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Is it advanced?
Better believe it

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

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

With a certainty never before possible.

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

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

- 160 RBW settings can uncover spurs hiding in noise where they might not otherwise
» -1563 dBm DANL up to 3 GHz be found, with -153 dBm DANL up to 3 GHz. You can measure the
* +17 dBm 10!

power in adjacent channels with 0.67 dB accuracy. And stop having
« -113 dBc/Hz phase noise @ 10 kHz offset

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
5. 1-800-452-4844, ext. 7286 :
canada 1-877-894-4414, ext. 7286 It measures.

©2001 Agilent Technologies ADEPIAGA016/MAF
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LOW SPURIOUS I

SPACEBORNE!MIXERS

FEATURES:

- Broadband operation

« Minimal variation in
conversion loss

« High IP3 and 1 dB
compression versus LO
power

CONVERSION LOSS/SPURIOUS

LO FREQUENCY:10 GHz

CL, SPURS (dB,-dBc)

+17 dBm

SPECIFICATIONS - Model TBRO618HA1/TBRO618HA1-S

RF/LO Input Frequency Range 6 to 18 GHz
Tt IF Output Frequency Range o e 0.05to 5 GHz
~ Conversion Loss e VTiypri'c'al T
Spunous -55 dBc |
Third Order Intercept Pomt +23 dBm Typical 7
\ 1 dB Compression Point ' G ~ +13dBm Typical i ' /
NOH
For further information, please contact Mary Becker 1S0 9001
at (631) 439-9423 or e-mail mbecker@miteq.com
—\ 100 Davids Drive - Hauppauge, NY 11788
M l"r‘_:ﬂ TEL.: (631) 436-7400 - FAX: (631) 436-7430

www.miteqg.com

Enter No. 237 at www.mwrf.com



TECHNOLOGY
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IN 2-4 WEEKS ARO

e $ idor, Camarillo, CA 93012
888 Fax: (805) 987-6990

LIFTERS

for every application

Model Ffeq.Range' Gain NF  Gain
6

JCA018-203
JCA018-204
& JCA218-506
JCA218-507

Hz dBmin dBmax Flat+/-dB pt dBm min
0.5-18.0 : Zh
0.5-18.0 ? 25 10
2.0-18.0 : 25
20-18.0 | 2h
2.0-18.0 ] 25

Model Freq.Range Gain NF  Gain  1dB Comp.
GHz dBmin dB max Flat+-dB pt. dBm min

JCAD4-403 0540 27 50 1.5

JCA08-417 0.5-8.0 45 15

JCA28-305  2.0-80 50 10

JCA212-603  2.0-120 50 4

JCA618-406  6.0-18.0 60 20

JCA618-507  6.0-18.0 6.0

RETME

Model

GHz dB min dB max Flat+/-dB pt. dBm min
JCA12-P01 135185 35 40 . 33
JCA34-P02 3135 40 45 0 37
JCAS6-P01  59-64 30 50 . 34
JCAB12-P03 80-120 40 5O . 33
JCA1218-P02 120-180 22 40 2 25

Freq.Range Gain NF  Gain 1dB Comp

 § Y F

Model Freq.Range Gain MNF  Gain 1dB Comp
GHz dB min dB max Flat+/-dB pt. dBm min

JCA12-3001 1020 40 08

| JCA24-3001 2040 32 12
{ JCA48-3001 4.0-80 40

1.0
; 1.0
JCAB12-3001 8.0-120 32 1 1.0
JCA1218-800 12.0-18.0 45 1.0

Gain  1dB Comp.

max Flat+-dB pt. dBm min
1.2-18 & 05
22-23 05
3742 - 05
54-59 05

JCATB-300 7.25-1.75 05
B JCAS103000 9095 05
£ JCA910-3001 95-10.0 05

A1112-3000 117122 20 05
A1213-3001 122127 2 05

: CA1415-3001 144-154 1.0

A1819-3001 18.1-186 05

A2021-3001 202212 05

Features: Options:

¢ Removable SMA Connectors

3AND

1dB Comp. 3rd Order VSWR  DC Current
ICPtyp  In/Out max

4
45
42
40
35

20
20
20
20
20

20
20
20
20
23
23
23
23
20
24
20
20

201

ERS

. dOrder VSWR DG Curent
ICPtyp  In/Out max

2011
201

2.0:1
20:1
201
2.0:1
2.0:1

2.0:1
2.0:1
201
201
2.0:1

201
2.0:1
201
201
201
151
151
151
2.0:1
2.0:1
2.0:1
2.0:1

mA
250
300
400
450

. 3rdOrder VSWR DC Current
ICPtyp  In/Out max

mA
1000
2200
1200
1700
700

x ¥ o
LNA S
, 3rdOrder VSWR DC Current

ICPtyp  In/Out max

mA
200
200
200
200
250

3rd Order  VSWR  DC Current
ICPtyp  In/Out max

mA
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




SPACEFLIGHT where our
interconnects have more than

ten years of space heritage.
Outstanding thermal stability over
wide temperature spans and low
outgas materials. Special products
to meet demanding PIM
specifications.

DEFENSE ELECTRONICS for needs high value interconnect solutions. storm products.
ranging from high power to high

density. Flexible and semi-rigid products

to withstand the severe conditions of

shipboard, airborne or ground-based

operations. A low-density PTFE dielectric

reduces attenuation by up to 30% over

conventional materials.

RADAR systems, including

phased array. Products and
processes optimize phase fracking
over frequency and femperature.
Miniature products with blindmate
connector interfaces such as
GPO™ and GPPO™ allow

increased packing density.

WIRELESS systems. The outstanding
thermal stability of our semi-rigid
products eliminates dielectric
expansion during automated
soldering processes.

ullRm

TELECOM systems and test gear. PRODUCTS COMPANY

Qur microwave products provide

clear signal transmission even as Storm Products - Microwave

SONET‘rGTes exceed 10 Qb/secf 116 Shore Drive = Hinsdale, Illinois 60521
our optical products provide the Tel 630.323.9121 = Fox 630.323.9398
same fransparent performance Toll Free 888.347.8676
outside the electrical world. microwave@stormproducts.com

www.stormproducts.com

TEST EQUIPMENT/SYSTEMS . S,

. F N 7 ISOY
where our inferconnects are used @ ‘ - @
extensively due fo their rugged M P ) ols
construction and reputation for L R

consistent performance. & z
A ¥

\ Mr,, 87560 '_ T
Enter No. 250 at wwwm\m S N




Low Cost, High Performance

0.5 — 3W DEVICES

For Fixed Wireless Access

New 79A Package —
® Small size: just 4.0 x 4.2 mm
* Large grounding pad for efficient heat dissipation

1GHz 2GHz 3GHz 4GHz
New Medium Power
GaAs & LDMOS FETs 35d8m | NE6510179A -
NE5520379A

e High output power, high linear gain

and hlgh efficiency. 34dBm Pout vs. Frequency -
e Low thermal resistance lets you drive ‘

your designs harder for higher linearity. ssaom LI \E5520279A {

Typical Performance @ 2.3GHz, V,, = 5V
Part Number Description P14 (dBm) G (dB) Rtu (°C/W) Freq (GHz)

NE6510179A GaAs 35 11 5 1.8-3.7
NE5520279A LDMOS 33 10 7 0.4-235
NE651R479A GaAs 29 12 30 1.8-3.7
NE552R479A LDMOS 28 11 10 0.4-2.7

*Other devices available, visit our website

|

* Low voltage operation and miniature 29dBm NE651R479A -
size make these devices ideal for wire-
less modems, wireless LANs, mobile
radios, cordless phones, cellular phones 26d8m || NES52R479A |

pagers and other handheld designs.

1GHz 2GHz 3GHz 4GHz

NEC | www.cel.com

California Eastern Laboratories = Santa Clara, California = 408 988-3500
DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON
Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)

Enter No. 214 at www.mwrf.com
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& Packs GPS Receiver
Edikorial This highly integrated GPS Rx IC
improves upon an earlier-generation
26 device by including more components
The Front End in a smaller package with a reduction
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DELIVERY OF
PRODUCT’

1-800-DIGI-KEY

www. digikey.com

© 2001 Digi-Key Corporation L
‘The distributor Internet site most frequently visited by respendents in the Distributor Evaluation Study, Beacon Technology, October 2000.

‘The-distributor with the highest rating for Delivery of Product in the Distributor Evaluation Study, Beacon Technolegy, October 2000:
‘The-distributor with the highest rating for Availability of Product in the Distribitor Evaluation Study, Beacon Technology, October 2000.

Enter No. 217 at www.mwrf.com




~We make
noise...

TO make
our products
quict!

Noise Com is the global' provider of

Noise Generators, Noise Sources,
Noise Power Ratio Test Sets, Noise
Diodes and specialized Noise Test
Solutions.

For more information about our
products, applications or how we
may solve your testing needs,
contact us:

Noise Com

201) 261-8797 Fax:
isecom.

Enter No. 240 at www.mwrf.com
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It's Quieter.
It's Sleeker.
It's Sexier.

(well, to an engineer)

What engineer wouldn’t get a little excited
over this performance package? The new
ergonomically-designed MG3690A series
synthesizer goes beyond delivering the widest
frequency coverage and the lowest phase noise
of any broadband synthesizer. It even goes beyond
its new Digital Down-Converter which adds
uncompromising RF coverage to its already

exceptional microwave performance. This next-
generation Anritsu synthesizer takes you to a
whole new level in engineering design.

It’s not just about a sleek new body either.
We're talking practical improvements like a larger
display, fewer buttons, accessible menus and an
intuitive interface. We’ve also made it 20 pounds
lighter and trimmed off 6 inches in depth. And
even with the MG3690A's powerful engine, you’ll
be amazed how quietly it runs.

For more information call 1-800-ANRITSU
or go directly to our website product page at
www.us.anritsu.com/adsmailers/MG3690A.asp.
The MG3690A Broadband Synthesizer. When it
comes to your Local Oscillator needs, the best has
indeed gotten better.

Zinritsu

MG3690A Broadband Synthesizer
©2001 Anritsu Company Sales Offices: United States and Canada, I-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.us.anritsu.com

Discover What's Possible™

Enter No. 208 at www.mwrf.com



The Power in Broad Bandwidth Wireless Communications

Super Broadband Amplifiers
for Fiber Optics

According to the Optoelectronics Industry Development Association, in
1999, component revenues for optoelectronic subsystem modules surpassed
five billion dollars — with total revenues for all communication related opto-
components at nearly thirty billion dollars.

Simplistically, network capacity can be increased by adding new fiber paths.
Especially in metropolitan areas, installafion costs and temporary service disrup-
tions become prohibitive. One method of maximizing information density along a
given single path (or fiber) is by fransporting multiple channels on a single optical
carrier or wave length through the technique of subcarrier mulfiplexing. In one
such configuration, independent high-speed data streams are upconverted to
microwave frequencies. The subcarriers are then combined info a complex wave-
form and then amplified with a CTT Wireless microwave amplifier.

(TT Wireless has developed a family of amplifiers for use in
applications such as 0C-192 (10 GB/S) as
well as several other high-speed opto-
applications up to 20 GB/S. Typical
amplifier specifications include:

© 500 KHz to 20 GHz Freg. Range

* 18 db Gain

® Gain Flatness 2.5 dB

© 10 dBm Power Output

* Single +12V Power Supply

To accommodate other optical modulation formats, CTT Wireless offers
custom integration of amplifier (both narrowband and wide bandwidths),

mixer, phase shift and attenuator functions in subsystem modules for
performance up to 40 GHz.

