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Is it advanced?
Better believe it

There is incremental change. And then there is the Agilent E4440A.
It's the first of a series of performance spectrum analyzers that show

what couldn’t be seen before—the full performance of your design.

With a certainty never before possible.

Because now you can fine-tune your measurement with 160 resolution

bandwidth settings, and get just the dynamic range you need. You
* 0.67 dB accuracy up to 3 GHz

+ 160 RBW settings
= -153 dBm DANL up to 3 GHz be found, with -153 dBm DANL up to 3 GHz. You can measure the
* +17 dBm TOI

* -113 dBc/Hz phase noise @ 10 kHz offset

can uncover spurs hiding in noise where they might not otherwise

power in adjacent channels with 0.67 dB accuracy. And stop having

to over-design to make up for your test equipment.

To find out more about the E4440A and its new platform, call us

or visit our web community. It's the PSA as advanced as the things

u,s. 1-800-452-4844, ext. 7286 .
canada 1-877-894-4414, ext. 7286 It measures.

©2001 Agilent Technologies ADEP34640716/MAF
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IMIODULE TYPES

Ultra-Broadband Amplifiers
Medium Power Amplifiers
High-Gain Amplifiers
Low-Noise Amplifiers
Freguency Multipliers
High-Pass Filters
Band-Pass Filters

PIN Attenuators

Power Dividers

Input Limiters

IF Amplifiers

Couplers

NSSEMEBNES
TO 60 GHz

i

100 Davids Drive, Hauppauge, NY 11788
TEL.: (631) 436-7400 » FAX: (631) 435-7470/436-7430

JS SERIES
INTEGRATED)

ﬂﬂm“ FEATURES

e Ease of design optimization
¢ Proven JS amplifier technology

e Superior noise and phase
performance

o All modules contain internal
regulation

¢ Module sizes are
045 Lk 0.40°W x0.11"H

o Compact assembly sizes fit most
system applications

OPTIONS

¢ Combined isolated gain modules for
up to 75 dB of total gain

o Integrated filtering to reduce noise
bandwidth and .M. distortion

o Uitra-low neise and medium power
module pairings for high  dynamic
range

e PIN attenuators to enhance system
flexibility

¢ Front-end RF limiters to protect
against high level inputs

e A single-broadband input can be
divided into multiple sub-bands

N

e

miteq.com

For additional information, please contact Rosalie DeSousa at (631) 439-9458 or send an e-mail to rdesousa@miteq.com.
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00Q Via Res¢ador, Camarillo, CA 93012
(B05) 445-9888  Fax: (805) 987-6990
ailf jca@jcatech.com « www.jcatech.com
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LIFIERS

for every application

ULTRA BROAD BAND

Model freq.Range Gain NF  Gain 1dBComp. 3iOrder VSWR DCC
GHz dBmin dBmax Flat+/dB pt.dBmmin ICPtyp In/Outmax m

JCADIB-203  05-180 . ik 7 A
JCA018-204  05-18.0 , 25 10 2011
JCA218-506  2.0-180 . 28 15 20:1
t JCA218-507 : 25 18 20:1
JCA218-407 2.0-18. . 25 21 201

AVE AMPLIFIERS
Model . in NF Gain 1dBComp. 3riOrder VSWR DCCu
G dB min dBmax Flat+-dB pt dBmmin ICPtyp  In/Out max ‘

JCA04-403 54, . 1.5 1 21 201
JCA0B-417 -8, . 15 2] 201
JCA28-305 ! 1.0 30 2.0:1
JCA212-603 . 3.0 P 2.0:1

& JCAG18-406 . 20 35 20:1

JCAG18-507 : 20 31 20:1

MEDIUM POWER AMPLIFIERS

Model
JCA12-P01

§ JCA34-P02

JCAS6-P01

JCAB12-P03 80-120 40 50

Freqégange Gain NF  Gain 1dBComp. 3rdOrder VSWR DCCu

z dBmin dBmax Flat+/-dB ptdBmmin ICPtyp In/Outmax  mA

1.35-185 35 &F i 33 a4 201 100
31-:35 40 45 10 31 & 1 20
5964 30 58 10 34 e 201 1o

5 33 A 201 170

1.
JCAI2IB-P02 120-180 22 40 20 25 o8 D1 700

LOW NOISE OCTAVE BAND LNA'S

Model

JCA12-3001
JCA24-3001
JCA48-3001

Freq.Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DCCu
G

Hz dBmin dBmax Flat+/-dB pt.dBmmin  ICPtyp In/Out max mA
1020 43 08 10 10 20 2.0:1 200
2040 32 19 10 20 2.0:1 200
4080 40 13 10 2 20:1 200

JCAB12-3001 8.0-120 32

JCA1218-800 12.0-180 45

NARR

Mndel Freq.Range Gain
; GHz ~  dBmin |
JCAI2-1000 1216 25
JCAZ3-302 22-23 3D

JCAM-30 3742 30
A5 5459 40
125175 21

90-95

3001 95-10.0

112-3000 117-122

819-3001 18.1-1856
213001 202-212

Features:
* Removable SMA Connectors

20

0
0
0 10 20 201 200
0 10 a2 250

W BAND LNA'S

Gain  1dB Comp. 3rdOrder VSWR DC Curr
Flat+/-0B pt.dBmmin  ICPtyp  In/Out max mA

05 10 A 20 80
0.5 10 i 20 80
0.5 10 201 90
0.5 10 M 201 100
0.5 13 o e ]
0.5 13 iR TR0
0.5 13 & 151 180
0.5 3 e 160
0.5 Al e
10 s B
0.5 20 200 200
05 =0 W

1
1
i 1
1

Options:
* _Alternate Gain, Noise, Power, VSWR levels f required

* Competitive Pricing

*Temperature Compensation

* (Compact Size

* (ain Control




SONNET EM Syite

- ST MiceolWave Stupio

__/—‘_—'—'/‘

 DESIGN SUCEEas

Smart Solutions.

www.sonnetusa.com info@sonnetusa.com

Microwave Studio is a product of CST of America, Inc. v

High frequency EM software from Sonnet

Are your high frequency designs taking you to the
school of hard knoc Tired of taking educated
guesses on your circuits, packages, antennas

connectors, waveguides or inter

Spending too much time on lab eriments for

prototyping?

Sonnet can provide you with a world of
solutions and support for 3D Planar and Full
3D problems. The Sonnet® em® Suite has been
an industry standard for accuracy and reliability
in 3D Planar EM analysis for over 10 ye

y, Sonnet is pleased to offer North An
customers the considerable power of full 3D
time-domain EM analysis and design through
) Studio™. Parameterize, analyze
and optimize your high frequency 3D designs
faster than you dreamed possible. Our Deans
of Technical Support will guide you quickly to

...if you even need them.

Smart Solutions Create Successful Designs

is a trademark of Computer Simulation Technology

Sonnet Software, Inc.
toll free: 877/7-SONNET

877/776.6638
phone: 315/453.3096
fax: 315/451.1694

Sonnet® and em® are registered trademarks of Sonnet Software, Inc.

MicroWave Studio

Enter No. 256 at www.mwrf.com



New NEC Bipolar Transistors

Higher f;s, Lower 1/f

NEW

Packages

New, Smaller Packages

e Flat Lead design reduces parasitics and
improves electrical performance

* Low Profile is ideal for VCO modules
and other space-constrained designs

Oscillators & Buffer Amps

With the best 7// performance available, these devices help you achieve the

phase noise your design demands. They're also available in Twin Transistors. s
Part Number Corner Freq* Ve Ic Package &’5"?’ &é@
NE856M13 3KHz 3V 30mA M13 B X
NE685M13 5KHz 3V 5mA M13
*Review Application Note AN1026 on our website for more information
on 1/f noise characteristics and corner frequency calculation. New M 13

One sixth the footprint area of a SOT-323

LNAs

Need low noise and high gain in an ultraminiature package for your hand-
held wireless products? These new high frequency NPN transistors deliver!

Part Number Description NF Gain Freq Package
NE687M13 11 GHz frLNA  1.2dB 13dB  1GHz M13
NE661MO4 25 GHz fr LNA 1.2 dB 22dB 2 GHz M4
NE662MO4 23 GHzfrLNA  1.1dB 20dB 2 GHz M4
. . o New MO04
Twin Transistor Devices

Half the footprint area of a SOT-143
Cascode LNAs, cascade LNAs and oscillator/buffer combinations are just three

possible uses of these versatile devices. Matched Die versions pair two adjacent
die from the wafer to help simplify your design, while Mixed Die versions —
an NEC exclusive — let you optimize oscillator performance while achieving
the buffer amp output power you need. 40 different combinations available.

1011

| Part Number Description Q1 Spec Q2 Spec
UPA810TC Matched Die/Cascade LNA NE856 NE856
I B UPA814TC Matched Die/Cascade LNA NE688  NE688
- Part Number Description Q1 Spec Q2 Spec
UPA826TC  Matched Die/Osc-Buffer Amp NE685  NE685 New TC Twin Transistors
- UPAB40TC Mixed Die/Osc-Buffer Amp NE685 NE681 Half the footprint area of a SOT-363

Data Sheets and Application Notes are available at WWW.C @ l .Lo0m

California Eastern Laboratories NEC

Santa Clara, California = 408 988-3500 = Fax-on-Demand 800-390-3232 (US & CANADA)
DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)

Enter No 2007 at www mwirt com
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- © 2001 Digi-Key Corporation
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A lot Less
Headaches

When you use Noise Com’s UFX-NPR
to test Noise Power Ratio.

If you need to test Noise Power Ratio without a
complex, time consuming set up, look to Noise Com’s
UFX-NPR Noise Power Ratio Test Set. We offer
customers a trouble-free solution... NPR test capability
right out of the box!

Backed with 15 years of design experience the
UFX-NPR is loaded with unique features:

* High Frequency capability up to 40 GHz.
¢ Wide Noise bandwidths up to 10 GHz.
» Superior measurement speed and notch depth.

¢ Self contained test solution. Calibration,
configuration and set up not required.

s Automated measurement technique.
¢ Easy to use keypad or remote GPIB Control.

+ Ongoing data storage within the Unit’s
memory capacity.

* Test TWTA’s, Linearizers, Frequency converters,
Amplifiers, CATV applications, Fiber Optic systems.

It's simple and painless the Noise Com UFX-NPR.

Test Smarter!

Noise Com

E. 64 Midland Avenue
Paramus, NJ 07652

Phone: (201) 261-8797

Fax: (201) 261-8339
Email: info@noisecom.com
Web site: www.noisecom.com

NOISEC

Enter No. 227 at www.mwrf.com




Introducmg the nghtmng B,madb and VNA, Anntsu 5
latest addition to th Lightning VNA family, Unquestmnably
the most versaule, h hnperformance broadband VNA on the
planet. It can be conﬁgured asa broa&band VNA (from 40 MHz
to 110 GHz with Imm coax output), a standalone 65 GHz VNA
(from 40 MHz to 65 GHz with V-connector coax output), ora

- millimeter wave VNA (from 65 GHz to 110 GHz with WR-10
waveguide connector output). And to give you even more
: 'ﬂex1b111ty we've made it posmble for any Lxghtmng model 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
: in a compact module design that permits
faster, easier mtegranon for on-wafer measurements and you
~ canbegin to see just how wide open the possibilities are.
~ Tofind out more, check out our website product page
.us.anritsu.com/adsmailers/ME7808Avna.asp or
call 1-800-ANRITSU. You'll quickly see that for broadband
cha actenzatmn of “high speed devices in both R&D and

/inritsu

Discover What's Possible’

See Us At GAAS IC,
Booth #305




Extreme Challenges Extreme Solutions

Reduce system complexity and cost Powerful integration technology and e"

breakthrough innovation

Deliver 3G performance now Breadth of 2G+ and 3G products avai|abl'e-today =

greater design flexibility

On-é;ité, qnj-démand capacity =
a global, flexible response

Shorten time to market

Your extreme challenge: creating next generation wireless
infrastructure — which means 2G+ and 3G systems. :
The challenge is more than technology; it's cost, system
complexity and speed. Our engineers are building your
next generation RF solutions now. We understand your
challenges — we've got your solution.

See our infrastructure products
at www.macom.com
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Go ahead.
Turn our components into your competitive edge.

tllca Electronics
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wan/lan

optical networking

test instrumentation

Ssatcom

And Corning can help. 0’

Corning Frequency Control designs and manufactures a variety OCXO

of nracicinn cructal acrillatere  filtar N recnnatare that carsa ac

OT precision ?:/K)l{fi Q50 zisju/‘f > Iers ana resonators that serve as \/CXO S
£ £ £ - re S ey ~F varnrasla Yala

stable frequency references for a broad range of wireless and

TCXO's

ira lim , .
wire tine communice

crystals & filters
Everything you need to hit one out of the park. compaonent ovens
packaging

custom products

CORNING

Discovering Beyond Imagination
corningfrequency.com
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www.PlanetEE.com

TABLE OF CONTENTS

PlanetEE, the global resource for electronics engineers, is the home base for Penton Media Inc’s Electronics Group.
We focus on your needs by offering a rich blend of news, in-depth articles, educational tools, product writeups, and other
resources. We've also separated the electronics industry into ten “technology communities!” which corral all of a specific
technology's material into core areas. Some of what you'll find on Planet EE includes:

TECHNOLOGY COMMUNITIES

* Analog/Mixed-Signal * Digital ICs & ASICs * Communications/Networking
* Components & Assemblies * Electronic Design Automation + Computing & Information Appliances
* Embedded Systems * Interconnects/Packaging & Materials ~ « Test & Measurement

* Power Control & Supplies

PRODUCT LOCATOR PLUS RESOURCES

* EE Product News' Product Locator * Breaking Industry News * Literature

* Microwaves & RF's Product Data Directory * Career Forum * Events Calendar
* VITA VMEbus/ESOFTA Product Indexes * Ideas For Design * Education Center

Sign Up For Plam_alth;s sclaries of FITEtItE focdus;_ad
e-mail technology newsletters deliv-

Plal'letE E’S “Alert” er expert analysis, the latest prod-
ucts, design tips, tutorials, and mar-

E-NeWSIetters ket information to aid you in
developing your design projects. The

Bluetooth Alert "Alerts" are backed by the veteran

communications Alert editorial strength of the Penton

% Media Electronics Magazine Group:
DISplay Alert Electronic Design’s David Morrison,

DSP Alert Ashok Bindra, and David Maliniak;

EDA Alert Wireless Systems Design’s Cheryl

i Ajluni; and Microwaves & RF’s Jack
Netronics Alert Browne, just to name a few. Go to

Power Alert www.PlanetEE.com and sign up now!

Yo T T STy BT T Y R R TIET T YA PR o

Slectpnic EE i netronics UED

Wireless MicrowavessRF PN
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Author Response

PP 1 WOULD LIKE to express thanks for
the comments made by Phil Karn in
last month’s feedback on the article
“Raise Bandwidth Efficiency With Sine-
Wave-Modulation VMSK.” (April, p.
79) My sincere thanks also to H.R.
Walker on his comments in response to
Phil Karn.

In the recent past, the urgent need for
digital data transmission through exist-
ing analog channels has led to the devel-
opment of various transmission tech-
niques. Initially, these techniques, which
included BPSK modulation, focused on
moving digital information through
the analog channel. Later, as demand
grew for more transmission capacity,
these techniques began to incorporate
mechanisms for bandwidth reduction.

Two of the best known methods for
bandwidth compression are QAM and

(( feedback))

multiple PSK. These are defined as NRZ
line-code methods, since they concen-
trate the signal energy in a manner that
enables them to be transmitted over
wire lines. The earlier biphase tech-
nique is variable PSK. Another tech-
nique is the very MSK. This new ver-
sion of VMSK modulation enables the
earlier modulation biphase schemes to
be combined to achieve bandwidth effi-
ciencies that exceed 15 b/s/Hz. This is
achieved at RF by using biphase encod-
ing with the technique of SSB sup-
pressed-carrier transmission.

All of the biphase codes are time vary-
ing. That is, they have a zero crossing
point that varies with time. This wave-
form can be defined by a Fourier series
that has a base frequency equal to the
bit rate plus odd harmonics, along with
a varying low-frequency amplitude
component depending on the data pat-
tern. They are polar codes and theo-
retically have few DC components or

none at all. If a DC component is pre-
sent, it can be disregarded in most cases.
One of the characteristics of NRZ line-
code methods is that when the methods
are transmitted with the use of carrier,
they concentrate the spectrum of the trans-
mitted signal around the carrier. In
order to improve the spectral efficien-
cy, only one of the two islands is required
for transmission. This requires the use
of a very sharp filter or, at least, a ves-
tigal sideband filter that would impose
serious implementation difficulties along
with phase and amplitude distortion.

Editor’s Note: K.H. Sayhood, the writ-
er of this letter, is author of the April
article “Raise Bandwidth Efficiency
With Sine-Wave-Modulation VMSK”
(p. 79). He is writing in response to
Phil Karn’s Feedback letter that appeared
last month. Due to space constraints,
the letter on this page will continue
into next month’s Feedback.

- FEATURED PRODUCT -

Combline Filters in 10 days

Orcder online and save

an additional 5%!

Series Number
Select any Fo

-1dBc passband
Response
Prototype Price
Shipment

' RF and Microwave Filters to 18GHz
www.tte.com

TTE, Inc, Los Angeles, CA » 800.776.7614 / 310.478.8224 » FAX 800.473.2791 /310.445.2791
America’s Filter Specialist Since 1956

@ Enter NO. 410 at www.mwrf.com
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Insertion Loss @ Fo

315

: from 1000MHz to 6000MHz
:<2dB

: 1.5%Fo minimum

: 5 pole Chebyshev design

- <$400.00

- 2 weeks after receipt of order
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Smaller than the "Smallest"

MULTI-MIX PICO™
-Way Power Dividers

Multi-Mix
Actual Size ‘ PlCcO™
18" x 18"

Conventional
Multilayer
65" x .48"

Total Integrated
Packaging Solutions™



Visit us at
www.merrimacind.com

Multi-Mix PICO™

PICO b
QLIEIE;(% rr?ggre (Actual Size)
*

MERRIMAC
 Total Integrated
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Elcom’s automated, high volume manufacturing capabilities reduce response
time in order to keep your project cost-effective and on schedule.

RUGGED FREQUENCY
SYNTHESIZERS

A series of rugged frequency

synthesizers designed for high
capacity MWV and MMW digital
radios up to 38 GHz. With an
emphasis on Guaranteed
Zero Phase Hits™, the DFS
Series offers extremely low
microphonics and wide operat-
ing temperature range.

DC Power consumption
below 4 watts is maintained
by utilizing low power compo-
nents resulting in low junction
temperatures and overall high
reliability.

SPECIFICATIONS
* Frequency Range:
0.5-23 GHz

* Tuning Bandwidths up
to 1000 MHz

* Switching Speed: <25 ms

* Phase noise meets 16,
32,128 & 256 QAM
requirements

* Output Power Range:
12-18 dBm

* Load VSWR 1.5:1

* Step Sizes:
0.125-10.0 MHz

Since 1995, Elcom Technologies, Inc., has experienced a
rapid growth rate. We have always set the highest standards
for quality, service and reliability with our products. As a
result of our success, we are movin

MIicrRowAVE
FREQUENCY
SYNTHESIZERS

This line of compact frequen-
cy synthesizers employs a single
module design implemented
with CMOS, ASIC, advanced RF
MMIC and a dedicated micro-
computer. A Ku-band synthesizer
with | KHz step, 2.2 GHz band-
width and integrated L-band
LFLO consumes only 8 watts—a
65% savings compared to com-
peting units.

Very low phase noise
makes the MFS Series ideal for
applications in Satcom convert-
ers (L, X, C, Ku and Ka Bands),
Instrumentation and Wireless
Communications.

SPECIFICATIONS

* Output Frequency:
1-23 GHz

* Frequency Bandwidth:
1-2.25 GHz

* Phase Noise 20 dB Better
than IESS

* Step Size: | KHz or
125 KHz

* Switching Speed: 50 ms
* Power Output: 12-16 dBm
* Load VSWR: 2.0:|
* In-Band Spurious; -70 dBc
* Out-of-Band Spurious:
-82 dBc

* Fixed L-Band Output:

Freq. Range: 0.5-3.0 GHz

Pwr. Out.: 12 dBm %2 dBm

Spurious: -95 dBc
* Low Profile: 0.73” high

¢ Meets IESS, Eutelsat and
MIL-STD-188/146

gtoa new, 32,000 sq. ft.

PHASE LOoCKED
OSCILLATORS

The PDRO series of oscilla-
tors employ a unique technique
to phase-lock DRO:s to a crystal
reference of 5 to 100 MHz.
Several models in the series
require only a single loop for

reliable phase-lock performance.

By utilizing just one loop, size
and power consumption are
minimized and multiple frequen-
cies can be realized from the
same reference. The low profile
and small size (2.5” x 3.5” x
0.65”) features ultra low phase
noise and low DC power con-
sumption with a ruggedized
design and wide operating tem-
perature range.

SPECIFICATIONS

¢ Frequency Range:
0.5-18 GHz

* Fractional Reference
Multiplicator

* -100 dBc Spurious

» Meets MIL-STD-188 &
IESS 308

* Integrated Reference
Optional (Same Package)

MINIATURE
PHASE LockeD
OSCILLATORS

The miniature MPDRO sources
employ a unique technology to
phase-lock DRO to a crystal ref-
erence of 5 to 100 MHz. The
technique requires only a single
loop for reliable phase-lock per-
formance. By using just one
loop, size, power consumption
and cost are minimized.

SPECIFICATIONS FOR THE

MPDRO Skeries

* 0.5 to 26 GHz Operation

* Single Loop, locks to 5 to
100 MHz Reference

* Ultra Low Phase Noise

* Integrated Buffer Amplifier

* -100 dBc Spurious

* Ruggedized

¢ Low DC Power
Consumption

* Small 2.25” x 1.4” x 0.8”
Size

* Meets MIL-STD-188 and
IESS 308

Both the PDRO and MPDRO
series of Phase Locked Oscilla-
tors are ideal for applications in
Satcom Converters, Digital
Radios and Instrumentation. In
addition, the MPDRO series has
applications as a fiber optic clock
generator.

ADDITIONAL PRODUCTS PLANNED FOR ELcom
* Clock Encoders and Decoders for DWDM Fiber Optic

Networks up to 40 GHz

* Synthesized Clock Generator for DWDM Fiber Optic

Networks up to 40 GHz

* Clock Recovery Modules for DWDM Fiber Optic

Networks up to 40 GHz
* Dual Output Frequency Synthesizer for Digital Radios

Technologies

I 1 Volvo Drive * Rockleigh, NJ 07647

(201) 767-8030 * Fax (201) 767-6266




from the editor |

Of Microwaves
And The Military

Military influence has been long and strong on this
industry, given its virtual birth during the first rumblings
of World War II. Ever since the early days, when the
Varian brothers were warming up those first microwave
klystrons, microwave engineers have supported mili-
tary electronic systems, generally for defensive appli-
cations. It is safe to say that the technological advances
developed by the engineering talent in this country
have provided us with extreme advantages in the many
conflicts since World War II.

Microwave manufacturers have long sought that
magic commercial application that would finally free
them from the rigors of doing business with military
customers. The microwave oven offered great promise
in the 1970s and DBS television, with its highly visible
3-m antenna dishes, looked like that great commercial
application in the 1980s. Wireless applications, of
course, have proven to be the first truly far-reaching com-
mercial application to benefit large numbers of microwave
manufacturers. The sheer sizes of these markets (such
as cellular networks and digital radios) have made military cus-
tomers less appealing for many microwave suppliers, and many
have turned their backs on military business. In most cases, this aban-
donment was probably for good reason, given the drastically
decreased level of military funding during President Clinton's two
terms of office.

The good news for the military, and for microwave suppliers still
willing to conduct business with military customers, is the aware-
ness on the part of the current administration and President George
W. Bush of the need for increased military funding. Troop morale
certainly needs bolstering, and as important, our military’s technological
edge requires some sharpening, having become dull and rusty dur-
ing eight years of neglect.

On page 31, Fred Levien presents a strong case for the need of
increased military funding. Professor Levien, founding Chairman
of the Information Warfare Curriculum at the Naval Postgraduate
School (Monterey, CA) and a retired US Navy Commander, is well-
equipped to make an assessment of current military needs.

Levien's report is based on his Keynote Address at this year's
first Military Electronics Show (Baltimore, MD, April 25, 2001). Dur-
ing that talk, he captivated his audience with the harsh reality of how
much the military had been ignored during the past eight years.
Hopefully, President Bush will be true to his campaign promises
and restore our military to its rightful place as world leader.
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Sprague-Goodman has kept its
commitment through the years to
provide the industry with the highest
quality, competitively priced trimmers.

Ceramic Dielectric

5 mm Rugged:
* Cap ranges: 1.5-5.5 pF to 15.0-90.0 pF
5 mm and 7 mm Economy:
*1.0-3.0 pF to 14.0-108.0 pF
Miniature types suitable for hybrids
e2series:2.0x1.2mm; 3.0x 1.8 mm
* Cap ranges: 1.0-3.0 pF to 6.0-40.0 pF
Plastic encased 4x4.5 mm and 6 mm types
¢ Designed for volume applications
* SMT and printed-thru-hole models
e Cap ranges: 1.4-3.0 pF to 20.0-90.0 pF

SURFTRIM® Surface Mount
*4 sizes with 7 mounting styles:
2.2x31x1.2mm
3.2x45x 1.8 mm
4.0 x 4.5 x 2.7 mm (sealed)
5.2 x 4.3 x 3.2 mm (sealed split stator)
eCarrier and reel or bulk pack
*0.5-2.0 pF to 8.5-50.0 pF in 17 cap ranges

ALMTRIM® Single Turn P
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sCap ranges: 0.5-4.5 pF to 25-600 pF
*Q to 1500 at 1 MHz
*Operating temp:
PTFE, Polycarbonate, Polyimide:
-40° to +85°C
Polypropylene: -40° to +70°C
High temp PTFE: -40° to +125°C
PPS: -25° to +85°C
*8 sizes from 5 mm to 16 mm, including
4 SMT models
*More stable with temperature than other
single turn trimmers

Glass and Quartz

*QPL models to MIL-C-14409D

eExtremely stable over temperature,
frequency, voltage, etc.

eCap ranges: 0.5-3.0 pF to 1.0-120 pF

eZero backlash multiturn adjust
mechanism

eOperating temp: -55° to +125°C
(models to +200°C)

() to 1500 at 20 MHz

*PC, panel and surface mounting

sVoltage ratings from 500 to 5000 V

For information on our complete line of
trimmers and other quality products, visit
our website, or phone, fax or write today.

SPRAGUE

GOODMAN

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 o Fax: 516-334-8771

www.spraguegoodman.com
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High Voltage

Function Generators
AV-151 & AV-153 Series

High-Voltage Models to 1000 Vp_p, High-Power Models to 50W
The AV-151 and AV-153 series of function generators provide medium to high voltage
outputs at frequencies as high as 1 MHz. Aside from generating sine, square, and
triangle wave outputs from the internal oscillator, all models can also be used as
variable-gain linear amplifiers for external inputs. This makes the AV-151 and AV-153
models useful as booster amplifiers for low-voltage arbitrary waveform generators.

Model Max. Output  Max. Freq.

AV-151A-C 500V to 100 k2 3 kHz
AV-151J-C +400V to 10 kQ2 50 kHz
AV-151B-C  +200V to 50 kQ2 100 kHz
AV-151G-C  +200V to 50 kQ2 350 kHz
AV-153A-C  +200V to 5 kQ 300 kHz
AV-153B-C +135V to 500 50 kHz
AV-151C-C  +100V to 10 kQ 200 kHz
AV-153C-C 90V to 100 30 kHz
AV-151H-C +50V to 15 k2 1 MHz
AV-151D-C 130V to 50 © 1 MHz
AV-151E-C  425V1t020Q 20 kHz
AV-151G-C  +2 Amps to £6V 20 kHz

% Full details at www.avtechpulse.com/function/

% See also the AV-110 and AV-112 series of variable-gain linear amplifiers!

For more detailed information on our fast laser diode drivers, pulse, impulse, delay and
function generators, probes, amplifiers, and more, call or email us, or visit our web site
for complete data sheets or to request our 113 page catalog.

Data sheets and pricing on the Web - www.avtechpulse.com

BOX 265, OGDENSBURG
NY, 13669-0265
1-800-265-6681
(315) 472-5270

Fax: (613) 226-2802
il: info@avtechpulse.com

ELECTROSYSTEMS

NANOSECOND
WAVEFORM ELECTRONICS
SINCE 1975

l'www.avtechpulse.com

UK: LYONS INSTR., WALTHAM CROSS
JAPAN: MEISHO CORP, TOKYO
FRANCE: K.M.P. ELECT, CLAMART
GERMANY: FOIC, HAMBURG
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TOGETHER, TAKING OEM PERFORMANCE TO A HIGHER LEVEL.

A NEW BRAND OF RF AMPLIFIER FOR OEM.

Combining the top talent in engineering from AR and Kalmus,

AR/Kalmus brings a new level of technology and field-proven
integrity to the OEM marketplace, meeting the most
demanding customer needs in military, communications and

Industrial/Scientific/Medical applications.

No other brand offers this product range or depth, this much
experience or guaranteed performance. AR/Kalmus amplifiers
are all backed by best-in-the-business warranties and a

worldwide support and service network.

. P Kawmus

1807 North Creek Parkway South, Suite 109, Bothell, Washington USA 98011 Tel 425 485 9000 - Fax 425 486 9657 www.arkalmus.com
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High IP3 Performance! Meet your cost

and IP3 goals with W)'s SME Mixers.
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High IP3 performance over freqency separates W] mixers from the rest

High IP3 and low conversion loss make the SME mixer a perfect choic:
for your cellular, PCS, 3G and broadband requirements. The SME
draws no current and requires only 17 dBm LO drive to deliver an IP3
of 29 dBm.
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CSME1400B-17| 12200 | 12200 | 12000 | #17 | #13 | 47 | 65 0 L.
CSMETO00-17 | 1600-2400 1400-2390 | 10250 | +17 | +14 | +29 | 74 % The Communications Edge™

WWW.Wj.com

Visit us on the web at

1-800-WJ1-4401 m@ﬁm

Distributed In U.S.A. by Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-737-6937
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At K&L Microwave we provide real solutions for real people.
As a global manufacturer and world leader in the production of RF
and Microwave filters, we can satisfy your requirements from the
most basic microminiature bandpass up to an integrated assembly.

K&L Microwave has the technology to enhance your position in the

global market by providing engineering solutions, technical support,

quality products and global logistics. Our next generation design will
help support your developing systems. Our recent capacity expansion
enables us to maintain our outstanding delivery performance as customer
demand increases.

WHETHER YOUR REQUIREMENTS ARE HIGH END MILITARY OR HIGH VOLUME
COMMERCIAL... K&L HAS THE POWER TO TURN YOUR IDEAS ON.

2250 Northwood Drive * Salisbury, MD 21801 * Phone: 410-749-2424 * Fax: 410-749-5725

www.klmicrowave.com * sales@klimicrowave.com
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Facing a ferocious marketplace?
Let RFMD tame your challenges.

We dare to be different by providing highly integrated solutions that help meet

stringent system requirements and reduce your bill of materials.

RFMD employs innovation to develop next-generation processes, circuits,

architectures, standards and packaging in advance of the marketplace.

Our deep design resources and extensive manufacturing capacity enable us

to design a wide range of best-in-class components for all your RFIC needs.
Because true success has no competition.

DARING innovation - 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
Visit us at European

Microwave Week 2001,
Booth #124

www.rfmd.com

Mention daring when contacting us.

RF MICRO DEVICES"® and RFMD" are trademarks of RFMD, LLC. © 2001 RF Micro Devices, Inc.
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Generation Il
YIG-Based Synthesizers

Micro Lambda, Inc. a leader in the devel-
opment of next-generation YIG devices
introduces the second generation of YIG-
Based Frequency Synthesizers covering
the 2-12 GHz frequency range. Designed
specifically for Digital Radio 0DU’s and
harsh commercial environments, these
latest synthesizers offer dual RF outputs
and/or Internal Crystal reference oscilla-
tors yielding excellent integrated phase
noise characteristics over carrier offset
frequencies from 10 kHz to 10 MHz.

Tunable bandwidths of either 2 GHz

or 3 GHz are available as standard
products. This results in fewer numbers
of synthesized sources required for a
variety of Digital Radio frequency plans.
Millimeter-Wave frequencies can easily be
obtained using frequency multipliers to
obtain output frequencies between 24
GHz through 44 GHz.

Applications include QAM and QPSK
modulated Digital Radio’s and a multi-
tude of general purpose applications.

FEATURES

Dual RF Output, Internal Reference .. ... soorme
YIG-Based Synthesizers ="
for Digital Radlios

3-Line Serial Interface

Internal Crystal Reference

500 kHz Step Size

Internal Memory

(last frequency programmed - recall)

MLSL-SERIES SYNTHESIZERS

These series of synthesizers utilize an
internal 10 MHz crystal reference oscillator
to generate tunable frequencies covering the
g 2-12 GHz range. Dual RF output power lev-
; els of +8 dBm to +10 dBm are offered de-
pending on frequency, with a standard tun-
ing step size of 500 kHz. Input tuning com-
mands are via 3-Line Serial interface. The
size of these compact units is 2.5" x 2.5" x
1.0" without mounting plate and consume
less than 6 watts of prime power. The units
have an internal memory capability which
“recalls” the last frequency programmed
when the prime power is removed and reap-
plied. Standard models include 2-4 GHz,
4-6 GHz, 5-7 GHz, 7-9 GHz and 9-11 GHz.

“Look to the leader in YIG-Technology” Specialized frequency ranges are easily im-
plemented utilizing the versatile synthesizer

NS M IC R O architecture.
LAMBDA, INC. T’Z ] @T Tvm

48041 Fremont Blvd. Fremont, CA 94538 (510)770-9221 sales@micro-lambda.com  www.micro-lambda.com
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the front end

News items from the communications arena.

