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Agilent E4440A Performance

There is incremental change. And then there is the
Spectrum Analyzer (PSA) .

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 can uncover spurs hiding in noise where they might not otherwise
be found, with -153dBm DANL up to 3 GHz. You can measure the power in adjacent channels with 0.35dB
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 it measures.

Agilent Technologies
Innovating the HP Way

1-800-452-4844, Ext. 7286
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Israel 972-3-6892-570 » italy 39-02-8260-8484 » Japan 81-426-56-7832 « Jordan 9626-462-4907 « Kazakhstan 7-3272-582-020 « Korea 822-2004-5114 = Kuwait 965-243-2555 » Lebanon 961-4-405-413 « Malaysia 1-800-88-8848 « Morocco 212-231-22-70
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0,82 FF HT les 45 seconden en journee. **DM 0,24/min  ©2001 Agilent Technologies ADEP3464016/MRF Windows is a registered trademark of Microsoft Corporation
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e Operating Bands
From 1 - 15 GHz

e |deal for Wireless
Applications

¢ 12 Volt Operation

e Optimized Bandwidth/Tuning
Speed Combination

TYPICAL PHASE NOISE AT 2 GHz
(2 MHz Step Size]

)
T
\
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m
5,
Frequency 8 -100
R prac
Frequency step size W
Tuning range <
HRing Eng i %4

100 1K 10K 100K ™

‘Switching speed
FREQUENCY OFFSET FROM CARRIER (Hz)

Output power 10 dBm min.

Qutput bbwer variation ~ s2dBmin.
Inband spurs | 70 dBc min.

Harmonics ddBe

Phase noise See grap—hm P 3 For
Reference Internal or external ‘ additional

~ External reference information,

Frequency 5/10 MHz please contact
Input power 3 dBm +3 dB : .
TP * S Stan Eisenmesser at

~ Frequency control BCD or binary - (631) 439-9152 or

DC power requirement +15 or +12 volts, 200 mA seisenmesser@miteq.com

B 5.2 volts, 500 mA =
Operating temperature -10 1q +60°C .
o 68" x0.6” AN
‘ WIIT=63)
100 Davids Drive

* Acquire time depends on step size (low as 25 |is).
Information icon. Hauppauge' NY 11788

Go to www.mwrf.com and click on the Free Advertiser
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/" 4000 ViA Bebeador, Camarillo, CA 93012
| (B05) 445-9888 Fax: (805) 987-6990
ema|l |ca@lcatech com * www.jcatech.com

!

Model

JCA018-203
JCA018-204
JCA218-506
JCA218-507
\ T

Model

JCA04-403
JCA08-417
JCA28-305
JCA212-603

i JCAG18-406
8 JCAG18-507

Model

§ JCA12-P01

JCA34-P02
JCA56-P01

Freq Bange

GHz
0.5-18.0
0.5-18.0
20-180

Freq Range

GHz
05-4.0
05-8.0
20-80
2.0-120
6.0-18.0
6.0-18.0

. Range
GHz

1.35-1.85
3.1-35
59-6.4

JCAB12-P03 8.0-120
JCA1218-P02 12.0-18.0

Mu;iel

¢ JCA12-3001
JCA24-3001
JCA48-3001

N NOI

Freq Range

GHz
1.0-20
20-40
4.0-8.0

JCAB12-3001 8.0-12.0

12-1000
-302
-301

56-401

JCA1218-800 12.0-18.0

Freq Range Gain NF  Gain

GHz
1.2-16
22-23
3.7-42
54-59

Features:

+. Removable SMA Connectors

Gain N/F Gasn 1dB

Gam N/F Gain  1dB Comp.
dBmin dB max Flat#-dB pt dBm mm
25
25
25
25

Gam NF ‘L‘Gam

dBmin dB max Flat4/-dB pt. dBm min

dB min dB max Flat+/-dB pt. dBm min
3B 40 10 3
40 45 10 31
0 8 0 34
40 a8  Ib 3
2 48 20 25

Gain ain

dB min uaﬂrfn F|5+/an ‘:“d Esm
a - ik 10 10
32 2 1 10
.13 . 10
2 8 | 10
45 940 . 10

dBmin dB max Flat+/-dB pt. dBmmin
05 10
05 10
05 10
0.5 10
0.5 13
05 13
05 13
05 13
05 10

10 14
0.5 10
0.5 10

Options:

1dB Comp.

3dOrder VSWR DG Cure

ICPtyp  In/Out max
20:1
201
2.0:1
201
201

FIERS
3rd Order
ICPtyp  In/Out max
21 2.0:1
21 2 0 1
30
24
a8
37

ICPtyp  In/Out max
20:1
2.0:1
201
201
201

D LN

mA
250
300
400
450
500

VSWR DC Curre

mA
550
550
550
550
600
800

Comp. 3rdOrder VSWR DC Curre

mA

1000
2200
1200
1700
100

3rd0rder VSWR  DC Curre

ICPtyp  In/Out max
20 201
20 201
20 201
0 20
20 201

ICPtyp  In/Out max
8 201
il A
g g g
N 20
B 20
23 1.5:1
23 1.5:1
23 1.5:1
20 201
24 20:1
M 20
20 201

mA
200
200
200
200
250

1dBComp 3rdﬂrder VSWR DCCu

80
80
90
120
120
150
150
150
200
200
200
200

¢ Alternate Gain, Noise, Power, VSWR levels if required

* Competitive Pricing

* Temperature Compensation

* Compact Size

* Gain Control




SPIRENT

Communlcatlons

Somewhere along the line
someone didn’t
test for something.

Fortunately, when testing wireless products, Spirent Communications
offers a complete line of solutions. Spirent test systems get your
next-generation wireless product through development faster and avoid costly

market failures once deployed. Our solutions allow you to evaluate wireless
handsets and terminals at all phases of design; from development to performance
analysis. We address the latest test requirements for the newest technologies, _
including cdma2000, W-CDMA and EDGE. For more information on Spirent Spirent,

wireless test solutions go to www.spirentcom.com and click on TAS. The World Leager
In Performance

Analysis Solutions.

; 1-800-927-2660
Go to www.mwrf.com and click on the Free Advertiser Information icon. 4 .
- www.spirentcom.com
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Need a high performance first stage LNA for your PCS,

Your P C‘S Receiver ,S GPS, or WLAN receiver? Our NE34018 GaAs HEMT

PERFORMANCE delivers! You get low noise and high output IP; all in a

. y . , low cost, superminiature SOT-343 plastic package.
With NEC's New, Miniature ¥ P
Nearly half the size of a conventional SOT-143 device,
LO V‘/ COSt I ; I ;: the NE34018 can help miniaturize your handheld

wireless receiver design — while maximizing its per-

formance. The NE34018 is just one in a family of

NE34018 HEMT FETs: miniature plastic transistors from NEC.

GREAT PERFORMANCE, NEW Low PRICE... Want more information? Visit our website or call our 24-hour

W +23dBm Output IP; @ 2GHz
® 0.7dB NF, 15dB Gain @ 2GHz
B Ultraminiature SOT-343 package
® 70¢ in 100K quantities NE34018 NoiSE AND GAIN PERFORMANCE

automated Fax Hotline. We’ll get you data in minutes!

5&* -~ ) \ ‘ ®g
- & *u " 0 &
- i 8 ° : \ : 15 i
Housed in SOT-343 packages (right), these NEC HEMTS ) G ~— o I
are nearly half the size of conventional SOT-143 devices. £ oy 3
B2 5 E
VERSATILE NE76118 MESFETS: : L
B 0.84dB Noise Figure @ 2GHz o L
0 1 2 3 4 5 6 789
W [3.5dB Associated Gain @ 2GHz Frequency (6H2)
. Use as an oscillator, 2nd stage LNA,
or buffer amp
® 61¢ in 100K quantities For instant Product Data visit us at:
www.cel.com
Super Low Noise NE334501 HJ FETs: .
. Or call our 24-hour Fax Hotline
B 0.25dB Noise Figure @ 4GHz at 800-390-3232 and request !j'
B 16dB Associated Gain @ 4GHz Document #144 /
® Miniature plastic ﬁ}ur pin package (U.8, and Canada) f

W 99¢ in 100K quantities

NEC [9 8N California Eastern Laboratories

4590 Patrick Henry Drive = Santa Clara, CA 95054 = 408 988-3500 = www.cel.com

DISTRIBUTORS: Arrow (800) 525-6666 Reptron (888) REPTRON
Mouser (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)

Go to www.mwrf.com and click on the Free Advertiser Information icon
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Transceiver MCMs -
Fuel 3G Wireless Systems L=

The use of MCM technology can help cut
cost and power consumption without
sacrificing pevformance in next-
generation wiveless designs.
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WEINSCHEL QUALITY COMPONENTS & SUBSYSTEMS

Products |
That Makel
aWerld of -
Difference "

Whether it's standard off-the-shelf
coaxial components or custom deslgns fo
meet your requirements, e
contact Weinschel for
high quality products
that make a world of

difference in your
wireless applications.

Variable & Step
Attenvators

» Continuously Varioble, dc-4.2 e
© Manual Step, dc-26.5 GHz
« Connedtor Choice: SMA, N, 2.92mm
Programmable Attenuators
o RF, Wireless, & Microwave Models

(de-1,1.2,2, 3, 4,18, 26.5 GHz)
« New Solid-State Designs (PIN & GaAs FET)
* 75 © & Phase Compensated Designs
Phase Shifters
o dc-18 GHz
o Internal Self Locking Mechanism
Power Splitters & Dividers
* Resistive Models to 40 GHz
» Connector Choice: SMA, 2.92m, N
* 284 Woy Desgns SmariStep” Components
Fixed Attenuators & Subsystems
© Models from dc-40 GHz * Plug & Go Progmmm:gie Al::;nuolurs
« High Power Models up to 1,000 W and Relay Drivers
. M?l % ﬁ, legfi:: l:ndels « |EEE-488 & Standard Seriol Interfaces/Controllers
« Low Infermodulation Design Options * Bus Controlled Programmable Attenuator Units
« Connector Choice: SMA, 2.4mm, 2.92m, 3.5mm, N, 7/16, BNC * Custom Subsystem Design for Specialized Applications
Precision Adapters & Connectors T"mimm‘ & Loads
» Blind-mate Connector Systems o om dc-40 Ghz
« Puanar Ceown® Connector System L o High Power Models up to 1,000 W

y #~ * Low Intermodulation Design Options
Directional Couplers o « Conneclor Choice: SMA, 2.4mm,
« dc-4 GHz ® Octave & Broadbond w e 2.92m, 3.5mm, N, 7/16
elnsc e CERTIFIED
e CORPOKATIEON IS0 9007

An MCE Company
5305 Spectrum Drive, Frederick, Maryland 21703-7362 =
800-638-2048 © Tel: 301-846-9222 » Fox: 301-846-9116 Kcmarmsy e Coes
e-mail: sales@weinschel.com  Web: www.weinschel.com ¥

(b

N

3
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]
z
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Imagine the possibilities.

Introducing our newest NGA
InGaP HBT amplifier family with
low thermal resistance for higher
reliability and improved linearity
with broader bandwidth.

Stanford Microdevices introduces the NGA-100 through
¢ 0600 Series InGaP HBT amplifiers designed for
today’s and tomorrow’s advanced communication

- 4 infrastructure equipment. Design and fabricated

-~

with state-of-the-art InGaP/GaAsHBT technology for
higher reliability, these devices are ideal for use as
driver stages for higher power applications. Available in
small-form factor plastic packages, the NGA series are

biased with a single voltage and provide wide
bandwidth, high gain and exceptional linearity.

For more information on these new InGaP amplifiers,
visit our website today. Imagine the possibilities with
RF innovation from Stanford Microdevices.

NGA - InGaP MMIC 50 Ohm Gain Block Amplifiers

NGA-266 |
NGA-486 |
NGA-586

NGA-686

Data at 1 GHz and is typical of device performance.

* 5TANFORDO

MICRODEVICES

Visit us at Wirless/Portable
Booth #1319

www.stanfordmicro.com * 800-764-6642

Go to www.mwrf.com and click on the Free Advertiser Information icon.

© Copyright 2000 Stanford Microdevices. Stanford Microdevices is a registered trademark of Stanford Microdevices. Other trademarks are the property of their respective holders. All rights reserved



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

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

Go to www.mwrf.com and click on the Free
Advertiser Information icon.

New! Buy K&L Filters over the web
www.klmicrowave.com

USA EUROPE
Phone: 410-749-2424 Phone: 44-(0)-1262 605500 . MICROWAVE INCORPORATED
FAX: 410-749-2788 FAX:  44-(0)-1262 605504 _ ®

www.klmicrowave.com * E-mail: wireless@klmicrowave.com . ‘? m TECHNOLOGIES COMPANY



wirewound RF chip inductors
run circles around the competition

Higher Q Compared to non-wirewound chip coils, most
Coilcraft parts have Q factors that are 50% to 150% higher.

0402 (1005) - .-,

0603 (1608) Lower DCR Put as much as 3 times the current through
Tm——. our chip inductors thanks to their low DC resistance.
0805 (2012) .’+°, Higher SRF Ceramic construction shifts SRFs to much
S ' higher frequencies than multilayer or ferrite designs.
1008 (2520) - i Tighter tolerance Precision manufacturing techniques let
' _ ' us consistently produce parts with 2% inductance tolerance.
1206 (3216) Our most popular values also come in 1% tolerance.
R _ Better support From our engineer-friendly web site to our
1812 (4532) ' ¢ ¥ global manufacturing capabilities, Coilcraft is
R - just plain easier to do business with. ORDER YOUR
Springs” : , Visit us at www.coilcraft.com for technical F EE
R S A R data, free samples, simulation models and more. sAMP'-Es
ON THE g

[ ]
c‘ ™
RDER DIRE :
o 5322-2 CST.
800 ALLBY 5 &2 www.coilcraft.com 800/322-2645 Fax847/639-1469

OVERNIGHT DELIVERY! C
Go to www.mwrf.com and click on the Free Advertiser Information icon.



WelcomeToThe
Fiber-Optic Highway.
ThisWayTo

The Fast Lane.

Linking .~
th(‘ng i

\}.bf}d l'." K
Y’

40 and 65 GHz Bias Tees
©2000 Anritsu Company Sales Offices: United States and Canada, 1-800-ANRITSU, Europe 44(01582)433200,
Japan 81{03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com

www.us.anritsu.com
1-800-ANRITSU

Introducing the smoothest and
widest electronic on-ramp to the
fiber-optic highway: the new 40 and
65 GHz Bias Tees from Anritsu.
Besides boasting bandwidth to burn,
these low cost solutions feature
excellent low-frequency response, less
than 2.5 dB insertion loss at 65 GHz
and superior impedance match.

Available as DC Blocks or as com-
plete Bias Tees, these units also feature
precision K or V connectors for out-
standing performance and reliability.
But then, we ought to know, were the
company that invented them.

Impressed? Check out all the high-
quality millimeter, electro-optical and
optical components available from
Anritsu. From hermetic glass bead
assemblies to connectors, attenuators,
terminations, wideband amplifiers
and light sources, we can deliver a full
line of precision components in the
volumes you need, when and wherever
you need them.

For your free copies of our
precision microwave and optical
component catalogs, check out our
website at www.us.anritsu.com or call
1-800-ANRITSU.

Precision high-frequency
components from Anritsu. The
fastest track to the fast lane.

~nritsu

" See us at IWCE 2001,
Las Vegas Booth #249

Go to www.mwrf.com and click on the Free Advertiser I‘hformation icon.



(
AMPS
CDMA
CDPD -
DAMPS '
DCS1800 O 400 .
ECM ve r
EDGE
EW
to customers.
GPRS
GPS
GSM900
9,500 part
IFF ’
LEO
numbers
LMR ®
MMDS
NPCS
9,000,000
PCS1900 ¥y f 4
RADAR
RFID l o
soiutions
SMR ' :
TDMA ® '
shipped.
UMTS ;
WAP S
WBA
A Creating RF and Microwave solutions since 1953.
e What can we do for you?
WLL '
WWAN
We Have A Part In Your Future
PLL Synthesizer Modules Wideband RF Transformers Couplers 1S09001 Certified
Special Integrated Assemblies I Voltage Controlled Oscillators l Double Balanced Mixers I m
- o Power Dividers/Combiners | 1Q Modulators/Demodulators | PROUDLY MADE IN THE USA "A;;
om Contact the Vari-L Sales Department for your special microwave and RF component assembly needs.

J J

Go to www.mwrf.com and click on the Free Advertiser Information icon.



POOR CONTENT
To the editor:

In your September 2000 issue, an
article was written by Joseph Mazzo-
chette that appeared with the title
“New Materials Make Microwave
Components Safer For Users.” The
author’s thesis is that his company’s
products are somehow safer because
of their materials of construction. Yet,
references supplied by the author him-
self, on the article’s first page, confirm
the fact that the main premise of the
article is totally bogus.

For example, in the last full para-
graph on the first page, it says, “As a
solid ceramic of the size used in most
electronic applications there is no risk
of inhalation....”

I find it surprising that your maga-
zine would publish such an article.

Edwin F. Johnson, Ph.D.
Sunnyvale, CA

VAGUUM TUBE
To the editor:
I just read the article “Power De-

. vices Stake Their Territories” by Bar-

ry Manz in the November issue (p.
125). It was a good article. Now, I am
not a fan of Al Gore either, but a

Sure, it could be used as a rectifier, but
it is a twin triode. So, while poking fun
at Gore, please make sure your facts

. are straight. Keep up the good work,

since I really did enjoy your point that
tubes are not out of our current design
horizon.

John Severyn

MILLENNIUM
To the editor:

In response to December 2000’s ed-
itorial (p. 17), T would suggest that
2000 was the last year of the old Mil-
lennium and the first year of the new
Millennium.

Pragmatically, the whole thinking
on “there was no year zero, so the cen-

tury, millennium starts with the xx01 |

year” assumes that there was no year
zero. This particular view also ignores
that there was also no year one, year

FEEDBACK

two, ete., at least up to four and, prac-
tically, up to about year 435 or so,
when the whole mythological calendar

- was created.
12A U7 vacuum tube is not a rectifier. |

So capitalize the religious Millenni-
um and celebrate it this year, and low-
ercase the secular millennium and go
on a basis where a century is the 100
years that have the same initial digits.

Larry Mclellan
Maxim

Please comment

Microwaves & RF welcomes mail
from its readers. Letters should be
typewritten and must include the
writer’s name and address. The
magazine reserves the right to edit
letters appearing in “Feedback.”
Address letters to:

Jack Browne
Publisher/Editor
Microwaves & RF
Penton Media, Inc.

611 Route 46 West
Hasbrouck Heights, NJ 07604

1,239 580 Filters

-

Combline & Interdigital

Filters to 18 GHz

Surface Mount
Filters to 3 GHz

Western Regional Sales Office:
11652 W. Olympic Blvd.
Los Angeles, CA 90064

Ph: 800.776.7614 310.478.8224
Fax: 800.473.2791 310.445.2791

E-mail: sls@tte.com

w

Diplexers and

Multiplexers to 18 GHz

Micro-strip
High Pass
Filters to 18 GHz

www.tte.com =

America’s Filter Specialist since 1956

LC Filters to
3000 MHz

Micro-strip
Low Pass
Filters to 18 GHz

Eastern Regional Sales Office:
St. Pete Beach, FL

Toll Free: 877.363.0849
Ph: 727.363.0849

Fax: 727.363.7639
E-mail: sils@tte.com

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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STRENGTI

REPUTATION




True strength surpasses mere muscle.

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

space and complex design.

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

and innovation.

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

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

STRENGTH - it sets us apart.

))))))))))) ®

MICRO'DEVICES

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

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Visit us at CTIA Wireless 2001, Booth 3262 ) )
Mention strength when contacting us.

www.rfmd.com

TM & © 2001, RF Micro Devices, Inc.

Go to www.mwrf.com and click on the Free Advertiser Information icon. '



miniature FQFP-N
mum board space

grated designs = better performance
‘reduced component count

_ In wireless design, you face some extreme challenges. i

Our solutions meet those challenges. e

For example, consider M/A-COM’s newest E/D MESFET-based

- GaAs converter chips. No other converters yield better perf@frmancé

.  using less board real estate. That means better linearity pér mH};Watt\
. BesMi COM converters ~ ;  Of total DC power dissipation. But don't stop there. We also oﬁfer

in action at the Wireless Symposmm ' ~ stand-alone switches, mixers, VCOs, LNAs and power amplsﬁers-/

Febmary 13-15, 2001 and the most extreme high-performance integrated solutions to

in San Jose, CA booth #717 meet your most extreme challenges. A

tl’ca / Electronics

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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THE LIGHT AT THE
END OF THE TUNNEL?

Optical communications represents one
of the fastest-growing segments of the
electronics industry. And for good rea-
son—this technology offers communica-
tions bandwidths that go beyond the
wildest imaginations of the most seasoned
RF radio designers. While RF designers
must cope with channel widths in terms of
kilohertz and megahertz, optical-commu-
nications integrators have the luxury of
channel spacing in terms of gigahertz, and
links supporting data rates of 10 Gb/s and
more.

Optical communications, of course, is
“wired” communications, which sets it apart from wireless communications
devices with their inherent flexibility and portability. But wireless systems
are limited in bandwidth. Even highly touted millimeter-wave systems such
as local multichannel-distribution system (LMDS) deliver total bandwidths in
the neighborhood of 1 GHz. The total is then divided among multiple users
and services until the actual bandwidths available to a single user will be lim-
ited in direct proportion to the system operator’s profit margin.

True, optical-communications (fiber-optic) systems are tied down by the
nature of their infrastructures. They rely on long runs of glass fibers, usually
underground, in order to form an optical network. Despite requiring these
somewhat permanent installations, fiber-optic systems represent the major-
ity of communications networks being installed in new office-building con-
struction in this country, rather than wireless infrastructures. Yes, wireless
technology will certainly dominate all those communications applications re-
quiring mobility and portability. But in terms of raw bandwidth, wireless
technology is getting closer to the limits of current phase-based modulation
schemes. On the other hand, fiber-optic technology, with advances in dense-
wavelength-division-multiplexing (DWDM) technology (which essentially as-
signs different carriers to their own wavelengths within a single fiber), is only
scratching the surface for increasing the efficiency of bandwidth use.

So why write about fiber-optic technology in a microwave magazine? It may
be overly simplistic to say that fiber-optic and microwave technologies are
one and the same. Suffice it to say that they are companion technologies that
have been proven to work well together in common systems. And for mi-
crowave companies accustomed to manufacturing components with fine di-
mensions, where physical distances translate into quarter wavelengths, fiber-
optic technology is a logical extension. Many of the companies that supply
microwave products already know this, such as Agilent Technologies (Santa
Rosa, CA), ANADIGICS (Warren, NJ), Anritsu (Morgan Hill, CA), Califor-
nia Eastern Laboratories (Santa Clara, CA), Fujitsu (Santa Clara, CA), Max-
im Integrated Products (Sunnyvale, CA), and Oki Semiconductor (Sunnyvale,
CA). In the next several years, more microwave manufacturers will recognize
the opportunities for them in optical communications, and they will continue
to blur the line between microwave and fiber-optic products. And this maga-

zine will do its best to keep pace with the changes.

Publisher/Editor

Go to www.mwrf.com and click on the Free Advertiser Information icon.
MICROWAVES & RF « FEBRUARY 2001

17

Precision

RF-Microwave Components

Immediate Delivery
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Find Your Opportunity

Are you happy in your current job or do you want to start the new year off with a change in your career? We are currently seeking
team-oriented individuals interested in participating in the explosive expansion associated with our wireless telecommunications
products. We are Teledyne Wireless and we offer one of the best opportunities in Northern California to create a successful and
rewarding career in one of the fastest growing and most exciting industries.

Come discuss what you will be doing in 2001 and beyond!
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MICROWAVE COMPONENT ENGINEERS
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FILTER DESIGN ENGINEERS*
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MMIC AMPLIFIER DESIGN ENGINEERS*

Design and develop microwave and millimeter-wave integrated circuits (ICs)

ELECTROMECHANICAL SWITCH DESIGN ENGINEERS*

Design and develop coaxial switches, waveguide switches and related integrared assemblies
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MECHANICAL ENGINEER
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PRODUCT SALES MANAGER

Manage business development activities for Filter product line
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WIRELESS

A Teledyne Technologies Company
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The SA1137 is another addition in WJ's series of hybrid-based products optimized for existing
OC-192 networks. The SA1137 is a full-function amplifier capable of driving LiNiO3 modulators
and provides integral modulator bias and control. While the SA1137 is optimized for 10Gbps
applications (data rates up to 12.4Gbps), WJ's proprietary thin-film, process and integration tech-
nology has applicability to 40Gbps OC-768 systems and beyond.

THE COMMUNICATIONS EDGE™

WJ Communications, Inc
1-800-WJI-4401 o 408 577-0020 + sales@wj.com
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THE FRONT END

CLEVELAND, OH—Global demand for semiconductors and passive electronic com-
 ponents is projected to increase by 9.5 percent per year through 2004 to approximately
$440 billion (see table). Fueling gains will be the ongoing globalization of information tech-
nology (IT), in particular further development of the world Internet infrastructure and the
advent of new generatlons of handheld and wireless information-processing systems.
Electronic content is rising in a myriad of ongmal-equlpment products in vn-tually all coun-
tries. Semiconductor 5
demand will increase
by more than 10 per-

World electronic components demand

(billions of US dollars)

cent annually to $360 Eﬁﬁﬁ%?‘g“r%" mor:
billion in 2004, while Iltem 1994 1999 2004 99/94 04/99
passive-component | Electronics components 1780 2777 4365 93 95
growth of approxi- NorthAmerica 719 1195 1756 107 80
mately seven percent WesternEurope 292 450 67.4 90 84
per year will provide a - Japan 361 gg e 1 13.2;_ o od

; ~ Other Asia/Pacific 356 659 1185 g 125
worldwide market of Rest of world 53 Bo| 158 148 123

$76 billion. These and L__
 other trends are pre- Freedonia Group, Inc. (Cleveland, OH)

 sented in World Electronic Components, astudy from The Freedonia Group, a Cleveland-
based industrial market-research firm.

The best growth prospects for electronic components will increasingly be found in de-
veloping countries where electronics-related original-equipment markets are less evolved.
Many of these nations will fortify demand for consumer- and business-related electronic
products and systems. Electronic-components demand will decelerate in the US and most
. other industrialized countries from unsustainably rapid recent rates, although growth
- markets, such as third-generation (3G) mobile phones and Internet-related products, will
provide some offsetting support. The long-suffering Japanese market will exhibit some re-
covery from an extended period of weakness.

High-end integrated-circuit (IC) devices hold particularly good prospects, including ad-
vanced variants on the former such as microcontrollers and digital signal processors
(DSPs). More commodity-type products, such as discrete semiconductors, memory ICs,
and passive components in general, will exhibit somewhat slower growth. However, there
are pockets of above-average growth potential in most segments, including Flash-memo-
- ry ICs that are used in wireless phones, set-top boxes, and other more dynamic applica-
tions, such as integrated passive components, which incorporate the features of different

passive components in a single package.

PHOENIX, AZ—Motorola’s Semiconductor Products Sector, a supplier of RF' galli-
um-arsenide (GaAs) circuits, has completed qualification of its true enhancement-mode
(E-mode) heterostructure field-effect-transistor (FET) wafer process. This advanced
single-power-supply GaAs process is engineered to provide cost-effective performance
in linear transmitter (Tx) and receiver (Rx) cireuits for low-voltage portable wireless
applications.

“Motorola’s advanced E-mode GaAs technology provides advantages over depletion-
mode pseudomorphic-high-electron-mobility-transistor (PHEMT) devices,” says Karl
~ Johnson, director of Motorola’s Compound Semiconductor Technologies Laboratory. “Be-
cause of its low off-state leakage current, this true enhancement-mode device eliminates
the drain-supply switch required for depletion-mode PHEMT and metal-semiconductor-
 field-effect-transistor MESFET) devices.”
~ The first products using this E-mode GaAs technology are expected to be available to
the merchant market this month. The devices are scheduled to be manufactured in Mo-
torola’s Compond Semiconductor-1 (CS-1) 6-in. wafer-fabrication facility in Tempe, AZ.
The CS-1 fab completed conversion from 4-to-6-in. (10.16-t0-15.24-cm) wafers in June 2000,
making it the largest RF GaAs facility in the world.

~ “The E-mode GaAs technology helps to reduce the cost and size of the end product by

eliminating both the negative voltage generator and the drain-supply switch within the

handset power-amplifier section,” says Jim Oakland, manager of design and technology for
Motorola’s Wireless Transmitter Solutions Division.
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_ Bsp And RF chip NORWOOD, MA— Analog Devices, Inc. has announced that Siemens AG, a Global
e System for Mobile Communications (GSM) handset manufacturer, has selected Analog
SBISWHIBB Devices’ SoftFone digital-signal-processor (DSP)-based GSM baseband processor and
S“npl ied Far Othello direct-conversion RF chip set for use in their next generation of GSM phones and
OORE L~ sl terminal products. These new phones will feature extended battery life and include ad-
- sm Handsels vanced GSM network features such as general-packet-radio-service (GPRS) wireless In-
R : ternet access.

o “We are pleased that a well-established, top-tier GSM handset supplier like Siemens has
chosen our GSM solution, including the SoftFone DSP and Othello,” says Jerry Fishman,
president and CEO of Analog Devices.

The Analog Devices GSM solution includes the SoftFone and Othello chip sets, an ad-
vanced RF power-control integrated circuit (IC), and a highly-integrated battery/power-
management chip. The flexible architecture of the DSP-based SoftFone baseband proces-
sor is entirely random-access-memory (RAM) based, reducing development time and
‘enabling its use in multiple applications. The SoftFone chip set includes an Analog Devices
DSP processor, ARM®™ microcontroller, on-chip system static RAM (SRAM), a state ma-
chine for system timing, and an advanced bus-arbitration system.

Analog Devices’ Othello chip set, announced in late 1999, is the first open-market direct-

_conversion GSM RF chip set. Direct-conversion technology eliminates many of the dis-
crete components, such as surface-acoustic-wave (SAW) filters, found in traditional su-
perheterodyne receivers (Rxs).

]’ra“in_Sa'ew ENGLEWOOD, FL—Safety Warning System, L.C. has announced the launch of its

\pi el new Internet website, www.safetyradar.com, Developed by scientists at the Georgia Tech
Teﬂllnﬂlﬂﬂv Research Institute, the Safety Warning System™ (SWS) is a transmitter-receiver (Tx-
WBI's“e ls Rx) system that alerts motorists over one mile in advance of any one of a number of po-

vpsded ; tential road hazards. SWS Txs broadcast coded signals triggering one of 64 prepro-
allllﬂllell i grammed messages in SWS-enabled Rxs that are situated in motorists’ vehicles. The Rx

produces an audible alert followed by a light-emitting-diode (LED) display of the text mes-
sage, with some models also delivering a vocalized announcement of the message. First in-
troduced in 1996, there are an estimated 10 million SWS-enabled radar detectors (Rxs) on
the road today.

Visitors to the safetyradar.com website can view the current list of SWS text messages,
read about SWS Tx locations in their area, and learn about the technology and the histo-
* ry behind the SWS.

According to Janice Lee, president of SWS, L.C., “The new Safety Warning System
website is a wonderful opportunity for motorists, state- and local-government officials, and
lawmakers to learn more about the SWS, an exciting innovation in traffic safety that can
potentially save lives on our nation’s roadways.” Lee also states, “We are so excited about
the new SWS website because it is a one-stop resource where motorists can learn more
about the many safety benefits of the Safety Warning System and also find out how they
can help to get SWS transmitters installed in their areas.”

Wimiess Bala SAN FRANCISCO, CA—Telephia, Inc., the standard for competitive marketing in-

usersﬂa‘e ~ formation and network-performance intelligence, released survey data from the largest
el et i ~ independent study of its kind indicating that wireless consumers across the US are more
gviﬂe e " satisfied with the data capabilities of their wireless devices than they were five months

! > . ago,

, sa“SIac‘ion Consumers who use the wireless data capabilities of their mobile phones, personal dig-

l“gh lv e ital assistants (PDAs), laptops, and two-way pagers responded with an average satisfac-

T tion rating of seven based on a 10-point scale where “1” is “extremely dissatisfied” and “10”
i is “extremely satisfied.”

While the average level of satisfaction by mobile-phone users (from 6.0 to 7.0) and PDA
users (from 6.0 to 7.1) saw the largest increases, users of two-way pagers reported the
highest overall satisfaction rating (7.3). Satisfaction data for laptop users were not tested
in the previous study but received an overall rating of seven in the current study. In ad-
dition, more than 65 percent of users gave an overall satisfaction rating of “7” or above
for their devices.
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In today's exploding mobile
communications market you need
more than just any ordinary
amplifier in your base station. You
need Agilent ‘s high linearity, high
performance, highly consistent,
minature RFIC amplifiers. Their
compact size and impressive
performance allows you to design
smaller sites that won't ruin the
scenery.

Agilent Technologiesis a
leader in providing semiconductor
solutions for the connected world.
With an in-depth system knowledge
of RF from semiconductor design
through production and a lengthy
history of highly reliable semicon-
ductor and amplifier manufacturing,
we can help you design beautifully.

that will fit in anywhere.
Designed for super performance and
compact size with Agilent Technologies’
high linearity, high performance RFIC
amplifiers.

www.agilent.com/view/basestations

See us in San Jose a
Go to www.mwrf.com and click on the Free Advertiser Information icon.

Typical Specifications at 5V

Part # NF IP3
(dB) (dBm)

1.9 +17.5
MSA-2543 45 +13
MSA-2643 36 +21.9
MSA-2743 4 +28
ATF-54143*  0.55

Current
(mA)

Gain
(dB)

14.2
13.8
15.9
15.5
174

MGA-52543

*coming soon

For more information
about Agilent’s :
semiconductor 0
solutions for base

stations and a

special offer please
visit our website.

Agilent Technologies
Innovating the HP Way
t Wireless 2001 Booth# 1109

Agilent Technologies, Inc. www.agilent.com 9/00




THE FRONT END

NEWPORT, RI—The dense-wavelength-division-multiplexer (DWDM) systems
market will grow with a compound annual growth rate (CAGR) of 43 percent through
2005 when the market will reach 54 billion, according to KMI Corp.’s report, “World-
wide Markets for Dense Wavelength Division Multiplexing (DWDM).”

This growth reflects several trends: a maturation of the long-distance segment of
the DWDM equipment market, stiffening competition that will lead to price pressures,
and shorter-distance products in the market. By 2005, the short-distance segment will
exceed $9.6 billion and represent 18 percent of the market.

The DWDM systems market jumped from $4.2 billion in 1999 to $8.9 billion in 2000,
according to KMI estimates. From $1.7 billion in 1997, the market has grown at a 73-
percent CAGR over the last four years.

The DWDM market boomed from 1999 to 2000, as several indicators suggest. The
number of vendors offering DWDM system-level products grew from approximately
15 in 1999 to more than 30 in 2000, despite some high-profile acquisitions in the indus-
try. The number of carriers that have deployed DWDM rose from 75 in 1999 to 175 in
2000. The number of publicly announced contracts for DWDM also approximately dou-
bled from 75 in 1999 to 150 in 2000.

 IRVINE, CA—Intersil and Silicon Wave announced that development is underway for
dual-mode wireless local-area-network (WLAN) solutions that will allow laptops and oth-
er devices to wirelessly connect to a company LAN or to companion devices.

The goal of the Intersil/Silicon Wave co-development effort is to yield a series of dual-
mode solutions, all of which marry a fully compliant Bluetooth radio with a WECA Wi-Fi-
certified IEEE 802.11b-compliant radio on the same platform. The initial platforms offered
will be Cardbus 32 and MiniPCI. An additional goal is to employ dynamic switching so that
both radios can use a common antenna, These dual-mode radios will be substantially small-
er than two stand-alone solutions.

Intersil has already developed several reference designs for IEEE 802.11b-based sys-
tems and Silicon Wave was first to market with their Odyssey Radio Solution for Blue-
tooth connectivity. Development teams made up of experts from each company are de-
veloping a complete reference design that solves all design, operating, and manufacturing
issues involved to have both of these advanced technologies on the same card.

The American National Academy of Television, Arts, and Science has given its
Emmy Award to Video Quality Analyzer DVQ from Rohde & Schwarz. DVQ received
the award in the category “Advanced picture-quality measurement technology for
digital TV” due to its principle requiring no reference signal...Merrimac Industries,
Inc. announced that it has been granted another patent for its Multi-Mix™ Waveguide
Filter from the US Patent and Trademark Office entitled “Multilayer Dielectric
Evanescent Mode Waveguide Filter.” These filters are typically found in wireless ap-
plications such as base stations, mobile radios, pagers, point-to-point, and point-to-
multipoint radios, and local multipoint-distribution service (LMDS)...Avnet, Inc.
ranked 18th in eWeek magazine’s FastTrack 500 list for 2000. In compiling its list,
eWeek rewards companies for having deployed e-business technologies such as cus-
tomer-relationship management applications, significant e-commerce applications, In-
ternet-enabled data warehouses, and high-speed networking...The Wireless Commu-
nications Association (WCA) announced special awards for two distinguished former
publie officials who have provided vision and leadership in advanced communications.
The Lifetime Regulatory Vision award goes to Dale Hatfield , who retired on Decem-
ber 8, 2000 as Chief of the Office of Engineering and Technology at the Federal Com-
munications Commission (FCC). A separate award for Technical Vision and Industry
Service by an individual largely working in the private sector goes to Vivian & Asso-
ciates president Dr. Weston E. Vivian, an independent consultant who played a pio-
neering role in the growth of broadband wireless worldwide...Repeater Technologies
announced that the US Patent and Trademark Office has issued US patent number
6,125,129 to the company for a delay-combiner system for code-division-multiple-ac-
cess (CDMA) repeaters and low-noise amplifiers (LN As). The patented technology is
a core element of the company’s receive-diversity technique for CDMA repeaters.
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e [ No excuses. Give me

a definite delivery time.]

Tight deadlines for test and measurement equipment? When a drop

dead delivery schedule is critical, TestMart—the precision instrumentation
industry’s new standard for credibility and reliability—brings you what
you need when you need it.

First, make an informed decision. Examine unbiased, detailed specs on over
16,000 products in more than 130 categories on our website. Buy, lease or
rent. It’s your choice.

Next, take immediate advantage of our secure, easy-to-use online commerce
features to get accurate delivery information. TestMart will tell you when you
will get your equipment, confirm that it's on its way, and then get it to you
on time. You can also call toll-free or fax us to make TestMart your first
choice for everything test and measurement.

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

www.testmart.com

toll free 1-888-665-2765
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GSM/EDGE - 1800 MHz 50 Watt LDMOS Amplifier

Ericsson Microelectronics

Screaming for
LDMOS?

Go for the GOLD
with Ericsson

With our GOLDMOS™ technology (LDMOS with all-gold

PTH 32002 PTF 10153 metalization) you get the reliability needed for today’s
i / s /W'o — _h” demanding GSM/EDGE RF power amplifier designs.

S s The PTF 10193, PTF 10160, PTF 10153 and

P-1dB=10W P-1dB = 60 W

Gain = 25 dB (Min) st e Leh PTH 32002 from Ericsson Microelectronics, provides the

GSM/EDGE - 900 MHz 50 Watt LDMOS Amplifier

reliability and performance your power amplifiers require.

This is an excellent line-up with the performance

PTF 10193 PTF 10160
e e \ e needed for GSM/EDGE applications.
/ ? Just call or visit our website at
Vo =26V Voo =26V A
PYidB = 12w plidB = 85 W www.ericsson.comlrfpower for a free copy of our
Gain = 18 dB (Typ) Gain = 16 dB (Typ)
17 dB (Min) 15 dB (Min)

Ericsson Microelectronics

product data book, short form or interactive CD.,

www.ericsson.com/microelectronics
North America

Tel: +1 877-GOLDMOS (465-3667)
International Sales
Tel: +46 8 757 4700
Fax: +46 8 757 4776
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We specialize in amplifiers.
Kalmus gives you a genuine
choice of performance, features and bandwidth for any
application that requires RF power amplifiers. From
radar, MRI, EMC and high energy physics to EW,
communications, broadcast and automotive - Kalmus has
the right amplifier.

Choice means savings. Kalmus has worked closely with
our customers to develop the industry's widest variety of
RE amplifiers. We offer solid-state, cavity and tube
amplifiers in broad-band, narrow-band
or single frequency configurations.
F'rom 10 kHz to 10 GHz and beyond,

. Kalmus builds the Widest Variety of RF Amplifiers

from a few watts to several kilowatts, there's an amplifier
in each frequency and power range with just the features
you want. You won't end up buying more than you need.

Built to your specifications. Sometimes there isn't an
existing Kalmus RE' (or microwave) amplifier that satis-
fies your particular application. In that case - we'll build
it! Kalmus has been meeting all our customer's needs for
nearly thirty years.

Contact Kalmus. 'or more specific details on our complete
line of RF and microwave amplifiers, and the name of your
nearest Kalmus represen-
Lative, just visit our web site
or call us toll free (US) direct.

- -
The RF Amplifier Company

Go to www.mwrf.com and click on the Free Advertiser Information icon.

11807 North Creek Parkway South, Suite 109, Bothell, WA 98011 « Phone: (800) 344-3341 e (425) 485-9000 e Fax: (425) 486-9657
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National's New Op Amp
Drives 130 mA With
Unlimited Capacitive Drive

LM8272 Dual Op Amp With
2.7 - 24V Operation in an
MSOP-8 Package

I()U‘]’: 130 mA

Capacitive Load Capability: 0 to
Wide Voltage Range 2.7 - 24V
GBW 15 MHz @ 12V

Slew Rate 15V/ S

Rail-to-Rail Input and Qutput
Available in MSOP-8 Package
Supply Current: 0.95 mA/Channel

e & o @ © * 9 @

Ideal for TFT-LCD Flat Panel V¢gm Drivers, Panel
Repair Buffers, Headphone Amplifiers, A/D
Converter Buffers, and High Side/Low Side Sensing

For More Information on the LM8272:
www.national.com
1-800-272-9959

Free CD-ROM Data Catalog Available at:
freecd.national.com

© Nationa! 2000. Nationel and flere regisiered trademarks of National Semiconductar Corporatian. Al rights reservind.

Go to www.mwrf.com and click on the
Free Advertiser Information icon.
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Fiber-Optic Technology

A wide range of components and test solutions is
available to support system developers puvsuing
10-Gb/s fiber-optic communications links.

Fiber-Optic Technology
Drives To 10 Gh/s And Beyond

ALAN CONRAD connection of a remote antenna to a
Special Projects Editor wireless base-transceiver station
JACK BROWNE (BTS), as well as systems for integra-
Publisher/Editor tion with wireless local loops (WLLs),

EMAND for data at higher speeds continues to push communica-

tions technology, notably in the components used for forming fiber-

optic networks. While systems operating at Synchronous Optical

Network (SONET) rates of 622 Mb/s were once considered the state
of the art in high-speed optical communications, system integrators are
now pushing for rates of 10 Gb/s and beyond in support of customers’ needs
for faster Internet access and data transfers.

While most current, high-speed
optical systems operate at maximum
data rates of 2.5 Gb/s (0C-48), trends
such as the growth of in-home offices
(with requirements for high-speed
data access) and the increasing use of
the Internet, e-mail, and an increase in
videoconferencing contribute to the
demands for faster data rates. While
fiber-optic links represent an initially
high investment to install cable, the
use of glass fibers to transmit informa-
tion through light pulses
offers several advantages
over wired and wireless com-
munications systems.

For example, fiber-optic
links provide almost unlimit-
ed bandwidth, with the regu-
latory restrictions faced by
wireless communications for
bandwidth occupancy. Once
fiber-optic cables are
installed, the data rate of the

link can be increased as faster 1. A family of DWDM multiplexers and demultiplexers
optical sources and photode- based on advanced fiber Bragg grating filters and ma-
tectors become available. And ture thin-film technology supports 2.5-Gb/s OC-48 as
fiber-optic communications well as 10-Gb/s OC-192 systems. (Photograph courtesy

on the transmission and reception of
light pulses, are immune to the effects
of electromagnetic interference (EMI)
and RF interference (RFI).
High-speed optical links are useful
for analog and digital applications. On
the analog side, companies such as
Anacom Systems Corp. (Piscataway,
NJ) supply high-speed optical
transceivers and modules for use with
RF wireless systems. For example,
the company offers an optical link for

systems, since they are based of JDS Uniphase, San Jose, CA.)

cellular-communications systems, and
personal-communications-services
(PCS) systems. Last year, MITEQ,
Ine. (Hauppauge, NY) introduced a
series of analog fiber-optic links with
better than 1-GHz bandwidths for in-
building cellular and antenna-remoting
applications (see Microwaves & RF,
April 2000, p. 133).
Optical-communications technolo-
gy is attractive to service providers
due to its massive bandwidths. Chan-
nel spacings of 50, 100, and 200 GHz
are typical in International Telecom-
munications Union (ITU)-approved
optical-communications systems—
with bandwidths far beyond the
realm of wireless systems. As an
example, AC Technology (Santa
Clara, CA) provides a series of multi-
_ plexers for dense-wave-
length-division-multiplex-
 ing (DWDM) systems with
- 200-GHz communications
- bandwidths. The firm’s four-
and eight-channel multi-
plexers employ thin-film
coating and proprietary
- design of nonflux metal-
- bonding micro-optics pack-
aging to achieve optical
- add-and-drop channel capa-
bilities at 200-GHz ITU
channel spacings.
JDS Uniphase (San Jose,
CA) provides a family of
DWDM functional blocks,
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Fiber-Optic Technology

including multiplexers and demulti-
plexers (Fig. 1). Based on mature
thin-film filter components and
advanced fiber Bragg grating filters,
the modules are assembled using
proprietary packaging techniques
and are completely passive, thus
there is no need for temperature con-
trol. Designed with epoxy-free opti-
cal paths for high reliability, modules

are available for channel spacings of |

50, 100, and 200 GHz for use in 2.5-
Gb/s OC-48 systems as well as in 10-
Gb/s 0C-192 systems.