Both amplifiers and subsystems incorporate CTT Wireless” latest high gain,
low-noise modules. The MIC thin-film modules are eutechtically bonded to metal
carriers within the housing, providing maximum efficiency and durability.

Our volume production ability has increasingly made CTT products the
hardware of choice in the price-sensitive, broad bandwidth, high
linearity, wireless communications market. This importance of choice, to
the designer, is even more critical when understanding that CTT is providing
RF functions that account for as much as one third the cost model in wireless
communications base stations.

(TT’s history, technical expertise, production know-how and resultant
patronage allows the Company access to both monetary and production
resources to excel in projects of any magnitude. At CTT Wireless we're
committed fo serving the wireless communications market with a simple goal:
Quality, Performance, Reliability, Service and On-Time Delivery of
our products.

To find out how we can provide you with the products and service, and
cost-effective wireless solutions you are looking for, contact CTT Wireless

LT vnesess

3000 Tasman Drive
Santa Clara, California 95054
Phone: 408-988-2999 e Fax: 408-986-9097
www.cttinc.com ® E-mail: wireless@cttinc.com

Enter No. 216 at www.mwrf.com
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Elcom’s automated, high volume manufacturing capabilities reduce response

time in order to keep your project cost-effective and on schedule.

RUGGED FREQUENCY
SYNTHESIZERS

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

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

SPECIFICATIONS

* Frequency Range:
0.5-23 GHz

* Tuning Bandwidths up
to 1000 MHz

* Switching Speed: <25 ms

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

* Output Power Range:
12-18 dBm

* Load VSWR 1.5:1

* Step Sizes:
0.125-10.0 MHz

Since 1995, Elcom Technologies, Inc., has experienced a

MicrowaAVE
FREQUENCY
SYNTHESIZERS

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

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

SPECIFICATIONS

* Output Frequency:
1-23 GHz

¢ Frequency Bandwidth:
1-2.25 GHz

* Phase Noise 20 dB Better
than IESS

* Step Size: | KHz or
125 KHz

* Switching Speed: 50 ms

* Power Output: 12-16 dBm
* Load YSWR: 2.0:1

* In-Band Spurious: -70 dBc

* Out-of-Band Spurious:
-82 dBc

* Fixed L-Band Output:
Freq. Range: 0.5-3.0 GHz
Pwr. Out.: 12 dBm 12 dBm
Spurious: -95 dBc

* Low Profile: 0.73” high

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

PHASE LOCKED
OSCILLATORS

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

reliable phase-lock performance.

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

SPECIFICATIONS

* Frequency Range:
0.5-18 GHz

* Fractional Reference
Multiplicator

* -100 dBc Spurious

* Meets MIL-STD-188 &
IESS 308

* Integrated Reference
Optional (Same Package)

MINIATURE
PHASE LOCKED
OSCILLATORS

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

SPECIFICATIONS FOR THE
MPDRO SERIES
* 0.5 to 26 GHz Operation

* Single Loop, locks to 5 to
100 MHz Reference

* Ultra Low Phase Noise

* Integrated Buffer Amplifier

¢ -100 dBc Spurious

* Ruggedized

* Low DC Power
Consumption

* Small 2.25” x 1.4” x 0.8”
Size

* Meets MIL-STD-188 and
IESS 308

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

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

Networks up to 40 GHz

* Synthesized Clock Generator for DWDM Fiber Optic

Networks up to 40 GHz

* Clock Recovery Modules for DWDM Fiber Optic

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

rapid growth rate. We have always set the highest standards
for quality, service and reliability with our products. As a
result of our success, we are moving to a new, 32,000 sq. ft.
modern facility in order to maximize our ability to meet our
ever growing customer needs.

Technologies

11 Volvo Drive * Rockleigh, N] 07647

(201) 767-8030 + Fax (201) 767-6266
For detailed information and data sheets, please

visit www.elcom-tech.com



TOGETHER, TAKING OEM PERFORMANCE TO A HIGHER LEVEL

i

=

N

A NEW BRAND OF RF AMPLIFIER FOR OEM.

Combining the top talent in engineering from AR and Kalmus,

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

Industrial/Scientific/Medical applications.

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

worldwide support and service network.

Dratmus

11807 North Creek Parkway South, Suite 109, Bothell, Washington USA 98011 Tel 425 485 9000 - Fax 425 486 9657 www.arkalmus.con
Enter No. 204 at www.mwrf.com




Introducing our NEW
10 Million Cycle Switch

The ideal solution_ for your demanding
switchykeltilkements.

150-9001
C € Certified
2-Year War run'y o GPS Applications

CCM-33510 SPDT Switch
* 10 Million Cycle Life
* DC - 18 GHz
Wireless Communications RS l_q“hing or Failsafe Aviation Applications
* Actuator Voltage: +12 or +28 VDC
* 10 msec Switching Time
* Indicator Circuits and TTL Options

AN\ TELEDYNE v
PR iRELESS S

A Teledyne Technologies Company

Teledyne Wireless, 1274 Terra Bella Avenue, Mountain View, CA 94043, Phone: 800.832.6869, Fax: 650.962.6845
For Faster Information e-mail: switches@teledyne.com

> .

-
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Correct Byline

B 1 WOULD JUST like to point out that
two byline misprints appeared in the May
Cover Feature article “Compact Receive
Module Shrinks CDMA Circuits” (May,
p. 155) in Microwaves & RF.

The first thing is that Jim Hennessey’s
name is misspelled. It should appear
as “Hennessey” and not as “Hennessy.”

Also, Dr. Charles Wang and Robert
Kincaid’s job titles are incorrect. Dr.
Charles Wang is a Senior Design Engi-
neer and Robert Kincaid is a Design
Engineer.

Eris Ball
RF Micro Devices

Contact Information

p# THE ARTICLE “RADIO Chip Sets Power
Millimeter-Wave Systems” (June, p.
131) has some wrong contact infor-

(( feedback))

mation at the end of it. The correct
phone number is (978) 664-8663. Also,
the correct fax number is (978) 664-8646.

Pete Lentini
Raytheon RF Components

Editor’s Note:

In the June article “Radio Chip Sets
Power Millimeter-Wave Systems” there
were several mistakes that appeared in
addition to the wrong contact infor-
mation, as noted in the previous letter.

In several instances throughout the
article, numbers replaced plus or minus
symbols, minus signs, or multiplica-
tion symbols.

Midway through the third para-
graph , there is a sentence that reads “The
RMWL26001 is a four-stage design
that features 22-dB typical gain from
21t026.5 GHz with 61.4-dB....” The
“6” in the decibel measurement should
not be there. Instead, it should be a
“=+.” This same symbol should also

appear in the seventh paragraph which
is on page 132 where it says “The ampli-
fier provides 26-dB typical gain with 61-
dB gain variation with frequency.”
Again, the “6” in this sentence should
read “+.” Similar types of sentences
appear in the next two paragraphs (one
in each paragraph). In both cases, the
“6" should be “+.”

In other instances, the number “2”
replaces the “ —sign. This is seen in the
last sentence of paragraph 3, toward
the end. It is also mistakenly shown in
the last sentence of paragraph 4, where
it reads “220-dBm input power.”

In the third paragraph from the end,
“0.55-mm gate-length power GaAs
PHEMT process” should read “0.55-
wm gate-length power GaAs PHEMT
process.” Also in the same paragraph,
the number “37 that is shown between
the two measurements needs to be “X.”

Our apologies to Raytheon and to
our readers for these mistakes.

- FEATURED PRODUCT -

Combline Filters in 10 days

Orcder online and save

an additional 5%!

Series Number
Select any Fo

Response
Prototype Price
Shipment

Insertion Loss @ Fo
-1dBc passband

1315

: from 1000MHz to 6000MHz
1 <2dB

:1.5%F0 minimum

: 5 pole Chebyshev design

: <$400.00

. 2 weeks after receipt of order

www.tte.com

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

® Enter NO. 417 at www.mwrf.com
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PACHAGING




Shopping for the best in IC packaging?

Beware of plain brown wrappers — look for the ones
marked “RFMD". From single-chip leadiess designs

to multi-chip modules, we package for every purpose.

And there are no surprise packages.
Open any RFMD*® package and you'll find
just what you want — dependable,
highly integrated components that deliver

peak performance while conserving board space.
Shop around.. .then let us wrap something up for you.

Because good things come in RFMD packages.

PACKAGING — it sets us apart.

RFO

MICRO-DEVICES

Proprietary, State-Of-The-Art
RF Integrated Circuitss"

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention packaging when contacting us. www.rfmd.com

TM & © 2001, RF Micro Devices, Inc.

Enter No. 243 at www.mwrf.com
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www.PlanetEE.com

TABLE OFr CONTENTS

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

TECHNOLOGY COMMUNITIES

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

*» Power Control & Supplies

PRODUCT LOCATOR PLUS

" H "
® EE Product News' “Product Locator”, combined with Netron’ L A’ e"
* PlanetEE's customized comprehensive, searchable E-Newsletter
components directory Rolls Out

* Microwaves & RF's “Product Data Directory”
» Used Equipment Network's “Surplus Corner”

The latest PlanetEE e-mail newsletter to
RESOURCES debut, the "Netronics Alert," ties closely to
the Penton Electronics Group's newest

* Breaking Industry News * |[deas For Design Soree = : >
* Discussion “Newsgroups” * Education Department pl.’bhcat'o“’ N_etromcs. Led by E(!ltor-ln-
. . Chief Tets Maniwa, Technology Editor Tere-
and Live Chat * Literature sa Dimeola, and Managing Editor Eric
* Career Forum * Events Calendar Zeman, the Netronics Alert will home in on
the technologies that impact next-genera-
PARTNERS tion network design. The free bi-weekly
* TestMart « ESOFTA/VITA newsletter will include the latest news,
* Embedded University « The Chalkboard Network  product reviews, editorial commentary, and
« Prentice Hall application articles on topics such as VLSI

chips, components, software, network
architectures, protocols, and much more.
Go to PlanetEE (www.PlanetEE.com) to
sign up for the newsletter, and keep check-
ing back for upcoming newsletters in other
technology areas scheduled for release in
the coming months.

Stay tuned to this page for new innovations and
special announcements that are now in-process.
Visit PlanetEE at www.PlanetEE.com.
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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
you do is supply the three ingredients mentioned above. ﬁ
To learn more about APLAC, why not download a student version from &
g d

our website www.aplac.com and contact us at APLAC Solutions.

X

APLAC Solutions Inc APLAC Solutions Corporatios
320 Decker Dr, Suite 100, Irving, TX 75062 Atomitie 5 C, FIN-00370 HELSINKI, Finland
tel. 972-719-2562 tel. +358-9-540 450 00
www.aplac.com  e-mail: sales@aplac.com www.aplac.com  e-mail: sales@aplac.com

The Freedom To Do Things Right.
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SOMNET EM Suite
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DESIGN DUccaDr

Smart Solutions.

High frequency EM software from Sonnet

Are your high frequency designs taking you to the
school of hard knocks? Tired of taking educated
guesses on your circuits, packages, antennas,
connectors, waveguides or interconnects?
Spending too much time on lab experiments for
prototyping?