Windows Embedded
Operating Systems
Experience Growth

NATICK, MA—A study by Venture Development Corp.
(VDC), a provider of market research to the embed-
ded-systems industry, reveals that certain segments
of the embedded market have been slow to adopt
Windows Embedded operating systems. However,
Microsoft is achieving acceptance in the embedded mar-
ket with Windows CE in the consumer electronics
segment.

VDC research shows that one of the main factors
driving Microsoft’s success in the consumer electron-
ics market is the influence of the Microsoft brand. In
addition, the popularity of the Windows platform in
corporations’ information-technology (IT) infras-
tructure and among computer users who are familiar
with Windows desktop software is driving Windows
CE acceptance in the handheld computer market.

One of the critical applications for Windows CE
(Pocket PC) is the personal-digital-assistant (PDA)
application. Pocket PC-based devices are expanding
market share in this computing segment and VDC

Forecast for worldwide unit shipments
of embedded devices
incorporating windows OSs: 2001 to 2005
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estimates that by 2005 they will account for 55 per-
cent of all embedded devices shipped with Windows
Embedded operating systems (see figure).

The title of the VDC study is “Windows NT/NTE/CE
2000: Threats and Opportunities in the Embedded
Systems Market.” Findings are based on surveys mailed
and e-mailed to 13,000 developers of embedded sys-
tems, interviews with engineers, product managers, and
CTOs at leading software vendors and third-party
service providers, as well as extensive secondary
research.

Fiber-Optic Market To Drive Infrastructure Components

To Billions In European Sales

OYSTER BAY, NY—As fiber-optic networks are
built out in Europe, thanks to a new era of
competition, those selling the components for
the networks will realize billions of dollars in
sales during the next five years, according to
a series of reports from Allied Business Intel-
ligence, Inc. (ABI).

“The European telecommunications mar-
ket has always been considered a few years
behind the US, but in the case of fiber optics
this is not true, as the region is catching up
quickly,” says Mark Liggio, ABI’s senior vice
president of Broadband Communications.
“With the more recent deregulation, the
progress in the building of the European
Union and a more conducive geography—
the population centers are closely tied togeth-

er—many carriers have seen the opportuni-
ty for using fiber optics to serve the pan-
European market.”

The European fiber-optics market is heav-
ily advancing, with developments in components
such as switches, transmitters (Txs), ampli-
fiers, and receivers (Rxs). ABI’s new report
service, “The European Fiber Optic Deployment
Series,”
eight fiber-optic components.

The series has found that by 2005, the total
European market for semiconductor optical
amplifiers will reach $138 million, the next-gen-
eration optical infrastructure market will reach
$921 million, and the dense-wavelength-divi-
sion-multiplexer (DWDM) market will reach
$753 million.

examines the FEuropean market for
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the front end

In the long run,
the technology
revolution is
going to drive
the economy
and transform
our lives.”

Technology And Telecommuni-
cations Professionals Are Need-
ed Despite Poor Economy

CLEVELAND, OH—According to the Los Ange-
les Times, a recent national poll of more than
1400 chief information officers forecasts a 21-
percent increase in information-technology
(IT) hires in the second quarter of this year, a
rate of increase that is virtually unchanged
from the previous two quarters. In Texas, for
example, the need for technology talent is so
strong that 34,000 jobs are unfilled, reports The
Dallas Morning News.

“Technology is here to stay and it’s going
to grow and evolve,” says Daniel Fager-George,
manager of business development for Biz-
Space, Inc. “Companies will continue to look
for talented professionals in all areas of telecom-
munications and technology because each day
brings a new discovery.”

“The economy may be a little slow right
now, butit’s not dead,” says Michael Forrest,
president of JobOptions.com. “In the long run,
the technology revolution is going to drive the
economy and transform our lives.”

Active Microwave Modules
Market In North America To
Exceed $3.4 Billion In 2005

HUNTINGTON, YORK, UNITED KINGDOM—A
report in a new series from Engalco,
“Microwaves North America III—Active
Microwave Modules—Markets to 20085,”
forecasts that the overall total available mar-
kets for this class of microwave products will
grow from the expected $2.4 billion level this
year to exceed $3.4 billion in 2005. The study
includes detailed market data on the follow-
ing classes of microwave products: electron-
ic switches [chiefly monolithic microwave
integrated circuit (MMIC) based], voltage-
controlled oscillators (VCOs), dielectric-res-
onator oscillators (DROs), yttrium-iron-gar-
net (YIG) oscillators, linear amplifiers, log
amplifiers, wireless local-area-network (WLAN)
chip sets, frequency synthesizers, and other rel-
atively complex function models. There are full
profiles of 13 major players, as well as an
extensive industry directory.

Every year, a substantial,
quency synthesizers with m
types of modules forecast to be w
$750 million this year and to exc.
in 2005. Next ranked are WLAN ¢
linear amplifiers, in that order.

In most instances, the current economic
slowdown is having only marginal effects on
these markets that are mainly fueled by the
strong growth in sectors such as broadband satel-
lite, 3G mobile, and WLANSs. There are also
substantial and slowly extending opportunities
in the defense sector.

.sand

Processors Support Several
Industry-Standard Wireless
Protocols

PLEASANTON, CA—embedded wireless devices,
inc. has unveiled the e8024™ Voice and Data
Broadband Wireless Gateway Processor and the
€9024™ Voice and Data Wireless LAN pro-
cessor. The e8024 and €9024 processors are the
first devices capable of concurrently support-
ing the IEEE 802.11a, operating at 5.7 GHz,
as well as industry-standard wireless proto-
cols such as IEEE 802.11b, Bluetooth™ , Home-
RF, and HiperLAN2.

Designed for residential and enterprise
broadband wireless gateways and wireless
local-area networks (WLANS), these products
eliminate Quality of Service (QoS), interfer-
ence, and performance problems that occur
when the IEEE 802.11b protocol, with its direct
sequencing scheme, co-exists on a wireless net-
work with the other 5-GHz spectrum and 2.4-
GHz industry standards. The e8024 and 9024
processors provide additional bandwidth and
multiple basebands to support simultaneous data
and voice at the broadband and premise-side
distribution interfaces.

Next-generation systems will use the 5-
GHz spectrum to address these interference
and performance issues. By allocating a broad
200-MHz band (versus 85 MHz for 802.11b),
the 5-GHz spectrum enables higher data
throughput and eliminates interference from
2.4-GHz-based appliances such as microwave
ovens and cordless telephones. Similar to the
2.4-GHz spectrum, 5-GHz spectrum does not
require a license throughout much of the
world.
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AMPS
CDMA
CDPD
DAMPS
DCS1800
ECM
EDGE
EW
GEO
GPRS
GPS
GSM900
HFC
IFF
LEO
LMDS
LMR
MMDS
NPCS
PCS
PCS1900
RADAR
RFID
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TETRA
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WAP
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WCDMA
WLAN
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WWAN

Passive Components designed to meet

s and tomorrow’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.
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the frontend

DSL technology
is allowing the
ILECs to com-
pete with cable
companies in
providing resi-
dential broad-
band access.”

Report Details Impacts Of Competition On Local-Exchange

Outside Plant Assets

AUSTIN, TX—Technology Futures, Inc. (TFI), a
telecommunications forecasting firm, has pub-
lished a report entitled, The Impacts of Com-
petition and Technology on Local Exchange Out-
side Plant Assets. The report was authored by
TED’s president, Lawrence K. Vanston, Ph.D.
Vanston’s report quantifies the impact of broad-
band technology and wireless competition on
the ILECs’ copper (Cu) cable plant.

“DSL technology is allowing the ILECs to
compete with cable companies in providing
residential broadband access. In the short run,
this increases the utilization of some copper
pairs, but the overall impact of broadband is
to reduce the amount of copper used,” remarks
Dr. Vanston.

Dr. Vanston continues, “By including fore-
casts of all the important factors, we get a com-
prehensive picture of what is really happening
to copper in the ILEC outside plant in the long
term. This is the only way you can realistical-
ly estimate the impact of all these changes on
the value of ILEC investment.”

The report also quantifies the substitution of
wireless for wire-line voice service, forecasting

the displacement of ILEC access lines and usage.
In addition, it assesses potential competition for
cable voice and the Internet, including voice-
over-Internet protocol (VoIP).

There were several key findings in the study.
By year-end 2004, more than 25 percent of US
households will have adopted broadband ser-
vices, up from approximately 5 percent at the
end of 2000. By 2010, that percentage will
likely exceed 60 percent. Due to competition
from wireless, cable modems, and digital-sub-
scriber-line (DSL) services, the number of ILEC-
provisioned narrowband access lines will begin
to decline sharply around 2003. When competitive
and technology impacts are considered, exist-
ing metallic cable has an average remaining
life of between 5.2 and 9.0 years, with 7.0 years
most likely. And finally, the need for ILECs to
provide broadband services with data rates
above 1.5 Mb/s will drive the adoption of fiber-
in-the-loop. Forecasts have indicated that 1.5
Mb/s will meet the typical user’s expectations
until about 20035, the 6 Mb/s will do so until
around 2010, then 24 Mb/s until 2015, and final-
ly 100 Mb/s thereafter.

RF Exposure Levels To Workers Are Being Studied

HAPPAUGE, NY—With occupational safety a
legal and health concern for employers all over
the world, the ability to document dangerous
and disputable incidents can only serve to clar-
ify the facts of a case. In a litigious society
such as ours, every piece of information counts.

This is especially true in areas of occupational
safety that are still poorly understood, such as
RF safety. With the explosion of wireless com-
munications, satellite broadcasting, and other
forms of RF-emitting devices, the possibilities
of worker exposure to dangerous levels of RF
radiation levels are greater than ever. While
many people are aware of the RF hazards fac-
ing broadcast and telecommunications work-
ers, exposure to excessive RF radiation levels,
as established by government agencies, is also
possible in many industrial processes that use
microwave and other RF heating devices. These
include furniture, semiconductor, auto and air-
craft parts manufacturing, as well as book-
binding, lumber drying, ceramics, coal, and
many other raw- and finished-goods produc-

tion. Building workers and others with the
opportunity to work near or around radio-
transmission equipment may also risk expo-
sure to non-compliant levels of RF energy.
Building workers and others with the oppor-
tunity to work near or around radio-trans-
mission equipment may also risk exposure to
non-compliant levels of RF energy.

“Even residential buildings these days rent out
rooftop space to wireless carriers, especially in
urban areas,” says Richard Strickland, director
of business development for Narda Safety Test
Solutions, which manufactures RF safety devices.
“So now even building-maintenance workers
who never dreamed of RF exposure as one of their
job hazards are at risk these days.”

Narda has taken a step toward enabling
employers to log crucial information about
RF exposure levels to workers. In a first for
the industry, its new line of Nardalert XT per-
sonal RF monitors enables users to create and

store a continuous data log of RF exposure
levels. [IE
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Linearity. Reliability. Power!

Stanford Microdevices’ SXA-289 and SXT-289

functions in repeaters and other infrastructure equipment

amplifiers offer the infrastructure-equipment designer ~ covering the cellular, PCS, WLL, GSM, WCDMA, UMTS,
a rare combination of efficient "/a-watt power with ISM, IF and LO bands. And, exceptional linearity makes

high linearity in a low-cost, surface-
mountable SOT-89 package. Both
products feature SMDI’s high-
reliability GaAs heterojunction

bipolar transistor (HBT) technology SOT-88 Package

and deliver high output 3rd order intercept
performance of better than 40 dBm.

The wide frequency range and power efficiency of our

SXA/SXT amplifiers make them an excellent choice for driver

them an ideal option for multicarrier digital applications.

Find out how the SXA-289 and SXT-289 can satisfy the

power-amplifier requirement in your equipment design.

For more information, visit us at stanfordmicro.com.

Part Number Frequency P1dB IP3 Gain Device Current
Range (dBm) (dBm) @1950 Voltage (mA)
(MHz) MHz v)

SXA-289 5-2000 +24 +42 155 5.0 105
SXT-289 | 1800-2500 | +24 +41 15.0 5.0 105

* STANFORD

MICRODEVICES

www.stanfordmicro.com ® 800.764.6642

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

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




LLP Chip Scale Package Provides
Small Footprint And

Cool Thermal Performance.

National’s New Thermally Enhanced
Package Offers Optimum Performance
In A Minumum Of Space

i i Has Over 30 Products Featuring The LLP b

| Size Product Types Available
| 3mmX3mm | Interface, Temperature |
4mmX4mm | Audio Amp, Op Amp, Power
= ([ 3mmX3mm | Audio Amp, Op Amp

~ |4mmX4mm | Power Management
|4mmX5mm | Audio Amp, Data Conversi
| 5mmX5mm | Audio Amp -
| 7mmX7mm | Microcontroller, Interfac

LLP Chip Scale Package

* High PCB Density, 0.8 mm Max. Package Height

¢ 8-Pin Dual-In-Line ro 44-Pin Quad Configuration

¢ 0.5 mm - 0.8 mm Lead Pitch (Depending On Lead Count)
* Inherent Coplanarity

* Soldering Exposed Die Attach Pad to PCB Offers

Optimal Thermal Performance, Enhances Package

Self-Alignment to PCB During Reflow

Power Density of LLP Chip Scale Package is.
_Vl_:onventional Packaging of Similar Pi

* Uses Standard SMT Placement and Reflow Equipment _

* Negligible Package Lead Inductance for Faster Signal S HIsL e G g R
Response, Less Cross Talk, and Ground Bounce g b

High Reliability T

¢ Passes All Standard Product Reliability Tests: 7 i o
OPL, THBT, Temp Cycle, Autoclave, and ESD B 59 o i oy QFFM S

* Passes All Standard Board Level Reliability Tests: = g L Wsemm  9som 10059 mm 28t mmn
Drop, Vibration, 3-Point Bend, and Temp Cycle = i I

Footprint (sq. mm)
* Meets JEDEC Moisture Sensitivity Level 1

Ideal for PDAs, Pagers, Cell Phones, Notebook PCs, 717_5 - LLP Package
Mass Storage, or Anywhere that Small Size and Good '
Thermal Performance are Critical

- Die Attach
~ Material

Mold
Compound

For More Information on the LLP Chip Scale Package Family:

www.national.com/packaging/llp

Cu
Leadframe

Free CD-ROM Data Catalog Available at:

freecd.national.com

National
Semiconductor
The Sight & Sound of Information



MILITARY SOLUTIONS

FRED LEVIEN

President

The Levien Group, 14621 Charter Oak,
Prunedale, CA 93907; (831) 633-5124,
FAX: (831) 633-5181, e-mail:
flevien@redshift.com.

Facing

Warfare In
The Third Millennium

Growing potential threats from develop-
ing nations and a declining investment in
US military forces have led to a situation
where the US and allies are vulnerable to

hostile actions.

Political environments change con-
stantly. With the “fall” of the Soviet
Union, one great threat to this country
has been “minimized.” Still, another
threat is in the making. One of the key
changes in the world’s political envi-

ilitary solutions continue to grow more advanced in the
third millennium. Radical changes within this country
and the ever-changing balance of world political
alliances have combined to create an environment ronment over the last sever-
where modern military solutions must be agile and al years is China’s role on
flexible. However, by examining the past, it may be
possible to anticipate the military needs to come.

world peace. A panel of inter-
national experts recently point-
ed out the potential for dan-
ger from the Chinese political situation:
“...eight years [1992-2000] of strate-
gic obtuseness and a policy of appease-
ment has emboldened China to such a
significant degree that the next few
years could well prove to be an extreme-

Rocket Electronics
~ 00° ° °
I S 7, VR Y] ORI~ e
— oo N’
— - ] Bubble
° X0 o sheath
- 23.6 ft. A
Warhead

Specifications:
Total weight = 4845 Ibs.

Warhead weight = 91 Ibs. (nuclear capable)

Range ~ 11 to 19 miles

Propulsion = originally: 1350-kw hydrogen-peroxine turbine
*Modified: high-speed underwater ("SKVAL") rocket model APR-2

*New speed = 230 mph
Entered service = Year 2000

Developer: Morteplotekhnika Research Institute

1. The Russian Skval submarine torpedo can achieve an unden:vate'r speed of

230 mph.
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Want to know the secret of success in the land of Linux and Nokia? [t's APLAC. An industrial-strength simulation
technology that combines the functionality of Spice with the utility of an advanced RF simulator. APLAC, and only
APLAC, provides the accurate IC- and board-level models and precise methods to analyze non-linear circuit behavior
demanded by top RF and analog designers. The only approach up to the
complex design challenges ahead: 3G, Bluetooth, and beyond.

APLAC gives you something unique - the freedom to do things right. All
you do is supply the three ingredients mentioned above.

To learn more about APLAC, why not download a student version from

our website and contact us at APLAC Solutions.

R

APLAC Solutions Inc APLAC Solutions Corporation
320 Decker Dr, Suite 100, Irving, TX 75062 Atomitie 5 C, FIN-00370 HELSINKI, Finland
tel. 972-71¢ tel. +358-9-540 450 00
raplac.com  e-mail: sales@aplac.com www.aplac.com  e-mail: sales@aplac.com

The Freedom To Do Things Right.
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Target kill
» Laser beam on pressurized
tank ullage volume.

* Energy on target overtime causes
catastrophic tank rupture.

40,000 ft. nominal ABL altitude

Nominal
4 burnout
80s

Contingency
70s

Time available
for laser kill

52s

42s

! cloud
[ break

Cloud tops at 38,500 ft.

2. The Air Borne Laser (ABL) weapon system has been developed by Boeing, TRW,
and Lockheed Martin under contract to the US Air Force.

ly dangerous period in US/China rela-
tions.”" In addition, the panel found
“a China much more dangerous now
than it ever was when he [former Pres-
ident Bill Clinton] arrived in 1993.”*
The last decade was one where inter-
national relationships have slipped but,
at the same time, the US military has
declined. The decade witnessed a severe
drop in US troop morale and, while a
simple examination of numbers does not
tell a full story, it does reveal the extent

of US military erosion resulting from the
financial fallout of the previous presi-
dential administration’s budgets (Tables
1t0 3). Even during a decade of finan-
cial bounty, the Clinton Administra-
tion chose to apportion the smallest
percentage of US Gross Domestic Prod-
uct to the defense of the nation since prior
to World War II (Table 4). The net result
on the US military forces was pervasive.
The US Air Force decreased from 36 to
10 fighter wings. The Navy dropped from

Table 1: A shrinking US Navy

Budget (in constant 2000 dollars) $146 hillion $84 billion —42 percent
Personnel (total) 1,322,500 882,200 —33 percent
Navy 582,900 372,300
US Marine Corp active 196,700 172,200
Navy reserve 149,900 90,800
US Marine Corp reserve 44,500 40,000
Civilian 349,000 206,900
Strategic submarines (ballistic missile) 34 18 —47 percent
Tactical submarines (attack) 91 57 —37 percent
Aircraft carriers 14 12 —14 percent
Major surface combatants 206 116 —44 percent
Navy fighter and attack aircraft 759 468 —38 percent
US Marine Corp fighter and attack aircraft 450 328 —27 percent
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G.T. MICROWAVE INC.
! Custom
Sub-Assemblies

G.T. Microwave Provides
the Total Picture...
Complex Circuitry and
RF Design.

Our experienced engineering team
will custom design and manufacture

a sub-assembly meeting your most
demanding specifications.

Features:
= 4:]1 Bandwidths
500 MHz - 20 GHz

Simultaneous Phase
& Amplitude Control

Linear Control Slope

Additional Products Available:
= | & Q Vector Modulators
= BPSK & QPSK Modulators
» Attenuators
= Power Dividers/Combiners
= Phase Shifters
= Switches
= Negative Gain Equalizers
= Hybrid Couplers

NEW LARGER FACILITY...

2 Emery Avenue
Randolph, NJ 07869 USA

Tel.: 973 361.5700
Fax: 973 361.5722

email: gtmicrowav@aol.com

;,\ G.T. Microwave...
1
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QUIET DROS - CLEAR COMMUNICATION

The desire for low noise
' Diclectric Resonator
Oscillators to enhance
clear communication,
spectral purity, contin-
ues. Typical phase noise
@ 100 KHz offset of
-126 dBe/Hz for 10
GHz, —-115 for 18 GHz,
and —108 for 38 GHz
are being measured on
our 1)1‘()([11L'tion DROs.
Harmonics measure be-
tween —50 dBe and -80
dBe. Spurious are less
than =90 dBc with —120 dBec available by request. Designs under way
promise to reduce phase noise even more significantly. Check the Lucix
Website for outstanding features of our DROs, such as low power consump-
tion, very small size, high output power, ultra stability. Tell us your special
needs. At Lucix, we Listen.

800 Avenida Acaso, Unit E
- Camarillo, CA 93012
Luc Phone: 805.687.6645
. Fax:  805-987-6145
Corporation website: www.lucix.com

@ Enter NO. 426 at www.mwrf.com

Need a BN’ Doublers
Mixer? S Multipliers

Tired of o Converters
Waiting? 005 to 40 GHz

Website: MarkiMicrowave.com

Phone: (408) 778-4200 Fax: (408) 778-4300
Email: Mixers@MarkiMicrowave.com

@& Fntar ND A1?2 at www mwrf com

approximately 600 ships to slightly
more than 300. Approximately three-
quarters of a million troops were dropped
from the active US forces. US Army
divisions alone have decreased from
18 to 10, making the US Army now
only the seventh largest in the world.

Ross Munro writes that, “The Clin-
ton legacy in Asia has been to weaken
America’s standing and to make China
a greater danger to its neighbors and the
US than it otherwise would have been.”"
His conclusion is that the danger from
China as a military threat is not just poten-
tial and long term in nature. It is “here
and now, real and present...constitut-
ing one of the most serious indictments
of Clinton policy.”"

China is not alone as a potential
threat. Growing world powers (and

Fortunately,

There is a sense under
the current administration
that much greater atten-
tion will be paid to the

Us military.

not to discount Russia) have become
unfriendly to the West, and to the US
in particular. These political changes
occurred at a time when the US armed
forces were becoming less capable with
each succeeding Department of Defense
(DoD) budget. This is the legacy that
the recent eight years of leadership have
passed on to the current administra-
tion 1n particular and to the country at
large.

Fortunately, there is a sense under
the current administration that much
greater attention will be paid to the US
military. Unfortunately, reversing this
decline in military strength and the
equally troublesome underlying dam-
age to troop morale will not come eas-
ily or inexpensively.

These next three points need to be
emphasized:
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Murata PN:

MM8430-2600
Description: RF Switch
Connector. One of the most exciting
microwave products to come along
in years. This low cost test switch
has virtually universal RF and
microwave design appeal. It solves
many design and production test
problems at a low cost. Applicable

to all RF applications under 3GHz
(3000MHz). Test probes: Works with
Lab test probe MXGM76RLI0OO
and mass production test probe
MMI126030. Reel size/Stock
quantity: 1000 pcs. | reel.

Order PN: MM8430-2600TBI

Murata PN:

LESN25N 19C24508
New Global PN:
LFB322G455N1A504
Description: 2450MHz Band
Pass Filter, Minature (3.3 x 2.5mm)
ultra low cost Ceramic LC Chip type
BPF. This low cost BPF makes an
ideal- interstage filter. Small enough
and low cost enough to be used
in several positions on the same
board! Reel size/Stock quantity:
2000 pes. | reel. Order PN:
LFSN25N19C24508

Murata PN:
MQE920-2450

Description: 2450MHz miniature
(1.8 x6mm) surface mount VCO.

For use in all 2.4GHz Wireless LAN
applications. Low cost. Reel size/
Stock quantity: 3000 pes: | reel.
Order PN: MQE920-2450-T7

Murata PN:

DFC2 IR57P002HHA
New Global PN:

DFCB2 IG57LDJAB
Description: |.57GHz Band Pass
Filter (BPF) for GPS applications.
Ceramic Monoblock miniature low
cost surface mount. Used as the
primary RF filter by the USA's leading
manufacturers of commercial GPS
receivers, this filter has performance
and low cost in a standard miniature
package. Ceramic BPFs ike this
form the backbone of Murata's
Microwave product line. Since 1950,
ceramic electronic components have
been Murata's key focus. Reel
size/Stock quantity: 2000 pes. | reel.
Order PN: DFC21R57P002HHA-TA2120

MURATA’ . RF- and wireless

:; _mnovatlons open the door

to design freedom

SPECIAL OFFER
Visit our website and register for
your FREE MM8430-2600 and
LFSN25N19C2450B
(New Global PN: LF532264SSNIA504)
samp es
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1. There is an absolute necessity for
the US to develop strategic “leap-ahead”

Toledo and the USS Memphis, which
were close by under the sea observing
the exercise using MASINT listening
gear, heard a pair of explosions that were
detected just two minutes apart. Then
there was an ominous silence, which
would inevitably signal the death of

advances in military technology.
2. It is necessary to understand the Army
possibility of the military dangers that Active divisions 18 10
— this nation faces. Reserve brigades 57 42
z 3. Itis necessary to take all prudent
S steps necessary to counter these dangers. N_avy '
3 For those who doubt the need for a Alrcraft carriers " 1
9| strong US military, let the events of Air wings 13 10
o August 12, 2000 serve as a reminder. Attack submarines 9 55
<| That story began with the Russian Surface combatants 206 116
3| Naval submarine, Kursk, in the Bar- )
=| ents Sea. The ship was engaged in a Alr Force
"| war game designed to determine how Active fighter wings 24 12
best to use a newly developed Russian Reserve fighter wings 12 7
undersea weapon specifically designed Reserve air-defense squadrons 14 4
to sink US submarines and aircraft car- Bombers (total) 277 190
riers. The exercise did not go accord-
ing to plan, however, and signs of trou- Marine Corp
ble were detected by two US Naval Expeditionary forces 3 3
submarines in nearby patrol. The USS

the 118 men aboard the mangled sub-
marine. They had been attempting to
demonstrate a new weapon with “leap-
ahead” technology for a potential
buyer—The People’s Republic of China.

Included in the oversized crew (the
standard crew size for this submarine

is 108) it is believed there had been a
Chinese Naval officer observing the
(hoped for) performance of this new
torpedo. As an unclassified guess, it
could be pieced together that the new
torpedo, known as “Skval” in Russian
(“Squall” in English), failed, allowing

China
¥ CSS-2
Czech and : Syria .
=i Slovak Republics [ gg:lad"g - Romanialrs %L::Iﬁgréa o scud B [ £3%2 HESU Republics
$5-21 FrROG-7 | | ScudB ki cpoG7 | | 3521 || css-5 | [IcBMS, SLBMS,
5523 ss-21 | LEROGZ k| ‘ss.23 | [EROST ] Css.g || and TBMs
FROG-7 : Scud C M-9 - i
TRIngary } A | M-11 North gorea
CSS-N-3 Scud B
FROG‘-I'l & -y, . Scud C
' FROG-7
sli:lggas - A ot R Y | NoDong
FROG-7 |1 e ¥ ; S 2, o _ | Taepo Dong I/
israel | ' , B W \ south Korea
|| Lance [ : ] ! NHK-I
i || Jericho I ' ' - i NHK-II
. ‘| Jericho Il L
1 Syl Egypt |
, 1 scud Mod L~
ScudB | i
b PR FROG-7 —
TBM characteristics e Vs'ﬁt::jag'
« Greater range. Iraq { ‘ Y ,
« More accurate. Css-8 , ; Iran oy
« WMD. ScudB | {*-a Scud B | ndia.
« ERS. Al Hussein scud C - Prithvi
» Technical countermeasures, | |_FROG-7 }fﬁ{}’deg Saudi Arabi UAE Nazeat Pﬁk'tsft?n Agni
ighly survivable ‘ Atsea CSS-8 a i
1. nlogdgfense at present .3.55 12 €352 scudB FROG-7 Hatf2 -1
. o - T i
« Weapons of choice. FROG-7 OQUAB-11

3. The TBM proliferation worldwide includes more accurate weapons with increased range.
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You are on a power trip.

you design amplifiers and every last dBm counts

rely on Harmonica

You don't want any surprises when the part that performed so well during

simulation is built and tested. No shifted gain. No premature saturated power

or unaccounted spectral regrowth...and certainly no oscillations.

Successful amplifier designs demand optimal ACPR, power, IP3, nonlinear

stability and yield. That's why many engineers are turning to

Harmonica, the most powerful high-frequency circuit design solution

available for the PC desktop. With physics-based distributed

models and a time-tested
Harmonic Balance engine, Power Tri p
Harmonica delivers superior
speed, accuracy, power and
functionality. And as a part of
Ansoft's Serenade Design
Environment, Harmonica
offers seamless links to

layout, system simulation

electromagnetics, and third-party tools

After all, every dBm counts.

Discover the difference Harmonica makes in the

lesign of amplifiers, mixers, oscillators, filters

matching networks and other components in

your wireless design.

For your free evaluation copy of Harmonica or

Sl any of the tools in Ansoft's Serenade Design
: At

23 ) . Environment call 412-261-3200

high performance EDA
or send e-mail to info@ansoft.cor

www.ansoft.com

at www.mwrf.com



EWS

fuel to leak into the submarine. The
fuel ignited a fire in the forward torpedo
room, which caused the torpedo to
explode. This led to a more extensive
fire, which a few minutes later detonated
all the other ordnance aboard the Kursk
located in the forward torpedo room.

These explosions ultimately resulted
in the sinking of the vessel.

This scenario was essentially con-
firmed by a note found on the body of
a Kursk sailor recovered from the wreck-
age. Not surprisingly, Russian naval
officers, despite all of the evidence to

KDI/Triangle's RESISTOR P

" An ISO 9001 Company

KDI resistor products are dism'b.z# ﬁykmhat‘ds

@ Enter NO. 417 at www.mwrf.com

the contrary, have continued to insist
that a collision with a foreign subma-
rine was the first in the series of events
that doomed the Kursk.

In the details of this new weapon
(Fig. 1), there is one number that dom-
inates —the underwater speed. The tor-
pedo, which was driven by a jet-rock-
et engine, is reported to have had an
estimated speed of 230 mph. This
tremendous speed is made possible by
generating an envelope of bubbles for-
ward of the torpedo nose, thereby reduc-
ing the frictional drag through the water.
This is five times the underwater speed
of any known torpedo currently in any
Navy’s inventory. It is believed that a
more advanced version of the Skval
torpedo is under development, with an
underwater speed of 300 mph. The

Despite the harsh
economic situation,

Russia has employed some
of the best engineers and
scientists, and is still
capable of developing
“leap-ahead” technologies.

impact of this potent nuclear-capable
weapon was best described by a Jane’s
Defense Week analyst who said that
“Skval is a weapon that has the prospects
of destroying entire Naval battle groups
at once. This could abruptly blow a
hole in US Carrier-based air superior-
ity. The consequences are grave. This
new torpedo has the potential to tilt
the balance of power.”?

The potential customer for this tech-
nology is from the same nation that
recently took out a US Navy EP-3E air-
craft over international waters. As the
crew tried to keep it from crashing,
China arrogantly blamed the US for
intruding into Chinese air space. China
has demanded and is still demanding an
apology for their aggressive, illegal,
and hostile actions. This is a nation that
held the US in high regard as a poten-
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SoLuTtioN For 5.2 - 5.8 GHz
UNII & HirperLAN |
SysTemS! |

MMIC VCO
HMC358MS8G

N

PLL

HMC251MS8
HMC36158G
HMC362
HMC363

+2, +4, +8 Available

LNA's
20MS8G  HMC318MSSG

HMC315

HMC346MS8

HMC315 2,3, or 5 Bit
Attenuators Available
Amplifiers
Frequency | Product Type Part Number
' DC- 6.0 GHz | LNA HMC313
DC-70GHz | LNA T HMC315
5.0 - 6.0 GHz LNA HMC318MS8G
s MESFET, pHEMT, T 50-60GHz | INA __HMC320MSBG
5.0-7.0 GHz ___ Driver Amplifier | _HMC407MS8G
. H i _50-6.0GHz Power Amplifier | HMC406MS8G
plogies, we provi de 3.0- 6.5 GHz Divider | HMC251MS8
DC-100GHz | Divider _ HMC36158G
20 i . DC-11.0GHz | Divider | HMC362 |
nents in the DC - 12.0 GHz | Divider | HMC363
. 5.6 - 6.2 GHz VCO | HMC358MS8G |
iper- 4.5- 6.0 GHz _ Mixer
4.5-9.0GHz Mixer , iMC219MS8
0.7 -3.7 GHz ____ Digital Attenuator | 26 8 .
0.7 - 3.7 GHz | Digital Attenuator | HMC273MS10G
0.7 - 4.0 GHz | Digital Attenuator L HMC290
0.7- 4.0 GHz | Digital Attenuator HMC291 _
0.75 - 2.0 GHz ; Digital Attenuator | HMC230MS8
DG -8.0GHz (I | HMC346MS8G
5.0 - 6.0 GHz Diversity Switch | HMC393MS8G
DC - 3.0 GHz 1 SPDT Switch e HMC197
DC - 2.0 GHz | T/R Switch =
DC-25GHz | TRSwich | , ,
5.0 - 6.0 GHz | T/RSwitch | HMC224MS8

v v
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re produced in-houst

demands of today's customer:

ave products from basic components
cluding RF switches iers, combiners/dividers, front-end units,
repeaters, thin fill@8roducts and more. From machining to

‘ ;uality of KMW enable us to provide the best
8Ve you time, effort, money, and willisupport you
find fast turnaround time.