The build-up of optical-communi-
cations systems has created some
opportunities for traditionally
“microwave” manufacturers. Com-
panies such as Veritech Microwave
(South Plainfield, NJ), B&H Elec-

SINGLE BIDIRECTIONAL FIBER

Go far

with your repeater, microcell and back-hauling systems needing 2

remote antenna from the base station. Anacom’s high performance RF/Fiber
Optic modules give your system the capability to transmit 10km, 20km or more

- all at <1 dB/km RF loss.

ers allow you to remote dozens of low power antenna with impunity,

com’s proprietary RF/Fiber Optic transceivers are rugged, compact OEM

es designed for easy

integration into your AMPS, GS
°CS PCN LMDS, WLL, IF or other anten

system. Anacom’s

ive product support group and flexible volume manu- P e i
ethods assure you an efficient design and a success- ’ o

RF ON FIBER

s revolution. §

32-564-1990

tronics (Monroe, NY), and CTT
Wireless (Santa Clara, CA) supply
broadband amplifiers for use in opti-
cal-communications systems.

Veritech Microwave supplies a
variety of components for 2.5- and 10-
Gb/s terrestrial WDM optical-com-
munications systems, including opti-
cal-modulation drivers. Designed for
excellent phase performance, these
modulation drivers provide stable
output levels with temperature. The
output levels are adjustable, permit-
ting the designer to maximize extinc-
tion ratio. The modulators include
internal DC regulation and reverse
voltage protection.

One traditional microwave compa-
ny to recently enter the optical-com-
munications sector is CTT (Santa
Clara, CA), through the creation of its
CTT Wireless business. The CTT
Wireless part of the company now
offers a series of wideband driver
amplifiers and subsystems in support
of OC-192 and faster architectures. An
example unit provides 18-dB gain
from 10 MHz to 15 GHz with a gain
flatness of 62.2 dB (Fig. 2). The ampli-
fier provides at least +10-dBm output
power across the full bandwidth.

With the maturation of OC-48 (2.5-
Gb/s) technology, a growing number of
firms are now offering standard com-
ponents for OC-192 (10-Gb/s) use.
Leading suppliers at the integrated-
circuit (IC) and module levels include
ANADIGICS (Warren, NJ), Fujitsu
(Santa Clara, CA), Oki Semiconductor
(Sunnyvale, CA), Vitesse Semiconduc-
tor (Camarillo, CA), and WJ Commu-
nications (City, CA). ANADIGICS, for
example, offers the model
ATAT601D1 transimpedance ampli-
fier (TTA) for SONET 0C-192, 10-Gb/s
Ethernet, and 10-Gb/s DWDM applica-
tions. The TTA, with a low-frequency
cutoff of 30 kHz, achieves a typical
bandwidth of 9 GHz. It operates from a
+5-VDC supply with 325-mW typical
power dissipation. It features optical
sensitivity of -19.5 dBm and group
delay of +25 ps from 1 MHz to 9 GHz.
The amplifier, which provides differen-
tial outputs for good low-noise perfor-
mance, achieves a differential output
voltage of 400 mV. Discovery Semicon-
ductors (Princeton Junction, NJ) also
offers semiconductor-level devices
based on PIN-diode technology, for 10-

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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Package solutions for the serious designer

Unleash creativity with packaging designed for wireless applications. The
world’s smallest, lightest, and most cost-effective packaging technologies

are available today and ready for tomorrow. Let’s go wireless with Fujitsu.

For information about Advanced Packaging, call Fujitsu, or see our website

at www.fujitsumicro.com
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Bump Chip Carrier, BCC++, BCCg++, BCCg++, and superCSP are trademarks of Fujitsu Limited.

Go to www.wsdmag.com and click on the Free Advertiser Information icon.



Fiber Tecimolag

and 40-Gb/s optical receivers (Rxs).
Blaze Network Products (Dublin,
CA) has addressed one of the limita-
tions of high-speed optical networks
such as Gigabit Ethernet—transmis-
sion distance over multimode fiber
backbones. The company’s Afterburn-
er™ multimode transceiver enables
gigabit-level data transmission at dis-
tances up to 2 km. Based on WDM

technology, the Afterburner trans-
ceiver is available in several form fac-
tors and has multiple interface
configurations. As the market mi-
grates to higher speeds, Blaze hopes to
be ready with transceivers and port
cards that enable backbone capacities
of 10 to 50 Gb/s, as well as cost-effec-
tive, high-speed photonic solutions for
backplanes, traces, and converters.

BEFORE -
COMPEX

83 T S 8 T SR TSR S0

e

o ch pacrtors are and always
duct for over 20 years, we have
velop the broadest variety of chip types,

conﬁgurations sizes, values, and tolerances available today.

We offer standard edge to edge metalization caps (CSA),
margin caps (CSM), row or bar caps (CRO) which Compex
introduced to the industry, row or bar caps with margins
(CRM), surface mount gap caps (CSB), binary adjustable

caps (CAD), and custom arrays (CSX).

Now, with improved production systems, Compex Corp. is currently able to guarantee ship-
ping within 72 hours on our CSA line and 1-2 week shipping on all other capacitors (certain

quantity and tolerance limitations apply).

All processes from mixing and milling to final testing and packaging are all done in our facil-
ity under our complete control, so why not let of our engineers assist you in designing a new

part or cross referencing a part currently in use.

For complete information on the broadest line of single layer capacitors with the quickest
delivery in the industry, contact Compex Corp. Taunton Professional Parke, 238 Taunton Blvd.,
Medford, NJ 08055. (856) 596-9388. Fax (856) 596-3482. E-mail SALES@COMPEXCORP.COM

COMPEX CORP

electronic components
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Vitesse Semiconductor Corp. offers
several gallium-arsenide (GaAs) inte-
grated circuits (ICs) designed for use
in 10-Gb/s optical systems. The model
VSCR073, for example, is a 16-b multi-
plexer that combines 16 622-Mb/s low-
speed input signals into a single 10-
Gb/s high-speed signal. With a fully
differential low-speed interface, the IC
operates from a -5.2-VDC power sup-
ply and is supplied in a thermally
enhanced plastic package. Its counter-
part, the model VSC8074 16-b demulti-
plexer, accepts a 10-Gb/s high-speed
serial data stream and demultiplexes it
into 16 differential parallel 622-Mb/s
outputs. The device includes a differ-
ential 622-Mb/s clock input.

The firm also offers the model
VSCT7990, a 10.7-Gb/s laser-diode driv-
er with enough bandwidth to accom-
modate forward error correction
(FEC)in 10-Gb/s serial Ethernet appli-
cations. Users have direct access to the
laser modulation and bias field-effect
transistors (FETs), with up to 100-mA
available modulation current and 100-
mA available bias current. Direct-laser
bias and modulation currents are set
by external components, enabling the
precision monitoring and setting of the
current levels. Clock and data inputs
are differentially terminated in 50 ().
The laser-diode driver, which operates
with a single +5.0- or -5.2-VDC supply,
achieves a typical rise time of 25 ps. A
two-chip OC-12 to OC-192 optical
transmitter (Tx) can be easily imple-
mented using the VSCT7990 and the
company’s VSC8171 10-Gb/s multi-
plexer/clock-recovery unit.

Vitesse’s VSC7226-01 quad 8-b par-
allel-to-serial transceiver and

2. Wideband-modulation driver am-
plifiers such as this unit support
transmissions in OC-192 optical-
communications networks. (Photo-
graph courtesy of CTT Wireless,
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‘Wireless is transforming
What about you?

Will you keep pace with 3G, or will you set it? Profound chaﬁge
confronts the wireless world. Technologies are migrating fast and
furiously toward 3G. Agilent has been spurring this evolution since
the beginning, as a driving force on the test standards boards. So in
collaborating with us, you'll propel yourself quickly ahead of the
development curve. Not only are our solutions 3G compliant, they're
infused with industry insight you'd expect from the company who
helps define the test standards. Whether you're designing, verifying,
or manufacturing, you'll have the solid foundation needed to focus
on executing quickly. And, no matter where in the world your team
is working, they'll have access to that expertise—whether it's
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V8C7226-02 quad 8-b serial-to-parallel
transceiver can be used for high-band-
width interconnection between busses,
backplanes, or other subsystems. By
combining four of the Gigabit Ether-
net-compliant transceivers, more than
20 Gb/s of raw duplexed data transfer
is possible. Each channel of the
VSC1T226-01 can operate at a maxi-
mum data-transfer rate of 1920 Mb/s (8
b at 240 MB/s) or a minimum data-
transfer rate of 760 Mb/s (8 b at 95
MB/s). Each channel of the VSCT7226-
02 can operate at a maximum data-
transfer rate of 2500 Mb/s (8 b at 312.5
MB/s) or a minimum data-transfer rate
of 960 Mb/s (8 b at 120 MB/s). The
V8CT7226-01 and VSC7226-02 can also
be configured to operate as four nonen-
coded 10-b transceivers.

WJ Communications, Inc. (San Jose,
CA)alsorecently introduced the model
SA1137 modulation driver in support
of OC-192 systems. Designed for clock
rates from 9.9 to 12.4 Gb/s, the modula-
tion driver features a +3 to +8 VDC
peak-to-peak output with 25-ps
rise/fall time. Ideal for driving lithium-
nitrous-oxide (LiNiO); optical modula-
tors, the SA1137 includes an integral
optical-modulator DC bias port, output
voltage detector, output level control,

and crossover adjustment.

Conexant Systems (Newport
Beach, CA) offers a four-channel serial
transceiver capable of 12.5-Gb/s opera-
tion. By combining four 3.125-Gb/s
channels on a single chip, the firm was
able to fabricate the OC-192 device
using a 0.25-pm complementary-
metal-oxide-semiconductor (CMOS)
process. Four of the 12.5-Gb/s chips can
be combined to achieve data rates to 50
Gb/s without additional synchroniza-
tion circuitry.

Network Elements, Inc. (Beaver-
ton, OR) recently introduced the
SmartModule family of modules for 10-
Gb/s Gigabit Ethernet applications.
Modules include clock/data-recovery
units and optical-electrical-optical con-
verters.

SYSTEM SOLUTIONS

How are these components incorpo-
rated into 10-Gb/s systems (Fig. 3)?
Hitachi (Brisbane, CA), for example,
offers the advanced-multiservice-net-
work (AMN) product family for 10-
Gb/s transmissions and beyond. All
members of the AMN product family
are managed by a sophisticated Ele-
ment-Management System (EMS)
operating on a common platform.
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3. This block diagram shows the types of components and modules needed
in the construction of an OC-192 10-Gb/s optical-communications system.
(Diagram courtesy of Oki Semiconductor, Sunnyvale, CA.)

The company’s AMN 5192 is a next-
generation Synchronous Optical Net-
work (SONET) OC-192 transport sys-
tem designed to address a full range of
applications from long-haul transmis-
sion to metropolitan rings. It combines
basic 0C-48, 0C-12, and 0C-3 multi-
plexing with a wide variety of
advanced functions for high reliability
and economic use in today’s expanding
telecommunications networks. The
system offers a full 20-Gb/s tributary-
drop capacity per node and extra traf-
fic protection-channel access (PCA),
effectively increasing total throughput
to 40 Gb/s.

Hitachi’s AMN 6100 is an advanced
0C-192 DWDM optical-transport sys-
tem. The unidirectional AMN 6100 sys-
tem can deliver a full 1.28-Th/s data
rate in each direction. It provides the
capability, scalability, high-reliability,
and interface flexibility from OC-12 to
0C-192. The AMN 6100 has an open
architecture, which enables carriers to
transport all types of traffic including
voice, video, and data.

WorldCom (Clinton, MS)is testing a
next-generation DWDM transmission
system that carries 88 10-Gb/s chan-
nels in each of two transmission bands
for a total of 176 10-Gb/s channels. The
system, based on the FLASHWAVE
OADX architecture from Fujitsu Net-
work Communications, Inc. (Richard-
son, TX), is part of an evaluation pro-
gram called the “Terabit Challenge”
being conducted by WorldCom.
According to WorldCom’s CTO, Fred
Briggs, “The Terabit Challenge allows
vendors to showcase their products
while allowing WorldCom to test net-
work solutions.”

Lucent Technologies (Murray Hill,
NJ) offers a comprehensive family of
system and modular solutions for 10-
Gb/s optical communications that is
known as the WaveStar product line.
In fact, the firm’s WaveStar TDM 10G
systemis a multishelf architecture that
can combine a variety of 0C-3, 0C-12,
and OC-48 traffic onto an OC-192 line
for transport to distant OC-192 multi-
plexers. Since the system is designed
to work with an embedded base of 2.5-
Gb/s OC-48 networks, it provides a
flexible and cost-effective solution for
upgrading current optical-communica-
tions systems to next-generation
requirements.
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Electromechanical Phase Shifters from Sage offer today’s test
engineers and system designers several advantages over solid-state
technology. These rugged and precise devices are capable of the highest
stability, lowest loss, broadest bandwidth, and highest power handling
performance. OEMS around the globe are using them to adjust clock
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In fact, the company is already mar-
keting its WaveStar TDM 40G system,
which is designed to deliver 40 Gb/s of
capacity with a single laser over a sin-
gle wavelength on a single fiber-optic
cable. The firm also offers the Wave-
Star OLS 40G system, which uses 16
different wavelength DWDM channels
to achieve 40-Gb/s capacity.

Nortel Networks OPTera long-haul
optical-line systems are transport plat-
forms based on DWDM systems cou-
pled with optical amplifier solutions to
provide transport solutions that are
scalable to 1.6 Th/s. They can transport
optical signals to 4000 km without
opto-electronic signal regeneration.
The architecture supports systems at
622 Mb/s through beyond 40 Gb/s.

Although the growth of 10-Gb/s
standard devices and modules is
strong, the push for 40-Gh/s technolo-
gy may be even stronger. Last
September, for example, the
giant German electronics firm
Siemens (Munich, Germany) |
teamed with Corning (Corning,
NY) to demonstrate a 40-Gb/s

‘ - g
- o w:ﬁi ®y § fah

offering. Through this effort, we are
one step closer to accommodating the
rapidly increasing bandwidth and traf-
fic demands of today’s communication
market.”

For the 40-Gb/s system test bed at
ECOC 2000, Siemens used a unique,
patented Rx concept and high-perfor-
mance Txs in order to transmit signals
over the four 100-km channels without
the use of FEC. When FEC is used, the
TransXpress Infinity Multichannel
Transport System (MTS) system sup-
ports 80 40-Gb/s channels over a 1000-
km distance. The system achieves good
economy by reducing the number of
expensive regenerators. “By increas-
ing the data rate to 40 Gb/s per wave-
length and reducing the number of
regenerators, Siemens and Corning
have reduced both investment and
operational costs for customers,”

i

terns. It employs a 1552.52-nm inter-
nal distributed-feedback (DFB) laser
with a Mach-Zehnder modulator and is
compatible with external-polarization-
controlled tunable-laser source (TLS)
at wavelengths from 1530 to 1565 nm.
The 83434A lightwave Rx employs a
PIN-diode-based architecture with a
wavelength range from 1300 to 1600
nm and -16-dBm sensitivity.

The OTS9010 portable SONET/
SDH optical test set from Tektronix
provides network-equipment manu-
facturers and network operators with
the capability of analyzing DWDM sys-
tems at 10 Gb/s. Using a modular for-
mat with plug-in cards, the instrument
is well-suited for multichannel testing.
It incorporates a Microsoft Windows
NT operating system. The instrument
generates a variety of test patterns
and uses a built-in test Rx to evaluate

bit-error rates (BERs) through

107, A variable Rx-threshold
+  function supports testing at
“@ lower BERs and then extrapo-
lates the data to 107* in order to
speed testing.

system. The demonstration, held 4. The 83433A lightwave Tx and the 83434A light-
at the European Conference on wave Rx are designed for evaluating optical com-
Optical Communications (ECOC) ponents and systems at data rates through 10.7

2000 at the International Gb/s. (Photograph courtesy of Agilent Technolo-

Optical-communications sys-
tems usually imply the use of
fiber-optic cables, but there are
exceptions. Optical wireless

Congress Centre (Munich, Ger- gies, Santa Rosa, CA.)

many), unveiled the next level of
time-division-multiplexed (TDM)
SONET/synchronous-digital-hierar-
chy (SDH) signals and DWDM trans-
mission and highlighted the optical-
fiber and photonic components needed
for reliable communications at 40 Gb/s.
Incorporating Raman and other
DWDM technologies, the system com-
bined Siemens’ transmission equip-
ment and DWDM terminals with
Corning’s LEAF optical fiber, erbium-
doped fiber amplifier (EDFA), Raman
amplifiers, and other optical-layer
products.

During the demonstration, eight
channels of simulated live traffic were
transmitted error free at 40 Gb/s over
four 100-km spans (400 km) of LEAF
fiber. According to Dr. Hans-Joachim
Grallert, senior vice president of devel-
opment for optical networks at
Siemens Transport Networks, “We
are working together to move
advanced 40-Gb/s technology out of the
research laboratories and into the mar-
ket as a robust and reliable product

according to Siemens’ Grallert.

Of course, as component and system
manufacturers push for higher data
rates, they force test-equipment sup-
pliers to stay one step ahead. Instru-
ment suppliers such as Advantest
America (Santa Clara, CA), Agilent
Technologies (Santa Rosa, CA), Anrit-
su Co. (Morgan Hill, CA), Opto-Elec-
tronies, Ine. (Buffalo, NY), and
Tektronix (Beaverton, OR) have
developed effective test solutions even
as data rates have pushed beyond 2.5
Gb/s. For example, the 83433A light-
wave Tx and the 83434 A lightwave Rx
from Agilent Technologies are de-
signed for evaluating optical compo-
nents and systems at data rates
through 10.7 Gb/s (Fig. 4). The 83433 A
lightwave Tx can generate optical
waveforms at 0C-48 and 0C-192
rates, with modulation of optical wave-
forms from 2.4 to 10.7 Gb/s. Given the
appropriate data-input signals, the Tx
can generate STM-64/0C-192- and
STM-16/0C-48-compliant eye pat-

technology is a method of using

point-to-point laser beams to
transfer large amounts of data. One
originator of this technology, Ter-
aBeam Networks (Seattle, WA), has
installed medium-distance systems
in Seattle to demonstrate the tech-
nology. The company also recently
teamed with Lucent Technologies
(Murray Hill, NJ) to explore the
potential for optical wireless commu-
nications. One attractive feature of
this technology is that networks can
be easily moved and reconfigured On
the downside, optical wireless sys-
tems are somewhat limited in dis-
tance, especially in fog, and tracking
between terminals is necessary to
maintain alignment as changes occur
due to environmental-temperature
variations. One firm that is helping to
overcome the limitations of optical
wireless communications is Laser-
Wireless, Inc. (Lancaster, PA),
which incorporates remote diagnos-
tic capabilities into its systems to
minimize misalignment between net-
work nodes. e
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TRW packs hefty broadband performance
into some pretty cool MMIC amplifiers.

Our gallium arsenide low-noise, driver and
high-power amps pump up the gain in
broadband systems. Operating frequencies
range from 18 to 64 GHz.

No real animals were used in the
production of this advertisement.

© 2000 TRW Inc.

When your broadband requirements are
big, contact TRW. We've got compact
solutions that fit. We also provide one-

stop foundry service to
prototype or produce
your MMIC designs.

TRW Telecom Products
Big advantages in small packages.

' N AL

www.trw.com/telecom
1S0 9001 Registered

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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AFS3-01000200-15-TC-6  1-2 36-40 1.00 1.5 201 2.0:1 +5 1256 VO
AFS2-02000400-15-TC-6  2-4 22-26 1.00 1.5 201 2.01 +5 125
AFS3-02000400-15-TC-6  2-4 22-26 1.00 1.5 2.0:1 2.0:1 +5 125
AFS2-04000800-20-TC-2  4-8 18-22 1.00 2.0 2011 201 +5 100
AFS3-04000800-18-TC-4  4-8 26-30 1.00 18 2.0:1 2.0:1 +8 150 ADIAD
AFS2-02000800-40-TC-2 2-8 14-19 1.50 4.0 2.0:1 2.0:1 +5 100 "
AFS3-02000800-30-TC-4  2-8 22-27 1.50 3.0 201 221 +8 150 .
AFS2-08001200-30-TC-2  8-12 12-16 1.00 3.0 201 2.0:1 +5 100
AFS3-08001200-22-TC-4  8-12 24-28 1.00 2.2 201 201 +8 150 H
AFS4-12001800-30-TC-8 12-18 22-26 1.00 3.0 2011 201 +8 250 -
AFS4-06001800-35-TC-6  6-18 22-26 1.00 3.5 20:1 201 +8 250
AFS6-06001800-35-TC-8  6-18 30-34 1.00 3.5 2.0:1 2.0:1 +8 400
AFS4-02001800-45-TC-5 2-18 18-24 1.50 4.5 2.2:1 2.2:11 +8 175 [ D) [
Note: All specifications guaranteed -54 to +85°C.
Many other frequencies, noise figures and gain windows are available. B
DYNAN
DAN
1 3 0 H H Outp Po 0
o(l Rang 1 1 Qutp a 1 omn DC Po [ i ']
b dB i 1B (i /|
D PO B AMP = .
AFS4-00050100-25-25P-6 0.5-2 36 1.50 25" 201 251 +25 325
AFS3-00100100-23-25P-6 -1 38 2.00 2.3 2.5:1 2.5:1 +25 280 B B
AFS3-00100200-25-27P-6 -2 33 1.50 25 2.0:11 2.5:1 +27 300 r »
AFS3-00100300-25-23P-6 1-3 25 1.50 25 2.011 2.5:1 +23 300
AFS3-00100400-26-20P-4 14 26 1.50 2.6 2.0:1 2.0:1 +20 250 e
AFS4-00100600-25-20P-4 1-6 32 1.50 25 2.0:1 2.0:1 +20 300
AFS4-00100800-28-20P-4 1-8 30 1.50 28 201 2.0:1 +20 300 HalU
AFS4-00101200-40-20P-4 1-12 20 1.50 4.0 201 2.0 +20 300
AFS4-00501800-60-20P-6 5-18 25 2.75 6.0 2.511 2.5:1 +20 350 MR
AFS5-00102000-60-18P-6 .1-20 25 3.00 6.0 2.5:1 2.5:1 +18 360 HUA L
AFS3-01000200-20-27P-6 1-2 33 1.50 2.0 2.0:1 2.0:1 +27 350
AFS3-02000400-30-25P-6 2-4 28 1.50 3.0 2.0:1 2.0:1 +25 250
AFS3-04000800-40-20P-4 4-8 20 1.00 4.0 2.0:1 2.0:1 +20 200
AFS4-08001200-50-20P-4 8-12 22 1.25 5.0 2.011 2.0:1 +20 200
AFS6-12001800-40-20P-6 12-18 28 2.00 4.0 2.011 2.0:1 +20 375
AFS6-06001800-50-20P-6 6-18 23 2.00 5.0 2.0:1 2.0:1 +20 365
AFS4-02001800-60-20P-6 2-18 23 2.50 6.0 251 2.0 +20 350

“Noise figure degrades below 100 MHz. Please consult factory for details.
Note: Noise figures increase below 500 MHz in bands wider than .1-10 GHz.

il Thas is only; a small ;sémple_ of our extehsbre list bf_}standai:d éatalog items.
~ Please contact Dave Krautheimer at (631) 439-9413 or e-mail dkrautheimer@miteq.com

~ for additional information or to discuss your custom requirements.

Tl ~ 100 Davids Drive, Hauppauge, NY 11788
~ TEL.: (631) 436-7400  FAX: (631) 436-7430
T e rorem www.miteq.com




Frequency  Gain Gain Noise VSWR VSWR Output Power Nom.

Model Range (Min.) Flatness Figure Input Output @ 1 dB Comp. DC Power
Number (GHz) (dB) (xdB) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15V, mA)

MODERATE BAND AMPLIFIERS

AFS2-00700080-05-10P-4 .7-8 30 0.50 0.45 1.5 1.56:1 +10 90
AFS2-00800100-05-10P-4 B-1 30 0.50 0.45 1.5:1 1.5:1 +10 90
AFS3-01200160-05-13P-6  1.2-1.6 40 0.50 0.45 1.5:1 1.5:1 +13 150
AFS3-01400170-05-13P-6  1.4-1.7 40 0.50 0.45 1.5:1 1.6:1 +13 150
AFS3-01500180-04-13P-6  1.5-1.8 40 0.50 0.40 1.6:1 1.5:1 +13 150
AFS3-01500250-06-13P-6  1.5-2.5 36 0.50 0.60 2.0:1 2.0:1 +13 150
AFS3-01700190-04-13P-6  1.7-1.9 36 0.50 0.40 1.5:1 1.5:1 +13 150
AFS3-01800220-05-13P-6  1.8-2.2 36 0.50 0.50 1.5:1 1.51 +13 150
AFS3-02200230-04-13P-6  2.2-2.3 36 0.50 0.40 1.5:1 1.5:1 +13 150
AFS3-02300270-05-13P-6  2.3-2.7 34 0.50 0.45 1.5:1 1.6:1 +13 150
AFS3-02700290-05-13P-6  2.7-2.9 32 0.50 0.50 1.5:1 1.5:1 +13 150
AFS3-02900310-05-13P-6  2.9-3.1 32 0.50 0.45 1.5:1 1.5:1 +13 150
AFS3-03100350-06-10P-4  3.1-3.5 29 0.50 0.6 1.5:1 1.5:1 +10 150
AFS4-03400420-06-13P-6  3.4-4.2 40 0.50 0.60 1.5:1 1.5:1 +13 225
AFS83-04400510-07-5P-4 4.4-51 30 0.50 0.70 1.5:1 1.6:1 +5 100
AFS3-04500480-07-5P-4 45-4.8 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-05200600-07-5P-4 5.2-6 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-05400590-07-5P-4 54-5.9 30 0.50 0.70 1.6:1 1.6:1 +5 100
AFS3-05800670-07-5P-4 5.8-6.7 30 0.50 0.70 1.5:1 1.56:1 +5 100
AFS3-07250775-06-5P-4  7.25-7.75 30 0.50 0.60 1.5:1 1.5:1 +5 100
AFS83-07900840-07-5P-4 7.9-84 30 0.50 0.70 1.5:1 1.6:1 +5 100
AFS4-08500960-08-5P-4 8.5-9.6 32 0.75 0.80 1.6:1 1.5:1 +5 125
AFS3-09001100-09-5P-4 g--11 26 0.50 0.90 1.5:1 1.5:1 +5 100
AF54-09001100-09-5P-4 9-11 32 0.75 0.90 1.5:1 1.5:1 +5 125
AFS4-10951175-09-5P-4  10.95-11.75 32 0.75 0.90 1.5:1 1.5:1 +5 125
AFS4-11701220-09-5P-4 11.7-12.2 32 0.75 0.80 1.5:1 1.5:1 +5 125
AFS2-12201280-10-8P-4  12.2-12.8 14 0.75 1.00 1.5:1 1.5:1 +8 80
AFS4-12201280-10-12P-4  12.2-12.8 27 0.75 1.00 1.5:1 1.5:1 +12 200
AFS4-12701330-13-10P-4  12.7-13.3 27 0.75 1.30 1.5:1 1.6:1 +10 175
AFS4-13201400-14-10P-4  13.2-14 24 0.75 1.40 1.5:1 1.5:1 +10 175
AFS4-14001450-14-10P-4 14-14.5 24 0.75 1.40 1.5:1 1.5:1 +10 175
AFS4-20202120-20-8P-4  20.2-21.2 20 1.00 2.00 1.5:1 1.5:1 +B 175
AFS4-21202400-22-10P-4  21.2-24 18 1.00 22 2,01 2.0:1 +10 100

OCTAVE BAND AMPLIFIERS

AFS3-00120025-09-10P-4 0.50 0.8 2.0:1
AFS83-00250050-08-10P-4 .25-.5 38 0.50 0.8 2.0:1 2.0:1 +10 125

AFS3-00500100-05-10P-6  .5~1 38 0.75 0.5 2.0:1 2.0:1 +10 150
AFS3-01000200-05-10P-6 1-2 38 1.00 0.5 2.0:1 2.0:1 +10 150
AFS3-01200240-05-10P-6 1.2-2.4 34 1.00 0.5 2.0:1 2.0:1 +10 175
AFS3-02000400-06-10P-4 2-4 30 1.00 0.6 2.0:1 2.011 +10 125
AFS3-02600520-10-10P-4 2.6-5.2 28 1.00 1.0 2.0:1 2.0:1 +10 150
AFS3-04000800-07-10P-4  4-8 30 1.00 0.7 2.0:1 2.0:1 +10 125
AFS3-08001200-09-10P-4  8-12 26 1.00 0.8 2.0:1 2.041 +10 125
AFS3-08001600-15-8P-4 8-16 26 1.00 1.5 2.0:1 2.0:1 +8 80
AFS4-12002400-25-10P-4 12-24 20 2.00 25 2.0:1 2.0:1 +10 85
AFS4-12001800-18-10P-4  12-18 26 1.00 1.8 2.0:1 2.0:1 +10 125
AFS4-18002650-28-8P-4  18-26.5 18 1.75 2.8 2.5:1 2.2 +8 150
MULTIOCTAVE BAND AMPLIFIERS

AFS1-00040200-12-10P-4 . 15 1.50 1.2 2.5:1

AFS3-00300140-08-10P-4  .3-1.4 33 1.00 0.8 2.0:1 2.0:1 +10 150
AFS2-00400350-12-10P-4  .4-3.5 22 1.50 1.2 2.0:1 2.0:1 +10 80
AFS3-00500200-08-15P-4  .5-2 38 1.00 08 2.0:1 2.0:11 +15 125
AFS3-01000400-09-10P-4  1-4 30 1.50 0.9 2.0:1 2.0:1 +10 125
AFS3-02000800-09-10P-4 2-8 26 1.00 0.9 2.01 2.0:1 +10 125
AFS$4-02001800-23-10P-4 2-18 25 2.00 23 2.0:1 2.0:1 +10 175
AFS4-06001800-22-10P-4  6-18 24 2.00 22 2.0:1 2.0:1 +10 150
AFS$S4-08001800-22-10P-4 8-18 26 2.00 22 2.0:1 2.0:1 +10 150
AFS3-00100100-09-10P-4  .1-1 38 1.00 09 2.0:1 2.0:1 +10 150
AFS3-00100200-10-15P-4  .1-2 38 1.00 1.0 2.0:1 2.0 +15 150
AFS3-00100300-11-10P-4  .1-3 32 1.00 1.1 2.0:1 2.0:1 +10 150
AFS3-00100400-13-10P-4 .14 28 1.00 1.3 2.0:1 2.0:1 +10 150
AFS3-00100600-13-10P-4  .1-6 28 1.25 1.3 2.01 2.0:1 +10 125
AFS3-00100800-14-10P-4 .1-8 25 1.50 1.4 2.0:1 2.0:1 +10 125
AFS4-00101200-22-10P-4 112 28 1.50 22 2.01 2.0:1 +10 175
AFS4-00101400-23-10P-4  .1-14 24 2.00 23 2.5:1 2.5:1 +10 200
AFS4-00101800-25-10P-4 . 1-18 25 2.00 25 2.5 2.5:1 +10 175
AFS4-00102000-30-10P-4  .1-20 20 2.50 3.0 2.51 2.5:1 +10 175
AFS4-00102650-40-8P-4 1-26.5 18 2.50 4.0 2.5:1 2.5:1 +8 175

. \Note: Noise figure increases below 500 MHz in bands greater than 0.1-10 GHz. /

- Goto wv'\f'w.lhwrf.com and click on the' Free Advertiser Information icon.
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average power levels to ...
500 W, and peak power levels to
5 kW. They are ideal for sam-
pling power with a negligible ef-
fect on the transmission line and |
very low intermodulation (IM) |
products. The model LCHP-
0205-xx-x operates from 250 to
500 MHz and has a maximum in-
sertion loss 0f 0.15 dB. The model
LCHP-0510-xx-x operates from
500 to 1000 MHz and exhibits a |

Microwave training
bench teaches basics

he Oritel BDH R100 training bench
@allows students to perform basic mi-

crowave experiments from 8.5 to 9.6
GHz. It is designed to train industrial or mil-
itary students in the basics of practical mi-
crowave circuits. The system helps students
learn to measure wavelength, standing-wave
ratio, impedance, and attenuation, and allows
them to observe detector and Gunn-oscillator
characteristics. The kit includes a Gunn-diode
oscillator, a ferrite oscillator, a PIN-diode
modulator, a variable attenuator, a wave-

meter with curve, aslotted line, an impedance
adapter, a waveguide-to-coaxial adapter, a
coaxial detector, an adapted load, and a short
circuit. Each of these components is inte-
grated onto a waveguide attachment with in-
terlocking Iugs, which allows them to connect
to each other in various configurations. The
kit also includes a bench rail and guide sup-
ports to hold the configuration in place, along
with detailed training documentation.
Chauvin Arnoux, 190 rue Champi-
onnet, 75876 Paris Cedex 18, France;
(33) 01 44 85 44 85, FAX: (33) 01 46 27
73 89, Internet: http://www.chauvin-
arnoux.com.

For more information, visit www.mwrf.com

...............................................................

Low-frequency couplers handle high power

wo low-frequency direc-
tional couplers operating below 1 GHz can handle

maximum insertion loss of 0.20 dB. Both couplers have a
minimum directivity of 25 dB, and a
maximum primary and secondary
VSWR of 1.15:1. The couplers have a
nominal coupling of 20 or 30 dB, an
accuracy of = 1.25 dB, and IM prod-
ucts of better than -130 dBe. RLC
Electronics, Inc., 83 Radio
Circle, Mt. Kisco, NY 10549;
(914) 241-1334, FAX: (914) 241-
1753, Internet: http:/www.rle-

electronics.com.
For more information, visit
www.mwrf.com

.....................................................................................................

Free software simulates filters
[ ilterExpress V4.0 is a digital-filter-design software package that
Es freely downloadable from the manufacturer’s website. It allows
[ communications-system demgners to qulckly create most common
filter configurations. The new version B ;
includes a simulator known as Filter-
Sim, which can be used to simulate the
behavior of a filter during the design #
process. It allows designers to rapidly
develop and evaluate digital-signal-
processing (DSP)-based filters of al-
most any kind, including processor-
efficient, multi-rate designs. The user
can program the numeric precision of
these software tools to optimize a fil-
ter for its target DSP hardware. Sys-
tolix, Inc., 10 Carver Lane, Sunol, CA 94586; (925) 863-2542, FAX:
(925) 862-0650, Internet: http://www.systolix-dsp.com.

For more information, visit www.mwrf.com

Spectrum analyzer goes anywhere
} e model MS2711A is a fully functional handheld spectrum an-

| ﬂj alyzer that measures 10 X 7 X 2.25 in. (25.40 X 17.78 X 5.715

cm) and is powered by a lightweight nickel-metal-hydride

| (NiMH) battery. Its total weight, including battery, is 4 lbs. (1.8 kg).

The analyzer allows field engineers
and technicians to locate, iden-
tify, record, and solve commu-
;' nication-system problems. It
L]

) measures signals from +20
- to =97 dBm at frequencies
from 100 kHz to 3 GHz. The
analyzer’s resolution band-
: width can be set to 10, 30, 100,
or 1000 kHz and has an accuracy of

+ 20 percent. Anritsu Co., 1155 East

| Collins Rd., Richardson, TX 75081; (972) 644-1777, FAX: (972)
644-3416, Internet: http//www.us.anritsu.com.

For more information, visit www.mwrf.com
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Specs are what you are given...
brilliance is what you give back.

begin with Ansoft HFSS

Design microwave transitions, connectors, waveguides, IC packaging, on-chip

components, antennas, antenna feed networks, and EMI compliance.

Success is something that engineers, the world over, are realizing with Ansoft's
High Frequency Structure Simulator (HFSS). They recognize that using 3D
electromagnetic simulation to extract electrical parameters is the right solution for
tough design challenges. Ansoft HFSS is preferred because the intuitive interface
simplifies design entry, the field solving engine automatically converges to
accurate solutions, and the powerful post-processor provides unprecedented
insight into electrical performance.

Amaze
And now with Optimetrics™, the new
parametric analysis and optimization
module, Ansoft HFSS is the most
powerful electromagnetic design tool

on the market.

For a free evaluation copy of Ansoft HFSS

or any of the tools in Ansoft's Serenade

Design Environment call 412-261-3200 or Use Ansoft HFSS to

calculate and optimize
fields and s-parameters
Go to www.mwrf.com and click on the
Free Advertiser Information icon.

send e-mail to info@ansoft.com.

high performance EDA

www.ansoft.com



FINANCIAL NEWS

Cell Phones Send Mixed Signals

jected to top a hefty 400 million

units in 2000, yet investment an-
alysts and manufacturers themselves
express lukewarm feelings about in-
dustry prospects for 2001, So great
are expectations for the high-flying
wireless industry that any failure of a
company to meet its sales or growth

Sales of cellular phones are pro-

forecasts is punished swiftly in finan-
cial markets. A case in point is Nokia
Corp. (Espoo, Finland), the world’s
leading mobile-phone manufacturer.

Nokia sold 128 million handsets in
2000 and finished the year with a
market share of 31.6 percent, gaining
share strongly over its competitors

in the fourth quarter, when one-third |

Prémium microwave components
ince 1961

N SIOCK, 1oty

MICROWAVES & RF = FEBRUARY 2001

of sales are generated. Unfortu-
nately for the company, it had fore-
casted approximately 135 million
units and one analyst had projected
140 million. Moreover, Nokia com-
mitted the unpardonable sin of stat-
ing that the total market was grow-
ing more slowly than some analysts
had predicted. The most optimistic
forecasts called for approximately
440 million phones, but that was re-
duced by 20 million, and finally Nokia
placed its final count for the year at
405 million. Despite its solid perfor-
mance—particularly with respect to
its competitors—Nokia’s stock fell to
more than $5 per share to close at $37
on January 8.

Even greater suffering befell Mo-
torola, Inc. (Schaumburg, IL), the
world’s number two phone manufac-
turer. Sensing problems, the com-
pany sent out warning signals prior
to the end of its fourth quarter that
sales and earnings would fall short of
expectations. The prophecy came
true—sales dropped to $10 billion;
this was $0.5 billion less than antici-
pated and earnings per share were 15
cents, off 12 cents from projections.
Punishment in the market was se-
vere, Shares hit an eight-year low of
$21.75 in early January, a drop of 65
percent from their 52-week high.
Moreover, Motorola is raising red
flags for the first quarter of 2001, pro-
Jjecting a further drop in sales to the
range of $8.8 billion and a decline in
earnings to 12 cents. The company at-
tributed its lackluster showing to
slowing semiconductor sales and de-
lays in lowering wireless phone pro-
duction costs. If that was not enough
misfortune, Motorola gave up 2.3
points in market share to Nokia,
dropping to 13.3 percent, less than
half of the leader’s share.

The handset-production business
at the third-largest manufacturer,
LM Ericsson (Stockholm, Sweden),
was sluggish as it also gave up mar-
ket share to Nokia, falling 0.6 percent
to 9.7 percent. Ericsson’s phone man-
ufacturing problems have been build-
ing for the past six months as re-
ported earlier (see “Ericsson
Stumbles In Wireless,” Microwaves
& RF, September 2000, p. 40).ee
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STAY ON THE RlGHT'
- WAVELENGTH

WITH CTI PRODUCTS for
BROADBAND COMMUNICATIONS

for Digital Radio, LMDS and SDH/SONET

You don't have to seftle anymore... get the Remember... let our product’s performance

performance, reliability and delivery you need make your system "outperform"”. Visit us af

at the price you can afford, only from CTI. www.cti-inc.com for specifications or call

Keep YOUR SYSTEM ahead of the competition.  today to speak fo an applications engineer.
Because, if you're not using these prod-

Our Series PDRO, DRO, DRS and CRO will add  ucts... you could be left behind.

significantly fo the performance of your sysfem

with their exceptionally low phase noise, high '§9?“'!‘-.,

power and small size. %, _’

s i
{ e d
Tl

The Quality Advanlage

m COMMUNICATION 9 Whippany Rd. » Whippany, N 07981
] TECHNIQUES TEL: 973-884-2580 * FAX: 973-887-6245

A S DOVER ) TECHNOLOGIES COMPANY www.cti-inc.com ¢ e-mail: sales@cti-inc.com
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When it comes to RF and microwave solutions, there’s one company you can count on for all your technical
distribution needs. With an experienced engineering team, the industry’s broadest line card, customized

solutions, and design-to-market support, Arrow RF Vision is here to help you create tomorrow’s RF and
microwave breakthroughs.

To learn about all the exciting things we can do for you, simply stop by Arrow RF Vision’s booth #69
at the Wireless Portable Symposium & Exhibition. You can also contact your local Arrow RF Vision
representative at 1-877-450-4441 or visit www.arrowrfvision.com.
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Contracts

Merrimac Industries, Inc.—Was awarded a $1 mil-
lion contract from Lockheed Martin Corp. for the Global
Positioning System (GPS) Antenna Retrofit Program.
The Antenna Retrofit program is designed to enhance
the output power of older satellites for broader coverage
and superior accuracy.

SAL, Inc.—Announced the award of a contract from
JMAR Research (JRI), a subsidiary of JMAR Industries
in San Diego, CA, for the building of an XRS
2000NanoPulsar® X-Ray Lithography system. This ini-
tial phase is valued in excess of $1 million, SAL and JRI
are targeting markets that require the manufacture of
high-performance semiconductor devices with critical di-
mensions of 130 to 70 nm.

Scientific-Atlanta—F ox Cable Networks Group has
selected a PowerVu Plus® content distribution system
from Scientific-Atlanta to deliver programming to all ca-
ble headends using one digital platform. The multimillion-
dollar contract calls for Scientific-Atlanta to install two
systems in Los Angeles and Houston, both capable of
transmitting multiple channels of compressed digital
video programming.

ADC—Announced a $16 million contract for supplying
GVT Brazil with a complete broadband-access bundled
solution for connecting subscribers in the southern and
central regions of Brazil.

Motorola, Inc.—Has been awarded a general-
packet-radio-service (GPRS) network-supply contract by
China Mobile Communications Corp. (China Mobile). Un-
der the terms of the deal, Motorola will deliver its GPRS
high-speed mobile data network to four major Chinese
cities.

EMS Technologies, Inc.—Received an order worth
$4.3 million from Boeing Space Systems to design, manu-
facture, and test a Ka-band multi-element transmit an-
tenna for the ANIK F2 satellite. The ANIK F2 satellite
is being built by Boeing Space Systems, formerly Hughes
Space and Communications, for Canada’s national satel-
lite operator, Telesat Canada, Inc.

Fresh Starts

Channel Master—Opened its new international op-
erations center in Wan Chai, Hong Kong. Channel Mas-
ter Asia Ltd. will be responsible for the procurement of
Channel Master products, and will also provide manage-
ment supervision and technical assistance to the com-
pany’s manufacturing facilities and subcontractors
throughout Asia. Additionally, the Hong Kong office will
provide customer service and sales support.

DaimlerChrysler and Vishay Intertechnology,
Inc.—Signed a licensing agreement that will enable
Vishay to undertake the high-volume manufacture of
semiconductor products using DaimlerChrysler’s silicon-
carbide (SiC) technology.

Crystalline Materials Corp.—Has changed its
name to CMC Wireless Components. The company is lo-
cated in Phoenix, AZ and manufactures aluminum-nitride
(AIN) packaging materials for the RF, microwave, and

telecommunications industries.

RF Micro Devices, Inc.—Announced the opening of
a new engineering design center in Pandrup, Denmark.
The new facility is expected to house a team of senior RF
engineers.

StratEdge—Purchased the assets of Package Tech-
nologies, Inc. (PTI) of Taunton, MA. PTI designs and
manufactures state-of-the-art hermetic glass-to-metal
seal, flatpack, plastic-equivalent packages (PEPs), and
metal packages for telecommunications.

Telephia and Invertix Corp.—Announced that
they will share new proprietary technology to track the
performance of the wireless Internet. The partnership
will produce a new product providing the first continuous,
end-to-end, quality-of-service measurement system for
wireless data networks.

Intersil—Announced that its CommLink digital
downconverter has been selected for use in Siemens AG’s
cellular base stations, planned as part of an expanded mo-
bile-communications network in China. The CommLink
HSP50216 is Intersil’s first device specifically designed
for third-generation (3G) cellular protocols and inte-
grates four channels into a single circuit.

TRW, Inc. and SpaceBridge Networks Corp.—
Have formed a partnership to develop broadband wire-
less-access products. The agreement advances Space-
Bridge’s development of next-generation modems and
provides TRW with an exclusive license to SpaceBridge’s
proprietary technology for extremely fast digital data
switching aboard spacecraft.

APLAC Solutions Corp.—Has established an office
in Irving, TX, a Dallas suburb. APLAC provides inte-
grated-cireuit (IC) and board-level models and precise
methods to analyze nonlinear circuit behavior.

Sunrise Telecom—Has been selected by Korea
Telecom as the preferred vendor for digital-subscriber-
line (DSL) field-test equipment for its nationwide asym-
metric-DSL (ADSL) deployment. Korea Telecom se-
lected the SunSet xDSL for use in installation of ADSL
circuits after several months of benchmark testing and
field-trial evaluation.

AirNet Communications Corp.—Has been chosen
by Oklahoma-based MBO Wireless, Inc. to deploy one of
the nation’s first wireless general-packet-radio-service
(GPRS) solutions. AirNet’s broadband, software-defined
AdaptaCell™ base station will enable MBO to offer its
customers enhanced data services such as mobile-com-
merce applications, multimedia services, general wireless
Internet messaging, and WAP services using GPRS.

SaRonix—Added an E-store, a link from its main
website, as a convenience to design engineers, where
they can purchase parts, in limited quantities, using a
credit card.

SignalSoft Corp.—Announced that Swiss cellular
operator Orange has licensed SignalSoft software in or-
der to deploy location-based services. By integrating Sig-
nalSoft’s products into its network, Orange will be able to
bring advanced, location-enabled applications to its mo-
bile customers.
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Ssolutions!

To compete in today's Global
market, MSI continues to offer
affordable, highly reliable,
military and commercial state-of-
the-art-amplifiers.

Today, our mission remains the
same - To supply the highest
quality microwave components at
the lowest possible price.