Sonnet can provide you with a world of
solutions and support for 3D Planar and Full
3D problems. The Sonnet® em® Suite has been
an industry standard for accuracy and reliability
in 3D Planar 1 analysis for over 10 years.
Today, Sonnet is pleased to offer North American
customers the considerable power of full 3D
time-domain EM analysis and d n through
CST Micro Stu . Parameteri

and optimize your high frequency 3D

faster than you dreamed possible.

of Technical Support will guide you quickly to
success...if you even need them.

Smart Solutions Create Successful Designs

"is a trademark of Computer Simulation Technology

Sonnet Software, Inc.
toll free: 877/7-SONNET
877/776.6638
phone: 315/

fax: 315/451.1694
www.sonnetusa.com info@sonnetusa.com

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

MicroWave Studio is a product of CST of America, Inc.

Agilent HFSS users—Call for a limited time Special Offer for CST Microwave Studio

Enter No. 247 at www.mwrf.com



Testing The Limits
Of Millimeter
Waves

DURING A RECENT swing through Northern California,
it was apparent that the excitement and enthusiasm of
the recent IEEE/International Microwave Theory &
Techniques Symposium (MTT-S) conference and exhi-
bition (May 20-25, 2001) was merely a short-term
event. All that talk about the hard economic times pos-
sibly coming to an end by the third quarter of this year
had been replaced by the reality—that no one knew
when business would revive or, for that matter, even why
it would revive. Most of the more than 30 companies
visited during that week admitted that if they could
achieve business goals that were flat compared to last
year, they would consider the year a success.

Yet, amidst the "doom and gloom" prognosticators
stood those who were doing quite well, even during
these challenging times. The most obvious healthy high- /7
frequency/high-speed market in recent times has been -,
in the design and manufacture of devices for analog
and digital optical-communications systems.

Strangely, those involved in the design and development of mil-
limeter-wave hardware and test equipment were seeing the most busi-
ness activity, despite the harshness of the downturn for associates
working with lower microwave and RF signals. Although these mil-
limeter-wave markets are still a fraction of the size of markets at RF
and microwave frequencies, large and small test-equipment suppli-
ers are experiencing unprecedented demand for equipment at 38 GHz,
60 GHz, 77 GHz, and even 94 GHz. For example, Chuck Oleson
of Oleson Microwave Labs (Morgan Hill, CA), is a true millimeter-
wave designer for whom such things as 28-GHz LMDS applications
might be considered at IF. Chuck, who designs and manufactures
frequency extenders and other millimeter-wave test accessories for
users and manufacturers of VINAs and other test instruments, has
not experienced the economic downturn that has cursed many other
small high-frequency-electronics companies.

Admittedly, the millimeter-wave market will likely never approach
the magnitude promised by growth in optical communications. But
there is much room for growth in the millimeter-wave market, espe-
cially if automatic applications take off and when more wireless band-
widths are consumed at lower frequencies. With the loss of lower-
frequency bandwidths, there may be no choice but to use millimeter-wave

bands.
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Because production
test systems should come with
something more than this.

If it seems like most instruments we're combining broadband signal
you order today come with little more routing (RF and high speed digital signals),
than the materials they're packed in, you battery simulation, and audio testing in whole

should know that Keithley has a better new ways that help our customers get

idea. Every solution we develop comes products to market in less time, and with

with the rich experience of Keithley fewer defects. We stick around afterward,
people who are eager to work with you, too, providing a level of ongoing support

and to lend the kind of support today’s even our most conscientious competitors

applications demand. We go beyond don't seem to deliver. To learn more, down-

manufacturing the fastest, most accu- load your FREE Telecommunications

rate instruments you can find—and Application Kit at keithley.com/ideas.

beyond what most people seem Or call 1-888-534-8453 to learn

willing to do. Instead of offering the about exciting, new products that truly

same things as everyone else, show how we think out of the box.

Learn more at 1.888.KEITHLEY or www.keithley.com

KEITHLEY

A  GREATER MEASURE OF CONFIDENGCE
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Higher Power

P1dB up to 1/2 Watt

. ' Excellent Linearity |
,...& ~ OIP3 up to +45 dBm :

——

P

Forl g ¢ ellent linea , use
WjJ’'s AH101 and AH102 amplifiers.

IP3 VS. Output Power (dBm) WJ’s got the POWER! Our new AH101 and AH102, 50 ohm
unconditionally stable amplifiers have higher power up to

1/2 Watt. The AH101 and AH102 provide excellent linearity
up to 47 dBm in a low cost surface mount package (SOT-89).
The AH101 and AH102 have a Linear Figure of Merit (LFOM)
of 12 dB, while maintaining WJ’s high standard of reliability.

_ OIP3 (dBm)

DC Power (dBm)

0IP3 (dBm)

AT — 101 |
e M1 === AR200 |

10 15
Output Power (dBm)

LFOM Defined: LFOM (dB) =

For more details, call our toll free number, fax us at
T 0150 408-577-6620 or e-mail us at sales@wj.com. Data sheets are

350-3000 | 7 | available in PDF download files by visiting our web site at
{___2_&3000 4 '

(AR WWW.Wj.Com.
A | )

AH200 | 250-6000 | 47 ‘ . .
2= | - The Communications Edge™

mﬁm

e o e el
Q) vwwgen 1-800-WJ1-4401
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KGL

MICROWAVE INCORPORATED

A COMPANY

At K&L Microwave we provide real solutions for real people.
As a global manufacturer and world leader in the production of RF
and Microwave filters, we can satisfy your requirements from the
most basic microminiature bandpass up to an integrated assembly.

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

global market by providing engineering solutions, technical support,

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

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

2250 Northwood Drive * Salisbury, MD 21801 * Phone: 410-749-2424 * Fax: 410-749-5725
www.kimicrowave.com * sales@klmicrowave.com
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AFS3-01000200-15-TC-6  1-2 36-40 1.00 1.5 201 201 +5 125 BV

AFS2-02000400-15-TC-6  2-4 22-26 1.00 1.5 2011 201 +5 125

AFS3-02000400-15-TC-6  2-4 22-26 1.00 1.5 2011 201 +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 1.8 2.0:1 201 +8 150 ADIAR

AFS2-02000800-40-TC-2  2-8 14-19 1.50 4.0 2011 201 +5 100 .

AFS3-02000800-30-TC-4  2-8 22-27 1.50 3.0 2011 221 +8 150 .

AFS2-08001200-30-TC-2 8-12 12-16 1.00 3.0 2.0:11 2.0:1 +5 100

AFS3-08001200-22-TC-4 8-12 24-28 1.00 2.2 2.0:1 2.0:1 +8 150 H

AFS4-12001800-30-TC-8 12-18 22-26 1.00 3.0 2.0:11 2.0:1 +8 250 M

AFS4-06001800-35-TC-6  6-18 22-26 1.00 3.5 201 201 +8 250

AFS6-06001800-35-TC-8  6-18 30-34 1.00 35 2.0:1 2.0:1 +8 400

AFS4-02001800-45-TC-5 2-18 18-24 1.50 45 2.2:1 2.2:1 +8 175 [ RO "

Note: All specifications guaranteed -54 to +85°C.

Many other frequencies, noise figures and gain windows are available. i
DYNAN
DAN
i 0 B Outp owe 0
od § 0 ) Oulp a d omp DC Po [ i L ]
! (18 ifs | i i
R PO B AMP . :

AFS4-00050100-25-25P-6 0.5-2 36 1.50 25" 2.0:1 2.5:1 +25 325

AFS3-00100100-23-25P-6 .11 38 2.00 2.3 2.5:1 2.51 +25 280 ® »

AFS3-00100200-25-27P-6 A-2 33 1.50 25 2.01 251 +27 300 r .

AFS3-00100300-25-23P-6 1-3 25 1.50 2.5 2.0:1 251 +23 300

AFS3-00100400-26-20P-4 1-4 26 1.50 2.6 2.01 2.0:1 +20 250 AD

AFS4-00100600-25-20P-4 1-6 32 1.50 2.5 2.011 2.011 +20 300 -

AFS4-00100800-28-20P-4 1-8 30 1.50 2.8 2.01 2.01 +20 300 L

AFS4-00101200-40-20P-4 A-12 20 1.50 4.0 2.011 2.0:1 +20 300

AFS4-00501800-60-20P-6 5-18 25 2.75 6.0 2.51 2.51 +20 350 e

AFS5-00102000-60-18P-6 .1-20 25 3.00 6.0 2.5:1 2.51 +18 360 BLEFL B

AFS3-01000200-20-27P-6 1-2 33 1.50 2.0 2.011 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 2.011 +20 200

AFS4-08001200-50-20P-4 8-12 22 1.25 50 2.0:1 2.0:1 +20 200

AFS6-12001800-40-20P-6 12-18 28 2.00 4.0 2.01 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 2.51 2.0:1 +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.

This is only a small sample of our extensive list of standard catalog items.
Please contact Dave Krautheimer at (631) 439-9413 or e-mail dkrautheimer@ miteq.com
for additional information or to discuss your custom requirements.

\ 100 Davids Drive, Hauppauge, NY 11788

MIT= ﬂ TEL.: (631) 436-7400 * FAX: (631) 436-7430

www.miteq.com




Frequency  Gain Gain Noise VSWR VSWR  Output Power Nom.
Model Range (Min.) Flatness Figure input  Output @ 1dB Comp. DC Power
Number (GHz) (dB) (=dB) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15V, mA)

MODERATE BAND AMPLIFIERS

AFS2-00700080-05-10P-4 I 1.5:1 151

AFS2-00800100-05-10P-4 .8-1 30 0.50 0.45 1.5:1 1.5:11 +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 1.5:1 +13 150
AFS3-01500180-04-13P-6  1.5-1.8 40 0.50 0.40 1.5:1 1.5:1 +13 150
AFS3-01500250-06-13P-6  1.5-2.5 36 0.50 0.60 2.01 2.0:11 +13 150
AFS3-01700190-04-13P-6  1.7-1.9 36 0.50 0.40 1.56:1 1.51 +13 150
AFS3-01800220-05-13P-6  1.8-2.2 36 0.50 0.50 1.6:1 1.56:1 +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 1.5:1 +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 1.6:1 1.5:1 +13 150
AFS3-03100350-06-10P-4  3.1-3.5 29 0.50 0.6 151 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
AFS3-04400510-07-5P-4 4.4-51 30 0.50 0.70 1.51 1.5:1 +5 100
AFS83-04500480-07-5P-4 4.5-4.8 30 0.50 0.70 1.6 1.6:1 +5 100
AFS3-05200600-07-5P-4 5.2-6 30 0.50 0.70 1.56:1 1.5:1 +5 100
AFS3-05400590-07-5P-4 5.4-5.9 30 0.50 0.70 1.5:11 1.5:1 +5 100
AFS3-05800670-07-5P-4 5.8-6.7 30 0.50 0.70 1.5:1 1.5:1 45 100
AFS3-07250775-06-5P-4  7.25-7.75 30 0.50 0.60 1.5:1 1.5:1 +5 100
AFS3-07900840-07-5P-4 7.9-8.4 30 0.50 0.70 1.51 1.51 +5 100
AFS4-08500960-08-5P-4 8.5-9.6 32 0.75 0.80 1.51 1.5:1 +5 125
AFS3-09001100-09-5P-4 9-11 26 0.50 0.90 1.5:1 1.51 +5 100
AFS4-09001100-09-5P-4 9-11 32 0.75 0.90 1.5:1 151 +5 125
AFS4-10951175-09-5P-4  10.95-11.75 32 0.75 0.80 1.5:1 1.5:1 +5 125
AFS4-11701220-09-5P-4 11.7-12.2 32 0.75 0.90 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 1.6:1 +12 200
AFS4-12701330-13-10P-4  12.7-13.3 27 0.75 1.30 1.5:1 1.5:1 +10 175
AFS4-13201400-14-10P-4  13.2-14 24 0.75 1.40 1.5:1 1.5:1 +10 175
AFS54-14001450-14-10P-4 14-14.5 24 0.75 1.40 1.5:1 1.5:11 +10 175
AFS4-20202120-20-8P-4  20.2-21.2 20 1.00 2.00 1.5:1 1.5:1 +8 175
AFS4-21202400-22-10P-4  21.2-24 18 1.00 22 2.0:1 2.0:1 +10 100