Switchable P

Contactless Phas

Continuously Variable Attenua
Step-Rotary Attenuators i
RF Switches
Filters & Filter Units
Power Splitters
Amplifiers
Directional Couplers
Circulators / Isolators
Tower Top Amplifiers
Front-End Units
Repeaters
Connectors & Cable Assemblies

Ceramics & Thin Film Products
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Switchable Power Combiners / Dividers
Contactless Phase Shifters
Continuously Variable Attenuators
Step-Rotary Attenuators

RF Switches

Filters

Power Splitters

Amplifiers

Directional Couplers

Circulators / Isolators

Connectors & Cable Assemblies
Ceramics & Thin Film Products

Tower Top Amplifiers
Combiner Divider Unit
Switchable Combiner Unit
Filter Unit

Channel Combiner Unit
Thin Film Products

Optic Repeater
Microwave Repeater
Miniature Repeater

In-Building Repeater

KMW has a special offer on the Thomas Register website
www.thomasregister.com, which includes the following items:

Contactless Phase Shifters / Continuously Variable Attenuators

Step-Rotary Attenuators / RF Switches / Filters and more
%a@ Products priiotary

: Please visit www.kmwinc.com for more information
@ on our extensive line of products.
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3-Way Beam Control Antenna
« Vertical Down Tilting

« Horizontal Steering

« Beamwidth Switching
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"\ # Multi-Line Phase Shifter '/ __\W
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tial friend only eight
years ago.

The Kursk inci-
dent highlights how
two major com-
munist nations have
allied together to
form a potential
threat. The tech-
nologically advan-
ced Russians are in
need of a “custo-
mer,” while the Chi-
nese have shown

Table 3:

shrinking Air Force

with the EP-3E inci- =

dent that they are willing to steal what-
ever technology they cannot buy. Despité
the harsh economic situation, Russia has
employed some of the world’s best engi-
neers and scientists, and is still capable
of developing “leap-ahead” technolo-
gies. And in its decline, Russian has
shown that it will sell anything to any-
one at any time.

\

The existence of the Skval torpedo
a sign that the US does not own all of the
most advanced technologies. With the
growing competition for weapons tech-
nology, the rising importance of Asia
becomes obvious. The Skval represents
“asymmetric warfare.” It is essentially
a $200,000 torpedo that can obliterate
a US battle group that costs multiple

billions of dollars,

lies ahead for the US military.

?shall, who has served as a mentor
to the author during the development
of his Information Warfare (IW) course
for the Naval Postgraduate School, has
worked at the Pentagon for more than
50 years. He was chosen for the study
due to his highly regarded technical
expertise and legendary skills in big-

Budget (in constant 2000 dollars) $116 billion  $78 billion —33 percent and causes fatalities
Personnel (total) 992,300 715000 28 percent | to more than 6000
Active 539,300 365,900 US service men and
RESOIVS 197,600 181,200 wemen.
Civilian 255400 | 168,700 The Kursk story
Heavy bombers 244 143 A st effectively supports
i { a report prepared
Fighter and attack aircraft (total) 2610 4 1455 —44 percent by Andy Marshall
Actve ok 208 for President Bush. |
reserve 867 e The report, entitled
Airlift aircraft (total) 851 756 ~9 percent A Strategy for a
Intertheater 401 331 Long Peace and
Intratheater 450 425 subtitled Quick
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1S wha

=

Today’s signal paths.....

Seven-day turn-around on your semi-
rigid cables, bent and manufactured
from your e-mailed Pro-E, Catia,
Me-30, Solid Works, and other output
files. All Manufacturing processes
performed with tools from the

technology leader.

@

Take routes only the High Tch can fow!

L |
T R

“The Tool Makes the Difference”

ISO 9001

www.semi-rigidcables.com

®

SEVEN ASSOCIATES

® Enter NO. 405 at www.mwrf.com



the front end

News items from the communications arena.

Windows Embedded
Operating Systems
Experience Growth

NATICK, MA—A study by Venture Development Corp.
(VDC), a provider of market research to the embed-
ded-systems industry, reveals that certain segments
of the embedded market have been slow to adopt
Windows Embedded operating systems. However,
Microsoft is achieving acceptance in the embedded mar-
ket with Windows CE in the consumer electronics
segment.

VDC research shows that one of the main factors
driving Microsoft’s success in the consumer electron-
ics market is the influence of the Microsoft brand. In
addition, the popularity of the Windows platform in
corporations’ information-technology (IT) infras-
tructure and among computer users who are familiar
with Windows desktop software is driving Windows
CE acceptance in the handheld computer market.

One of the critical applications for Windows CE
(Pocket PC) is the personal-digital-assistant (PDA)
application. Pocket PC-based devices are expanding
market share in this computing segment and VDC

Forecast for worldwide unit shipments
of embedded devices
incorporating Windows 0Ss: 2001 to 2005

2002 2003 2004

2005

2001

estimates that by 2005 they will account for 55 per-
cent of all embedded devices shipped with Windows
Embedded operating systems (see figure).

The title of the VDC study is “Windows NT/NTE/CE
2000: Threats and Opportunities in the Embedded
Systems Market.” Findings are based on surveys mailed
and e-mailed to 13,000 developers of embedded sys-
tems, interviews with engineers, product managers, and
CTOs at leading software vendors and third-party
service providers, as well as extensive secondary
research.

Fiber-Optic Market To Drive Infrastructure Components

To Billions In European Sales

OYSTER BAY, NY—As fiber-optic networks are
built out in Europe, thanks to a new era of
competition, those selling the components for
the networks will realize billions of dollars in
sales during the next five years, according to
a series of reports from Allied Business Intel-
ligence, Inc. (ABI).

“The European telecommunications mar-
ket has always been considered a few years
behind the US, but in the case of fiber optics
this is not true, as the region is catching up
quickly,” says Mark Liggio, ABI’s senior vice
president of Broadband Communications.
“With the more recent deregulation, the
progress in the building of the European
Union and a more conducive geography—
the population centers are closely tied togeth-

er—many carriers have seen the opportuni-
ty for using fiber optics to serve the pan-
European market.”

The European fiber-optics market is heav-
ily advancing, with developments in components
such as switches, transmitters (Txs), ampli-
fiers, and receivers (Rxs). ABI’s new report
service, “The European Fiber Optic Deployment
Series,” examines the European market for
eight fiber-optic components.

The series has found that by 2003, the total
European market for semiconductor optical
amplifiers will reach $138 million, the next-gen-
eration optical infrastructure market will reach
$921 million, and the dense-wavelength-divi-
sion-multiplexer (DWDM) market will reach
$753 million.
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in the long run,
the technology
revolution is
going to drive
the economy
and transform
our lives.”

Technology And Telecommuni-
cations Professionals Are Need-
ed Despite Poor Economy

CLEVELAND, OH—According to the Los Ange-
les Times, a recent national poll of more than
1400 chief information officers forecasts a 21-
percent increase in information-technology
(IT) hires in the second quarter of this year, a
rate of increase that is virtually unchanged
from the previous two quarters. In Texas, for
example, the need for technology talent is so
strong that 34,000 jobs are unfilled, reports The
Dallas Morning News.

“Technology is here to stay and it’s going
to grow and evolve,” says Daniel Fager-George,
manager of business development for Biz-
Space, Inc. “Companies will continue to look
for talented professionals in all areas of telecom-
munications and technology because each day
brings a new discovery.”

“The economy may be a little slow right
now, but it’s not dead,” says Michael Forrest,
president of JobOptions.com. “In the long run,
the technology revolution is going to drive the
economy and transform our lives.”

Active Microwave Modules
Market In North America To
Exceed $3.4 Billion In 2005

HUNTINGTON, YORK, UNITED KINGDOM—A
report in a new series from Engalco,
“Microwaves North America [II—Active
Microwave Modules—Markets to 2005,”
forecasts that the overall total available mar-
kets for this class of microwave products will
grow from the expected $2.4 billion level this
year to exceed $3.4 billion in 2005. The study
includes detailed market data on the follow-
ing classes of microwave products: electron-
ic switches [chiefly monolithic microwave
integrated circuit (MMIC) based], voltage-
controlled oscillators (VCOs), dielectric-res-
onator oscillators (DROs), yttrium-iron-gar-
net (YIG) oscillators, linear amplifiers, log
amplifiers, wireless local-area-network (WLAN)
chip sets, frequency synthesizers, and other rel-
atively complex function models. There are tull
profiles of 13 major players, as well as an
extensive industry directory.

Every year, a substantial lead is taken by fre-
quency synthesizers with markets for these
types of modules forecast to be worth more than
$750 million this year and to exceed $1 billion
in 2005. Next ranked are WLAN chip sets and
linear amplifiers, in that order.

In most instances, the current economic
slowdown is having only marginal effects on
these markets that are mainly fueled by the
strong growth in sectors such as broadband satel-
lite, 3G mobile, and WLANSs. There are also
substantial and slowly extending opportunities
in the defense sector.

Processors Support Several
Industry-Standard Wireless
Protocols

PLEASANTON, CA—embedded wireless devices,
inc. has unveiled the e8024™ Voice and Data
Broadband Wireless Gateway Processor and the
€9024™ Voice and Data Wireless LAN pro-
cessor. The e8024 and 9024 processors are the
first devices capable of concurrently support-
ing the IEEE 802.11a, operating at 5.7 GHz,
as well as industry-standard wireless proto-
cols such as IEEE 802.11b, Bluetooth™, Home-
RF, and HiperLAN2.

Designed for residential and enterprise
broadband wireless gateways and wireless
local-area networks (WLANS), these products
eliminate Quality of Service (QoS), interfer-
ence, and performance problems that occur
when the IEEE 802.11b protocol, with its direct
sequencing scheme, co-exists on a wireless net-
work with the other 5-GHz spectrum and 2.4-
GHz industry standards. The e8024 and 9024
processors provide additional bandwidth and
multiple basebands to support simultaneous data
and voice at the broadband and premise-side
distribution interfaces.

Next-generation systems will use the 5-
GHz spectrum to address these interference
and performance issues. By allocating a broad
200-MHz band (versus 85 MHz for 802.11b),
the 5-GHz spectrum enables higher data
throughput and eliminates interference from
2.4-GHz-based appliances such as microwave
ovens and cordless telephones. Similar to the
2.4-GHz spectrum, 5-GHz spectrum does not
require a license throughout much of the
world.
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picture strategic thinking.

In reviewing the 25-page first draft
of the report, it is possible to target key
areas that are deemed to be crucial to
understanding and planning for the
future of the US Military. The report notes
the trends in political powers, keying on
rising competition in Asia. This trans-
lates into the high-priority need for
defending the US homeland with a
National Missile Defense (NMD) sys-
tem. The report also highlights the
increased risk incurred by forward bas-
ing of US military forces on land and
naval forces close offshore. The report
reviews primary tools, including I'W, and
the impact on the US Armed Services.
The report calls for support of the Naval
submarine service and the development
of a new breed of small “street fighter”

vessels, while de-emphasizing Navy air-
craft carriers, even suggesting a cut in
numbers. The report urges US Air Force
dominance in the electromagnetic (EM)
spectrum, suggesting that this should be
the primary mission of the B-52 fleet and
the B-1 bombers. The report opposes
the call for the newly proposed JSF
fighter A/C, with unmanned air-com-
bat vehicles suggested as a replacement
for US Air Force support missions. In
the realm of promising warfare tech-
nologies, the report makes note of
advanced radar satellites, undersea
power projection, and new IW tech-
nologies such as directed-energy weapons
and computer-network warfare.

One more potential weapon system
is covered by President Bush’s plans

More than 20 nations have Theater Ballistic Missiles
4, The threat of Z ‘Longer range
TBM capabilities ~ Chemical More accurate
worldwide ~ Biological Highly proliferated
extends to a vari- ~ Nuclear Greater ability
o to penetrate
etyof payloads, | |  Advanced terminal defenses
including nuclear, - mons) Advanced
biological, and 7 ~submunitions
chemical Proliferation is a global problem
weapons. _
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for an NMD system for pro-
tecting the US and its allies.

the system are that 1. it is not
needed and 2. it will not work.
One of those objecting to the
NMD system is French Assem-
bly President Paul Quiles, who
denounced NMD as a “mili-
tary program unworthy of the
name.” He adds that “this sys-
tem will never work...the tech-
nology is not there.””

The growth of potential
threats worldwide would seem
to dismiss the first objection.
The technological history of the
US would certainly dispel the
second. Those who doubt that
the system is possible should
be reminded of all those who
doubted that the US could land
a man on the moon.

The US has already come
close to the technological reality of this
anti-missile system. By applying a delib-
erate, carefully planned, and superbly
managed effort, the US Air Force has
maintained an on-time program that is
within budget and meets all key tech-
nical milestones. With less than 40 s
to acquire, track, and kill an Intercon-
tinental Ballistic Missile (ICBM) tar-
get in the boost phase (Fig. 2), the anti-
ballistic-laser (ABL) margin for error is
extremely small. Yet, to date, all tests
point to a successful program comple-
tion in a relatively short span of time.
Fullup system design has resulted in
the first flyable airframe that is being

Atlantic Ocean

5. The numbers next to the circles denote the explosive yield in
megatons, and the circle itself covers a metropolitan area of
New York City.

assembled now, with a deployable sys-
tem possible within three years.

For those who would dispute the
need for an NMD system, the pages of
US newspapers have provided clues as
far back as 1997 as to the need. One news-
paper title in particular, cautioned “Bal-
listic Missiles within easy reach for
many Nations.”” A recent Air Force
overview of missile capability present-
ly deployed around the world provides
an accurate and sobering view of more
than 10,000 ballistic missiles (TBMs)
currently in place. The status shown
for these missiles is by type of missile
and the country in possession of it (Fig.

Table 4: Federal spending by administration
(percent of gross domestic product)

Nixon (1970-1975) 9.4
Ford (1976-1977) 11.9
Carter (1978-1981) 11.6
Reagan (1982-1985) 12.2
Reagan (1986-1989) 1.2
Bush (1990-1993) 12.6
Clinton (1994-1997) 14.0

201

1.4 6.7 2.6

1.6 5.2 3.0 217
1.9 5.0 3.3 21.8
29 6.2 25 23.8
3.2 6.2 2.0 22.6
3.4 5.1 2.3 23.4
3.4 2.8 1.6 22.8

Source: Congressional Research Service.

3). Not all of the nations list-
ed are friendly toward the US
and the payloads that these
countries are prepared to deliv-
er are deadly and constantly
being improved (Fig. 4).

A graphic depiction is pre-
sented here of the potential
damage from a missile strike
(Fig. 5).° The effects of deto-
nating a single nuclear weapon
over the southernmost tip of
Manhattan island in New York
City, a spot known as Battery
Park, are portrayed. Two choic-
es are provided to calculate
the effects of a single armed
nuclear-missile attack on New
York City: a surface detonation
and an air burst (as might be
expected from an incoming
ICBM). For example, in using
a one-megaton value for an
air burst caused by a present-
day multiple independently targeted re-
entry vehicle (MIRV), most of the pop-
ulation within the depicted circle would
be killed by thermal radiant exposure.
A single half-megaton ground blast
would result in approximately three to
four million fatalities.

Readers should be aware of the real
and present dangers in our unsettled
world. They are urged to apply their tal-
ents to the goal of developing advanced
“leap-ahead™ concepts and technology
in support of next-generation military
electronics. This can lead to better ways
of providing the tools that the US mil-
itary desperately needs to ensure our coun-
try’s survival,

Editor’s Note: This article is an
excerpt of a Keynote Address present-
ed by the author at the First Military Elec-
tronics Show in Baltimore, MD, April
24,2001, &
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Xemod 3G QuikPAC™ RF amplifier stages
shorten your products’ time-to-market.

QuikPAC™ surface mount modules can help you and more cost-effective to manufacture. And
shave precious weeks off your 3G amplifier because they’re physically interchangeable, you
development cycle. can re-use significant portions of your designs to

create entirely new products.
Whether you choose a standard model, a gate-

regulated model, or specify your own custom QuikPAC modules are available now in power
pre-set and compensated bias, QuikPACs elimi- levels ranging from 25 to 180 Watts. To jump
nate time-consuming stage alignment steps. start your 3G amplifier development, call Xemod
They also reduce part counts, allowing you to or visit www.xemod.com—ASAP.

design simpler, smaller amplifiers that are easier
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Dr. Zoltan Cendes is Chairman
and Chief Technology Officer of
Ansoft Corp. (Pittsburgh, PA),
and is also an Adjunct Professor
of Electrical and Computer Engi-
neering at Carnegie Mellon Uni-
versity (Pittsburgh, PA). He is a
member of the IEEE Microwave
Theory & Techniques (MTT)
Technical Committee on com-
puter-aided engineering (CAD)
and is on the editorial board of
the International Journal of RF
and Microwave Computer-Aided
Engineering. He has served on
the International Steering Com-
mittee of the COMPUMAG Con-
ference, and is a past chairman
of the IEEE Conference on Elec-
tromagnetic Field Computation.

An Interview with
Dr. Zoltan Cendes

MRF: What led you to start Ansoft?

cendes: I started Ansoft in 1984 while I was a professor at Carnegie Mel-
lon University conducting research. Some of our research partners were
asking us to produce commercial software tools in addition to the contin-
uing research they traditionally funded us to perform, so we began to sat-
isfy their requests.

MRF:; What was Ansoft’s first product?

cendes: We called it Eddy. It was a two-dimensional program for computing
eddy currents in AC conductors. We followed that effort with some simple
two-dimensional microwave simulation programs. Soon thereafter, Hewlett-
Packard Co. asked Ansoft to develop a three-dimensional finite-element sim-
ulator that they would sell, having been asked by their customers for alter-
natives to test-and-measurement instrumentation to speed the product-development
process. We were obviously excited about the opportunity, and it con-
tributed heavily to our expansion into higher-frequency design.

At that time, solving high-frequency electromagnetic problems using finite
elements often resulted in unphysical spurious modes. This was a severe lim-
itation, and presented us with a great challenge. We invented procedures to
avoid these problems, which made it possible to solve three-dimensional elec-
tromagnetic field problems using finite elements for the first time.

MRF: What was the result of the work for HP?

cendes: The culmination of our work was the software program HFSS, which
was the first commercial program that could simulate complex three-dimen-
sional geometries. After we finished the initial software development, HP
marketed the product exclusively for us. We began shipping the product in
1990, and it has since become the industry standard for three-dimension-
al, electromagnetic field simulation.

HFSS continues to be one of our core products, but of course it’s much
faster now — 15,000 times faster than in 1990. With greater speed, an abil-
ity to address open-region problems and create full-wave SPICE models, HFSS
is utilized by designers simulating complex antenna structures, optical-com-
munications systems, RF ICs, high-speed PCBs and connectors, and biomed-
ical applications. Perhaps the most significant change is in optimization
and sensitivity analysis, where you can now synthesize improvements by spec-
ifying design goals and simultaneously investigating manufacturing changes
to reduce costs.

MRF: The Ansoft/HP (now Agilent Technologies) partnership came to an
end in the mid 1990s. What happened?

Cendes: We parted ways with HP about six years ago, basically because our
views of HFSS development differed. However, we both continued to devel-
op HFSS products, and now Agilent has agreed that our HFSS technology
is best, and they have sold their HFSS business to us. We are working with
them to transition their customers to Ansoft solutions. HP (now Agilent)
was key to the early development of our company, and we’re happy we’ll
be working together again.

MRF: What is the significance of your Full-Wave Simulation Program with
Integrated-Circuit Emphasis (SPICE) product?

Cendes: Full-Wave SPICE is a unique functionality that addresses one of
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the key areas that high-speed digital
designers have struggled with during the
past several years. As frequencies have
approached and gone into the realm
of RF, digital designers face new prob-
lems. SPICE, the main tool for circuit
designers, does a poor job of handling
high-frequency effects. However, using
Ansoft’s Full-Wave SPICE, digital design-
ers can model the true physics in their
transient SPICE circuit simulation —
without resorting to either inaccurate
single-frequency models or trial and
error. Full-Wave SPICE automates the
entire process and produces frequency-
dependent SPICE models in Hspice,
Pspice, or Maxwell SPICE formats, so
that designers can continue to work
with tools they are familiar with, and
obtain the accuracy they need to address
today’s speeds.
MRF: What has been the obstacle to
solving this problem?
Cendes: Traditional circuit models miss
much of the physics and are best used
for low-frequency circuits and for com-
ponents that are small compared to
wavelength. Designs for higher fre-
quencies must account for electromag-
netic interactions. If you solely rely on
circuit-level models, the first iteration of
a design will most likely not deliver the
desired performance. This means you have
to create a lengthy cycle of prototypes
to achieve your goals.
MRF: You have described Ansoft Design-
er, which debuts next year, as one of the
major benchmarks in your company’s
history. Why is this so?
Cendes: Ansoft Designer is a bench-
mark for Ansoft and a major step for-
ward for the industry. It represents the
next generation of design tools that
integrate different levels of simulation
technology, allowing the user to customize
the level of accuracy needed at all phas-
es of the design process. Our “solver on
demand” architecture will greatly sim-
plify the optimization process, making
it far easier for engineers to make tough
design decisions early in the process, and
avoid surprises downstream.

For example, if you are solving a
complicated circuit using components
for which there is no model, Ansoft

Designer will call the electromagnetic
simulator on demand to perform the
required simulation. Until now, people
needed to rely on multiple tools and
troublesome translators, and go back
and forth trying to analyze the design.
Designer lets you work all levels, simul-
taneously, without burdening the user
with additional steps. This approach sim-
plifies the process without constraining
a designer’s creativity, and the mod-
ern user interface makes it easy to learn.
MRF: What do you feel are the broad
trends in design tools?

Cendes: The Holy Grail has always
been simulation software that is reliable,
highly accurate, easy to use, and robust
so a broad spectrum of problems can
be solved. However, it is a mistake for
EDA vendors to believe they can make
something very simple and yet highly
versatile. There are always trade-offs.
Our customers tell us that they want high
accuracy —it’s why they buy simula-
tion in the first place. Next, they need
the power to customize and tune our tools
to their environment.

Finally, and just as important, no
solution is complete without knowl-
edgeable, responsive people to help
designers apply these tools. It’s often our
applications people that see the next
innovation, from their experience with
customers using the tool. Service is
often the key differentiator and it’s the
area that many simulation companies
completely overlook or gravely under-
staff. Tam proud of our commitment to
service. I frequently receive accolades
from our customers when I visit the
MTT and DAC conference.

MRF: What are the challenges you face
in achieving this goal?

Cendes: There are two parallel paths
creating the ultimate solution. The first
is the algorithm itself—every year we
invent better algorithms that will give
more accurate answers faster and can
handle larger problems. The next level
is the user interface, which we contin-
ually improve with customer feedback.
Within the software level, many improve-
ments are made in quality that the user
never sees, but experiences indirectly in
terms of superior performance, fewer

inconsistencies, and better operation.
I'remember writing in FORTRAN, and
how constrained that was. With the
object-oriented programming that we
have been using since 1988, we can
create software structures that accom-
modate more sophisticated programming
and better code more efficiently. Both
of these paths are evolving every year,
and they will continue to inch closer to
an ideal solution.

MRF: How much is your development
work driven by, or perhaps limited by,
computer hardware?

Cendes: In our early days with HESS,
around 1990, our abilities really were
dictated by the performance of the com-
puter hardware. However, at about
that time, workstation performance
really began to accelerate without an
increase in cost. That let us finally solve
three-dimensional problems without
incurring high additional costs.

As an example, one of our original test

problems with HFSS was to develop a
waveguide-to-coax adapter. This sim-
ple structure took 16 hours to solve on
a Sun 4 workstation. Today we can
solve the same problem in 20 seconds.
Of course, some of that speed increase
is attributable to hardware perfor-
mance, but we continuously increase the
performance of the software as well. On
average, we have more than doubled the
speed of our algorithms every year.
MRF: Are there problems that still require
a workstation to solve?
Cendes: It’s hard to say. Every time
we reach a new level regarding the
problem size we can solve, customers
ask for more. Although PC perfor-
mance has narrowed the gap, and can
solve a great many problems, today’s
workstations have 64-B operating sys-
tems that allow almost limitless amounts
of memory.

However, I believe customers will
continue to push the limit, and there will
always be a need for varying levels of
computer performance. I'm quite cer-
tain that we haven’t yet seen all the
innovations of our time, and that hard-
ware vendors will work hard to keep
a differentiation that is valuable to the
marketplace.
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New Spectrum Analyzer FSU
— the specs say it all

It's nice that one doesn't have to rely on
fancy prose when describing a measure-
ment device. A few numbers will suffice
instead. Take the FSU, for example — our
new highend spectrum analyzer. Whether
it's displayed average noise level, phase
noise or large-signal characteristics: the
FSU is at the top of the range in all disci-
plines of RF performance. Likewise with lev-
el accuracy. Naturally, if you offer such solu-
tions, you are not permitted to only go half
way. Therefore, we have enhanced the
record performance with a suitable package
of extras. For example: a complete line of
detectors, a large collection of bandwidth

ROHDES&SCHWARZ

resolutions and filter characteristics imple-
mented for the first time to the upper limit
of 50 MHz, taols for fast time-domain analy-
sis etc, etc. And why all this? So that you,
the developer or manufacturer of the next
generation of communications technology,
will have substantial reserves for tackling
the most demanding tasks, or maximizing
production yield. You will find that every dB
more and every ms less are worthy benefits
which will quickly pay for themselves. The
specifications, by the way — you can find
them on the Internet, of course. And the
FSU is available immediately from your
Rohde & Schwarz sales partner.

Discover more: www.rohde-schwarz.com
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1002 + Thailand (2) 8 80 93 47 @ Turkey (216) 3 85 19 17 # United Kingdom (1252) 61 13 77  USA Tektronix Tel. (800 4 26 22 00, http://www tek.com 4 Vietnam (4) 8 34 61 86
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crosstalk |

MRF: Are there limitations to current high-
trequency design software? Are there
problems these tools still cannot solve?
Cendes: There are still significant chal-
lenges for our industry. The one that gen-
erates the most attention is tackling
larger and larger RF ICs with thou-
sands of transistors. Standard harmonic
balance engines cannot handle very
large structures, and while you can
solve some in the time domain, the
results are not very accurate. Tradi-
tional circuit-design tools for standard
ICs address the larger structures, but not
the microwave characteristics. Microwave
tools cannot handle the level of com-
plexity, as can standard IC design tools.
We’re working in from both ends of this
technology to solve this problem.
Another challenge is in the realm of
electromagnetic and circuit simulation.
They can be done in cosimulation, but
the electromagnetic part is still only
working on a smaller portion of a device

or circuit. If you simulate a whole device
or board, it can be overwhelming for
pure electromagnetic simulators. Our
goal is to analyze the whole board with
electromagnetic accuracy. I already see
progress in handling much larger non-
linear circuits with harmonic balance,
and in quickly doing much larger boards
with many devices.

The technology incorporated into the
Ensemble planar simulator, SVD Fast
Solve, has allowed us to speed up full-
wave simulation with planar structures
by an order of magnitude.

MRF: Do you have any final thoughts
on the direction of the high-frequency
electronic-design-automation (EDA)
industry?

Cendes: This is a very exciting time in
high-frequency design automation. I
started Ansoft with the vision to lever-
age the power of electromagnetics across
component-, circuit-, and system-level
design. Today, we are the recognized

world leader in this area. By providing
total solutions with circuit- and sys-
tem-level models derived from accu-
rate electromagnetic models, our tools
replace long and expensive build-and-
test cycles with fast and economical
computer simulations. As more designs
move to ever-higher frequencies, to mil-
limeter-waves and to optics, the need
for our solutions exponentially increase.
Traditional methods no longer work well.
Customer hunger for greater speed,
greater density, longer battery life, and
improved functionality is driving virtually
every technology company, regardless
of market. Ansoft is qualified to serve
these needs, with our expert personnel
and our pioneering work in creating
products to serve this market. We have
only just begun. I find the new world
of high-frequency design very exciting,
and can hardly wait to see the revolu-
tion in high-speed digital, RF, microwave,
and optical products that will result. [E&

Rotary Attenuators
DC-2200 MHz

—

¥
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i

Power Dividers
800-2200 MHz

E - Commerce Is Here!

sales @jfwindustries.com
1SO 9001 Certified

Terminations
up to 18 GHz

JFW Industries, Inc.
Specialists in Aftenuation and RF Switching

Fixed Attenuators
DC-2200 MHz

TEL (317) 887-1340 * Toll Free 1 (877) 887-4539 « FAX (317) 881-6790
5134 Commerce Square Dr. + Indianapolis, Indiana 46237

www.jfwindustries.com
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InGaP HBT AMPLIFIERS MCE

[METELICS

You asked for more power..

NEW MMA-700 FAMILY

The MMA701-SOT89 is a low cost packaged InGaP HBT
ideally suited for Cellular, PCS, 2.5/3G, MMDS, WLL and
other types of wireless infrastructure applications where
flat gain and good linearity are required. This device
offers an exceptional combination of performance,
efficiency, and versatility to quickly bring a superior
solution to market.

The MMA710-SOT89 is a broadband fully matched
packaged InGaP HBT ideally suited for narrow or
broadband performance applications. This device offers
a flat gain/power response from 1 MHz through 5 GHz,
with usable gain to 6 GHz. This device delivers an

outstanding combination of broadband P-1qs
compression, linearity, and efficiency and is ideally suited
as a general purpose gain block or driver.

Th devi have been designed and tested to offer
MMA 701 PERFORMANCE ese devices ave been desione esiecioo
the highest standards of reliability and performance you
e More Power .......... +27 dBm have come to know from Metelics.

* High Linearity ....... +48 dBm

» Available from stock ........... HBT AMPLIFIER
Model Frequency Vce Ilcc Gain® P-1a8** 1P3** Thermal
Range ) (mA) (dB) (dBm) (dBm) Resistance
(GHz2) Typical Typical °C/W)
MMA?701-SOT89 0.001-4.0 7.0 130 12.5 +27 +48 80
MMA710-SOT89 0.001-5.0 7.0 95 12.5 +22 +37 130
* Matched SSG at 2.0 GHz
** Measured at 2.0 GHz
. 5000 p— These parts are available at
i, 1| £ First Source Inc. 3 pMoE
5 MM;T701 -ST)T89 800.225.7434 M A1~}
000 5.00 10.00 15.00 20.00 25.00 : M ET E L I C S
Output Power (dBm)
OIP3 vs QUTPUT POWER Q75 Stewart Drive * Sunnyvale, CA 94085

pH 408.737.8181 * rx 408.733.7645
sales@metelics.com * www.metelics.com
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editor’s choice

Transceivers feature 2
X 10-pin configuration

A FAMILY OF high-density, SONET-
compliant SFF optical transceivers fea-
turing a 2 X 10-pin configuration is
designed for the next generation of
Metropolitan Area Networking and
Telecommunications applications. Ver-
sions for OC-48, OC-12, or OC-3 are
available. Operation is from a single
+3.3-VDC power supply and operating
temperature range is 0 to +70°C. The
transceivers feature TTL signal-detect
output and Tx-disable input. The devices
operate at 1310 nm with single-mode
cable and industry-standard LC con-
nectors. The transceivers meet all appli-
cable safety certifications, including
Class 1 Laser Safety Compliance, UL
1950, IEC-825-1, and FCDA Radia-
tion Performance Standards, 21 CFR Sub-
chapter J. Options include individual-
mount grounding clips and gang-mount
grounding clips.

Stratos Lightwave, Inc., Optoelectronic
Products, 7444 W. wilson Ave., Chicago, IL
60706; (708) 867-9600, FAX: (708) 867-0996,
e-mail: info@stratoslightwave.com, Inter-
net: www.stratoslightwave.com.

® Enter No. 58 at www.mwrf.com

Subassembly operates
to 6 GHz

MODEL SA-48-AM IS an integrated sub-
assembly offering simultaneous phase
and amplitude control. The device oper-
ates from 2 to 6 GHz and has a 360-
deg./20-dB I/Q vector modulator, 64-
dB attenuator, SP2T switch-filter bank,
video filtering, and three GaAs ampli-
fier stages with gain equalization. The
total phase error is less than =10 deg.

and amplitude error is less than =1.5 |

dB across the entire band. VSWR is
better than 2.0:1 with an output power
of +10 dBm. Switching speed is less
than 500 ns.

G.T. Microwave, Inc., 2 Emery Ave., Ran- | |

dolph, NJ 07869; (973) 361-5700, FAX: (973)
361-5722, e-mail: gtmicrowav@aol.com,
Internet: www.gtmicrowav.com.
@ Enter No. 59 at www.mwrf.com

STRATOS LIGHTWAVE
OPTICAL TRANSCEIVERS

G.T. MICROWAVE, INC.
INTEGRATED SUBASSEMBLY

IFR
SIGNAL GENERATOR

VISHAY INTERTECHNOLOGY, INC.
RX MODULES

Signal generator

| measures Rx selectivity

| MODEL 20268 WITH Bluetooth Option 117
. isa multisource signal generator that is
| capable of generating multiple Blue-
- tooth and GSM carriers within one

instrument. This 10-kHz-t0-2.51-GHz

| source can be fitted with either two or
- three signal sources that can be combined
together onto a common combiner out-

put, or routed to individual outputs.
Each of the signal sources can be fre-
quency- and amplitude-coupled so that
common measurements, such as IM or
Rx selectivity, can be performed more
quickly and accurately than using indi-
vidual signal generators. The unit can
accept external data sources for Blue-
tooth and GSM generators, or it can use
internal PRBS generators. The unit is suit-
able for blocking tests.

IFR, 10200 West York St., Wichita, KS 67215;
(800) 835-2352, (316) 522-4981, e-mail:
info@ifrsys.com, Internet: www.ifrsys.com.
@ Enter No. 60 at www.mwrf.com

Rx modules boast a
98-ft. reception range

THE TSOP52XX SERIES of miniaturized, sur-
face-mount Ir Rx modules features a 98-
ft. reception range. Devices in the series
combine a photodetector and pream-
plifier in a package that can be mount-
ed in either a top- or side-view orien-
tation to PCBs. The devices consume
minimal power, typically 6 mW, when
operating from a +4.5- to +5.5-VDC sup-
ply voltage. Enhanced AGC circuitry sup-
presses interference from sunlight, ener-
gy-saving lamps, and other light
disturbances, while an external metal
shield protects against EMI. The devices
are equipped with an internal band fil-
ter for PCM frequency operation, as
well as TTL and CMOS compatibility.
The footprint measures 7.5 X 5.3 X
4.0 mm.