Call us with your requirements

today!
Low Noise Amplifiers
MODEL GAIN
NUMBER FREQ. Gz POUT | N.R
[ WSD3800205 | 2223 | 500 | 100 | 05
MSH-4312203 4450 200 | 10.0 1.0
MSH-6510201 7.785 350 | 100 | 25
MSH.7202402-WUW | 12.7-13.85 | 160 | 180 | 25
MSH-7412401.Di |13.75-14.5 | 300 | 180 | 25
Broad Band Amplifiers
MODEL FREQ. GAIN | POUT | N.F
NUMBER GHz GHz | dBm | dB

[~ MSD-3496608 0230 | 30.0 | 300 | 100

MSH-4384301-Di 1.0-40 | 220 | 150 | 5.0
MSH-4572502-D1 | 2060 | 330 | 230 | 28
MSH-5556603 4080 | 350 | 300 | 7.0
MSH-7464401 8.0.180 | 250 | 180 | 50

High Power Amplifiers

MODEL GRIN

NUMBER FREQ. | Giy | POUT| NF
| MSH-4585701 3742 | 350 | 330 | 6.0
MSH-5717902 59-64 | 440 | 430 | 8.0
MSH-5627901 6472 | 400 | 400 | 80
MSH-6545701 80120 | 330 | 330 | 6.0
MSH-6607804 | 95100 | 380 | 400 | 80
MsH-7407801 | 12.513.2 | 30.0 | 370 | 8.0
FEATURES: OPTIONS:
v High-Reliability v Temp Comp.
v Military 7 Limiting Amp.
v Industrial v Rack Mount
’Drop-in v Waveguide
“ Reverse Polarity + TTL
Protection Hermetic
Seal

e i e | 7*57 -t
N/ A\ ¥ 1 |~

Microwave Solutions, Inc.

PEOPLE

T T 5 5 P 0 N A B M S A L Rt

Renaissance Electronics
Corp.—Charles A. McCauley to vice
president and general manager; for-
merly vice president of sales and
marketing. Also, Rich Crabtree to
vice president of sales and market-
ing; formerly director of sales/direc-
tor of new business components at
Signal Technology Corp.

EiC Corp.—Jerry L. Curtis to
president and COO; formerly presi-
dent and COO at Optek Technology,
Inc.

CURTIS

TOWATER

Trompeter Electronics—Glen
Towater to regional sales manager
for the Southeast; formerly em-
ployed in sales positions with Cinch
Connectors and Molex, Inc.

American Technical Ceram-
ics (ATC)—Joseph Tierney to prod-
uct manager; formerly product man-
ager at RF Power Components.

The Society of Cable Tele-
communications Engineers
(SCTE)—Ginny Nagle to manager
of marketing communications; for-
merly account executive, writer, and
publicist at Alvaré Associates, Inc.
Also, Stephen P. Oksala to vice pres-
ident of standards; formerly director
of standards management for Unisys
Corp.

Certicom—Dr. Dennis J. Char-
lebois to senior vice president for cor-
porate development; formerly presi-
dent of DRS Technologies Data
Systems Group.

Tel*—Jonathan Lawrence to
CFO; formerly an investment banker
with Houlihan, Lokey, Howard &
Zukin.

U.S. Wireless Corp.—Dipesh
Shah to vice president of engineer-
ing; formerly employed as senior
manager in wireless applications and
performance at Lucent Technologies’

Bell Laboratories.

Bomar Interconnect Prod-
ucts, Inc.—Joe Noonan to national
accounts specialist; formerly presi-
dent of Bow Electronic Solders.

Rockwell Collins—Douglas C.
Wagner to manager of media rela-
tions; formerly strategic marketing
manager for Five Transportation
and Parking.

Aetesyn Communication
Products, LLC—Michael Sullivan
to vice president of quality assur-
ance; formerly quality director.

CTS Corp.—Matthew W. Long to
assistant treasurer; formerly em-
ployed as corporate controller for
Morgan Driveaway.

MRSI—Peter Cronin to sales en-
gineer; formerly process engineer for
Lockheed Martin.

Yuasa, Inc./EnerSys, Inc.—
Larry B. Axt to vice president of pro-
curement and operations; formerly
director of corporate purchasing.
Also, Steven J. Weik to vice presi-
dent of technology and engineering;
formerly director of special projects.

American Microsystems, Inc.
(AMI)—Brent Jensen to CFO; for-
merly corporate controller.

JENSEN ARNEY

VertexRSI—Stephanie M. Arney
to product sales manager at the State
College, PA facility; remains as hu-
man resources manager.

Cambridge Display Technolo-
gy (CDT)—Keith Bergelt to senior
vice president of strategy, business
development, and intellectual prop-
erty (IP); formerly director of corpo-
rate strategy and general manager of
strategic intellectual-asset manage-
ment at Motorola.

iVoice—Craig M. Abrams to sales
manager; formerly corporate vice
president at Imperial Copy Products.
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NSTORM ooy

PRODUCTS COMPANY

When your requirements call for Fiber Optics, call
the company you've learned to rely on: Storm Products.

Founded more than 40 years ago as a wire and cable business, Storm
Products Company today provides high-value, innovative interconnect
products and subsystems. With four major product lines, Storm serves
electronics, communications, and instrumentation markets worldwide.

For the fiber optic Test & Instrumentation market, Storm Products—Fiber
Optics offers two new products:

Test & REFERENCE SEmI-RIGID
CABLE ASSEMBLIES CABLE ASSEMBLIES
® Provide accurate ® Can be used in
& repeatable testing harsh environments
m NISTH bl B Semi-rigid construction :
roceene providgs cgr?sisfenf INTERCONNECT
® FEnd-face geometry standards Hormance SYSTEMS
stricter than Telcordia pe :

® Thermally &

B No surface defects/blemishes mechanically stable

® FEliminate failing good product
& passing bad product

® [ow insertion loss

B Telcordia GR-326-CORE
compliant

Storm—-FIBER OPTICS ALSO OFFERS:

®m Test equipment port savers ® Hybrilink™ adapters Contact Storm
® Fixed and variable attenuators = Cable assemblies Products Company
® Terminators m Couplers & WDMs now fo discuss

® Mode conditioners
For applications with unique requirements, our on-site prototype shop utilizes the your present and
expertise of our engineering group to offer design and development capability. future needs.

StormProducts—Fiber Optics = 1111 Pasquinelli Dr. = Suite 200 = Westmont, IL 60559 Eﬁ-l-"“m
630.734.8849 = 630.734.8973 fax = www.stormproducts.com

PRODUCTS COMPANY
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sprague
Goodman.
We're

not just
passive.

AIRTRIM® Air Dielectric
Multiturn Trimmers

* Q: > 5000 at 100 MHz

* 9@ mounting styles including
surface mount

* Operating temp: -65° to +125°C

+ Standard cap ranges: 0.35 to 3.5 pF;
0.6 to 6 pF; and 1.0 to 14.0

Sapphire PISTONCAP®

* Q to 4000 at 250 MHz

* 2 configurations and é mounting styles
suitable for all RF structures

* Operating temp: -55° to +125°C

* Cap ranges: 0.3-1.2 pF to 0.8-8.0 pF

Microwave
Tuning Elements

Metallic tuning elements

* 410 33 GHz

Dielectric tuning elements
* Alumina, quartz, sapphire
* 8 to 100 GHz

Dielectric resonator tuners
* 210 18 GHz

LC tuning elements

* 51011 GHz

Resistive tuning elements
¢« 11018 GHz

Silicon Tuning Varactors

Super Hyperabrupt »
* UHF - Wireless (4V. 6V, 8V)
* VHF - Wireless (10V)
Hyperabrupt
* Microwave (20V)
Abrupt (20V)
Economical SOT-23 and High
Performance Surface Mount Packages

For information on these and our other
quality products, visit our website
or phone, fax or write today.

SPRAGUE
GOODMAN

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 ¢ Fax: 516-334-8771
Website: http://www.spraguegoodman.com

EDUCATIONAL MEETINGS

Short Courses
Fundamentals of Data Communications
March 5-7 (Madison, WI)

Department of Engineering Professional
Development

University of Wisconsin-Madison

432 N. Lake St.

Madison, WI 53706

(800) 462-0876, FAX: (608) 263-3160

e-mail: custserv@epd.engr.wisc.edu

Internet: http://epd.engr.wisc.edu

Wireless Digital Communications

March 12-16 (Tempe, AZ)

Center for Professional Development

Arizona State University

Tempe, AZ 85287-7505

(480) 965-1740, F AX: (480) 965-8653

e-mail: asu.cpd@asu.edu

Internet: http:/www.eas.asu.edu/cpd

Voice over IP

March 13-16 (Washington, DC)

Learning Tree International

1805 Library St.

Reston, VA 20190-5630

(800) 843-8733, FAX: (800) 709-6405

Internet: http:/www.learningtree.com

Wireless R&D Symposium

March 14 (Chicago, I1)

March 15 (Dallas, TX)

March 20 (San Diego, CA)

March 21 (Irvine, CA)

March 22 (Santa Clara, CA)

Agilent Technologies

(800) 752-1545

Internet: http://www.agilent.com/find
/wirelessRDsymp

Internet and Network Communications

March 19-20 (Baltimore, MD and Tampa, FL)

Global Knowledge

9000 Regency Pkwy., Suite 500

Cary, NC 27511

(800) COURSES, FAX: (919) 461-8646

Internet: http:/am.globalknowledge.com

Advanced Wireless and Microwave
Technologies

March 19-23 (Phoenix, AZ)

Besser Associates

201 San Antonio Circle

Bldg. E

Mountain View, CA 94040

(650) 949-3300, FAX: (650) 949-4400

e-mail: info@bessercourse.com

Meetings
CTIA Wireless 2001
March 20-22 (Sands Expo & Venetian
Hotel, Las Vegas, NV)
CTIA Wireless 2001, ¢/o CMR
33 New Montgomery, 14th FI.
San Francisco, CA 94105
(800) 421-6338, FAX: (415) 979-2250
Internet: http://www.ctiashow.com
CeBit
March 22-28 (Hannover Fairgrounds,
Hannover, Germany)
Hannover Fairs USA, Ine.
103 Carnegie Center
Princeton, N.J 08540
(609) 987-1202, FAX: (609) 987-0092
e-mail: info@hfusa.com
Internet: http://www.hfusa.com

. 3G DSP Programme

March 23-24 (Luxor Hotel, Las Vegas, NV)

RTT Programmes Ltd.

+44 (0)20 8844 1811, FAX: +44 (0)20 8751 2616

Internet: http://www.rttonline.com

Embedded Systems Conference—
San Francisco

April 9-13 (Moscone Center, San Francisco,
CA)

CMP Media, Inc.

(415) 278-5260, FAX: (415) 278-5390

e-mail: esc@cmp.com

Internet: http://www.embedded.com/esc

IMAPS Advanced Technology
Workshop on Thermal
Management for High-Performance
Computing and Wireless
Applications

April 20-21 (Sheraton Palo Alto Hotel, Palo
Alto, CA)

International Microelectonics and
Packaging Society (IMAPS)

General Chair: Dave Saums

Power Devices, Inc.

Newburyport, MA

(978) 499-4990

e-mail: dsaums@msn.com

Internet: http://www.impas.org

Telecom Middle East 2001

April 24-28 (Beirut, Lebanon)

International Fairs & Promotions

Beirut, Lebanon

961-1-263421/2, FAX: 961-1-261212

e-mail: ifp@ifp.com.lb

Internet: http://www.ifp.com.lb

Military Electronics Show

April 25-27 (Baltimore Marriott Waterfront
Hotel, Baltimore, MD)

Penton Media, Inc.

611 Route 46 W.

Hasbrouck Heights, NJ 07604

(888) 947-3734, FAX: (201) 393-6297

e-mail: lwilezynski@penton.com

Internet: http://www.military
electronicsshow.com

Call for Papers

2001 IEEE Radio and Wireless
Conference (RAWCON 2001)

August 19-22 (Westin-Waltham Hotel,
Boston, MA)

IEEE Microwave Theory and Techniques
Society (MTT-S)

Dr. Michael S. Heutmaker, General Chair

Lucent Technologies

P.0. Box 900

Princeton, N.J 08542-0900

(609) 639-3116, FAX: (609) 639-3197

e-mail: heutmaker@lucent.com

Deadline for papers: March 9

51st Annual Broadcast Symposium

Date and place to be announced

IEEE Broadeast Technology Society

c/o Mary Clemente

IEEE Travel & Conference Management
Services

P.0. Box 1331

. Piscataway, NJ 08855-1331

(732) 562-5350, FAX: (732) 981-1203
e-mail: m.e.clemente@ieee.org
Deadline for abstracts: May 1
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HI"-SPEED
WIRELESS
DEVICES

* IS0 9002 Certified

* Volume Production
Since 1992

* Innovative, Patented
Technology

* Complete Simulation
and Design Capability

¢ Test and Assembly
Services

¢ Microwave and
mmWave Packages

¢ Production Packages
from DC thru 50 GHz

* Single Chip MMIC
Power Amp Packages

* High Speed Digital
Packages

e MCM Packages

* Commercial &
Hermetic Packages

¢ Leadless, Leaded &
SMT Designs

* Glass and Ceramic
Dielectrics

4393 Viewridge Avenue
San Diego, California
92123

858-569-5000 Ext.202
www.stratedge.com/mwrf

WHEN PERFORMANCE AND
RELIABILITY ARE YOUR NUMBER ONE
PACKAGING GOALS-

THE ONLY SOLUTION IS STRATEDGE.

You've designed the perfect microwave circuit for high performance and
reliability, now you need the package to keep it perfect. One company has
been designing, building and delivering microwave packaging solutions
longer than anyone: StratEdge. The result is millions of packages delivered
to commercial and Hi-Rel customers just like you.

SE50 Series - Offering the widest operational

L gi : bandwidth available today; DC through 50 GHz!
! = s \ : Perfect for Point-to-Point, Point-to-Multipoint
""" & - radio, LMDS, and any other application where

f \ price and performance are

&’ paramount.

LcC Series-The VSAT industry benchmark.
Operational from DC to 23 GHz, the
LCC offers leads for easy next level inter-
connect, with the ability to handle tremen-
dous power. The LCC has found success in VSAT,
optical and instrumentation systems.

0C-768 Packages - If you're tasked with the challenge of packaging
OC-768 devices, only StratEdge engineers have the experience
and technology required for designing broad bandwidth High
Speed Digital packages through 50 GHz.

0C-192 Packages - StratEdge was the first to develop A
High Speed Digital, OC-192 packaging. Whether you

choose a ceramic wall, or glass side wall package from the PTI
Division of StratEdge, our microwave design engineers can deliver

a leaded or surface mount solution that will meet any budget.

Go to www.mwrf.com and click on the Free Advertiser Information icon.



Dow-Key Microwave has expanded its Switch
¢ Matrix product fine to include integrated modular
. assemblies targeted specifically for the Automatic
- Test Equipment market.

Designed for Microwave, RF, video, and audio
test applications in the DC to 18 GHz range, these
customized, integrated assemblies provide the
perfect interface hetween your test equipment and
_complex, sophisticated systems with multiple input
and outputs that need to be tested.

The Dow-Key Switch Matrix technology is the basi
of the integrated assembly. A variety of passive
components and amplifiers are added, depending
on your schematic, to provide customization and
increased functionality to your testing process. Its
modular design adds flexibility by allowing remova
of sections from this complex assembly for easy
maintenance and service.

For uniquely and superbly engineered designs
that meet and exceed market demands, for
unprecedented customer service and on-time
delivery, for the highest quality product with
unsurpassed reliability at the right price,
Dow-Key Microwave is your solution.

1SO 9001 CERTIFIED

g

&4
| 4" 4

COBELGLATIO

; 4822 McGrath Street, Ventura, Ca 93003
Tel: (805) 650%0260 » Fax: (805) 650-1734
Visit us at www.dowkey.com

A C"_g DOVER ) TECHNOLOGIES COMPANY

ind click on the Free Advertiser Information icon.
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Basehand ADC
hoosts dynamic
range

for channel
selection

in GSM radios

Ground-plane
thickness
affects DRA
characteristics

Dual-element
antenna reduces
nulls in
multipath
environments

Subharmonically
injection-locked
VCO achieves
wide bandwidth

The rapidly expanding market for personal communications devices such as Global
System for Mobile Communications (GSM) handsets is driving the demand for low-
cost, low-power receiver (Rx) chips. One method of saving power and cost is to elimi-
nate the intermediate-frequency (IF) channel-select filter and perform channel selec-
tion on chip at baseband. A group of Italian engineers has developed a low-power,
analog-to-digital converter (ADC) to digitize the desired channel and the adjacent-
channel interfering signals. Angelo Nagari, Alessandro Mecchia, Ermes Viani, Sergio
Pernici, Pierangelo Confalonieri, and Germano Nicollini of SGS-Thomson Microelec-
tronies (Milan, Italy) designed the ADC to deliver the high dynamic range required to
perform baseband-channel selection. It consists of two second-order, double-sampled,
semi-bilinear A modulators, followed by two digital finite-impulse-response (FIR)
decimation filters targeting GSM specifications. See “A 2.7-V, 11.8-mW Baseband
ADC With 72-dB Dynamic Range for GSM Applications,” IEEE Journal of Solid-
State Circuits, June 2000, Vol. 35, No. 6, p. 798.

Traditionally, dielectric resonator antennas (DRAs) have used a coaxial probe and
a closed-loop wire-feed probe to couple with the electric and magnetic fields from the
transmitter (Tx). A recent improvement is to excite the DRA through a narrow slot,
which allows the DRA to be integrated directly onto a circuit. But this configuration
usually requires a thick ground plane to dissipate the power generated by the active
components of the circuit. Zhi Ning Chen of the National University of Singapore, and
Kazuhiro Hirasawa of the University of Tsukuba, Japan explore the effect of ground-
plane thickness on the electrical characteristics of a hemispherical DRA, including in-
put resistance, resonance frequency, and impedance bandwidth. See “On the Effect of
Ground-Plane Thickness on an Aperture-Coupled Dielectric Resonator Antenna,” RF
and Microwave Computer-Aided Engineering, July 2000, Vol. 10, No. 4, p. 271.

In cities, mobile-phone users often encounter multipath interference, which occurs
when a mobile phone receives the intended signal and one or more unintended reflec-
tions of the signal from the walls of buildings. One way to reduce multipath interfer-
ence is to use a dual-element antenna. William F. Young of Sandia National Labora-
tories, Benjamin Belzer of Washington State University, and Robert G. Olson of the
IEEE Power Engineering Society have developed a dual-element antenna that con-
sists of a dipole that is terminated with a parallel loop and a capacitor. The antenna has
a single feed at a point on the loop opposite the capacitor and does not require exter-
nal combining circuitry. The capacitor creates a phase shift between the dipole current
and loop current, thereby greatly reducing the probability of deep nulls in the received
signal when the antenna is used in areas where standing-wave patterns occur. See “A
Two-Element Antenna for Null Suppression in Multipath Environments,” IEEE
Transactions on Antennas and Propagation August 2000, Vol. 48, No. 9, p. 1161.

The desire for RF and microwave transceivers with wide bandwidth and less sus-
ceptibility to jamming is driving the trend toward higher operating frequencies. The
key to this trend is the oscillator, which usually includes a phase-locked loop (PLL).
But the operating frequency of a PLL is limited by the frequency divider. Tradition-
ally, designers have circumvented this problem by using a frequency multiplier or a
dual-loop PLL synthesizer. But the former suffers from low conversion efficiency, and
the latter requires complicated circuitry. The subharmonically injection-locked oscil-
lator offers an alternative to these approaches, but its bandwidth spans less than five
percent. However, Quan Xue of the City University of Hong Kong has designed a sub-
harmonically injection-locked PLL that achieves a relative bandwidth of 30 percent.
It consists of a 1-GHz PLL synthesizer, a 4-GHz, dual-gate field-effect transistor
(FET) voltage-controlled oscillator (VCO), an injection-matching lowpass filter (LPF),
a matching highpass filter (HPF) at the output port of the 4-GHz VCO to reject the in-
jection signal, and a voltage converter to regulate the 1-GHz PLL controlling the volt-
age of the 4-GHz VCO. See “A Subharmonically Injection-Locked Dual-Gate FET
VCO Frequency Synthesizer,” Microwave and Optical Technology Letters, Septem-
ber 5, 2000, Vol. 26, No. 5, p. 294.
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NEC | 93¢

Beef up your network.

Short and Long Haul DWDM Lasers. FP Lasers. Telemetry Lasers.
Avalanche Photodiodes. PIN Photodiodes. Surface Mount OE Modules. AWG Devices.
NEC fiber optic components are now available in North America from California Eastern Laboratories.

www.cel.com
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Errnrs A mathematical model detevmines
how multipath veflections cause
ervors in tracking radars.
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RACKING-RADAR performance degrades considerably in the eleva-

tion plane for low-ﬂymg targets.' This is because the multipath phe-

nomenon creates serious problems for tracking radars at low eleva-

tion angles. A reflected signal from the sea surface or ground enters

through the main lobe of the antenna and the resultant signals fluctuate dras-

tically. In a communications system, the result is a loss of a link for a time, but
for a tracking radar, it is a continuous system failure.

A number of techniques are
described in the literature to reduce
the effects of multipath. This article
will describe a method of simulation
to calculate the effects of multipath
on tracking errors at millimeter-
wave frequencies. The method is
extended to examine the effective-
ness of off-axis tracking in a multi-

' path environment. The simulation
results are presented for different
angles of off-axis tracking. Experi-
mental results are also presented for
off-axis tracking at Ka-band (26.5 to
40 GHz).

MONOPULSE RADAR

Monopulse tracking systems are

Sum pattern

Difference
pattern

Radar —
antenna

ml"

superior to se-
quential lobing
and conical scan-
ning and are used
generally for bet-
ter angular accu-
ht racy.” Monopulse
is the term used to
describe a method
by which radar-
tracking informa-

Target

o

antenna

Reflecting
surface

e tion is derived
from the same
radar return. A
monopulse radar
antenna generates
a set of three ra-
diation patterns
simultaneously in
space to achieve

IR SR S e s

Range

x Image

target | 21 accurate esti-

1. In a monopulse radar system, multipath propagation
means that the return wave from the target takes two
separate paths (multipath)—direct and reflected.

mate of a target
location at two
orthogonal coordi-
nates.
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The patterns are the sum
(2), delta elevation (A,), and
delta azimuth (A,). The 3
beam has maximum gain
along the boresight axis.
The A, beam produces a null
response along the azimuth
plane centered on the bore-
sight axis. The signal
increases with increasing
angle from the boresight
axis in the elevation plane.
The AA, produces a null
response along the elevation

14

Height-m

<

Monopulse
antenna

y
NN
y

Transponder

A multimode corrugated
horn is the basic structure
used to generate the
monopulse radiation pat-
terns. A mathematical pro-
gram has been developed to
generate the monopulse
patterns. These radiation
patterns are used to simu-
7 late the received powers
from the transponder signal.

Figure 2 shows the geome-

ht
Sea surface \ ,],

- 6000
o Distance-m 1’

> try of the antenna position
and path of the target (a

plane centered on the bore-
sight axis and the signal
increases with increasing
angle in the azimuth plane.

A function called the monopulse
ratio is defined as the difference-
channel vector divided by the sum-
channel vector signal or A/X. The dif-
ference-channel signal is in phase on
one side of the boresight, but is
antiphase on the other side. So the
monopulse ratio provides the mea-
surement of the angle of arrival of an
electromagnetic (EM) wave as well
as its direction.

Figure 1 shows the simplified
geometry of multipath propagation
through monopulse antenna-radia-
tion patterns. A wave can propagate
to the antenna from the target
through two separate paths—a
direct path and a reflected path. The
reflected signal is composed of two
components. One is the specularly
reflected component and the other is
a diffused reflected component. The
specular component can be predicted
in terms of amplitude and phase,
where the diffused component is ran-
dom in behavior. The latter’s ampli-
tude and phase can be statistically
approximated.

A TRACKING PROBLEM

A low-flying target is to be tracked
in a transponder mode over water at
Ka-band frequency. Tracking is to be
carried out with a monopulse radar
system. But tracking errors occur
due toreflection from the water. Var-
ious techniques are described in the
literature to reduce the effects of
multipath and to make the system
acceptable within some limits. These
include off-axis tracking, frequency
agility, signal-processing techniques,

2. This is the geometry of the antenna position and path of
the target used to develop the theoretical simulations and
practical experiments.

and asymmetrical monopulse pat-
terns.!

A mathematical model known as
TRINSI was developed to calculate
the received signals after multiple
reflections into the sum and differ-
ence channels of the monopulse sys-
tem. The resultant sum and differ-
ence signals are used to calculate the
monopulse ratio. A moving target is
assumed to be the source of radiation.
The monopulse antenna is assumed
to be fixed. The variation of
monopulse ratio (monopulse errors)
are calculated with and without con-
sidering multipath with time and
range. These parameters are calcu-
lated for various off-axis angles of the
antenna.

THE MATHEMATICAL MODEL

The mathematical model and com-
puter programming can be broken
down into six steps.

1. Mathematical modeling of the
antenna’s radiation patterns.

2. Mathematical modeling of the
target’s position with time and range.
Calculation of direct ray and reflect-
ed ray angles, distances, and relative
phases.

3. Calculation of received signal
parameters from sum and difference
channels of the monopulse.

4. Calculation of monopulse ratio
and estimation of angular errors for
direct signals and resultant signals.

5. Passing the error signal through
the filters used in the system.

6. Repeating the calculations for
various off-axis angles and repre-
senting the data in graphical form.

moving target is assumed).
The specular-reflection
coefficient, p, is calculated
with the following equa-
- tions:!
P = PoPs (1)
where:
po = the Fresnel reflection coeffi-
cient for a smooth surface, and p, =
the specular scattering coefficient.
There are two values for p,. For
vertical polarization, py,, is given by:

E. sin Y — (EC - cos® l/l)f 2)

E.sin Yy + (E(, — cos? y/)2

Pov =

For horizontal polarization, py,, is
given by:
1

P = sin Yy — (er - cos? w)i

sin W+ (sc - cos? w)E

(3)

The specular scattering coeffi-
cient, p,, is determined from:

. 2
pj2 = exp{_(w_) :| (4)

The complex dielectric constant, €,
is given by:
£ = £ j60 Ao
€o

(5)

For Egs. 2 through 5, the following
definitions apply:

€/le, is the relative dielectric con-
stant of the reflecting medium, and o
is its conductivity. (s is the grazing
angle (Fig. 1), o}, is the root-mean-
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square (RMS) value of the sea-wave
height, and \ is the wavelength of the
EM wave.

Direct and reflected signal
strengths received by the sum and
difference channels of the antenna
are calculated using the radar-range
equation and proper values of reflec-
tion coefficients. These values are
given by the following equations:

A4 = the direct signal strength
received by the elevation difference
channel.

= f1Gi Gre

£ 6
4 tR* ()

d

A, = the reflected signal strength
received by the elevation difference
channel,

PG, Gy, p’

r = (7)
47(R, +Ry)
24 = the direct signal strength
received by the sum channel.

F G Gxp
4= L I rev (8
"7 4R’ )
2. = the reflected signal strength
received by the sum channel.

_ F G, Gr.‘.’w P:

= (9)
47(R +R,)

Therefore, the monopulse ratio or
error signal, €., is defined by combin-
ing Eqs. 6 through 9 to yield:

/ iy
_ Ad + Ar &

- Z,+ 2, el (10)

r

where:

¢, = the relative phase between
the direct and reflected rays,

P; = the transmitted power of the
transponder on the target,

G = the gain of the antenna used
with the transponder,

G(, AB) = the gain of the receiving
monopulse antenna for the difference
channel in the O direction,

G(. A §) = the gain of the receiving
monopulse antenna for the difference
channel in the s direction,

G(, > O) = the gain of the receiving
monopulse antenna for the sum chan-
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nel in the O direction, and

G(, 2 () = the gain of the receiving
monopulse antenna for the sum chan-
nel in the s direction.

COMPARING RESULTS

In the theoretical case, target posi-
tion is calculated every 1 ms and an
error signal is calculated. Errors are
passed through the filters in the sys-
tem. Figures 3a, b, ¢, and d show the
theoretical variation of the error sig-
nal with time and range. Figures 3a
and b show these errors for the no
off-axis case with the height of the
transponder at 22 m and 7 m, respec-
tively. Figures 3¢ and d show the
errors for an off-axis of 0.75 of 3 dB of
beamwidth, also with transponder

DESIGN FEATURE
Simulation Method

heights of 22 m and 7 m, respectively.

An actual target was flown under
the conditions shown in Fig. 2. A
monopulse radar system generated
the elevation angular errors. The
experimentally recorded errors are
shown in Figs. 4a and b. Figure 4a
illustrates the error signals for the no
off-axis case at heights varying at 22
m and Fig. 4b shows the errors for an
off-axis of 0.75 of 3-dB beamwidth
and heights varying around 7 m. Fig-
ure 4 shows curves for both of the
actual measurements—pink and
black—and curves generated theo-
retically—blue and red.

As these figures illustrate, at close
ranges—~0 to approximately 2000
m—the angle between the direct and

reflected signals is comparatively
large, which makes an estimation of
the angle of arrival with multipath to
be error prone. The difference
between the real angle and the esti-
mated angle is called the bias due to
multipath. As the distance (range) to
the target increases, the angle
between the direct and reflected sig-
nals decreases, which decreases the
multipath bias.

At short range, the rate of change-
of-path difference between the direct
and reflected signals is large, making
the variation of the monopulse error
signal very high. In Fig 4a, black
shows how the experimentally mea-
sured error is high at short range (-1
to -5 deg.) up to 2000 m. Note that

(e
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3. The theoretical results for normal (on-axis) operation at a height of 22 m are shown (a). The blue curve is the expected
error without multipath, and green is the calculated error with multipath. The same parameters are shown in (b), but for a
height of 7 mm. Off-axis curves show the variation of the error signal at 0.75 percent of the 3-dB beamwidth of the
antenna. The curves shown are the same parameters as in 3a and b for heights of 22 m (c) and 7 m (d).
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4. The experimental results that can be compared to the theoretical results of Fig. 3 are illustrated. A height of 22 m, and
on-axis operation is shown in (a) while a height of 7 m and 0.75 percent of the 3-dB beamwidth is provided in (b). The
black curves in (a) and (b) represent the experimentally measured error signal.

this curve follows the general trend |

of blue, the theoretically calculated

error signal with multipath, Also
note that target height makes a sig-

- nificant difference in the error. Fig-
. ure 4a uses a target height of 22 m,
while Fig. 4b uses a height of 7 m.

If the monopulse error signal is
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passed through a lowpass filter at
short range, the filtering action is
effective at providing a slowly vary-
ing output. However, at long range,
where the rate of change-of-path dif-
ference is low, the error signal varies
slowly. Thus, the filtering action of
the lowpass filter is less effective.

At long range, the received signal
strength gradually begins to fall
below the sensitivity of the
monopulse radar-tracking receiver
(Rx), so the variation in amplitude of
the monopulse errors decreases.

In the off-axis case (Figs. 3c and d,
and 4b), the direct signal is received
from a zone of higher gain in the
antenna’s radiation pattern com-
pared to the normal case. Hence, the
reflected signal is received from a
zone of lower gain in the radiation
pattern. This has the effect of reduc-
ing multipath bias in off-axis track-
ing. Experimental, as well as theo-
retical results prove that off-axis
tracking improves the angles of esti-
mation at short range—up to approx-
imately 1500 m—compared to normal
tracking. Compare Fig. 4a with 4b,
and Fig. 3a with 3c. ee
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OFDM for Wireless Multimedia Communications

Richard van Nee
Ramjee Prasad

Orthogonal frequency-division
multiplexing (OFDM) is a communi-
cations technology common to wire-
less local-area networks (WLANS),
but it is also used in digital audio
broadcasting and in some video appli-
cations. OFDM for Wireless Multi-
media Communications is a single
source to help readers understand
this technology and how it is used for
proper bandwidth in modern commu-
nications systems. The text provides
design guidelines and a base for engi-
neers to assess the performance of
wireless OFDM systems. The book
describes the OFDM-based WLAN
standards, and examines the basics of
direct-sequence and frequency-hop-
ping code-division multiple access
(CDMA). It also examines OFDM
applications, including wireless asyn-
chronous-transfer-mode (ATM) com-
munications systems.

Chapter 1 presents a general intro-
duction to wireless broadband mul-
timedia-communication systems
(WBMCS), multipath propagation,
and the history of OFDM. Other sub-
jects include standardization and fre-
quency bands with a summary of
European advanced-communica-
tions-technologies (ACT) projects,
along with a comparison of [EEE and
high-performance-radio local-area-
network (HIPERLAN) standards.
Other topies include the safety of
microwave and millimeter-wave
sources, infrared (IR) exposure, and
multipath propagation.

Chapter 2 begins with an introduec-
tion to OFDM principals. It reviews
the generation of subcarriers modu-
lated by phase-shift keying (PSK) or
quadrature amplitude modulation
(QAM). Other subjects include the
choice of OFDM parameters, includ-
ing bit rates, delay spreads, and
bandwidths, along with Fast Fourier
transforms (FFTs) and inverse-FFT
(IFFT) techniques.

Chapter 3 explains how coding and
interleaving can be used to mitigate
the effects of frequency-selective
fading channels. QAM is also intro-
duced as an appropriate modulation

technique for OFDM subcarriers.
Synchronization of the symbol

clock and carrier frequency is the

subject of Chapter 4. Topics include

OFDM sensitivity to synchronization
errors and packet-transmission

synchronization.

Chapter 5 subjects include coher-
ent detection, one- and two-dimen-
sion (2D) channel estimators, deci-
sion-directed channel estimation,
differential amplitude and phase-
shift keying (DAPSK), and differen-
tial detection in the time and fre-
quency domain,

Peak-to-average-power (PAP)
ratio of OFDM is the subject of Chap-
ter 6. Topics include PAP distribu-
tion ratio, methods to reduce PAP
ratios, clipping and peak windowing,
coding, scrambling, and peak cancel-
lation. Other issues include PAP
reduction codes, generating comple-
mentary codes, determining the
number of orthogonal subsets, and
symbol scrambling.

Chapter 7 explains the basics of
direct-sequence and frequency-hop-
ping CDMA and is included to pre-
pare the reader for combination
applications of OFDM and CDMA.
Chapter 8 describes the advantages
and disadvantages of multicarrier-
CDMA (MC-CDMA) systems.

Orthogonal frequency-division-
multiple-access (FDMA) and fre-
quency-hopping CDMA are the sub-
jects of Chapter 9. A review
illustrates how OFDM and frequency
hopping can be combined to achieve a
multiple-access system with similar
advantages as direct-sequence
CDMA.

Chapter 10 describes various
applications for OFDM systems.
Subjects include digital audio broad-
casting, digital video streaming,
wireless ATM, and the IEEE 802.11
WLANS, as well as ETSI applica-
tions and broadband-radio-access-
network (BRAN) standards. (2000,
260 pp., hardcover, ISBN: 0-89006-
530-6, $95.00.) Artech House, 685
Canton St., Norwood, MA 02062;
(800) 225-9977, (781) 769-9750,
FAX: (781) 769-6334, e-mail:
artech@artechhouse.com.
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Call: 1-800-567-GAGE

www.gage-applied.com/ad/mw0201.htm

= Oscilloscopes & Arbitrary Waveform Generators
under the same Software

= Connect to DSOs & AWGs from Multiple Vendors

= Use PCI Bus or Stand-Alone Instruments

w Capture, Display and Generate up to 60 Channel:

= Use GPIB cards from Multiple Vendors

= Handle Data Sets of up to 2 GB

w Add Analysis Capabilities to YOUR Existing Instruments

GaGea

i A Tektronix Technology Company

From outside the United States contact: Gage Applied, Inc., Tel: +1-514-633-7447 Fax: +1-514-633-0770, e-mail: prodinfo@gage-applied.com
Go to www.mwrf.com and click on the Free Advertiser Information icon.
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Leader In IMT-2000

World’s First!
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3~8GHz 12.4 ~ 18 GHz
0.2dB 0.3dB 04 dB 05dB
1.151 19 1.4:1 1.5
10ms
TTL Latching with Self Cut-Off & Indicating Circuitry
34.0"13.4*40.0mm .
SMA (F) / SMA(F)

http:/iwww.kmwinc.com
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RF & Microwave Products

KMW Inc., Korea

65 YoungChun-Ri, DongTan-Myun HwaSung-Kun,
KyungKi-Do zip code: 445-810, Korea

Tel: +82-31-370-8674 Fax: +82-31-376-9588
E-mail: sam@kmwinc.com

KMW U.S.A. Inc.

13921 Artesia Bivd,, Cerritos, CA. 90703, U. S. A,
Tel: 562-926-2033 Fax: 562-926-6133

E-mail; vehung@kmwinc.com
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Contactless Phase Shifters:

World-First ‘Contactless’ Brings
Better Reliability under All Conditions

Designed by KMW for low insertion loss and good stability under hard environmental conditions, these
Contactless Phase Shifter (:CPS) will provide the linear characteristic of phase and low IMD performance

B Standard Connectorized CPS

Frequency Range 1~ 2GHz 2 ~ 3GHz
Insertion Loss (Max.) 0.15dB 0.25dB 0.35d8
VSWR (Max.) 1.25:1 1.25:1 1.25:1
Incremental Phase Shift 90 degree min. @ 2GHz
Electrical Delay 125 psec min.
I Nominal Impedance 50 ohm
I 1/0O Port Connector SMA(F) / SMA(F)
2 ' Average Power Handling 20W @ 2GHz |
" Temperature Range -30°C ~ +60°C I
KPH90OSCLOO I Dimension (inch) A 3,‘32 29501 102°0.457 I

M Miniature CPS

Pl I S
Frequency Range [ ~ 1GHz 1~2GHz {2~ Z.SGHzL ~ 1GHz 1~2GHz | 2~ 3GHz
Insertion Loss (Max.) 0.15dB 0.25dB 0.35dB 0.15dB 0.25dB 0.35dB
VSWR (Max.) 1.3:11 1.31 1.3:1 1.25:1 1.25:1 1.25:1
Incremental Phase Shift 30 degree min. @ 2GHz 35 degree min. @ 2GHz
Electrical Delay 41.7 psec min. 48.6 psec min.
Nominal Impedance 50 ohm 50 ohm
| 1/O Port Connector Drop-in SMAC(F) / SMA(F)
| Average Power Handling 30W @ 2GHz 30W @ 2GHz
| Temperature Range -30°C ~ +60°C -30°C ~ +60°C
l Dimension (inch) 0.709*0.433*0.244 0.630*0.551*0.244
AR TR SRR

Go to www.mwrf.com and click on the Free Advertiser Information icon.

13921 Artesia Blvd., Cerritos, CA 90703-2202
1-800-8320-KMW » www.kmwinc.com
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RF Connectors * Cable Assemblies * Resistive Products

As a leader in the microwave industry, our
RF Connector, Cable Assembly and Resistive
Products Division has over 40 years of proven
high-quality performance. We design and
manufacture RF coaxial connectors, cable
assemblies, attenuators and terminations.
From custom designs to standard off-the-shelf
products, we can meet the most demanding
requirements of the aerospace, defense
electronics, satellite and wireless communication
markets. Call us at 561-840-1800.

Commercial Products Group

Our Commercial Products Group specializes
in “high-volume, custom-designed” passive
microwave components for the wireless and
broadband markets. Our competitively priced
products include mixers, 1Q modulators and
demodulators, directional couplers, power
splitters, phase shifters, attenuators, hybrids
and transformers. Let our experienced team of
engineers fulfill all your component design
requirements. Call us at 727-541-5800.

wWww.svmicrowave.com

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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PA Noise

Evaluate Noise

In GSM
PAs

approach and statistical analysis
in the frequency domain.

This article describes o method for evaluating
noise in GSM PAs that is based on the two-tone

Oleksandr Gorbachov

Test Department Manager

Jason S.W. Chen

R&D Department Manager

Gatax Technology Co., 6F-1, No. 160,
Sec. 6,

Min-Chuan E. Rd., Taipei, Taiwan,
R.O.C. - 114; +886-2-87926788,
FAX: +886-2-87920768,

e-mail: alex_gor40@ hotmail.com.

LOBAL System for Mobile Communications (GSM) is becoming ever
more popular in the world, due mainly to the advantages of the Gaus-
sian-shaped signals involved. Usually, the Gaunssian-like GSM signals
have a constant envelope, making them more robust and resistant to
the parasitic out-of-channel spectral regrowth than non-constant-envelope,
code-division-multiple-access (CDMA)-like signals. However, due to non-
linearity in power amplifiers (PAs), Gaussian-like signals do not perform
as well as nonconstant-envelope, “flat-power-spectrum,” CDMA-like sig-
nals with respect to the growth of in-channel noise. Moreover, one cannot
perform direct, in-channel noise measurement on GSM due to the presence

of a useful signal.

This article presents a method of
evaluating the growth of in-channel
noise caused by the PA in GSM sys-
tems. The method is based on the two-
tone intermodulation-distortion (IMD)
approach and statistical analysis of sig-
nal in the frequency domain, It discov-
ers the frequency offset at which one
must measure different-order IMD

products to evalu-

0.8 S

0.4

02— ™

ate the noise. By
controlling the
IMD at specified
frequencies, it
is possible to min-

~<J imize the total
e in-channel noise
power. Baseband
~ _ | matching must be
considered on the
first order for PA
tuning.

fo/og =0 Consider a sta-

0 0.5
Affog

tistical signal with
a Gaussian aver-
age-power spec-
trum that is given

1.0 1.5

1. This graph shows the result of weighting coefficients
F,( f,) for two different frequency offsets.

by the following
equation:

(0-2)°
P@)=Pe P (1

The value P, determines the maxi-
mum power-spectrum density at a fre-
quency o = (), and coefficient  defines
the spectrum dispersion:

o’ = Pnp (2)

The value o can be easily found out by
knowing that « = By T of a Gaussian fil-
ter used in GSM systems where By, is
the filter bandwidth, and T is the peri-

od of the baseband signal:
1 1 o
Gp=——B, = ——x— (3
T T A

If the envelope of a signal and the
average power P,, are constants, the
power-spectrum density represents
the probability density g(f) at which
the spectral component having aver-
age power P,, appears at the particu-
lar frequency f. The probability of a
spectral component having power P,
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PA Noise

appearing at the frequency f; is equal
to g(fy)df;. And, at the frequency £, it
is equal to g(fo})df,. If this signal is
passing through a nonlinear element,
these simultaneous power components
at frequencies f; and f, create instanta-
neous IMD products with the probabil-
ity g(f)g(fodf; df;). The frequency spac-
ing f; — f, determines the frequency
offsets f; at which the different orders’
IMD products appear. If one denotes
the n-order IMD products as IMD®,
and drives the PA’s input with two con-
tinuous-wave (CW) signals with equal
carrier levels, one can define the out-
put power spectrum shape as:

where:

G(fy) = the gain of the PA at a certain
input signal level, (for the frequencies
of interest n=2m~1 and m is an integer
>2), and fj is the fixed frequency offset
from the center frequency of a spec-
trum. The function F,(f,) is the

weighting function for each order of :

IMD product considered, specified at a

fixed input-drive level. The total noise
spectral component at frequency f, is
comprised of the IMD products
defined in Eq. 4 and the proper noise of
aPA (without input signal) with a spec-
tral density of N, is:

N(f,) = IM; + IM; + IM,

+.. +N, (5)

The total in-channel noise power is:

472

o

—4f/2

N(fy)df, — (6)

The limits Af/2 and -Af/2 determine
the channel bandwidth encountered
from the center frequency.

The weighting function F(f,)in Eq.
4 comprises the self-convolution proce-
dures in the frequency domain. The
self-convolution of a Gaussian signal is
also a Gaussian one. As an example,
Fig. 1 shows the result of the appear-
ance of weighting coefficients F; (f,).

F,,(fy)is equal to the square restrict-
ed by the appropriate curve and x-axis.
The term Afis the frequency spacing at
which IMj is defined. Figure 1 pre-
sents only one half of the spectrum.
The noise-power spectral component
at a fixed frequency offset is created by
two-tone IMD products from the dif-
ferent frequency spacing. For each

IMD order, the root-mean-square
(RMS) deviation of the frequency spac-
ing is determined by the following:

0; = 04450, = Zi 3 Oy;

2 2

— _60"
n+2

(7)

0; = ——0y = — 0y,
T3 00

The frequency spacing at which the
IMD contribution to the noise power is
maximum at the specified frequency
offset can be determined by using the
following:

Af5(IMDY™) / £, =

3
Af5(IMD’"‘“)/ fy =
" _‘i 3 = —"fOIf]M5.'
Af7(lM ma\)/fg —
3
— —ﬁforIM?.. (8)

Note that one must measure IMD
(with equal two-tone drive levels) at 4-
dB back-off from the total output-
power level. (Remember that the max-
imum spectral density of the Gaussian

3.0

Aflog

2. In this graph, the dashed lines show the two-tone
frequency spacing versus the frequency offset. The graph

also shows the power margins 20,

| 1.0 !
: 0.9 '
1 1
; 0.8 :
. 0.7+ |
1 1
: 0.6 :
1 — 1
1 (= 1
0.5
‘ iM3 :
0.4 ;
03 M5 ?
IM7 NG
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3. This graph shows the weighting functions F,( f,) for

several orders of IMD.
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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 D e p I Oy m e n t

the speed and

power for
simulating systems
uch 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

high performance EDA
Ansoft's Serenade Design Environment call 412-261-3200 or

send e-mail to info@ansoft.com. www.ansoft.com
Go to www.mwrf.com and click on the Free Advertiser Information icon.



ULTRA BROADBAND LINEAR
POWER AMPLIFIER

Model AR88258-100 provides a minimum of 100 Watts [@1dB compression] of
output power over the 800-2500 MHz frequency band. With a nominal gain of
50 dB, two tone intermodulation products are -30 dBc (typical) @ 100 Watts PEP.
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Size is 17.5"H x 19"W x 267D and is covered by a full Two year factory warranty.
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Comtech PST Corp.
Melville, NY 11747 (631) 777-8900

500 WATT VHF RADIO
BOOSTER

Model BHE27157-500 operates over the 20 to
150 MHz frequency range with 500 Watts
minimum output power. This ruggedized
power amplifier is powered from vehicular
+22 to +32 VDC power and can operate over
the -20° to +55°C temperature range with
100% condensing humidity.Output power is
measured and controlled remotely as are the
AM and FM automatic level controls (ALC).