OCTAVE BAND AMPLIFIERS
2.0:1

AFS3-00120025-09-10P-4 0.50 0.9

AFS3-00250050-08-10P-4 .25-.5 38 0.50 0.8 2.0:1 2.0:1 +10 125
AFS3-00500100-05-10P-6  .5-1 38 0.756 0.5 2.0:1 2.0:1 +10 150
AFS3-01000200-05-10P-68  1-2 38 1.00 0.5 2.01 2.0:1 +10 150
AFS3-01200240-05-10P-6 1.2-2.4 34 1.00 0.5 2.01 2.0:1 +10 175
AFS3-02000400-06-10P-4  2-4 30 1.00 0.6 2.0:1 2.0:1 +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 2.01 2.0:1 +10 125
AFS3-08001200-09-10P-4  8-12 26 1.00 0.9 2.01 2.0:1 +10 125
AFS3-08001600-15-8P-4 8-16 26 1.00 15 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 2.5:1 221 +8 150
MULTIOCTAVE BAND AMPLIFIERS

AFS1-00040200-12-10P-4 .04-2 15 1.50 1.2 2.5:1 2.0:1 +10 75
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  .4-35 22 1.50 1.2 2.0:1 2.0:1 +10 80
AFS3-00500200-08-15P-4  .5-2 38 1.00 0.8 2.0:1 2.0:1 +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 2.0:1 2.0:1 +10 125
: AFS4-02001800-23-10P-4  2-18 25 2.00 2.3 2.0:1 2.0:1 +10 175

i AFS4-06001800-22-10P-4  6-18 24 2.00 2.2 2.0:1 2.0:1 +10 150
WARRANTY AFS4-08001800-22-10P-4  8-18 26 2.00 22 2.0:1 2.0:1 +10 150

|
AFS3-00100100-09-10P-4  .1-1 as 1.00 0.9 201 2.0:1 +10 150
e AFS3-00100200-10-15P-4  .1-2 a8 1.00 1.0 2011 201 +15 150
NI AFS3-00100300-11-10P-4  .1-3 32 1.00 1.1 201 201 +10 150
1S0 9001 : AFS3-00100400-13-10P-4  .1-4 28 1.00 1.3 201 201 +10 150
el b AFS3-00100600-13-10P-4  .1-6 28 1.25 1.3 201 201 +10 125
AFS3-00100800-14-10P-4  .1-8 25 1.50 1.4 2011 201 +10 125
AFS4-00101200-22-10P-4  .1-12 28 1.50 22 2011 201 +10 175
AFS4-00101400-23-10P-4  .1-14 24 2.00 2.3 251 251 +10 200
AFS4-00101800-25-10P-4  .1-18 25 2.00 25 251 251 +10 175
AFS4-00102000-30-10P-4  .1-20 20 250 3.0 251 251 +10 175
AFS4-00102650-40-8P-4  .1-26.5 18 250 4.0 251 251 +8 175

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

News items from the communications arena.

3G, Wireless Internet Will Drive
Wireless Handset And PDA Sales

OYSTER BAY, NY—The wireless Internet has begun to establish a new market for wireless
handsets, personal digital assistants (PDAs), laptops, and other wireless clients, as wireless
operators begin to deploy high-speed data services in mobile networks worldwide.

According to the findings in the study “Wire-
less Portable Devices: World Market for 2G,
2.5G and 3G Devices and Connectivity to the Wire- 80
less Internet,” data-enabled handsets using wire- 70
less-application protocol (WAP) and i-mode, or
a combination of the two, will account for 80 per-
cent of the handsets shipped in 2006, up from 30
percent in 2000 (see figure). Handsets using two-
and-a-half-generation (2.5G) or third-genera-
tion (3G) technology will rise to more than half
of all handsets shipped in 2006, with wideband 10
code-division multiple access (WCDMA) hav-
ing the largest share of the group.

“The wireless handset shipments were not
that poor in 2000 and actually met ABI’s fore-
cast,” says Allied Business Intelligence, Inc. (ABI) senior vice president Larry Swasey, the report’s
author. “The wireless handset market could not grow as greatly as many expected, since there
were few new services introduced and the wireless handset basically remained a voice tool
for the most part. But in 2000 there was still a decent rise in handset shipments.”

Bluetooth will also play a large role in wireless connectivity, with more than 90 percent
of all handsets shipped incorporating Bluetooth by 2006.

WAP and i-mode-enabled share of handset shipments
World market: 1999 to 2006
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RF during transmission. This new architec-
ture eliminates the need for the usual inter-
mediate-frequency (IF) stage found in most

Two-Chip WLAN Solution
Is Introduced

IRVINE, CA—Intersil Corp., a developer of silicon
(Si) technology for wireless local-area networks
(WLANS), recently announced details of its
next-generation PRISM® WLAN chip-set solu-
tion. PRISM 3 incorporates a Zero-IF (ZIF)
architecture which supports what is known as
“direct downconversion” of RF signals, enabling
low-cost, high-performance wireless network-
ing solutions that target consumer applications.

The PRISM 3 chip set is comprised of two
highly integrated circuits, one of which is a
direct-downconversion (DDC) transceiver.
This device takes high-frequency radio waves
and directly converts them to the baseband
signal during reception, or directly upconverts
them from the low-level baseband signal to

radios, thereby reducing complexity, bill-of-mate-
rials (BOM) cost, and manufacturing cost. The
DDC transceiver couples to the second IC in
the chip set, a baseband processor/medium-
access controller (BBP/MAC). The tight cou-
pling of the radio front end with this proces-
sor overcomes DC offset problems normally
associated with ZIF radios.

“The PRISM 3 chip set represents a significant
technical achievement and is a revolutionary step
in our product roadmap,” says Larry Ciaccia, vice
president and GM of PRISM Wireless Products
atIntersil. “It’s the world’s first complete WLAN
direct-downconversion chip set designed from
the ground up to catalyze the consumer market
for high-speed wireless connectivity.”
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Wireless is transforming
What about you?

Will you keep pace with 3G, or will you set it? Profound change
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

u.s. 1.800-452-4844, ext. 7326
canada 1-877-894-4414, ext. 7389 W-CDMA, cdma2000, or EDGE.
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Sweden 46-8-506-18686 « Switzarland 41-1735-9300 * Taiwan D800-47866 * Thailand 1-800-226-008 * Tunisia 216-1-237-123 « Turkey 90-312.-466-8212 + UK 44-7004-666666 » Ukraine 380-44-21-222-95 + United Arab Emirates 971-2-671-0800 « Uzbekistan 998-71-132-0871
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_the front end

While many
companies
have focused
their efforts

on developing
software or
digital circuitry
that enable
radios to
operate in
multiple
modes, a
critical aspect
remains to be
addressed: the
RF portion of
the phone.”

RF Technology Enables Mobile
Antennas To Operate Using
Any Frequency

SAN DIEGO, CA—The Titan Corp. and its sub-
sidiary, e-tenna Corp., a developer of RF tech-
nologies, unveiled a technology to enable phones
to pick up radio signals of any technology
within any frequency range, thus allowing
seamless international service.

While current approaches to building hand-
sets that support multimode and multistan-
dard operations result in increased complexi-
ty, a greater number of components, and higher
manufacturing costs, e-tenna’s Radio Fre-
quency to Intermediate Frequency (RF2IF)
technology reduces complexity by consolidat-
ing the front end of a wireless phone. By inte-
grating features such as diplexers, filters, switch-
es, and even the antenna itself in a unique way,
RF2IF may reduce antenna manufacturers’
costs up to 20 percent. In addition, RF2IF
incorporates new components within the device’s
circuitry that enable the RF side of the phone
to reconfigure, or dynamically adapt to, the fre-
quency range and technology in which it is
operating,.

“While many companies have focused their
efforts on developing software or digital circuitry
that enable radios to operate in multiple modes,
a critical aspect remains to be addressed: the
RF portion of the phone. Reworking RF design
is critical to making software-defined radios
(SDRs) work,” says Lee Stein, chairman and
CEO of e-tenna. “e-tenna’s RF2IF technology
focuses on enabling one single RF module to
support several technologies and frequencies
and, thus, several applications — from voice
services to 2.5G and 3G data services to
Bluetooth.”

Wireless Research And Teaching
Center Is Established

LOGAN, UT—Utah State University has embarked
on a new educational venture, to explore wire-
less technology. The Richard and Moonyeen
Anderson Wireless Research and Teaching
Center has been founded for that purpose.
Cynthia Furse, associate professor of elec-
trical and computer engineering at Utah State,
will direct the center, which is located in Lab
EL-255 of the Dean F. Peterson Engineering Build-
ing on the USU campus. The center officially

opened with a ribbon-cutting ceremony on
May 2. Among the center’s objectives are pro-
viding opportunities for undergraduate and
graduate students to explore diverse medical,
agricultural, and industrial applications for
wireless technology through hands-on
projects.

“The timing for the center couldn’t be bet-
ter,” comments Furse. “Wireless communica-
tion is exploding faster than any other technology
we’ve seen — even silicon computer chips.”

Furse added that the project fits perfectly with
Governor Leavitt’s engineering and technolo-
gy initiative, which includes building a tech-savvy
workforce and raising Utah’s profile within
the high-tech community.

The center is the brainchild of USU alum-
nus Richard Anderson who retired four years
ago from a 38-year telecommunications career
with Hewlett-Packard. Anderson and his wife,
Moonyeen, donated more than $1 million to
the project, the largest single cash donation in
the College of engineering’s history.

RADAR Flashlight Aids Police In
Search For Suspects

ATLANTA, GA—Law-enforcement officers serv-
ing a warrant or searching for a suspect hiding
inside a building could soon have a new tool for
protecting themselves and locating the suspect.

A prototype device known as the RADAR
Flashlight, developed at the Georgia Tech
Research Institute (GTRI), can detect a human’s
presence through doors and walls up to 8 in.
(20.32 cm) thick. The device uses a narrow
16-deg. radar beam and specialized signal pro-
cessor to discern respiration and/or movement
up to 3 m behind a wall. The device can pen-
etrate even heavy clothing to detect respiration
and movements of as little as a few
millimeters.

“We believe the RADAR Flashlight will be
useful to police officers in ambush situations,”
says Gene Greneker, the GTRI principal research
scientist who led the development of the device.

The RADAR Flashlight is undergoing fur-
ther modification and testing for the next three
months. The Georgia Institute of Technology
has filed a provisional patent for the device, which
could become commercially available to law-
enforcement officials within a couple of years
if the university licenses the technology to a
manufacturer.
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~ the front end

Wireless
communication
is exploding
faster than

any other
technology
we’ve seen—
even silicon
computer
chips.”