Vishay Intertechnology, Inc., 63 Lincoln
Highway, Malvern, PA 19355; (610) 644-
1300, FAX: (610) 296-0657, Internet:
www.vishay.com.

@ Enter No. 61 at www.mwrf.com
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New advances
in DuPont’s

electronic materials [ EIGE 8
technology ewa
can help solve O

PR AL WS P I TR O S a0 o i i N
s
/4
9
#,

tough interconnect "~
problems ff‘-"
for your RF or Sea

portable wireless

applications. Z\ :
e Oreen Tape™ . C L : <
¥ simplifies those |8 :

complex inter- : £ ( = L '

connect issues by allowing you

to integrate inductors, capacitors

and resistors into the substrate.
That integration gives you more
options for size and cost reductions
as well — dispelling the myth that
ceramic technology is more
expensive. Learn how DuPont's ;
improved Green Tape™ LTCC |8 s ‘ "
system can provide you S -
with superior design flexibility and
high-frequency performance
characteristics, all while reducing
process steps. Call DuPont
at 1-800-284-3382, then press 3,
or visit the DuPont Microcircuit
Materials Website

at www.dupont.com/mcm.

Please visit us at Booth 500 at _ _
the IMAPS 2001 Tradeshow. | : The miracles < f science’
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of 3G wireless communications in the
next few months. Verizon Wireless and
Sprint PCS, two of the nation’s largest

DESPITE FACING MAJOR financial obsta-
cles, US telecommunications compa-
nies are ready to roll out early versions

PRECISION ADAPTERS

In-Series and Between-Series

Maury Microwave's PRECISION IN-SERIES and BETWEEN-SERIES ADAPTERS are low
VSWR and low loss devices that operate from DC up to 50 GHz. Offered in all combinations
of connector type and sex, these adapters are ideal for precision measurement applications.
They are phase matched, minimum length, and feature a square flange for ease in connecting.
These adapters won't roll
off the test bench.

2.4mm
7921A

Easily removed and
replaced at a relatively
low cost, these adapters
are highly popular as
VNA Test Port Savers
which protect the high
cost test ports of your
vector network analyzer
from the wear-and-tear of
frequent connection and
disconnection.

2.92mm
8714A1

8714B1 8714C1

3.5mm
8021A2

£

b
AT

Bulkhead and panel
mount adapters are also
available.

8021B2
Ve

o/

8021C2

Contact our Sales Staff
for details, or visit us on
the World Wide Web at
http://www.maurymw.com,

e

Model Adapts From Adapts To Frequency Range and Maximum VSWR
8021A2 | 3.5mm female 3.5mm female | DC - 18.0 GHz, 1.05
8021B2 | 3.5mm male | 3.5mm male | 18.0 - 26.5 GHz, 1.08
8021C2 | 3.5mm female _ 3.5mm male 265 - 340 GHz, 1.12
7926A 2.4mm female 2.92mm (K) female | B
7926B 2.4mm female 2.92mm (K) male ?% - 283 g:: Igg
7926C 2.4mm male 2.92mm (K) female 200 - 400 GHz 112
7926D  2.4mm male | 2.92mm (K) male ) ) ’ o
7927A  2.4mm female 3.5mm female
79278 2.4mmfemale | 3.5mm male 180 = 208 ann 108
7927C  2.4mm male | 3.5mm female 265 - 340 GHz 112
7927D 2.4mm male | 3.5mm male | ’ T ' T |
7921A 2.4mm female 2.4mm female DC - 26.5 GHz, 1.06
7921B 2.4mm male 2.4mm male 26.5 - 40.0 GHz, 1.10

| 7921C 2.4mm female ~2.4mm male 40.0 - 50.0 GHz, 1.15
8714A1  2.92mm (K) female 2.92mm (K) female DC - 4.0 GHz, 1.05
8714B1  2.92mm (K) male | 2.92mm (K) male 40 - 20.0 GHz, 1.08
8714C1 2.92mm (K) female, 2.92mm (K) male 20.0 - 40.0 GHz, 1.12

MAURY MICROWAVE

C O R P O R A TI ON

2900 Inland Empire Blvd., Ontario, CA 91764 + TEL: (909) 987-4715
EMAIL: maury@maurymw.com

FAX: (909) 987-1112

@ Enter NO. 425 at www.mwrf.com

3G Wireless Inches Forward

wireless service providers, plan to launch
systems based on the Qualcomm
cdma2000 technology later this year.
Also this year, AT&T and Cingular
Wireless intend to release a 2.5G ser-
vice with features similar to cdma2000.
These introductions come in the wake
of predictions that universal 3G will
be delayed a few years due to economic
and technical setbacks affecting the
worldwide communications industry.

One of the reasons behind the push
to roll out ¢cdma2000 in the US could
be the looming battle between the two
CDMA technologies that are fighting
to control the world market: cdma2000
and WCDMA. Backers of each tech-
nology claim that theirs is superior and
should be adopted as the universal stan-
dard. WCDMA appears to have the
early lead based on support from Fin-
land’s Nokia, the leading manufactur-
er of wireless phones, and the major Euro-
pean telecommunications carriers. But
the European telecommunications indus-
try is burdened with debt, holding up
its 3G deployment and opening a win-
dow of opportunity for cdma2000 to
gain some adherents to its technology.

Already, more than 12 phone com-
panies in North America, Asia, and
South America with a subscriber base
of 100 million customers have elected
cdma2000. If these companies can bring
their networks online quickly, it will pro-
vide a big lift to the market penetration
of cdma2000.

Meanwhile, the technical battle
between the two CDMA formats is still
being waged. Key to the cdma2000
argument is that it makes more effi-
cient use of the spectrum over which radio
signals travel. WCDMA proponents
are counting on the fact that the large
installed GSM base in Europe and Asia
can be converted into WCDMA tech-
nology. It may all boil down to spectrum,
where cdma2000 has the edge since it
can use its present airwaves for 3G,
whereas WCDMA needs more spec-
trum than it presently owns. [I&
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FMM5804X
f=30GHz
P1dB=25dB (typ.)
G1db=18dB (typ.)
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CONTRACTS

ANADIGICS—Has received production orders for CATV
tuner ICs from Samsung for use in their digital set-top box.
Samsung’s DVB-RC set-top box will use ANADIGICS’
ACU2109 upconverter IC, and ACD02202 downconvert-
er dual-synthesizer 1C; to provide a double-conversion RF
tuner solution.

Harris Corp.—Announced that it, along with its consortium
partners, has been awarded the first phase of a four-phase
turnkey rebuild of TransAlta Utilties’ microwave network.
TransAlta is Canada’s largest nonregulated electric gener-
ation company. The Harris-led consortium will engineer, fur-
nish, install, commission, and cut-over TransAlta’s current
analog and digital microwave system to a completely digi-
tal broadband network using Harris’ Constellation™ fam-
ily of point-to-point radios. The total project, spanning the
province of Alberta, is estimated to be worth $15 to $20 mil-
lion over the next four years, and will include digital
microwave, multiplexers, switches, DC power, tower infras-
tructure, and other civil works.

Raytheon Company’s RF Components Division (RRFC)—
Will supply LG Electronics Co. Ltd. with the RMPA 1951
GaAs HBT PA for the handset market. LG Electronics Co.
Ltd., a Korean wireless telephone manufacturer, has earmarked
the TM910 dual-band trimode handset for the US CDMA
market.

LCC International, Inc.—Has been selected by China’s Uni-
com Horizon Mobile Communications Corp. Ltd. to pro-
vide design services for their nationwide wireless network.
The initial contract, valued at approximately $600,000,
calls for LCC to assist Unicom in developing the design
guidelines for their system, as well as perform the actual plan-
ning, RF engineering, and optimization services in Foshan
City and Guangzhou City, which are located in the Guang-
dong province. In addition to design services, LCC will also
be providing high-level technical consulting services to assist
Unicom in assessing its migration strategy and to help deter-
mine its technical objectives for other regions in the province.
Endwave Corp.—Has received a multimillion-dollar initial
order from DMC Stratex Networks, a solutions provider for
cellular applications and broadband wireless access. The
order from DMC Stratex Networks calls for Endwave to design,
manufacture, and deliver custom millimeter-wave transceivers.

FRESH STARTS

SignalSoft Corp. and SiRF Technology, Inc.—Announced a
strategic partnership to provide an end-to-end location-ser-
vices platform to wireless subscribers worldwide. With this
agreement, mobile devices enabled by SiRF’s SiRFStar GPS
technology will interoperate with SignalSoft’s Location

Manager, providing wireless-network operators with the
necessary location and gateway tools for delivering sophis-
ticated location-based services to their subscribers.
Peregrine Semiconductor—Has opened a new design cen-
ter in Melbourne, FL that specializes in high-reliability and
radiation-effects product development.

Texas Instruments and ParkerVision—Announced a strate-
gic partnership to produce advanced wireless chip sets for
cellular phones, WLAN applications, and other next-generation
wireless products.

Better On-Line Solutions (BOS)—Announced a worldwide sales
and marketing alliance with Interactive Intelligence, Inc., a
global developer of interaction-management software. Under
the terms of the agreement, BOS will have access to the
Interactive Intelligence reseller channel, and will be solely respon-
sible for marketing, selling, and supporting the integrated
solution.

Glassman High Voltage, Inc.—Launched their new, redesigned,
reprogrammed website for customers and purchasers of
high-voltage DC power supplies. The site, which is located
at www.glassmanhv.com, includes a host of new features such
as a product-locator pop-up menu from the home page that
will enable searches by voltage or by wattage. Customers can
review this information either in the HTML format or in a
printed format, simply by downloading a PDF file. The
redesigned website includes all of Glassman’s 22 product lines
and provides full specifications and mechanical drawings for
each one.

RF Industries Ltd.—Announced that its RF Connectors Divi-
sion has signed a national distribution agreement, covering
its full line of coaxial connector and cable products, with Irvine,
CA-based Surface Mount Distribution, Inc.

Transcat Calibration Services—Has opened a calibration
laboratory in Foster City, CA—between San Jose and San
Francisco—to serve the Northern California market.
Intercept Technology—Announced a joint marketing agree-
ment for an interface between its PANTHEON
PCB/hybrid/MCM design software and Quantic EMC’s
Omega PLUS signal-integrity and EMC simulator. The inter-
face provides the ability to output a Quantic format NIF file,
enabling users to invoke Omega PLUS and solve signal-
integrity and EMC problems through analysis and simula-
tion. The interface also allows PANTHEON users to bene-
fit from the simulator’s Terminations Editor tool to perform
“what if” scenarios, which improve signal integrity, as well
as reducing crosstalk and emissions.

Accelerated Technology, Inc. (ATI)—Has announced
extended Nucleus RTOS support for the latest ColdFire®
release from Motorola, the highly integrated MCF5272
microprocessor.

Decibel Products—Announced that its DB75Q4D08UT
autotune combiner earned the UL Registration, an exclusive
approval earned only by compliance with stringent safety stan-
dards. This combiner combines up to eight transmit signals
in one output.[IHd
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W MID-ATLANTIC
SABRF SYSTEMS, INC.

PO Box 745,

Forest Hill, MD 21050

Tel.: 410/893-2430

Fax: 410/638-5193

email: info@midatlanticrf.com
www.midatlanticrf.com
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GARNAOQUI

TDK Semiconductor Corp.—ANDY MILLS
to senior vice president and general
manager of the Broadband Communi-
cations Products group; formerly vice
president of the Network Business Unit,
Directed Light, Inc.—JEFF SMITH to pres-
ident and COOQ; formerly executive
vice president and COO.
I-Bus/Phoenix—GUY THRAP to director
of Power Products Development; for-
merly involved in directing hardware and
firmware design, DFM, HIS, compat-
ibility, and agency compliance at
Powerware.

Crazy Eddie, Inc.—TED VAGELOS to pres-
ident and COO; formerly president of
Priceline Long Distance, LLC.

3DSP Corp.—HENRY MATHISON to vice
president of sales; formerly vice presi-
dent responsible for sales at Wyle
Electronics.

The Cellular Telecommunications &
Internet Association (CTIA}—JOHN WIN-
DOLPH to senior vice president of busi-
ness development; formerly executive
vice president and chief marketing offi-
cer for the Lowe Lintas & Partners
advertising agency. Also, KIMBERLY
KUO to vice president of communications;
formerly senior vice president for mar-
keting and corporate communications
at enfo Trust networks.

P-Com, InC.—JAMES J. SOBCZAK to CEQ;
formerly president and COO.
Teledesic, LLC—MICHAEL MCGOWEN
to general counsel; formerly a partner
with the Perkins Coie law firm. Also,
LEN QUADRACCI to vice president of sys-
tem engineering; formerly director of sys-
tem engineering.

Sitraka Mobility—SUJAN MENEZES to
vice president of client services; for-
merly vice president of banking appli-

-people

Garnaoui Is Named As U.S.
Cellular Engineering VP

HICHEM H. GARNAOUI has been named vice presi-
dent of engineering at U.S. Cellular. Garnaoui joins
U.S. Cellular from Nextel Communications, Inc.,
where he most recently served as vice president of
network operations for the Mid-Atlantic region. |

cations at 724 Solutions.

IPC—JOHN KANIA to director of gov-
ernment relations; formerly associate lob-
byist with the Carmen Group.
TRILITHIC, INnC.—BRUCE G. MALCOLM to
chairman and CEO; formerly presi-
dent. Also, TERRY W. BUSH to president;
formerly vice president of the Instruments
Division.

Xemod, InC.—SCOTT BEHAN to vice pres-
ident of product development; formerly
executive vice president of engineering
at AML Communications.

APA Wireless Technologies—MITCHELL
D. AURAN to president and COO; for-
merly director of strategic development
at Cenetec.

Sirific Wireless Corp.—ROY GUNTER to
CEO; formerly vice president and gen-
eral manager of Siemens Wireless Infras-
tructure, Siemens Information and Com-
munication Networks.

ITT Industries, Avionics Division—STEVE
D’ONOFRIO to director of design engi-
neering; formerly manager of digital
design engineering,.

¥y,

D’ONOFRIO

Narda Safety Test Solutions—KATHY
BURNS to applications engineer; for-
merly associate engineer for RF safety
products. 4
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45W Average Four Carriers

worldwide
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REF 30.8 dBm AT 1@ 4B
Introducing the PMLA1855-465FTC, a multicarrier amplifier voe [
designed for the cost conscious operator. Capable of a four carri- strsr JRINE S B o N 1
er 45W average output at 27V and 12.8A for an amazing 13% a7 | 36700 mus
efficiency. This performance allows the amplifier to be used in RV S R SRR B 3 O . Y OO S
tower-mounted applications as well as regular BTS and b TS SRS RO B A 4 S 8
repeaters. Using state-of-the-art LDMOS devices, the amplifier LR R s o o
delivers unequaled performance and all of this within a footprint RO VORI NP2 SN S i
of only 300 by 185 mm (11.85 by 7.25"). e R R
Call today to arrange for a visit from one of our sales representa- 4 cdma carriers (pilot+sync+paging+6 traffic) each
tives to give you a live demonstration of this or any other amplifier as measured after the BTS duplexer.
you might be interested in. You can also visit
www.Amerdmp.com

-?
5616 Dryden Place
Carlshad, CA 92008 mer m
(160)602-8300 Fax (760) 602-8321

When Optimum Performance Counts
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» SHORT COURSES

Network Analysis/Spectrum Analysis
Measurements

October 16-19 (Wokingham, United Kingdom)
Agilent Technologies

Eskdale Rd., Wokingham, United Kingdom
Tracey Bull

+44 118-927-6741, FAX: +44 118-927-6862
e-mail: tracey_bull@agilent.com

Internet: www.agilent.com/find/education

Future Directions In IC and Package
Design Workshop (FDIP)

October 27 (Royal Sonesta Hotel,
Cambridge, MA)

Components, Packaging and Manufacturing
Technology Society

Paul Baltes

(520) 621-3054, FAX: (520) 621-1443
e-mail: epd@engr.arizona.edu
Internet: www.cpmt.org/conf/
fdip01/fdip.html.

Principles of Modern Radar
October 29-November 2 (Atlanta, GA)
Georgia Institute of Technology
Continuing Education

Atlanta, GA 30332-0385

(404) 385-3502

e-mail: conted@gatech.edu

Internet: www.conted.gatech.edu.

58th ARFTG Microwave Measurements
Conference: RF Measurements for a
Wireless World

November 29-30 (San Diego, CA)
Automatic RF Techniques Group (ARFTG)
|IEEE Microwaves Theory and Techniques
Society (MTT-S)

Dr. J. Stevenson Kenney, Technical Chair
School of Electrical and Computer Engineer-
ing, Georgia, Institute of Technology
Atlanta, GA 30332-0250

(404) 894-5170, FAX: (404) 894-4641
e-mail: jskenney@ece.gatech.edu
Internet; www.arftg.org

» MEETINGS

Communications Design Conference
October 1-4 (San Jose Convention Center,
San Jose, CA)

CMP Media, Inc.

(888) 239-5563

e-mail: info@commadesignconference.com
34th International Symposium on
Microelectronics (IMAPS 2001)

October 9-11 (Baltimore Convention Center,
Baltimore, MD)

IMAPS

Washington, DC 20002

(202) 548-4001, FAX: (202) 548-6115
e-mail: IMAPS@imaps.org

Internet: www.imaps.org

24th Annual Newport Conference On
Fiberoptics Markets

October 15-17 Hyatt Regency Newport,

Newport, RI)

KMI Corp.

Newport, RI 02840

(800) 343-4035, FAX: (401) 847-5866
e-mail: info@kmicorp.com

Internet: www.kmicorp.com

2001 IEEE GaAs IC Symposium
October 21-24 (Renaissance Harborplace
Hotel, Baltimore, MD)

|EEE MTT-S, Electron Devices Society, and
Solid State Circuits Society

2001 IEEE GaAs IC Symposium
Piscataway, NJ 08855

Mary Clemente

(732) 562-5350, FAX: (732) 981-1203
e-mail: m.e.clemente@ieee.org.

10th Topical Meeting on Electrical
Performance of Electronic Packaging
(EPEP 2001)

October 29-31 (Royal Sonesta Hotel,
Cambridge, MA)

IEEE MTT-S Packaging and Manufacturing
Society

George Katopis

IBM Corp.

(914) 845-6719, FAX: (914) 845-1593
e-mail: katopis@us.ibm.com

Internet: www.epep.com

3rd Advanced Technology Workshop on
Packaging of MEMS and Related Micro
Integrated Nano Systems

November 8-10 (San Jose Hilton South,
Scotts Valley, CA)

International Microelectronics and Packaging
Society (IMAPS)

Ajay P. Malshe

University of Arkansas/HIDEC

Fayetteville, AR 72701

e-mail: apm2@engr.uark.edu

> CALL FOR PAPERS

IEEE MTT-S International Microwave
Symposium

June 2-7, 2002 (Seattle, WA)

IEEE Microwave Theory and Techniques Soci-
ety (MTT-S)

Technical Program Chair

Eric Strid, Cascade Microtech, Inc.

e-mail: eric@cmicro.com

Internet: www.ims2002.0rg

Deadline for technical paper summaries in
.DOC format: November 26

14th International Conference on
Microwaves, Radar and Wireless
Communications (MIIKON 2002)

May 20-22, 2002 (Gdansk, Poland)
Telecommunications Research Institute and
Warsaw University of Technology Edward J.
Sedek

Telecommunications Research Institute
+48 228102571

e-mail: godlewska@pit.edu.pl

Internet: www.pit.edu.pl/MIKON-2002
Manuscript deadline: December 15



You need to design communication systems
with speed and flexibility.

succeed with Symphony

Encode, multiplex, modulate, upconvert, filter, amplify, transmit, receive, reverse
and recover. Symphony's end-to-end communication system design suite lets

you simulate your baseband, transceiver and channel with speed and flexibility.

Make key architectural decisions and component specifications at any stage of
your development. Optimize performance such as noise figure, BER,
ACPR, or SINAD with a comprehensive library of RF and
DSP behavioral models, along with
frequency, discrete-time

domain and mixed Ra p i d

mode analyses.
Symphony provides De p I Oy m e n t
the speed and
..... power for
simulating systems
such as GSM, CDMA
and 3G. As a part of
Ansoft's Serenade Design
Environment, Symphony provides a

seamless link to circuit simulation, 3D and planar

electromagnetics in addition to Matlab co-simulation.

Design with speed and flexibility.

Discover the difference Symphony makes in your system

development and component specification.

For your free evaluation copy of Symphony, or any of the tools in : N e
high performance EDA
Ansoft's Serenade Design Environment call 412-261-3200 or

send e-mail to info@ansoft.com. www.ansoft.com
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Artificial neural
networks model
linear and
nonlinear RF
circuits

 R&D roundup

TYPICALLY, RF AND microwave circuit
boards contain a large number of microstrip trans-
mission-line discontinuities. To design the board
properly, RF engineers must model these dis-
continuities accurately. Simulating them with
conventional full-wave EM solvers can be very
time-consuming, so simulators based on closed-
form formulas are often used to accelerate the
process. But these formulas involve the quasi-
static approximation, are accurate only to a
few gigahertz, and are restricted within cer-
tain parameters. One solution that has been
used to overcome these limitations is to use
EM models based on artificial neural networks,
which can be coaxed to perform much faster
and more accurately than EM solvers, Researchers
S. Suntives, M.S. Hossain, J. Mittra, and V.

Veremey of the Electromagnetic Communica-
tion Lab at Penn State University (University Park,
PA) have devised a way to improve the effect
of ANNs by using them to model the circuit’s
discontinuities rather than its S-parameters. They
chose this approach because the frequency
behavior of the lumped circuit parameters for
a given range of physical and electrical param-
eters is much smoother than that of their S-
parameters, and the equivalent circuit model is
valid over a wider frequency range, which
makes it easier to develop an ANN model of
the circuit. See “Application of Artificial Neu-
ral Network Models to Linear and Nonlinear
RF Circuit Modeling,” RF and Microwave
Computer-Aided Engineering, July 2001, Vol.
11, No. 4, pp. 231-247.

O

Study analyzes
PLL jitter
caused by
digital switch-
ing noise

O

THE INTEGRATION OF analog and digital
circuits onto mixed-mode chips reduces cost,
but it introduces noise coupling that would not
exist on either of the two types of circuits if they
remained separate. For example, when an MOS
transistor in the digital section of a mixed-
mode chip turns on, it can discharge a capaci-
tive load, generating a brief current pulse in
the V,, network. The current pulse is forced
through the inductive bonding wire in the V.
path and generates a voltage bounce on V.. This
noise can couple through the resistive substrate
or through a shared supply network to the ana-
log section of the chip. Patrik Larsson, for-
merly with Bell Laboratories (Murray Hill,
NJ), proposes using separate power-supply dis-
tribution networks in an attempt to reduce
such noise coupling. His study investigates this
type of noise coupling into a phased-lock loop,

the most common analog block in today’s
mixed-mode designs. His work identifies the main
noise-coupling mechanism for three different
supply schemes. In the first scheme, the digital
circuitry and the PLL share both V44 and V.
In the second case, a separate V4 is used for
the PLL. In the third case, the PLL is supplied
with separate Vg4 and V, supplies. In all three
cases, the local V , is used for substrate contacts.
The three power-supply schemes are compared
in a single chip containing several PLLs and
digital noise generators. Measurements from cir-
cuits fabricated in a standard CMOS process
with low-resistivity substrate are compared
with results from circuits processed in a triple-
well technology. See “Measurements and Anal-
ysis of PLL Jitter Caused by Digital Switching
Noise,” IEEE Journal of Solid-State Circuits,
July 2001, Vol. 36, No. 7, pp. 1113-1119.

Researchers
compare
merits of
different
reduced-size
resonant
microstrip
patches

RESONANT MICROSTRIP PATCHES can
act either as antennas or as components of
oscillators and filters in microwave ICs. In
some applications (such as large arrays of anten-
nas, cell-phone antennas, etc.), the patches are
too large. An effective way to reduce the size
of a patch resonating at a given frequency is to
increase its electrical length by changing its
shape. Several different shapes have been pro-
posed. For antenna applications, rectangular ring
patches, H-shaped patches, meander-shaped
patches, and the insertion of multiple slots in
a rectangular patch have been proposed. For appli-
cations requiring miniaturized coplanar-waveg-
uide resonators, unilateral and bilateral comb-

shaped patches have been proposed. Researchers
G. Leon, R.R. Boix, and F. Medina of the Uni-
versity of Seville (Seville, Spain) have carried out
a comparison of the relative merits of these
designs. Using a numerical code based on the
solution of an electric-field integral equation by
means of Galerkin’s method in the spectral
domain, they present results for the resonant
size and quality factors of the aforementioned
patch designs fabricated on the same substrate
at three different frequencies. See “A Com-
parison Among Reduced-Size Resonant Microstrip
Parches,” Microwave and Optical Technology
Letters, May §,2001, Vol. 29, No. 3, pp.
143-146.
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FEATURES:

- Broadband operation

« Minimal variation in
conversion loss

- High IP3 and 1 dB
compression versus LO
power
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—\ 100 Davids Drive - Hauppauge, NY 11788

M l‘r q TEL.: (631) 436-7400 - FAX: (631) 436-7430
www.miteg.com
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It takes an innovative
R&D team to design
an oscillator so
precise, so reliable
and so small.

It takes a robust
manufacturing facility
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thousands of them.
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performance you demand.
For technical and pricing information visit our
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TIMING JITTER

DAVID LEE

Scientist

Mentor Graphics Corp., 8005 SW
Boeckman Rd., Wilsonville, OR 97070

(503) 685-7000, FAX: (503) 685-7704

Simulation Tool Models And
Verifies Timing Jitter In Oscillators

Simulation software al

lows designers to

predict how random noise impacts phase

noise and timing jitter at
tem levels.

the circuit and sys-

hase noise and timing jitter are critical design considera-
tions in nearly every type of digital communications sys-
tem. In RF communications systems, low-noise oscillators
are an integral part of phase-locked-loop (PLL)-based fre-
guency synthesizers. Oscillator phase noise causes signal
interference in nearby channels in the high-frequency spec-
trum, lowers the signal-to-noise ratio (SNR), and
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degrades the bit-error rate (BER) of a
wireless transceiver. Oscillators are om-
nipresent in digital electronic systems
that require clock signals for synchro-
nization. In high-speed systems that
employ PLLs for clock recovery, oscil-
lator phase noise sets the limit on the
overall jitter performance. As clock
rates continue to escalate, minuscule
variations in signal timing become even
more crucial to system performance.
Today, there is literally no room for
error. That is why accurate phase-noise

prediction and timing-jitter modeling are
so important.

Phase noise and timing jitter are
caused by the same underlying random
phenomenon, and are nonlinearly relat-
ed. Timing jitter is the characteristic asso-
ciated with the random fluctuation in
the transition times of a signal source
in the time domain, while phase noise
is the characteristic associated with the
spectral purity of a periodic signal
source in the frequency domain. Phase-
noise spectrum is of principal interest
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It probably started with a conversation over in marketing: “Bluetooth
wireless technology is the next big thing! We have to put it in all
our products! Details? Bah, all you do is add an antenna. The
engineers will figure it out. Let's go see if they're finished yet."

And now you and a few thousand other engineers are figuring
out that Bluetooth integration is not a trivial task. From baseband
DSP to RF interference, you‘ve got an integration challenge
worthy of legendary King Harald himself.

Welcome to the wild world of RF. New to RF? We've pooled
the talents of our digital, DSP and RF experts to identify the
most important signal checks you'll need to make when
integrating Bluetooth designs. Our online resources include
everything from an RF basics seminar to advanced measure-
ment techniques.

Something for the RF experts, too. If you have the luxury
of approaching Bluetooth from an RF background, we can offer
advice on the most-efficient test procedures and toolsets to
tackle a wide range of Bluetooth measurements.

The Bluetooth big picture. Most of the Bluetooth work we're
seeing today involves the integration of a Bluetooth module
into a new product design:

* Evaluating module performance and characterizing interoperability
* Understanding host-module integration issues

* Designing and debugging the host-module interface

* Conducting pre-qualification RF testing

* Getting Bluetooth Qualification

« Manutacturing quality products

Some of the more interesting problems show up in the second
stage, as you bring the RF transceiver into your host products.
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Watch out for some interesting interoperability problems when you integrate
a Blustaoth module into your host device
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exhibits phase and amplitude noise.

in frequency-synthesis applications,
whereas timing-jitter variation is a pri-
mary design specification in clock-
recovery applications.

RF designers routinely use the phase-
noise spectrum to characterize the effect
of noise on oscillators. Digital design-
ers prefer time-domain jitter to char-
acterize precisely the same random phe-
nomenon. This article outlines one
workable solution for engineers design-
ing PLLs, RF frequency synthesizers, and
clock-recovery circuits. For these design-
ers, oscillator timing jitter is an impor-
tant hurdle to overcome. The article
will demonstrate a method to bridge the
gap between the RF world and the dig-
ital world, between phase noise in tran-
sistor-level circuit design and timing
jitter in system-level design. This method-
ology will enable a designer to predict
the impact of white noise and 1/f noise
in devices on system-level phase noise
and timing jitter.

The electronic-design-automation
(EDA) tools used are Eldo, an RF inte-
grated-circuit (RF IC) simulator and
ADVance MS, a mixed-signal simula-
tor, both from Mentor Graphics. Also
part of the design methodology are
hardware description languages (HDLs)
which include Verilog, very-high-I1C-
HDL (VHDL), Verilog-AMS, VHDL-
AMS, and SPICE/Eldo. VHDL and Ver-
ilog are the two most commonly used
HDLs in the digital world. VHDL-AMS
and Verilog-AMS are analog/mixed-
signal extensions of these digital mod-
eling languages. A language-independent
simulator is very flexible and one that

2. Unlike the oscillator in Fig. 1, a real-world oscillator

3. Timing jitter results in variations in the transition times of

the waveform shown here.

can simulate models written in all design
languages.

Phase Noise and Jitter

In a Utopian world, a noiseless oscil-
lator would provide a perfect time ref-
erence (a clock), because at steady state
the time-varying oscillator waveform
divides time into equal lengths. This
simple concept (Fig. 1) shows the peri-
odic waveform of a noise-free oscilla-
tor, a perfect time reference. In reality,
however, all oscillators exhibit phase noise
and jitter, nature's atomic clocks includ-
ed. Figure 2 shows what occurs when
a free-running oscillator is perturbed by
noise. This can be thermal noise, shot
noise, 1/f noise in active and passive

devices, or some other random distur-
bance. In each instance, noise causes
amplitude and phase deviations.

Phase deviation naturally accumu-
lates with time and drifts without bound,
because oscillators are autonomous cir-
cuits. After the phase of an autonomous
circuit has been perturbed, the phase per-
sists and cannot be restored without
information from some other timing
references. On the other hand, ampli-
tude deviation always remains small
and bounded, due to the fact that non-
linear oscillators are designed to oper-
ate around stable orbits.

Phase deviation and, to a lesser extent
amplitude deviation, cause random
variation in transition times and result
in timing jitter (Fig. 3). In PLLs, sequen-

entity dosc_fd is

generic (Freq : real := 100.086; ==
Ratio : real := 1.0; -
TD t time := 0 sec; -
Jdiv : time 1= 0 sec; -
Josc 1t time 1= 0 sec; -
CFNosc : real 1= 0.0; ==

Kcycle : integer := 10;
Seedl : integer := 0;
Seed2 : integer := 129792743);
port (DOUT : out bit = '0');
begin
assert Freq > 0.0;
end entity dosc_fd;

assert Ratio > 0.0;

architecture bhv_jitter_fn of dosc_fd is

for i in rv3'range loop
rnorm( seed_1, seed_2, rnl );
rnorm( seed_1, seed 2, rn2 );

state := not state;

DOUT <= state;

delta 1= TD + Jdiv * rn2;
end loop;

end process;
end bhv_jitter_fn;

assert FALSE report "roscfn_vec data exhausted" severity ERROR;

oscillator frequency in Hz
divider ratio

output delay

sigma(jitter at one divider transition)
sigma(cycle-to-cycle oscillator jitter)
oscillator phase noise due to 1/f noise
# of oscillator-divider cycle = 2

* Kcycle

constant halfPeriod : time := ( 0.5 * Ratio / Freqg ) * sec;

begin
process
variable delta : time := 0 sec;
variable state : bit = '0';
variable seed_1 : integer := Seedl;
variable seed_2 : integer i= Seed2;
variable rnl, rn2 : real;
variable rv3 : real_vector( 1 to 2 ** (Kcycle+l) );
begin

roscfn_vec( seed_1, seed_2, rv3, halfPeriod );

wait for halfPeriod + sqrt(Ratio/2.0) * Josc * rnl + (TD + Jdiv * rn2 - delta) +
0.5 * MATH 1_OVER PI * sqrt(CFNosc) * rv3(i) * sec;

Fig. 4
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SMALLEST STEP-UP DC-DG
OPERATES ON JUST 1.5pA!