Size is 12.25”H x 19"W x 26”D and weight is
110 Ibs.

Comtech PST Corp.
Melville, NY 11747 (631) 777-8900

L-BAND 800 W RADAR
AMPLIFIER

Cne
1

Let PST's experience and reliability in
fafe-of- the-art Solid State Power Amplmers

Model CPHC128148-800 is a high power
solid state pulse amplifier specifically
designed for portable radar systems.
Operating over the 1200 to 1400 MHz band
with 800 Watts peak minimum output power.
Pulse widths up to 8 microseconds at

5% duty cycle are fully supportable

and protected against over pulse

High Power Ampiifiers: 1.5 MHz through 4.2 GHz
High Power Switches & Limiters: 2 MHz fo 20 GHz
Both Coax & Waveguide

. b Registered 3 e

wid . \
[h/dUty Cyde ; High Power Amplifiers & Sub Systems  High Power Switches & Limiters

Operating temerature range is -30°C to 65°C contact: PST  contact: Hill Engineering Division

p i 8 S 8 3 N o 105 Baylis Road, Melville, NY 11747 417 Boston St. Topsfield, MA 01983
ambient and size is 2’H x 11.5"x 10.5"D. proy - Tel: 631-777-8900 Fax: 631-777-8877  Tel: 978-887-5754 Fax: 978-887-7244

s H E-mail: info@comtechpst.com E-mail:sales@hilleng.com

Comtech PST Corp. * z Web: www.comfechpst.com  Web: www.hilleng.com

Melville, NY 11747 (631) 777-8900
Go to www.mwrf.com and click on the Free Advertiser Information icon.



signals is 4 dB less than the total
power.) The dashed lines in Fig. 2 show
the frequency spacing in Eq. 8 versus
the frequency offset. The figure also
shows margins of +2c . that compris-
es more than 95 percent of the total
power determined by the second term
in Eq. 4 if the variations of IMD
through Af are absent. For the Gaus-
sian filter with « = 0.3 specified in the
GSM standard,' o, = 45.9 kHz. In this
case, one must measure IMD at the fol-
lowing frequency spacings to evaluate
the noise-power spectral component at
the center frequency of a signal: 0 to
40.85 kHz for IMj, 0 to 26.23 kHz for
IM;, 0 to 18.36 kHz for IM,, ete. At
other frequencies of a signal, one must
choose the other margins. As an exam-
ple, at +100-kHz offset from the center
frequency, one must define IMD at the
following frequency spacings: 19.15 to
100.85 kHz for IMg; 11.27 to 63.73 kHz
for IM;; 8.91 to 45.63 kHz for IMy, etc.
Special care should be taken for fre-
quency spacings at which the noise
power may be maximum, such as 60
kHz for IM,, 37.56 kHz for IM;, 27.27
kHz for IM,, ete.

The weighting functions F,( f;) in
Eq. 4 are presented in Fig. 3. Their
shape is also Gaussian with different
dispersions, calculated as:

O33 = {(” - 22 + 1’0'0

(JE n 1)00 for IM;;

Oss = |(n - 32+ 1|0'0

(2@ + 1oy for m@,—
G,y = ~(n - 42+ 1’0’0 =

(3v2 + I)o’o for IM, ... (9)

The maximum values of each IMD-
related noise-power spectral compo-
nent occur at the center frequency of a
signal and they are related to the carri-
er-power maximum spectral density
by the rule of Eq. 7. This is in contrast
to “flat-spectrum,” CDMA-like signals,
where the maximum noise-spectral
density occurs at the channel margins.

Assuming the constancy of IMD
products through the frequency spac-
ings previously discussed, one can con-

PA Noise

i clude that the in-channel noise-power

distribution is not additive white Gaus-
sian noise (AWGN). It decreases
slightly at the channel margins, espe-
cially for the IM;-related noise power.
One can introduce an average weight-
ing coefficient for each IMD order,
depending on a channel bandwidth.
Figure 4 shows the maximum and
average weighting coefficients for the

full 200-kHz GSM channel bandwidth.
One can conclude that the CDMA-like
signals are more resistant to the in-
channel noise growth imposed by the
PA’s nonlinearity than the Gaussian
signals. This is due to the different
spectrum statistics for both cases.
Remember that for out-of-channel
spectral regrowth, the calculations
reach an opposite conclusion.

Today'’s great deal on RF connectors
could turn into tomorrow's expensive

replacement project.

Don't let this happen to you.

Visit our website at www.DeltaRE.com

to see our complete line of quality

RF connectors.

It's a complete resource with a

terminology glossary, downloadable

catalog pages, and the innovative

Connector. Finder—search by
characteristic with interactive
help function. '

Buy quality today— -

save trouble tomorrow

1SO 2001 CERTIFIED

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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RENAISSANCE

ELECTRONICS CORP

RF PRODUCTS
- For Fully Integrated
Wireless Distribution Systems

2 Channel
Combiner

21to 1 GSM
Combiner

Muiticoupler

4 Channel
Combiner

Multi-Channel
Transmitter
Combiner

Receiver

Multi-Channel Multicoupler

Transmitter
Combiner

CUSTOM ENGINEERING
MMDS, Cellular, PCS, SMR
Commercial & Millitary

OTHER PRODUCTS

* MMDS Tranceivers
* Receiver Multicouplers

* Isolators/Circulators
* Power Dividers
* Transmitter Combiners

ISO 9001 CERTIFIED

Contact our web site at http://www.rec-usa.com
to see our latest new products.

RENAISSANCE ELECTRONICS CORPORATION
12 LANCASTER COUNTY ROAD « HARVARD, MA 01451
9781772-7774 TEL « 978/772-7775 FAX
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PA Noise
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4. This graph shows the maximum and average-weighting
coefficients for the full 200-kHz GSM channel bandwidth.

The weighting functions in Fig. 3 represent the “clipping”
noise power imposed by a PA’s nonlinear characteristic, and
this noise is distributed through frequencies and divided on
different terms. Usually, each term varies insignificantly
throughout the frequencies of interest. The major portion of
clipping power appears outside of the channel margins, con-
tributing to spectral regrowth.

Taking into account the maximum values of the noise-
spectral components placed at the signal’s center frequency
(Fig. 3), one should consider PA baseband-matching net-
works starting from near-zero frequencies. It is evident that
for Class AB and Class B PAs, the IMD-related in-channel
noise power is usually higher than for Class A over almost
the entire power range. However, at mid- and high-power
levels close to saturation, the AB and B amplifiers can have
a slight improvement in in-channel noise level compared
with Class A amplifiers due to “sweet spot” operation.* But
it is very difficult to get the “sweet spots” for several IMDs
at a fixed power level and over the wide range of frequency
spacing, Thus, the improvement in noise power is not as
great as the improvement in the out-of-channel adjacent-
channel-power reduction (ACPR) at a fixed frequency
offset.

At the 4-dB backoff used for the method proposed here, it
works for “slightly linear” PAs almost up to saturation for
the total output power. In this case, the amplitude-modula-
tion-phase-modulation (AM-PM) characteristic can be
excluded from consideration.

Transient-response characteristics for pulsed operation
are not included in the current analysis.

Indeed, for exact results, the multiple self-convolutions of
a signal described in Eq. 4 should be considered. However,
the simplified approach presented here takes into account,
the first convolution procedure, and Eq. 4 represents the
main contribution of IMD to noise growth.ee
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The world leader
in VCO and PLL technology.

Patented high-performance, low-noise CLV VCOs.

Our patented, ultra-low noise circuitry in our CLV VCO product line
runs about 15dB quieter than anything the competition can offer.
Finally, you have the margin you need for today’s advanced radios!

Phase Noise ~ Harmonic
@10 kHz  Suppression  Voltage Current
(dBc/Hz) (dBc) (Vdc, nom.) (mA, typ.)

-113 -35 5.0 11
-114 =11 5.0 24
-108 -30 3.0
-112 -20 5.0
-110 -20 5.0
-106 ~35 5.0
-107 -20 5.0

Part Maximum Minimum Tuning
Number Start Freq. Stop Freq. Voltage
(MHz) (MHz) (vdc)

CLVO815E 806 824  0.5-4.5 11
CLVO950E 865 1035 1-10 27
CLV0O915A 902 928 0-4 17
CLV1085E 1050 1086 0.5-4.5 21
CLV1385E 1370 1400 0.5-4.5 18
CLV1550E 1500 1600 0.5-5.0 44
CLV2465E 2436 2496 1-4 26

Tuning
Sensitivity
(MHz/V}

Supply Supply

VCOs for every application.
Unmatched performance for your next PCMCIA-compatible design!

Phase Noise  Harmonic
@10 kHz  Suppression  Voltage Current
(MHz/V) (dBc/Hz) (dBc) {Vdc, nom.) (mA, typ.)

SMVO162A 125 200 0.7-8.3 12 -100 -6 5.0 36
SMV1570L 1540 1600 0.5-2.5 128 -90 -15 27 9
SMV2165A 2118 2218 0-3 148 -91 -10 3.3 16
SMV2390L 2290 2485 0-4 116 -90 =11 5.0 16

Part Maximum Minimum Tuning Supply Supply
Number Start Freq. Stop Freq. Voltage

(MHz) (MHz) (Vdc)

Tuning
Sensitivity

SMV2660L 2620 2700 0.5-4.5 90 -91 -17 5.0 21

Another first - the world’s smallest VCO!

Utilizing the latest in thin-film and 0201/0107 component technology.
We have your compact VCO solution for your next hand-held design!

Part Maximum Minimum Tuning Power
Number Start Freq. Stop Freq. Voltage Qutput @10 kHz  Suppression  Voltage Current
{(MH2) (MHz2) (Vdc) (dBm) (dBc/H2) {dBc) {Vdc, nom.) (mA, typ.)

2300 2360 0.5-2.5 0+3 -83 -15 2.7 8

Phase Noise  Harmonic Supply Supply

USSP2330

Higher integration PLL solutions.

Unmatched performance combining CSP packaging technology with our
patented ultra-low noise CLV technology. Complete evaluation kit available.

Part Start Freq. Stop Freq.  Step Size Int. Phase Phase Noise Output Supply Supply
Number (MH2) (MHz) (kH2) Noise at 10kHz Power Voltage Current
('RMS) {dBc/Hz) (dBm) (Vdc) (mA)

PLLO210A 200 230 100 0.50 -105 3.5%2.5 +5 25
PLLO930A 900 960 100 075 -101 3+2 +5 40
PLL1260A 1230 1290 1000 0.75 -102 1x2 +5 40
PLL1456A 1420 1490 1000 0.75 -103 1£2 +5 40
PLL2710A 2670 2740 1000 1.25 -98 1+4 +5 30

PLL - 0.63"x0.866"x0.14"

When it comes to your RF design, come to the source.
PR Z~COMM

P

s Z~Communications, Inc.

9939 Via Pasar » San Diego CA 92126
Telephone: 858-621-2700 « Fax: 858-621-2722

i

www.zcomm.com e sales@zcomm.com
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electronics marketing

Products

The tool is divided into
five categories:

et o B o B ”

e o Sty o g s e

RF Power | RFPuse | | 50 Ohm RF | RF_CATV
- { - - RF Power | -
Discrete = Power Discrete | MMIC's | Power - Amplifier

Transistors Transistors Modules | Modules

HF VHF1 | VHF2  VHF3
1~30 MHz 30~88 MHz | 88~108 MHz | 108~230 MHz

select the upper
frequency range
for your search:

UHF1 | UHF2 | L1 ? L2
230~512 MHz = 512~1000 MHz @ 1.0~1.7 GHz = 1.7~2.0 GHz

c ~ X { Ku
4~8 GHz 8~12 GHz = 12~18 GHz

To narrow the
search, specify
search parameters
within the subheadings
of Frequency Range,
Die Technology

Matching Parts: 64
You may now compare these 64 parts side-by-side.

Manufacturer, and B Manufacturer: Die Technology:
Voltage or Application .
where applicable.

-- Mo Preference --
Microsemi

Motorola

Philips

s ' STMicroelectronics

-= llo Preference --

@ After finding the parts that match your selection criteria, the tool
also allows for side-hy-side comparisons of similar components:

Pkg

Class | Description Style

Application

175 A/B Comm Source SOT123 FM Broadcast

17+ 28 70 0.8 28/108 - AB/B CommSource SOT121 SSBIFM
24 50 40 2.6 28/108 -  A/AB/B CommSource SOT123 SSBIFM
20 50 35+ 0.8 28/108 - AB/B CommSource SOT121 SSB/FM

28

1 175 - AB  CommSource SOT123 FM Broadcast

For more information or to use the tool



Company Info My Connection Avnet Inc.

MMIC’s Online**

MMIC’s Online*" is a product selection tool developed to facilitate the part selection
process for wireless applications requiring RF Small Signal Amplifiers. The parametric
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Directional Coupler

Understand The Basics
0f Microstrip Directional

Gouplers

This exposition on divectional couplers
offers designers the important theory,

chavactevistics, and equations needed
for microwave applications.

Leo Maloratsky

Principal Engineer

Rockwell Collins

Air Transport Systems

Melbourne Design Center

1100 West Hibiscus Blvd.,

MS 307-200

Melbourne, FL 32901

(321)953-1729, FAX: (321) 953-1646
e-mail:
Imalora@mbnotes.collins.rockwell.com

Table 1: Characteristics of ring and two-branch hybrids

_) reﬂecﬂon

IRECTIONAL couplers play key roles in balanced and double-bal-
anced mixers, balanced amplifiers, dividers, combiners, phase
shifters, attenuators, modulators, discriminators, and feed net-
works in antenna arrays. A directional coupler is a reciprocal four-
port device which provides two outputs when a signal is applied to its input.
A hybrid network (or 3-dB directional coupler) is a special class of d1r
tional coupler in which the signals at the two output ports are equal. ’3
The important characteristics of directional couplers are coupling, direc-
tivity, isolation, matching, insertion loss, phase and amplitude balance,

4

power split, and bandwidth.

A directional coupler can have
three different types of directivity
(Fig.l).4 In this article, port 1 is cho-
sen as input to the coupler. An ideal
directional coupler should have an
infinite directivity. In an actual
directional coupler, the isolated port
is never completely isolated due to
mismatching of terminations, losses,
discontinues and manufacturing tol-
erances.

Phase balance is the relative phase

sy

difference of output waves. Quadra-
ture (90 deg.) and in-phase-out-of-
phase (0-deg. or 180-deg.) directional
couplers are the most popular
devices (Fig.1).

For the purposes of analysis and
caleulation, symmetry is a very
important characteristic of direction-
al couplers. There are three types of
symmetry: complete (axes XX and
YY), XX-axis partial symmetry, and
YY-axis partial symmetry. Con-
nections
between
types  of
symmetry,
directivity
and phase
differences
are shown in
Fig 1.

Parame-
2 ters of actual
directional
couplers dif-
fer from the
ideal due to
the mis-
matching of
termina-
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DESIGN FEATURE

Divectional Coupler

tions, losses, discontinuities, as well
as manufacture tolerances.

The two most popular ring direc-
tional couplers are of length 3/2A and
A, where A is the guide wavelength.
In the case of perfect input matching
of the ring coupler of length 3/2 A
(Fig. 2a),

Y +Yi=1 (1)
where:

Y, =zy/z; and Y= z/z, are normal-
ized admittances of the ring coupler
(Fig. 2a).

The scattering matrix of the ring
coupler is: ®

oY, Y, 0
[sj—_ilf 0 0 % )
0 Y, =¥, 0

It follows from Eq. 2 that arg
S12/813 = 0 and arg S/Sy; = m, ie.,
the ring is an in-phase-out-of-phase
directional coupler. Since S, = So3 =
Sgp =841 =0and [Syy| = [Spaf = [Syyf =
[S44 = 0, the four-port network will
have ideal directivity of type II
(Fig.1) and perfect matching.

The simplest hybrid ring has equal
segment admittances Y, = Y,, which
by substitution in Eq. 1, yields:

_ — 1
=1 /«E (3)

Usually the ring coupler is loaded
by terminations at ports 1, 2, 3, and 4
with reflection coefficients I'y, I', I's,
I'y. Characteristics of ring couplers
versus reflection coefficients are
shown in Table 1, where:

(I +13) (4)
Graphs of operating parameters of
the hybrid ring versus termination
reflection coefficients are shown in
Fig. 3. Absolute values of reflection
coefficients of terminations connect-
ed to adjacent ports (with respect to
the input) mainly affect the input
matching, while the isolation is deter-
mined by relative values of reflection
coefficients. It should be noted that
the previously discussed characteris-
tics of the ring coupler do not account
for power dissipated as a result of

| ] 1
o o FOq 10 -0
- I il B e e W ¢
rectivi
T 942 04 23 By
l N
X X
187 53 18] 83 18] 83
Type of ¥ ; & Y 1 g &
ey 259 [34 28] 34 28] Q4
X X
Completely Partial Partial
Phase Quadrature Inphase  Out of phase
balance 90 deg. 0 deg. 180 deg.

1. The various kinds of directivity, symmetry and phase balance that a
directional coupler can have are shown here.

conductor, dielectric, and radiation
losses.

Define the resistive losses in terms
of normalized attenuation:

T

al:Q—Al (Nepers) (5)

where:

Q = B/2a is the quality factor of a f
1/4-wave resonator which is shorted

at one end and B = 27/A is the phase
constant.

Characteristics of planar ring cou-
plers depend on transmission line
losses (Table 2).47

Consider the influence of fabrica-
tion tolerances on parameters of the
hybrid ring. The results of calcula-
tions of the hybrid ring on microstrip
line with a relative permittivity of
substrate e = 9.8 are provided in

1. a9

(9)

b il
oyt Amlz +180°
28 A%
(b)
Iy A AB 7o Zp A A 79
s 7 — 3 5 - — 3
[y 2z Pl asa Al A4
2 : R 4 2% 2 4
Ip A4 AM I 24 A/414| A I
(d) (e)
1.Zp Zp 3 1.20 Z9, 3
st?_*}.._ﬁ D— bl
Ky ‘\ / ~
1t 277, e

2. Directional couplers fall into three basic architectures: ring couplers (aand
b), branch couplers with either two or three branches (c, d, and e), and coupled

lines (f and g).
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Dirvectional Coupler

VSWR R4 ; nuities aé"g shown
SRy Vi S s in Fig. 5.

- " The ring coupler

1 . - of length 3/2A, has

1285 SEO = e - the disadvantage

= - 0 = of a narrow band-

= CT = width (approxi-

1.0t mately 20 percent)

(a) 0 0.05 0.10 0.15 T3l due to the in-

creased length

CRy2 CRy3 (dB) [Fg|=0 of the 3/4-wave-

2.6 ] T 4 length section

=i S unnn Cel2E (Fig. 2a). Also, it

~ 85T -0.09 occupies a large

M H 0.20 —|ry/=0 circuit area. There

3.0 - —=—[4/=0.30 | are modifications

. L ;r.. [T'2|=0.20 of this coupler in

2.6 = =f 12 0.00 which a 1/2-wave-

w*'ﬁ&m.z- ' Lo length-long seg-

Y zanun ‘"H-II = ment of the 3/4-

() ! 0,05 1.00 0.15 I'g| wavelength

section is replaced

IF2[=0 [T2/=0.05 |I2/=0.10 [I=0.15 [I'|=0.20 by a 1/4-wave-

CRy4(dB) T length section

38 | with a fixed 180-

u NEPLANED A Vd ~—|4|=0 deg. phase shifter

RN ZANRY <Y ABRY ——Irg=0.15 | (Phase inverter

30 ; ‘..: ’47.! N 8 = " —ir }'-ﬂ 30 (Flg. 2b)9 ThlS A

26 BRI 2R AN 35— r4l=0. ring coupler has

PP T T R perfect isolation

22 Eea PR and is independent

= i of frequency. The

(© 0 0.05 0.10 0.15 T3 phase difference

between the two

3. These curves show the matching (a), insertion loss (b),
and isolation (c) of a hybrid-ring as a function of ter-
I'y, [Ty, [T, and |T,).

mination reflection coefficients (

Fig. 4,°
AX = AW/Ah

where:

AW = the width of the microstrip
line, and

h = the thickness of the substrate.

In the ring directional coupler, it is
often necessary to account for the
influence of discontinuities where the
coupler connects to the input and out-
put lines. This is most important for
the high-frequency range when the
size of the discontinuities is more
than 1/10 the height of the guide
wavelength. This type of discontinu-
ity is equivalent to a T-connection.
The characteristics of isolation,
VSWR, and insertion losses of the
hybrid ring with discontinuities and

output ports (0
deg. or 180 deg.) is
also independent
of frequency. In
practice, bandwidth is equal to one
octave.

The branch-line coupler (Fig. 2¢ to
e) consists of a main line which is cou-
pled to a secondary line by Ay/4-long
branches spaced by A/y/4.'%'! The
bandwidth of the branch-line coupler
can be enlarged by increasing the
number of branches.

Most commonly used is the two-
branch coupler (Fig. 2¢). In the case
of perfect matching of input port 1,
element S;; must be equal to zero
which yields:

(6)

Y2 =v:-1

where:

Y, = VZ,, and Y= 1/Z, are admit-

tances normalized with respect to the

- input admittance Y,,.

without disconti- |

A two-branch coupler is ideally

- matched if Eq. 6 and its scattering

matrix is:
(8] = -—1
I+ Y}
0 0 i vy,
0 0 v i
. (7)
i Y, 0 0
Y, i 0 0
It follows from Eq. 7 that:
S;2=8,4=0
S
arg( 1%14): % (8)

which means that the two-branch
coupler has an ideal directivity of
Type 1 (Fig. 1) and that there exists
an inherent 90-deg. phase difference
between the output ports.

For the 3-dB coupler (hybrid), the
normalized admittances of two seg-
ment lines are provided by:

Y,=1Y =42 (9)

Isolation of the hybrid ring has |
wider bandwidth than the isolation of
the two-branch hybrid. Two-branch
hybrid isolation is usable only
over approximately a 10-percent
bandwidth.

Consider the parameters of a two-
branch hybrid where the termina-
tions have reflection coefficients I,
Iy, I', I'y.* The main parameters of
the two-branch hybrid are shown in
Table 1, where:

¢ =201+ 1I5050,)+

(1=T5)(I;-1T,) (10)

The graphs of two-branch hybrid
parameters versus modules of termi-
nation reflection coefficients are
shown in Fig. 6.

Comparing parameters of the two-
branch coupler with those of the ring
coupler with mismatched termina-
tions leads to the following conclu-
sions. In the ring coupler, isolation is
better, but matching is worse than in

- the two-branch coupler. If the output
- ports have identical terminations,
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Precision Photo-Fab is your quality \ L/
solution for high precision, metal parts : 1.06 P
and components produced with the \ /
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to stamping
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Consider the parameters of a
branch hybrid with losses. The two-
branch hybrid with ideal matching of
all ports has the characteristics
shown in Table 1.* The power split in
the two-branch hybrid, (C®,-CB,, =
0}, unlike the hybrid-ring power split
(see Table 2), does not depend on

losses. This is generally characteris-
BROADBAND
' Figure 7 shows the graphs of

[»] o BIOCkS & Bias Tees - -2 - microstrip two-branch hybrid par-

Website: precisio

ameters versus AX = AW/A h for a
relative substrate dielectric constant
of 9.8. Figures 4 and 7 show that the
two-branch hybrid is more sensitive
to production tolerances than the
hybrid ring.
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opment of next-generation YIG devices
introduces the second generation of YIG-
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noise characteristics over carrier offset
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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.
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Applications include QAM and QPSK
modulated Digital Radio’s and a multi-
tude of general purpose applications.
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to generate tunable frequencies covering the
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Congider the
effect of dis-
continuities

" Table 2: Characteristics of plana

irectnu uple o

i

Hybrid ring

r couplers vs. transmission-line

ch hybrid

which arise in
T-connections |
between

losses

branches, con-
necting lines,
and input/out- |
put (I/O) lines. |
In general, all

I/0 lines at
these T-con-
nections have
different char-
acteristic

620l + 2
Bal+42

impedances.
Analysis of the
effects of dis-
continuities

 12\Zal+ 4
g
2al

shows that

working parameters of the two-
branch coupler (Fig. 8) are more sen-
sitive to them than ring-coupler char-
acteristics (Fig. 5).

The branch coupler has the advan-
tage of adjacent output ports which
permit combining them in the planar
design. For example, a balanced
mixer that has the two-branch cou-
pler and two diodes in output ports 3
and 4 can have one planar output
intermediate-frequency (IF) port.

Consider the three-branch coupler
whose circuit view is shown in Fig.
2d. Similar to the two-branch cou-

pler, the three-branch coupler has
the ideal directivity of type I.

512=521=0 (11)

Thus, it is evident that port 2 is iso-
lated and waves reaching port 3 and
port 4 have a differential 90-deg.
phase shift:

S/ _
arg ™5 =V (12)

Several remarks on the three-
branch coupler are in order. The
bandwidth of the three-branch cou-

pler is similar to that of the ring cou-
pler, however, its parameters, to a
great extent, depend on discontinu-
ities and tolerances of line dimen-
sions.

The three-branch coupler has a
larger bandwidth than the two-
branch coupler. Additional branches
can expand the bandwidth even fur-
ther. However, couplers with more
than four branches are difficult to
fabricate in microstrip because the
end branches require impedances

- which reach the upper limits of prac-
! tical realization.

Dual Channel LMDS Synthesizer Delivers
YIG performance without the YIG price tag

The MS-2000 uses an internal oscillator and dual upconverter blocks to

provide a flexible, low cost alternative to YIG based exciters. This stand-alone

device requires just a 50 MHz reference frequency and + 12 VDC. Features

include a phase noise spec of -82 dBc/Hz at 10 KHz offset, and a spurious

output of <-50 dBc. The device measures 9.5” x 6.0" x 1.39" and utilizes

the I’C digital interface. Other options are available.

Visit our web site for more details.
www.ittmicrowave.com
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Stellex offers the broadest line of RF and Microwave Mixers
and Frequency Doublers in the industry, covering 10kHz to
26GHz. Stellex RF Surface Mount and Microwave Open

Carrier Mixers provide the fundamental building blocks for
frequency conversions used in a broad spectrum of
wireless applications. When performance and price
matter, discover the value of innovative off - the - shelf
solutions from Stellex.

To meet your demanding system specs, specify Stellex!

1-800-321-8075

Part Frequency Frequency LO Drive Isolation (typ) Input  Conversion Package
Number RF & LO IF Level LO/RF IP3 (typ) Loss (typ) Style
| CSM1-10 10t0 1,500 MHz ~ 1t0500 MHz  +10 dBm 40 dB 19 dBm 7.5dB Surface Mount
CSM1-13 10to 1,500 MHz 110500 MHz  +13dBm 40 dB 22 dBm 7.5dB Surface Mount
CSM1-17 10to 1,500 MHz  1t0500 MHz  +17 dBm 40dB 27 dBm 7.5dB Surface Mount
CSM2-10 10t0 2,800 MHz 1010 2,000 MHz +10 dBm 30 dB 20 dBm 7.5dB Surface Mount
CSM2-13 101t02,800 MHz 10to0 2,000 MHz +13 dBm 30dB 22 dBm 7.5dB Surface Mount
= CSM2-17 10t02,800 MHz 1010 2,000 MHz +17 dBm 30dB 27 dBm 7.5dB Surface Mount
MC4107 2to 10 GHz DC to 2 GHz +7 dBm 40 dB 11 dBm 6.0dB Open Carrier
MC4110 2to 10 GHz DCto2 GHz +10 dBm 40 dB 14 dBm 6.0 dB Open Carrier
[ MC4113 2to 10 GHz DC to 2 GHz +13 dBm 40 dB 17 dBm 6.0 dB Open Carrier
MC4120 2t010 GHz DCto2GHz  +20dBm 40 dB 23dBm 6.5dB Open Carrier
MC4507 41022 GHz DC to 4 GHz +7 dBm 32 dB 11 dBm 6.0 dB Open Carrier
MC4510 4to0 22 GHz DC to 4 GHz +10 dBm 32dB 14 dBm 6.0dB Open Carrier
MC4513 410 22 GHz DCto4 GHz +13dBm 32dB 17 dBm 6.0dB Open Carrier
MC4520 4 to0 22 GHz DCto4 GHz  +20dBm 32dB 23dBm 6.5dB Open Carrier
MC4807  10to 26.5 GHz DC to 6 GHz +7 dBm 28 dB 11 dBm 6.5dB Open Carrier
MC4810  10t0 26.5 GHz DCto6 GHz +10dBm 28dB 14 dBm 6.5dB Open Carrier
MC4813 10t0 26.5 GHz DCto6GHz +13dBm 28 dB 17 dBm 6.5dB Open Carrier
10 t0 26.5 GHz DCto6 GHz  +20dBm 28 dB 23 dBm 6.5dB Open Carrier
* Connectorized test units available for evaluation
These P is are available through these Authorized Distributors:
- - Ri
E First Source lnc. 3 éElectmnl Vs

Engineered Solutions

1-800-225-7434 1.800-737-6937
The best hlgh performance mixers Stell
ava|lable have a new name... ~ eliex
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A Stellex Electronics Company

visit us on the web at

www.stellexms.com

5300 Hellyer Avenue, San Jose, CA 95138-1003
Tel: 1.800.321.8075 » FAX 408.624.3906
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I DESIGN FEATURE f

Directional Coupler

The three-branch coupler with =~ depends on the length of these stubs. = port network formed by two coupled
power-s;)lit regulation is shown in = This directional coupler has Type III  lines that are close enough to each
Fig. 2e."* Two open or short lines are  directivity (Fig. 1). . other so they are coupled through
connected to the center branch. The  One of the most useful structures ~electric and magnetic fields (Fig. 2f
power split between port 2and port4 = of directional couplers is the four- = and g).

Table 3: Characterlstlcs of print dlrect|ona| couplers

Independence
frommismatched
terminations
Oto180 8to6 | 20 W +¥ =I1H=Y=1/2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . : 2
Oto180, 3 Octave KP +V =¥ =Y, =1/2 7,
3
.:Variabte >
. - (I+Y]) Yz'Y_;:O
ed-line ZgNemms’2 i 1 - o
i Lf~Z 2 | 9 8130 Octave ZoeZoo =1
i \ - ' 0 iZ001 = | ; ; . .
WD i i - Two v 7 b 1 & 2 2 o 1
Three-stage P2 & 101030 octave  “0e2%002 = ‘
coupled-line coupler : . & 7. =1 '

Modular DDS Concept Cuts Delivery Time on

Wideband DDS High Performance Wideband Synthesizers

If you're looking for a synthesizer with super fast switching, high tuning resolution,
and ultra high spectral purity, but can't wait - call ITT. Direct Digital Synthesis concepts
have been combined with microwave mix/divide circuits to achieve the most

advanced performance available. Best of all, these synthesizers are built from

generic modules which can be interchanged quickly without readjustment.

Designs are available up to 20 GHz with several
fixed frequency outputs. Visit our web site for Microwave Systems

more details. www.ittmicrowave.com Engineered for like
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Divectional Coupler

A coupler can be represented by
independent even and odd modes.
The final results are obtained by
superposition of the two modes. In
the even-mode case, currents in both
lines are equal and co-directional. In
the odd-mode case, currents are
equal and opposite. According to the
mirror-reflection method, it is possi-
ble to calculate homogeneous coupled
lines with normalized characteristic
impedances Z, (even mode) and Z,,
(odd mode) [the last suffix identifies
the mode].

Perfect matching (S;; = 0) occurs
when:

ZoZp, = 1 (13)

The scattering matrix of the ideal-
ly matched coupler and its frequency

© characteristics can be derived from:*

0 S S5 0
S 0 0o S
12 B (14

[S]=

where:

512 = i(Zop - Zoo)slrl@/
2cos O +i(Zy, + Zy,)sin®@ (15)

S]j =2/
2¢050O +i(Zy, + Zy,) sin@ (16)

where:

the suffix “0” denotes the midband
operating frequency, © = 2nl/A= the
electrical length of the coupled lines,
and

C14 (dB)

22

18

14 I 1 i
@ g3 0.9 1.0 11 ifig

CRy2 CRy3 (dB) =S ——— cRyg

3.0(- — s

20E— L ! . “=1cRyz
(b) 0.8 0.9 1.0 1.1 flfg

VSWR Ry

1.5~ )

1.0 k‘-—m& : r——==
T 0.9 1.0 1.1 o

5. Discontinuities have an effect on a hybrid ring as illustrated by curves of
isolation (a), insertion losses (b), and VSWR (c) [solid lines]. The dashed lines

are plots without discontinuities.

VSWR B4
1.20F> \,‘//
\\0 \{h/

9 “Q‘a

1.10 iy
\} %
gl
(@) 0 0.05 010 0.15 3|

B A)
CByp (4B)| W\
36 o

. “ \\\\\K%H"M =0
5 e ——=

. —a
[ r— ==

e ]

1
0 0.05 0.10 0.15 |y

(b)

6. These plots are of matching (a) and isolation (b) versus reflection

coefficients for a two-branch hybrid.
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DESIGN FEA

Divectional Counpler

A = the guide wavelength.

The real directional coupler cou-
pling (C2) and insertion loss (Cy3)
will be a combination of coupling loss,
conductor loss, dielectric loss,
mismatch loss, discontinuities loss,
along with loss due to production
tolerances.

The characteristics of coupled-line
couplers will be investigated where

terminations have reflection coeffi- !

cients I'y, I'y, T's, ['; that are connect-
ed correspondingly to ports 1, 2, 3,
and 4,

The plot of the VSWR, as a fune-
tion of reflection coefficients |I's| and
[Ty of output terminations is shown
in Fig. 9a.* As illustrated, the best
matching of the 3-dB coupler is real-

¢ ized when the reflection coefficients

KDI/Triangle’s RESISTOR PRODUCTS GROUP

KDI resistor products are distributed by Richardson Electronics, Ltd.

VSWRBy  cByp(dB) _il
I
B
/Iy VSWR B,
_ e\ %
X-l.oz--ao
a a
L N A N
- B / \\
-0.14  -0.04 004 0.4 AX
(@) e
: CBygCBig (dB)
€813
\\\ 3.2 /,/
e
1 \(;81
-0.14  -0.04 004 0.14AX
- (b) : e

7. The two-branch hybrid’s graph of
matching and isolation (a) and
insertion loss (b) as a function of
fabrication tolerances is shown here.

of loads in ports adjacent to the input
are equal.

Figure 9b shows the dependence of
parameters AC,, = Cpp — C%, (solid
lines) and AC,5 = C,3 — C° 5 (dashed
lines) from coefficients |y and |[y|
for coupling of C%;, =3 dB and C°, =
20 dB.

Characteristics of directivity ver-
sus reflection coefficients |’y and |I's|
are plotted in Fig. 9c. For a particu-
lar C°},, curves corresponding to dif-
ferent values of |T'y| diverge in a fan-
like pattern as |T's| decreases.*

Table 2 defines the main perfor-
mance parameters of directional cou-
plers, taking losses in lines into
account. The line losses of the two-
branch hybrid and the coupled-line
coupler vary identically with the
losses in the lines.

Table 3 illustrates the perfor-
mance, matching conditions, equa-
tions, and other characteristies of the

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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1IP3 (dBm)

mixer modules or external RF baluns. The tiny

TSSOP package is a real space saver, too. It's all /// PEREGR'NE

Conversion Loss (dB)
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Frequency: 4 to 18 GHz

- Nexyn Corporqtion
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Visit our website at www.nexyn.com

10
(a)
\
_anb
g
-T
n“"
®3.0
D
2.0 I I i
&9 10 11

08 08 10 11 W
(c)

8. These three curves illustrate the
effect of discontinuities (solid lines)
on isolation (a), insertion loss (b), and
matching (c) as a function of
frequency. The dashed lines show the
effects on these parameters without
discontinuities.

print directional couplers that are
shown in Fig. 2. ee
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BOOKMARK

Fundamentals of Digital Television Transmission

Gerald W. Collins

Digital television (DTV) has been
available on an experimental basis in
the US market for approximately
two years, but it is scheduled to be
the only TV transmission/reception
vehicle available to the public by
2006. To further the transition from
analog to DTV now underway, engi-
neers in broadcasting, telecommuni-
cations, and other communications
technologies can obtain a good
overview of what this new world will
look like in Fundamentals of Digital
Television Transmission.

This is not a designers’ handbook,
but rather, an introduction to the prin-
ciples of DTV focusing on the trans-
mission of the digital signal. There are
no schematics of RF power amplifiers
(PAs) or circuits that generate the
DTV signals. Chapters 1 through 3
spell out the standards, performance
objectives, and how coding and modu-
lation are accomplished in the digital

realm. Chapter 4, “Transmitters For
Digital Television,” gets to the heart of
the author’s goal of describing the
transmission process from a block-dia-
gram perspective. In Chapter 5, this
theme is continued with a discussion of
RF elements for DTV transmission.
Included here are descriptions of vari-
ous types of filters, cavities, and
combiners.

Chapter 6 presents the key criteria
for selecting a transmission line for
DTYV. This subject has two facets: the
electrical performance and nonelec-
trical factors (such as wind loading,
installation time and cost, and
whether the line needs to be pressur-
ized). The transmission line feeds
into the antenna, so Chapter 7 is a
presentation of the essential ele-
ments of DTV antenna systems. The
electrical topics covered include
antenna patterns, gain and directivi-
ty, power handling, and frequency

response. Antenna-mounting consid-

erations are also covered.

How the signal travels from trans.
mitter (Tx) to receiver (Rx) is the
subject of Chapter 8, “Radio Wave
Propagation.” The chapter is mostly
a summary of well-known propaga-
tion subjects such as refraction, mul-
tipath, ground reflections, and fad-
ing, but it is useful because it
connects all these subjects together
in the context of DTV.

The final chapter is a brief look at
the test and measurement require-
ments for DTV. The chapter describes
those tests that are unique to DTV
(compared to those used for analog
TV). As might be expected, most of

- the material falls into the realm of

power measurements, average powel
measurements, and peak power mea-
surements. (2001, 267 pp., hardcover,
ISBN: 0-471-39199-9, $69.95). John
Wiley & Sons, Inc., 605 Third
Ave., New York, NY 10158; (212)
850-6336.
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Part 2 of

DESIGN FEATURE

PIN Diodes

A Primer On Using
PIN Diodes

Part 2 of this tutovial discusses the w-configured
PIN-diode approach to implement
a voltage-controlled attenuator

Lucent Technologies, Microelectronics
and Communications Technologies
Group, 260 14th street, N.W.,
Atlanta, GA 30318; (404) 870-6942,
FAX: (404) 888-1181,

e-mail: [fei@lucent.com

Raymond W. Waugh
Applications Engineer

Agilent Technologies,

Wireless Semiconductor Division,
39201 Cherry Street, Newark, CA
94560; (408) 435-4888,

FAX: (209) 295-1211,

e-mail: ray_waugh@agilent.com

two parts|  for microwave applications.
Louis Fan Fei HERE are many ways to implement a voltage-controlled attenuator
Technical Staff Member (VCA), but it typically involves the use of some variable-impedance

device. This variable impedance device can be a metal-semiconductor
field-effect transistor (MESFET) operating as a voltage-variable

- resistance in its linear region, or it can be a PIN diode operating as a cur-

rent-controlled resistance. PIN diodes offer the advantages of high power-
handling capability, more design freedom, low distortion, and low cost.
Last month, Part 1 of this tutorial presented two classic microwave design
approaches using one or more PIN diodes—the resistive-line approach and
the constant-impedance approach. This month, Part 2 presents the w-con-
figured, PIN-diode approach, and discusses the advantages and disadvan-
tages of all three designs.

Finally, the m-configured PIN-
diode-based VCA is a well-known
design approach dating back to the
vacuum-tube era. Figures 14 and 15 |
. show the schematic and layout of a

2.45-GHz design. The major compo-
nents of the design consist of four
PIN diodes. Since it is a discrete
design using plastic-packaged PIN
diodes, it is very inexpensive to build.

Ve
P12
T: H35X52Y2E80C
R108S G2 -
100 pF ¢162
10 pF RF out
c159 u21 2;3 " P42
g B S 2 1T: RRXY26
TP39 2 b : H_ p rﬁj@ 0y O
T: RRXY26 1 o y o g a@m% ‘nl‘-
HSMP3814 i Bonupmons

1 T: H35X52Y52E80C

~7

14. The schematic for the w-configured VCA is shown here.

15. This is the circuit-board layout of the -
configured VCA.

L
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The size of the circuit is smaller than
a US quarter. Since all four diodes
dissipate attenuated power, its
power-handling capability is better
than its transistor-based counter-
part. Good input and output match-
ing can be achieved with careful
design. With good matching perfor-
mance, the VCA behaves as an
absorptive termination where no
incoming signal is reflected back
to the source. Reflected signal is
highly undesirable in most applica-
tions, especially in high-power
applications,

Before getting into the m-config-
ured PIN-VCA design, a brief intro-
duction of fixed attenuation pad and
PIN diodes will help the transition
from a fixed attenuation pad to a
PIN-diode-based VCA.

Commonly used fixed-attenuation
pads are either T- or w-configured
resistive networks. An m-configured
pad is presented here. Typical
requirements for an attenuation pad
are: good input/output (I/0) port
match to 50 () and precise attenua-
tion. List 1 shows the standard
design equation put into a MathCad
file. R_s and R_l are the termination
values. In this case, 50 () are used for
both ports. The desired attenuation
value is entered in decibels. The out-

Table 3: Attenuation of the 7 network
for differnet resistance values

put will be the
value for the three

m-configured
resistances. Re is

the middle-series

resistance, while
Rb and Ra are the

shunt resistances
on the side. A few
experiments will
provide more intu-
ition to the design.
The attenuation

Table 4: Components used in the
m attenuator

pad at attenuation

levels of 2, 10, 20,
and 30 dB are cal-

culated and tabu-
lated. The results

are listed in Table

3.
Using the resis-

tance values pro-

vided in Table 3,
precise attenua-

tion and perfect

port matching can
be achieved. The
table also reveals a trend. As attenu-
ation increases, the series resistance
inereases and shunt-resistance
decreases. Intuitively, it makes per-
fect sense. If 0-dB attenuation is
needed, the series resistance will be 0

' ), while the shunt resistance will be

Gb(Att _N): =
G L
 tanh(An _ N(Ant _dB))
~Gc(Ant _N)
Re(Ge): = L
 FaGa = Ge(An _N)
Rb(Ge): = .
o) Gb(Att _N)
1
Ra(Gc): = GalAn )

infinite. At the other extreme, infi-
nite attenuation will require the
series resistance to be infinite and
the shunt resistance tobe 0 V.

Armed with knowledge of the
fixed attenuation pad and intuition
on how series and shunt resistances
behave, the only remaining question
for the VCA will be how the variable
resistance is achieved. The answer is
the PIN diode. The theory is pre-
sented earlier in this article.

Once the fixed attenuation pad and
PIN diode are well-understood, the
VCA design should be obvious. A
PIN-diode-based VCA is essentially
a fixed-resistance attenuation net-
work in which the fixed value resis-
tances are replaced by variable-
resistance PIN diodes. In theory,
only three PIN diodes are required.
However, the resulting bias network
would be cumbersome and complicat-
ed. One more PIN diode is added in
the series path to make the circuit
more balanced. A balanced PIN-
diode circuit can cancel the even-
order distortion produects. Its bias
network is also easier to design.

R108, R103, and R107 are used to
bias the series PIN diode. R103,
R107, R104, R105, and R106 are used

(continued on p. 132)
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DESIGN FEATURE

Antenna Gain

Clarify Antenna Gain
For Accurate Mobile

Measurements

Understanding the true meaning
of “antenna gain” can help im-

prove the accuracy of handset
IMEASUVEIMENLS.

Ryan Hendrickson
Application Engineer
(CDMA Mobile Test)

Agilent Technologies, Inc., E. 24001
Mission, Liberty Lake, WA 99019;

(509) 921-3310, e-mail:
ryan_hendrickson@agilent.com.

EASUREMENT accuracy is important to mobile-telephone man-
ufacturers and to service providers. Power and frequency are two
key parameters that must be generated and measured by a
mobile unit to ensure proper operation within specified limits.

Accurate measurements of the power received and transmitted by the
mobile unit will ensure that battery life is maximized, RF radiation is min-
imized, and appropriate coverage is realized.

In order to test a mobile unit, a
physical or inductive connection
must be made with the device’s RF
path. This may be occur with a phys-
ical or galvanic connection or through
an inductive-antenna coupling mech-
anism. Each method must account for
distinct RF characteristics in order
to produce accurate tests. The goal is
to test and calibrate a mobile unit in
order to produce the most accurate
signal at the antenna. When a mobile
unit is tested at the galvanic connec-
tion, and the appropriate characteri-
zation of that connection’s deviation

from the antenna’s response is not
accurately taken into account, the
actual response of the antenna may
be compromised.

Many different technical aspects of
mobile-telephone transmissions are
often incorrectly lumped under the
generic term “antenna gain.” In
order to make more accurate mobile-
telephone measurements, it is first
necessary to understand the true
meaning of antenna gain and how it
applies to mobile-telephone trans-
missions and testing.

Antenna gain is a term used to
relate the isotropic radiative

EIRP

Isotropic-antenna power

distribuiio

Antenna

Antenna

distribution distribution

Dipole-antenna power

power (IRP) of a particular
antenna to the peak radiated
power of other antenna
designs, such as dipole or
monopole antennas. At
times, the industry has
lumped other losses and
compensation factors to-
gether with antenna gain in
order to relate the response
of the physical RF connector
to that of the antenna. This

1. The radiation pattern of an isotropic antenna differs
from that of a dipole antenna due to the distribution of
power. Antenna gain is a conversion factor used to

compare patterns from different antennas.

misinterpretation can cause
confusion when trying to
accurately determine the
response of a mobile tele-
phone through either the
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antenna or the galvanic connection.

Antenna gain is defined as the

ratio of the maximum radiated power
density at a particular point from the
antenna to the power density radiat-
ed by a reference antenna at the
same point. The reference antenna,

in most cases, is isotropic. The power

that is radiated from an ideal isotrop-
ic antenna extends into space equally
in all directions. It forms a sphere
around the zero point of the antenna.
In reality, antennas do not radiate
isotropically. The dipole antenna, for
example, radiates in a donut-shaped
plane that extends perpendicularly
to the length of the antenna.