Strategic Alliance For Chip
Manufacturing Is Announced

ALLENTOWN, PA AND GREENSBOROQ, NC—Agere
Systems and RF Micro Devices, Inc. announced
that they have signed definitive agreements to
form a strategic alliance to develop, design,
and manufacture chips for next-generation,
data-capable digital cellular phones and other
communications products.

Under one part of the agreement, RF Micro
Devices will invest approximately $58 million
over two years to upgrade manufacturing clean-
room space and purchase semiconductor-man-
ufacturing equipment, which will be deployed
within Agere’s Orlando, FL manufacturing
facility. RF Micro Devices anticipates no sig-
nificant impact on fiscal year 2002 earnings,
and capital expenditures related to the alliance
have already been included in previous guid-
ance for fiscal year 2002. Production from the
purchased equipment will be allocated first to
RF Micro Devices and then to Agere, thereby
providing silicon (Si) capacity to RF Micro
Devices while providing both companies with
the benefits of combined operations and increased
manufacturing volumes. RF Micro Devices
plans to deploy Si manufacturing engineers in
Orlando, FL as part of the alliance.

Agere Systems and RF Micro Devices will
work together on a class of RF chips. These RF
chips will be based primarily on an emerging
semiconductor-materials technology known
as silicon germanium (SiGe), which has excel-
lent performance characteristics for certain
wireless applications and can be economical-
ly produced using widely available Si inte-
grated-circuit (IC) processing equipment and
techniques. The alliance will also encompass
Agere’s other Si processes.

Moonbounce Beacon Has
Become Operational

LITTLE FERRY, NJ—The SETI League, Inc., an
organization involved in the privatized Search
for Extra-Terrestrial Intelligence, has placed a
transmitter (Tx) on the air that bounces
microwave signals off the surface of the Moon,
for use in testing Earth-based radio telescopes.
The American Astronomical Society provided
financial assistance for the project.
Operating under the callsign W2ETT at an
allocated amateur RF of 1296 MHz, the EME

(Earth-Moon-Earth) beacon enables amateur
and professional radio astronomers alike to
calibrate their receiving systems by providing
a stable reference signal emanating from a
known point in the sky.

The SETI League’s EME beacon received its
first shakedown in March, providing scien-
tists at the Arecibo Observatory in Puerto Rico
with a weak, well-calibrated test signal for use
in conjunction with the Project Phoenix-targeted
search for extraterrestrial intelligence.

Kudos

Antenna Specialists, a division of Allen Tele-
com, Inc., announced that its chief antenna
engineer, James Hadzoglou, has been award-
ed US Patent No. 6,215,451 B1 as of April 10,
2001 for technology used in dual-band “On-
Glass” antennas at cellular (824-to-894-MHz)
and personal-communications-services (PCS) fre-
quencies, as well as adjacent frequency bands...D.
Canon Bradley was presented with the David
P. Larsen Award in Seattle, WA during the
2001 IEEE International Frequency Control
Symposium and PDA Exhibition. He received
the award for his many vears of dedication and
engineering contributions to the industry.
Bradley has just completed three terms as chair-
man of the industry’s international technical-
standards committee...Agilent Technologies,
Inc. announced that its miniature film-bulk-
acoustic-resonator (FBAR) duplexer has earned
a 2000 Technology Award from Wireless Design
& Development Magazine...Mobilestar Net-
work Corp. has been awarded the 2001 CMP
Media LLC’s Network Computing Well-Con-
nected Award. MobileStar received highest
honors in the category of Most Innovative New
Wireless Data Service at a ceremony held on May
7 during Networld + Interop 2001 in Las Vegas,
NV...Zeevo, Inc. announced that its TC2000®
single-chip baseband, link manager, and asso-
ciated software have been granted 1.1 Blue-
tooth qualification and are now updated on
the Bluetooth Qualified Product List
(BQPL)...Sprint has donated its broadband
fixed wireless service, Sprint Broadband Direct™™,
to Eastside College Preparatory School in East
Palo Alto, CA. The service, which provides
download speeds of up to 50 times faster than
traditional dial-up modems, will provide high-
speed Internet access to the computer lab at
Eastside. [IHG
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Signal loud and clear!

Stanford Microdevices’ SGL
Series silicon-germanium (SiGe)
amplifiers offer the wireless
system designer noise figures
typical of GaAs devices at
silicon prices.

SOT-363 Package

And, their economy goes beyond price. Low noise figure
makes them ideal for today’s vast range of wireless devices.
These units also offer exceptional Input IP3 performance

for the DC power consumed at 3 volts. At the designer’s

option, P1dB and Input IP3 can be increased 5 dB by

operating with a 4-volt device voltage.

For more information, visit us at stanfordmicro.com.

Part Number Freq Range | Vd id | P1dB | Input | Gain NF Package
{MHz) | (V) |(mA) ]| (dBm) IP3 @ 50 ohm
§ | (dBm) | (dB) (dB)
SGL-0163 | 800-1000 [ 3.0 | 11 ‘ +5 | +6 | 15 | 1.1 |soT-363
SGL-0263 | 1800-2500 | 3.0 | 11 +5 +7 14 1.3 | SOT-363

Gain and Input IP3 can be increased 5 dB with a 4.0 device voltage, 25 mA.

* S5TANFORD

MICRODEVICES

www.stanfordmicro.com ® 800.764.6642

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

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

Circulators / Isolators

Connectors & Cable Assemblies
Ceramics & Thin Film Products

Tower Top Amplifiers
Combiner Divider Unit
Switchable Combiner Unit
Filter Unit

Channel Combiner Unit
Thin Film Products

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

Contactless Phase Shifters / Continuously Variable Attenuators
Step-Rotary Attenuators / RF Switches / Filters and more

Please visit www.kmwinc.com for more information
on our extensive line of products.
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Tough Environment. Top Performance.

Stanford Microdevices has expanded its industry-
leading silicon-germanium (SiGe) amplifier line
with two new power devices ideally
suited for driver-amplifier functions
in wireless equipment operating
in the most demanding signal
environments.

SOT-89 Package

Offering the wireless system designer typical GaAs linearity
at silicon prices, these cost-effective heterojunction bipolar

transistor (HBT) units produce high output IP3 performance
across the DC-3000 MHz frequency band. SGA power devices

are excellent choices for wireless infrastructure driver amplifiers,
CATV amplifiers, as well as wireless-data and wireless-local-
loop amplifiers. Stanford Microdevices delivers the power you

need for your toughest operating environment.

For more information, visit us at stanfordmicro.com.

Part Number | Frequency | Device Id PidB IP3 Gain @ | Gain@ | NF @
Range Voltage 1GHz | 2GHz | 1GHz
(MHz) V) (mA) | (dBm) | (dBm) | (dB) | (dB)) | (dB)

SGA-9189|DC-3000| 5 180 26 39 18 12 25
3 165 | 225 | 35 18 12 2.2
5 270 28 41 18 1 2.9
3 315 26 39 17 1 2.6

“‘Data at 2 GHz unless otherwise noted

SGA-9289 | DC-3000

“ S5TANFORD

MICRODEVICES

www.stanfordmicro.com ® 800.764.6642

© Copyright 2001 Stanford Microdevices. Stanford Microdevices is a registered trademark of Stanford Microdevices. Other trademarks are the properry of their respective holder. All rights reserved.
Stanford Microdevices is neither affiliated with nor sponsored or endorsed by Stanford University
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TEST AND MEASUREMENT

GENE HEFTMAN

Senior Editor

1. Test equipment, such as
the S300 RF/microwave
probing system from Cas-
cade Microtech, performs
accurate measurements
on semiconductor wafers
that will be used for next-
generation communica-
tions products.

T&M Firms Forge Ahead
Despite The Communications Slump

Test-and-measurement manufacturers continue
to push new products in the face of a sharp
downturn in the communications industry.

storm better
than most sec-
tors. Not only
that, but T&M
manufacturers
have an abiding
conviction that
the high-tech-
nology express
is merely stalled
and not derailed.
The road to re-
| covery, accord-
ing to industry
executives, lies
e in not panick-
ing, but sticking to one’s game plan
and continually going down the path of
new product development. Another
viewpoint on the general high-tech-
nology environment in the US can be
found in “Is The Hi-Tech Boom Over,”
on page 50 of this issue.

One T&M company that claims a
minimal impact from the communica-

or the past year, the communications industry has taken a mis-
erable pounding as financial problems among the telecommuni-
cations giants have spread up and down the food chain of sup-
pliers to the industry. Test-and-measurement (T&M) companies
have not been immune to the economic turmoil, but some of
them have generally fared better than companies in the industry.
Those that are performing well are doing so because they serve
a part of the communications industry that is weathering the

tions downturn is
LeCroy (Chestnut Ridge,
NY), best known for its
high-performance digi-
tal oscilloscopes and
power-measurement sys-
tems. Through the first three quarters
of the year, the company is ahead in rev-
enues and profits. What is the key to
LeCroy’s success in this weak market?
According to Mike Lauterbach, Direc-
tor of Product Management, “The big
slowdown in the telecommunications
market is in infrastructure deployment,
and LeCroy is not tightly coupled to the
manufacturing end. We are more tied
into research and development (R&D).”

Being on the R&D side of the com-
munications business and away from the
nuts and bolts seems to be one of the
important factors in maintaining a
healthy bottom line during hard times.
T&M companies whose instruments
are needed by project designers can
profit since, “across the industry, engi-
neering projects are generally funded at
the long-term growth rate of the segment,
in spite of cyclical surges or drops in rev-
enue,” says Eric Strid, CEO of Cas-
cade Microtech, Inc. (Beaverton, OR).
His company manufactures on-wafer test
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| TEST AND MEASUREMENT |

systems and production probe cards
used in manufacturing and R&D of
integrated circuits (ICs).

The industry’s weakness lies pri-
marily in the manufacturing sector and
Strid says that production tool vendors
are “at the tail of the whip—when sys-
tem sales flatten out, components drop,
and production equipment shuts off. Net
bookings of pure capacity equipment,
especially from foundries or subcon-
tractors, have approached zero recent-
ly.” One ray of hope for recovery is in
the development of next-generation
production equipment that can handle
300-mm wafers, silicon-on-insulator
(SOI) ICs, copper (Cu) metallization, and
other advanced semiconductor tech-
niques being developed. Cascade
Microtech’s recently announced $300
RE/Microwave Probe Station for 300-
mm on-wafer test is an example of this
production equipment (Fig. 1).

Not surprisingly, most managers in

T&M companies believe
that the turnaround in the
communications industry
hinges on the develop-
ment of new products.
And that effort must begin
at home. Dave Myers, Vice
President of the Compo-
nent Manufacturing Mar-
ket Solutions Unit of Agi-
lent Technologies (Palo
Alto, CA), states that his
company is “focusing more
of our development effort
on R&D tools. One of the
tried and true strategies
for ourselves and our cus-
tomers is new products.”
Myers is another executive
who attributes the deep-
est segment of the downturn to manu-
facturing. He says, “Our data shows
that customers are investing more in
R&D than last year. New products are

2. The Tektronix NetTek base-station field tool is a
productivity-enhancing test instrument that allows
technicians to quickly and reliably verify base-station
functionality.

important in remaining healthy in the
downturn and coming out in good shape
at the other end. We are committed to

Continued on page 38

Nobody makes NOISE like Micronetics!

noise modules

Family of Carrier to Noise
Generators
and our new

Surface mount, modular
and waveguide designs.