A Complete Solution: Only Three Small External Components and No Diode

The MAX1722/MAX1723/MAX1724 are low-cost, high-efficiency, step-up DC-DC converters in
SOT23 packages. They feature a proprietary current-mode control scheme that provides fast
transient response. Internal synchronous rectification ensures high efficiency and eliminates the
external diode required with other SOT step-up DC-DCs. Output currents are up to 150mA.
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5. This is the DSB phase-noise spectrum of the 1.82-GHz oscil-
lator being simulated with an RF IC simulator.

tial phase detectors and digital fre-
quency dividers sample phase noise and
convert it into timing jitters. Note the
cumulative nature of jitter with time. Phase
noise and jitter are nonstationary ran-
dom processes. The common assump-
tion that phase deviation remains small
is only valid over a limited time inter-
val. This simplified analysis incorrect-
ly predicts that the oscillator output
spectrum contains ideal impulses, but
this is inconsistent with the basic fact
that all oscillators, natural or man-
made, are imperfect time/frequency ref-
erences. In truth, with the continuous
presence of device noise, the phase devi-
ation drifts without bound, and a sin-
gle waveform is asynchronous with
itself over a widely separated time inter-
val. Over any time scale—short or
long—phase noise is nonstationary. In
a free-running oscillator, white noise caus-
es timing jitter to increase with the
square root of the time scale, while 1/f
noise causes timing jitter to grow lin-
early with the time scale. Since device-
level noise is always present and can-
not be removed, characterization and
modeling are key to keeping phase noise
and timing jitter in check.

Time-Domain Jitter

A 1.82-GHz complementary-metal-
oxide-semiconductor (CMOS) oscilla-
tor is used to illustrate the basic jitter
principles. As a first step, the oscillator
circuit was characterized using Eldo
RE. From Eldo RF, the oscillator steady-
state waveform and the phase-noise

spectrum are obtained. From this, noise
parameters can be extracted for a time-
domain jitter model, which is simulat-
ed using ADVance MS, the language-
independent mixed-signal simulator.
Timing-accurate models of oscillators,
along with the other PLL building blocks
such as phase detector, charge pump,
digital dividers, and analog filters are
written using the Verilog, VHDL, Ver-
ilog-AMS, VHDL-AMS, and SPICE/Eldo
HDLs. This allows an efficient analy-
sis of an entire mixed-signal PLL and
enables evaluation of system-level per-
formances such as loop dynamics, tim-
ing jitter, and spurious sidebands.
Taking a closer look, Fig. 4 presents
a VHDL model of an oscillator-divider
circuit. Stationary, independent jitter that
is due to divider amplitude-noise at the
time of transition is modeled using a
Gaussian random-number generator.
Oscillator jitter that is caused by white
noise (such as thermal and shot noise in
devices) is modeled as a Gaussian ran-
dom walk, which is the cumulative sum
of independent Gaussian jitters. This is
the discrete-time form of Brownian
motion that was first observed by Robert
Brown in the random, continuous move-
ment of pollen grains suspended in water
and was subsequently explained by
Albert Einstein in 1905. Technically,
Brownian motion is the continuous-
time noise that is produced by time-
integrating white noise that has equal
amounts of random noise at all fre-
quencies (colors). Oscillator jitter is the
random walk obtained by a discrete-
time sampling of Brownian motion. In

6. The phase-noise spectrum plot shown here is generated
from a time-domain jitter model (see Fig. 5).

the frequency domain, oscillator phase
noise and timing jitter that is caused by
white noise has a 1/f* density.

Oscillator jitter that is due to 1/f
device noise is more complicated. 1/f noise,
which is also known as flicker noise, is
random noise with magnitude that is
inversely proportional to the frequen-
cy. Integrating 1/f noise over time pro-
duces 1/f * phase noise. This noise is found
very close to the carrier harmonics in
an oscillator spectrum. Time-domain 1/f
noise modeling is complex because this
type of noise is nonstationary, self-sim-
ilar, and correlated with long-term time
dependence.

In the time domain, this random
noise, like Brownian motion, looks sim-
ilar when magnified at different time scales
and has long-range correlation. In the
frequency domain, the phase-noise spec-
trum is the same over many decades of
frequency. Contrary to common belief,
oscillator phase noise cannot be mod-
eled as a stationary noise source, such
as a sum of sinusoids with random
phases. In the VHDL model of Fig. 4,
DSP techniques are used to integrate 1/f
noise while preserving the inherently non-
stationary and self-similar nature of
1/f* phase noise.

The accuracy of the phase-noise
spectrum obviously determines the
accuracy of the time-domain jitter
model. The 1.82-GHz CMOS oscilla-
tor was simulated using the RF IC sim-
ulator, and produced a (one-sided)
double-sideband (DSB) phase-noise
spectrum 2L(fm) [Fig. 5]. The predict-

Continued on page 90
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RADIO SYSTEMS, PART 1
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Design Of Short-Range

Radio Systems

The first installment of this four-part
series offers design techniques and
regulatory issues in advanced short-

range radio systems.

of modulation scheme, whether to use
transmit-power averaging, and the type
of antenna for a particular design. In addi-
tion, cost issues include receiver (Rx)
topology, frequency-source topology,
synchronization format, level of inte-
gration, baseband processing, and when
to step up to two-way links or to move
to industrial-scientific-medical (ISM)
frequency bands. Part 1 of this four-part
series will review the basics of radio-wave
propagation, while Parts 2 and 3 will
cover regulatory- as well as system-ori-
ented issues and design methodologies,
respectively.

Microradios are commonly associ-
ated with consumer applications such
as remote-keyless-entry (RKE) devices
for automobiles and garage-door open-
ing systems. Bluetooth represents the high
end of the product range identified by
the generic term “microradio.” These
“control-class” applications have his-
torically been one-way systems, some-
times so cost constrained as to feature
on-off-keyed (OOK) inductive-capac-
itive (LC) or surface-acoustic-wave

hort-range radios, also known as microradios, have existed
for several decades, primarily in the form of one-way con-
trol and security-class links. With an increase in integration
and processor control, the design of these radios has
become more of a system than a circuit issue. The design of (SAW)-based transmitters
these microradios is further complicated by regulatory
issues, such as which carrier frequency to use, choice

(Txs) that consist of little
more than a single transistor
oscillator that is modulated
by keying its power supply with an
encoder chip that can perform key-
press detection and some form of rudi-
mentary encoding. Low-cost Rxs have
included an LC or SAW regenerative Rx,
a topology that can be implemented
with only a few transistors. Digital con-
trol has been added in recent years, to
a level often featuring baseline micro-
controllers such as the Microchip
PIC12C509A or the Microchip KEELOQ
[code-hopping encoders from Microchip
Technology, Inc. (Chandler, AZ)].
Power supplies for portable-radio units
now typically consist of one or two
lithium (Li) coin-cell batteries.

With the availability of higher-fre-
quency, cost-effective complementary-
metal-oxide-semiconductor (CMOS)
and bipolar-CMOS (BiCMOS) semi-
conductor processes, microradio tech-
nology is moving toward higher levels
of integration. With more powerful
digital control, these radio systems are
poised to move beyond control appli-
cations and into network data com-
munications and wireless data acquisition
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PESIGN

(DAQ). As the complexity of these
short-distance radio systems increas-
es, engineers must apply standard wire-
less-system design techniques such as the
use of a link budget.

Alink budget considers Tx power, path
loss, antenna gain, and Rx sensitivity

when calculating radio range. The link
budget is not meant as an exact calcu-
lation, but to provide desired reliabili-
ties as a function of range and operat-
ing conditions. The difference between
radio range under ideal free-space con-
ditions and in an environment with more
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realistic signal degradation can be more
than an order of magnitude. A suggest-
ed approach is the use of a second-order
model that uses a path fade which is
higher than inverse square, and the
assumption of a log-normal probabili-
ty distribution of signal strength with stan-
dard deviations ranging from 4 to 16 dB
as a function of environment.

The mathematics for this level of link
budget is simple, and will be present-
ed here in a way that is also applicable
to certification testing, where analyses
are made of field strengths some distance
from the device under test (DUT). A
derivation can start with the effective
aperture of the receive antenna, which
is the ratio of the power delivered to the
load to the incident RF power density.
Effective aperture can be thought of as
the area where a 100-percent efficient
antenna captures all of the energy that
would otherwise pass through the same
area without the antenna. The maximum
effective aperture is related to direc-
tivity, Dy, the maximum directive gain
of an antenna on its main lobe and
wavelength, A, by:

Ay = A°Dy / 41 (1)

The directivity does not take into
account losses due to mismatch and
ohmic losses, so the effective aperture,
A, isequal toeA,,, where e is the total
efficiency. For a perfectly isotropic
(omnidirectional) antenna without loss-
es, Dy = 1. The closest practical anten-
nas to this performance are quarter-
wave whips and similar designs. A
quarter-wave whip shows a directivi-
ty of approximately 1.7 and efficiency
losses exclusive of matching of gener-
ally less than 1 dB. The gain of the
antenna varies as a function of relative
orientation which, for mobile termi-
nals, is not well-controlled and must be
viewed statistically. An acceptable prac-
tice for a particular microradio appli-
cation is to measure path loss at vari-
ous antenna orientations and positions
relative to the human body that are
appropriate for that application, come
up with an average loss relative to an
isotropic antenna, and then lump anten-
na-gain variation as a function of posi-
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DESIGN

tion into the standard deviation of path
loss.

Effective aperture can be used to
convert the root-mean-square (RMS)
field strength at the antenna into power
delivered to the Rx input:

Poe = (Epng” /M)A, (2)

where:

m = the impedance of free space (377
Q).

E,... = the RMS field strength at the
antenna, and

P,.. = the power delivered to the Rx
input.

Since the power levels permitted by
the Federal Communications Com-
mission (FCC) are presented in terms
of field strength, this relationship is
handy for measuring fundamental and
harmonic signal levels. European reg-
ulations are based on units of effective
radiated power (ERP), or the power
that would be radiated from a perfect-

ly isotropic antenna which matches
that received on the peak of the actual
antenna’s main lobe.

Note from Eq. 1 that A, is dropping
for a particular antenna type such as quar-
ter-wave whip as the inverse square of
frequency. From Eq. 2, it can be seen
that if electric field is constant over fre-
quency with A, dropping over fre-
quency, then P .. must be declining
with the inverse square of frequency. This
is usually referred to as increasing path
loss with frequency, a somewhat con-
fusing choice of terminology, since this
loss occurs even if power density is fre-
quency independent. What is actually
physically happening is that the abili-
ty to gather the power density is declin-
ing over frequency if directivity (receive-
antenna type) is held constant. Itis as
if a smaller lens is being used to focus
sunlight. This fact must be accounted
for in regulatory harmonic measure-
ments—the “free” 6-dB/octave drop

due to the increase in free space path loss
versus frequency (with scaled anten-
nas) must be taken back out to calcu-
late the field strength of harmonics cor-
rectly. The only way to hold constant
or increase A, with increasing frequency
is to introduce a larger and direction-
al antenna.

Receive power for a particular trans-
mit power over a free space link is pro-
vided by the Friis Transmission Equa-
tion. For polarization-matched antennas
that are aligned on directionality max-
imums this equation reduces to:

/P ={* /41)’

R"Gy, Gy, (3)

where:

P, = receive power,

P, = transmit power,

R = range (in meters),

n = the path-loss exponent (2 in free
space),
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or = the gain of the transmit anten-
na, and

Gy, = the gain of the receive anten-
na.

These gains are the same as directivity
multiplied by efficiency loss. For prac-
tical link calculations, it is helpful to mas-
sage Eq. 3 into a form giving range as
a function of degrading factor “D” (the
linear form of all decibel losses in a
practical link from ideal), Rx sensitiv-
ity S (milliwatts are most convenient),
and transmit power Pt (the same power
units as S). These manipulations yield:

5 1/n
Roas = [(c 742 (DE /)] (4)

When converting from ERP to field
strength, as is done in comparing US
and European regulations, several other
relations come in handy. The power
density, S, (in watts per square meter)
of a uniform plane wave is provided in
terms of RMS electric-field strength;

free-space impedance, v; and effective
radiated power, P ., as:

S, =E'/n=E /1201 =

P / 4T R’ (5)

The last term follows from radiat-
ed power and the area of a sphere of
radius R. From this equation, it is pos-
sible to find RMS field strength, Eg s,
at range R in meters (ideal inverse-
square propagation) and transmitted
isotropic effective radiated power, P,
as:

terp»

r(’r/) 003333R Enm (6)
rm\ - (5 477 /R)
0.5
(Pferp) (7)

This basic compliance-oriented physics
flows directly into link budgeting by
taking degrading factors into account
as shown in Eq. 4. An excellent source

of raw data specifically for the 900
MHz ISM band is ref. 1. These data may
be expected to remain approximately
true for losses in the 300-to-500-MHz
range, normally used for control and secu-
rity applications. Depending on envi-
ronment (such as indoor or outdoor,
building type, range, operation between
floors, etc.), the path-loss exponent
changes from 2.0 for free space to a
range from 1.8 to 5.0.

Safety Margin

It is also true that the received signal
strength may be approximately mod-
eled for reliability purposes as log nor-
mal, meaning that it shows a Gaussian
distribution (in decibels) over a large num-
ber of samples. The standard deviation
of this signal-strength variation will
typically vary from 4 to 16 dB over a
wide range of operating conditions. A
few days of engineering time invested
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f

in properly modeling the link statistics
for a particular application will pay
enormous benefits in optimum system
design. To use this information in prod-
uct specification and system design
requires the addition of a safety mar-
gin to the link budget to provide the
desired reliability. This safety margin
is most conveniently specified as a num-
ber of standard deviations in the statistical
variation of path loss (in decibels), with
a deliberately selected reliability at the
maximum range. A brief example along
the lines of a garage-door opener may
be illustrative.

For example, assume that a Tx is
operating at 416 MHz under FCC
15.231 rules (which will be reviewed in
Part 2) with a transmit ERP of —15
dBm. Television harmonic interference
is assumed negligible. The selected Rx
shows a noise figure of 8 dB, a bandwidth
of 60 kHz, and a demodulation and
forward-error-correction (FEC) com-

bination that requires 12 dB of final
signal-to-noise ratio (SNR) to achiceve
the desired bit-error rate (BER). The
Rx sensitivity is calculated to be —106
dBm. The mean transmit-power degra-
dation due to antenna orientation and
body absorption is experimentally deter-
mined to be —10 dB. Experimentation
also shows that under the desired oper-
ating conditions, the link displays a
path-loss exponent of 2.5 and a standard
deviation in signal strength of 7 dB.

Desired Reliability

It is desirable to determine effective
maximum range for a 95-percent chance
of a successful transmission. From any
table of a normalized Gaussian distri-
bution, it can be seen that 1.65 standard
deviations will have an area of 0.9505
under the density curve. In order to
achieve the desired reliability, 1.65 % 7.00
dB =11.60 dB is added to the link loss-

es, providing a total required link-loss
safety margin of 21.6 dB, or a degrad-
ing factor D = 0.00692. Plugging these
numbers into Eq. 4 yields a 95-percent
reliable range of 61 m. Reviewing the
graph on p. 108 of ref. 2 shows a 99-
percent reliability for any random range
from 0 to 61 m (the service area). The
range of this same link under free-space
conditions can be calculated at approx-
imately 2000 m, a range which would
never hold up in practice.

Next month, this three-part article
series will continue with an examina-
tion of regulations for short-range radio
systems in the US and in Europe. IIE
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pliance to exacting international standards. Component
parts are increasingly tested using the same types of com-
plex signals as their target application. Wireless-system
designers now require full characterization of RF

components and |
subsystems under
dynamic signal
conditions before
they can qualify
these devices for
use in their de-
signs. And the

ulated signal voltage
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er meter, is creak-
ing under the

i o —Envelope
strain of th'ese §0.10 i
new require- | ©

1 20.05
ments.

H " 0

This two-part 0 01 02 03 04 05 06 07 08 0910
article outlines the Time—s

advantages of
using a sampling power meter to deter-
mine the characteristics of RF and
microwave devices, using the digital
sampling oscilloscope (DSO) for com-

1. These illustrations show the power
envelope of a high-frequency-modulat-
ed signal.

parison. Part I discusses the DSO, pre-
senting its capabilities from the user's per-
spective and reviewing developments
in DSO technology. Part Il will cover the

sampling power meter, presenting its
capabilities from the user's perspective
and reviewing technological develop-
ments. Sample measurements will com-
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2. This oscillograph shows a typical triggered display.

plete the article. The most accurate way
to quantify an RF signal is to use an
average-power meter. RF power will
continue to be the standard measure by
which any RF signal is quantified, ver-
ified, and referred back to national trans-
fer standards. Unfortunately, the mea-
surement requirements of modern
communications systems go beyond the
capabilities of this instrument. For exam-
ple, peak power, which is an increasingly
important measurement for safety and
system characterization, cannot be mea-
sured with an average-power meter.
Although peak power is often equated
to pulse power, which, in turn, can be
inferred from the combination of mea-
sured average power and known duty
cycle for a repetitive pulsed signal, the
average-power meter cannot directly
measure peak power.

Peak-mode measurements are defined
as measurements of the envelope power
of an RF signal, which is the average
power of the signal over several peri-
ods of the RF carrier wave (Fig. 1). Enve-
lope-power measurements thus allow
engineers to examine the effects of mod-
ulation or transient conditions with-
out examining the details of the RF
carrier waveform. A sampling power
meter is capable of performing peak-mode
measurements. It can provide RF engi-
neers with answers to questions such as:
What is the maximum power output from
this device? What is the pulse droop?
What is the maximum output power
before the signal's peak-to-average ratio
is reduced? Does the output signal meet

3. This oscillog}aph

the Global System for Mobile Com-
munications (GSM) power-mask
specification?

To answer these questions, the sam-
pling power meter must have some fea-
tures that are not present on the aver-
age-power meter. The first essential
feature is triggering. Triggering allows
the user to make measurements in the
time domain, relative to some known
event (i.e., the trigger). For example, the
average power in an RF pulse can be cal-
culated most accurately by computing
the mean of the envelope power during
the time that the pulse is on. Deter-
mining when the pulse is on is usually
a known function of time relative to the
leading edge or some other time stamp
of the signal. Another example of a
time-domain measurement is rise time—
the time that is required for the RF
pulse to transition from an "off" to an
"on" state.

However, not all signal types have

CONTROL UNITS

Time base Seconds

per division
Trigger position | Left, center,

right
Trigger delay Seconds

points of

Amplitude range| Volts per

division
Input offset Volts

Table 1: DSO display controls
DESCRIPTION
Controls the time span of the displayed waveform

shows a trace display with frigger delay.

a regular time stamp that permits time-
relative measurements. Nor will a user
always require this measurement. But
one can still derive important mea-
surements from sampling and acquir-
ing the envelope power. Peak power, aver-
age power, and peak-to-average ratio
all can be calculated without the need
for a trigger.

The second distinguishing feature
of a sampling power meter is the speed
at which it can track, sample, and mea-
sure the RF signal's envelope power.

The simplest method of adding peak
measurements to a power meter is to
change the detector architecture to sense
the peak power rather than the average
power. As this architecture only enables
the measurement of peak power, it does
not answer all of the questions previ-
ously outlined. For that reason, this
discussion concentrates on instruments
that are capable of various peak-mode
measurements. These instruments exclu-

Controls where the trigger instant is displayed

Allows the user to effectively select the trigger event
position at some arbitrary point in time. This is useful
when the physical trigger event (perhaps an external
signal) is synchronous, but not coincident, with the

interest in the displayed waveform.,

Sets the y-axis scaling

Offsets the center of the display

MicROWAVES & RF TN SEPTEMBER 2001
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DESIGN

Table 2: Oscilloscope

settings

Time bhase 1 per division
Trigger position— | Center

left, center, right

Trigger delay 0

Amplitude range 10 per division
Input offset 30

sively use diode sensors, followed by sam-
pling-acquisition architecture.

During their development, sampling
power meters have taken two paths.
One path was to combine the power-
detection diode output with a digital oscil-
loscope. The second path was to speed
up an average-power meter to such an
extent that it delivers peak-mode mea-
surements. But upon examining the
functional requirements of a sampling
power meter, it is clear that neither of
these architectures are optimal. To offer
some common ground with engineers
who are unfamiliar with sampling power
meters, the following discussion refers
to the capabilities of the DSO. It also
provides a basis for comparing and
contrasting the two devices.

Triggering allows the user to make
measurements that are time-relative to
the trigger instant. This section describes
the controls that users need to take
advantage of this characteristic. Table
1 shows the traditional display con-
trols that a DSO offers.

These controls may not always appear
under display controls, but they do
control the appearance of the displayed
waveform. Figure 2 shows a scope-type
display, and Table 2 shows its settings.

With these controls, the user can
inspect the measured waveform any-
where within the limits of the instru-
ment. For example, the signal shown in
Fig. 2 can be viewed as shown in Fig. 3

Table 3: Alternative
settings

Time base 0.2 per division
Trigger position— | Center

left, center, right

Trigger delay 0.5

Amplitude range 10 per division
Input offset 30

|

| |

and as described in 0
Table 3.

Thus, the user 10
can control where -20
the signal appears 30
within the display
by varying the -40¢
controls described -50
before (Table 4).

The purpose -6or
of this article is _70_5 4 3

not to explain the

-2 -1 0 1 2 3 4 5

operation of the 4.
trigger circuits of

This oscillograph shéws é double-pulse signal.

digital oscillo-

10
scopes. Howev- 0
er, it is worth I
introducing some -10
of the concepts -20
conventionally
. Ly -30
applied within
these instruments. -40
They commonly 50|
have a settable
. -60
comparator cir-

cuit that changes
state whenever
the input signal

-4 -3

-70 I twe L i
0

crosses a partic-
ular level. The
instrument stores
the time at which that event occurred
to allow all of the input-signal samples
to be tied to the trigger instant. The
trigger circuit generally runs at all times.
The acquisition system digitizes and
stores the input signal at the achiev-
able rate. If the acquisition system had
stored the required number of samples
to display the waveform at the current
display settings and a trigger occurs,
then the acquisition is stopped and the
sampled data are transferred to the dis-
play. The acquisition system then has
a little "dead" time to enable data trans-
fer before restarting,.

This strategy works well in many sit-
uations. Consider the waveform dis-
played as an oscilloscope trace (Fig. 4),
assuming the same settings as for Fig. 2.

Since the acquisition system and trig-
ger run asynchronously, it is possible to
trigger on either of the rising edges. So,
the oscilloscope display may appear as
shown in Fig. 4 or 5, or, more likely, as

5. This oscillograph shows a double-pulse signal triggered on
the second rising edge.

shown in Fig. 6. This situation can be
avoided by using the trigger hold-off func-
tion.

Trigger hold-off stops the trigger
system from providing an output every
time the input voltage crosses the trig-
ger level. The action of the trigger sys-
tem is "held-off" for a user-settable
time interval after every trigger event.
In the double-pulse example, if the
hold-off time is set to 2, the trigger sys-
tem will be disabled for the second of
the two pulses. The trigger is then
returned to the stable triggered display
shown in Fig 4.

This is a form of trigger filtering or
qualification. Various filters —high-
pass, lowpass, or bandstop —are often
switched into the signal path before
the trigger to help provide stable trig-
gers. Advanced digital oscilloscopes
can also provide more sophisticated
trigger qualification, such as trigger-
ing, if the pulse is greater than or less

MICROWAVES & RF LM SEPTEMBER 2001
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Table 4: Trigger controls

CONTROL
: UNITS,

Trigger source | External
Channel 1
Channel 2
Trigger mode Normal
Auto level
Internal level Volts
Delay +seconds
Trigger hold-off | Seconds
Slope Rising or
falling

SETTINGS/ DESCRIPTION

This enables selection of the trigger source. Thus, the
instrument can be triggered from one of the meas-
urement channels or from an external source. The
external trigger input is usually not displayed and
normally has a restricted functionality

This determines whether the trigger level is set
up manually by the user or automatically by the
instrument

This allows the trigger level to be set anywhere on
the current display

This delays the displayed trigger from the actual
trigger. Allows the user to effectively select the trig-
ger-event position at some arbitrary point in time.
This is useful when the physical trigger event (per-
haps an external signal) is synchronous, but not coin-
cident, with the points of interest in the displayed
waveform

This allows the trigger system to be stopped (held
off) for a length of time

This determines whether the trigger system looks for
a low-to-high or high-to-low transition

than a set time interval.

Continuing with the DSO example,
it is commonplace for these types of

instruments to offer manual and auto-
matic measurements that go beyond
counting the graticules on the display.

Table 5 defines some of the measurements
featured on most DSOs.

Technology Overview

The major challenges in designing a
digital oscilloscope are to get the signal
from the probe to the display as fast as
possible, and to make the display behave
similar to an analog oscilloscope. Any-
thing beyond that could be considered
"nice-to-have" features. The oscillo-
scope is also a very good time-mea-
surement instrument, so anything that
helps preserve the time accuracy is a
worthwhile investment.

The acquisition system for a digital
oscilloscope can be described general-
ly as a set of switchable gain amplifiers
followed by a fast analog-to-digital
converter (ADC). The ADC resolution
usually is not more than 8 b, but its
sample rate is extremely fast. The volt-
age range that the ADC must cope with

OPTIMIZE
PERFORMANCE

® Enter NO. 414 at www.mwrf.com

MICROWAVES & RF [ CIIM  SEPTEMBER 2001




From Start To Finish. You're in the driver’s seat with GENESYS V8's
winning synthesis modules for amplifiers, oscillators, PLLs, filters and more.
Need to design an x-band amplifier for example? Choose your transistor
and start your engines.

The First Two Ways Make ItiEasy!

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
between source and load.

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.

S0 Grab a'Secatand Hold On! And get'the extra potversapesti@nd
' accuracy you need. With synthesis packages starting under $3,000 US,
‘you’ll land the pole position every time. :

¥ Phone: +1 678-291-0995 W~ P e o T

WITH GENESYS V8 SYNTHESIS

T/LINE transforms into stripline,
microstrip, coplanar and others




| SAMPLING POWER METER, PART 1 |

DESIGN

MEASUREMENT UNITS

Voltage | Average |Volts
Peak-to-
peak
RMS
waveform
Pulse top
Pulse
bottom signal
Voltage | V1, V2 Volts
marker Delta V
and v2
Time t1, t2 Seconds
marker and t2
Delta t
1/deltat |Hertz
Time Rise time | Seconds
Fall time |Seconds
Period Seconds
waveform
Frequency| Hertz
Duty cycle | Percentage
waveform

Displays the RMS calculation of the voltage

Displays the voltage at the top of the pulse signal
Displays the voltage at the bottom of the pulse

The waveform voltage at markers V1 and v2
The difference in voltage between markers V1

The time points on the waveform at markers t1

The difference in time between markers t1 and t2
The reciprocal of delta t

The time it takes for a signal to rise from 10 to 90
percent of the pulse height

The time it takes for a signal to fall from 90 to 10
percent of the pulse height

The time required for one full repetition of the

The frequency of the signal (the reciprocal of period)
The ratio of high-to-low pulse intervals for a pulsed

Table 5: DSO measurement definitions

DESCRIPTION
Displays the average of the voltage waveform
Displays the peak-to-peak voltage of the waveform

dynamically is well within the capa-
bility of an 8-b ADC due to the man-
ual range switching (the volts-per- divi-
sion control). The normal use of an
oscilloscope is visual inspection of the
waveform on the screen, so any instan-
taneous dynamic range beyond what is
visible on the screen is wasted.

Trigger

This is an extremely important part
of the oscilloscope. All of the timing infor-
mation obtained in the data acquisi-

tion (DAQ) is referred back to the
instant at which the input signal crossed
the trigger threshold. To determine this
instant to a greater accuracy than the
clock period would allow, extremely fast
comparator circuits and high-resolu-
tion pulse-stretching techniques are
used. With a common implementation
of this type of circuit, the time between
the (asynchronous) trigger instant and
the sampling clock is captured as charge
on a capacitor. The capacitor is then dis-
charged with a longer time constant
than its charge-time constant. The time

10

-

6. This oscillograph
shows a double-

»5 il el =D

pulse signal with
indeterminate
' triggering.

for discharge can then be counted at the
clock frequency. The ratio of charge
to discharge times is used to calculate
the time instant of the trigger event rel-
ative to the sampling clock.

Timebase

An oscilloscope's timebase can be
a source of unexpected effects if it is not
well-controlled. Where there is a long
trigger delay, instability in the under-
lying clock signal can manifest itself as
apparent movement of the displayed
waveform.

Current oscilloscopes can now offer
advanced measurements that allow
users to gain greater insight into signal
characteristics. Fast Fourier transform
(FFT) analysis allows users to examine
what frequency components are present
in the signal, while probability displays
allow users to determine the likelihood
of events. These measurements make use
of the power of modern processors to
post-process the acquired signals.

Developments

The future of the digital oscilloscope
has been ensured through the use of a
modern user interface, fast sampling, deep
memories, and digital signal processing
(DSP). The latest oscilloscopes have
intuitive user interfaces with online
help, tutorials, and the new perspec-
tive of probability. Modern electronics
have the ability to process signals so fast
that waveform display rates have reached
a point where it is difficult for the user
to obtain further information from the
instrument. Probability-enhanced dis-
plays can provide the user with more
information by highlighting the parts
of a repetitive waveform with the high-
est probability, while showing the low-
probability excursions. Thus, the user
can quickly obtain a picture of how a
circuit is performing.

The second part of this article will
expand the discussion to cover the
underlying technology to help the read-
er understand a sampling power meter.
Sample measurements will complete
the article. [
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Continued from page 70

ed spectrum was in good agreement
with silicon (i) measurements. 1/f * phase
noise is dominant at sideband fre-
quencies that are below 100 kHz, while
1/f* phase noise is dominant above this
frequency. Integrating white noise over
time produces 1/f (squared) phase noise,
Brownian motion. This noise is found
around the carrier harmonics in an
oscillator spectrum.

The self-similar nature of 1/f* and
1/f* noises are obvious from examining
the phase-noise spectrum. The oscilla-
tor was then simulated by using a Men-
tor Graphics Corp. (Wilsonville, OR)
time-domain jitter model in the lan-
guage-independent simulator. Spectral
analysis of the oscillator transition times
resulted in the phase-noise spectrum
that is shown in Fig. 6. This is in agree-
ment with the expected spectral densi-
ty. By using HDL modeling, the gap
was closed between phase noise in the

| TIMING JITTER |

transistor-level circuit design and sys-
tem-level timing jitter.

The Simulation Challenge

PLLs and oscillators are complex, non-
linear dynamic systems. In the past,
designers ran long transistor-level PLL
simulations that took weeks. Not so
long ago, designers relied on their intu-
ition and crafted specialized C programs
to analyze PLLs more efficiently. Even
then, the effect of white noise and 1/f noise
on oscillator phase noise and timing jit-
ter was rarely modeled. The relationship
among device-level noise, phase noise,
and timing jitter is not obvious, partic-
ularly where 1/f device noise and 1/f3
phase noise are important. Nonethe-
less, some progress has been made recent-
ly, although some challenges lie ahead.

Today's revolution in high-band-
width communications technologies
has created a demand for mixed-sig-

nal and system-on-a-chip (SoC) solutions.
The growing design complexities make
it imperative for engineers to shift their
design methodology to meet the chal-
lenges ahead. This article describes a Bot-
tom-Up methodology proceeding from
transistor-level circuit design to sys-
tem-level verification. There is no rea-
son why this process cannot be reversed,
going from system-level design to tran-
sistor-level implementation. In a Top-
Down methodology, new ideas are first
tested and debugged at the architec-
tural level, and system-level budgets, such
as jitter, are determined using timing-
accurate models and mixed-signal sim-
ulation. With the new generation of
simulation tools, and by adopting a
HDL modeling methodology, design-
ers can verify the functionality and per-
formance of large and complex RF IC
and mixed-signal designs quickly and
with confidence, while avoiding long ver-
ification cycles and expensive Si turns. [
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Comparing Integer-N And

Fractional-N Synthesizers

This review of two popular frequency-syn-
thesis techniques helps system designers
choose the best approach for their com-
munications applications.

ly used for local-oscillator (LO) signal
generation. It may be possible to explain
the popularity of the integer-N syn-
thesizer by reviewing the theory and
fundamentals of each technique, and
examining the basic building blocks
for each approach. The advantages of
each technique will be reviewed to pro-
vide system designers with some direc-
tion in choosing which method is bet-
ter for a particular application. The
cellular GSM-900 system will serve as

Fixed Hi

Feference

requenc
q‘-» !IN O

Divided-
down
vCo
signal

N-divider

1. The PFD and
charge-pump cir-
cuitry in an integer-
N synthesizer tune
the loop filter and
VCO according to
detected phase and
frequency differ-
ences at the two
input ports.

O Charge-pump
output to
drive loop
filter and VCO

ractional-N synthesizers for phased-locked-loop (PLL) appli-
cations have threatened to challenge the dominance of
integer-N synthesizers for many years. These synthesizers
offer the dual advantages of significant improvement in PLL  the example to provide numer-
phase noise and fast lock times. Due to this, PLL designers ical examples of how inte-
betray their excitement with each new fractional-N prod- ger-N and fractional-N syn-
uct. Still, the integer-N frequency synthesizer is more wide-

thesizers work.

The first step is to exam-
ine the workings of an integer-N PLL,
which has a number of basic building
blocks, including a phase-frequency
detector (PFD), charge pump (CP), a loop
filter, a voltage-controlled oscillator
(VCO), and a feedback divider. The
PED is the engine of any PLL, com-
paring the phase (and frequency) of
two inputs, while its output drives the
charge pump to control the loop filter
and VCO. The two inputs are a fixed
reference frequency (IN+) and the divid-
ed-down, fedback signal of the VCO
(IN—). This is the essence of any neg-
ative feedback system. (All negative
feedback-control theory transfer func-
tions are applicable to PLLs.) If the
IN— phase lags IN+, the PFD drives
the VCO to increase its frequency. This
will continue until the IN— signal phase
is the same as the IN+ phase. This is how
phase lock is attained. If the IN— sig-
nal phase leads the IN+, the opposite
occurs as the PFD drives the VCO to
decrease in frequency again—until lock
is achieved. Since phase is the integral
of frequency, a similar frequency-domain
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analysis can be used to explain how
frequency lock is attained (Fig. 1).