An isotropically radiating antenna
can be compared to a dipole antenna
through a conversion factor known as
antenna gain. The conversion factor
is considered a gain conversion
because the total power from the two
antennas remains constant, but the
power is distributed over a more
compressed area with the dipole
antenna (Fig. 1). The power at a point
along the peak radiation path of the
dipole antenna will be at a higher
level than the power at an equivalent
point from the isotropic antenna, at
the same distance r from the antenna.

Antenna gain can be derived
through some simple relationships.
The isotropic power at a particular
point, P, can be derived as:

P, = P /4mr®

For example, if the values of r =
100 m and P, = 100 W are applied, Eq.
1 becomes:

P}, = 100 W/[47(100)°]
= 1/400m = 0.795 mW/m?
=-0.996 dBm/m*

The derivation of the antenna gain
for a short dipole antenna can be
shown as:

Pdipole/Pisntmpic =G = kD,

with DN/2 dipole = 1.64, and

k=RJ/(R.+Ry
where:

R, = the radiation resistance,
R, = the ohmic loss in the antenna,

k = the antenna efficiency factor,
and

D = the directivity of the antenna.

Assuming that k = 1, the dipole has
negligible ohmic loss, and the maxi-
mum antenna gain for a half-wave
dipole antenna can be calculated
from:

G=(1)(1.64)=1.64=215dB

The equivalent power transmitted
to the same point, P, from a half-
wave dipole antenna is then:

P, = 1.64(0.795) = 1.30 mW/m? =
+1.14 dBm

A typical mobile telephone uses a
dipole-antenna configuration to trans-
mit RF signals, with the antenna as
one pole and the body of the mobile
telephone as the other pole. The
impedance (radiation resistance, R,) of
the antenna facing free space is ideally
matched by a matching network, in
order to optimize power transmission
from the mobile unit’s source. In order
to evaluate a mobile station under test
(MSUT), a connection must be made to
the RF path, either through the anten-
na (over-the-air coupling) or through a
galvanic connection. A galvanic con-
nection has a characteristic impedance
of 50 €1, which is interfaced to standard
test equipment through 50-Q RF ca-
bles. The RF characterization through
the galvanic connection differs from
the real-world use of the mobile trans-
mission through an antenna, which
radiates into free space.

Free space has a characteristic
impedance of 377 Q. In order to
design a mobile telephone that trans-
mits optimum power into free space,
the RF path must contain a matching
network to produce an equivalent
input impedance as close to R, (76 O
for a half-wave dipole) as possible.
Under ideal conditions, this is the
case. But in the real world, a mobile
unit’s matching network is not
designed around producing an
impedance match of R,. This is
because the equivalent impedance of
the mobile unit in a real-world envi-
ronment can change unpredictably
by placing reactive or resistive loads
near the body of the telephone. A
load can be a human hand or head, a

car Kit, or any other material that has
dielectric characteristics that are dif-
ferent from those of free space. By
having unpredictable changes in the
mobile unit’s equivalent impedance,
mismatch in the mobile unit to RF
path transition is inevitable. This
mismatch will produce inefficiencies
in the overall power transferred into
free space, as well as power that is
incident onto the antenna from free-
space radiation. These effects will be
predominant when testing through
the antenna compared to testing at
the RF connector.

This may be evident even in a pre-
cisely controlled testing environment
where over-the-air testing may be a
preferred method of creating an
interface to the RF signal. In most
mobile-telephone test environments,
the mobile unit is placed within an
anechoic environment that contains
an RF-absorbent material that is
used to reduce reflections, which are
the cause of high standing-wave
ratios (SWRs) within the anechoic
chamber. These standing waves add
in phase (constructively) and out of
phase (destructively), producing
inaccuracies in the observed and
measured power into and out of the
mobile telephone. An anechoic cham-
ber environment can approach the
conditions exhibited by free space if
all power incident on the walls is
absorbed. In addition, as cables, con-
nectors, and other mounting fixtures
are placed within the anechoic cham-
ber, more variation in characteristic
impedance from the original opti-
mum impedance will be observed.
Even though the mobile unit is
designed to transmit and receive
optimally in contact with a human
operator (a large dielectric mass),
test environments may not accurate-
ly represent the equivalent environ-
ment. These differences in environ-
ment will have an impact on the
mobile unit’s equivalent impedance,
causing inaccurate RF test response
and calibration factors.

As can be seen in Fig. 2, a typical
mobile telephone’s RF path is
switched between the antenna and
the galvanic connection. If testing is
performed through the galvanic con-
nection, the telephone will be tested
and possibly calibrated to specifica-
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Antenna Gain

tions that will not be applicable or
repeatable in the real-world use of
the telephone. If the manufacturer is
going to test the telephone through
the galvanic connection, a character-
ized compensation value must be
determined in order to translate the
measured results into an equivalent
value to represent how the mobile
unit will respond through the anten-
na connector. The standards are not
very clear on the definition of “anten-
na connector.” It is possible to test
the mobile unit through the galvanic
connection and obtain desirable
results. At the same time, however,
the response through the antenna
could be unsatisfactory from the ser-
vice provider’s or even the cus-
tomer’s point of view,

It is difficult to determine if a manu-
facturer’s telephone design imple-
ments an optimized match through the
RF antenna (real-world operation has
been taken into account) or if it was
optimized to perform best through the
RF connector (manufacturing and cal-
ibration has been taken into account).
The manufacturer may have designed
the mobile’s RF circuitry using three
different methodologies:

1. The matching network was
designed to provide optimum perfor-
mance when tested through the gal-
vanic connection. If this is the case,
the calibration process must make
appropriate adjustments to account
for the actual response of the mobile
through the antenna. Antenna gain
and other galvanic-connection-to-
antenna compensation factors must
be taken into account.

2. The matching network was
designed to provide optimum perfor-
mance when operating through the
antenna. This is the most desired
method, but is difficult to test or ver-
ify performance of the mobile unit
due to the factors previously
described.

3. The matching network was
designed to provide a compromise in
performance between the antenna
and the galvanic connection. Even if
this method is used, and the mobile
unit is tested and calibrated through
the galvanic connection, compensa-
tions must be accounted for to ensure
accurate performance through the
antenna.

Matching | /
Z match
network Galvanic
connection
Body of phone

|Changesin|
Z ground | | impedance :

2. In testing a mobile telephone, the
unit’s RF path is typically switched
between the antenna and the galvanic
connection, which can generate
misleading results compared to real-
world use.

Many manufacturers find it easier
to test to a standardized physical RF
connection, due to the 50-{) charac-
teristic impedance of the antenna
interface and the test equipment. For
this reason, the minimum perfor-
mance standards of mobile tele-
phones have developed the test spec-
ifications around the galvanic
connection,

The minimum performance stan-
dards for code-division-multiple-
access (CDMA) mobile units (TIA/
ETA-98-C specifications) require
that most tests be performed
through the antenna connector.
Some of the tests, however, such as
CDMA maximum transmit power,
must fall within the bounds of an
effective-IRP (EIRP) reference. In
order to test “in the spirit of the stan-
dards,” a correction factor must be
applied to approach the true
response at the point of the mobile
unit’s antenna. The standards, as
well as many manufacturers, classify
this as “antenna gain.” Since the
point of test is the galvanic connec-
tion, there are many factors that con-
tribute to this overall correction fac-
tor that should be applied to the
measurement result. Antenna gain is
only one of these factors. To define
this correction factor as antenna gain
is not accurate. Antenna gain only
accounts for the relation of the trans-
mission/reception of the antenna to a
particular point compared to a refer-
ence level at that same point.

A short dipole antenna will have
antenna gain of no more than 2.15 dB,
assuming zero ohmic loss in the
antenna. In many cases, manufactur-
ers have recommended antenna-gain
compensations up to 3 dB. When con-
sidering the antenna-gain definition,
if the dipole antenna is transmitting
in all directions and is suffering loss-
es, then a 3-dB gain-compensation
value is highly improbable. The rea-
son for the higher proposed antenna-
gain values is because other compen-
sation values may have been
incorporated, such as:

* Galvanic-to-antenna coupling.

® Matching network mismatches
between the galvanic connection and
the antenna.

® Mobile calibration inconsisten-
cies between the galvanic connection
and the antenna.

In order to hold true to the defini-
tion of antenna gain, the compensa-
tion value that characterizes the dif-
ference between testing at the
galvanic connection to the actual
response at the antenna should be
referred to as a term other than
antenna gain. An appropriate term
may be “galvanic-to-antenna-port
compensation factor.”

In summary, the term “antenna
gain” is often misapplied by the high-
frequency industry when used in ref-
erence to mobile-telephone manufae-
turing and testing. The goal of testing
and calibrating an MSUT is to ensure
that the telephone will operate to the
satisfaction and expectations of the
customers. If the telephone is tested
through a galvanic connection, a com-
pensation factor must be used to trans-
late the measured results to that of an
equivalent operation through the
antenna. This compensation factor is
not antenna gain, but could be more
accurately called the “galvanic-to-
antenna-port compensation factor.”
Antenna gain is still a useful parameter
for producing accurate mobile-tele-
phone measurements, but it must be
additive depending on the type of test
performed. oo
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Souwvce Jitter

Calculate Oscillator Jitter By
Using Phase-Noise

Analysis

Part 2 of
two parts

Two types of jitter specifications can
be determined by developing
equations based on analyzing an
oscillator’s phase noise.

Boris Drakhlis

SaRonix, 141 Jefferson Dr., Menlo
Park, CA 94025; (800) 227-8974,
(650) 470-7700, FAX: (650) 462-9894,
Internet: http://www.saronix.com.

QUATIONS that were developed in Part 1 of this article can now be
used to calculate the jitter of a crystal clock oscillator. A plot of the
oscillator’s measured phase noise and the five noise processes used
to approximate it are shown in Fig. 3.

It can be seen that the approxima-
tion fits the data well and that the
five power-law noise processes
model is valid for that oscillator. The
following numbers describe the
model:

1. White PM: Syypyy =2x107"
2. Flicker PM: Sypppy = 2% 1077
3. White FM: Spypy = 1107
4. Flicker FM: Syppyy =6 x 107
5. Random walk FM: Sgpwry =

1.93%x 1072 (27)

~&~ Measurement
= Approximation

N

=

ek

10-15g 10

100 1000 10,000 1nn,ﬂ
—Hz

3. The measured and the five-power-law-approximated
phase noise of an oscillator correlate closely as shown in

the two curves.

To use Egs. 18 to 25 one needs to
establish the upper integration limit
f,.. This limit could be imposed by the
measurement equipment or by the
device itself. Sinusoidal crystal oscil-
lators that were previously studied
usually have a buffer amplifier with a
tuned tank circuit on the output.' The
buffer-amplifier bandwidth sets f,, in
these oscillators. Clock oscillators
usually do not have a tuned buffer on
the output. Instead, they have a
wideband-output amplifier that pro-
duces a square-wave signal. Unfortu-
nately, by tradition and also due to
equipment limitations, the phase
noise of the oscillators is measured
close to the carrier—within 100 kHz
in the case of the oscillator in ques-
tion. Neither (in the author’s aware-
ness) is there data regarding the
effective jitter-measurement band-
width of the Tektronix 11801A digi-
tal storage oscilloscope (DSO).

In the absence of reliable data the
jitter for fy, = f, will be caleulated. For
the oscillator in question, f, = 77.76
MHz. This frequency is much higher
than the highest frequency at which
the phase noise was measured (100
kHz). If the output amplifier or the
DSO limits f,, to a value less than f,
one will overestimate the phase jit-
ter. If the contribution of the noise
with Fourier frequencies is higher
than the oscillator frequency is sig-
nificant, one will underestimate it. It
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should also be noted that 7
only the white phase modu-
lation (PM)-induced jitter is
dependent strongly on f,

because white PM is inde- | _°
pendent of frequency. All T‘4
other power-law processes 5
are frequency dependent ‘;-3
and go to zero at high Fouri- =
er frequencies. For that rea- »

son, the jitter that the pro-
cesses are contributing is not
dependent on fi, if f}, is suffi-
ciently high. 0

The results of calculated
and measured jitter for the
first 20 periods are present-

-

I 1 T
-+ Measured

result is 1.238 ps RMS. This
is close to the 1.141 ps RMS

. Calculated from
phase-noise data J

jitter that was calculated
from the phase-noise plot.

The simple power-law
model of the phase-noise

spectral density used
before is applicable only to

free-running oscillators. In
the case of a phase-locked

i i i S T Rt (o S W — N—

e e -

loop (PLL), the output
phase noise depends upon

the phase noise of the refer-
ence signal, voltage-con-

2 4 6 8 W 12 1 18
N

trolled-oscillator (VCO)
phase noise, and the loop
bandwidth. The phase-

18 20

ed in Fig 4. It can be seen
that the measured period jit-

culated period jitter and that
the rate of jitter accumula-
tion is much higher in the measured
Jitter than in the calculated jitter.

As noted before, the jitter accumu-
lation is practically independent of
the measurement bandwidth. The
fact that the measured accumulated
Jjitter is much higher than the calcu-
lated jitter can be explained by the
DSO’s timebase jitter that is added
to the oscillator jitter. From Fig. 4
one can estimate that the DSO time-
base-jitter slope is approximately
0.15 ps/period of the oscillator fre-
quency (12.86 ns in this case). This
corresponds to a 12-PPM relative jit-
ter characteristic for the DSO’s time-
base.

There is also a substantial differ-
ence in the value of period jitter pro-
vided by each method. To explain
this, look in detail at the way jitter is
measured with a DSO (Fig. 5). The
40-ns delay line is a key ingredient in
the test setup since it com-

jitter.

4. Calculated and measured jitter in an oscillator differ
significantly over 20 periods because the timebase jitter of
ter is much higher than cal- the measuring instrument adds to the oscillator’s own

~lator and the DSO’s internal ampli-

fiers are the most prevalent contrib-
utors. The measured jitter of the
trigger edge of the oscillator under
consideration is 3.148 ps root mean
square (RMS) and the measured
period jitter is 3.386 ps RMS. This
shows that the jitter induced by the
period variations is indeed much less
than the measured period jitter. To
estimate this jitter, calculate:

Phase—-noise induced jitter =

\/(ijMS)Z ~ (ferms)’

(28)

This formula yields 1.247 ps RMS
for this measurement case. If, in
using the same formula, one sub-
tracts the DSO’s timebase jitter of

0.15 ps (established previously), the

noise plot of a 65.536-MHz
high-performance-comple-
mentary-metal-oxide-semi-
conductor (HCMOS) PLL
used as a 3X multiplier of a

- crystal-oscillator reference frequen-
- ¢y is shown in Fig. 6.

In addition to its phase-noise char-
acteristics, a PLL has discrete spec-
tral components that result from fre-
quency modulation (FM) of the VCO
by the filtered output of the phase
detector. A spectrum-analyzer plot
of the output signal of the PLL men-
tioned previously is presented in Fig.
7.

The period jitter could be numeri-
cally calculated using Eqs. 13 and 14.
To gain more insight into the process
of jitter generation, one can sepa-
rately calculate jitter contributions
of every major region of the phase-
noise plot and from each of the main
frequency components of the output
spectrum. They can then be com-
bined in the single plot in order to be
compared with the measurement
data.

The phase noise plot is

pensates for the internal
DSO delay. The delay line
makes it possible to display
the same signal edge on the

TEK 11801A DSO

approximated as follows:
® Range 1: Fourier fre-

screen that triggers the

put

40 ns delay

DSO. In an ideal case, the
DSO measures only period
jitter. Thus, the jitter of this

L

quencies from 1/600 Hz to
100 Hz: 4.16 x 107%/f*,

* Range 2: Fourier fre-
quencies from 100 Hz to 700
kHz: 4 x 107!,

edge (the “trigger edge”)

—O0
Trigger

* Range 3: Fourier fre-

quencies from 700 kHz to

would be zero. As aresult, all
of the trigger-edge jitter is

other sources of noise. The
amplitude noise of the oscil-

5. Differences in measured and calculated period jitter can
considered to be caused by be attributed to the measurement method shown here. The
40-ns delay line is used to compensate for internal delays

of the digital storage oscilloscope.

PLL output frequency: 1 x
107,

The phase-noise-induced
Jjitter of the PLL derived
from these approximations

MICROWAVES & RF » FEBRUARY 2001

110




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

coupling, and calculate antenna radiation.

Use Ensemble to compute S-parameters and full wave fields for on-chip
components such as spiral inductors, capacitors, thin-film resistors, and
interconnects in microstrip, stripline, slotline, and coplanar waveguides.
Ensemble handles realistic circuits with straight and curved traces,
radiation, multiple layers, open plus closed cavities, and

packaging effects.

Ensemble offers an easy-to-use interface, DXF

import, a graphical post-processor, optimization, F re e d O m
parametrics, industry leading fast solver
technology, and integration with other products in

the Serenade Design Environment.

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

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

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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6. PLL phase noise is more complex than that of an

oscillator because the PLL contains more circuit elements.
This is the noise plot of a 65.536-MHz PLL multiplying a
crystal oscillator by three times.

7. The output spectrum of the PLL in Fig. 6 on a spectrum

analyzer displays spectral components that result from the
interaction of the device’s circuit elements.

is illustrated in Fig. 8. - sideband level L = -55.6 dBc. . ® Fourier frequency: 17.56 MHz,
The strongest discrete compo- = e Fourier frequency: 8.82 MHz, ~ sideband level L = -61.3 dBe.
nents in the PLL output spectrum = sideband level L. = -61.2 dBec. ~* Fourier frequency: 21.85 MHz,
are the following: * Fourier frequency: 13.16 MHz, | sideband level L = -59.6 dBec.
® Fourier frequency: 4.38 MHz, ' sideband level L = —-62.2 dBe. © ¢ Fourier frequency: 26.2 MHz,

Fixed Attenuators

From low cost, in-line pads and termina- Models are available with the
tions to high performance custom designs,  following feature:
JFW has the solutions to your attenuation

needs. Applications include cell site instal- ~ * >0 2nd 75 ohm Yenin

lation, base station design, laboratory test-  * Large range of bandwidths from
ing, and instrument protection. For more DCto 26.5 GHz

information, please contact us or visit the * Up to 1.5 KW continuous RF power

Fixed Attenuator and Termination sections e Peak power ratings up to 2500 watts
on our web site at

» Right angle and custom connector
www.jfwindustries.com/fixed.html| and - g

< B seemeern At configurations
www.jtwindustries.com/terminations.htm * Low IMD options

JFW Industries, Inc.

Specialists in Attenuation and RF Switching

Tew (317) 887-1340 « Toll Free 1 (877) 887-4539  Fax (317) 881-6790
5134 Commerce Square Dr. » Indianapolis, Indiana 46237

Internet- http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
ISO 9001 Certified
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Why spec Filtronic for your semiconductor applications?

1. We have 6-inch wafer fabrication capability for hi-volume,

low-cost PHEMT MMICs.
2. We've proven our reliability in wireless, multipoint telecom

and broadband applications.
3. We're dedicated to bringing the Filtronic level of excellence

to the semiconductor industry.

Any other questions? Call us!

Filtronic

Quality runs through everything we do.

FSS * Santa Clara Operations * 3251 Olcott Street, Santa Clara, CA 95054
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8. These plots of jitter show the calculated contributions
from the phase noise of each of the PLL’s three main
frequency ranges. The plot, “All ranges,” is the combination 9. The induced jitter of the PLL resulting from its
plot of Ranges 1 through 3 for comparison with measured discrete spectral components is shown here. Only the
data. eight strongest discrete components are plotted.
sideband level L = -65 dBe. . The discrete spectral-component- | shown in Fig. 10.
* Fourier frequency: 30.5 MHz, induced jitter is presented in Fig.9. ~  In the PLL case there is good cor-
sideband level L = -64 dBe. . The results of the DSO measure- relation between measured and cal-
* Fourier frequency: 44 MHz, side- - ments of PLL jitter and PLL jitter - culated jitter. This is because the
band level L = -66 dBe. - caleulated from all jitter sources are = PLL Jitter is much higher than the
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More power equals
more freedom.

Introducing the SXT-289. A new
wideband GaAsHBT power amplifier.

Stanford Microdevices introduces the SXT-289 — the
perfect driver amplifier for today’s and tomorrow’s
advanced communication infrastructure equipment.

With power to spare, giving you freedom from
design constraints, this amplifier was designed and
manufactured using state-of-the-art Gallium Arsenide
heterojunction bipolar transistor (GaAs HBT)
process technology. These devices are ideal for usc as a
driver stage for power amplifiers installed in cellular PCS
infrastructure equipment and conform to TDMA,
CDMA and PCS 1900 modulation standards. The SXT-289
operates from a single 5SVDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89
with backside ground.

For more information on the SXT-289 or any of our
other products, visit our website today and experience
RF Innovation from Stanford Microdevices.
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mulation, evidenced by the positive

Sounrce Jitter

DSO’s own jitter. The plot also shows |
that simply measuring only one-peri- i
od jitter is not necessarily a good way |
to characterize a PLL. Jitter accu-
- of the PLL phase-noise plot and the
slope characteristic (Fig. 10), is a

phenomenon where the timing error

increases with each subsequent
cycle. The jitter accumulation in
PLLs depends upon the exact shape

level and quantity of discrete spec-
tral components, It is

25 i l

~-Scope measured

impossible to predict
this behavior by re-

)
(=]

—1 -~ Calculated

—
(42}

o
™

R

porting only one-
period-jitter data
values. If the appli-

cation is sensitive to
the accumulated jit-
ter, the reference

RMS jitter—ps
=
\ a
g
L

oscillator must be
specifically char-
acterized for this

parameter using
either a DSO or test-

0 5 10 15 20
N

25 3p| interface assembly
(TTA).

JITTER VS.

specify the RMS value of jitter in a
frequency band usually measure
RMS phase jitter on the filtered out-
put of the clock-recovery PLL phase
detector. Then, the phase jitter is
converted to the time domain. The
measured RMS phase jitter is simply
RMS phase noise in the specified
frequency band. To calculate this
parameter from oscillator phase-
noise data, integrate the oscillator
phase-noise spectral density over the
specified frequency band and take
the square root of the result:

f>
= js¢(f)df (29)

fi

where:
the specified frequency band
ranges from f; to f,. To convert to the

10. Measurements of the PLL jitter are compared with
calculated jitter and correlate closely. Close correlation
results, because the jitter of the PLL is greater than that
induced by the measuring instrument.

PHASE NOISE

Applications that

time domain, note that 2m of phase is
equivalent to the signal period T,—
meaning that the corresponding
RMS time jitter is:

iInnovation #8

The most
7 -rehable switches
in the industry
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and

40x faster!
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Micronetics’ new MSM1 series
offers outstanding frequency
ranges from DC to 2GHz.

Key Features:
- Hermetically Sealed
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diameter
- Fast Switching Speeds
- High Repetition Rates
- Consistent Performance

Micronetics’ manufacturers a
full line of mechanical switches,
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throws and tranfer switches.

For further information visit
our web site
www.micronetics.com,
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We've taken VCO technology o new lows.

controlled oscillator

e

Lower.
phase noise

Lower
phase
transients

And with a package size of only 0.5" X 0.5" X 0.22" it can
handle tight spots. Introducing the UMX series voltage
Take your next design to the extreme.

‘Model Eﬂdﬂar Phase Noise | Pushing Pulling | Supply

G dBc) | (10kHz,dBc) | (MHz/V) | (MHz/p-p) | (Vdc)
| UMX-254:D1! -20. -110 0.8 1 5
 juMx-364-D16 220 -107 0.8 2 6
| uUMX-270-D16 | -20 -106 0.7 2 3
UMX-315-D1€ -20 -120 0.5 2 6
UMX-333-C .20 -104 1.0 3 6
' -375- -20 -118 0.8 2 6
-331 -104 1.0 3 6

U
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Want to know the secret of success in the land of Linux and Nokia? It’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 f—
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our website www.aplac.com and contact us at APLAC Solutions.
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Ty
At gprs = *Zi Aruys

These equations could also be used

to estimate the required level of |
phase-noise floor to guarantee that |
RMS time jitter in a frequency band |
is less than the specified value. If the |
phase-noise floor in the specified |
band is independent of frequency, the -

result is:

2

xLA‘RMS ] (31)

So, =4n’
(o T,

=1

For example, 155.52-MHz oscilla-
tor RMS jitter will be less than 1 ps
in a 12-kHz-to-20-MHz frequency
band if the phase noise of this osecilla-
tor is less than -133 dBe/Hz at any

frequency in the band. Usually, the i

phase-measurement equipment dis-
plays L(f), which is single-sideband

DESIGN FEATURE

Souvce Jitter

IN ADDITION TO ITS PHASE-

| NOISE CHARACTERISTICS, A

PLL HAS DISCRETE
SPECTRAL COMPONENTS
THAT RESULT FROM
FREQUENCY MODULATION
OF THE VCO BY THE
FILTERED OUTPUT OF THE
PHASE DETECTOR.

normally rolls down with frequency
This means that if the phase noise at

f, is less than the calculated Sdq |
- value, the oscillator will meet the
Qpeciﬁcation even if the phase-noise
- value at f, is not known. It should be |
| noted that the level obtained in Eq. |

You are looking for...

i and Oscillators,”
i Howe, F.L. Walls, 19()0

| Agile Jitter M asurement
J.A.B

(SSB) phase noise. In terms of L(f),
" the noise-floor limit is 136 dBe/Hz. = RF.V
The phase-noise plot of an oscillator

guarantees meeting the specifica-

tion. If the oscillator phase noise
i exceeds this level at some frequen-

cies in the specified band, the oscilla-

© tor could still meet the specification,
- but a full evaluation of the integral in
. Eq. 24 will be required. If the oscilla-
- tor incorporates a PLL that has
- discrete spectral components in the
- specified band, the situation will
. be more complicated, but it also can

be handled using the previous

equations.ee
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Looking for the right combination of quality connectors, service
and support? Richardson Electronics has a clear shot on true
75-ohm coaxial connectors and terminations from Johnson
Components... And, we won't leave you behind the eight ball!

Technologies such as Digital Video, CATV and Computer
Networking have been traditionally based on the 75-chm
transmission impedance standard. Increasing signal speeds
in these applications demand the proper selection of coaxial
cables and connectors for optimum performance. Richardson
Electronics meets the needs of these evolving technologies
with a broad line of true 75-ohm coaxial connectors and
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Analog BiCMOS Design-Practices and Pitfalls

James C. Daly and Denis P. Galipeau

Analog circuit design is a craft in
short supply these days, with many in
the electronics industry believing that
universities do not give it the empha-
sis accorded to digital design. Educa-
tors at the University of Rhode Island,
however, are addressing the situation
as evidenced by Analog BiCMOS
Design—Practices and Pitfalls. The
book is used in a senior level and grad-
uate school course and students design
and fabricate an analog integrated cir-
cuit (IC) based on the course contents
(fabrication is performed at the facili-
ties of Cherry Semiconductor Corp. in
East Greenwich, RI).

As indicated by its title, the text
covers analog design in the increasing-
ly important bipolar-complementary-
metal-oxide-semiconductor (BiC-
MOS) technology. RF BiCMOS
processes, in particular, are making
strong inroads in transceiver and

base-station designs for wireless com-
munications. But this book is geared
toward the fundamentals of analog
BiCMOS, not the specialized designs
and processes needed for operation at
1 GHz and beyond.

The book opens with a chapter on
the characteristics of basic devices:
pseudorandom-noise (PN) junctions,
bipolar transistors, MOS transistors,
and Zener diodes. Chapter 2 examines
models of bipolar and MOS devices,
such as Gummel-Poon and the bipolar
SPICE implementation. A useful sec-
tion of this chapter is “Simple Small-
Signal Models for Hand Calculations,”
covering bipolar and MOS transistors.
Chapter 3 discusses current sources
which, the authors point out, are the
foundation of circuit design in micro-
electronics. The section covers current
mirrors in bipolar and MOS, with
design examples for each.

A short chapter is devoted to volt-

BOOKMARK

age references covering the basic the-
ory of the Zener voltage reference and
the bandgap reference. Chapter b cov-
ers basic amplifier circuits for bipolar
and MOS devices—common emitter,
common base, common source, etc.
Bipolar circuits are covered first, fol-
lowed by an equivalent analysis for
MOS circuits. Chapter 6 investigates
comparators, while Chapter 7 looks at
the various output stages of ampli-
fiers, such as common emitter Class A,
push-pull Class B, and CMOS stages.

The “pitfalls” of analog design, from
the subtitle of the book, are explored
in Chapter 8. The object is to show
prospective designers how IR drops,
temperature effects, latchup, and
other semiconductor phenomena can
lead to cireuit failure, often necessitat-
ing costly redesign and refabrications.
(2000, 219 pp., hardcover, ISBN: 0-
8493-0247-1, $79.95). CRC Press
LLC, 2000 NW Corporate Blvd.,
Boca Raton, FL 33431; (561) 994-
0555, Internet: http://www.crc
press.com.
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The MAURY Product Line

- Coax:al and Wavegurde Components
Adapters and Connectors
= Over 80 different combinations of in-series and
between-series coaxial adapters
* Waveguide-to-coaxial adapters in all common coaxial
connectors, in sizes from WR430 to WR10
» Coaxial connector gage kits for checking pin
location and depth prior to mating
* Precision measurement components including
- sliding and fixed terminations
~ short circuits
~ precision mismatches
- two-port standards and much, much more

Calibration Kits For

Vector Network Analyzers

+ Coaxial calibration kits in all common
{and some not so common) connector sizes

+ Waveguide kits from WR430 to WR10

+ Wide variety of kit configurations including:
— OSLT (coax) with sliding or fixed loads
—~ SSLT (waveguide) with offset shorts or shims
— TRL/LRL (coax and waveguide) "Tri-Kits"

= Special configurations can be tailored to meet
your unique application requirements

Automated Tuner Systems

* Automated tuners in decade and multi-octive
ranges from 0.25 to 110.0 GHz

* Windows® 95/98/NT compatible system software

for accurate, de-embedded measurement of power,
IMD/ACP, and noise characteristics of devices

Receiver Noise Instrumentation
and Standards

+ A variety of noise figure meters to meet your
application and budget needs, including the fastest
and most accurate models available today b

» Solid state noise generators in several frequency
ranges, and broadband units from 0.1 to 26.5 GHz

+ Cryogenic and heated terminations for highly
accurate measurements and noise calibration

Call today for a copy of our catalog! * _‘ A ‘7 . [
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Shielding Matevials

Selecting A

Shielding
Supplier

Part 2 of

The quality of a shzeldmg supplier can
often be measurved in tevms of the level
of communications and technical

2 Parts support offeved to a customer.
Michael A. Biggar UPPLIERS of shielding materials vary in size, product lines, and
Marketing and New Product resources. But for the customer seeking a source of shielding mate-
Development Manager rials, bigger is not always better, and picking the wrong shielding

Leader Tech, Inc., 14100 McCormick
Dr., Tampa, FL 33626; (813) 855-
6921, FAX: (813) 855-3291, e-mail:
mbiggar@leadertechinc.com,
Internet:
http://www.leadertechinc.com.

supplier can be financially devastating in terms of missed shipments
and dissatisfied customers. In the final installment of this two-part series,
the answers to several important questions help the reader to identify the
strong and weak points of large and small shielding suppliers.

How good is the quality of a shield-
ing supplier's marketing communica-
tions (i.e., literature, website, etc.)?
Marketing communications are a win-
dow to the quality of a shielding sup-
plier. For example, catalogs should be
easy to follow and read, with easily dis-
cernible pictures showing product fea-
tures. There should be enough infor-
mation provided to make an intelligent
selection on a product type. Invoices
and statements should be clear, up to
date, and self-explanatory. And adver-
tising and mailing pieces should be
honest and straightforward, without
false claims or promises. The compa-
ny’s message should be clear and con-
sistent throughout their marketing
communications efforts, and their web-
site should be uncluttered and easy to
navigate so that customers and poten-
tial customers need not work hard to
locate, design, and specify information.

Does the shielding supplier have the
manpower to perform manual assem-
bly? It is the extra value-added opera-
tions that can provide a customer with
the total solution that can make the dif-
ference in successfully delivering a fin-
ished product on time. It could be part
of an application that a machine alone
cannot complete—the need for a num-
ber to be written on a part, a flange to

be folded or bent, a piece to be screwed
down, a thermal barrier to be installed
inside a cover, Mylar to be added, cap-
ping, ete.

Does a shielding supplier have the
ability to provide automated assembly
operations? If a requirement involves
alarge quantity (generally from 10,000
to millions of pieces), and “pick-and-
place” production assembly is
required, then the shielding supplier
should offer tape-and-reel capabilities.
(see Fig. 2 in Part 1 of this article
series).

Is the shielding supplier's manage-
ment available to settle a dispute?
Hopefully, any discrepancies or dis-
putes regarding samples, orders,
invoicing, ete., can be settled at the
salesperson or technician level. How-
ever, if there is a need for a supervi-
sor’s intervention, the shielding suppli-
er’s management should be available
to intervene and settle any disagree-
ment quickly and to the satisfaction of
the customer.

How good is the integrity of the pack-
aging for the shielding products? It is
very important to know how your
product will be packaged. Is there flex-
ibility in packaging an order different-
ly depending on your project require-
ments? If it shipped perfectly but was
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Shielding Materials

delivered damaged, you will have
problems at the 11th hour, which can
seriously affect delivery. Does your
supplier have packaging standards
available to you? Do they monitor ship-
ping and packaging on every order?
Does a shielding supplier always
keep a customer informed on industry
trends and new products? Most shield-
ing suppliers maintain a customer
mailing list. Some send information
regularly, such as newsletters, mailers,
and product announcements. A cus-
tomer should receive information from
a qualified shielding supplier on a reg-
ular basis, at least several times each
year, in addition to receiving informa-
tion on a supplier’s new products and
developments at their website or in
trade publications such as Microwaves
& RF and Wireless Systems Design.
If a shielding supplier does not have
a solution available, do they recom-
mend another company’s product?
This may be rare, but there are some
suppliers that will refer a customer to
another, competitive shielding compa-

ny when the other company can pro-
vide the proper solution. A supplier
that considers a customer’s interests
ahead of their own is invaluable.

How flexible is a shielding suppli-
er’s production line? No design is stat-
ic. Can a shielding supplier accommo-
date a special request for a custom
modification? Many suppliers stock
only standard shielding materials, and
custom requests add penalties in art-
work costs, time, and tooling costs.
Shielding suppliers with diversified
produect lines can modify a design
quickly, easily, and inexpensively, pro-
viding a total solution to an application.

FLEXIBLE TERMS

How flexible are a shielding suppli-
er’s contractual terms? When a prod-
uct development runs late, it may be
necessary to process an order
overnight. Dealing with a shielding
supplier that is willing to accept a
major credit card may be an advantage
when an order for shielding materials
must be filled quickly. A purchase

A LOW NOISE FREQUENCY MULTIPLIERS
r and Communications

Military and Com
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order can sometimes take up to two
weeks to process, excess time which
can endanger a production or develop-
ment schedule.

Is the shielding supplier innovative
(i.e., do they hold any patents)?
Always look more seriously at the com-
pany that introduces new quality prod-
ucts on a regular basis, perhaps one to
three per year. With technology
changing so rapidly, it is important to
introduce products that can (separate-
ly or together) offer application solu-
tions. If a company has a patented
product, one can be ensured that there
was something unique and important
about the product to warrant a patent.

CONSISTENT PRICING

How consistent is a shielding sup-
plier’s pricing? Is their pricing com-
petitive for samples, prototypes, and
production runs? Is it consistent or
does it vacillate depending on an
immediate need or crisis? Does a
shielding supplier raise prices during
a rush delivery or does their pricing
remain consistent and fair?

To what level of quality does the
shielding supplier perform? Testing is
quite expensive. Some shielding sup-
pliers have test labs on premise and
many have started or are already phas-
ing them out because they are so
expensive to maintain. They prefer to
have outside testing labs perform this
function—labs that are readily avail-
able and at a more reasonable cost than
the onsite group. It is generally more
cost-efficient to deal with a supplier
who has reliable outside laboratories
available and can supply the necessary
test capabilities when required. Even
the highest-priority measurement
tasks can be victimized by internal
test-lab scheduling quirks.

What level of product quality does
the shielding supplier offer? This is the
foundation of any company’s reputa-
tion—their product quality. A qualified
supplier should deliver a consistently
reliable product whether it is a custom
solution or an off-the-shelf product.

This list has attempted to address
most of the questions faced by an engi-
neer or technician in need of a shielding
supplier. For those questions that
remain unanswered, readers are invit-
ed to contact the author.ee

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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SPECIAL REPORT
Bluetooth Conference

Event Showcases Products
For Bluetooth Developers

Thousands of developers and manufacturers with a
vested intevest in the spread of Bluetooth-enabled
devices gatheved last December in San Jose, CA.

JACK BROWNE
Publisher/Editor

B LUETOOTH™ may become one of the largest wireless applications

"’ ever created. But before that can happen, further education is
needed among design engineers on how to partition their inte-
grated circuits (ICs), how to package modules inexpensively, and

how to performance measurements quickly and easily. For that reason,
thousands of potential Bluetooth product designers gathered last Decem-
ber in the San Jose Convention Center (San Jose, CA) to be part of the

Bluetooth Developers Conference.
Held from December 5-7, 2000, the
Bluetooth Developers Conference fea-
tured several keynote addresses,
technical presentations, and a bustling
exhibition area. Open only to Blue-
tooth developers (and not to the gen-
eral public), the event offered keynote
addresses from Frank Spindler Jr.,
vice president of the Architecture
Group for Intel (Santa Clara, CA);
Greg Waters, wireless vice president
for the Microelectronics Group of Lu-
cent Technologies; and Paul Chell-
gren, vice president for business de-
velopment and product management
for the Americas region of Nokia Mo-
bile Phones. The technical sessions
were formed into five conference
tracks: Bluetooth specification (and its
impact on more than 11 industries),
Bluetooth industry development and
applications (with financial analysis),
Bluetooth software (including stacks
and applications), Bluetooth silicon
(Si) and hardware, and Bluetooth solu-
tions (with presentations on develop-
ers kits and case studies). Key spon-
sors of the event included Cambridge
Silicon Radio (CSR; Cambridge, Eng-
land), Conexant Systems, Inc. (New-

port Beach, CA), Ericsson Microelec-
tronics (Richardson, TX), Philips
Semiconductors (San Jose, CA), Sili-
con Wave (San Diego, CA), and Texas
Instruments (Dallas, TX). The Blue-
tooth Developers Conference was
managed by Key3Studios, a division of
Key3Media Group, Inc. (Foster City,
CA), [www.key3media. com].

The exhibition area represented a
miniature, single-hall precursor to
what larger, future Bluetooth events
might hold. More than 60 booths of-
fered hardware, software, and test
equipment from various Bluetooth
Special Interest Group (SIG) mem-
bers aimed at encouraging the devel-
opment of next-generation Bluetooth
consumer products. The Bluetooth
SIG includes promoter companies
3Com (Santa Clara, CA), Eriesson
Mobile Communications AB (Lund,
Sweden), IBM (Armonk, NY), Lu-
cent Technologies (Allentown, PA),
Microsoft Corp. (Redmond, WA),
Motorola (Schaumburg, IL), Nokia
Group (Finland), and Toshiba
(Irvine, CA), along with more than
2000 Adopter/Associate member
companies.

Bluetooth is a low-cost radio stan-
dard essentially developed by Erics-
son to replace wires between per-
sonal computers (PCs), cellular
telephones, and peripheral devices.
It is based on spread-spectrum tech-
niques using license-free industrial-
scientific-medical (ISM) frequencies
at 2.4 GHz and can operate at dis-
tances up to 100 m.

As might be expected, many of the
exhibitors displayed building-block
components for assembling a Blue-
tooth radio. Perhaps the best-estab-
lished of these building blocks is the
Bluetooth Radio from Ericsson Mi-
croelectronics. The model PBA 313
04 transceiver requires only an an-
tenna, a reference crystal, and digital
control functionality to form a com-
plete Bluetooth radio. The assembly
is based on a proprietary Si bipolar-
complementary-metal-oxide-semi-
conductor (BiCMOS) application-
specific integrated circuit (ASIC)
and includes an antenna filter, along
with transmit and receive baluns on
the ceramic carrier. The radio, which
is suitable for embedded applications
in code-division-multiple-access
(CDMA) cellular telephones, is sup-
plied in a compact self-shielded ce-
ramic ball-grid-array (BGA) package
measuring only 10.2 X 14.0 X 1.8 mm.
The company also supplies starter
and developer kits, and a Bluetooth
Module which is a complete radio/
baseband unit suitable for embedded
applications.

Similar to Ericsson’s Bluetooth
Radio, Lucent’s model W7020 radio
subsystem is a complete integrated
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transceiver that includes an antenna
filter and transmit and receive
baluns. It provides better than -75-
dBm receiver (Rx) sensitivity and
operates from a +2.7-VDC supply.
The W7020 requires only an external
antenna and a 13-MHz reference
crystal or clock signal for radio oper-
ation. Similar to Ericsson’s solution,
the W7020 is designed for use with a
digital baseband IC.

The modular approach was also
popular at the Philips booth, where
representatives shared information
on their BGB100 “plug-and-play”
Bluetooth radio module. Using a
near-zero intermediate-frequency
(IF') radio architecture, the module
includes a transceiver chip, an an-
tenna filter, a transmit/receive (T/R)
switch, transmit and receive baluns,
and a voltage-controlled-oscillator
(VCO) resonator. Integrated on a
low-temperature-cofired-ceramic
(LTCC) substrate, the circuit is con-
nected to a main printed-circuit
board (PCB) through a land-grid-ar-
ray (LGA) package. The Rx sensitiv-
ity is better than -80 dBm, using an
IF of 1 MHz. The module, which mea-
sures 12.25 X 9.8 X 1.9 mm and
works with a baseband controller, re-
quires only an external antenna and a
reference clock.

Samsung Electronics (Kyungki-
Do, Korea) offered a Bluetooth mod-
ule that provided RF, baseband, and
host interface functions. Based on Si
BiCMOS technology, the transceiver
is designed for use with the com-
pany’s 16-b CalmRISC low-power
microprocessor core. The module is
supplied with fully supported Calm-
RISC application software-develop-
ment tools.

Bluetronics (Norrkoping, Sweden)
offered the IRMBB2 Bluetooth radio
module, one of the first Bluetooth IC
solutions with an integrated antenna.
The firm integrates a patch antenna
with passive components, such as ca-
pacitors, inductors, and baluns, on
the interconnection substrate to
form a complete CMOS/BiCMOS ra-
dio module. The Bluetooth module
and integrated antenna fit on a plas-
tic substrate measuring only 17 X 19
X 3 mm. The module provides an op-
erating range of 10 m with 0-dBm
transmit power. The BGA module

incorporates the Bluetonium
BCM2001B CMOS radio IC from
Broadcom, along with the patch an-
tenna, a bandpass filter, a switch,
baluns, and decoupling capacitors.

Atmel Corp. (San Jose, CA) dis-
played their complete RF/baseband
Bluetooth solution in the form of the
T2901 RF transceiver IC and the
AT76C55X baseband/controller IC.
The former is a complete transceiver
with an integrated frequency synthe-
sizer and VCO while the latter has an
embedded ARM processor, dedicated
voice codec hardware, and internal
static random-access memory
(SRAM). The firm also supplies the
T7024 RF front-end amplifier with
+23-dBm typical output power, for
boosting the operating range of the
T2901 from 10 to 100 m.

Fujitsu Microelectronics (San
Jose, CA) offered technology for ef-
fectively packaging Bluetooth inte-
grated solutions. The firm’s lines of
ball-chip-carrier (BCC) packages
provide very-high die-to-package ra-
tios since they are close in size to the
semiconductor die that they protect.
A variety of package pin counts is
available for designs with good ther-
mal characteristics, low self-induc-
tance, and low mutual inductance and
capacitance. The BCC packages
maintain good signal integrity at fre-
quencies past 10 GHz and data rates
past 10 Gb/s.

BUILDING KITS

CSR promoted the CASIRA Blue-
tooth developer’s kit. Based on the
company’s BlueCore single-chip
Bluetooth solution, the kit provides
hardware and software developers
with all the Bluetooth “ingredients”
that they need to assemble a final
Bluetooth product design. On the
hardware side, the kit includes a
module with the BlueCore chip;
Flash memory; a crystal reference;
the antenna; and a motherboard with
the host input/output (I/0) connec-
tions; man/machine-interface ele-
ments, such as RS-232 and universal-
serial-bus (USB) drivers and
connectors, and an audio codec. On
the software side, the kit offers a full
Bluetooth protocol stack running on
the BlueCore chip. The protocol
stack is reconfigurable for different

partitions between the Bluetooth
host and host controller. The kit also
includes BlueChat, which is a simple
PC-based host application, example
source code in C language, and a
Flash-memory programming utility
program. The kit is also supplied
with a pair of headsets, digital cables,
and power supplies.

BrightCom Technologies (Carlsbad,
CA) displayed several single-chip
Bluetooth protocol processors, includ-
ing the IntelliBLUE BIC2000 and
BIC2101 models. The BIC2000 incor-
porates the Bluetooth baseband and
protocol stack as well as various pro-
files and applications. It is designed for
hostless and host-based operation and
supports the Bluetooth Programmable
Radio Interface, PCI, and RS-232C in-
terfaces. The BIC2101 is a single-chip
protocol processor designed for Blue-
tooth connectivity and networking ap-
plications through a USB or pulse-
code-modulation (PCM)/serial port.
BrightCom demonstrated an applica-
tion allowing a pen-type device to send
digitized script across freespace to a
laptop computer. The application, de-
veloped for a strategic partner, does
not require any processing power at
the receiving device, which can be a
computer, cellular telephone, personal
digital assistant (PDA), or any elec-
tronic device that can run the hand-
writing-conversion software.

Infineon Technologies (Munich,
Germany) brought a host of IC solu-
tions to the Bluetooth Developers
Conference, including its Bluemoon I
chip set. The chip set consists of two
ICs, an RF transceiver, an inte-
grated baseband processor, a link
manager, and host-controller inter-
face chip. The RF transceiver inte-
grates a receive IF filter and does
not require an external filter to meet
Bluetooth specifications. Manufac-
tured with a Si BICMOS process, the
transceiver is housed in a tiny
TSSOP38 package. The CMOS base-
band controller includes an external
Flash-memory interface for rapid
prototyping. The chip incorporates a
link controller with an integrated
PCM interface, UART support for
hardware and software handshaking,
and integrated program read-only
memory (ROM).