~ Rugged modules used
“ in applications such as
signal simulation, auto-
mated testing, system
calibration, and more...

noise test solutions

Wave3G
family of
v baseband
Versatile noise compo- multi-path fading
nents, available in chip, of solutions.

surface mount and axial
lead packaging.

innovation for the future™

Micronetics Wireless,
Inc., the original NOISE
manufacturer, designs
innovative noise and
multi-path fading test
equipment and compo-
nents. Our products are
used to evaluate Signal
distortion and noise
contamination found in
wireless communications
and internet infrastruc-

ture systems.

26 Hampshire Drive, Hudson, NH 03051
Tel: 603-883-2900 / Fax: 603-882-8987
WWWw.micronetics.com

® Enter NO. 407 at www.mwrf.com

MICROWAVES & RF WULY 2001




Gore’s PHASEFLEX™ Microwave Test Assemblies. ..
Now Traveling at 50 GHz

PHASEFLEX™ Microwave Test Assemblies:
* Now Available from DC to 50 GHz
+ Phase and Amplitude Stability with Flex
» Standard Configurations in 24, 36, and 48 Inches
+ Off-the-Shelf Standard Assemblies
» Phase Matched and Replaceable Interface Options

* Crush, Torque, and Kink Resistant
* Durable by Design

Innovative Solutions, Defining Technology...

GORE,

Creative Technologies
Worldwide

www.gore.com/electronics 1 800 445-GORE

© Copyright, 2001 W. L. Gore & Associates, Inc. PHASEFLEX™, Gore and Design are trademarks of W, L, Gore & Associates, Inc
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time waiting for externally made
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In-house PCB prototyping
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getting out more new products in the next
year than in the last 12 months, and
even more in the 12 months after that.”
Although Agilent’s focus has shifted to
committing more resources to R&D,
itis not a wholesale change in the com-
pany’s strategy.

A similar view is expressed by Brian
Reich, Worldwide Business Development
Manager of the Optical and Mobile
Business Units of Tektronix (Beaverton,
OR). Similar to the communications
industry as a whole, Tektronix has been
affected by the weak business climate,
but Reich claims, “Our overall strate-
gy hasn’t changed a bit. We’re focus-
ing on the zone of communications and
computers and the convergence of these
two technologies.” From a product
standpoint, Tektronix will put its
resources Into two catagories of test
equipment: those for infrastructure
installation and monitoring applica-
tions, and instruments for design and
production testing. In the mobile-com-
munications market, the emphasis is shift-
ing from voice to data. At the same
time, network operators are putting
less focus on obtaining the highest tech-
nology available and more on being
profitable. Quality of service (QoS) and
cost reduction are high-priority items
in this strategy.

One way to lower costs is by using
test equipment that is simple for a ser-
vice provider’s technicians to use. Reich
says, “It must be cost-effective, not
require a lot of training time, not be over-
loaded with functionality, yet have a suf-
ficient feature package at an afford-
able price.” One of these tools is the
company’s NetTek™ base-station field
tool aimed at allowing maintenance
technicians to quickly and reliably ve
ify a base station’s functionality under
any weather conditions in the field (Fig.
2). The instrument is modular, con-
sisting of a multistandard measurement
module housed in a NetTek installation-
and-maintenance mainframe. Standards
that can be handled are the Global Sys-
tem for Mobile Communications (GSM),
IS-136 (time-division multiple access

Continued on page 40
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[TDMA]) and cdmaOne. The
instrument performs the most
common diagnostic tests for
onsite base-station transmit-
ter (Tx) verification, which
includes frequency, output
power, and modulation qual-
ity. A useful optional feature is
an automated function pack-
age that can help locate inter-
ference sources such as TVs,
pager signals, and interfering
signals from other wireless
providers.

Cost-effectiveness is a key selling
point of Agilent Technologies’ new
N4256A Amplifier Distortion Test Set
(Fig. 3). The instrument is designed to
boost the range of existing test systems
to enable them to measure the distor-
tion of ultralinear multicarrier amplifiers
that will become the components of
third-generation (3G) wireless base sta-
tions. Conventional amplifier test sys-
tems for measuring intermodulation
distortion (IMD) and adjacent-channel
power ratio (ACPR) do not have suffi-
cient dynamic range to evaluate the per-
formance of these ultralinear ampli-
fiers. Since the N4256A can increase
a test system’s dynamic range up to
25 dB, spectrum analyzers that are used
to measure IMD and ACPR can achieve
dynamic-range capabilities that were
previously unattainable.

The cost-effectiveness aspect of the
instrument is that an amplifier manu-
facturer would need to equip each test
station with new test equipment to meet
customer demands for 3G amplifiers
when that situation arises. The eco-
nomical solution, according to Agilent,
is to install an N4256A which can
increase the dynamic range of spec-
trum-analyzer-based test systems by
25 dB faster and more economically
than refitting each test station. Stan-
dards for which the Test Set can perform
measurements are wideband code-divi-
sion multiple access (WCDMA),
c¢dma2000, general-packet radio ser-
vice (GPRS), and Enhanced Data Rate
for GSM Evolution (EDGE).

Also committing itself to moving

3. Multicarrier amplifier manufacturers can improve the capa-
bility of production-test stations with Agilent's N4256A test
set, which extends dynamic-range measurement perfor-
mance.

forward with new product develop-
ment is Anritsu Co. (Richardson, TX).
Scott Sullivan, Assistant General Man-
ager of the Advanced Technology Divi-
sion, says, “We are under a great deal
of pressure from customers to release
new products even more quickly so
that they can bring their products—
generally user terminals/handsets —to
market more quickly.”

One wireless technology that could
get the hi-tech ball rolling is long-on-
promise, short-on-product Bluetooth.
To aid Bluetooth component makers to
move products out the door, Anritsu
has designed its MT8850A Bluctooth
Test Set for production test of chip sets,
modules, and consumer products that
use Bluetooth radios (Fig. 4). The instru-
ment meets industry requirements for
conducting measurements in accor-
dance with RF Test Specification V0.09.
It also uses the Bluetooth protocol stack
for full implementation of test-mode
signaling. The test set can analyze param-
eters such as RF power, frequency,
modulation, and receiver (Rx) sensi-
tivity. In addition to conducting stan-
dard measurements to Bluetooth
specifications, the MT8850A can be
configured to run custom test scripts.
All measurements to be made can be pre-
programmed in to enable single-keystroke
operation on the bench. The company
has developed its BlueSuite support
software for advanced design on Blue-
tooth radios. This package supports
the creation of power-burst profiles,
modulation eye diagrams, and graphs
of all 79 frequency-output powers to be
viewed on a personal computer (PC).

What will it take to get the
industry out of the doldrums?

The attitudes that best char-
acterize T&M manufacturers
during the current communi-
cations industry slump are con-
tidence in the future and the
need to continually invent new
products. For LeCroy, Mike
Lauterbach says, “We’re not
slowing any plans for tech-
nology development or new
product introductions next
year. We plan to introduce one
major new product each quarter.”

Eric Strid of Cascade Microtech
believes that “successfully navigating a
downturn requires that you have con-
tinued to develop the technology and
products to address evolving customer
needs. Any vendor who has slowed
down will be out of the game. More than
anything else, new technology will pull
us out of this downturn as it has in pre-
vious cycles.” His company’s $300
Probe Station (Fig. 1) can handle wafer
sizes up to 12 in. (300 mm). The sta-
tion performs a variety of semicon-
ductor-measurement functions: device
characterization, wafer-level reliabili-
ty, electronic testing, device modeling,
and yield enhancement. Supporting the
station is a new software package known
as Nucleus 2.1 Prober Control Soft-
ware. This program monitors and ana-
lyzes RF or microwave data in real time
through a graphical user interface (GUI)
composed of a wafer map and his-
togram statistics. A multiuser log-in
feature enables more than one person
to operate the software, while main-
taining lab security. Another feature
of the software is its ability to provide
a user with graphical subsite control
through an editor that maximizes test
accuracy.

Automatic test equipment (ATE),
such as the $300, is an area where com-
ponent and module manufacturers can
realize cost-saving benefits. According
to Ed McDonald, Business Develop-
ment Manager for ATE systems integrator
In-Phase Technologies, Inc. (Clarks-
burg, NJ), “The communications down-
Continued on page 42
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Continued from page 40

turn has not had as great an effect on
ATE manufacturers as it has on box man-
ufacturers, especially in fiber optics.
Fiber-optics test boxes cost so much —
$200,000 to $250,000 —that it is dif-
ficult for companies to justify such a large
capital equipment outlay in the face of
a downturn.” McDonald believes that
test equipment will be increasingly out-
sourced, similar to how manufacturing
and design engineering are being con-
tracted out to companies with expertise
in a specific discipline [Note: The elec-
tronics manufacturing services (EMS)
industry, which is the new name for
outsourcing, is a $90 billion industry
which is forecast to grow to several
hundred billion in the next few years.
Not only is manufacturing being out-
sourced, but product design, proto-
typing, first-build, and test are also on
the move from traditional manufac-
turers to smaller companies that specialize

BLUETGD

4. Anritsu’s MT8850A Bluetooth tester
can run Bluetooth test routines or can

be configured to run custom tests on a
range of system parameters.

in design-engineering services and then
provide the interface between OEMs and
EMS companies that do the build.]
One of the reasons why manufacturers
will come to rely more on outsourcing
their ATE requirements is the reduction
in personnel brought about by the eco-
nomic problems of the industry. “When
times were better,” says McDonald,
“many engineers were building test
equipment instead of working in the
core competencies of the company.”
With staff reductions, there are fewer
in-house test engineers to build equip-
ment to test a product. Therefore, they
must pull in design engineers to assist
with this task, but this takes the design-
ers away from their primary function
of developing new products. Not only
that, but there are many hidden costs
associated with keeping the test-equip-
ment operation in house.
Outsourcing to an ATE systems inte-
Continued on page 44
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grator may make economic sense since
the company will know at the outset
exactly what the equipment will cost.
Moreover, there is a much better chance
of getting it on time than if manufac-
tured in-house. This is because few
companies have the expertise to man-
age such a project from the hardware
side, to say nothing of the software,
which is the most complex part of a
system.

In-Phase recently introduced a local-
multipoint-distribution-service (LMDS)
automated test system to address the pro-
duction-test requirements of transceiv-
er-related components found in a typi-
cal LMDS. The system is comprised of
a combination of commercially-avail-
able-off-the-shelf (COTS) test equip-
ment and a number of interface and
control modules designed to meet cer-
tain component specifications. The test
fixture shown in Fig. 5 can perform mea-

5. This test fixture is the measurement
apparatus of In-Phase Technologies'
40-GHz automatic-test-equipment
station that is for LMDS and other
microwave applications.

surements up to 40 GHz and incorpo-
rates rapid install-and-remove features
that minimize handling times associat-
ed with typical production-testing
routines.