The PFD works in exactly the same
way for integer-Ns and fractional-Ns.
When in lock mode, the PFD still pro-
duces very narrow alternating high and
low-output pulses that maintain lock and
prevent deadbands. The PFD is also
the dominant inband noise source in the
PLL. Commercially available synthesizers
differ in phase-noise performance main-
ly due to the noise characteristics of
their PFD. For any particular synthesizer,
as the PFD frequency increases, the
PLL will become noisier. The reason for
this is that if the PFD is updating the VCO
at a faster rate, it is also going to con-
tribute more noise. The noise perform-
ance degrades at a rate of 10log (PFD
frequency).

The loop filter, which is usually a pas-
sive element, is situated between the
charge-pump output and the VCO. It
is employed in a lowpass fashion to
attenuate noise and spurious elements
of the LO. Since loop-filter theory does
not vary when applied to both synthe-
sis techniques, this part of the PLL is not
a differentiator between the two
approaches.

The VCO generates an output fre-
quency that is dependent on input volt-
age. Most VCOs have positive polari-
ty, meaning that an increase on the
tuning-port voltage corresponds to an
increase in its output frequency. Its out-
put is split, with part of the signal pro-
viding the LO signal to the outside
world, and the remaining portion pro-
viding the feedback signal into the N-
divider of the synthesizer.

The N-divider takes the output sig-
nal from the VCO and divides it by a
preprogrammed amount. This divid-
ed signal is fed to the IN— input of the
PFD. A combination of dual-modulus
bipolar prescalers and complementary-
metal-oxide-semiconductor (CMOS)
counters is the most widely used meth-
ods of implementing N-dividers. The N-
divider is the ratio of the RF frequen-
cy to the PFD frequency:

N = RFoyr/ FPFD
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| FREQUENCY-SYNTHESIS TECHNIQUES |

As its name suggests, an integer-N
synthesizer only allows integer values
of N to be used in this equation. This
limits the freedom of the RF output. In
GSM-900, the RF output must be able
to move in channel steps of 200 kHz.
This means that using an integer-N
forces PFD frequency (FPFD) to also be
equal to 200 kHz. Therefore, to attain
an RF output frequency (RFo 1) of
900 MHz, N is programmed to divide
by 4500. To tune to the next adjacent
channel, located at 900.2 MHz, N is pro-
grammed to 4501.

Since it is based on integer-N, the frac-
tional-N PLL inherits many of the build-
ing blocks of its predecessor (Fig. 2).
The PFD, charge pump, loop filter, and
VCO all work in the same way on both
platforms. The N-divider is different,
however. In a fractional-N PLL, the
N-divider is broken up into the integer
divider (N) and a modulus-M interpo-
lator (M), which acts as the fraction

function by toggling the N-divider. The
interpolator is programmed with some
value (f). The average division factor is
now N + {/M where:

0<f<M.
(N + f/M) = RFoyy / FPED

This is the essence of fractional-N syn-
thesis. It now means that the PFD fre-
quency can be larger than the RF chan-
nel resolution. In revisiting the GSM-900
example, it may be instructive to exam-
ine how the fractional-N approach han-
dles the generation of 900-MHz output
signals with 200-kHz channel resolu-
tion. If a modulus M of 10 is available,
Fprp can be set to 2 MHz. N is pro-
grammed to 450, fis 0, and M is 10.
To tune to 900.2 MHz RF 1, N avgg.
ace must be 450.1, N is programmed
t0 450, fis 1, and M is 10. To achieve
this, the N-divider is toggled under the

First-class /effamawe at coach-class /wé&?.
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control of the interpolator between N
and N+1 and the average taken. What
effectively occurs is that the N-divider
divides by 450 nine times, and then
divides by 451 once every 10 PFD cycles.
The average over the 10 cycles of 450.1
is taken as N yvgrage, Which is fed to
the PFD. However, much complex cir-
cuitry is needed to implement this.

Interpolators can be implemented
using the overflow bit of an accumulator.
Alternatively, sigma-delta modulators
are often employed for this task due to
their averaging function and noise-
shaping characteristics. In this case,
every time an N value is presented to
the PFD, it has been modulated by the
sigma-delta modulator. This introduces
spurs to the loop at Fppp/M. This mod-
ulation of the N-divider introduces
inaccuracy into the loop in the form of
phase error. In the case of integer-N, the
loop inherently attains lock, and the
PFD minimizes phase error. In a frac-
tional-N, the sigma-delta modulator
ensures the average phase error is cor-
rect, since it regularly introduces phase
error into the loop. This makes the PFD
and charge pump work harder to com-
pensate and maintain lock. This brings
the linearity of the charge pump into the
equation. All charge pumps have some
nonlinearity associated with them. Non-
linearity in the charge pump will increase
the spurious amplitude.

Using a second-order sigma-delta
modulator, the spurious noise on the
charge-pump output appears in a first-
order highpass nature (Fig. 3a). However,
the spurious signals are then acted upon
by the lowpass loop filter before being
presented to the VCO (Fig. 3b). This is
why second-order sigma-delta modulation
is the method that many PLL designers
choose. The spurious content is intro-
duced in a highpass fashion, and then
attenuated by the lowpass filter.

Since using higher-order sigma-delta
modulation will noise-shape at a high-
er order, it is at the expense of current
consumption, more spurs, and greater
design complexity. Other standard
sigma-delta tricks, such as dithering,
can be used in fractional-N. This reduces
the spurs at the expense of noise degra-
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dation (Fig. 4). Spurious content is the
major drawback to fractional-N, and
the effect of spurious noise on a system
will be discussed later.

As shown for integer-N synthesis, the
N-divider can be quite large. The phase-
noise performance of a PLL is a mea-
surement of PFD noise floor that is
degraded by 20logN. Since N is 4500
in the GSM-900 setup, 20log4500 is 74
dB. Therefore, since N is so large, the
RF output is degraded by 74 dB.

While the integer-N solution has
worked extremely well since its inven-
tion in the 1930s, a question arises as
to when superior phase-noise specifi-
cations are required, as inevitably hap-
pens. From a phase-noise standpoint, the
need for fractional-N is an obvious one.
As mentioned previously, the phase
noise of a PLL is a measurement of the
PFD noise floor that is degraded by
20logN. If N could be reduced, the over-
all degradation due to 20logN will also
reduce, improving phase noise. Refer-
ring to the previously mentioned exam-
ple, if there were 2 MHz at the PFD
instead of 200 kHz, there would be an
improvement in noise of 20log
(2MHz/200 kHz) = 20dB. However, as
noted earlier, there is a penalty for oper-
ating the PFD at a higher frequency.
This penalty is the 10log (PFD frequency
increase) = 10log (2 MHz/200 kHz) =
10 dB. So the net phase-noise improve-
ment is 20 — 10 = 10 dB. This 10 dB rep-
resents a very significant reduction in noise,
but there are drawbacks—having 2
MHz at the PFD means that the RF out-
put can only increment in steps of 2
MHz. For Global System for Mobile
Communications (GSM), the requirement
is to increment the RF output in steps
of 200 kHz. Using a fractional-N with
a modulus M of 10 would reduce the
noise, while maintaining the RF out-
put resolution of 200 kHz. The sigma-
delta modulator can introduce noise
into the loop. In practice, the noise intro-
duced into the PLL by the sigma-delta
modulator can sometimes be greater
than the improvement gained by using
a lower value of N. Good design prac-
tice can prevent this from happening. The
ADF4252 fractional-N syntheiszer from

-
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DESIGN

ADI shows typical inband phase-noise
performance of —100 dBc/Hz when set
up in GSM-900 conditions. This is typ-
ically 8 dBe/ Hz better than the ADF4113
integer-IN.

Lock time is another reason for push-
ing the cause of fractional-N synthesis,
especially in mobile communications.
Faster lock time will improve a hand-
set’s battery life. If it takes the handset
less time to reach power-up conditions,
search for a signal, and return to power-
down conditions, it will consume less
power. GSM base stations often employ
two integer-N PLLs that are set up in
a “ping-pong” architecture since they
cannot lock quickly enough by them-
selves. These architectures prove extreme-
ly expensive, requiring an extra VCO
and high-isolation switches to prevent
interference between the two PLLs. A
fast-locking PLL would eliminate the
need for two PLLs, thus drastically
reducing cost and size. There are two
rules of thumb for PLL design that need
to be considered:

* Faster lock times are achieved with
increasing PFD frequencies. The reason
for this is that the PFD updates the con-
trol voltage to the VCO at a frequen-
cy equal to the PFD frequency.

* The loop-filter closed-loop band-
width (CLBW) is usually designed to be
one-tenth (at most one-fifth) the PFD
frequency. This is common practice to
ensure loop stability and to realize real-
istic filter components.

For GSM, an integer-N synthesizer
is forced to have 200-kHz PFD and,
therefore, the CLBW of the filter will
typically be 20 kHz. This results in a lock
time of approximately 250 ws. Increas-
ing the CLBW is possible, but will lead
to stability issues. A PFD of 2 MHz
and CLBW of 200 kHz would lock
more quickly—approximately 20 ps. It
would seem that having a larger PFD
is a good way to reduce lock time, and
to improve phase noise. So, why then
is the integer-N PLL not dead yet? The
answer lies in how the fractional-N is
implemented.

Any spurious noise on the RF output
is not welcome, since it can lead to inter-
ference with other channel users. Nat-

O REFIN| |

ADFA4252

RFouT

2. Fractional-N and integer-N synthesizers have many common elemen{s, but the N-

divider operation is different in each type.

urally, strin-
gent specifi-
cations exist
on this. Spu-
rious content
in a PLL is
generated

mainly by the
charge pump.

Charge-pump output

Charge-pump output

Even when Frequency
in lock, the (a)

charge pump

Frequency
(b)

constantly up-

3. with a second-order sigma-delta modulator, the spurious noise

dates the volt-  on the charge-pump output appears to have a first-order highpass
age being sent  nature (a), which is then acted upon by the lowpass loop filter (b).
to the VCO.
This is to com-

pensate for
charge-pump
leakage cur-
rent and to
prevent back-
lash. As the
PFD obtains
an input at
IN+, it com-
pares it to

Amplitude—dB/div

Integer-N

/

Fractional-N

Carrier = 900 MHz

IN—, and . . .
sends an out- 1 10 100 1000 10,000
put to the )
Offset from carrier—kHz
VCO. There-

fore, the DC
voltage being  sis approaches.

fed to the

VCO will have a pulse modulated onto
it with a frequency equal to IN+. This
modulation finds its way onto the out-
put of the VCO, and manifests itself as
a spur on the RF output at a frequency
equal to IN+ on either side of the car-
rier. Harmonics of the spur will also

4. This plot compares spurious levels for the two frequency-synthe-

appear on the RF output. The loop fil-
ter will generally have a cutoff frequency
of approximately one-tenth the PED
frequency. In the case of an integer-N
synthesizer, this means that a 200-kHz
spur will have one decade of attenuation

Continued on page 133
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HIGH-FREQUENCY PRESCALERS

DESIGN STAFF

Hittite Microwave Corp., 12 Elizabeth
Dr., Chelmsford, MA 01824; (978) 250-
3343, Internet: www.hittite.com.

Selecting Prescalers

For PLL Synthesizers

High-frequency prescalers are available in
packaged and chip formats to provide the
necessary frequency-division function for
RF and microwave frequency synthesizers.

frequency applications.

The modulus or divide ratio is a fun-
damental prescaler parameter. Fixed
modulus prescalers that have a modu-
lus equal to an integer power of 2 (i.e.,
2,4, 8...) enable the highest input-fre-
quency-handling capability compared
to other integer division ratios. For
example, a new line of monolithic-
microwave-integrated-circuit (MMIC)
prescalers from Hittite Microwave
Corp. (Chelmsford, MA) features high

1. This block dia-

GND

gram shows the
control termi-

nals for a high-

frequency MMIC
prescaler.

I

Oout

Divide-

Disable Pwr
down

GND GND

|

rescalers are frequency dividers that are used in RF and
microwave frequency translation and signal generation.
They are commonly employed in phase-locked loops (PLLS)
and frequency synthesizers to match the frequency of a
high-frequency source to that of a reference oscillator. By
understanding how to bias and operate prescalers, they
can be effectively designed into a wide range of high-

input-frequency capabilities
to 13 GHz. The prescalers,
which are available in chip
form or in low-cost plastic packages, are
fabricated with a low-noise indium-
gallium-phosphate (InGaP) gallium-
arsenide (GaAs) heterojunction-bipo-
lar-transistor (HBT) process.

A simplified block diagram of one
of these MMIC prescalers is shown in
Fig. 1. In addition to the fixed digital fre-
quency-divider network, which is imple-
mented using flip flops, the prescaler
includes amplifiers on the input and
output sides. These amplifiers are con-
figured with complementary pairs to
enable either single-ended or differen-
tial-mode operation at the input and out-
put ports. The die form of the prescalers
includes three control terminals for the
following functions: input disable, DC
power down, and RF output-power
level select.

The small size of the chip prescalers
makes them useful for compact multi-
chip-module (MCM) packaging con-
figurations. On the other hand, the chip
form requires more critical die attach
and wire-bonding assembly processes,
while the plastic-package devices are com-
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patible with conventional high-speed auto-
matic surface-mount-technology (SMT)
assembly equipment. Add to this the
ruggedness of the plastic package MMIC
prescaler, and it becomes the configu-
ration of choice for use in many types
of microwave assemblies that are intend-
ed for low-cost, high-volume applica-
tions. The HBT prescalers are designed
for use with a single +5-VDC *5-per-
cent (£0.25-VDC) supply. The +5-
VDC supply should be well-conditioned
to minimize degradation of phase noise
and be free from over-voltage tran-
sients that could damage the prescaler.

The +5-VDC prescalers include an
internal monolithic 15-pF power-sup-
ply decoupling capacitor. However, a
pair of external decoupling capacitors
connected between V. and ground is
highly recommended. To bypass lower
frequencies, one capacitor should be
relatively high in capacitance. A 1-to-
10-wF tantalum chip or multilayer cer-
amic capacitor is recommended. The sec-
ond capacitor should be relatively low
in capacitance (such as 300 pF) to effec-
tively bypass high-frequency compo-
nents and to minimize prescaler input-
to-output coupling.

The two decoupling capacitors, espe-
cially the lower capacitance one, should
be placed as close as possible to the V.
connection on the prescaler. The con-
nection from the ground electrode of the
capacitors to the circuit ground plane
should be kept short. For chip prescalers,
a single-layer 300-pF capacitor is rec-
ommended. The ground side of the sin-
gle-layer capacitor should be attached
to the carrier using conductive epoxy,
or gold-tin (AuSn) eutectic solder, then
the connection should be made to at least
one of the V. pads on the chip using one
or more wirebonds.

For normal prescaler operation, the
power-down control terminal, present
only on the bare die-form devices and
not on plastic package parts, must be
grounded. Applying +5 VDC to this pin
puts the entire device into a power-
down standby mode where the DC cur-
rent consumption is reduced to a few
mA. The DC power-down terminal can
be controlled electronically with the

output of a

=10-dBm input

-110

complement- -120

. 0-dBm input

ary-metal-ox-

+10-dBm input

ide-semicon-

Phase noise—dBc/Hz
8

e {/
-130
140 M
-150 e e

ductor (CMOS) 160

logic gate oper- -170

ating with a +5- -180 01 1.0
VDC supply, or ) ’

by connecting

10 100
Offset from carrier—kHz

1000 10,000

it to an open-
collector logic
device with a 1-
k() pull-up resistor tied to the +5-VDC
supply. The nominal source current
required from the +5-VDC control sig-
nal to this input is less than 1 mA.
The nominal AC input impedance for
each of the two differential prescaler inputs
is a resistive 50 () referenced to ground.
Although these are differential input
ports, the prescaler can also operate as
an unbalanced (single-ended) device.
Both prescaler input lines must be DC
blocked from external circuitry. In the
prescaler’s internal circuitry, these inputs

2. The phase noise for a divide-by-four prescaler was measured for
three different input-power levels.

are DC coupled, with precisely con-
trolled DC operating levels. Any exter-
nal DC connection to the input lines can
disturb these critical DC operating lev-
els and degrade or disable operation
of the device. If the input signal lines are
already DC blocked by other circuitry
at the source of the prescaler input sig-
nal, then DC blocking capacitors at the
prescaler input can be omitted. This may
be the case when the input lines are fed
by microstrip coupled-line filters, high-
pass filters, or from other circuitry that

of backside metal slug

(a) to board GND metal.
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3. The éxternal connectioné for this plastic-packaged preécéler are configured for
single-ended operation (a). The chip version of the prescaler (b) is also configured for

single-ended operation.
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The capacitance and style HMC403S8G| | filter — Thus, for phase-noise-critical
of the DC blocking capaci- 1 10dB applications, it is better to oper-
6625 MHz  Vtune . :
tors should be properly select- ate this particular prescaler at
ed to not cause significant mput-power levels of 0 dBm
attenuation of the input signal. Dli)"yifjse' 5.3 GI;If DLV;sze' 10.6 GHz | orabove, although input-power
There are several standard ! b prescaler — |—,'4-r prescaler levels above the recommended
guidelines to follow: | ll Hittite : ! Hittite —‘ f“ maximum should be avoided.
1. Select a capacitance value Py }_ HMC36558G —{ HMC364S8G| \ As the input power increases
which, for the lowest frequency \ /8 / 12 sg:g:gﬁrilggd beyond t!‘ne ra'ted ma?(imum
of prescaler operation, pre- ) . . level, spurious signals will begin
Differential pair signal lines >
sents a value of reactance to appear at the prescaler’s out-
which is small relative to 50 put port. As the input power is

), approximately 3 () or less.
For example, if 10 GHz is the
minimum input frequency, at
least 5-pF DC blocking capacitance
should be used. For a minimum input
frequency of 1 GHz, at least 50-pF
capacitance should be used.

2. From the vendor’s data for the
capacitor, check that its self-resonant
frequency (SRF) is higher than the high-
est input frequency of prescaler oper-
ation. For DC blocking, it may be accept-
able to operate at or somewhat above
the series SRF of a capacitor. To avoid
potential problems, however, this prac-
tice should be avoided.

3. For best performance, select a
capacitor style specified by the manu-
facturer for microwave frequencies.

For single-ended input operation,
either of the prescaler’s two input ter-
minals (IN or IN Complement) may be
used. The input line selected must be DC
blocked as described for differential-

4. This phase-locked 10.6-GHz oscillator was developed as a
reference clock for SONET applications.

ate over a greater than 25-dB range of
input-power levels. However, toward
the specified upper-frequency range of
the device, the window is reduced in range
to approximately 10 dB. For differen-
tial-mode input operation, the input-
power range in the data sheet refers to
total power from the two input lines,
not the power on each line.

At the lower end of the recommended
input-power operating window, the
prescaler’s output phase noise will begin
to degrade. As an example, the output
phase noise of a model HMC365 divide-
by-four prescaler from Hittite Microwave
Corp. was characterized for three dif-
ferent single-ended input-power levels
at 6.65 GHz (Fig. 2). The output phase
noise first decreases for increasing input-
power level. Then, above an input-
power level of 0 dBm, the improvement

further increased, at some level
the device will become over-
stressed and device degrada-
tion may result.

When possible, differential prescaler
connections should always be made.
To use only one side of an available dif-
ferential input pair is effectively throw-
ing away one-half of the input signal
power, and input-power level may be at
a premium. In addition, the differential
mode of operation on the input side
may provide some rejection of com-
mon-mode noise present on the input lines.

A MMIC prescaler offers a substan-
tial amount of gain at its input and out-
put ports. For conditions of no RF input
signal or inadequate RF input signal
level, the prescaler may go into a low-
level uncontrolled oscillation. The gen-
eral cause of this is feedback from device
output to input in the presence of the high
device gain. Prescaler self-oscillation can
be avoided by providing an input signal

mode input connections. The

prescaler will operate with the 0
unused input terminal left open -10
circuited, but this is not rec- N :;8
ommended. Instead, for sin- 8 -40
gle-ended input operation, the i -50
unused input terminal should | $ :gg
be AC grounded by connect- | & -8o
ing it through a DC blocking % _;gg
capacitor to ground to improve | & -119
input sensitivity. The capacitor 5 ':gg
can be the same type used for _140
the DC block on the active RF -150
input line.
A prescaler’s data sheet will

of sufficient amplitude (as spec-
ified on a product data sheet).

For applications where an

input signal is not continu-

ously present, self-oscillation

™

can be suppressed by active

Free:running vVco
N /

control of the input-disable

~ 7

function (available on the chip

o R Phase locked
| ~ /

prescalers only). For normal

Offset from carrier—kHz

M S N - operation, the input-disable pin

‘Q‘\!{\ must be grounded. (On plas-

-~ tic-packaged prescalers, the

0.1 1.0 10 100 1000 10,000 | nput-disable pin is perma-

nently grounded internally.)
When +5 VDC is applied to

provide a recommended oper-
ating window for input power.
Typically, a device will oper-

5. The measured phase noise of the 10.6-GHz PLL oscillator is
compared with the phase noise of the free-running (unlocked)
10.6-GHz VCO.

the chip input-disable pin, the
output port of the prescaler’s
input amplifier is forced to a
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PESIGN

predetermined logic state, effectively
placing the prescaler into a hold state,
with one complementary output set
at high and one set at low.

For high-speed operation, the input-
disable pin can be driven by the output
of a CMOS logic gate, or by connect-
ing it to an open-collector output of a
logic device with a 10-k() pull-up resis-
tor tied to the +5-VDC supply. The
nominal source that is current required
from the +5-VDC control signal
to drive the input-disable is less than
0.1 mA.

The output lines of the MMIC
prescalers are also configured as a dif-
ferential pair. The nominal RF output
impedance of each output line is 50 ().
Single-ended loads can be driven by
simply using only one of the two out-
put terminals. Being a digital device,
the prescaler’s output signal levels are
independent of the input-power level,
as long as the prescaler is used within
its specified input signal range. There
are some output variations as a func-
tion of frequency, however, as noted on
each product data sheet (as specified for
single-ended outputs). When properly
configured to drive a differential load,
the prescaler can deliver twice the
amount of single-ended output power.

As with the input lines, the prescaler’s
output signal lines must be DC blocked.
The same guidelines for selecting the
input DC blocking capacitors can be
applied to the choice of output DC block-
ing capacitors. However, the frequency
at the output is lower than at the input
and, consequently, the resulting minimum
required capacitance value will be high-
er, by a factor equal to the division ratio.

For single-ended operation, there
are two options for the unused output
terminal. It can be left in an open-cir-
cuit condition, which is not recom-
mended. Or a 50-Q DC-blocked RF
termination can be provided for this
output terminal by connecting it to a 50-
Qresistor in series with a DC blocking
capacitor, one side of which is ground-
ed. The second approach helps reduce
reverse-signal leakage, which is the
appearance of the lower-frequency
prescaler output signals (essentially

V tune Bandpass 13.0-to-
filter  13.3-GHz
— Passive / out
RiEF loop > : 5-MHz
50 filter Push-push steps
MHz ) vco
13.0-to-
13.3-GHz
Data HMC401QS16G
> 6.50-t0-6.65-GHz
—> output Amplifier
—> (available from
push-push
Fin VCo) |~
L 1.6250 Active frequency
| pivide-by- __| t0 1.6625 doubler
2600-2660 GHz v
) Divide-by-4 | gynthesizer output
Analog Devices ADF4113 prescaler y26_0~to-26.6-(|§)HZ
RF PLL/frequency Hittite 10-MHz steps
synthesizer IC HMC362S8G

6. This 26.0-t0-26.6-GHz frequehcy synthes

izer waé constructed with a divide-by-

four prescaler and a commercial fractional-N synthesizer IC.

spurious signals) at the prescaler’s high-
er-frequency input ports.

In some cases, this spurious distor-
tion could propagate backward through
a design and degrade signals in circuitry
prior to the prescaler input terminals.
Reverse leakage is normally charac-
terized on a data sheet as a function of
frequency for the two conditions of the
unused output port: terminated and
unterminated. With the output of the
prescaler operating in differential mode
into a load with 50 Q) per leg, the two
output terminals are effectively termi-
nated and a minimum reverse-leakage
condition is achieved.

The output-power-select control ter-
minal enables selection between two
prescaler output-level operating modes.
Direct DC grounding of the output-

prescaler drops by approximately 20 mA.
The reduced output mode can be use-
ful in those applications where DC
power consumption is critical. The out-
put-power-select line is generally not
directly controllable by standard logic-
gate outputs, Normally, this line will be
hardwired to ground for full-power
operation, or left open circuited for
reduced output-power operation.

The packaged prescalers are sup-
plied in an eight-lead small-outline-IC
(SOIC) surface-mount housing. An
exposed rectangular copper (Cu) alloy
slug on the bottom side of the package
is plated with tin-lead (SnPb) solder.
The metal slug provides a good RF
ground and is the primary heat-trans-
fer interface for the MMIC.
Continued on page 132

power-select ter-

minal provides full O T T

TTTT

RF output power,
while leaving the

output-power-se-
lect terminal open-

circuited results in

a reduced output-

A

o

TrTTT TrT LB BB RE R
RERSFLE

power mode, with

Phase noise—dBc/Hz
g%
3

approximately 6-
dB reduction in

output level com-

cia it iy Meia i d i da i i did gig

pared to the full-

1
-
=]
o
Q[T TTTITrTTT

67070
level mode. In the
reduced RF out-

1.00

Offset from carrier—kHz 40,000

put-power mode,
the DC current synthesizer is shown
drawn by the 40MHz

7. The measured phase noise of the 26.0-t0-26.6-GHz frequency

for offset frequencies from 10 Hz to
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MICROWAVE VCOs

Specifying Microwave
Voltage-Controlled Oscillators

Selecting a microwave voltage-tuned oscil-
lator is a matter of fitting a desired set of
performance specifications to the require-
ments of a particular application.

requency generation is a vital function in most electronic
systems, and essential to wireless communications. In
many modern communications systems, a voltage-con-
trolled oscillator (VCO) is the signal source of choice, given
its capability to tune in frequency rapidly in phase-locked erate energy equal to the ener-
loop (PLL) and other frequency-synthesized circuits. Select- &Y lost in the dissipative ele-
ing a VCO for a particular application is generally a ments (such as capacitors and

JACK BROWNE

Publisher/Editor

—

This compact VCO is
typical of modern sur-
face-mount devices.
This particular model
operates from 5220 to
5420 MHz in a pack-
age measuring only
0.50 x 0.50 x 0.13in.
(1.27 X 1.27 X 0.33
cm) (Photo courtesy of
Z-Communications,
San Diego, CA.)

matter of understanding the key spec-
ifications and weighing the importance
of each performance parameter for that
application.

A VCO can be thought of as an
amplifier with high feedback from its
output to its input, causing an unsta-
ble condition where oscillation occurs.
The resonant frequency of the circuit con-
taining the amplifier is the frequency of
oscillation, and oscillation will con-
tinue provided that the amplifier can gen-

Z-COMM*

) V940ME 11

0363 801

MICROWAVES & RF 107

resistors) of the resonator.
The active device (amplifier) in a VCO
can be either a silicon (Si) bipolar tran-
sistor or a gallium-arsenide (GaAs)
metal-semiconductor field-effect tran-
sistor (MESFET), with the latter usu-
ally employed in higher-frequency
microwave and millimeter-wave designs.

By changing the capacitance in a
VCO’s resonant circuit, the frequency
of oscillation will change. This can be
achieved through the use of a voltage-
dependent capacitive element, such as
a varactor diode. The capacitance of the
diode changes depending on the volt-
age applied to it, allowing the frequency
of the VCO’s resonant circuitry to be
adjusted. Varactor diodes, with a rel-
atively limited variable-capacitance
range, are generally employed in nar-
rowband VCOs. In contrast, hyper-
abrupt diodes, with a wide capacitance
tuning range, are employed in VCOs that
must tune over wider frequency ranges.
The trade-off for a wider frequency-
tuning range is generally some sacri-
fice in tuning linearity, which is the
relationship of the amount of voltage
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applied to the change in frequency.

VCOs are available from a long list
of suppliers in a variety of sizes and
packages, including those with coaxi-
al connectors, drop-in housings, and
surface-mount packages. In selecting
a VCO for a particular application, a
designer is faced with some obvious
choices concerning frequency range
and desired size/package. Beyond mak-
ing sure that an oscillator covers the
required tuning range, it must also pro-
vide adequate output power, have min-
imal phase noise, suffer low levels of har-
monic and spurious noise, provide good
tuning linearity, and be resistant to
variations in supply voltage and load.

In essence, these characteristics sum-
marize the key specifications that define
a VCO. For example, a VCO’s output
power, which is presented in terms of
dBm, is also characterized in terms of
flatness across the tuning range of the
oscillator. So, an oscillator with rated
output power of +7 dBm and output-
power flatness of =1 dB from 1900 to
2000 MHz, may actually provide as
little as +6-dBm output power or up to
+8-dBm output power at different fre-
quencies across the tuning range. Both
possibilities must be accounted for when
preparing a system design. It should
also be noted that since the output
power of active devices will vary as a
tunction of temperature, the output-
power variations due to changes in tem-
perature should be considered when
selecting a VCO.

In terms of tuning range, a narrow-
band VCO may often be specified by
a percentage of tunable bandwidth
rather than a start-and-stop frequency.
For example, a VCO with a center fre-
quency of 1000 MHz and a 5-percent
bandwidth has a total tuning range of
50 MHz, or start-and-stop frequencies
of 975 t0 1025 MHz. Wideband VCOs,
which can offer tuning ranges of one
octave or more, are generally specified
in terms of their tuning range.

Phase noise is one measure of the
frequency instability of an oscillator
(and is often referred to as jitter in dig-
ital or optical terms). Phase noise in a
VCO is contributed by the active devices,

Understanding VCO performance

Those in need of a well-written tutorial introduction to VCOs will find a seven-page
application note, entitled “Voltage Controlled Oscillators,” in the current Designer’s
Handbook from Synergy Microwave Corp. (Paterson, NJ, WWW.Synergymwave.com).
The article covers the types of oscillator circuits, such as Clapp oscillators, that are
used in VCOs, as well as the basic equation for achieving oscillation, the capacitance-
versus-voltage curves for a variety of different tuning diodes, a sample circuit for a
wideband VCO, and a brief discussion on oscillator noise. The note includes details
on a linear approach to the design of low-noise VCOs and provides a listing of key
VCO terms, such as harmonics, spurious, and phase noise.

such as the bipolar transistor and the
tuning diodes. It is measured ina 1-Hz
bandwidth that is centered at various
offsets from the carrier frequency, start-
ing from 1 Hz and extending as far as
40 MHz from the carrier (the limit of
most commercial test equipment). Phase
noise is presented as a ratio of an oscil-
lator’s output power divided by its noise
power, in units of dBc/Hz. A typical
phase-noise specification might be —100
dBc/Hz at an offset of 10 kHz from the
carrier. The phase noise of a VCO drops
rapidly with increasing distance from
the carrier, eventually reaching a con-
stant noise level or noise floor, typi-
cally at offsets of 1 MHz or greater
from the carrier.

Harmonic generation is a necessary
evil of oscillator circuits, An oscillator
with a desired fundamental output fre-
quency of 1 GHz will also produce
energy at the second-harmonic fre-
quency of 2 GHz (as well as the third-
harmonic frequency of 3 GHz, and so
on). The level of these harmonic signals
is generally specified as the amount of
suppression (in decibels) or as the out-
put level of the harmonics relative to the
carrier output level (in dBc). A typical
VCO harmonic value is —10 dBc. Sim-
ilarly, spurious signals are nonhar-
monically related signal components
that are typically caused by sources
outside of the oscillator circuitry, such
as power-line noise. As with harmon-
ics, spurious noise is specified in terms
of suppression (in decibels) or in terms
of spurious output power that is rela-
tive to the level of the fundamental car-
rier (in dBc).

Tuning sensitivity and linearity are

of particular importance to designers and
users of PLLs and other frequency-syn-
thesis circuitry. Sensitivity, which is
usually specified in terms of mega-
hertz/voltage, refers to the amount of
change in oscillator frequency that
occurs for a particular amount of applied
tuning voltage. Tuning sensitivity can
be as low as a few megahertz per volt
or up to 50 MHz/V, depending upon
the oscillator’s tuning-range and the
tuning voltage range. Tuning linearity
refers to the predictability of a VCO’s
change in frequency as a function of tun-
ing voltage. Usually the ideal plot of tun-
ing linearity is a straight line, without
breaks in the tuning range (where the
oscillator stops operating with a certain
tuning voltage).

Since a VCO must operate under
conditions of changing supply voltage
and load, it is specified in terms of the
amount of frequency shift that will
occur for a particular change in supply
voltage (frequency pushing) and for
the frequency shift that will occur for
a particular load VSWR. Frequency
pushing is specified in terms of mega-
hertz/voltage, while pulling is given in
terms of a particular amount of fre-
quency deviation (such as 10 MHz or
+5 MHz) with reference to a given
load condition (such as a VSWR of
2.0:1).

Recent trends in VCOs include the
development of more compact surface-
mount components for miniaturized
communications systems, such as wire-
less handsets, base stations, digital
radios, and satellite-communications
terminals. As an example, the V940ME11
VCO from Z-Communications (San

microwaves & RF - UG SEPTEMBER 2001




o 51

Mini-Circuits VAT fixed attenuators rank at the top of its class for high
performance, low cost, and big selection! 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 at only $11.95 each (qty. 1-9).
Performance wise, VAT attenuators deliver mile-wide DC to 6000MHz
frequency coverage, excellent 0.15dB typical attenuation flatness, low VSWR, and
feature rugged 1.420"x0.370" unibody construction with SMA male/female
connectors. Use these versatile attenuators for a variety of applications
including impedance matching and signal level adjustment in testing,
systems, and product development. Get the best economy out of your design.
Specify Mini-Circuits VAT fixed attenuators.