The firm also showcased a high-ef-
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ficiency power amplifier (PA) for
long-distance (Class 1, 100-m dis-
tance) Bluetooth applications, The
CBG240 amplifier, which can also be
used for 2.4-GHz wireless local-area-
network (WLAN) applications, is a
two-stage device rated for +23-dBm
output power at 1-dB compression
from 2.4 to 2.5 GHz and +3.2 VDC.
The amplifier also provides control of
four output-power settings—+7, +12,
+17, and +23 dBm, through analog
voltage-control adjustments, allow-
ing Bluetooth devices to be opti-
mized for required range while con-
trolling power consumption. The
amplifier features 50-percent typical
overall power-added efficiency
(PAE) and can operate from a single
voltage supply of +2 to +6 VDC. Har-
monic suppression is typically better
than 40 dB. The heterojunction-bipo-
lar-transistor (HBT) amplifier is
manufactured with an indium gal-
lium-arsenide phosphide (InGaP)
process. According to Dr. Ewald Pet-
tenpaul, general manager and vice
president for the company’s Gallium
Arsenide business unit, “Our Blue-
tooth power amplifiers achieve the
best RF performance compared to
the competition for Class 1 Bluetooth
applications, further demonstrating
our technological leadership and re-
inforcing our market position as a
leading provider of advanced RF
semiconductors for the telecommuni-
cations market.”

A pioneer in silicon-germanium
(SiGe) bipolar and BiCMOS pro-
cesses, SiGe Microsystems (Ottawa,
Ontario, Canada) also brought a
Class 1 Bluetooth PA to the Blue-
tooth Developers Conference—the
model PA2423. The tiny amplifier
provides +22.7-dBm output power
from 2.4 to 2.5 GHz, which translates
into +20 dBm at the Bluetooth an-
tenna. It can be supplied in an
MSOPS package for operation at +3.3
VDC where the device achieves 45-
percent PAE when operating in
Class AB mode (which accounts for
the full amplifier chip). The two-
stage, low-current amplifier requires
only 88-mA current for its rated out-
put power.

Galtronics Corp. (Phoenix, AZ) in-
troduced an innovative Bluetooth an-
tenna, building upon earlier designs

that included a half-wave dipole an-
tenna for access points and a half-
wave swivel retractable antenna for
PC cards.

For those who are curious as to
how Bluetooth will fit with WLAN
systems, Silicon Wave discussed
their partnership with Intersil (Mel-
bourne, FL) to develop ICs for dual-
mode Bluetooth and WLAN use. The
devices would be used in the con-
struction of a IEEE 802.11b-compli-
ant WL AN radio that could also be
switched for Bluetooth use. The
availability of these devices would al-
low both radios to use a common 2.4-
GHz antenna and would result in
a product that is considerably small-
er than the two separate stand-
alone systems. According to Greg
Williams, CEO and president of In-
tersil, “We're satisfied that both of
these wireless technologies can re-
side on the same card, giving users
the best of both wireless worlds with
ease of use, small size, and an afford-
able price.” Dave Lyon, CEO of Sili-
con Wave, concurs, “By working
closely with Intersil, we are able to
assure customers and manufacturers
of the compatibility of these two dy-
namic technologies.” Silicon Wave is
perhaps best known for its Odyssey
radio solutions for Bluetooth connec-
tivity, while Intersil is associated
with its PRISM WLAN chip sets.

TESTING HARDWARE

Of course, Bluetooth products can
only come to market after they have
been tested, and numerous measure-
ment companies were in attendance
at the conference with first-genera-
tion test systems. For example, Agi-
lent Technologies unveiled their
model E1852A Bluetooth Communi-
cations Test Set. It performs basic
Bluetooth radio testing under the
control of a PC. The instrument es-
tablishes a link to a Bluetooth device
under test (DUT) using standard
Bluetooth protocols (see p. 154) . It
can perform frequency-hopping mea-
surements, check frequency-modula-
tion (FM) deviation, evaluate fre-
quency errors on specified RF bands,
perform bit-error-rate (BER) Rx
tests on single and multiple times-
lots, execute parametric measure-
ments, and make measurements of

power over bursts.

Celerity Digital Broadband Test
(Cupertino, CA) offered a peak at
their model CS20310B Bluetooth RF
testset. The testset provides signal
capture across a full 83.5-MHz band-
width, allowing up to 12,800 se-
quential hops to be captured in
high-speed memory. A broadband
downconverter and a high-perfor-
mance 300-MSamples/s analog-to-
digital converter (ADC) are used to
capture all of the frequency hops in
time, preserving the frequency, mod-
ulation, and transient information,
The recorder/Rx portion of the test-
set features —-80-dBm sensitivity
from 2.4000 to 2.4835 GHz. On the
signal-generation side, a precise 300-
MSamples/s digital-to-analog con-
verter (DAC) is used to create Blue-
tooth test signals across the full
80-MHz frequency-hopping band-
width. The generator delivers 0-dBm
output signals with +1-dB flatness. It
includes output attenuation from 0 to
31dB in 0.5-dB steps.

Computer Access Technology Corp.
(Santa Clara, CA) demonstrated their
“Merlin’s Wand,” a new generator for
Bluetooth protocol testing. Using its
software interface, operators can
quickly and easily issue protocol com-
mands and test sequences to analyze
or validate designs for compliance to
Bluetooth specifications. The instru-
ment is a logical companion to the
firm’s earlier Merlin Bluetooth Proto-
col Analyzer which provides advanced
event counting and sequencing, com-
prehensive error detection and analy-
sis, and programmable real-time
event triggering and event capture. It
connects to a host computer through a
USB port.

Representatives from Rohde &
Schwarz (Munich, Germany) dis-
cussed the company’s various mea-
surement solutions for Bluetooth
components and systems, including
the TS8960/65 test systems for pre-
qualification and evaluation of Blue-
tooth designs. In addition, the com-
pany’s PTW60 test platform is
well-suited for protocol testing ac-
cording to Bluetooth requirements.
The firm also offers a wide range of
digitally modulated signal genera-
tors and radio-communications test
solutions.
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Tektronix (Beaverton, OR) dis-
played their model BPA100 Protocol
Analyzer. The instrument, acquired
from Digianswer (Nibe, Denmark), a
subsidiary of Motorola, is designed to
speed and simplify Bluetooth hard-
ware/software integration. It pro-
vides packet-data error generation,
data decryption, real-time protocol
decoding and display, and sophisti-
cated triggering functions. Accord-
ing to Craig Overhage, vice-presi-
dent for the company’s Digital
Systems Business Unit, “The
BPA100 enables customers to design
and build next-generation Bluetooth
products by providing a proven solu-
tion for device turn-on, stress test-
ing, and interoperability testing, all
of which are key to the rapid devel-
opment of Bluetooth products.”

The BPA100 can join and monitor a
Bluetooth piconet. In the piconet
mode, the BPA100 can generate traffic
or inject intentional errors into the pi-
conet to test the capabilities of other
devices to stay reliably connected un-
der difficult or stressed conditions. In
its independent mode, the BPA100
non-intrusively captures and analyzes
data transfers within the piconet.

The BPA100 captures all baseband
packets transmitted within a piconet
and displays packet payload, status in-
formation (such as access errors), and
estimated clock and hop frequencies.
In addition, the data can be displayed
at higher protocol levels, such as Link
Management Protocol (LMP), Logical
Link Control and Adaptation Protocol
(L2CAP), RF communications serial
cable emulation based on ETSI
TS07.10 (RFCOMM), and Service Dis-
covery Protocol (SDP). With selective
filtering and advanced triggering, only
data of interest may be logged, simpli-
fying the identification of errors. In
free-run display mode, the instrument
display updates continuously as new
packets are received, allowing the user
to observe changes and track messag-
ing in higher protocols. Connection be-
tween the protocol analyzer hard-
ware and the monitoring software on
the host computer is through USB;
data storage is limited only by the
size of the user’s disk drive.ee

Editor’s Note: Bluetooth is a trade-
mark owned by its proprietors and
licensed by permission.

DESIGN FEATURE

PIN Diodes

(continued from p. 100)

to bias the shunt PIN diode. C159
and C162 are DC blocks. L3, L4, and
L8 are RF chokes. With high bias
current, the PIN diode will exhibit
low resistance, and vice versa. A bias
network can be achieved by trial and
error on the lab bench. In this partic-
ular design, R108, R103, R107, R104,
R105, and R106 are chosen to be 61.9,
330, 330, 510, 510, and 1000 (), respec-
tively. This particular set of resis-
tances is found to work well to main-
tain the proper series/shunt-resist-
ance ratio. Thus, good input and out-
put matching is achieved. The RF
choke is implemented with 22-nH
chip inductor, which has high-enough
impedance to block the RF energy. A
DC block capacitor of 10 pF' has low-
enough impedance for passing RF
energy at 2.45 GHz. In this particular
design, low insertion loss (less than 2
dB) is highly desirable. The RF
inductor and DC block are carefully
chosen and optimized to minimize the
insertion loss at 2.45 GHz. Table 4
lists the parts used in this design.

The mr-configured VCA is designed
and built for 2.4-to-2.5-GHz unli-
censed industrial-scientific-medical
(ISM) band. The eircuit is built on
FR-4 low-cost substrate. With Iy, =
26.5 mA, the lowest insertion loss is
-2.5 dB. This includes approximately
0.4-t0-0.5-dB cable and connector
loss. With [, = 0 mA, the highest
insertion loss is —-37 dB. The designer
should also check the return loss at
input and output ports to make sure
the VCA is absorptive, not reflective.
The return loss is excellent below -20
dB in most cases for this design. The
worst-cage return loss is still =14 dB,
which is good enough for most
applications.

DESIGN APPROACHES

Three design approaches, each
with its own advantages and disad-
vantages, are presented here. The
important goals in VCA design are:
bandwidth, power-handling capacity,
dynamic range, port matching, cur-
rent consumption, space, and ease of
design. The m-configured approach is
wide bandwidth by nature. It can be
designed easily to cover DC to 4 GHz,
but it will have more insertion loss at

high frequencies. The other two
approaches have limited bandwidth
due to the quarterwave transformer
and hybrid. Since all three approach-
es use PIN diodes, they all can handle
more RF power than their gallium-
arsenide (GaAs), FET counterparts.
They also have fewer intermodula-
tion (IM) products. From the data
result above, it is clear that the resis-
tive-line approach offers the highest
dynamic range (greater than 50 dB,
compared to approximately 30 dB for
the other two approaches). But it
requires approximately three times
as much space as the other two. The
constant-impedance approach uses
the least amount of bias current (5.11
mA) to produce 30-dB dynamic
range. It can be implemented in
many different ways due to the
design freedom of the hybrid.

The m-configured approach is the
most compact approach. From the
ease-of-design perspective, the con-
stant-impedance approach is the eas-
iest one. The resistive-line approach
follows as the second-easiest one. It
requires many simulations to deter-
mine the optimized transmission-
line dimension. The w-configured
approach requires a trial-and-error
approach to get the bias network
right. Soit will take a while for a good
engineer to come up with an opti-
mized bias network. One of the objec-
tives of this article is to present all
the trade-offs involved in VCA
design. A base-station design engi-
neer might find the resistive-line
approach best due to its high dynam-
ic range and good matching, and
because space and current consump-
tion are not critical issues. On the
other hand, space and current con-
sumption are important to a handset
designer, so the handset designer
would probably prefer the constant-
impedance or w-configured approach.
Each approach has its advantages
and disadvantages. Hopefully, this
tutorial can help engineers choose
the appropriate VCA design.ee
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APPLICATION NOTES

« ;ﬂntimize
‘high-speed
‘data-converter
fllerlurmanae

ifcnntiguratlons
“and options
;zexnlalned

Analog-to-digital converters (ADCs) and digital-to-analog converters (DACs) are
vital elements in many communications circuits. Since communications systems often
operate at high frequency, data converters running in these applications require spe-
cial handling because their accuracy changes significantly when system speeds in-
crease from moderate to fast. Designers must be particularly mindful of the intercon-
nection of these devices to prevent subtle problems that can occur at high speeds.

An application note entitled “How to use High Speed Data Converters” from Ana-
log Devices (Norwood, MA) features a number of tips to ensure good performance in
the fast-signal world. Using a question-and-answer format, the four-page note is use-
ful to explain some of the basics that even experienced designers can overlook. As

- might be expected, most of the things that go wrong at high speeds stem from im-

proper grounding and decoupling of the converters. For example, a converter de-
signed for high speed must have two ground pins, one for analog ground and the oth-
er for digital ground. This is because the impedance of a single bond wire for a common
ground at high frequency would be sufficiently large to support crosstalk through on-
chip stray capacitance between the analog and digital circuitry. Of course, the two
grounds must be connected, and this should oceur very close to the package with a low
impedance connection that is then tied to the system’s analog ground. This ground
must finally connect to the system’s digital ground.

A problem that can be easily overlooked concerns connecting a reference to the con-
verter. Simply connecting the two devices is not advisable because references can in-
troduce noise into the converter. This noise (and its accompanying inaccuracy) will be
reflected in the converter’s output which is proportional to the reference voltage.

The note is available as a free download from the company’s website. Analog De-
vices, Inc., Three Technology Way, Norwood, MA 02062; (781) 329-4700, In-
ternet: http:/www.analog.com.

For more information, visit www.mwrf.com

Since they are passive components that have been a staple of RF and microwave cir-
cuits for decades, directional couplers do not enjoy the same spotlight that shines on
the more glamorous microwave integrated-circuit (IC) technology. But as a three-
page application note from Merrimac Industries (West Caldwell, NJ) points out, di-
rectional couplers can play numerous and important roles in microwave systems, such
as sampling and leveling power; measuring and stabilizing frequency; injecting sig-
nals; and assisting in power measurements. They are available in a wide range of pow-
er-handling sizes, from small surface-mount packages to units that can work up to 600
‘W continuous or 10 kW peak.

The note, “Directional Couplers, Lumped Element & Stripline, 100 kHz to 65 GHz,”
introduces designers to the company’s line of products, which includes three-port di-
rectional couplers, four-port bidirectional couplers, and four-port dual directional cou-
plers. The information is of a general nature, explaining the configuration of line cou-
plers, their packaging, coupling, loss values, and applications that require a certain
type of device (for a detailed mathematical explanation of directional-coupler theory
including ring and branch types, see “Understand The Basics of Microstrip Direction-
al Couplers,” in this issue of Microwaves & RF, p. 79).

The note explains the basic theory of line couplers and why a particular type may be
more appropriate for a particular application. No coupler can transmit energy without
losses, and the note provides a convenient table that shows the coupling value in one
column and the coupling loss through the coupler in a second column. Coupling loss is
a function of a device’s coupling value (3, 6, 10,...30 dB) with the higher losses associ-
ated with the lower coupling value. Knowing the coupling loss and a unit’s insertion
loss, a designer can find the total transmission loss through the main line of a coupler.

A useful list of directional-coupler parameter definitions completes the application
note, along with a list of applications in which the devices can serve. The note is avail-

able as a free download from the company’s website. Merrimae Industries, 41

Fairfield Pl., West Caldwell, N.J 07006; (973) 575-1300, FAX: (973) 575-0531,
Internet: http://www.merrimacind.com.
For more information, visit www.mwrf.com
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Transceiver MCMs Fuel
3G Wireless Systems

The use of MCM technology can help cut the cost and power

consumption without sacvificing pevformance in next-
genevation wiveless designs.

Thomas P. Cameron
Manager, RF Module Design
Stanford Microdevices, Inc., 522 Almanor Ave., Sunnyvale, CA 94086; (800) 764-6642, (408) 616-5400,
FAX: (408) 739-0970, Internet: http://www.stanfordmicro.com.

ONVERGENCE of data, voice, and other services within next-generation wireless systems car-

ries many challenges for RF designers. These advanced wireless systems must provide enhanced

voice and data transfer with improved signal integrity compared to existing systems. At the

same time, the components for these systems must cost less, be available on short notice, con-
sume less power, and be smaller in order to support modern designs. Fortunately, the use of multichip-
module (MCM) technology at Stanford Microdevices (Sunnyvale, CA) has made it possible to meet
these demanding requirements, while providing the necessary RF performance for third-generation
(3G) wireless systems.

Figure 1 shows a radio architecture based on | The MCMs are comprised of a transmitter (Tx) mod-
MCMs. The design uses a superheterodyne receiver | ule, a low-noise-amplifier (LNA) module, and a Rx
(Rx) and direct upconversion in the transmit chain. | module. These MCMs incorporate wideband silicon-
germanium (SiGe) and galli-
__________________________________ um-arsenide (GaAs) RF in-
tegrated circuits (RF ICs)
that provide design flexibil-
ity for many wireless appli-
cations.

Although the discussion
that follows focuses on a
wideband code-division-
multiple-access (WCDMA)
system, the basic configura-
tion can be tailored to other
system applications by
changing the narrowband
components that character-
ize the specific band of in-
terest. In the case of the Tx
and Rx MCMs, this is
achieved by changing the

| . - surface-acoustic-wave
Tanssahier heard .“ DAC Q (SAW) filters. In the case of
—————————————————————————————————— the LNA, the internal
matching is modified to opti-
1. The multicomponent-module (MCM) approach has been used to assemble mize the performance for
this WCDMA transceiver for next-generation wireless base stations. the band of interest. Main-

| SHoel
-—@ DSP

DAC T

>
A

/\
g Synthesizer
@ «— Reference
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module
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I/Q DACs DELIVER 70dB SFDR
AT LOWEST POWER: 18mW!

Dual 8- and 10-Bit 40MHz DACs Support Portable, Single-Bus Interleaved Applications

Get All This...

+ +1% FSR Gain Error; £0.2° Phase Error

+ 18mW (10-Bit) and 14mW (8-Bit) Power at 3V

+ Low, 5pVs Glitch Energy for Ultra-Low Distortion

+ Single 2.7V to 3.3V Supply Operation

+ Small 24-Pin (8-Bit) or 28-Pin (10-Bit) QSOP Packages
«+ Single and Dual, 8-Bit and 10-Bit Versions

+ 70dBc SFDR at 2.2MHz four
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+ Shutdown (<1pA) and Standby Modes to Save Power et
MAXIMN Competition
Choose Maxlm for Your High-Performance 8- or 10-Bit DAC Applmatmns
. RESOLUTION NO. OF DACs SFOR mammun FIIISEEIIMR : A
.mnm
pant (Bits) " (UPOATE) (dBc) ) i sl
2
MAX5180/MAX5183 10 (Simultaneous) 70 +1 +0.2 louTt/VouT
MAX5181/MAX5184 10 1 72 N/A N/A lout/VouT
ra
2
MAX5182/MAX5185 10 (Alternate Phase) 70 N/A N/A loutNouT
2
MAX5186/MAX5189 8 (Simultaneous) 58 +1 +0.2 lout/VouT
MAX5187/MAX5190 8 1 60 N/A N/A lout/VouT
2
MAX5188/MAX5191 8 (Alternate Phase) 58 N/A N/A louTt/VouT
Note: Alternate update dual DAC versions available for applications requiring lowest latency.
i —— 2000 EDITION!
FREE Netebook Design Guide —Sent Within 24 Hours! CREE FUL D DTN TALOG
ON CD-ROM
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taining a common MCM foot-
print for different air-access

Shutdown o

biasing within the MCM. The
Rx MCM incorporates the

standards enables the use of a

common platform for the | 1§
transceiver card. By using
this common platform, a
transceiver may be easily L8

transformed to address new
and emerging standards with
reduced resources, resulting

in a shorter design cycle and | 03

improved time to market.
Figure 1 highlights the ap-

ST0-2016

SGA-6289

full downconversion from RF
to baseband, including two IF

RF | SAW filters and IF gain con-
_g“‘ trol.
Figure 2 shows a block dia-

gram of the model STX-3011
WCDMA Tx MCM. The
heart of this module is the
model STQ-2016 wideband
SiGe direct quadrature (Q)
modulator. The STQ-2016

plication of the MCMs in a

modulates the balanced in-

typical transceiver. The 2. This block diagram shows the components used in

transmit chain is based on a the STX-3011 WCDMA Tx module.

direct upconversion architec-

ture which eliminates the need for an
intermediate-frequency (IF) filter.
The single-conversion architecture not
only reduces the number of compo-
nents, but also reduces the noise degra-
dation associated with multiple con-
versions. The entire conversion from
baseband to RF is performed within
the module, requiring only local-oscil-

lator (LO) generation, power condi-
tioning, and miscellaneous passive
components to complete the transmit
function on the transceiver-card de-
sign.

The Rx chain consists of two
MCMs—the LNA and the Rx MCM.
The LNA is a 50-{) module that in-
cludes impedance matching and device

Table 1: Summarizing the STX-3011 Tx MCM

t conditions

50-() system

See note (1)

im per input tone

dBm per input tone

ing temperature

phase (I) and Q baseband sig-
nals directly onto the RF car-
rier, eliminating the need for
a second conversion stage in the Tx
chain. This technique, which is gaining
popularity among system designers,
reduces cost and size of the Tx chain,
and eliminates the noise contribution
from the second conversion. This ar-
chitecture can be implemented only if
the modulator has sufficient suppres-
sion of the LO and the image signals.

The STQ-2016 was designed with
wideband input (baseband and LO)
and output (RF) ports for a wide range
of systems. The baseband ports have a
3-dB bandwidth exceeding 1 GHz that
was measured in a 50-() system, while
the RF and LO ports address the en-
tire band from 800 to 2500 MHz. The
entire modulator design is based on a
balanced configuration from baseband
to RF to optimize linearity and reject
spurious signals. The 50-€) balanced
outputs are converted to a single-end-
ed signal using a low-cost hybrid RF
balun between the modulator and the
RF SAW filter. The SAW filter has a
ladder topology, and provides approxi-
mately 25-dB attenuation in the re-
ceive band. In the future, as SAW tech-
nology advances, it may be possible to
replace the filter and balun with a bal-
anced-to-single-ended SAW filter.
These filters are currently available at
lower frequencies but, at the time of
publication, none of these filters were
known to be commercially available for
the Universal Mobile Telecommunica-
tions Services (UMTS) Tx band.

The output stage of the STX-3011
MCM uses a model SGA-6289 wide-
band SiGe gain block, with usable gain
from DC to 5 GHz. The SGA-6289 has
an output third-order intercept point
(OIP3) of +34 dBm at 2 GHz, and dissi-
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SMALL 36V INPUT, 10W OUTPUT STEP-DOWNS
HAVE LOWEST SUPPLY CURRENT—90pA

Simple Controllers Fit in pMAX Package & Are 95% Efficient

The MAX1744 and MAX1745 are small, simple high-efficiency step-down controllers. Their wide input range, low supply
current, high output power, and high efficiency make them popular in distributed power, automotive, base station, and
fixed telecom applications. External component size is minimized by their high 330kHz switching frequency and their
proprietary current-limited control scheme. They also feature 100% duty cycle operation for low-dropout operation.

36V INPUT & 10W OUTPUT STEP-DOWNS ARE 95% EFFICIENT
INPUT
4.5V T0 36V
R V4
SR o ; OUTPUT
maxim 2uH 40mQ 3.3V OR 5V (MAX1745)
MAX1744 1.25V TO 18V (MAX1744)
MAX1745 UP TO 10W
T 220uF
! - cs =
1 3/5 -
EFFICIENCY vs. LOAD CURRENT
- 1 (Vour = 5.0V)
ull = 100 T il
k\( N =i auin
\BASE STATION o |y
N\ &TELECOM S _ LT 0
p ; = 60
g U
S .
{ AViy=+72V
DISTRIBUTED 2 ;[3::‘ Vin= +12 20V
POWER o
Dm 10m 100m 1 10
LOAD CURRENT (A)

¢ 4.5V to 36V Input + 1.25V to 18V Output (MAX1745)
¢ Drives Low-Cost P-Channel Switch + Fixed 3.3V or 5V Output (MAX1744)
+ Only 90pA Quiescent Supply Current + Small 10-Pin pMAX Package
+ Upto 95% Efficiency + EVKit Available to Speed Designs
FREE Power Supplies Design Guide—Sent Within 24 Hours! FREE FULL T INE DATA CATALOG

includes: Reply Cards for Free Samples and Data Sheets ON CO-ROM

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
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3. The STX-3011 WCDMA Tx module
employs low-cost packaging based

1

assembly (SMA) tech-
niques. This approach
provides benefits from
- the economies of volume
- and takes advantage of
the growing contract
manufacturing industry.
- In addition, this technol-
ogy provides fast

Ref -5 dBm sfitten 15 dB

Samp

/-WWM

i & “‘MMmr-

PRvg

Center 2.14 GHz
#Res BH 100 kHz sUBH 1| MHz

Adjacent Channel Power Results (measuring..)

$pen 14.8 MHz
Sweep 4 ms (481 pts)

Avg 20/20

on the use of FR-4 substrate
materials.

pates 300 mW of power when operat-
ing with a +4-VDC supply. The wide-
band performance of the SiGe ICs en-
ables the application of the Tx module |
to a number of wireless systems by
changing the SAW filter and some pas-
sive components. With this MCM ap-
proach, a common transceiver mother-
board may be used for many wireless-
access systems. The module can be eas-
ily modified for any RF band, and the
channel filtering may be performed in
the digital signal processor (DSP). A
single DSP can be soft coded or hard
coded for a number of standards. The
resulting Tx chain approaches what
has been called a “software-defined
radio.”

The STX-3011 Tx MCM (Fig. 3) fea-
tures low-cost packaging, consisting of
a 0.5 X 1.0-in. (1.27 X 2.54-cm) FR-4
substrate with castellations on each
side. The castellations are formed by
cutting through rows of filled via holes
along the perimeter of the module.
Manufacturing of the module is based
on commonly available surface-mount-

turnaround times, en-
abling a short design cy-
cle. From a technical
standpoint, an FR-4
module has a coefficient

Lower ACP

Main Chan Pwr

Upper ACP -58.02 dB

-2.95 dBm
-58.14 dB

Main Chan BN 4.096 MHz
Adj Chan BH  4.096 MHz
Chan Spacing 5.000 MHz

of thermal expansion

(CTE) that matches that of the FR-4
motherboard, so solder-joint reliability
is less of an issue than with other ma-
terials, such as ceramic substrates.

Packaged parts have been used in
this module for two reasons. First, us-
ing packaged parts reduces the cost of
the module by avoiding the handling of
bare die in the module-assembly pro-
cess. Second, since hermeticity is re-
quired for the SAW filter, this ap-
proach eliminates the need for an
overall hermetic seal on the module it-
self. This approach results in a compact
design that enables outsource manu-
facturing simplicity and rapid speed of
deployment.

Figure 4 shows the measured WCD-
MA adjacent-channel rejection for the
Tx MCM. The baseband input signals
were generated with a model ESG
4437 signal generator from Agilent
Technologies (Santa Rosa, CA), using
the built-in WCDMA function. A 4.096-

4. The ACPR performance of the
STX-3011 Tx module was measured
using a WCDMA chip rate of 4.096
MHz and channel spacing of 5 MHz.

MHz chip rate was used with 5-MHz
channel spacing. At a power output
that is equal to 0 dBm, the measured
adjacent-channel power ratio (ACPR)
is -b8 dBe on upper and lower
channels.

Key specifications for the Tx module
are listed in Table 1. The module has
been designed for an output power of 0
dBm with a peak-to-peak input voltage
of 600 mV. The output power at 1-dB
compression is +12 dBm. The module
has a shutdown feature that provides
60-dB isolation. The shutdown feature

_ iscontrolled externally by a CMOS sig-

nal to the STQ-2016.

One of the most important specifica-
tions for a direct-conversion system is
the carrier feedthrough. The STQ-2016
has a carrier feedthrough of 40

Gain control
o O

SRF-2016

SRF-1016

dBm, but the carrier may be
further nulled with a DC offset
adjustment. This adjustment
has not been included in the

00

RF
e

>

SLX-2043
LNA
module

present version of the STX-
3011, but could be easily added,

—
.
o

resulting in a slightly larger

1EES -

footprint.
Figure 5 shows a Rx archi-
tecture based on a convention-

E

H

.

al superheterodyne architec-

[elle]
o

~

O
RFLO

SRX-3011
Rx MCM

ture. It consists of two MCMs,
the model SLX-2043 LNA, and
the model SRX-3011 Rx MCM.
The LNA MCM is a complete
“drop-in” module containing
the matching circuitry and bias
regulation.

SRX-3011 receive modules.

5. This block diagram of the STR-3011 Rx module shows the SLX-2043 LNA and the

Figure 6 shows that the
SLX-2043 MCM is packaged
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LOW-COST, LOW-NOISE STEP-UP
DC-DCs REDUCE EMI IN HANDHELDS

95% Efficient Regulators Consume Only 25pA Supply Current

The MAX1795/MAX1796/MAX1797 save space, cost, and battery life in 1-cell and 2-cell NiMH, alkaline, and lithium
powered systems. They also feature circuitry that dampens inductor ringing, eliminating a source of electromagnetic
interference (EMI) in noise-sensitive applications. An internal synchronous rectifier eliminates the external catch diode and
improves efficiency. It also permits True Shutdown™, which cuts the DC current path from battery to load when in
shutdown, reducing battery drain and letting the output drop to OV.
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on a thick-film leadless ceramic sub-
strate measuring 0.3 X 0.4 in. (0.76 X
1.02 em) It has been optimized to oper-
ate from 1700 to 2200 MHz in order to
address digital-communications-ser-
vices (DCS), personal-communica-
tions-services (PCS), and UMTS fre-
quency bands. The module is based on
pseudomorphie-high-electron-mobili-
ty-transistor (PHEMT) technology to

achieve low noise figure (1.2 dB), while
maintaining the high linearity [an in-
put IP3 (IIP3) of +19 dBm] required
for base-station applications. A propri-
etary technique is employed to simul-
taneously produce a flat passband re-
sponse, wideband 50-(-matched ports,
low noige figure, and good linearity.
The SLX-2043 dissipates less than 0.5
W from a single +4.0-VDC supply, and

FLORIDA

Labs

Passive Powei
Solutions.

LS. EN IS0 8001
REG. NO. M2039

Voice (800) 544-5594
Fax: (888) 544-5594

Website: www.rflabs.com
8851 S.W. Old Kansas Ave, Stuart, Florida 34997
A Smiths Group company

- contains built-in bias regulation.

The key specifications for the SLX-
2043 are shown in Table 2. The mea-
sured ITP3 and noise figure are plotted
versus frequency and temperature in
Fig. 7. The measured noise figure is
very flat over the frequency range of
1700 to 2200 MHz and varies approxi-
mately 0.6 dB over the entire temper-
ature range of —40 to +85°C. In the
UMTS receive band (1920 to 1960
MHz), the room-temperature noise fig-
ure is less than 1 dB, rising to 1.25 dB
at +85°C. The measured OIP3 is also
minimally impacted over temperature
and frequency. In the UMTS band, the
OIP3ranges from +32 dBmat +80°C to
+36 dBm at —40°C.

The SMDI SRX-3011 receive mod-
ule performs full downeonversion from
RF to balanced I and Q baseband sig-
nals. As shown in Fig. 5, the receive
module consists of an RF SAW filter,
the SRM-2016 active Rx mixer, two IF
SAW filters, a balanced amplifier, and
the SRF-1016 IF Rx.

The SRX-3011 Rx MCM is shown in
Fig. 8. It uses the same packaging ap-
proach as the STX-3011 Tx MCM. The
SRX-3011 measures approximately 3
X 1in. (7.62 X2.54 cm) with much of the
printed-circuit-board (PCB) area occu-
pied by the IF SAW filters. For this
version, the mechanical layout density
of this MCM design was not optimized
and further size reduction could be
readily achieved. Instead, the layout
was optimized for electrical perfor-
mance. Similar to the STX-3011 Tx
MCM, the SRX-3011 Rx MCM is suit-
able for a surface-mount attachment to
the transceiver board.

In the SRX-3011 Rx MCM, the RF
signal is processed through an RF
SAW filter and converted by the balun
from a single-ended to a balanced con-
figuration to drive the RF inputs of the
SRM-2016. A balanced architecture is
used throughout the entire receive
module for improved linearity and re-
duced spurious responses. The SRM-
2016 is a fully integrated SiGe receive
mixer. This IC includes the mixer, an
LO buffer, and an IF buffer. It has
broadband 50-Q-balanced ports, and
has the ability to drive an IF SAW fil-
ter without additional buffer circuits.
This circuit has been designed to oper-
ate from 1700 to 2000 MHz and address
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When you need Clarity and Power

Stanford Microdevices is the clear choice.

When clarity and power matter most,
Stanford Microdevices delivers.

Stanford Microdevices, Inc. (SMI) is a leading supplier of RF
integrated circuits for the wireless and wired telecommunications
markets and a supplier of choice of OEMs worldwide. Stanford
Microdevices continues to be on the industry’s leading edge
because of our superior quality, outstanding value and innovative
technological advances. SMI provides the tools to create wireless
communications equipment that is smaller, lighter, more powerful
at market leading prices.

Our SGA 6000 series of silicon germanium MMIC amplifiers
offers the high intercept point, high efficiency and high integration
level at high output power desired, while providing the low noise
figure and low power consumption needed for all wireless

applications.

SGA-6386 has 1dB compressed output power of +20dBm,
output third-order intercept point of +36dBm and 15.5dB

of gain at 900MHz. Pricing on the SGA-6386 is $1.21 in quantities

of 10,000 pieces with availability from stock to eight weeks.

Visit us at Wirless/Portable Booth #1319

www.stanfordmicro.com
Make us your home page!

SPECIFICATION MATRIX

SGA-6286 SGA-6386 SGA-6486
SGA-6289 SGA-6389 SGA-6489

Frequency (GHz) DC-3.5 DC -3.0 DC-1.8
Gain (dB) 13.8 15.4 19.7
TOIP (dBm) 34.0 36.0 34.0
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 3.9 3.8 2.9
Supply Voltage (Vdc) 4.2 5.0 5.2
Supply Current (mA) 75 80 75

All data measured at 1GHz and is typical. MTTF @ 150C Ti=1 million hrs. (R = 97C/W typ)

SiGe HBT MMIC | t | SOT-89 package
features include: - )

M Cascadable 50Q k -+20dBm 1dB Compression Point
M Single voltage supply Wlow currentdraw

M Low noise figure ;«'/
{ 86 package
\

~ STANFORD W
MICRODEVICES 1 800.764-6642 u.s. roirree

M High output intercept

We Deliver RF Innovation  1-408-616-5400 outside u.s.

©2000 Stanford Microdevices. All company and/or product names are trademarks and/or

registered trademarks of their respective owners.
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DCS, PCS, and 3G wireless applica-

tions. The key target specifications for
this MCM are presented in Table 3.
The ITP3 of the SRM-2016 active re-
ceive mixeris +17 dBm. With gain of 11
dB, the OIP3 is +28. Compared to a
passive mixer with 8-dB conversion
loss, the active mixer has linearity
equivalent to a passive mixer with an
IIP3 of +36 dBm, but requires less RF

gain preceding the mixer.

The balanced outputs of the SRM-
2016 are matched to the balanced
WCDMA IF SAW filter. The filter has
a 5-MHz bandwidth centered at 190
MHz. By using a balanced IF SAW fil-
ter, it is possible to achieve the addi-
tional linearity from the mixer without
the use of a balun. In addition, in-
creased rejection may be achieved us-

TRIMMER

CAPACITORS

wiwVOItronicsCorp.con

IF ONE OF OUR THOUSANDS OF

CATALOG PARTS DO NOT MEET

YOUR REQUIREMENTS WE WILL
DESIGN YOUR TRIMMER CAPACITOR

Voltromés =

CORPORATION ==

4{

I

- The Trimmer Capacitor Company

100 Ford Road ¢ Denville, NJ 07834
973.586.8585 ¢ Fax: 973.586.3404
e-mail: info@vbltronicscqrp.com ;

ing a balanced SAW filter, as the
ground currents in the package are
suppressed. The SAW filter has an ul-
timate rejection of 45 dB, so it was nec-
essary to use two in cascade, as is com-
mon in Rx architectures, to achieve
high out-of-band suppression. It is nec-
essary to insert an amplifier with good
isolation between the SAW filters, to
recover the insertion loss of the SAW
filters, simplify matching, and to pre-
vent any reflections from traveling be-
tween the SAW filters.

The balanced signal from the second
SAW filter feeds into the SRF-1016 IF
Rx. The IF signal passes through the
gain-control stage which provides -5,
+15, or +35 dB of selectable gain
through two external pins (GC1 and
GC2). The amplified signal is then split

6. The SLX-2043 LNA MCM has been
optimized from 1700 to 2200 MHz in

order to handle a variety of wireless
applications.

evenly between the two mixers for the
quadrature demodulation. The bal-
anced I and Q signals are lowpass-fil-
tered on the transceiver before being
sampled by the analog-to-digital con-
verter (ADC).

The SRF-1016 may also be config-
ured for an IF sampling architecture
by “sticking open” the IF mixer and
substituting a DC input for the IF LO.
The SRF-1016 has been designed
specifically for this purpose—to pro-
vide flexibility to the system designer.
A baseband sampling system may be
converted to an IF sampling system
without changing the IF receive strip.
In this configuration, the chip provides
selectable gain levels of 0, 20, or 40 dB.

The SRF-1016 provides good linear-
ity. In mixing mode, the output power
at 1-dB compression is +5 dBm. In IF
output mode, the IC features output
power at 1-dB compression of +16
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Output IP3 versus frequency and temperature Noise figure versus frequency and temperature
Vg =+4VDC Vg =+4 VDC
38 ] a 1.5 85°C
E -40° I 1.3 ! e
-38°C_— sl & :
e e
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32 2 —=40°C
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7. The noise figure and OIP3 of the SLX-2043 MCM were measured over frequency and temperature.

dBm. In both configurations, the noise
figure for the high gain state is less
than 6 dB.

The key specifications for the Rx
module are listed in Table 3. The 1TP3
is defined by the receive mixer while
the output power at 1-dB compression
isdefined by the IF Rx. The ITP3is +20
dBm, which is determined by the +17-
dBm IP3 of the mixer with the RF
SAW in front of it. As mentioned earli-
er, the real figure of merit is the OIP3
of the mixer, which is +28 dBm because
the out-of-band intermodulation dis-
tortion (IMD) is stripped off by the IF
SAW filters at this point in the chain.
The noise figure of the module in the
high gain state is 18.5 dB with 3-dB loss
from the SAW filter on the front end.
The filter adds a 3-dB noise-figure con-
tribution to the Rx’s cascaded noise
figure. The true figure of merit comes
from an analysis of the entire Rx chain.
If the LNA is added to the analysis,
then the high-gain-state noise figure of
the Rx chain becomes 5.5 dB.

The SRX-3011 Rx module performs

Table 3: The SRX-3011 Rx MCM at a glance

8. In the SRX-3011 Rx module, the
RF signal is processed through an
RF SAW filter and converted by the
balun from a single-ended to a
balanced configuration.

the entire downconversion that is nec-
essary for a WCDMA system. This
MCM may be easily modified for PCS
or DCS by changing the SAW filters.
By using this combination of the LNA
module and the Rx module, the receive
chain may be easily customized for sev-
eral wireless access standards. By us-
ing these MCMs, a single transceiver
board can serve as a common platform
for PCS, DCS, as well as WCDMA
systems.

In summary, it has been demon-
strated that a WCDMA transceiver
can beimplemented almost entirely us-

”t conditions

ain éetting on
016 RF IC

ing ICs. One possible architecture has
been described, although many other
variations are possible using the MCM
building-block approach. One advan-
tage of this MCM-based philosophy is
that it is easy to transform from one ar-
chitecture to another or from one band
to another by changing a MCM. Using
multicomponent modules, a transceiv-
er may be quickly applied to many
wireless-access standards, without the
need for extensive engineering devel-
opment. The result is higher flexibility
and faster time to market. Other bene-
fits include the improvements in first-
pass factory yield and reduced rework
due to using modules that are 100 per-
cent tested prior to transceiver board
assembly. Since the delicate RF cir-
cuitry is contained within the MCMs, a
lesser-skilled workforce can assemble
the transceivers. The module can be
assembled using small 0402 compo-
nents at a contract manufacturer, so
the transceiver board assembly line
does not need to be fitted with the lat-
est component handlers. Also, the re-
duced component count of the
transceiver board can result in lower
factory inventory and overall im-
proved production efficiency.

The MCMs shown here are the first
modules from Stanford Microdevices
to be developed for the mobile wireless
base-station market. These MCMs
represent reference designs that can
be easily customized to meet the indi-
vidual needs of a particular system.
Stanford Microdevices, Inc., 522
Almanor Ave., Sunnyvale, CA
94086; (800) 764-6642, (408) 616-
5400, FAX: (408) 739-0970, Inter-
net: http:/www.stanfordmicro.
com.

For more information, visit
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Bluetooth Testset

Testset Records And Analyzes
Bluetooth Signals

This personal-computer (PC)-based measuvement system
provides the signal genevation and analysis needed for
Bluetooth radio development and production-line testing.

JACK BROWNE
Publisher/Editor

LUETOOTH™ measurements require a special set of capabilities,
including frequency-hopping signal generation and analysis. Fortu-
nately, the model CS20310B Bluetooth RF Testset from Celerity Sys-
tems (Cupertino, CA) provides the signal-generation and signal-

analysis capabilities needed for complete RF characterization of

Bluetooth transmitters (Txs) and receivers (Rxs).

The model CS20310B
Bluetooth RF Testset pro-
vides signal-recording anal-
vsis in addition to signal
generation. It generates and
analyzes signals from 2.40 to
2.4835 GHz, providing a full
83.5-MHz, 1-dB signal-cap-
ture bandwidth. The system

The Bluetooth RF testset at a glance

it frequency range

to 2 Gb, with the 12,800-hop storage
capacity resulting from the 2-Gb
memory. The signal generator sec-
tion and the recorder/analyzer sec-
tion achieve amplitude flatness of =1
dB (see table), and signal levels from
the signal generator and to the ana-
lyzer can be controlled through pre-
cision step attenuation, operating
over a range of 0 to 31 dB in 0.5-dB
steps.

The signal generator de-
livers typical output power

ut (1-dB) bandwidth

of 0 dB, while the analyzer
provides an input sensitiv-

ssband flatness

ity of —80 dBe. The spuri-

nput sensitivity

ous-free dynamic range
(SFDR) for the analyzer

can generate and capture up
to 12,800 sequential fre-
quency hops in high-speed
memory. A broadband fre-
quency downconverter and
high-performance analog-
to-digital converter (ADC)
are used in order to capture
all frequency-hop informa-

and the signal generator is
typically 50 dB (=50 dBec).

The VSWR for the analyzer
and signal generator is

1.50:1 at 50 €.

The Bluetooth testset is
based on a modular platform

ut spurious-free

using a 600-MHz Pentium
IIT microprocessor. The
system, which operates

tion along with their timing
information, modulation information,
precise frequency information, and
transient information. Digital analy-
sis routines are used to process the
captured data. In addition, each hop
can be demodulated to provide the
baseband data that are needed for
full protocol analysis (with the help
of third-party protocol-analysis
software).

The testset also provides the capa-
bility of generating true Bluetooth
signals, using internal pseudoran-

dom-noise (PN) sequences or third- :

party protocol stacks for the under-
lying data. Up to 12,800 hops can be
stored in internal memory. The
stored data are converted to base-
band through a precise 30-MSam-
ples/s digital-to-analog converter
(DAC). The baseband signals are
then converted to the 2.4-GHz Blue-
tooth band through a high-perfor-
mance frequency upconverter.

The system offers high-speed
memory-storage options from 64 Mb

with Version 4.0 of Win-
dows NT, features 128 Mb of ran-
dom-access memory (RAM) and a 9-
GDb hard-disk drive. It includes 10/100
baseT and U-SCSI interfaces and
uses a Matlab-compatible binary
data-file format. Celerity Systems,
L3 Communications, 10411
Bubb Rd., Cupertino, CA 95014;
(888) 274-5604, (408) 873-1001,
FAX: (408) 873-1397, Internet:
http://www.csidaq.com.
For more information, visit
www.mwrf.com
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Single-Chip Transmitters

Single-Chip Transmitters Include
Microcontroller And Memory

This family of single-chip transmitters incovporvates
a microcontroller and memory to accommodate

digital applications.

DON KELLER

Senior Editor

IRELESS applications are constantly driving the demand for
high integration, low power consumption, and low cost. But be-
yond these three demands, many wireless applications, includ-
ing keyless entry, remote control, short-haul wireless data com-
munications, and remote sensing also require digital control for data
encoding, transmission control, and user interfacing. Additionally, non-
volatile memory is often required to retain security or sensor information
when the battery runs down. To satisfy the additional requirements of
these applications, Atmel Corp. (San Jose, CA) has developed a family of
single-chip RF transmitters (Txs) that incorporate an 8-b reduced-instruc-
tion-set-computer (RISC) microcontroller (see figure).

Each member of the AT86RF401 | grated loop filter optimized for the two

family consists of an 8-b microcon-
troller and a phase-locked-loop (PLL)-
based Tx for portable wireless applica-
tions in the 250-t0-450-MHz range. To
reduce component count, two versions
of the device are offered with an inte-

most popular RF frequencies in
this band. The model AT86RF401U
operates at 315 MHz, and the
AT86RF401E operates at 434 MHz.
For other frequencies in the 250-to-
450-MHz band, the company offers the

&
E i lifi
Sl sy amplifier
Ll _ [Phase | _ rnop Skt Antenna .
== XTALB||Oscillator [#216t6ct0r [ flter [*] VCO [$*10$/% ¥ _> |AntennaB —
1 TPrescaler b} 1T "
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> Brown-out protect
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This block diagram shows the AT86RF401’s RF Tx, microcontroller, and
peripheral components.

model AT86RF401X, which must be
used in conjunction with an external
loop filter (usually consisting of three
passive external components).

The Tx portion of the chip requires
an external crystal or resonator for the
reference frequency. This frequency is
fed to the chip’s phase detector, loop
filter, and voltage-controlled oscillator
(VCO). The VCO output is looped to
the prescaler, divided by 24, and
routed back to the phase detector,
where it is compared to the reference
frequency in standard PLL fashion.
The locked VCO output is fed to the
chip’s RF amplifier.