While the communications indus-
try currently appears to be in free fall,
all of those interviewed for this article
express confidence that a full recovery
will take place, but no one knows when.
That is understandable, since most
observers agree that this technological
downturn has been sharper and deep-
er than any in recent memory. The
recovery —when it occurs—could be
just as sharp, but some of the much-bal-
lyhooed technology of the past two
years may take longer than expected to
return to earlier predicted growth paths.
Technologies such as 3G wireless and
Bluetooth will eventually reach their
forecasted goals, but the arrivals will like-
ly be slowed by the damage incurred in
this downturn. (I3
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Amplifier Boosts RF

THE MODEL 250W1000A RF amplifier
boosts signals at frequencies from 80 to
1000 MHz to 250 W. The new amp is
said to be lighter and smaller than its pre-
decessors, making it suitable for bench-
top use. It features automatic level con-
trol (ALC), forward and reflected power
monitoring, and a power-factor-cor-
rected power supply. The self-contained,
air-cooled, solid-state amplifier is designed
for applications where instantaneous
bandwidth, high gain, and high linear-
ity are required. It uses push-pull circuitry
in all high-power stages to lower distortion
and improve stability. A digital control
panel provides local and remote control
of the amp and four dedicated switch-
es. All amplifier control functions and
status indicators are available remote-
ly through GPIB/IEEE-488 and RS-232
ports.

Amplifier Research., Bolivar Dr., 160
Schoolhouse Rd., Souderton, PA 18964;
(215) 723-8181, Internet: www.amplifiers.
com.

® Enter No. 102 at www.mwrf.com

Diplexer Targets Mobile
Repeaters

THE MODEL W425D high-power, dual-band
diplexer combines 450 MHz and GSM
signals onto one antenna. The compact 2
X 6 X 5-in. (5.08 X 15.24 X 12.70-cm)
diplexer is designed for repeating and
extending signals in buildings, tunnels,
mines, and other structures that block RF
transmission and reception. It can handle
more than 300 W of CW RF power, and
peak power to 3.5 kW. For mobile radio,
the diplexer’s bandwidth is 370 to 470
MHz. For GSM cellular, the bandwidth spans
880 to 960 MHz. Insertion loss is less than
0.55 dB, and is typically 0.45 dB. Return
loss is better than —17 dB, and typically
—19 dB. Tx-to-Rx isolation is better than
80 dB.

Wireless Technologies Corp., P.O. Box
7033, Springdale, AR 72762; (501) 750-
1046, FAX: (501) 750-4657, Internet:
www.duplexers.com.

® Enter No. 103 at www.mwrf.com
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WIRELESS TECHNOLOGIES
DIPLEXER

ZILOG

RACAL INSTRUMENTS
TIMER/COUNTER

IrDA Transceiver Enables
Connectivity

THE MODEL ZHX 1810 slimline infrared
transceiver sports a low profile to
allow designers to add infrared con-
nectivity to even the thinnest PDAs, cell
phones, and other handheld portable
devices. The IrDA-compliant transceiv-
er combines an IRED emitter; a PIN
photodiode detector; a digital, AC-
coupled LED driver; and a Rx/decoder
in one package. When used in con-
junction with three external components,
it provides a complete serial infrared
solution. The transceiver operates at
a minimum link distance of 1 m and
supports transmission speeds from 2.4
to 115.2 kb/s. The device has a low lis-
tening current, typically 120 pA. It oper-
ates at voltages from +2.4 to +5.5
VDC and at temperatures from —235
to +85°C.

Zilog, Inc., 910 East Hamilton Ave.,
Campbell, CA 95008; (408) 558-8500, FAX:
(408) 558-8300, Internet: www.zilog.com.
@ Enter No. 104 at www.mwrf.com

Counter/Timer
Spans 225 MHz

THE MODEL 2201 universal timer/counter
operates to 225 MHz for benchtop,
laboratory, and ATE applications using
the standard GPIB control bus. It is
suitable for use in the characterization
and production testing of oscillators,
motors, radars, avionics, control systems,
and VCOs. Standard automatic mea-
surement functions include frequency,
period, time interval, time-interval
delay, pulse width, phase, total volt-
age, and peak-to-peak voltage. The
counter/timer incorporates a TCXO
that has an internal oscillator stability
of one part per million. It is supplied with
VXI plug-and-play install disk, Lab-
VIEW and LabWindows CVI drivers to
support quick and easy installation.
Racal Instruments, 4 Goodyear St., Irvine,
CA 92618; (949) 460-6747, FAX: (949) 859-
7139, Internet: www.racalinstru
ments.com.
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BATTERED BY A stumbling economy and
aroller-coaster stock market, the high
technology that has ignited the US econ-
omy for the past decade is losing its

fmanc:lalnews

Is The Hi-Tech Boom

luster in the eyes of some economists and
analysts. According to a recent story in
USA Today, slowing growth, financial
losses, and layoffs are creating doubts

PRECISION ADAPTERS

In-Series and Between-Series

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

2.4mm
7921A
£

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

2.92mm
8714A1

8714C1

3.5mm
8021A2

S

Bulkhead and panel
mount adapters are also
available.

8021C2

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

Model | Adapts From Adapts To Frequency Range and Maximum VSWR
8021A2  3.5mm female 3.5mm female DC - 18.0 GHz, 1.06
8021B2  3.5mm male 3.5mm male 18.0 - 26.5 GHz, 1.08
8021C2 = 3.5mm female  3.5mm male 26.5 - 340 GHz, 1.12
7926A 2.4mm female 2.92mm (K) female B
7926B 2.4mm female 2.92mm (K) male E% _ zgg gﬂi }gg
7926C | 2.4mm male 2.92mm (K) female 20'0 _ 40‘0 GHz’ 1'12
79260 | 2.4mm male .~ 2.92mm (K) male T a ' '
7927A 2.4mm female 3.5mm female
79278 2.4mm female | 3.5mm male 15% - ;gg g:i }gg
7927C 2.4mm male | 3.5mm female 26.5 B 34'0 GHz' 1‘12
7927D 2.4mm male | 3.5mm male ’ ' ' ’
7921A 2.4mm female | 2.4mm female DC - 26.5 GHz, 1.06
7921B 2.4mm male | 2.4mm male 26.5 - 40.0 GHz, 1.10

' 7921C 2.4mm female 2.4mm male | 40.0 - 50.0 GHz, 1.15

8714A1  2.92mm (K) female 2.92mm (K) female | DC - 4.0 GHz, 1.05
8714B1 = 2.92mm (K) male  2.92mm (K) male | 40 - 20.0 GHz, 1.08
8714CH i 2.92mm (K) female 2.92mm (K) male | 20.0 - 40.0 GHz, 1.12
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Over?

that hi-tech will ever return to the
“breakneck growth of the past decade.”

Some nay-sayers believe that a return
to the fast-paced growth of hi-tech is not
close at hand since much of it was gen-
erated by overspending on technology
goods by businesses afraid to fall behind
their competitors. This view is bol-
stered by certain unsettling statistics: tech
spending fell at a 6.4-percent annual rate
in the first quarter—the first decline
since 1991; the Nasdaq has fallen 55 per-
cent from its peak last March, taking
with it many of the Internet dot.coms
and infrastructure suppliers; and PC
manufacturers are struggling since more
than half of US homes have a PC and
they now have become a commodity.

On the other side are those who see
the current slowdown as a normal blip
common to many evolving industries.
Moreover, American ingenuity has cre-
ated an amazing array of new tech-
nology over the past half century: tran-
sistors in the 50s, ICs in the 60s, PCs
in the 70s, the Internet in the 80s, and
wireless communications in the 1990s,
In fact, wireless could be the technol-
ogy that leads to the next economic
boom. For example, in the US, only 5
percent of the nation’s 100 million wire-
less phone owners use them for e-mail
or web browsing. And the build out of
the wireless infrastructure (worldwide)
is in its early stages.

Another sleeping giant is high-speed
fixed broadband for Internet access,
video on demand, e-commerce, and
virtually all of an individual’s commu-
nications needs. Further out is the
prospect of nano technology, manu-
facturing on a molecular scale. It may
be possible one day to make a com-
puter chip out of atoms, resulting in
computers with amazing power.

The recent ills of high technology
are normal in the evolution of any high-
risk business or industry. Those who
believe that the boom is over should think
about what, if anything, can replace
high technology as the engine of growth
in the 21st century. [EA
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- MURATA's RF and wireless
multata | innovations open the door
~ to design freedom

o om eﬂ‘f/u'c

Murata PN:

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

to all R applications under 3GHz
(3000MHz). Test probes: Works with
Lab_test probe MXGMT6RLIO0O
and mass_production test probe
MM126030. Reel size/Stock
quantity: 1000 pes. | reel.

Order PN: MM8430-2600TBI

Murata PN:

LFSN25N19C24508
New Global PN:
LFB322G45SNA504
Description: 2450MHz Band
Pass Filter, Miniature (3.3 x 2.5mm)
ultra low cost Ceramic LC Chip type
BPF. This low cost BPF makes an
ideal interstage filter. Small enough
and low cost enough to be used
in several positions on the same
board! Reel size/Stock quantity:
2000 pes. | reel. Order PN:
LFSN25N19C24508

Murata PN:
MQE920-2450

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

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

Murata PN:

DFC2 1R57P002HHA

New Global PN:

DFCB2 IG57LDJAB ] o e
Description: |.57GHz Band Pass : ' : -
Filter (BPF) for GPS applications.

Ceramic Monoblock miniature low SPEClAL OFFER

cost surface mount. Used as the Visit our website and register for
primary RF filter by the USA's leading & T ~ your FREE MM8430-2600 and
manufacturers of commercial GPS "~ LFSN25N19C2450B

receivers, this filter has performance ( W Global PN: LFB322G45SNIA504)

and low cost in a standard miniature : . R samples

package. Ceramic BPFs like this '

form the backhone of Murata's

Microwave product line. Since 1950,

ceramic electronic components have

been Murata's key focus. Reel

size/Stock quantity: 2000 pes. | reel.

Order PN: DFC2IR57P002HHA-TA2120
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CONTRACTS

BAE SYSTEMS—Has received a contract for more than $30
million from Raytheon Systems to deliver five Defensive
Aids Group (DAG) integrated systems for the United King-
dom’s Ministry of Defense Airborne Stand-Off Radar
(ASTOR) program. The systems will be installed aboard
the Royal Air Force’s “Global Express” aircraft. These are
commercial business jets, which will be modified to carry the
radar, air-to-ground data links, and defensive aids equipment
for the ASTOR system.

Motorola—Has won a $213 million supply contract from Hunan
Branch of China Mobile Communications Corp. (Hunan Mobile)
for the expansion of the operator’s GSM-900/1800 dual-band
network in Hunan Province. Under the contract, network
expansion is scheduled in two phases. Phase one, totaling $154
million, began in April and is targeted for completion by year’s
end. Phase two, totaling $59 million, will then begin with
completion scheduled for the first half of 2002. The expan-
sion projects are expected to increase the network capacity
by 2.8 million subscribers.

Channel Master, LLC—Was selected by WildBlue Commu-
nications Ltd. to build the satellite mini-dish antennas that
consumers will use to access WildBlue’s two-way wireless
broadband service. These mini dishes can also receive the DBS
signals for digital satellite TV.

Tektronix, Inc.—Announced that Dialog, a fixed-telephony
operator based in Wroclaw, Poland, has placed an order for
Tektronix’ telecommunications network-monitoring
system.

Endwave Corp.—Has received a multimillion-dollar initial
order from DMC Stratex Networks, a solution provider for
cellular applications and broadband wireless access. The
order requires Endwave to design, manufacture, and deliv-
er custom millimeter-wave transceivers.
Alcatel—Announced that CP Orange, a partnership with
Orange SA and CP Group, has awarded Alcatel a $32 mil-
lion turnkey contract for delivery of a new nationwide GSM-
1800 network in Thailand. It will be the biggest GPRS net-
work in the Asia Pacific and the first of its kind in Thailand.