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

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

UATORS

Nominal Flatness VSWR (:1)
Model (¢0.3) Midband Typ. Midband Typ.
VAT-1 1 0.20 1.10
VAT-2 2 0.20 1.20
VAT-3 3 0.15 116
VAT-4 4 0.15 115
VAT-5 5 0.10 1.15
VAT-6 6 0.10 1.15
VAT-7 7 0.10 1.15
VAT-8 8 0.10 1.20
VAT-9 9 0.10 115
VAT-10 10 0.20 1.20
VAT-12 12 0.10 1.20
VAT-15 15 0.30 1.40
VAT-20 20 0.75 1.20
VAT-30 30 0.30 1.15
Power: 0.5W at 70°C ambient. Derate linearly 0.015W/°C above 70°C.

* Attenuation varies by 0.3dB max. over temperature.

ALL MODELS IN STOCK

[ JMini-Circuits
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Diego, CA) is designed for Unlicensed
National Information Infrastructure
(UNII) band applications, such as
HIPERLAN wireless local-area-net-
work (WLAN) systems, from 5220 to
5420 MHz (see figure). Its surface-
mount package measures only 0.50 X
0.50 x 0.13in. (1.27 X 12.7 X 0.33
cm). The oscillator requires only +0.5
to +4.5 VDC to control its 200-MHz
tuning range.

An extensive line of miniature sur-
face-mount VCOs is available from
Synergy Microwave Corp. (Paterson, NJ),
encased in the company’s 174 package
measuring only 0.50 X 0.50 X 0.22
in. (1.27 X 1.27 %X 0.56 cm). The line
includes models operating from 40 to
100 MHz through models up to 6100
MHz. The company (see sidebar) also
offers VCOs in a variety of other sur-
face-mount and plug-in packages, as
well as voltage-tuned oscillators based
on ceramic coaxial resonators and sur-

face-acoustic-wave (SAW) resonators for
optical-communications applications
(see Microwaves ¢ RF, April 2001,
p. 115).

Mini-Circuits (Brooklyn, NY) includes
a line of compact VCOs in its extensive
product catalog. Model JTOS-2200PA,
which is available in a compact sur-
face-mount package, is a new addition
designed for applications from 2000
to 2200 MHz. It provides +6-dBm typ-
ical output power over that range, with
—22-dBc typical harmonic suppres-
sion. The phase noise is —92 dBc/Hz off-
set 10 kHz from the carrier and —112
dBc/Hz offset 100 kHz from the
carrier.

Vari-L (Denver, CO) also offers
VCOs in its tiny surface-mount T pack-
age, which measures only 0.50 X 0.50
% 0.181n. (1.27 X 12.7 X 0.46 cm). The
company’s model VCO190-1925T, for
example, operates from 1650 to 2200
MHz with a typical tuning sensitivity

of 60 MHz/V and typical output power
of 0 dBm. The typical phase noise is —90
dBc/Hz offset 10 kHz from the carri-
er, dropping to —110 dBc/Hz offset
100 kHz from the carrier. Suppression
of second harmonics is typically —10
dBc while spurious suppression is
—90 dBc.

Amplifonix (Philadelphia, PA) offers
lines of VCOs in a variety of compact
housings, including TO-8, dual-inline-
package (DIP), flat-pack, connector-
ized, and surface-mount packages. Mod-
els cover tuning ranges of 60 to 70
MHz through 2000 to 2500 MHz, with
typical output levels exceeding +10
dBm. The maximum phase noise for
most models is —100 dBc/Hz offset
100 kHz from the carrier, with typical
harmonic suppression as good as —40
dBc for some models and typically
exceeding —12 dBc for all models.

The VS series of surface-mount VCOs
from MODCO, Inc. (Sparks, NV) is

[ s02A IAVMONDIN |
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designed for high-density radio appli-
cations, such as in Personal Computer
Memory Card International Association
(PCMCIA) modem cards. The com-
pact VCOs, which measure only 0.175
X 0.175 X 0.062 in. (0.445 X 0.455 x
0.157 cm), are available with up to

10-percent bandwidths from 700 to
5800 MHz. For a 3-GHz model, the
phase noise is less than —105 dB¢/Hz
offset 100 kHz from the carrier.

IBM (Hopewell Junction, NY) entered
the market for high-frequency VCOs sev-
eral years ago based on the strength of

Applications include

® Waveguide components
® Antennas

® Resonators

¢ Microstrips

® Microwave heating

For further information contact:

VF VECTOR FIELDS

SOFTWARE FOR ELECTROMAGNETIC DESIGN

Vector Fields Inc

1700 North Farnsworth Avenue, Aurora, |l 60505, USA
Tel: (630) 851 1734 Fax: (630) 851 2106

Email: info@vectorfields.com

Web: http://www.vectorfields.com

The most advanced package
for 3D microwave design

® Enter NO. 408 at www.mwrf.com

its Si-germanium (SiGe) bipolar-com-
plementary-metal-oxide-semiconduc-
tor (BiICMOS) process and with an
order from a major wireless-handset
manufacturer. The company now offers
fully integrated VCOs with on-chip
tank circuits and core VCOs (cVCOs)
that require off-chip tank circuits. The
latest addition to the IBM product line
is a triband ¢VCO for Global System
for Mobile Communications (GSM)
applications. With an operating fre-
quency range of 3.6 to 4.0 GHz, the
VCO provides —3-dBm output power
with measured phase noise of —147
dBc/Hz offset 3 MHz from the carrier
and —162 dB¢/Hz offset 20 MHz from
the carrier.

Agilent Technologies (Santa Clara,
CA) offers a line of VCOs in compact
TO-8 housings. The company’s VTO-
8000 line is based on varactor tuning,
while the VTO-9000 series uses hyper-
abrupt diode tuning. From the latter
series, for example, the model VTO-9090
tunes from 900 to 16000 MHz with +10-
dBm output power and phase noise of
—100 dBc¢/Hz offset 50 kHz from the
carrier. The firm recently announced the
model VTO-0995-T with a center fre-
quency of 9953.28 MHz specifically
for OC-192 10-Gb/s optical-commu-
nications systems. The TO-8 oscilla-
tor is also available in a surface-mount
version as model VTO-0995-S. The
company has also announced the devel-
opment of a family of surface-mount
VCOs that is suitable for 40-Gb/s
optical systems, including 19.906-GHz
and 39.813 models with differential
outputs and time jitter of better than
50 fs.

Seven years ago, Micronetics (Hud-
son, NH) acquired the M3500 series of
VCOs from cellular-communications
supplier Qualcomm (San Diego, CA).
The company has since improved the
oscillators, which are available in ranges
from 100 to 3500 MHz, to include sev-
eral models in 0.5 X 0.5-in. (1.27 X 1.27-
cm) surface-mount packages. The oscil-
lators typically provide more than
+12-dBm output power with phase
noise of less than —94 dBc/Hz offset 10
kHz from the carrier. I3
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We've taken VGO technology to new lows.

Lower.
phase noise

phase =
transients

And w:th a package size of only O.&5'k
handle tight spots. Introducing the UMX series voltage
controlled oscillator

. Model 2,q Har | Phase Noise | Pushing Pulling | Supply
o (dBc) (10kHz,dBc) | (MHz/V) | (MHz/p-p) | (Vdc)

UMX-254-D16 05:1 -20 -110 0.8 1 [
UMX-364-D 511 | 45,22 20 -107 0.8 2 6
UMX-270-D ] 5,22 | -20 -106 0.7 2 5

- | UMX-315-D: 1,22 <20 -120 0.5 2 6
. JUMX-333-D1 | 1.05:1 | 45,22 -20 -104 1.0 3 6
.- | UMX-375-D 1 1.05:1 | 47,22 -20 -118 0.8 2 6
- [ UMX-331-D1 | 1.05:1 | 45,22 -20 -104 1.0 3 6

al Microwa-ve Corporation

o X treme Oscillator Solutions

'« U.S. Toll Free 1-877-375-9332 +  www.VCO1.com
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CAVITY

DUPLEXERS & FILTERS over
1000 CUSTOM DESIGNS

25 CELLULAR DUPLEXER MODELS
PRICED FROM $75.00

STANDARD MODELS, IN HIGH PRODUCTION VOLUME,
(10K+ / Mo.) IS THE KEY TO REASONABLY PRICED, QUALITY
PRODUCT OFFERINGS IN TODAYS WIRELESS MARKET.

By creating a standard line of Duplexers and Filters for Repeaters,
Microcells, and BTS equipment, Wireless can offer proven products
at OEM pricing due to our very high monthly production capability.

Impressive specifications go with the pricing; operating temperature from
-50 Cto + 75 C, low loss, excellent isolation and very good return loss.

Why do over 50 Repeater and Radio manufacturers employ our Filters,
Duplexers and Diplexers in their systems? Just try us, then you will know!

DUAL BAND DUPLEXERS COVERING 3G THROUGH UMTS

Wireless Technologies Corporation

11474 Arbor Acres Road Springdale, AR 72762
Tel 501 750 1046 Toll Free 1 877 420 7983 Fax 501 750 4657

Email: wireless@ipa.net Web URL: www.duplexers.com

Visit our Web Site for product samplings from 30 MHz to 60 GHz
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PCB layout is
key to MMIC
performance

Real-world
design tips
reduce RF
noise

application notes

THE HIGHER the operating frequency of a MMIC
is, the greater the care that is required to design
and layout its PCB. With today’s devices some-
times running at tens of gigahertz, board lay-
out and the materials used must be given close
scrutiny according to an application note from
Hittite Microwave Corp.

Entitled “Layout Guidelines for MMIC
Components,” the 3-page note was written to
guide designers on board layout for two new
MMICs from the company—a voltage vari-
able attenuator and a mixer. But the layout
principles could be useful to all designers of
gigahertz frequency-range communications
equipment.

The attenuator and mixer are supplied in
ceramic and plastic surface-mount packages
intended to operate from DC to 15 GHz. The
note suggests that to obtain the best test data,
the devices should use a transmission line that
is a grounded CPWG on Rogers 4350 materi-
al or equivalent. CPWG is used instead of the
more common microstrip since it permits a 30-
percent reduction in line width for 50-€) lines.
When fabricated on similar substrate materials
and at a frequency of 10 GHz, CPWG supports
a larger ground plane between RF lines thus
enhancing isolation and reducing leakage.

AT RADIO frequencies and above, basic circuit
elements —resistors, capacitors, inductors,
wires—take on an entirely different nature than
at lower frequencies. The details of their oper-
ation are covered in an informal but compre-
hensive way in the application note, “Practical
R.F. Design.” This note complements the sys-
tem-level view of high-frequency interference
that was presented in this column last month
(see “Stick To The Basics For Low-Noise
Design,” Microwaves ¢ RF, August 2001, p.
183.)

The note begins by showing why the “sim-
ple” resistor, capacitor, and inductor are not
simple at all at high frequencies. Each of these
component’s parasitic elements must be rec-
ognized and accounted for at high frequency (i.e.,
capacitance in resistors, resistance in capacitors,
etc.). A good discussion of the potential prob-
lems of inductors at high frequency is provid-
ed. Also involved here is the inductance of con-
ductors, which while low, can result in impedances
that can cause unforseen problems at high
frequencies.

As in last month’s application note, the

CPWG fabrication requires via holes to con-
nect the top and bottom ground planes along
the RF transmission line. The placement of these
holes is critical to the board’s performance, as
is the plating of the holes. An evaluation board
consists of two layers of the 4350 material
bonded together with 4403 adhesive to provide
an overall thickness of 0.062 to 0.067 in.
(0.0157 to 0.0170 mm). The 4350 material is
Cu clad on both sides, resulting in four metal
layers. Plating of the external metal layers must
be carefully controlled to maintain the correct
impedance of the RF lines.

Careful board fabrication is only part of the
process in obtaining accurate data when eval-
uating a MMIC. Hittite also uses an evaluation
board calibrated to a custom set of PCB stan-
dards. The idea is to be able to isolate the per-
formance of the DUT from the losses and mis-
matches of the board. The measurement accuracy
depends on the standards and the transitions
from connector to PCB

The note can be downloaded from the com-
pany’s website.

Hittite Microwave Corp., 12 Elizabeth Dr., Chelms-

ford, MA 01824; (978) 250-3343, FAX: (978) 250-
3373, Internet: www.hittite.com.
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methods and types of grounding have a major
influence on minimizing noise. The note claims
that the best ground arrangement for a PCB is
a ground plane since it offers minimal resis-
tance and inductance, but there could be cir-
cumstances where high currents and high fre-
quencies combine to create significant voltage
drops across the plane.

Decoupling is an issue that causes problems
at high frequency. All ICs on a board must be
individually decoupled with low-inductance
capacitors having short leads and PC tracks. The
note claims that “even 2-3 mm of extra lead/track
length may make the difference between suc-
cess and failure of a circuit layout.”

To sum up the key points, a successful RF
design will pay close attention to resistance,
capacitance, inductance, grounding, and decou-
pling, and will separate sensitive circuits from
noisy ones. The note can be downloaded from
the manufacturer’s website.

Analog Devices, Inc. Three Technology Way, Nor-

wood, MA 02062; (781) 329-4700, Internet:
www.analog.com.

Enter No. 195 at www.mwrf.com
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RAVINDER GILL

Product Marketing Manager

North American Measurements
Group, Anritsu Co., 1155 East
Collins Blvd., Richardson, TX
75081; (800) 267-4878, FAX:
(972) 671-1877, Internet:
WWW.US.anritsu.com.

ptical-commyznications systems promise the wide bandwidth need-

ed for insganft Internet access and a wide range of voice, data, and
multimgéia services to the home and office. But despite the wide-

ban‘c’l\?vidth potential of lightwave systems, they still require electrical

components and connectors working in conjunction with the glass
fibers and photodetectors. Two of the electrical components devel-
oped by Anritsu Co. (Morgan Hill, CA) to support these applications,
a bias tee and a DC block, incorporate a newly refined configured
high-frequency coaxial connector to provide near DC-t0-65-GHz
bandwidths to support high-speed optical- and data-communica-
tions systems.

To meet the electrical requirements for passive components employed in
a high-speed optical-communications network, Anritsu Co. has developed
the model V255 bias tee and the model V265 DC block. The components
are armed with the company’s high-frequency V Connector®, which has
already been accepted as a standard coaxial interface for OC-768 opti-
cal-communications applications due to the connector’s excellent impedance
match across such a wide bandwidth (65 GHz).

In both components, the input ports have female V Connectors, the

1. The model V255
bias tee and
model V265 DC
block rely on the
low-loss perfor-
mance of the v

=

RFin

L

Anritsu

Anritsu

Connector for ——
operation through RF out  S/N XXXXXX [ V265
65 GHz. ) @ 6 =

( )

g
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DC Block

output ports have male V Connectors,
and Gen I Bias T DC ports are equipped
with an SMC connector (Fig. 1).

The integrated model V2535 bias tee
and model V265 DC block provide
excellent performance from 50 kHz to
65 GHz at operating temperatures from
0 to +80°C. The maximum insertion
loss for the V2535 bias tee is 1.5 dB, with
minimum return loss of —12 dB over the
full operating temperature range. The inser-
tion-loss and return-loss performance
of the model V255 bias tee were char-
acterized at room temperature from 40
MHz to 65 GHz, revealing that actual
performance far exceeds the published
specifications (Fig. 2). Measurements
were taken with a Lightning 37397C
series vector network analyzer (VINA) from
Anritsu Co. The applied bias current
during the measurements was 400 mA.

The low-frequency insertion-loss
performance of the bias tee is shown
in Fig. 3. The data were taken with a
model MS4630B scalar network ana-
lyzer (SNA) from Anritsu Co. The
model V2535 bias tee, which can simul-
taneously apply DC and RF drive sig-
nals to a device through a single input
port, is designed to handle up to 400-
mA DC bias current and +10-VDC
DC bias voltage. Due to its high cur-
rent-carrying capacity with such low loss-
es and broadband frequency response,
the model V255 bias tee is suitable for
use in biasing 40-Gb/s optical modu-

HIGH-FREQUENCY COMPONENTS

These two high-frequency components
leverage the performance of a precision

coaxial connector to deliver low-loss
signals through 65 GHz.

2. The high-fre-

o

Retu

-

- ‘\ e
rn loss

quency insertion- 0 7
loss and return-loss 50>
performance levels 10
of the model v255 g |
bias tee were eval- é 15 I
uated with a Light- g 20| -
ning 360 series 325
VNA. g 5

35F— -

40 E
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3. The low-frequency

insertion-loss perfor-
mance of the model
V265 bias tee was
measured with a
model MS4630B
scalar network ana-
lyzer.

Magnitude—dB

Frequency—kHz

300

lators and 40-Gb/s data drivers.

At data rates as fast as 40 Gb/s, the
insertion loss through a device is criti-
cal. A bias tee used to bias an optical
modulator must have low rise times
and flat group-delay response or it will
distort the signal, adversely affecting the
data transmitted through it and result-
ing in an increase in system bit-error rate
(BER). With this in mind, the model V255

MICROWAVES & RF

bias tee has been optimized for 40-Gb/s
optical communications and other high-
speed pulsed, data, or microwave appli-
cations. The V255 bias tee features fast
rise times of better than 3 ps and flat
group delay of better than =1 ps.
Figure 4 shows the group-delay per-
formance of the model V255 bias tee.
The reference is set at 127 ps with a scale
of 2 ps/div. Due to the superior per-

n7
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| HIGH-FREQUENCY COMPONENTS |

tor YV 135
4. The group- 133
formance of the V255 bias tee, it is vir- delay perfor- a 131
tually transparent within the circuit, | Mance of the_ 1129
supporting extremely accurate mea- model V255 bias T 127 _—\v .
surements within laboratory environments. te_e was_evalt-lated .g. 125 s
Figure 5 shows the typical isolation with a Flghtnlng g
performance of the model V255 bias tee | S0 S€ries VNA. @123
between its DC and RF ports. The The reference 121
model V255 second-generation (Gen | WA setat 127 ps 119
II) bias tee exhibits better than 50-dB WIth_a scale of 2 0.0406 Frequency—GHz 65
isolation across its full frequency range. ps/div.
The high performance of the model |

V255 bias tee is achieved through Anrit- 0
su’s patented true coaxial structure. 10
The coaxial structure uses the V Con-
nector’s center conductor to provide | 5.The isolation 20
an axially resilient coaxial connection.' | between the bias 8 30
This connection is comprised of a cylin- | tee’s RF and DC L
drical center-conducting member of | ports was mea- £ 40
the V Connector with a central bore and | sured at better § 50|
slots that form fingers and a cylindri- | than 50 dB. -
cal pressure-contact member that is 60 ‘\ .N"\{A
inserted into the cylindrical conducting 70 ﬁ i (\VAW“
medium. Both center-conductor mem- %0 f L i
ber fingers and cylindrical pressure- 0.0406 Frequency—GHz 65

Continued on page 133

YCOs FOR THE REAL WORLD

Dual and Tri-Band!

GSM, PCS, DCS Applications. Small And Large Production Quantities.

Reps In Your Area Are Now
“Just A Click Away”

www.Micronetics.com
Click: REP Directory

VISIT OUR WEBSITE FOR
A COMPLETE LIST OF ALL
VCOS AND PACKAGES!

Quick Prototyping

From 100 MHz to 7 GHz in both Narrow

Over 200 Custom Designed 1/2”

VCO's!

and Wide Bandwidths

All VCO’s Available In Industry

VCO

® Enter NO. 424 at www.mwrf.com

Sizes, Tape And Reel

View Our Website!

MIGRONETICS

products dIVISIon
Fax; 603-579-0776
Ph: 1-603-579-0900

VCO LITERATURE/WORKSHEET: JROHNER(@MICRONETICS.COM
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HIGH POWER

Microwave Amplifiers

Milmega’s strength lies in our ability to produce a family
of high quality octave band solid state microwave amplifiers, and yet maintain
the flexibility to design and build high quality amplifiers/amplifier systems
to meet your specific requirements. This strength has created Milmega’s global
reputation as experts in the field of high power microwave engineering.

Our standard products and custom
designs can be found in many leading
edge applications including:

Physics research
Colliding electrons and positrons in the search

for quarks and the testing of nuclear theory.

Electromagnetic Compatibility (EMC) testing
Providing wide frequency ranges and producing
field strengths over 200V/m.

Defence
Operating over wide temperature ranges in
rugged environments, Milmega amplifiers are

built into sophisticated jamming systems.

Communications testing
Where Milmega amplifiers are often used in

pairs for Passive Intermodulation (PIM) testing.

© MILMEGA

Designers and Manufacturers
of High Power Microwave Amplifiers and Systems

Milmega Ltd, Ryde Business Park, Nicholson Road, Ryde, Isle of Wight, PO33 1BQ, UK
Tel: +44(0) 1983 618000 Fax: +44(0) 1983 616864

E-mail: sales@milmega.co.uk Web: www.milmega.co.uk
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ROLAND HASSUN

Product Manager

Agilent Technologies, Inc., 1400
Fountaingrove Pkwy., Santa Rosa, CA
95403; (707) 577-2000, Internet:
www.agilent.com.

DYNAMIC RANGE

System Boosts Amplifier

Test-Set Dynamic Range

This system can effectively extend mea-
surement dynamic range by 25 dB or
more when evaluating the performance
of amplifiers designed for 2.5G and 3G

wireless systems.

system requirements challenge the
dynamic-range capabilities of even the
best spectrum analyzers. Fortunately,
an enhancement for spectrum-analyz-
er-based systems has been developed by
Agilent Technologies (Santa Rosa, CA)
that overcomes the dynamic-range lim-
itations of conventional systems. The
N4256A amplifier distortion test set
(Fig. 1) provides a dynamic-range
improvement of up to 25 dB (see table).
It can measure spurious levels lower
than —80 dBc in a 100-kHz bandwidth
from 0.5 to 4.0 GHz, which is beyond

1. The N4256A measurement system
provides approximately 25 dB more
dynamic range than conventional dis-
tortion-measurement systems for eval-
uation of linear PAs.

ynamic range is a valuable commodity in measurement sys-
tems aimed at wireless component and system testing. In
response to customer needs for higher data rates and
mobile Internet access, next-generation wireless-system
designers continue to push the information capacities of the capabilities of most sys-
limited bandwidths using increasingly complex digital-mod- t¢ms designed to characterize
ulation formats. These latest-generation wireless-

amplifiers used in previous
wireless generations.

The N4256A’s contribu-
tion is underscored by the rigors of
meeting specifications contained in
next-generation wireless standards. For
example, the European Telecommuni-
cations Standards Institute (ETSI) has
set standards in Europe for Global Sys-
tem for Mobile Communications (GSM)
systems based on the Enhanced Data
Rates for Global Evolution (EDGE),
and systems using wideband-code-divi-
sion-multiple-access (WCDMA) tech-
niques.

EDGE upgrades GSM systems from
Gaussian minimum-shift-keying (GMSK)
modulation to the more bandwidth-
efficient eight-state phase-shift-keying
(8PSK) modulation. The use of 8PSK
compared to GMSK increases the peak-
to-average power ratio (crest factor)
of a power amplifier (PA) used in a
base transceiver station (BTS) and places
much greater demands on the lineari-
ty of the amplifier. For offset distances
greater than 6 MHz from the carrier fre-
quency, the spurious-emission specifi-
cation is an extremely demanding -70
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Customers of Agilent HFSS

Ansoft is the home of HFSS. With the purchase of Agilent's HFSS, Ansoft has

become THE inspiration for true 3D High-Frequency electromagnetic design.

Ever since Ansoft delivered the first commercially available version of HFSS
to the microwave market in October 1990 through Hewlett-Packard, we
have continued to pioneer the world's leading technology for 3D High-
Frequency electromagnetic simulation. We've never stopped innovating

and neither should you.

Whether your designs drive next generation technology within the

Microwave/RF, Antenna, IC or PCB industry, make HFSS your home.

For more information contact us at

+1-412-261-3200 or send e-mail

to info@ansoft.com - : : WEIcome!

., ANSOFT

Inspiriﬂg innovation

www.ansoft.com
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| DYNAMIC RANGE |
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2. A spectrum analyzer was used to evaluate an MCPA driving
four +39.3-dBm GSM signals with channel separation of 5 MHz.

No apparent spurious content is visible.

dBc or less in a 100-kHz bandwidth.
In a typical test system designed to mea-
sure intermodulation distortion (IMD)
and adjacent-channel power ratio (ACPR),
the device under test (DUT) is stimulat-
ed by a source supplying the appropri-
ate signal [continuous wave (CW) for IMD
or modulated single or multichannel
carrier for ACPR]. The output of the
DUT is connected to a high-power load,
with some of the output signal coupled
to a spectrum analyzer. Ideally, the source
would produce a perfect stimulus spec-
trum with power only in the desired
channel. In practice, the signal includes
distortion sidebands that mask the per-
formance of the DUT. The spectrum
analyzer must determine the ratio of the
DUT-generated distortion sidebands
present in the adjacent and alternate
channels to the power in the desired
channel. With the latest multicarrier
amplifiers, the difference in power between
the two exceeds the dynamic range avail-
able in commercial spectrum analyzers.
These two problems —dis-
tortion present in the source sig-
nal and limited spectrum-ana-

REQUENCY RANG

3. The N4256A measurement system shows the previously
invisible spurious content that is generated with the amp-

lification of the four 5-MHz GSM channels in Fig. 2.

allel with the DUT. The stimulus signal
is sampled before the DUT, conditioned,
and injected back into the path that is
before the spectrum analyzer. Conditioning
includes amplitude and phase matching,

Since the conditioned signal (the
source stimulus) is 180 deg. out of phase
with the DUT output signal, the distortion
products that were generated within
the source are highly cancelled, leaving
only the distortion products generated
within the DUT for measurement. In this
cancellation process, the carrier at the
DUT output is also cancelled to a large
degree, reducing the dynamic range of
the signal presented to the spectrum
analyzer. Due to the lower power of this
cancelled input signal, the spectrum
analyzer’s input attenuation can be
safely reduced, and its preamplifier (if
so equipped) can be turned on, great-
ly enhancing noise figure.

By effectively canceling distortion
products that are generated in the mea-
surement system’s source and reducing

The N4256A at a glance

system noise figure as described earlier,
the N4256A is able to dramatically
increase the effective dynamic range of
distortion measurements. It has demon-
strated effective dynamic-range enhance-
ment in tests at Powerwave Technolo-
gies (Irvine, CA) of up to 30 dB.

The N4256A system was used to
evaluate several different amplifiers,
including a GSM multichannel PA
(MCPA), and compared to conven-
tional spectrum-analyzer measurements.
The GSM amplifier was used to generate
four independent +39.3-dBm modu-
lated output signals with channel sep-
aration of 5 MHz. The total RF power
of the four combined signals was +45.3
dBm, or 33.9 W. When displayed on a
spectrum analyzer alone (Fig. 2), the
four carriers are visible, but little or no
spurious content is discernible. When
the N4256A system is used for the same
measurement (Fig. 3), IMD is apparent
above the noise floor on the analyzer’s
screen. The extra dynamic range that
is provided by the N4256A
system (up to 25 dB) made it
possible to detect and analyze
these spurious signals. P&A:

lyzer dynamic range—effectively [0 "ooier 1 W maximum (50-W :

prevent accurate characteri- input power) $31,000; 6 wks. Agilent Tech-

zation of linear PAs. The | yswr nologies, Inc., Test and Mea-

N4256A was developed to | ¢ 02 gHz 1.20:1 surement Organization, 5301

§olvethesesproblems. Foratyp- | 504 6hz 13011 Stevens Creek Blvd., MS

ical IMD or ACPR measure- ) - 54LAK, Santa Clara, CA
; Isolation 90 dB minimum X

ment setup, the N4256A is ) ) ) 95052; Internet: www.agi-

. Dynamic-range extension 25 dB typical

inserted between the source ’ lent.com.

and spectrum analyzer, par- Power consumption S5 Wat +115 VAC Enter No. 52 at www.mwrf.com
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HBT AMPLIFIERS

Linear HBT Amplifiers
Arrive From New Source

A company that was not previously asso-
ciated with amplifiers has entered the
market for high-gain, high-linearity prod-
ucts with a pair of low-cost InGaP-based

HBT amplifiers.

inearity requirements for wireless communications sys-
tems continue to push the demand for high-performance
heterojunction-bipolar-transistor (HBT) amplifiers. Numer-
ous suppliers exist, although a new supplier—Metelics

Corp. (Sunnyvale, CA)—has joined the market with several

ket. The MMA701 can be

indium-gallium-phosphide (InGaP)-based HBT amplifiers Supplied in die form or in

that combine high linearity with high efficiency. The

first two products, models MMA701
and MMA710, offer operating band-
widths of 4 and 5 GHz, respectively.
The company, which is well-known
for its semiconductors and diode-based
components, enters a mature market
with extremely linear amplifiers. The
MMA701, for example, which is designed
for use from 100 MHz to 4 GHz, fea-
tures an output third-order intercept
point (IP3) of +45 dBm at 2.1 GHz.
The amplifier also

achieves +25-dBm

=y
(2

. output power at

- -
B o

1-dB compression. In

linearity applications,

N

the difference between

- -
o

the output IP3 and

the output 1-dB com-

pression point is often

small-signal gain—dB

used as a figure of

N A oo

- merit. For this ampli-
- fier, the 20-dB dif-

0.01

Frequency—GHz

- ference can be con-
sidered as good or

The MA710 Dariington HBT amplifier proﬁdes typically
12.5-dB gain across its operating range of 10 kHz to 5 GHz.

better than most HBT
amplifiers on the mar-

MICROWAVES & RF

packages, including SOT-89
surface-mount housings. The
amplifier achieves 12.2-dB typical gain
with a single +5-VDC supply (and 130-
mA current), with typical noise figure
of 3 dB. The power-added efficiency
(PAE) is typically 50 percent.

Designed for applications that range
from 100 kHz to § GHz, the MMA710
is an HBT Darlington amplifier that is
supplied in an SOT-89 surface-mount
housing. Although it does not achieve
the impressive linearity of the MMA701,
the MMA710 nonetheless offers an
output IP3 of +35-dBm and +21-dBm
output power at 1-dB compression, for
measurements performed at 500 MHz.
The small-signal gain is 12.5 dB at that
same test frequency (see figure), with a
noise figure that typically consists of
6.5 dB.

The packaged amplifiers can be sup-
plied in bulk or tape-and-reel formats.
Metelics Corp., 975 Stewart Ave., Sun-
nyvale, CA 94086; (408) 737-8181,
FAX: (408) 733-7645, e-mail: sales@
metelics.com, Internet: www.metelics.
com.[TH
Enter No. 53 at www.mwrf.com

124

SEPTEMBER 2001




CONNECTIVITY SOLUTIONS

JACK BROWNE
Publisher/Editor

The SMP socket-
to-socket adapter
supports a line of
blind-mate con-
nectors for high-
density packaging
applications.

Adapter Makes Blindmate

Connections To 40 GHz

This SMP socket-to-socket adapter
provides the RF performance and mis-
alignment forgiveness needed for a variety
of high-density microwave circuit and sys-

tems applications.

the use of miniature push-on coaxial con-
nectors such as the SMP and mini-SMP
connectors used to interconnect mod-
ules and components within tightly
packaged PCBs. The adapter tolerates
significant misalignent in the radial and
axial directions. In the radial direction,
the adapter can forgive misalignment
as poor as 0.020 in. (0.5 mm), while in
the axial direction, the adapters will
mate successfully even with up to 0.010-

in. (9.3-mm) misalignment.

lind-mate connectors came into prominence in the 1980s as
practical solutions for interconnecting components and cir-
cuits in high-density enclosures. The SMP bullet adapter
from W.L. Gore & Associates (Newark, DE) is designed to
work with high-performance blind-mate connectors to pro- features BeCu center contacts
vide flexible connectivity solutions through 40 GHz.
The 50-Q socket-to-socket adapter (see figure) simplifies

The SMP “bullet” adapter

and housing and PTFE dielec-
tric. The housings and contacts
feature Au plating on top of
Ni plating to minimize reflections and
loss. The SMP bullet adapter is rated for
typical VSWR of less than 1.10:1 from
DC to 23 GHz, less than 1.15:1 from
23 to 26.5 GHz, and less than 1.25:1
from 26.5 to 40 GHz. The RF leakage
is only —80 dB at 3 GHz and —65 dB
from 3 to 26.5 GHz.

The adapter is rated for a corona
level of at least +190-VDC RMS at
70,000 ft., and dielectric withstanding
voltage of +125-VDC RMS at the same
altitude. The dielectric withstanding
voltage improves to +500-VDC RMS
at sea level. The adapter is character-
ized for an RF high potential of +325-
VDC RMS at 5 MHz and minimum
insulation resistance of 5000 M(}. The
maximum contact resistance for the
center conductor is 6 m{), while the
maximum contact resistance for the
outer conductor is 2 m{). W.L. Gore &
Associates, Inc., 750 Ott’s Chapel Rd.,
Newark, DE 19714; (800) 445-4673,
(302) 292-5100, Internet: www.gore.
com/electronics.

Enter No. 44 at www.mwrf.com
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JITTER ANALYZERS

Jitter Analyzers Help
Solve Timing Problems

Aline of jitter and timing analyzers performs
measurements with 1-ps accuracy and
provides analysis inthe time, frequency, and
statistical domains.

iming is everything—especially in the world of modern elec-
tronic communications, where frequencies are measured in
gigahertz and time is measured in nanoseconds and
picoseconds. Measuring and analyzing the timing charac-
teristics of communications sytems is critical to assessing nels and a color screen that
their performance and troubleshooting problems. Jitter- <an display all four chan-

L . . . nels simultaneously. It i
and timing-analysis tools have been available as options on ously. i 1s
clear that these instruments

DON KELLER

Senior Editor

sophisticated oscilloscopes for some
time. But, acknowledging the critical
importance of these tools, test-equip-
ment manufacturers such as Le-
Croy (Chestnut Ridge, NY) are now
offering dedicated jitter and timing ana-
lyzers. The company recently intro-
duced two of these instruments —mod-
els 250 and J260 (see figure).