The microcontroller portion of the
chip monitors and controls the RF Tx.
It permits software control of output
power in 1-dB increments from +1 to
+b dBm into a tuned loop antenna. It
also allows the designer to select a
preferred encoding method (Manch-
ester, NRZ, PWM, etc.). Data-trans-
mission rates to 20 kb/s can be at-
tained using on/off-keyed (OOK)
modulation. With 2 kB of Flash pro-
gram memory and 128 B of electroni-
cally-erasable-programmable-read-
only-memory (EEPROM) data
memory, designers can update or
modify software at any time in the de-
velopment cycle. The EEPROM data
memory also provides space for secu-
rity parameters, product serial num-
bers, or other product information.
Atmel Corp., 2325 Orchard
Pkwy., San Jose, CA 95131; (408)
441-0311, FAX: (408) 487-2600, In-
ternet: http//www.atmel.com.

For more information, visit
www.mwrf.com
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Industry’s most integrated
RF transceiver/transmitter ICs.

B Single-chip solution with direct
digital synthesizer supports

SrE\E\;g-El! .é; g‘n.
: §§ §5§¢ 2o BB

LNAGND __ pem.vee wide-band applications with
DEM_TANK fixed or frequency hopping
AN spread spectrum
LNA_GND __| DEM_TANK
PAVCC e B /ntegrated voltage controlled
PALOUT e oscillator, phase-locked loop
AMP_CAP and adjustable power amplifier
FA.GND - decreases board space
PLL_GND AmP_out
Fo-sEr sanear W TRF6900 contains integrated
PD_OUT2 DATA_OUT mixer, demodulator, data slicer
PD_OUTI DATA and Received-Signal-Strength
LOCKDET cLOCK Indicator for interface with a
microcontroller or DSP

STROBE

B Operates in Europe/U.S.

ISM-band at 850 MHz to
950 MHz
.:" IM I : i -- ST ; B 30-us frequency hops
W & il ; i o i ot an; 3 md )
Standby Active* Torec To xmll’ry '
TRF4900 | Transmitter | 0.5pA 22mA | 7dBm | FM/FSK | N/A 500 s | 24-pin TSSOP| $1.92 W SW programmable frequency
TRF6I00A| Transceiver | 0.5pA 21 mA |45dBm | FM/FSK | 600ps 500ps | 48-pin POFP | $4.55 settings

'Price is per device in quantities of 1,000.

The ISM-band TRF6900 transceiver and the TRF4900 transmitter from Texas Instruments utilize cutting-edge B 22-Vto 3.6-V operation ensures
technology to bring you the integration and low-power operation that your RF designs require. The TRF6900 and low power consumption

the TRF4900 include a fully programmable direct digital synthesizer (DDS) for fast, accurate frequency hopping.
The small size, low power consumption and fast standby to transmit operation (500 ps) make these RF compo-
nents ideal for battery-powered applications. From security systems and toys to utility metering devices and
home automation, Tl's integrated RF transceiver and RF transmitter ICs are the perfect fit.

o W=

B No external adjustments required

www.ti.com/sc/nowire

WL A 44 - 1604 - 66 33 99
P actual size . MSP-TRFE900 + 1
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module |
* Power amplifier at 20 dB attenuation. The red/black banner is a trademark of Texas Instruments. 1621-11P  MSDS10584€ © 20007
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PRODUCT TECHNOLOGY

Semirigid Cable Assembly

Stainless-Steel Semirigid Gables
Handle Hostile Environs

Semirigid cable assemblies employing a stainless-
steel outer jacket can withstand vibvation and shock
levels far beyond standavd military specifications.

JACK BROWNE
Publisher/Editor

TAINLESS steel can be honed to a fine edge in cutlery, but it can
also lend an edge to military-grade semirigid coaxial-cable assem-
blies. Cable assemblies with an outer jacket of stainless steel manu-

factured by SSI Cable Corp. (Shelton, WA) offer tensile strength far
beyond that of conventional copper (Cu) semirigid cables. The firm offers
304L stainless-steel-jacketed semirigid cables with outside diameters
ranging from 0.086 through 0.240 in. (0.218 through 0.638 cm), and with
a variety of connector options for applications through 40 GHz.

The stainless-steel cable assem-
blies feature a construction that is
somewhat similar to a conventional
Cu semirigid cable, with Cu inner
and outer conductors sandwiched
around a dielectric, but offer en-
hanced durability through the addi-
tion of a stainless-steel jacket around
the Cu outer conductor (Fig. 1). The

Cu outer conductor provides good
conductivity and electromagnetic-in-
terference (EMI) shielding, while the
stainless-steel jacket arms the cable
assembly with superior mechanical
strength. The stainless-steel outer
jacket also provides resistance to
corrosion in hostile environments.
The stainless-steel cable assem-

blies, with very low attenuation
through 20 GHz (F'ig. 2), are highly re-
sistant to metal fatigue. When conven-
tional 0.086-in. (0.218-cm)-diameter
Cu semirigid cables with soldered con-
nectors were tested in a sideloading
fixture designed to flex the cables 15
deg. from the connector center con-
ductor, the conventional cable assem-
blies failed after only 13 flexures.
When 0.093-in. (0.236-cm)-diameter
stainless-steel cable assemblies with
welded connectors were subjected to
the same test conditions, they with-
stood 136 flexures before failing. SSI
Cable Corp., 820 E. Hiawatha
Blvd., Shelton, WA 98584; (360)
426-5719, FAX: (360) 426-5912, In-
ternet: http://www.ssicable.com.
For more information, visit
www.mwrf.com
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1. The stainless-steel cable assemblies employ an outer
jacket of 304L stainless steel for improved reliability.

2. The stainless-steel semirigid cables show low
attenuation through 20 GHz.
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Test Set

Simple Instrument OIle.rs Accurate
Bluetooth Communications Testing

When connected to a Windows-based PC, this rack-
mount module is transformed into a flexible
measurement system for Bluetooth vadio testing.

JACK BROWNE
Publisher/Editor

LUETOOTH communications systems promise wireless personal in-

terconnections of computers and peripheral devices at 2.4 GHz. Be-

fore a plethora of wireless products can be released on the market-

place, however, they must be tested. The model E1852A Bluetooth™
Communications Test Set from Agilent Technologies (Queensferry, Scot-
land) offers a simple means of performing those measurements under the
control of a PC. The instrument executes functional and parametric tests
on Bluetooth-enabled devices using simple front-panel connections to eval-
uate the transmit/receive (T/R) paths of Bluetooth radios.

Bluetooth is a wireless con-

nectivity standard essentially NS

developed by Ericsson and
supported by an initial group
of developing companies that
includes IBM, Intel, Nokia,
and Toshiba. The Bluetooth
Special Interest Group (SIG)
of companies endorsing the
standard now numbers more
than 2100. The open standard for de-
velopment of Bluetooth products can
be found on the Bluetooth website at
http://www.bluetooth.com.

BLUETOOTH BASICS

Bluetooth radios operate across 79
channels from 2.402 to 2.480 GHz us-
ing a 1-Mb/s data rate through Gaus-
sian frequency-shift-keying (GFSK)
modulation. Devices communicate
through time-division-duplex (TDD)
techniques where the transmitter
(Tx) and receiver (Rx) alternate
their transmissions in separate
timeslots, one after another. Blue-
tooth designs employ frequency hop-
ping at rates to 1600 hops/s. As a re-
sult, a Bluetooth voltage-controlled

The model E1852A Bluetooth test set can perform
all of the basic Rx and Tx tests on a Bluetooth radio
using a simple user interface on a PC.

oscillator (VCO) must be able to
switch across the full frequency
range in less than 625 pus.

The model E1852A Bluetooth
Communications Test Set (see fig-
ure) supports Bluetooth radio testing
using a simple interface scheme dis-
played on a PC. Developed in cooper-
ation with RTX Telecom of Den-
mark, the test set establishes a link
to a Bluetooth device under test
(DUT) using standard Bluetooth pro-
tocols. It supports the testing of Rxs
with or without impairments, such as
interference and fading, and testing
of Txs for power, frequency, and
spectrum occupancy. It can perform
frequency-hopping measurements at
rates beyond 1600 hops/s. The test

set can also evaluate frequency-mod-
ulation (FM) deviation, frequency er-
rors on specified RF bands, bit-er-
ror-rate (BER) Rx tests on single
and multiple timeslots, parametric
measurements, and measurements
of power over bursts.

The simple-to-use model E1852A
test set can perform test-mode and
piconet-based measurements (on a
single device or within the miniature
Bluetooth network known as a pi-
conet, respectively), and uses simple
SCPI-like commands for ease
of programming and setup. It
is shipped with user-interface
software that runs on Win-
¢ dows 98 or Windows NT com-
puters and can supply a full
measurement summary with
pass and fail data. The test set
features a remote-command
debugging window and a dy-
namic-link library with debugging
messages to speed the development
of automated test routines.

For more information on the com-
pany’s Bluetooth measurement solu-
tions and for a useful application
note, “Performing Bluetooth RF
Measurements,” visit the Agilent
website at www.agilent.com. Agi-
lent Technologies, Inc., Test
and Measurement Organiza-
tion, 5301 Stevens Creek Blvd.,
MS 54LAK, Santa Clara, CA
95052,

For more information, visit
www.mwrf.com
Editor’s Note: Bluetooth is a trade-
mark owned by Telefonaktiebolaget
LM Ericsson, Sweden
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Our new line of COMBLINE Rx/Tx band pass filters and
DUPLEXERS adds to our wide range of high performance

Low Pass, Band Pass and High Pass filters. With its high rejection
of greater than 70dB and an insertion loss of less than 1dB,

these Filters and Duplexers are the perfect choice for your
cellular and PCS band requirement.Varying from model to model,
the power: handling capacity of these new line of filters ranges
from 20 watts to |00 watts.

For additional information / i -
contact Synergy's Sales andApphcﬁa}iﬁn team ey Q\:‘-|==ﬁ__\‘. R i
201 McLean Blvd., Paterson$! ; o
A" A BRAY 1YL\ 0

NICROWAVE CORPORATION

Phone: (973) 881-8800 Fax: (97'3f88l -8361
E-mail: sales@synergymwave.com
Visit our web site at http://www.synergymwave.com
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Authors are encouraged to present unclassified design
and applications information on topics related to the
design of avionics, electronic-countermeasures (ECM),
electronic-warfare (EW), radar, satellite-communications
(satcom), surveillance, and other aeraspace and military
systems and their components. Papers should be generic
in nature, and not advertisements or endorsements of
particular manufacturers or product lines. The goal of the
technical presentations at the Military Electronics Show is
to share design ideas and information with your peers.
Since the Military Electronics Show's Advisory Committee
must select from a potentially large number of paper sub-
missions, only the best-researched, most-authoritative, and
bestswritten papers will be selected for presentation. Please
helpius establish high technical standards for this show.
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Sesstons 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.
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Waterfront Hotel
Baltimore, MD

The Military Electronics Show is managed and produced

by Penton Media, Inc., publishers of Microwaves & RF, EE
Product News, Wireless Systems Design, Internet World,
Electronic Design, and Embedded Systems Development.
Penton Media, Inc., 611 Route 46 West, Hasbrouck Heights,
NJ 07604. Phone: 201-393-6060. Fax: 201-393-6297.
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* Paper Presentation Session: Led by a "Session Chair”
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Each speaker/author makes a 20-30 minute presentation
based on their paper.

* Mini-Tutorial “Expert” Session: Presented by an expert
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discipline, or “tips and tricks”. 1 to 1.5 hours in length.

* Full-Day Workshop Tutorial Session: 1 or 2 day session
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Conference Manager, via fax 201-393-6297
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PRODUCT TECHNOLOGY

Front-End Chip

RF IC Addresses Unlicensed
9-GHz Communications

This front-end chip combines a low-noise Rx
amplifier, power-transmit amplifier, and a switch
for use in the 5-to-6-GHz ISM band.

JACK BROWNE
Publisher/Editor

ONCERN over the operation of 2.4-GHz wireless local-area net-

works (WLANSs) with the expected proliferation of Bluetooth de-

vices at that same frequency has some WLAN developers raising

their sights to 5 GHz. One semiconductor supplier that hopes to
make that transition a simpler, lower-cost venture is Araftek, Inc. (Fre-
mont, CA), a new firm with a low-cost GaAs RF integrated-circuit (RF IC)
chip that is suitable for spread-spectrum communications applications in
the unlicensed 5-GHz industrial-scientific-medical (ISM) band.

The 5-to-6-GHz band contains sev-
eral communications portions of the
Unlicensed National Information In-
frastructure (UNII) band, including
5.15 to 5.25 GHz, 5.25 to 5.35 GHz,
and b5.725 to 5.825 GHz. This unli-
censed use of WLAN applications is
in contrast to the popular 2.4-GHz
ISM band earmarked for WLAN
transmissions per IEEE 802.11b
standards. However, due to the lim-
ited data rates possible at that fre-
quency (approximately 11 Mb/s ac-
cording to the standard), the fear of
spectrum crowding due to the al-
ready present microwave ovens and
cordless telephones, and the pre-
dicted explosion of Bluetooth de-
vices, the 802.11a specification was
developed to support high-data-rate
WLANSs (54 Mb/s) at 5 GHz.

Although suitable for a variety of
wireless applications at 5 GHz, in-
cluding remote monitoring and
portable data terminals, the
ART501A is especially well-suited to
HyperLAN and other high-data-rate
WLANSs at that frequency. The
ART501A provides all of the RF
front-end functions required for half-

duplex communications. It combines
a power amplifier (PA) for transmit
functions, a low-noise amplifier
(LNA) for receive functions, and a
transmit/receive (T/R) switch for
control of the transmit and receive
modes.

The PA section provides better
than +21-dBm typical 1-dB compres-
sion output power at 5.85 GHz and
+23.5-dBm typical output power at
5.15 GHz. Typical gain is 18 dB from
5.15 to 5.85 GHz, with a typical gain
flatness of =1 dB. The transmit am-
plifier incorporates a power-detec-
tion output which delivers +1.2 VDC
at an output level of +23 dBm. The
output power can be controlled elec-
tronically over a range of approxi-
mately +11 to +23 dBm. The PA cir-
cuitry draws approximately 308 mA
from a +5-VDC supply.

The LNA section achieves 21-dB
typical small-signal gain with typical
gain flatness of +1 dB from 5 to 6
GHz. The output power is typically
+3.5 dBm at 5.15 GHz while the noise
figure is typically 8.5 dB with a maxi-
mum of 4.5 dB across the operating

. band. The LNA requires 36-mA typi- |

cal current at +5 VDC, It achieves in-
put return loss of 8 dB and an output
return loss of 12 dB, both with partial
external impedance matching.

Finally, the time-domain-duplex
(TDD) T/R switch operates through
a complementary-metal-oxide-semi-
conductor (CMOS)-logic-compatible
control pin using high and low logic
levels of nominally +5 VDC (a mini-
mum of +2.4 VDC) and 0 VDC (a
maximum of +0.7 VDC). The switch,
which draws approximately 1-mA in-
put current, achieves a switching
speed of better than 5 ps. The isola-
tion between the transmit and re-
ceive paths is typically 13 dB, while
the receive and transmit path inser-
tion losses are typically 2.3 dB or less
in either the transmit (high logic) or
receive (low logic) states. The bias
current is approximately 5.5 mA at
+5 VDC, with a current draw of only
0.3 pA in the power-down mode.

The ART501A is housed in a com-
pact 28-pin quad small-outline pack-
age (QSOP) suitable for applications
where space is limited, such as in the
Personal Computer Memory Card
International Association (PCM-
CIA) cards commonly used to add
WLAN capabilities to a laptop com-
puter. A power-down mode can be
added to the AR7501A by adding an
external switch in series with the
drain-voltage supply line. Araftek,
Inc., 40990 Encyclopedia Circle,
Fremont, CA 94538; (510) 580-
2501, FAX: (510) 580-2508, Inter-
net: http://www.araftek.com.

For more information, visit
www.mwrf.com
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Monitoring System

Software-Based Monitoring
System Checks Digital Garriers

This versatile and simple-to-operate cavvier-monitoring
testset can be used to evaluate the health of satellite
and tevvestrial communications systems.

Mike Bush
Managing Director
ETL Systems, Unit 4, Foley Trading Estate, Hereford HR1 2SF, United King-
dom; (44) 1432-370078, FAX: (44) 1432-278833, e-mail: mab@etlsystems.com,
Internet: hitp./fwww.etlsystems.com.

ARRIER monitoring is essential to the successful operation of a

satellite-communications system. By using software-based carrier-

monitoring systems such as those developed by ETL Systems (Here-

ford, United Kingdom), carriers for satellite systems, as well as ana-
log and digital terrestrial broadcast and communications systems, can be
continuously monitored for weak or failing signals. Monitoring carriers
when they first arrive in the equipment hall from a communication sys-
tem’s antennas and low-noise block downconverters (LNBs) provides a
first line of defense and warning against failing signals and systems.

The software-based carrier-moni- |
toring system developed by ETL !

Systems allows digitally-

television (CATV) signals from 1 to
100 MHz, even though the hardware

modulated carriers to be [EEEEEEETD

architecture used to do this is some-
what different than the hardware
employed for monitoring satellite or
terrestrial microwave-communica-
tions systems.

For monitoring satellite carriers,
the test system employs a model
E4402B spectrum analyzer from Ag-
ilent Technologies (Santa Rosa, CA),
a personal computer (PC), and an RF
switch. Depending on the number of
signals to be monitored, the RF
switch may range from a small eight-
way unit to a 32-way or larger
switch. Other carriers, such as 70-
MHz and television-broadcast sig-
nals, can be monitored at the same
time that satellite carrier monitoring
is being performed. The PC,
which is used for instrument

monitored and alarmed from
1 MHz to 26 GHz. In the case
of satellite-communications
carriers at L-band (850 to
2150 MHz), such as those in
the ASTRA system, multi-
ple carriers can appear from

m
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control and signal analysis,
displays exactly what is re-
ceived by the spectrum ana-
lyzer. Up to three carrier
parameters can be moni-
tored at any one time.

An operator using the car-

one LNB source, and this

rier-monitoring system first

system is likely to feature mmw E’——“ anpmmﬁs‘o“'— PowerBW | I Cac |u“_ sets up a carrier profile. The
several of these LNB | W"W: fio &';‘3:: h_____f‘ U o software provides the facil-

sources. The carrier-moni-
toring system copes with

Input [Ut.ms.muwmt

multiple sources through an

5 | ity tosetupa mask or per-
| formance template against

r "l‘l—pﬂﬁ 'r'uu.mu'

which a selected carrier can

RF switch, which selects the
source to be monitored and
subsequently feeds the out-
put of the selected LNB toa L

be analyzed. The mask con-

1 xowa| e | e |

mmm E billﬁﬂlﬁ i?

gists of an outer limit line
and an inner limit line. Drag-

ging points with the compu-

spectrum analyzer.

The flexible software used
in the carrier-monitoring
system can also be used to
monitor reverse-path cable-

1.The “Edit Carrier/Measurement Parameters” screen of
the carrier-monitoring-system software intuitively steps
an operator through the settings needed for effective
carrier-frequency and power measurements with a
spectrum analyzer.

ter mouse will set up limits
by positioning lines. Subse-
quently, any increase or de-
crease of carrier profile will
cause an alarm. In addition,

MICROWAVES & RF »« FEBRUARY 2001
158




the system measures and displays
the power levels of digital carriers
and the facility exists to key in upper
and lower alarm limits.

The system also measures the car-
rier plus noise to noise ratio [(C +
N)/N]. The option exists to select a
programmable number of scans in or-
der to optimize the measurement.
Subsequently, an alarm-threshold
value can be selected. Full-fault re-
porting is available, and graphic in-
formation such as carrier-to-noise
plots can be printed.

SOFTWARE SPECIFICS

When the software is first run, it
opens the “Carrier Status,” “Alarm
Status,” and then the “Event Log”
windows. The windows may be posi-
tioned and sized as required. The
configuration of these windows is
saved when the operator exits the
program.

It is necessary to define the input
as a first step; the software will then
require the operator to define a car-
rier using the table found in the
“Edit Carrier/Measurement Param-
eters” screen (F'ig. 1). The screen al-
lows operators to name a new carrier
(using the carrier selection box) or to
select or edit an existing carrier
name. As with all file systems, the
name selected for a particular carrier
should be meaningful, since this
name will be used in the event log to
report any changes in the carrier’s
status. The “Active” box enables or
disables the monitoring function for
the selected carrier. Carriers are
identified by their frequenecy (in
megahertz).

When the system is monitoring a
large number of carriers, it may take
several minutes in order to measure
all of the carriers. It may be desirable
to measure some carriers more fre-
quently than others. This can be
achieved by setting a priority for
each carrier. The lower the priority
number is, the more often the carrier
is measured. For example, if a car-
rier is set to priority one, then the
carrier will be measured during ev-
ery complete measurement cycle. If
the carrier is set to a priority of two,
it will be measured every two mea-
surement cycles. A value of 100
means that the carrier will be mea-

 PRODUCT TECHNOLOGY |

Monitoving System

sured every 100 measurement cy-
cles. Obviously, the time for a mea-
surement cycle will depend on the
number of carriers measured during
the cycle, as well as the measure-
ment parameters.

Operators must also set the high-
power limit (the power limit in deci-
bels that the carrier must exceed be-
fore generating a high-power alarm)

and the low-power limit (the power
limit in decibels that the carrier must
be below, before generating a low-
power alarm) prior to monitoring a
carrier. The “power offset” is a figure
in dB and is added to the measured
carrier power. One application of this
would be to provide an offset for an-
tenna gain and feeder loss in a trans-
mit system. With the correct offset,

No matter how you dice it, the mirror-smooth
Accumet finish for surface tolerances to 0.000001
maximum has become the industry standard. The
flatness and parallelism of our lapped or polished
finishes enhances tighter designs, superior finished
parts, and "exact duplicate” repeatability.

Service as smooth as our finish

A random survey of our customers showed service
as the overwhelming reason they keep retuming to
~ Accumet. We're not surprised. Since 1970, we've
believed that keeping our word and delivering the
ity on time is the only way to do business.
e-mail today to learn about our new

of MICRO-FINE substrates and our full

{ Alumina
! Beryllia

Aluminum Nitride
Quartz

(fused & natural)
Titanates
Other dielectrics 7
Metals -
| capasiLimizs |
Lapping
Polishing
Laser machining
Diamond sawing
Edge grinding
0D/ID grinding
Tumbling

49 978-568-8311 Fax: 978-562-4384
Visit our Web site at www.accumet.com
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PRODUCT TECHNOLOGY

Monitoring System

- New Carmier
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3. This is a typical plot of captured (C + N)/N carrier
data, which can be displayed on the PC screen or
printed out for archival purposes.

2. Thié demonétration screenghows a 70-'MHz carrier

with markers indicating the carrier center frequency
(Fc) and the noise level frequency (Fn).

used with trans-
mit carriers to

the displayed power would be in ef-
fective radiated power (ERP) or ef-
fective isotropic radiated power
(EIRP). The carrier-to-noise limit
control establishes the limit for the
carrier-to-noise level below which an
alarm will be sounded. The “Measure
Carrier Power” function is typically

measure the car-
rier power.

A number of settings on the “Edit
Carrier/Measurement Parameters”
scereen are devoted to the control of
the spectrum analyzer. The start and
stop frequencies, span, scale, and ref-
erence level use the software to ad-
just those settings on the connected

instrument. It should be noted that
changing some parameters will have
an effect on others. For example, as-
sume that a carrier at 70 MHz is to be
monitored with a bandwidth of 40
MHz. This can be achieved by setting
the frequency to 70 MHz and the
span to 40 MHz, or by setting the
start frequency to 50 MHz with the
stop frequency set at 90 MHz.

For the resolution bandwidth, if an

+1 dBm Comp. Pt.

Power Dividers

Pulsar Microwave Corp.

48 Industrial West

Clifton, NJ 07012 - Tel: 800-752-3043
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operator checks the “Auto” box, the
spectrum analyzer’s default resolu-
tion-bandwidth setting will be used.
If not checked, the user is free to en-
ter aresolution bandwidth. Note that
many spectrum analyzers offer only
a limited range of values for the reso-
lution bandwidth.

For the power-bandwidth (“Power
BW?”) setting, it is necessary to know
the bandwidth that a carrier occupies
(in order to calculate the power of the
modulated carrier). If the “Cale” box
is checked next to the “Power BW”
selection, the software will instruct
the analyzer to measure the power
bandwidth. If the “Calc” box is not
checked, the user can enter a power
bandwidth (in megahertz). If the
“Calc” option is selected and the car-
rier is defined as part of a carrier
group, the application will calculate
the bandwidth from the trace data. If
the carrier is not part of a group, the
spectrum analyzer is instructed to
measure the bandwidth. This pro-
vides better accuracy, but requires
the analyzer to perform an extra
sweep and, therefore, takes longer to
complete.

The averages setting (“Average
No”) allows an operator to enter the
number of averages from 1 to n and
sets the number of spectrum-ana-
lyzer sweeps that are taken before
the resulting data is read by the ap-
plication. When monitoring noisy sig-
nals, for example, averaging will be
needed to achieve accurate C/N and
power measurements. Caution must
be used when choosing this value, as
each sweep may take a second or
more to complete. Additional con-
trols support the selection of a car-
rier group, the selection of an RF in-
put source, and the enabling or
disabling of alarms for various test
parameters, such as lower limit lines
and upper limit lines.

To demonstrate the carrier-moni-
toring system in use, Fig. 2 shows a
70-MHz carrier with the lower mask
positioned inside the carrier enve-
lope and the upper mask in the pro-
cess of being moved into position.
The “drag points” are clearly shown
with the right-hand point positioning
in progress. The markers showing Fe
and Fn indicate the adjustable car-
rier center frequency and noise-level

PRODUCT TECHNOLOGY
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frequencies, respectively. The top
left-hand corner of the display shows
the (C + N)/N value, which can be
plotted as a function of time (F'ig. 3)
for archival purposes.

The bottom section of the “Edit
Carrier/Measurement Parameters”
screen is for the data-log control of
the measured C/N and carrier-power
levels. This section contains four con-
trols. The two check boxes “Log
C/N” and “Log Power” turn the data
logging of the associated measure-
ments on and off. The “Log Interval”
control sets the maximum rate (in
seconds) that the data are logged. It
should be noted that this is a maxi-
mum figure and that the actual log-
ging rate depends on how often the
carrier is measured. For example, if
the logging interval was set to 1 s but
a complete measurement cycle was
to take 20 s, the data would be logged
every 20 s (each time that the carrier
is measured). If the logging interval
was set to 60 s, the carrier would still
be measured every 20 s, but a snap-
shot of the C/N and power will only
be stored every 60 s. Data logging of
this type can build up a large amount
of data. Eventually, the PC would
run out of memory and disk-storage
space. To prevent this, the software
includes a “Delete After (days)” field
that allows the user to specify the
maximum age of the data on the sys-
tem. Data older than this value are
automatically deleted.

Selecting “OK” will save the data,
“CANCEL” exits the program with-
out saving, “NEW?” saves the current
data and clears the form for the
definition of a new carrier, and
“DELETE” erases the carrier from
the data base. The user is warned be-
fore any information is deleted.

The carrier-monitoring software
operates effectively to 26 GHz, dic-
tated only by the upper frequency
limits of the spectrum analyzer that
are selected for use with the system.
The software is easy to use and re-
quires minimal training. It is flexible
and can be used with most software
packages and with a wide range of
hardware in order to address a vari-
ety of carrier-monitoring require-
ments. The system is inexpensive
compared to many existing products
and is therefore not only suitable for

large installations, but also smaller
ones that have previously been un-
able to justify the cost of a monitor-
ing system.

ETL Systems has been supplying
solutions for satellite earth stations
since 1989, more recently adding
products aimed at CATV head-end
requirements. In addition to the car-
rier-monitoring system, the com-
pany supplies a variety of solutions
for communications applications, no-
tably at L-band. The firm is well-
known for its Li-band matrices, such
as a distributive 32 X 32 matrix in a
six-space rack-mount configuration.
In addition, several amplifiers pro-
vide signal boosts for satellite-com-
munications systems through 2150
MHz. Model 2500 is a high-band unit
with dual amplifiers, each with 28-dB
maximum gain from 500 to 2150
MHz. The gain is adjustable in 0.5-dB
steps. The amplifier, which handles
input signals to +5 dBm without
damage, achieves maximum output
power of +15 dBm at 1-dB compres-
sion. For low-band applications, the
model 2501 provides performance
that is similar to that of the model
2500, but with better noise figure (5
dB) and a frequency range spanning
10 to 1000 MHz. The firm’s model
2502 amplifier is an eight-port L-
band distribution amplifier that has a
frequency range of 850 to 2050 MHz.
It has a 20-dB gain-control range, 33-
dB gain at 950 MHz, and 38-dB gain
at 2050 MHz.

ETL Systems also supplies multi-
channel L-band monitors, which con-
sist of a rack-mount controller and 16
receiver (Rx) modules. These sup-
port real-time monitoring of Li-band
digital channels. The monitors detect
present signals in the form of a de-
modulator lock. The monitors are
also useful for monitoring signal lev-
els and bit-error rates (BERSs), and
provide adjustable threshold levels
for setting alarms. ETL Systems,
Unit 4, Foley Trading Estate,
Hereford HR1 2SF, United
Kingdom; (44) (0) 1432 370078,
FAX: (44) (0) 1432 278833, e-
mail: mab@etlsystems.com, In-
ternet: http:/www.etlsystems.
com.

For more information, visit
www.mwrf.com
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Linear LNAs Boast Miniscule
Noise Figures At 2 GHz

A paiv of LNAs has been developed for
2-GHz applications using silicon BiCMOS

without germanium.

Keng Leong Fong and David Szmyd
Application Engineers
Philips Semiconductors, 811 E. Arques Ave., Sunnyvale, CA 94088;
(408) 474-7202, FAX: (408) 474-7212, e-mail: fong @ieee.org.

ILICON (Si) bipolar complementary metal-oxide semiconductor
(BiCMOS) still has room for improvement, as demonstrated by a
pair of low-noise amplifiers (LNAs) designed and developed by
Philips Semiconductors (Sunnyvale, CA). Fabricated with the firm’s
QUBIC4 0.25-pum Si BiCMOS process, these amplifiers do not require the

additional germanium (Ge) doping (as in SiGe) to achieve noise figuresof =\ . o0 ioe devi N
1.1 dB or less at 2 GHz. With performance that rivals that of gallium ar- rom transistor Q,, a large device (us

senide (GaAs) and SiGe LNAs, one of the designs exhibits a noise figure of
0.99 dB and third-order intercept of +5 dBm at 2 GHz while using only 4-
mA current, while the other amplifier features a noise figure of 1.1 dB and

third-order intercept of +9 dBm with 6-mA current.
The rapid growth of wireless com- = figure) shows the circuit topology of

munication systems has increased
the demand for high-linearity and
low-noise RF amplifiers. As the first
active circuit in a wireless receiver
(Rx), the LNA should have low noise
figure and high gain to increase the
sensitivity of the Rx. Furthermore,
high linearity is desirable to increase
the selectivity of the Rx
without using expensive RF
filters in front of the LNA.
Although much attention

the LNAs. Transistor Q, and induc-
tance L, form the transconductance
stage of the LNA. Inductive degen-
eration is used to increase the linear-
ity of the LNA. Transconductance

stages with inductive degeneration
have lower noise figures than those

with resistive degeneration, since

The two BiCMOS LNAs at a glance

rformance parameters

the degeneration inductor (apart
from its loss resistance) does not in-
troduce an additional noise source. It
has been shown that the transcon-
ductance stages using inductive de-
generation are more linear (higher
third-order intercept performance)
than those using resistive degenera-
tion with the same current and
transconductance.!

To reduce the noise contribution

ing many parallel emitter fingers)
with small base resistance (less than
3 (1) is used. However, the device
size should not be so large that the
base-collector capacitance would de-
crease the reverse isolation, power
gain, and stability of the LNA. Resis-
tor Ry, is used to bias the base of tran-
sistor Q; and to isolate the bias cir-
cuitry from the input of the
transconductance stage. Resistor Ry,
is typically designed to have large re-
sistance in order to reduce the noise

¢ contribution from the bias circuitry

and to avoid significant
loading on the RF input
port, which would increase
the noise figure.

has been focused on the per-
formance of new technolo-

éﬁl'sﬁpply current (mA)

Capacitor C, serves as
the DC-blocking capacitor.

gies using SiGe semiconduc-

Power gain (dB)

Together with inductor L,

tor processes to achieve low
amplifier noise figures, what

Noise figure (dB)

it forms the input-matching
network which is optimized

follows is a report on two
amplifiers fabricated with

ir_d-order intercept (dBm)

for minimum noise-figure
(constrained by an S, re-

conventional Si wafers, al-

Sy, (dB)

quirement of less than —-10

beit using a high-perfor-
mance BICMOS semiconduc-

- Sz2(dB)

dB).% A low-frequency trap,
formed by capacitor Cy, is

tor process.

5,2 (dB)

added to the input of the

The block diagram (see

LNA to improve the third-
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order intercept performance.? The
trap network has low impedance at
low frequency due to the large capac-
itance of C; and the small inductance
of Ly. At RF, inductor L, becomes
part of the input-matching network.
Capacitor C; and inductor L; form
the output-matching network to
transform the impedance at the col-

lector of transistor @, to match that

of the load resistor (not shown in the
figure).

Two 2-GHz LNAs have been imple-
mented in Philips Semiconductors’
QUBIiC4 0.25-um BiCMOS process (a
process which is still under develop-
ment).* The bipolar negative-positive-
negative (NPN) transistors (without
Ge) used in the designs have peak

THE RESULTS SHOW THAT

PURE Si BIPOLAR DEVICES

(WITHOUT USING Ge) CAN
ACHIEVE BETTER

PERFORMANCE THAN SiGe
DEVICES IF THEY ARE
PROPERLY OPTIMIZED.

transition frequency (f1) and maxi-
mum frequency of oscillation (fy,x) of
34 GHz and 88 GHz, respectively. The
double-poly NPN transistors use an
L-shaped inside spacer (between the
emitter and base) which creates sub-
lithographic emitter openings and
produces high performance. Shallow
trench isolation (STI) is used to reduce
base-collector capacitance and thus
improve fy,x performance. Deep-
trench isolation is used to isolate NPN
collectors and to reduce the collector-
substrate capacitance.

The LNAs are housed in low-cost
plastic thin-shrink small-outline
packages (TSSOPs). To obtain the
lowest noise figure, one design
(LNA_1) uses two package pins for
emitter degeneration and 4 mA of
bias current. To obtain higher third-
order-intercept performance, the
other design (LNA_2) uses only one
package pin (higher inductance) for
emitter degeneration and 6 mA of bias
current (see table). Transistor Q, is
placed close to the bonding pads to

PRODUCT TECHNOLOGY
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- which the bond wires used for degen-

eration are connected. This minimizes
the parasitic capacitance and resis-
tance at the emitter of @,. The RF in-
put and output pins of the LNA are lo-
cated at opposite sides of the package
from each other in order to reduce the
inductive coupling between them.,
The 2-GHz LNA test chips were
characterized by means of noise-fig-

ure measurement equipment and a
vector network analyzer (VNA). The
results are shown in the table. The
measurements were performed at
+27°C with a +2.5-VDC power sup-
ply. Two RF input signals of -30 dBm
each and 1 MHz apart were used to
characterize the input third-order in-
tercept performance of the LNAs.
The noise figures reported are di-
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rectly read from an Agilent
Technologies (Santa Rosa,
CA) noise-figure meter,
and they include the power
loss from off-chip low-cost
surface-mount devices
(SMDs) and BMC connec-
tors. If the power loss from
the external components
were removed, the intrinsic
noise figure of LNA_1
would be less than 0.9 dB.
In summary, two 2-GHz
high-linearity ultra LNAs
have been implemented and
characterized. The noise and
linearity performance re-
sults show that Si bipolar
devices can achieve per-
formance similar to GaAs
devices at lower cost. The re-

Package inductance: Lg, L1, L2
SMD components: C4, Cy, Lt, L3, C3

yet to be learned about
SiGe devices under various
bias conditions and operat-
ing environments com-
pared to Si BICMOS. Phil-
ips Semiconductors,
811 E. Arques Ave.,
Sunnyvale, CA 94088;
(800) 447-3762, (408)
991-2000, FAX: (408)
991-2311, Internet:
http:/ /www.semicon
ductors.philips.com.
For more information,
visit www.mwrf.com
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Ultra-Wideband Radar Technology

James D. Taylor, Editor
Ultra-Wideband Radar Technol-
ogy is a collection of topics from tech-
nical sources. It is intended to pro-
vide engineers and managers with a
practical technical theory about ul-
tra-wideband (UWB) radar systems,
including transmitters (Txs), re-
ceivers (Rxs), and applications.
Traditional radars use a modulated
continuous-wave (CW) source for
transmission. Target returns are
processed by Rxs with relatively
narrow bandwidths. UWB radar sys-
tems operate with signals that have a
bandwidth of greater than 25 percent
of the center frequency. Since many
UWRB circuits operate with short-du-
ration signals, the steady-state con-
dition is never realized. This requires
analyzing the system in the time do-
main and observing transient condi-
tions, as opposed to analyzing the
steady-state frequency response

! that characterizes traditional radar

systems. In order to understand the
special conditions related to UWB
radar systems, this text provides the
reader with a thorough introduction
to UWB radar principles and
applications.

Chapter 1 discusses UWB radars
and differences from common nar-
rowband radars. Topics include how
UWRB signals will produce effects not
encountered in conventional low-res-
olution radars, the information con-
tent of UWB sources and signal-
waveform changes during detection
and ranging processes, and how
UWB waveform and antenna charac-
teristics mutually affect each other.

Feature detection is the subject of
Chapter 2. Topies cover conventional
methods for optimal detection of
radar signals, correlation processing,

and optimal detectors for UWB sig-
nals. Other subjects include inter-pe-

| riod correlation processing (IPCP),

signal processing after IPCP, and
moving targets.

Chapter 3 presents a correlation
concept for identifying UWB radar
targets. Issues include target signa-
ture, target recognition, correlation
coefficient algorithms, pulse com-
pression, and target-signature varia-
tion with orientation.

Chapter 4 examines the theoretical
issues in UWB Rx design. Subjects in-
clude frequency-domain-channelized
Rxs, time-domain-channelized Rxs,
the Battelle UWB Rx, concepts of dig-
itizing and recording monopulse
impulse signals, and pulse compres-
sion. Other topics include signal corre-
lation and signal-to-noise-ratio (SNR)
improvement, pulse-compression
theory, pulse-compression SNR
analysis, phase-coded waveforms,
and known barker codes. Other
topies include pseudorandom
sequences pseudorandom-noise

(continued on p. 165)
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(continued from p. 164)
(PN) codes, polyphase codes, as well
as Welty and Golay codes. Pulse-
compression digital signal processing
(DSP), trade-offs between analog
and digital processing, and time- and

frequency-domain correlation pro- !

cessing are discussed.

Chapter 5 discusses compression
of wideband returns from over-
spread targets. Subjects include

radar-imaging principles, range |

Doppler radar imaging, binary-phase
codes, and frequency-coded signals.
Micropower impulse radar is the sub-
ject of chapter 6. Issues include a
background review of impulse radar,
a micropower-impulse-radar (MIR)
system, a MIR motion detector, and
MIR applications.

Chapter 7 presents UWB technol-
ogy for intelligent transportation
systems (ITS). Topies include ITS
requirements, components and appli-
cation areas, multiple-access commu-
nications, and range finding. Other
issues include interference rejection,

spectrum issues, and vehicle-sensing
and identification applications.

Chapter 8 reviews the design, per-
formance and applications of a coher-
ent UWB random-noise radar sys-
tem. Included is a radar-system
description with block diagrams, the
theory of random-noise polarimetry
and proof-of-concept experimental
and field-test results.

Chapter 9 discusses power semi-
conductor devices for generation of
nanosecond and sub-nanosecond
pulses. Circuit-engineering topics in-
clude step-recovery diodes, thyristor
and drift step-recovery-diode cir-
cuits, Sub-nanosecond and picosec-
ond devices and circuits, and bipolar
and field-effect transistors (FETs),
the effects of fast switching in silicon
(Si)-diode structures, and the effects
of circuit parameters.

Chapter 10 introduces the reader
to Fourier series-based waveform
generation and UWB radar signal
processing. Issues discussed include

i the generation of uncoded and coded

:IMARK :

waveforms, velocity processing, and
UWB radar-system configuration
and signal processing.

Chapter 11 analyzes a high-resolu-
tion step-frequency radar system.
Topics include the step-frequency
radar block diagram and waveform
generation, target return modeling,
moving-target detection in clutter,
and two-dimensional (2D) imaging.

A coherent all-radio band-system
very-high-frequency (VHF) syn-
thetic aperture radar and other
UWB radar-systems demonstration
results are the subject of chapters 12
and 13. Topies include a description
of the VHF system and physical con-
figuration with block diagrams, test
results, and foliage-penetrating
radar and target detection results
from the US Army Research Labo-
ratory. (2001, 424 pp., hardback,
ISBN: 0-8493-4267-8, $99.95.)
CRC Press LLC, 2000 NW Blvd.,
Boca Raton, FI. 33431; (800) 272-
7737 FAX: (800) 374-3401, Inter-
net: http://www.crcpress.com.
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Antenna remains dry
in high-wind conditions

A second-generation 5.6-m Ka-band
antenna has a dual-reflector Gregorian
opties system coupled with close-toler-
ance manufacturing techniques for
accurate surface contour, and closely
controlled pattern characteristics. A

rain deviator ensures that the feed

window remains dry in high-wind con-
ditions. The low-backlash mount con-
struction provides 125-mph (200-
km/hr) wind survival and accounts for
low values of beam-radial pointing
errors during tracking modes. Applica-
tions include high-density data, mobile
voice-communications networks, and
television-broadcast video distribu-
tion. Andrew Corp., 10500 W.
153rd St., Orland Park, IL 60462;
(708) 349-3300, Internet: http://
www.andrew.com.

VCXO spans
25.92 to 622.08 MHz

A wideband voltage-controlled
cerystal oscillator (VCXO0) for
Synchronous Optical Network/
synchronous-digital-hierarchy
(SONET/SDH) applications offers a
frequency range of 25.92 to 622.08
MHz. With a frequency that can be
extended to 900 MHz, the pull is =2000

to =5000 PPM. Outputis +10 dBminto

50 € and temperature stability is =50
PPM from —40 to +85°C. Linearity is
+5 percent. KS Electronies LLC,
16406 N. Cave Creek Rd., No. 5,

Phoenix, AZ 85032-2919; (602)

971-3301, FAX: (602) 867-7250,
Internet: https//www.kselectron
ics.com.

Antennas target
wireless data applications
The Datenna™ family is a series of
wireless broadband antennas designed
specifically for wireless data and voice
applications in the 2.1-to-5.8-GHz
range. Polarization options include
horizontal, vertical, +45/—45 deg., or
horizontal/vertical models. Models
with optimized bandwidth include
industrial scientific medical (ISM),
multipoint distribution system (MDS),
multichannel MDS (MMDS), Unli-
censed National Information Infras-
tructure (UNII), and dual band, as well

as 3.4-t0-3.6-GHz wireless-local-loop
(WLL) applications. The family

NEW PRODUCTS

includes four directional-log periodic

models, eight directional panel models,
two directional diversity polarization
models, and three omni models. The
antennas are equipped with standard
pole-mount hardware and will accom-
modate optional azimuth swivel wall-
mount and mechanical downtilt kits for

simultaneous tilt and swivel. Decibel '

Products, Inc., 8635 Stemmons
Freeway, Dallas, TX 75247; (800)
676-5342, (214) 634-8502, Internet:
http:/www.decibelproducts.
com.

Rx suits narrowband
LMDS applications

The model MM25-6LLNA is an inte-
grated receiver (Rx) consisting of a
low-noise amplifier (LN A), mixer, and
local-oscillator (1LO) doubler amplifier.
The RF range is 20 to 30 GHz, while
the LO frequency range is 10 to 15 GHz

- at -4 to 0 dBm. The intermediate-fre- = ter (Tx) frequency range is from 2024.1

quency (IF) range is DC to 5 GHz. |

With a single-sideband (SSB) noise fig-
ure (NF) and 3.0 dB typical to 3.5 dB
maximum, the RF-to-IF gain is 20 dB

. typical and DC bias is +8 to +12 VDC
at 200 mA maximum. This Rx can be

used for narrowband local multichan-
nel distribution system (LMDS) or for
full-band multichannel radiometer

applications. Spacek Labs, Inc., 212

E. Gutierrez St., Santa Barbara,
CA 93101; (805) 564-4404, FAX:
(805) 966-3249.

Gaskets reduce
low deflection forces

Various standard hollow profile
ultra-Vanshield RF- interference/elec-

tromagnetic-interference (RFI/EMI) |

shielding gaskets are available with
special inner-surface features. These
designs maintain dimensional stability

under compression while reducing the

low deflection forces of hollow shapes
to lower levels. The dual elastomer
styles have highly conductive outer

surfaces co-extruded over a resilient
metal-free inner core with more than
100-dB attenuation up to 1 GHz. Van-
guard Products Corp., 87 New-
town Rd., Danbury, CT 06810;
(203) 744-7265, FAX: (203) 798-
2351, e-mail: vanguard@world
net.att.net,Internet: http//www.
vanguardproducts.com.

Antenna designed
for harsh weather

A geosynchronous-operational-
environment-satellite/maritime-satel-
lite (GOES/MARISAT) prime-focus
antenna feed is intended for use in a
reflector with a force/deflection (F/D)
ratio of 0.36 to 0.38. This weatherized,
electronically heated and self-con-
tained feed system is designed for use
in harsh weather environments. The
system operates over a temperature
range of 79 to +50°C. GOES transmit-

t020.34.1 MHz, while the MARISATE
Tx frequency range is from 16385 to
1642.5 MHz. The receiver (Rx) fre-
quency range is from 1682.1 to 1694.2
MHz and the MARISAT Rx frequen-
¢y range is from 1537.0 to 1541.5 MHz.
Seavey Engineering Associates,
Inc., 28 Riverside Dr., Pembroke,
MA 02359; (781) 829-4740, FAX:
(781) 829-4590, Internet: http:/
www.seaveyantenna.com.

