what is
important in our lives.

The pause in the economic and wireless boom cycle
has also given employers an opportunity to re-examine
their strategies for hiring and retaining engineers.
Turnover can limit a company’s performance in both
good and bad times, adding cost, limiting new product
innovation and disrupting cohesive teams that are criti-
cal for success. It’s estimated that the cost of replacing

In the 1990s, a robust economy and booming demand
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an RF engineer is 160 percent of the cost of retaining
one. That means a company will spend an additional
$42,000 to identify, pursue, hire and train a new engi-
neer to replace a departing one who earned $70,000.
Even for small companies, such as one with 30 engi-
neers and a 20 percent turnover rate, that represents
nearly a quarter of a million lost dollars a year — not to
mention the intangible costs associated with disruption
of workforce and workflow.

At Vari-L, we have made several changes in our
approach to attracting and retaining high-quality
employees, including a growing number of RF engi-
neers. These began with the arrival of a new executive
management team in 2001. The basic tenet of our
approach is enhancing the overall quality of life — work
life and personal life — for all employees while remain-
ing highly competitive and progressive in traditional
key areas such as compensation, benefits, perks,
advancement and creative freedom. This approach is of
particular importance for us because we are aggressive-
ly expanding engineering staff at a time when many
other companies in the wireless industry are contract-
ing. We want to be sure new employees are coming for
the right reasons, will become valuable contributors and
will thus be more likely to remain with the company
when the inevitable expansion cycle resumes.

The sports analogy is the prized free agent who cites
the quality of his organization — the way the organiza-
tion attends to the details and the ability of the team to
win — as the determining factor in signing with an
organization. We believe companies offering a good bal-
ance between quality of life, job fulfillment and com-
pensation will have a decided advantage in attracting
and retaining the best engineering talent.

In the case of Vari-L, our location in Colorado is an
advantage because the state provides a variety of year-
round, family-oriented outdoor activities commonly
associated with the quality-of-life issue. Denver also has
become a high-tech area with many telecommunications
companies now located in the surrounding area, includ-
ing Qwest, Level 3, Echostar, Spectralink and others.

Vari-L is also addressing less obvious issues that are
often overlooked. For example, a lack of confidence in
senior and mid-level management is consistently cited
as one of the leading causes of employee turnover in the
tech sector. Accordingly, we have increased the quanti-
ty and quality of communications between engineers,
supervisors and executives. The small size of our com-
pany allows us to give engineers a voice in shaping our

continued on page 105
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