The two models are very similar in
appearance and function. The main
difference between them is that the
model J260 has a 2-GHz bandwidth,
while the J250’s bandwidth is 1 GHz.

Both models have four input chan-

The J250 and J260 can show four signal
characteristics simultaneously.

are custom designed for jitter test-
ing. They can display simultaneous
clock, timing, statistical, and fre-
quency-domain views. For example,
they can display views of the raw
signal, graphs of timing variations,
statistical views of variations in clock
period, frequency, cycle-to-cycle vari-
ation, pulse width, duty cycle,
setup/hold jitter, and other impor-
tant timing characteristics.

The analyzers are designed to sim-
plify measurements that are difficult
or impossible to make with non-dedi-
cated instruments. Three examples of
these measurements are accumulated jit-
ter, half-cycle jitter, and PLL loop band-
width (jitter-transfer function).

The analyzers can sample signals at
rates up to 16 GSamples/s and can cap-
ture and record up to 32 Mpoints of data.
Maximum jitter accuracy is 1 ps (with
a 3-sigma confidence level in the J260).
LeCroy, 700 Chestnut Ridge Rd., Chest-
nut Ridge, NY 10977; (800) 453-2769,
Internet: www.lecroy.com.

Enter No. 55 at www.mwrf.com
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FRONT-TO-BACK

Test-Drive Showcase:

Accelerating Tomorrow’s Designs September 25-26, 2001

Each conference track
consists of instruction
training classes on the
prime areas of design:

Just A or Tradeshow
EDA: Front to Back features a unique test-drive
showcase. You will be able to select from a wide

range of educational sessions presented by vendors. :

Each “Test-Drive” Demo is equipped with a maximum | o Field Programmable

of 6 computer workstation/PCs to demonstrate to a | Gate Arrays (FP)
small group of designers. You'll see the software in action and try it out | System Design (SD)
for yourself in an intimate classroom-like setting. Functional Verification (FV)

Functional Design (FD)
Physical Design (PD)
Analog/Mixed Signal
Design (MS)

* Design For Test (DT)

e Design Languages
(DA, DB, DC, DD, DE, DF )

e DSP Design (DS)

Lead Sponsor: Supporting Sponsor: o ity Sponsor: Associate Sponsor:

H
ad 5
7 XILINX accellera
The Programmable Logic Company™

S‘/ slms Iinc

EEi o =% MicrowavesshF M A [enton



Take a positi

akers

a leader in one of the fastest growing forums for professional

Wireless

Symposium
14 &Exh:bltlon

February 25 - March 1, 2002
San Jose Convention Center
San Jose, CA

www. WirelessPortable.com

dialogue in electronics engineering and design. We're looking for industry experts
to propose a session for the upcoming Wireless Symposium & Exhibition Spring
2002 Conference. Much of the rapid growth of the wireless and portable industry
has been due to the ongoing interchange of professional expertise. Your participa-
tion helps to further that growth. It’s also a great opportunity to meet your peers,
showcase your ideas, and build your career. Your ideas are valued!

About the Wireless Symposium &
Exhibition

The conference will take place February 19-21,
2002 at the San Jose Convention Center,

San Jose, CA. For over nine years the Wireless
Symposium & Exhibition has been a place for

engineers to investigate new technologies and tech-
niques. It has become the preeminent technical
conference for designers and engineers of portable
and wireless products.

Acceptance Guidelines

Sessions are selected based on content originality,
quality and timeliness. We do not imitate programs
found at other conferences. If you are planning to
present the same topic within the next 12 months,
please indicate where so your program can be
adjusted appropriately. We do not accept canned
topics, or overtly commercial content. Each session
must be one-of-a-kind and intended to inform,

not sell attendees. All submitted material
becomes the property of Penton Media, Inc.

About Penton Media

Wireless Symposium & Exhibition is managed and
produced by Penton Media, Inc., publishersof
Microwaves & RF, EE Product News, Wireless
Systems Design, Internet World, Electronic Design,
Boardwatch, and Netronics.

Penton Media, Inc., 611 Route 46 West,
Hasbrouck Heights, NJ 07604

Phone: 201-393-6060 Fax: 201-393-6297.

Submission Guidelines

To be considered as a speaker, please submit
the following information:

1.

2.

Your name, title, company or organization,
address, phone, fax and email address.

A short professional biography
(50 words maximum).

. Proposed session title and a 150-word

abstract. This material must be included
or your submission will not be considered.

Please indicate what type of session you
are proposing. We offer three types of
sessions at the Wireless/Portable
Symposium & Exhibition:

* Paper Presentation Session: Led by a “Session
Chair” and includes a number of papers on a
general theme. Each speaker/author makes a
20-30 minute presentation based on their paper.

* Mini-Tutorial “Expert” Session: Presented by an
expert instructor on one concise topic, a case
study, a narrow discipline, or “tips and tricks”.
1 to 1.5 hours in length.

 Full-Day Workshop Tutorial Session: 1 or 2 day
session presented by an expert instructor.

. If you will be speaking elsewhere within the next

twelve months, please indicate where.

Submit your session proposal by
September 7, 2001 to Betsy Tapp,
Conference Manager, via fax 201-393-6297
or e-mail btapp@penton.com.




7O ADVERTISE, CALL JOANNE REPPAS

SYNTHESIZERS

LOW COST

e In bands to 7 GHz — Tuning
ranges up to one octave
e Good phase noise

e Serial / Parallel interface e Serial

HIGH PERFORMANCE

SYNTHESIZE

e In bands to 8 GHz — Tuning
ranges up to two octaves

e Excellent phase noise

[ Parallel interface

PHASE-LOCKED
OSCILLATORS

e CROs to 4 GHz

¢ DROs from 8 to 12 GHz

o Internal | External reference
e Low cost custom designs

Your Source for World Class Performance, Quality & Low Cost
Tel: (516) 358-2880 Fax: (516) 358-2757

20 N. Tyson Ave., Floral Park, NY 11001

LUFF RESEARCH

Web: www.luffresearch.com
E-mail: sales@luffresearch.com

Enter No. 554 at www.mwrf.com

S (201) 666-6698

DUAL WAVEGUIDE & COAXIAL
SWITCH SPECIALISTS

Highest reliabilfy Tor non-redundant locations
in the majorty of ground stations woridwide.
Request your "R Switch Side Guide" today!

'm SECTOR MICROWAVE
INDUSTRIES, INC.
999 Grand Bivd., Deer Park, NY 11729
(631) 2422300 » Fax: (631) 242-8158

www.sectormicrowave.com
SECTOR MICROWAVES

Enter No. 552 at www.mwrf.com

DeskTop AntennaMeasurement
System For Wireless Development

DC-6,12518GHz
2-Axis Data
Parallel Port
De-EmbedSystem
20£t.18GHz
Laser Module
OPT.BiasInject
Free Software
Custom Cables
& Gain Slopes

s 3 a0 e s e v s

Interfaces
‘with most

H‘Er;te.r Nd.. 553at www.mwrf.énm

DIAMOND ENGINEERING

0.5 TO 26.5 GHz
SIGNAL GENERATORS

Seven compact,
programmable
models cover

0.5 to 26.5 GHz

with 1 MHz
resolution.

I Prices start at

$3,750

April Instrument
Sunnyvale, CA
Web site:
http://www.aprilinstrument.com
Tel: (650) 964-8379 « Fax: (650) 965-3711

APRIL INSTRUMENTS Enter No. 550 at www.mwrf.com

ProabePoint™

«Precision CPW lo yiStrip Adapter Substrates
*( ion Calibration and .
eAccurate Electrical Data (o Frequencies greater than 50 GHze

* 510,& 15 mil thickness @
sCompalible with 40GHz+ probes

J mieroTechnology
&hw

3744 NW Bluegrass Pl
Portland, OR 97229

Test Tooling for the Untestable

J MICROTECHNOLOGY

& ti!

ot ;rm cratechnology.com

Enter No. 551 at www.mwrf.com

RF Test

Particle Interconnect from this...

...to complete sockets.

exatron

Test Sockets

(408) 629-7600 (800) EXA-TRON
www.exatron.com

=

e
1

EI..ECT ONIGS

l "Where your drrams tarn into reality." ]

¢ Std. 5 and 10 MHz OCXO
* TCXO VCXO TC-VCXO
« WIDE BAND VCXO +- 5000 ppm pull
* Customized crystal and L/C filters
o std. 10.7/21.4/45/70 MHz two pole arystal filters
¢ Phase noise measurement services
Call / fax for the quote.

Call or Fax your requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Ph: (602) 971-3301 Fax: (602) 867-7250

Visit our website www kselectronics.com

THE NEXT GENERATION
PASSIVE INTERMODULATION (PIM)
ELECTROMECHANICAL SWITCHES

INTERMODULATION
* Low 3rd Order IM -110.dBc
* Ultra Low 3rd Order IM -130 dBc

Superior Quality
Outstanding Peformance
Low Cost

SP2T » Multiposition ® Transfer o Terminated

wew

Latching #  Failsafe +  Normally Open
SMA ® TypeN @ TNC o BNC e SC
Indicator Circuitry ® Suppression Diode o Cut Off Power Circuit
TTL Logic ® Solder Terminal ® MS Connector ® D’Sub Miniature Serics
Custom Designs » High Power ® Low Degradation ® Immediate Delivery

CHARTER ENGINEERING, INC.
View our online catalog at
wiww.ceiswitches.cont

10360 72nd Street North, Ste 817 Largo, FL 33777
TEL (727) 549-8999 FAX (727) 549-8018

EXATRON Enter No. 555 at www.mwrf.com

K'S ELECTRONICS Enter No. 556 at www.mwrf.com

CHARTER ENGINEERING Enter No. 557 at www.mwrf.com
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vl

From WR10 through WRO75...

Think SECTOR MICROWAVE

for your switch requirements.
Request your “R-F Switch Slide Guide”

SECTOR MICROWAVE
INDUSTRIES, INC.
999 Grand Bivd., Deer Park, New York 11729

(631) 242-2300 = FAX: (631) 242-8158
www.sectormicrowave.com

TO ADVERTISE,

SECTOR MICROWAVES

Enter No. 558 at www.mwrf.com

&

Filters to 50 GHz

® Waveguide

® Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NI

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 * 800-448-1666 ' FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http:/lwww.microwavefilter.com

J X 1INl LIRL ’ '. L 3}
CALL JOANNE REPPAS (201) 66

MICROWAVE FILTER CO. Enter No. 559 at www.mwrf.com

at iy
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6-6698

RF POWER
28 VoIt MOSFETs

PEOPLE TEL

POLYFET RF DEVICES Enter No. 560 at www.mwrf.com

PLDROs, PLCROs
Surface Mount DROs
PLDRO Modules

YIG SYNTHESIZERS

COMPACT DROs AND PHASE LOCKED
DROs OPERATE AT FREQUENCIES FROM
3.3 TO 14 GHz OVER -54 TO +85°C
Mechanical tuning range 4%

Power output +15 dBm min.
Reference input frequency 50-150 MHz

Power Supply: +12 or +15 = 1VDC @ 7SmA
RESOTECH ALSO OFFERS FERRITE CIR-
CULATORS AND ISOLATORS FROM 50
MHz TO 100 GHz

Princeton Microwave Technology

3 Nami Lane, Unit C-10, Mercerville, NJ
Tel: 609-586-8140 Fax: 609-586-1231
L\yww.Pmanct email: PmmT @aol.com

RESOTECH, INC.
13610 N. Scottsdale Rd.. #10-233, Scottsdale. AZ 85254
Tel: (480) 483-8400  Fax: (480) 483-2504

an OPHIR# company

Princeton Microwave Technology ~ Enter No. 561 at www.mwrf.com

RESOTECH, INC. Enter No. 562 at www.mwrf.com

RF/MW Component Distributor
Low Prices & Fast Delivery

info@rfcomps.com  www.rfcomps.
N9 UTE MICROWAVE
Drop-In
Circulators/Isolators
Up to 65 W Loads

Frequency 0.8 to 14 GHz*
Isolation 20 dB minimum
Loss 0.5 dB maximum
VSWR 1.25 maximum

Need improved specs, call us.
Ask about UTE'’s options
www.utemicrowave.com

RFCOMPS.COM Enter No. 563 at www.mwrf.com

Frequency
Multipliers

www.wilmanco.com
i Tel: (805) 523-2390 Fax: (805) 529-0892
Wl””ann” E?mgil: vzilliams@wilma:nc(o.co)m

WILMANCO

Enter No. 564 at www.mwrf.com

WAVECON

Enter No. 565 at www.mwrf.com
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DIRECT CONNECTION

ADS

TO ADVERTISE, CALL JOANNE REPPAS (201) 666-6698

NEW SAW DESIGN
IN HALF THE TIME

Developer and supplier of
SAW components - AEC Ltd.

E ADVANGED
SAW
FILTERS

Why should AEC be the one to choose?
- we deliver your custom designed SAW samples
in just a couple of weeks

- we have minimum or no design charges

- we offer extremely competitive prices

- we provide excellent quality and minimum lead-time
- We deliver SAW filters, SAW resonators, SAW
delay lines

Please contact our expert service at SES (SAW
Electronic Solutions)

Tel./Fax 770-360-8292, 678-473-8595, E-mail
ses4 @mediaone.net, visit our catalog at
http://on.wplus.net/aec/

SAW ELECTRONIC SOLUTOIONS Enter No. 566 at www.mwrf.com

SATELLINK, INC.
SUPER LOW NOISE
FREQUENCY  NOISE TEMPERATURE

15 GHz 25°K

7.5 GHz 45K

15.0 GHz 100°K

AMPLIFIERS
CONVERTERS
RECEIVERS

SATELLINK, INC.

3525 MILLER PARK DR.
GARLAND, TX 75042
(972) 487-1434

FAX ©72) 487-1204
TWX 910-860-5081

SATELLINK Enter No. 567 at www.mwrf.com

COAXIAL
SWITCH SPECIALISTS

« EXTERNAL
MANUAL
OVERRIDE

* AVAILABLE
ALL BANDS

*LONG LIFE

« WIPING RF
CONTACTS

«SECTOR MOTOR
DRIVEN

« PROVEN
PERFORMANCE

G SECTOR MICROWAVE
INDUSTRIES, INC.
999 Grand Blvd. Deer Park, NY 11729
(631) 242-2300 « Fax: (631) 242-8158
Request your “R-F Swich Slide Guide" today!

SECTOR MICROWAVES Enter No. 568 at www.mwrf.com

Discover New
Microwaves
Solutrions

MicrowavessRF

www. mwrf.com

Your gateway site to

Pericorn Electrorrics Growygs

m‘"‘ia--?"."’ih

Available as
Small. High Efficiency
28VDC Module or

as Full Economical
Rack Mount System
(120/220 VAL)

LCr
r ENTERPRISES

RF POWER

Biding A, 570 West Clearwater Loop
Post Falls, Idaho 83854 USA
208-457-0292 « Fax 208-457-0296
www.lcfamps.com
E-mail: info@Icfamps.com

AMPLIFIERS

Microwave
Test Flixture

Easily
Configurable
High
Thru-put

urable, manually op
y. Useful for production n

Standard and cust ck plates for testing

MICROSTRIP PACKAGES

J microTechnology
704 NW ss P

744 Blue
Pechnology 503} B!
o

The Standard for Test Correlation
J MICROTECHNOLOGY

Enter No. 570 at www.mwrf.com

LCF ENTERPRISES Enter No. 569 at www.mwrf.com

FREQ Ranges (MHz):
1-500, .1-150, .4-300, .005-100, 1-1000

GAIN:
15, 20 or 30 dB available (not in all ranges)
VSWR:
1.5:1 max, 1.1:1 Typical

FLATNESS:
+1dB or better depending on Freq. range

WIDE BAND ENGINEERING CO, INC.
www.wbecoinc.com

P.O. Box 21652, Phoenix, AZ 85036

Phone & Fax (602) 254-1570

WIDE BAND ENGINEERING Enter No. 571 at www.mwrf.com
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| HIGH-FREQUENCY PRESCALERS |

PESIGN

Continued from page 106
Improper connection from the metal
ground slug to a printed-circuit board
(PCB) can result in reduced bandwidth
performance as well as device over-
heating. The metal slug on the package
must be soldered to a rectangular metal
pad on the circuit board. The pad must
be a good RF ground and a good heat
sink. The size of the rectangular metal
pad should be approximately the same
size as the exposed metal slug on the pack-
age. For good heat sinking, the ground
pad on the circuit board should include
plated metal via holes extending to
another large area of grounded metal
on the board, such as a ground plane.
Soldering of this ground slug of the
plastic package to the circuit board is
best accomplished using solder paste and
asolder-reflow process. Since the exposed
surface of the metal slug is coated with
SnPb solder, electrically conductive
epoxy (which is not compatible with SnPb
solder) must not be used for the attach-
ment. A soldering iron is not suitable
for this attachment process since the
surfaces to be bonded are not exposed
for contact with the soldering iron. For
prototype work, a hotplate may be used
to achieve solder reflow, but a con-
trolled reflow oven process is preferred.
The eight metal leads of the plastic
package are also solder coated, so these
leads must also be bonded to the circuit-
board traces with solder (but not with
conducting epoxy). The lead labeled
“GND” is connected internally to a
grounded metal pad on the prescaler chip.
This lead should be soldered to a ground-
ed metal pad on the circuit board.
The backside of the die and the bond-
ing pads on the top side of the die are Au
metallized. The 4-mil-thick chips fea-
ture | mil of backside metal. The bond-
ing pads on the topside of the chip are
4 X 4-mil squares. The die may be
attached to a metal carrier using either
AuSn eutectic solder or electrically con-
ductive epoxy. Several bonding pads on
the prescaler chip (identified as GND)
are ground pads that are connected with-
in the chip directly to the backside-
grounded metal on the device. With the
die attached by AuSn eutectic solder or

electrically conductive epoxy directly to
a circuit carrier, it is not necessary to
run bond wires to these pads. The pads
can be used as bonding points for ground-
ing other circuit elements if necessary.

The phase-noise characteristics of a
prescaler should be well-understood
when the device is used in phase-noise-
critical applications. There are three basic
processes to keep in mind:

1. Theoretical analysis of a divide-
by-N frequency divider shows that the
output signal phase noise, expressed
on a per-hertz basis and referenced at
the same frequency delta from the car-
rier, is reduced by20log, ,(N) dB, com-
pared to the phase noise of the input sig-
nal. (Recall that for a XN frequency
multiplier, the phase noise is increased
by the same 20log,(N) dB factor.)

2. Due to thermal noise, 1/f noise pro-
cesses, etc., there will always be some
degradation of the output signal phase
noise from the prescaler relative to the
theoretical value. Asseen in Fig. 2, the
phase noise that is added by a prescaler
to a synthesizer is negligible.

3. Noise on the DC power-supply line
can be a significant source of phase-
noise degradation. Good device decou-
pling should always be used, along with
proper power-line filtering, shielding,
and grounding for the PCB layout.

Examples of plastic-packaged and chip
prescalers with connections configured
for single-ended input and output oper-
ation are shown in Fig. 3. For the chip,
the three control terminals (input dis-
able, power down, and output-power
select) are configured for full output-
power operation.

The firm offers evaluation boards,
primarily for the plastic-packaged
prescalers, although they can also be con-
figured for chip prescalers. The fully
assembled boards, which are set up for
50-Q single-ended input operation
include the prescaler, DC blocking
capacitors, decoupling capacitors, and
surface-mount-architecture (SMA) input
and output connectors. A user need
only apply an RF input signal and DC
power, and RF output signals are avail-
able at SMA connectors.

As an example of the type of design

possible with these prescalers, a 10.6-
GHz phase-locked oscillator (PLO) for
a frequency-reference requirement in
a Synchronous Optical Network
(SONET) OC-192 (10-Gbys) optical-com-
munications system was constructed
(Fig. 4). It is based on two Hittite prescalers:
a divide-by-2 unit followed by a divide-
by-8 unit. The 10.6-GHz VCO in this
circuit is a proprietary design, although
other tunable sources, such as a hybrid-
circuit varactor-tuned dielectric-res-
onator-oscillator (DRO) assembly, can
be substituted. The HMC403S8G dig-
ital phase-frequency detector is a stan-
dard Hittite MMIC, developed for high-
frequency, low-phase-noise applications.
Each of the three MMICs is housed in
a surface-mount plastic package. Figure
5 compared the phase noise of the free-
running VCO and the PLL.

Figure 6 shows a block diagram for
a microwave frequency synthesizer
designed and fabricated using a plastic-
packaged model HMC362S8G divide-
by-4 MMIC prescaler, along with a
commercial fractional-N synthesizer IC
from Analog Devices (Norwood, MA).
The phase noise of the synthesizer was
measured (Fig. 7) with a 3048 A test set
from Agilent Technologies (Santa Rosa,
CA). The prescaler delivers an output sig-
nal which is sufficiently low in frequency
for the synthesizer IC to process. In this
circuit, at the point before the active
frequency doubler, the circuit is essen-
tially a 13.0-to-13.3-GHz frequency
synthesizer with 5-MHz frequency steps.
The addition of the X2 active multipli-
er turns it into a 26.0-to-26.6-GHz syn-
thesizer with 10-MHz steps. The mea-
sured phase noise at 26 GHz is suitable
for systems employing 16-state quadra-
ture amplitude modulation (16QAM).

The VCO in this synthesizer is the
company’s model HMC401QS16G
MMIC. The push-push source has an
internal signal available that is one-
half the output frequency, thereby elim-
inating a separate divide-by-2 stage.
An integrated active doubler delivers the
desired 26-GHz frequency range. Active
multipliers in this frequency range are
also available in hybrid form from a vari-
ety of manufacturers. [T
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COVerStOry (continued)

Continued from page 118

contact member have tapered ends,
which produce a spring action and an
outward force along a center axis of cylin-
drical pressure contact.

To achieve low-frequency perfor-
mance, multiple capacitors are employed
in a coaxial structure (Fig. 6). Pairs of
parallel-plate microwave capacitors are
connected to minimize losses at the
lowest frequencies. The outer plates of
the two capacitors are connected through
a special miniature clip. This configu-
ration enables the total capacitance to
be increased and also provides a way
to install the capacitor assembly in a coax-
ial structure. Since the total capacitance
increases, the loss at low frequencies is
reduced. By using this with a pair of axi-
ally resilient coaxial connections on
both ends of the center conductors, a
solderless connection is created in the
coaxial transmission line.

The DC current is injected through
Anritsu’s tapered coil-type inductor,"

6. To achieve
good low-fre-
quency response
in the bias tee,
multiple parallel-
plate capacitors
are employed in a
coaxial

structure.

Center conductor-

Axially resilient
coaxial connection

Parallel
capacitors

Center conductor

Axially resilient
coaxial connection
Special clip for

connecting outer

plates of capacitors

which provides advantages in broad-
band resonant-free applications such
as bias tees. The diameters of the coil wind-
ings are tapered to reduce resonant loss
found in typical inductors, which have
uniform diameter windings. In a tapered
coil, the diameter of each winding is
slightly bigger than the next winding, dra-
matically reducing the resonant losses.
Additionally, the coil includes a core
made up of a dielectric material containing
a colloidal suspension of magnetic par-
ticles. This provides low resistive loss-
es and enables the coil to have large
low-frequency quality factor (Q). Since
magnetic particles will have magnetic per-

meability, the coil will have an increased
inductance at all microwave frequencies.
As such, a single coil can be used in a
filter, which requires a large low-fre-
quency Q, and as a bias line that requires
large resistance at high frequencies for
this particular high DC current appli-
cation. Anritsu Co., 1155 East Collins
Blvd., Richardson, TX 75081; (800)
ANRITSU, Internet: www.global.anrit-
su.com/products/components
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Continued from page 100

applied to it by a 20-kHz lowpass loop
filter. The order of the loop will deter-
mine how much attenuation is applied
per decade. So, an integer-N inherent-
ly attenuates the spur. The integer-N
ADF4113 spurious performance in
GSM-900 conditions is typically better
than —95 dBc.

This is where the fractional-N begins
to run into trouble. A 2-MHz PFD will
generally have a 200-kHz loop filter. (A
20-kHz filter could be implemented,
but this would only result in lock times
similar to the integer-N.) There will be
a spur at 2 MHz, which will be well-atten-
uated by the filter, just like an integer-
N. But the sigma-delta circuitry will
also introduce fractional spurs into the
system. As explained earlier, the first frac-
tional spur will usually appear at Fpep M,
which is the same offset that the first ref-
erence spur would appear in an integer-
N architecture. Again, its harmonics

will also appear. In the example used here,
this means a fractional spur will appear
at 200 kHz, which is just at the cutoff
of the 200-kHz loop filter. Therefore,
the filter will not attenuate this spur, and
its energy is modulated directly onto
the RF output. In practice, this results
in fractional spurs at levels that violate
acceptable limits for many applications.

What is the best choice of synthesizer
for a particular application and why
are integer-N synthesizers so widely
used? There are several reasons:

e Technology is still battling to over-
come the noise and spurious problems
inherent in implementing fractional-N
sources. The nonlinearity of the charge
pump becomes a critical factor in the
level of fractional-N spurs.

e Integer-N PLLs are still good enough
for many applications and are improv-
ing all the time.

¢ The extra circuitry needed to imple-
ment a fractional-N solution increases

current consumption. In the wireless
portable market, current consumption
is a critical specification.

e The “holy-grail” of the PLL design-
er will appear in the form of a frac-
tional-N synthesizer whose compen-
sation circuitry does not introduce any
excess noise or spurs into the system,
thereby providing all of the theoretical
advantages over integer-N.

e Finally, fractions are more difficult
to understand than whole numbers. It
was true in school, and is true in the PLL
world.
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Oscillator Operates From
—10 To +70°C

THE F4106-440/1.4PRISM IS a comple-
mentary-metal-oxide-semiconductor
(CMOS) oscillator that features a fre-
quency of 44 MHz and a standard oper-
ating temperature range from —10 to
+70°C. Optional features include an
extended temperature range of —40 to

T

+85°Cand a 22-MHz frequency. Appli-
cations include home computers, lap-
tops, palmtops, personal digital assis-
tants (PDAs), and digital cameras. The
oscillator is offered in the industry-
standard § X 7-mm ceramic surface-
mount-device (SMD) package and deliv-
ers +25 PPM. P&A: $4.00 (1000 qty.).
Fox Electronics, 5570 Enterprise Park-
way, Fort Myers, FL 33905; (888) GET-2-
FOX, FAX: (941) 693-1554, e-mail:
sales@foxonline.com, Internet: www.fox-
online.com.

Enter No. 62 at www.mwrf.com

Mixer Spans
9 To 20 GHz

COVERING THE 9-to-20-GHz band, the
M1-0920 mixer features an intermediate
frequency (IF) of DC to 10 GHz. Designed
for tuner applications requiring an ultra-
broadband IF, the unit is a double-bal-
anced mixer design, available in open-
carrier, pin-package, and surface-mount-
architecture (SMA)-connectorized out-
lines. Local-oscillator (LO) drive levels
from +7 to +22 dBm are available. Typ-
ical conversion loss is 5.5 dB with a
typical LO-to-RF isolation of 35 dB.
Marki Microwave, Inc., 215 Vineyard Ct.,
Morgan Hill, CA 95037, (408) 778-4200,

MICROWAVES & RF dﬂ

FAX: (408) 778-4300, e-mail:
Mixers@MarkiMicrowave.com, Internet:
www.MarkiMicrowave.com.
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Diode Targets
+3-VDC Platform

THE SMV1763-0791S a silicon (Si) hyper-
abrupt junction tuning varactor diode
that is specifically designed for +3-VDC
platforms. The unit features high-capac-
itance ratio and low-reserve voltage,
making it suitable for low-phase-noise
voltage-controlled oscillators (VCOs)
in wireless systems up to and beyond
2.5 GHz. The tuning varactor targets
high-volume, low-cost battery appli-
cations including low-noise and wide-
band ultra-high-frequency (UHF) and
very-high-frequency (VHF) VCO for
wideband code-division multiple access
(WCDMA), Global System for Mobile
Communications (GSM), personal-
communications-services (PCS), and
analog phones. P& A: $0.21 (100,000
qty.).

Alpha Industries, 20 Sylvan Rd., Woburn,
MA 01801, (781) 935-5150, FAX: (781)
824-4579, Internet: www.alphaind.com.
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Antenna Runs From
6.5 To 18 GHz

THE MODEL 0013-800 antenna system
consists of a 28-in. (71.12-cm) diame-
ter vertically polarized prime-focus
parabolic dish and feed that is opera-
tional from 6.5 to 18 GHz. Gain is 29.5
dBi minimum at 7 GHz, while the 3-dB
beamwidth is 17 deg. at 16 GHz. Polar-
ization is vertical. With an RF power
of 100-W CW, RF connection is type
TNC female. A boresight mount and
removable scope have been mounted to
the rim of the dish directly opposite
the waveguide mount.

Seavey Engineering Associates, Inc., 28
Riverside Dr., Pembroke, MA 02359; (781)
829-4740, FAX: (781) 829-4590, Internet:
www.seaveyantenna.com.
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News

FTIAs, once associated
with lower frequencies,
are now being designed
at higher microwave fre-
quencies in support of high-
speed optical-communi-
cations systems. What are
the limitations of current
semiconductor process-
es for TIAs and how are
they being employed in
modern optical-commu-
nications systems? Who
are the key suppliers of
high-speed TIAs? Do not
miss this special technol-
ogy update.
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PESORAMMALE DELAY LINE POL 10A
PELAT BAKGEL 615 pu

TWELVE YEARS AGO, a Special Report on phase shifters
and delay lines introduced the precision of the model PDL
1A programmable delay line from Colby Instruments
(Santa Monica, CA), with 625-ps total delay and 1-ps
tuning resolution at 1 GHz.

next month

Microwaves & RF October Editorial Preview
Issue Theme: Integrated Circuits

Design Features
October offers a host of
design articles on ICs, soft-
ware modeling, and mea-
surement strategies. For
example, an author from
RF Micro Devices (Greens-
boro, NC) explores the def-
inition of efficiency and
how to achieve it in IC Tx
designs. Additional arti-
cles examine the use of
harmaonic-balance tech-
niques for modeling non-
linear circuits and meth-
ods for making triggered
measurements with a sam-
pling power meter.

136

Product
Technology

The October Product Tech-
nology section will lead off
with a novel IC—a polar
modulator that provides
electronic control of sig-
nal phase and amplitude,
making it suitable for ampli-
fiers with feedforward lin-
earization and in smart
antennas. Other product
features will highlight a
microwave switch based
on MEMS technology, a
sensitive Rx based on HTS
technology, and a low-
power GPS Rx module.
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Xariable x
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The “no-nonsense” attenuator. .. The “incredible” attenuator. ..
For Audio, IF, and VHF. Elegant, classic, exceptional. With all the
Simple, straight forward, no frills. Not bad extras you'd expect at the top of the ARRA
when this economy model performs in the line. So uniquely new in its approach,
same classy manner as other ARRA high it’s one of a kind. Nothing else like it on the
precision units. market. It’s got everything...

¢ SMA connectors, others available e Low phase

e Off-the-shelf delivery « High RF Power

¢ 50 ohm impedance, 75 ohms available e Low VSWR & Insertion loss

e Specs that beat the competition’s s Extremely flat frequency response

¢ (-3 dB & high attenuation models
Directly calibrated models e Bands from 350-5000 MHz
Frfil:‘l‘:?“ Rur:;::-ttr:Hh }:"r:‘g':ld‘l:} Model No.
DC-60 10 1.0 0682-10F
DC-100 15 <03 K

.. the last word in variable attenuators

De-100 30 0.5
DC-250 10 .5

Uncalibrated models A RRA
DC-60 10 1.0 INC.
DC-100 20 0.6 3 :.,
De-100 o o | ANTENNA & RADOME RESEARCH ASSOCIATES l
DC-200 30 2.4 D682-30A

DC-250 15 1.2 0682-15

DC-500 1o 025 | 68210 15 Harold Court, Bay Shore, N.Y. 11706 o 516-231-8400
Enter No. 262 at www.mwrf.com FAX (516)-434-1116 @  Visit our website at www.arra.com
For complete info, write for literature. For instant info, see Microwaves & RF Product Directory.




Why not let our custom-design engineers help

I'm thinking
of an amp design
that actually does what

the market is saying

about 3G.

yOU Walk the talk? Whether your next wireless idea exists only on a

paper napkin or is already in testing, count on Anaren® for world-class custom engineering

solutions and support. Not only will our exclusive multilayer stripline technology minimize

costs. Compress footprints. Boost performance. And simplify your manufacturing process ...

Our engineering team’s unique modeling tools, design library, and testing resources assure

you of industry-leading development cycle times and products that match — or exceed —

your toughest specifications. Take the first step to being our custom-products partner: get

your free Anaren “Thinking Kit." To reply, use the reader service number.

O
Faily

Hybrid and
Directional Couplers;
Combiners and
Dividers

Terminations,
Resistors, and
Attenuators

Circulators and

Splitter/Combiner
Isolators Assemblies

Backplanes and
Custom Products

Enter No. 204 at www.mwrf.com

Think Anaren® ... and

give your amp a shot

of AdrenalLine”

L
re"a" Compact footprint.

Easy, non-binary splits. High power.
Low loss. What more could you ask of the
Anaren® Adrenaline splitter/combiner?
How about three- to eight-way power
modules for greater design and maintenance
flexibility? Or DC distribution for a little
transistor boost? And no cables, creating
more room for other amp functions. Oh, you
just want a high performance, plug-and-play
solution for other design-ready PA modules
for your AMPS, GSM, PDC, DCS, PCS, and
UMTS applications? Sure.

Whatever's on your mind, use the
reader service number to receive your free
Anaren “Thinking Kit.” Or email Anaren at

adrenaline@anaren.com.

Anaren

What'Ll we think of next?™

800-411-6596 > www.anaren.com
In Europe, call 44-2392-232392 > 150 9001 certified
Visa/MasterCard accepted (except in Europe)
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