Diplexer screens

PCS signals

The model W1807F L personal-com-
munications-services (PCS) filter,
nine-element diplexer is designed to be
intermodulation distortion (IMD) free.
Standard dual +37-dBm input signals
produce <-140 dBe of IMD. Covering
full PCS bands with <1.2-dB insertion
loss, band center receiver/transmitter
(Rx/Tx) isolation is >90 dB. With a

. returnloss of > -16 dB, the power capa-

bility is >50 W. Wireless Technolo-
gies Corp., 1009 Shaver St.,
Springdale, AR 72762; (877) 420-
7983, (501) 750-1046, FAX: (501)
750-4657, e-mail: wireless@
ipa.net, Internet: http://www.du
plexers.com.

For more information, visit
www.mwrf.com
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Joint boasts
200-W transmitted power
The model AM75RJ is a brass-con-
structed in-line rotary waveguide joint
designed for use on rotating dish
antennas in satellite-communications
uplink and earth-station applications.
The device can handle transmitted
power in excess of 200 W and is preci-
sion engineered to ensure a typical
maximum insertion loss of 0.2 dB. It is
centered for a transmit frequency
range of 14.0 to 14.5 GHz (Ku-band)
and has a maximum VSWR of 1.5:1.
The device uses UBR120-type flanges.
Advanced Microtek Ltd., Intec
4.1 Wade Rd., Bassingstoke
Hants RG24 8NE, United King-
dom; 01256 355771, FAX: 01256
355118, e-mail: sales@linkmi
crotek.co.uk, Internet: http:/
www.linkmicrotek.co.uk.

OCXO features
+50-PPB frequency stability
The QEO SC 17 is an oven-con-
trolled cerystal oscillator (0CXO)
boasting an overall frequency stability
of =50 PPB, including variation with a
temperature range from —20 to +70°C,
supply voltage, load, retrace, and first-
year aging. It features G-sensitivity up
to 1 PPB/G. The device is capable of
either +3.3- or +5.0-VDC operation and
a tuning range of £2 PPM for 0 to +4
VDC with a +5.0-VDC power supply
and =0.25 PPM for 0 to +2.5 VDC with
a +3.3-VDC power supply. Warmup
time for the device is 5 min., after
which the device is within =50 PPB of
nominal frequency. Applications
include code-division-multiple-access
(CDMA), wireless-CDMA (WCDMA),
and Global System for Mobile Commu-
nications (GSM) base stations, switch
platforms, and third-generation (3G)
base stations for the IMT-2000 and
Universal Mobile Telecommunications
Systems (UMTS) cellular systems.
Temex Electronics, Inc., 3030 W.
Deer Valley Rd., Phoenix, AZ
85027; (623) 780-1995, FAX: (623)
780-9622, Internet: http:/www.
temex-components.com.

For more information, visit
www.mwrf.com
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New ProGRAMMABLE ConTROL PROCESSOR CP2020
For use with our Programmable Precision Waveguide Attenuators and Phase
Changers (3-140 Ghz)
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@ 0 to 60 dB in less than 1.1 seconds!

® 0to 120 dB in less than 2.2 seconds!
(2 attenuators co! in series)

Extraordinal Settability at
Low Attenua "
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Microwave Waveguide l:nmpnnents .
Where reliability and quality are paramount.
Quasar are Europe’s leading manufacturer of high quality
flexible/twistable waveguide, from WG8 (WR430) to
WG24 (WR19) with flanges and jackets manufactured for
customer specific applications

@ Fixed and Variable Attenuators

@ Cross Guide and Broadwall Directional Couplers

@ Broadband Waveguide Horns

® Fixed and Sliding Load Terminations ===

@ Rigid Waveguide

@ Tee Junctions

@ Coaxial and Taper Transitions :
@ Filters & Diplexers \

@ Couplers, Splitters and Combiners QTPOnents !

® Rotary Vane Attenuators

Designed and manufactured in our purpose built factory in the FF4S
UK to 1509001 fast lead times and at low cost. Just take a
look at our NEW “On-Line catalogue” on our NEW website.
Whatever the application rely on Quasar.

Quasar
Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England P
Tel: +44 (0)1626 834222 f~’®I
Fax: +44 (0)1626 832994 ALY/
Email: sales@qmtl.com R

See our NEW WEBSITE www mt| com

For more information on this advertiser, go to www.mwrf.com and click on the Free Advertiser Information icon.
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Plotter boasts
7.937-um resolution

The Protomat™ C100/HF is a cir-
cuit-board plotter that extends the
speed and safety of mechanical print-
ed-cireuit-board (PCB) prototyping
to surface-sensitive materials and
substrates used in high-frequency
applications. Offering a 340 x 200-
mm work area and 7.937-pm resolu-
tion, the reproducibility precision is
+0.005 mm. Register hole system
precision is +0.02 mm, a three-phase
motor is adjustable from 10,000 to
100,000 RPM, and power consump-
tion is 200 VAC. The package mea-
sures 420 X 330 X 565 mm. LPKF

Laser & Electronics, 6180 SW |

Arctic Dr., Beaverton, OR
97005; (316) 831-9696, FAX: (316)
831-9692, Internet: http:/www.
Ipkfcadcam.com.

Coupler spans
1 to 18 GHz
The model 1831 90-deg. hybrid cou-

pler operates from 1to 18 GHz. Witha |

coupling of 3 dB, amplitude imbalance
is =10 deg. maximum and isolation is
17 dB minimum. VSWR is 1.35 maxi-
mum while insertion loss is 2 dB maxi-
mum. Power rating is 20 W average
and 3 kW peak. Krytar, 1929 Anvil-
wood Court, Sunnyvale, CA
94089; (408) 734-5999, FAX: (408)
734-3017, Internet: http:/www.
krytar.com.

Oscillators work
to 52 MHz

The EV series of ceramic surface-
mount oscillators is available in +3.3- or
+5.0-VDC models with a frequency
range spanning 1.02 to 52 MHz. Fea-
tures include an absolute pull range
(APR) up to 100 PPM, tri-state func-

tion, commercial or industrial temper- |

ature ranges, and linearity up to 10
percent. Applications include digital
subscriber lines (DSLs), cable
modems, and asynchronous transfer
mode/Synchronous Optical Net-
work/synchronous digital hierarchy
(ATM/SONET/SDH). Ecliptek
Corp., 3545 Cadillac Avenue,
Costa Mesa, CA 92626-1401;
(800) ECLIPTEK, (714) 433-
1200, FAX: (714) 433-1234, e-
mail: sales@ecliptek.com, Inter-
net: http://www.ecliptek.com.

“ NEW PRODUCTS

. Software targets
- active-filter synthesis

Filter Free is personal-computer
(PC) design software that creates fil-
ters based on a designer’s design
requirements. It features synthesis
capability up to second-order filters.
The software features an active-filter
design capability that supports two
Thomas biquad topologies, as well as
positive- and negative-gain single-
amplifier biquads. All active filters
may be resistance-scaled by the user.
Filter Free supports seven filter types
in lowpass, highpass, and bandpass
forms. Nuhertz Technologies
LLC, 1810 W. Northern Avenue,
Suite A-9 No. 175, Phoenix, AZ
85021-5211; (602) 216-2682, FAX:
(602) 216-1613, Internet: http:/
www.nuhertz.com.

DAI operates
to 60°C

The model 50289-DAT is a distribu-
tion-antenna interface (DAI) for fre-
quency bands from the frequency-
modulation (F'M) broadcast range of
88 to 108 MHz to the personal-com-
munications-services (PCS) range of
1800 to 2000 MHz. The DAT’s operat-
ing temperature is -30 to 60°C and
this interface enables multiple com-
munication devices for radiating sys-
tems. The DAT is 100 percent passive
and is equipped with transmission-
line filters and type-N connector
ports. The unit offers the user the

- capability of providing multiple ser- |

vices, including all municipal opera-
tions on a single antenna system with
the ability to add bands as the system
grows. The DAI features a mainte-
nance-friendly modular construction
in a rugged, field-proven NEMA-4
environmental enclosure. Aero-

comm, 464 Hudson Terrace,

Englewood Cliffs, NJ 07632;
(201) 227-0066, FAX: (201) 227-
0067.

PA ranges
20 to 150 MHz

The model BHE27157-500 is a
very-high-frequency (VHF) radio
booster that operates over the 20-to-

150-MHz frequency range with 500-
W minimum output power. This |

ruggedized power amplifier (PA) is
powered from vehicular +22- to +32-

~ VDC power and can operate over the
- =20 to +55°C temperature range with

100-percent condensing humidity.
Output power is measured and con-
trolled remotely, as are the ampli-
tude-modulation (AM) and frequen-
cy-modulation (FM) automatic-level
controls (ALC). The unit is housed in
a 12.25 X 19.00 x 26.00-in. (31.12 x
48.26 X 66.04-cm) package. Com-
tech PST, 105 Baylis Rd.,
Melville, NY 11747; (631) 777-
8900, FAX: (631) 777-8877.

Synthesizers feature
+2.7- to +5.5-VDC supply

The ADF421x series of dual phase-
locked-loop (PLL) synthesizers con-
sists of the ADF4210 (operating from
550 MHz to 1.2 GHz), the ADF4211
(operating from 550 MHz to 2.0 GHz),
the ADF4212 (operating from 900
MHz to 2.7 GHz), and the ADF4213
(operating from 900 MHz to 3.0 GHz).
The synthesizers enable state-of-the-
art local oscillators (LOs) for the
upconversion and downconversion of
RF signals in frequency and timing cir-
cuits. Performance exceeds 92 dBe/Hz
at 900 MHz and 200-kHz channel spac-
ing with a charge-pump voltage that
operates to +6 VDC while the synthe-
sizer operates at +3 VDC. Analog
Devices, 3 Technology Way,
P.O. Box 9106, Norwood, MA
02062-9106; (781) 329-4700, FAX:
(781) 329-1241.

Rxs cover
260 to 470 MHz

The second generation (2G) of the
LC-series receiver (Rx) modules pro-
vides a complete solution for the wire-

- less transfer of serial, control, and com-

mand information over distances of
more than 300 ft. when paired with an
LC-series transmitter (Tx). The mod-
ules operate in the 260-to-470-MHz
band and interface to virtually any
data source, including microcontrollers
and decoder chips. Linx Technolo-
gies, Inc., 575 SE Ashley Place,

. Grants Pass, OR 97526; (800) 736-

6677, Internet: http://www.linx
technologies.com.

For more information, visit
www.mwrf.com
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Amplifiers target
fixed wireless applications
The SGL-0163 and SGL-0263 are
silicon-germanium (SiGe) hetero-
junction-bipolar-transistor(HBT)
monolithic-microwave-integrated-
circuit (MMIC) amplifiers offering
low-noise, high-input intercept-
point products aimed at applica-
tions in second-generation/third-
generation (2G/3G) wireless
infrastructure and fixed wireless
applications. The SGL family is
optimized for the 800-to-1000-MHz
and 1900-to-2400-MHz communica-
tion bands. The SGL-0163 has a
noise figure of 1.2 dB; +5-dBm input
third-order intercept point (IP3),
and small-signal gain of 16 dB. The
SGL-0263 has a noise figure of 1.3
dB; +6-dBm input IP3 and signal
gain of 15 dB. P1dB compressed
output power can be improved 5 dB
in both products by increasing the
input voltage from +3 to +4 VDC
and current from 11 to 25 mA.
Stanford Microdevices, Inc.,
522 Almanor Ave., Sunnyvale,
CA 94086; (408) 616-5400, FAX:
(408) 739-0970, e-mail: info@
stanfordmicro.com.

Epoxy boasts low
shrinkage upon cure

The EP30 is a two-component
epoxy adhesive for high-perfor-
mance bonding applications. The
adhesive develops physical-
strength properties even when
cured at ambient temperatures.
Cure can be accelerated through
the use of moderate heat. The
epoxy boasts good chemical resisi-
tance, dimensional stability, hard-
ness, and optical clarity. Electrical
insulation properties remain desir-
able even upon prolonged exposure
to moisture. The volume resistivity
exceeds 10" (Q-cm and the dielectic

constant measure <3.5. The epoxy
- Rd., Frederick, MD 21704; (301)

adheres to substrates including
metals, ceramics, glass, and plastic.

Typically lap-shear strength ex-
ceeds 3000 psi for aluminum-to-
alumninum (Al-to-Al) bonds and is
not affected by exposure to adverse
environmental conditions. Shrink-
- from -40 to +85°C
especially suited for assemblies
where only very-thin bond lines are

age upon cure is low. The epoxy is

dictated by design considerations.
Master Bond, Inc., 154 Hobart

St., Hackensack, NJ 07601; (201)
343-8983, FAX: (201) 343-2132,
Internet: http://www.Master
Bond.com.

Detector spans
2 to 18 GHz

The model TD-30T-218-FC-HS is
a miniature threshold detector. The
threshold detector features hybrid
microwave-integrated-circuit
(MIC)/monolithie-MIC (MMIC)
technology that operates over the
full 2-to-18-GHz frequency range.
This high-speed device boasts a
response time of <100 ns and a min-
imum dynamie range of 10 to -20
dBm (with -20 to +5 dBm typical).
The device features external
threshold adjustment and a VSWR
of <3.0:1, as well as removable SMA
female connectors. It uses a single
supply of +12 VDC at 100-mA max-

imum current. Planar Mono-
lithics Industries, 7311-G Grove
Rd., Frederick, MD 21704; (301)

662-4700, FAX: (301) 662-4938, e-
mail: amcp misales@aol.com,
Internet: http:/www.amwave.
com.

. Attenuator operates
 from 8 to 18 GHz

A current-controlled, nonlin-
earized, absorptive, analog attenu-
ator typically operates over the 8-
to-18-GHz octave band. The model

- CVAN-8018-60-SP with Options

002 and 10F is optimized for 9.5 to
10.0 GHz. The VSWR is 2.0:1 and
the RF operating input power is
+20 dBm with a survival rating of
+30 dBm. The rise time is 100 ns
maximum and the fall time is 20 ns
maximum. The unit is housed in a
2.0 X 1.8 X 0.5-in. (5.08 X 4.57 X
1.27-cm) package. American Mi-
crowave Corp., 7311-G Grove

662-4700, FAX: (301) 662-4938, e-
mail: amcpmisales@aol.com,
Internet:http://www.amwave.
com.

Modem works

The model 560MM-TW modem
module is designed for use with any

embedded system application. The
modem operates in the —40 to +85°C
extreme temperature range. The
modem is self-contained and features
an onboard modem controller as well
as a data pump that provides system
engineers with the flexibility of being
able to add modem functionality into
system products with minimal re-
sources. Standard features include
56-kb/s data speed, 14.4-kb/s fax,
voice recording and playback, digital-
line protection, along with dual-tone-
multifrequency (DTMF) decoding.
Optional features include two-wire
leased-line and dial-up support, as
well as simultaneous voice and data
(SVD) on one telephone line. Radi-
com Research, Inc., 679 E.
Brokaw Rd., San Jose, CA
95112; (408) 392-9688, FAX: (408)
392-9689, Internet: http:/www.
radi.com.

Synthesizer provides
0.7-Hz fequency resolution
The model STEL-9941 is a high-per-
formance, single- channel S-band syn-
thesizer. Output power is 0 dBm *+1.5
dB. The unit has an operating temper-
ature of 0 to 70°C. The device combines
direct digital synthesis (DDS) with
microwave mix/divide circuits to boast
advanced performance specifications,
including a frequency resolution of 0.7
Hz, switching speed of 150 ns, and high
spectral purity. Standard models oper-
ate from 1.6 to 2.8 GHz. Due to its mod-
ular design, however, several perfor-
mance options are available up to 18
GHz with limited effect on lead times.
These generic modules are attached to
a common base plate with blind mate
connectors. Readjustment is not nec-
essary when changing modules,
enabling maintenance and logistics
processes. The internal oscillator is
free running or phase locks to an exter-
nal 10-MHz reference. ITT Indus-
tries, Microwave Systems, 59
Technology Dr., Lowell, MA
01851; (978) 441-0200, FAX: (978)
453-6299, e-mail: mwsystems®@
itt.com, Internet: http:/www.
ittmicrowave.com.

For more information, visit
www.mwrf.com
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Tool kits

Tool kits and test equipment are
discussed in a 300-page catalog.
Hand, power, and specialty tools;
wire and cable; soldering equipment;
computer and local-area-network
(LAN) products; telecom test equip-
ment; workstations; and shop sup-
plies are presented. Storage and han-
dling equipment, lighting and optical
products, and field accessories are
offered. Jensen Tools, Inc.; (800)
426-1194, (602) 453-3169, FAX: (800)
366-9662, (602) 438-1690, e-mail:
jensen@stanleyworks.com, Internet:
hitp:/fwww jensentools.com.

Dielectric resonators

A 92-page catalog focuses on
dielectric resonators, coaxial res-
onators, and ceramic filters. Coaxial
inductors and coaxial resonator kits
are highlighted, along with ceramic
filter packaging. Applications and
design solutions software are dis-
cussed. Trans-Tech; (301) 695-
9400, FAX: (301) 695-7065, e-mail:
transtech@alphaind.com, Internet:
hittp:/fwww.trans-techine.con.

Signal conditioning

A front-end, personal-computer
(PC)-based signal-conditioning plat-
form is the subject of a 64-page book-
let. The booklet is a collection of cus-
tomer solutions spanning diverse
industries and applications, including
research and development (R&D),
aerospace, electronics, and semicon-
ductors. Applications range from
durability testing to production test,
quality control, environmental moni-
toring, industrial control, and auto-
mated test. National Instru-
ments; (800) 258-7022, FAX: (512)
683-9300, e-mail: info@ni.com, Inter-
net: hitp:/fwww.ni.com.

Signal recovery

Signal recovery products are cov-
ered in a 128-page catalog. Preampli-
fiers, lock-in amplifiers, transient
recorders, digital delay generators,
AC voltmeters, and supporting soft-
ware are offered. Applications
include spectroscopy and light
measurement, materials character-
ization, electrochemistry, electron-
ics, engineering, semiconductor
studies, and medical research.

NEW LITERATURE

. PerkinElmer Instruments; +/4}

(0) 118 977 3003, FAX: +44 (0) 118
977 8493, Internet: http:/www.sig
nalrecovery.com.

Resistance testers

Clamp-on ground-resistance test-
ers are the subject of a brochure.
Specifications include resolution,
measurement range, and accuracy.
Applications, features, and ordering
information are provided. Chauvin
Arnoux, Inc.; (800) 343-1391, (617)
451-0227, FAX: (617) 423-2952,
Internet: http:/fwww.aeme.com.

TETRA standard

A primer examines Terrestrial
Trunked Radio (TETRA), which is
an international digital radio stan-
dard defined by the European
Telecommunications Standards
Institute (ETSI). The benefits of
TETRA over conventional profes-
sional-mobile-radio/public-access-
mobile-radio (PMR/PAMR) stan-
dards for mobile radio systems used
in public-safety applications are
described. TETRA’s specifications
and the basic test requirements of
TETRA transmitters (Txs) and
receivers (Rxs) are explored. IFR;
(800) 835-2352, (316) 522-4981, e-
mail: info@ifrsys.com, Internet:
hitp:/fwww.ifrsys.com.

Power dividers

Components are overviewed in a
152-page catalog. Power dividers;
directional couplers; high-power dual
directional couplers; diode detectors;
directional detectors; waveguide
couplers; 90- and 180-deg. hybrids;
waveguide adapters; coaxial termi-
nations; low-, medium-, and high-
powered waveguide terminations;
and coaxial attenuators are covered.
Continuously variable attenuators,
interdigital and bandpass filters, con-
nectorized isolators and circulators,
drop-in isolators and circulators,
voltage and digitally controlled PIN-
diode attenuators, PIN-diode and
electromechanical switches, free-run
and phase-locked oscillators, as well
as power amplifiers (PAs) are

detailed. Product specifications and

mechanical outlines are included.
Custom designs are available.
Microwave Communications

' Laboratories, Inc. (800) 333-625),

727) 344-6254, FAX: (727) 381-6116.

Packaging solutions

Plated-copper (Cu)-on-thick-film
(PCTF™) technology is the subject of
a six-page brochure. An explanation
of the technology is provided, along
with discussions of the technology’s
benefits and solutions. The compa-
ny’s manufacturing capabilities are
also included. Remtec; (781) 762-
9191, FAX: (781) 762-9777, e-mail:
sales@remtec.com, Internet: hitp://
wWWw.remtec.com.

Logic analyzers

Test, measurement, and monitor-
ing products are the focus of a 757-
page catalog. Oscilloscopes, logic
analyzers, logic scopes, spectrum
analyzers, network analyzers, power
meters, signal generators, electro-

magnetic/RF-interference (EMI/
. RFD) solutions, wireless communica-

tion testsets, optical-network prod-
ucts, broadband-transmission test
products, protocol analyzers, mixed-
signal sources, logic sources, bench-
top products, semiconductor testers,
probes, and carts are offered. Video
products, such as waveform moni-
tors, generators, measurement sets,
audio tests, picture-quality analysis
systems, and video-network moni-
toring are featured. Product specifi-
cations are included. Tektronix,
Inc.; (800) 426-2200, Internet:

- http:/fwww.tektronix.com.

DC blocks

Cables and connectors are avail-
able from a 169-page catalog.
Adapters, attenuators, circulators,
coaxial cables and connectors, DC
blocks, detectors, and directional

- couplers are listed. Isolators, lim-
‘iters, phase trimmers, power

dividers, shorts, switches, ter-
minators, and waveguide-to-coax
adapters are featured. Pasternack
Enterprises; (949) 261-1920, FAX:
(949) 261-7451, e-mail: sales@paster
nack.com, Internet: http://www.
pasternack.com.

For more information,
visit www.mwrf.com
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Network tester

A 15-page brochure examines
applications of the ANT-20 advanced
network tester in Synchronous Opti-
cal Network (SONET) networks up
to the OC-192 hierarchy level. The
brochure offers elegant solutions to
typical test problems using the ANT-
20. Network optimization work is
also covered. Wavetek Wandel
Goltermann Eningen GmbH &
Co.; +49 7121 86-1616, FAX: +49
7121 86-1333, e-mail: info@acterna.
com, Internet: http://www.acter
nQ.COM.

Power supplies

A 47-page catalog presents switch-
ing power supplies and DC-to-DC
converters for worldwide applica-
tions, Ultraminiature, open-frame,
enclosed, industrial rail-mount,

external, wall-mount, as well as high- |
density board-mount switching |

power supplies are offered, along
with high-performance DC-to-DC
converter products. Specifications
are provided. A part-number index is
included. Astrodyne; (800) 823-
8082, (508) 823-8181, Internet:
hitp:/hwww.astrodyune.com.

Pulse generators

An 18-page catalog features test
equipment from a variety of manu-
facturers. Pulse generators, logic
analyzers, plotters, meters, RF sig-
nal generators, inductance-capaci-
tance-resistance (LCR) analyzers,
spectrum analyzers, precision

sources, oscilloscopes, frequency

counters, impedance analyzers, net-
work analyzers, power supplies,
audio analyzers, semiconductors, and
signal generators are offered.
Telecommunications, TV and video,
data-communications, RF measure-
ment, and data-acquisition (DAQ)
equipment are also available. Test
Equipment Connection Corp.;
(800) 615-8378, (407) 804-1 780, FAX:
(800) 819-TEST, (407) 804-1277,
Internet: http:/fwww.testequipment
connection.com.

Chip resistors

High-power resistive products for
microwave and RF applications are
the focus of a catalog. Surface-mount-

device (SMD), chip, flanged, and flan- |

geless resistors, terminators, and
attenuators are offered. Custom
products are also discussed. Applica-
tion notes and a millimeter-conver-
sion table are included. American
Technical Ceramics; (631) 622-
4700, FAX: (631) 622-4748, e-mail:
sales@atceramics.com, Internet:
hittp:/fwww.ateceramics.com.

Telecommunications

A 132-page communications catalog
focuses on the telecommunications-
service industry. Cable, telephone
and electrical test equipment, and
service aids are presented. Jensen
Tools, Inc.; (800) 426-1194, (602)
453-3169, FAX: (800) 366-9662, (602)
438-1690, e-mail: jensen@stanley
works.com, Internet: http://www.
Jensentel.com.

Test equipment

Test equipment is the subject of a
55-page product catalog. New equip-
ment offerings include oscilloscopes,
arbitrary function generators,
probes, DC power supplies, wave-
form generators, data-acquisition
(DAQ) equipment, pulse generators,
spectrum and network analyzers, as
well as cable. Reconditioned equip-
ment offerings feature power sup-
plies, spectrum analyzers above and
below 1 GHz, RF measurement
equipment, RF signal sources, signal
generators, audio analyzers, coun-
ters, logic analyzers, plotters, oscillo-
scopes, and meters. TestEquity,
Inc.; (800) 529-3457, FAX: (800) 272-
4FAX, Internet: http://www.test
equity.com.

Cable assemblies

Application notes for the models
UFA147B and UFA210B Uti-
FLEX® flexible microwave cable
assemblies focus on the assemblies’
amplitude and phase stability versus
temperature ranging from -50 to
100°C. The notes outline the cables’
percentage change in insertion loss
at various temperatures as well as

' phase stability. MICRO-COAX;

(800) 223-2629, (610) 4,95-0110, FAX:
(610) 495-6656, Internet: http://www.
MACTO-COAX.COM.

Connectors and cable
A 280-page catalog features com-

ponents and assemblies for a variety
of applicatons. Connectors, cable,
integrated-circuit (IC) sockets, semi-
conductors, transistors, diodes, recti-
fiers, crystals, oscillators, inductors,
coils, filters, capacitors, and resistors
are specified. Potentiometers, ther-
mistors, switches, relays, wire, cable,
test equipment, batteries, fuses,
transformers, and power supplies are
also included. Digi-Key Corp.;
(800) 344-4539, (218) 681-6674, FAX:
(218) 681-3380, Internet: hittp://
www.digikey.com.

Interconnect solutions

A source book is a guide to expose
product designers and engineers to
many proven interconnect concepts
for the design of application-specific
solutions. The 100-page book is divid-
ed into sections that focus on multi-
cycle test connectors, product con-
nectors, board-to-board connectors
and interfaces, and high-perfor-
mance test sockets. Each solution
includes a description of the design
challenge, a description of the solu-
tion, and a review of the results. The
last section of the guide discusses
facets of spring-contact probe tech-
nology, including terminology, coax-
ial and RF principles, lab test results,
and data on electrical performance.
Synergetix; (913) 342-0404, FAX:
(913) 342-6623, e-mail: info@synerge
tixnet.com, Internet: http:/fwww.
synergetixnet.com.

Printed-circuit boards

A 96-page printed-circuit-board
(PCB) hardware catalog discusses a
product line consisting of retainers,
injectors, extractors, and conduction-
cooled products. Collected perfor-
mance data evaluate and recommend
product lines for clamping force,
retention force, shock and vibration,
thermal resistance, materials, and
finishes. Calculations and test results
are included to help engineers select
the appropriate PCB hardware for
design needs. APW Electronic
Solutions; (858) 375-2323, FAX:
(858) 679-4555.

For more information,
visit www.mwrf.com
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EMI shielding

A 230-page engineering handbook
presents electromagnetic-interfer-
ence (EMI) shielding. Cost-effective
solutions for major applications, con-
tract manufacturing, and supply-
chain management are presented.
Shielding solutions for wireless com-
munications, gaskets, conductive
compounds, engmeered laminates,
and grounding products are dis-
cussed. Chomeries; (781) 935-4850,
FAX: (781) 935-4318, Internet: hitp://
wuwnw.chomerics.conm.

Plated copper on thick film
A catalog describes the plated-cop-
per-on-thick-film (PCTF) propri-

~ etary manufacturing process. The

technology combines patterned cop-

per (Cu)-plated images with air-fire-
- rent LDOs are covered. Fast-tran-
. sient-response 5-A and 3-A, dual-
~output, SOT-23, low-power 500 mA
~and 750-mA, p- channel metal-oxide-

able thick films on ceramics for the
manufacture of metallized sub-
strates, chip carriers, and packages.
The catalog shows how PCTF tech-

nology provides cost-effective micro-

electronic packaging solutions for
telecommunications, sensors, and
wireless and fiber-optic data-trans-
fer devices. Remtec, Inc.; (781) 762-
9191, FAX: (781) 762-9977, e-mail:
sales@ remtec.com, Internet: http://
www.remtec.com.

LDO regulators
Low-dropout (LDO) regulators

" are the subject of an 1l-page
brochure. Dual 1-A and 2-A, low-

power MSOP-8, along with high-cur-

semiconductor (PMOS) 1-mA, and
low-current models are also offered.
A section of application reports is
included. Texas Instruments,
Inc.; (800) 477-8921 ext. 4337, Inter-

- met: http:// www.ti.com/sc/sineon.

For more information,
visit www.mwrf.com

MICROWAVES & RF ENGINEERING CAREERS

RATES

Effective January 1, 2000
$205 per column inch
Commissionable to agencies

DEADLINES

Space reservation: 5th of month
preceding issue date
Ad material to: Penton Media Inc., Classified
Dept.,611 Route 46 West,
Hasbrouck Heights, NJ 07604

SALES STAFF

Call Customer Service
Department

(201) 393-6083
Fax(201) 393-0410

Commack Road, Deer Park,
website at www.ail.com. EOE

For over 50 years, the name AlL has been synonymous with
advanced electronics and systems. As we continue to expand
on our expertise in commercial satellite and space-borne
electronics, the atmosphere is more exciting than ever. We
are building on our reputation for innovation, high quality,
and customer satisfaction. Our business is booming, our
technology is cutting edge, and our capabilities are unparalleled.

RF ENGINEERS

In this challenging role, you will design amplifiers for satel-
lites, and support the design and development of Hi-Rel, MIC
and MMIC components and sub-assemblies supporting com-
mercial space programs, Requires experience in the design
of Filters, Mixers, Oscillators, Amplifiers and VCO s; familiarity
with Libra analysis, HFSS and Autocad software helpful.

We offer a competitive salary and comprehensive benefits
package. For consideration, please fax (631)595-6517, or
send your resume to: AL Systems, Inc., HR Dept, 455
NY 11729-4591. Visit our

AN

An EDO Company

"2

The number of opportunities in today's market is overwhelming..
However, identifying the best and timing it right is the challenge. NES
has strategic alliances with the people who are creating technology,

not just using it. If you're looking for the inside track on tomorrow’s
best opportunities (not yesterday's), then you should be talking to us!

National Engineering Search =

is the leading search firm placing
Engineers nationwide. Our clients
range from the Fortune 500 to new
emerging technology companies.
Contact us today for tomorrow's
best opportunities!

800.248.7020 High Speed Digital & Analog
Fax: 800.838.8789 Design, Mixed Signal, ASIC,
FPGA, MMIC, AD/DA, BiCMOS,
mrf@nesnetcom gy esizers, WCDMA, GSM,
See many of our opportunities on-line:

nesnet.com

See our On-Line Salary Survey!

A World of Possibilities
A Window of Opportunity

IMMEDIATE OPPORTUNITIES
Communications (Data, PCS,
Cellular, Networks, Satcom,
GPS), Digital Imaging, CATV,
Medical, Computers, Defense,
Consumer Electronics

Skills in any of the following

Spread Spectrum, VHF/UHF,
Antennas, Embedded Software

What are you Worth?

In most cases, advertisements contained in
Microwaves &RF employment section indicate
that the companies are equal opportunity employ-
ers. The Federal Civil Rights Act of 1964, and
other laws, prohibit discrimination in employment
based on race, color, religion, national origin, sex
or for any reason other than lack of professional
qualification for the position being offered. It
should be noted that employment advertisements
in Microwaves & RF are published for the readers
convenience and in no way, to the best of our
knowledge, promote unlawful discrimination.
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MICROWAVES & RF DIRECT CONNECTION ADS

TO ADVERTISE CALL JOANNE REPPAS (201) 666-6698
L Band Matrices ot
o SRTS 10500 Mk
L Band Distribution o~ -
Equipment ELECTRONICS
I "Where your dreams turn into reality."”

e

Low Cost Carrier * Std. 5 and 10 MHz OCXO
Monitoring + TCXO VCXO TC-VCXO
* WIDE BAND VCXO +/- 5000 ppm pull
ETL SYSTEMS * Customized crystal and L/C filters

* std. 10.7/21.4/45/70 MHz two pole crystal filters
¢ Phase noise measurement services

Unit 4, Foley Trading Estate
Hereford. HR1 2SF

Call / fax for the quote.
ENGLAND .
Tel: +44 (0)1432 370078 Call or Fax your requirementa.
Fax: +44 (0) 1432 278833 16406 N. CBXEMM #5
; Phoenix, 85032-2919
Email mab@etlsystems.com Ph: (602) 971-3301 Fax: (602) 867-7260 Avai'ablg as

L Www. et]SyStems'Com Visit our website www kselectronics.com
ETLSYSTEMS K S ELECTRONICS ] Small, High Efficiency

Sector Microwave : 28VOC Module or
. Switch lanoeaton ©f F Ilter s to 50 GHZ as Full Economical

® * Waveguide Rack Mount System
® Stripline/Microstrip

® Transmission Line “20/ 22” VAE)

® Miniature/Subminiature

® Lumped Constant. L c F
ENTERPRISES

For more information, ask for
& our RF Catalog.

L
®,
%

oo"" ‘%G RF  POWER AMPLIFIERS
Yo LetSS?tCt’(:ir SOAIIVE d. @ M t Blding A, 570 West Clearwater Loop
our switching Needs MICROWAVE FILTER COMPANY Post Falls, Idaho 83854 USA
www.sectormicrowave.com 6743 KINNE STREET, E. SYRACUSE, NY 13057 208-457-0292 » Fax 208-457-0296
O Sector Mgiggo&vm‘rf Irét'i’:néatries, inc. i 5438';’:’3:“?03‘&"1 isémmgw:‘lml?; www.lcfamps.com
Smi Deer Park, L.I,, N.Y, 11729 " http:/www.mi iter, E-mail: info@Icfamps.com
(31) 2231'2 355 s B! (.3'31; 1228158 http:/l'www.microwavefilter.com
SECTOR MICROWAVE o MICROWAVE FILTER CO. LCF ENTERPRISES

F M| Microwave Isolators/Circulators

Probe
Station

Very Low Cost
High Function

A ! fult featured, Iy price ily operale sta
compact ful p;:};:zfﬂ:;gtﬁtﬁ{} ;j:r’wi;ds??:xv gn:i;mj probe station Frequepcy coverage 450 MHZ o 2 6 5 GHz
Measure Microwave, RF and DC parameters of Semiconductor Devices Low Inserfion Loss <0.3 dB; H|th Isolation >23 dB
Packages and Assemblies wilh NIST traceability Excellent VSWR T.25:1
* BenchiopSize(<11t') ¢ Vacuum chuck » X-¥.0 stage « / Dmm Pﬂd‘ag_es v Vdume.m
* X-¥-Z probe positioners »Tap Plala 2-1ift @Vacuum Accessory Manifolds / Reflection sensing tabs v Wﬂ SUPPOﬂ
* 7X-40X Stereo Zoom Microscope = Adjustable Halogen lluminator » v/ Surface Mount v Organization
s Vacuum Accessories = Compatible with 40GHzs probes o v/ Four port custom designs  / Just in Time delivery
* Accessories for Thermal Chucks and Prabe Cards » / Connector options v MIL-1-45208 Qualified
* Test walers, microstrip packages and surface moun! components e J/ Coaxial packages v i " >
/ Multiunction for / Celular/Comm Filter with Flat Group Dela
o microTechnology higher isolation optimized EE -
3744 NW Blucgrass Pl ;
Fortiand, OF ¥ Low Cost / High Volume Production Capability
nology i eralln) ol 380 Tennant Ave. Morgan Hill, CA 95037
; o, fmic or.er Nm hitp://www.novamicro.com
A Probe Station On Every Bench Tel. 408-778-2746 » Fax.408-779-5967
MICROWAVE e-mail: novamic@msn.com

J MICROTECHNOLOGY NOVA MICROWAVE WAVECON
Go to www.mwrf.com and click on the Free Advertiser Information icon



Your Connection to Quality
Custom Built Cable Assemblies

Semi-Rigid Cable Assemblies
Custom built on CNC Benders, with our new
design software available to customers. Our

141 SMA assemblies offer 19dB return

loss to 33 GHz

Flexible Coax Cable Assemblies
RG types, Conformable, LMR, or T-Flex.
Try our new “SRC-316" with 20% lower loss
than RG316 with 90dB shielding!

We Put the “Wire” in Today’s Wireless World...

Phone: (707) 573-1900
Fax: (707) 573-1999
www.SRC-Cables.com

SRCCABLES

WHO =~
can your engineers go
to with their toughest
switching problems?

With a QUARTER
CENTURY OF
SWITCH
INNOVATION
behind us the
answer is easy.

Sector Microwave Industries

PH: (631) 242-2300
FAX: (631) 242-8158

wWww.sectormicrowave.com

Smi

SECTOR MICROWAVE

- DAMASKOS, INC.
Model 3000T Liquid Cell

P O. Box 469 m Concordville, PA 18331

(610) 358-0200 FAX (610) 558-1019
damaskos @aol com

DAMASKOS INC

| LCF ENTERPRISES

TO ADVERTISE CALL JOANNE REPPAS (201)

HIGH
PERFORMANCE
HIGH
TECHIOLOGY

RF PIWER AMPLIFIERS

IMHz - 2GH: o W -2 KW

Small, Ultra High Efficiency Modules
Low Cost Amplifier Systems
T/R Subsystems

ENTERPRISES

AMPLIFIERS

RF POWER

Blding A, 570 West Clearwater Loop
Post Falls, ldaho 83854 USA
208-457-0292 + Fax 208-457-0296
www.lcfamps.com
E-mail: info@Icfamps.com

'Eye Opening Value

Stock and Custom Carrying Cases

| « Small fo Large
o Cases with Wheels
‘  Instrument Cases
* SPACECASES™
Made fo your dimensions
+ Attractive/High Quality
o Lightweight and Rugged
‘ + Fabricated SPACECASES™

. melmatinc.

IDL-PAK"EVER!

* Injection Molded, KUDL-PAK®
« Patented
* Equipment Cases

(800) 635-6289

|
[

(714) 379-4555 » FAX (714) 379-4554
‘ o-mail: cases@melmat.com ¢ hitp://www.melmat.com
MELMAT, INC

MICROWAVES & RF DIRECT CONNECTION ADS

666-6698

> " irates and slandardse®
» Accurate Electrical Data to Fre 5 greater than 50 GHze

‘ * 5.10,8 15 mil thicks
«Compatible with 406!

i J microTechnology
| —

3744 NW Blusgross Pl
o :
\ Test Tooling for the Untestable
|_JMICROTECHNOLOGY

| DIRECTIONAL COUPLERS

|

\ TYPES: Single & Dual Versions

‘ FREQUENCY RANGES:

| varies between .01 and 1000 MHz

| COUPLING LEVELS: 20 dB & 30 dB

i IN LINE POWER:
| 2 W to 200 W depending on mode!

‘, Couples are avaiable for Standard Performance, High
} Performance and Reflectometer Grade applications. Minimum
Directivity, Loss, Flatness & VSWR reflect these applications.

i WIDE BAND ENGINEERING CO. INC.

| P.O. Box 21652, Phoenix, AZ 85036
‘ Phone & Fax (602) 254-1570

(w_lge BAND ENGINEERING

RFcomps.com

RF/MW Component Distributor
Low Prices & Fast Delivery

| Attenuators
® Cable Assemlbies
e Cellular & PCS Components
e Circulators & Isolators
e Combiners & Dividers
| e Connectors
e Couplers: Directional & Dual
‘ e Switches

| e Terminations, and more.

’ 847-926-9060 Fax: 847-926-9061
| Be sure to visit our web site:

. www.rfcomps.com
RF COMPS

Go to www.mwrf.com and click on the Free Advertiser Information icon
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ACCUMET ENGINEERING . ... .

AGILENT TECHNOLOGIES .
AGILENT TECHNOLOGIES. .
AMERAMP

AMERICAN TECHNICAL CERAMICS
ANACOM SYSTEMS CORP. . ..
ANAREN MICROWAVEING .

ANRITSUCOMPANY . .....

AVNET-MTS

AVTECH ELE"TROSYSTEMS (..

CALIFORNIA EASTERN LAB
COILCRAFT ...........
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EAGLEWARE

ERICSSON AF POWER PHODUCTS

ETLSYSTEMS.......
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DIRECT CONNECTION ADS

Circuit Board Library for RF

Components
Save development time and $$
evaluating supplier components

GP2 Proto Boards is developing
a Library of Printed Circuit Boards for
off the shelf delivery. Offering PCB'’s
with:
® Industry standard footprints
e Single, dual, cascade and mixed
component layout
e Flexible layout for prototype
assembly
® Consistent PCB size and /O
locations
® Custom layouts available
GP2 Proto Boards
info@gp2protoboards.com
1-800-856-3227 phone/fax
www.gp2protoboards.com

GP2 PROTO BOARDS

For PBest Performance in
a Supporting Role, the
Winner is...

Sector Microwave

Go With the Winner.....
Use Sector Switches!!
(631) 242-2300

@
FAX: (631) 242-8158

www.sectormicrowave.com

999 Grand Bivd.,
Deer Park, L.I., N.Y. 11729

SECTOR MICROWAVE

Bench-top RF Shielded Test
Enclosure Model STE5000

® 24" x 24" x 18" — large enough for even 19"
rack instruments

© Type 304 SS with RF absorbent foam lining

e -110db @ 1 GHZ

e Delivery from stock with custom connectors

e Filtered power, 2-BNC, 2-N type, and filtered
DB-9 connectors

© Custom configurations available with delivery
from stock.
Call or visit our web site for complete details
Avcom-Ramsey Technologies Inc.

800 446-2295
www.ramseytest.com

RAMSEY ELECTRONICS

LOOKING BACK

Ebfmary 1988 brought the introduction of a line
of gallium-arsenide (GaAs) monolithic-microwave-
integrated-circuwit (M MIC) oscillators from Pacific
Momolithics (Sunnyvale, CA). The line included
tunable voltage-controlled oscillators (VCOs )
capable of operation from 1 to 6 GHz and dielectric
resonator oscillators (DROs) at custom frequencies
from 0.7 to 18 GHz.

Microwaves & RF

March Editorial Preview
Issue Theme: Wireless Technology

News

The Wireless/Portable Confer-
ence & Exhibition (February 12-16,
2001) has blossomed into one of the
premier events for designers of |
wireless and portable devices and
systems. If you cannot make it to the |
- lowest-cost, highest-output power-
Microwaves & RF’s extensive

show, the next best thing is to catch

wrapup.
Design Features

Contributed articles in March will |
cover a wide range of frequencies, |
from RF concerns about Global Sys-
tem for Mobile Communications
(GSM) systems to measurement is- ;
sues at frequencies past 90 GHz. Au- |
thors from Agilent Technologies |
(Santa Rosa, CA) offer methods for
manufacturing on-wafer measure- 3

ments of nonplanar RF diodes, while
authors from Maxim Integrated
Products (Sunnyvale, CA) review the
basics of scattering (S)-parameters.
Product Technology
March’s Product Technology sec-
tion will feature a first look at the

amplifier (PA) integrated circuit (IC)
yet available for IEEE 802.11b wire-

. less local-area networks (WLANSs)

operating at 2.4 GHz and 11 Mb/s.
Additional articles will unveil a com-
plete chip set for the higher-data-rate
version of WLANs, IEEE 802.11a
for 54-Mb/s applications at 5 GHz,
and an instrument that combines 2
microwave frequency counter, mi-
crowave power meter, and voltmeter
under one roof.

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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For your ‘““sweet tooth”, . .

“Miniature
Variable Attenuators

. Bands from DC . ]_SGHZ

B Some models feature:

v Extremely flat

attenuation vs.

| frequency response

| v Constant phase

I8 with £ attenuation.

F The ultimate in

reliability, and

'wear-free performanee

'...achieved with ARRA’s

non-contacting method

" of attenuating.

¢ Most units incorporate
ARRA’s proprietary

attenuating elements which give

excellent stability over a wide

temperature range,

Customerized to your requirements,

Call us, write or Fax your specs to 631-434-1116

... the last word in variable attenuators

| ANTENNA & RADOME RESEARCH ASSOCIATES I

15 Harold Court, Bay Shore, N.Y. 11706 » 631-231-8400
Go to www.mwrf.com and click on the Free Advertiser Information icon.

Visit our website at www.arra.com



Power_ N
~ %? ‘Want a higher return on your amplifier

Vs investment? Specify the RF Power line of
200 watt surface mount directional and 90 degree hybrid couplers from
Anaren. They yield twice the power of any other components in their class.

These new couplers increase power capabilities for superior performance

in an array of amplifier applications and allow you to build in smaller
SMD-style components for even greater functionality.

Designed with continuous-edge plating for better ground path and
increased connectivity, the RF Power 200 watt coupler family is constructed
from woven, Teflon-based materials for more stability, an insertion loss as
low as 0.10dB, and minimal water absorption. All corner connections include
a plated-through hole for improved reliability, and internal traces utilize
two-ounce copper for enhanced thermal conductivity.

The RF Power 200- and 100-watt coupler line is ideal for GSM, CDMA,
TDMA, PDC, DCS, PCS, WCDMA, UMTS, and WLAN applications, and is
available on tape and reel.

ALl RF Power components are 100% tested and backed by Anaren’s
comprehensive technical and customer support. For more information,
contact us by phone: 800-544-2414 or e-mail: 200wrfpower@anaren.com.

RF Power 200 watt couplers — expending double the power for high
performance dividends. Exclusively from Anaren.

www.anaren.com
RF Power Components subsidiary, call 800-544-2414
In Europe, call 44-2392-232392

Visa/MasterCard accepted (except in Europe)

100 watt 90° hybrid SMD coupler —
“A" case. Application for balanced amplifiers
and signal distribution.

100 watt directional SMD coupler —
“A" case. Application for frequency detection and
can be used in most high power applications.

100 watt 90° hybrid SMD coupler —
“E"” case. Application for balanced amplifiers
and signal distribution.

Ainaren

What'll we think of next?"”

150 9001 certified Go to www.mwrf.com and click on the Free Advertiser Information icon.
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