FRESH STARTS

Uscarrier Telecom, LLC—Has received a commitment of
$25 million in long-term financing. The proceeds from the
debt and equity funding will be used for continued growth
and expansion of high-speed telecommunications services in
the Atlanta region and major/emerging markets throughout
Georgia and the Southeast.

3DSP Corp.—Has moved its headquarters to a 20,000-sq.-
ft. facility in the Irvine Spectrum area at 16721 Laguna
Canyon Rd., Irvine, CA 92618. Their new phone number

microwaves s RF B

is (949) 435-0600 and their new fax number is (949) 435-
0700.

PanaVise—Has named The McKim Group to represent the
full line of PanaVise products in Europe, South America, Africa,
Australia, and Asia. McKim will assist PanaVise by main-
taining contact with foreign importers, combining orders to
reduce shipping charges, and providing quick response to requests
for proforma invoices and technical information.
semflex—Has appointed two new sales representatives to
handle their cable-assembly product lines. Tritek N.W. will
represent the company in the Northwest from offices in
Washington and Oregon, and Spectrum Sales, Inc. was
appointed for metro New York, New Jersey, along with
Connecticut’s Fairfield County.

Accelerated Technology, Inc.—Has announced Nucleus
support for the IQ2000T family of network processors from
Vitesse Semiconductor. This new partnership offers users yet
another option for developing networking and communications
applications with ATI’s Nucleus PLUS real-time kernel.
Stanford Microdevices (SMDI)—Announced a foundry agree-
ment with RF Micro Devices where SMDI’s RF ICs will be
manufactured in RF Micro Devices’ 4-in. (10.16-cm) GaAs
HBT fabrication facility, located in Greensboro, NC.
Labtech—Has opened a MMIC assembly facility at its head-
quarters in Presteigne, Wales. Labtech has invested 200,000
pounds ($280,000) commissioning the facility and recruit-
ed and trained additional members of staff in the specialist
assembly techniques required. The 500-sq.-ft. facility is
equipped with semi-automatic wedge bonders and manual
die bonders for attaching microwave die to Labtech’s spe-
cialist metal-backed polytetrafluoroethylene circuits. The
facility will be used to assemble single-chip and multichip
modules for radio links used in cellular-phone networks
and LMDS systems.

Gowanda Electronics—Has unveiled its new website at
www.gowanda.com. The website contains product, technical,
and company information in a user-friendly format. For
those familiar with Gowanda’s inductors, products can be
searched by part number. For those organizations new to the
company, products can be searched by properties —by spec-
ifying desired inductance values and/or current ranges.
Applied Wave Research, Inc. (AWR)—Has entered into a
long-term strategic alliance with P&H Technology Con-
sultants to integrate simulation with test to provide a com-
plete verification suite. SoftPlot for Microwave Office pro-
vides direct access to popular test equipment for manufacturers
such as Anritsu Wiltron, Rohde & Schwarz, Marconi Instru-
ments, Fluke/Philips, Tektronix, Boonton, Lecroy, Yokogawa,
IFR, Wandel & Goltermann, Advantest, Hewlett-Packard
Co., and Agilent Technologies.

Spectrum Signal Processing, Inc.—Formed a marketing and
technology alliance with Broadcom Corp. to pursue research,
development, marketing, and sales initiatives in the fast-
growing VoP market, which encompasses VoIP and Voice
over ATM (VoATM). [EE
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MID-ATLANTIC
RE SystEMS...
SPECIALIZES
IN SMALL
QUANTITY
ORDERS.

DEsIGN &
MANUFACTURING

Custom &

STANDARD
APPLICATIONS

QuaLiTy
SERVICE

Mid-Atlantic RF Systems
offers creative solutions
for your most demanding
requirements for RF
microwave components
and systems.

Mid-Atlantic
Products
Amplifiers

Switches

Power Dividers
Hybrid Couplers
Directional Couplers

B MID-ATLANIIC
RF SYSTEMS, INC.

PO Box 745,

Forest Hill, MD 21050

Tel.: 410/893-2430

Fax: 410/638-5193

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

CONLON

marketing,

NTRU—ELIZABETH ROBERTSON to vice
president of finance and CFO; formerly
CFO at Authentica.

Green Hills Software, Inc.—PETER H.
FOLEY to CFO; formerly CFO and COO
at CyberXpo.

Artesyn Communication Products,
LLC—JOE LUGO to vice president of engi-
neering; formerly director of advanced
product development at the Eaton Corp.
Innovation Center.

JBRO Batteries—KURT PADERA to vice
president of sales and marketing for
the OEM division; formerly engineer-
ing manager at TDI Batteries, Inc.
fiberspace, Inc.—PATRICIA WEHR to the
position of vice president of finance
and administration; formerly CFO at
Haskel International, Inc. Also, ALAN
WILMER, PH.D. to the Technical Advisory
Board; remains as professor of electri-
cal engineering at the University of
Southern California.

Excellon Automation Co.—BOB BELL to
general manager of the Mechanical
Business Unit; formerly general manager
of Custom Engineering. Also, GEORGE
SCHMELTZER to the position of gener-
al manager of the Customer Engineer-
ing Business Unit; formerly director of
Information Technology.

The Cellular Telecommunications &
Internet Association (CTIA)—AMY
MCKENNIS to Senate director for gov-
ernment affairs; formerly legislative
assistant to Senator Fred Thompson.
I-Bus/Phoenix—JACK DAVIS to the posi-
tion of global marketing director; for-
merly director of sales and marketing
at Macrolink.

TOUCHAMERICA—JOE CASTON to direc-
tor of marketing and strategic devel-
opment; formerly general manager for

® CIRCLE NO. 408 or visit www.mwrf.com

-people

Conlon Named COO Of
Palomar Technologies

KEVIN CONLON has been promoted to the position
of COO at Palomar Technologies, Inc. of Vista, CA.
Mr. Conlon first joined Palomar Technologies in
December 1997 as vice president of sales and

New Edge Networks.

Antenna Specialists—THOMAS L. HOL-
MAN to quality assurance manager; for-
merly quality assurance manager for
Hy-Level Industries.

Allgon AB—JEFF BORK to president and
CEQ; formerly president of Dynal
Biotech.
STMicroelectronics—MICHAEL MARKO-
WITZ to director of media relations;
formerly held the title of vice president
of content and community at Innova-
tion Chain.

Insilco Technologies—COLIN ANDER-
SON to European business-development
manager; formerly program manager for
major telecommunications accounts at
LEONI.

Western Multiplex Corp.—BERNARD
PICOT to vice president of sales for Latin
America, the Caribbean, and Europe,
Middle East, and Africa (EMEA); for-
merly director of international sales for
EMEA and Latin America at Proxim,
Inc.

ITT Industries, Avionics Division—JEFF
GERNITIS to vice president and direc-
tor of engineering; formerly director
of project engineering.

L
GERNITIS

Rohde & Schwarz—DR. WOLFGANG WIN-
TER to managing director for sales in Latin
America; formerly director of sales in
Western Europe. [T
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Spectrum
Analyzer
FSP -
challenging
the big ones

The new mid-range prodigy

So you know all about spectrum analyzers from
Rohde & Schwarz? Top of the range instruments
for the most demanding requirements, superla-
tive performance that naturally comes with a
matching price tag? Then think again! And take
a goad long look at this box of tricks: small, light,
extremely fast, big colour display, with a speci-
fication to blow the socks of all the opposition in
the market for mid-range spectrum analyzers.
Features like high-speed zero span? Built-in.
GPIB, RS232 and printer interfa- ;

and the proud parents

widths? The complete range. Time-gated analy-
sis? No extra charge. Plus a range of features not
to be found in a rival mid-range analyzer for love
or money. Such as the RMS detector, or statistic
measurement functions like CCOF. Or highly
selective FFT filters and the fast ACP measure-
ment function. Not bad, you are thinking, but tell
me about the price for such a parade of techno-
logy. Certainly we'll tell you about the price: very,
very competitive. Just another feature, By the
way our mid-range prodigy

ces? Standard. PC-compatible
screenshots? At the touch of a
button, no conversion software
needed. 10 Hz to 10 MHz band-

ROHDE&SCHWARZ

is called the FSP. You can
findoutallabout the FSPon
the Internet.

Or give us a call.

Discover more; www.rohde-schwarz.com

youSTusng it

# TEL: Argentina (14) 3 31 16 85 # Australia (2) 88 45 41 00 # Austria (1) 6 02 61 41 # Belgium (2] 7 21 50 02 @ Brazil (11} 56 41 12 00 # Bulgaria (2) 9 63 43 34 # Canada (416)
74750 00 # Chile (2) 2 77 50 50 # China (10) 64 31 28 28 # Czech Republic (2) 24 32 20 14 + Denmark (43) 43 66 99 # Finland (9) 47 88 30 # France (1) 41 36 10 00 ® Germany
(0180) 51 21 42 # Greece (1) 7 22 92 13 ® Hongkong (25} 07 03 33 # Hungary (1) 203 02 82 # India (11) 6 32 63 81 # Indonesia (21) 576 16 02 # Iran (21) 8 73 02 82 # Italy (06)
4159 82 18 @ Malaysia (3) 7 03 55 68 ® Mexico (5) 6 66 63 33 ® Netherlands (30) 6 00 17 00 ® New Zealand (4) 2 32 32 33  Norway (23) 38 66 00 # Pakistan (51) 2 26 30 72
# Philippines (2} 8 13 29 31 @ Poland (22) 8 60 64 90 # Portugal (71) 4 12 35 90 ® Romania (1) 4 10 68 46 ® Russian Federation (095] 2 34 49 62 ® Saudi Arabia (1) 4 65 64 28
# Singapore 26 7 66 22 # Slovenia (61) 123 46 51 ® South Africa (11) 7 19 57 00 # Spain (31) 3 34 10 70 ® Sweden (8) 6 05 19 00 # Switzerland (31) 8 22 15 22 ® Taiwan (2) 23 91
10 02 # Thailand (2) 8 80 93 47 # Turkey (216) 3 85 19 17 ® United Kingdom (1252) 81 13 77 # USA Tektronix Tel. (800) 4 26 22 00, http://www.tek.com  Vietnam (4) 8 34 61 86
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Do your
latest
design ideas
seewm like
science
fiction?
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» SHORT COURSES

Electrical Grounding of
Communications Systems

August 1-3 (Madison,Wi)

Dept. of Engineering Professional
Development

University of Wisconsin-Madison
Madison, Wi 53706

Amy Lensing

(800) 462-0876, FAX: (608) 263-3160
e-mail: custserv@epdweb.engr.wisc.edu
Internet: www.epdweb.engr.wisc/edu

Interference Analysis and Suppression
Techniques for Wireless Communications
August 6-10 (Berkeley, CA)

Continuing Education in Engineering,

the College of Engineering

University of California, Berkeley

Berkeley, CA 94720-7010

(510) 642-4151, FAX: (510) 642-6027

e-mail: course@unx.berkeley.edu

Digital Signal Processing: Theory,
Algorithms, and Implementation
August 13-17 (Los Angeles, CA)
UCLA Extension, Dept. of
Engineering, Information Systems
and Technical Management

Los Angeles, CA 90024-2883

(310) 825-1047, FAX: (310) 206-2815
e-mail: mhenness@unex.ucla.edu
Internet: www.uclaextension.org/short-
courses

EMC Testing and Measurements
August 17 (Gaithersburg, MD)
Washington Laboratories Ltd.

7560 Lindbergh Dr.

Gaithersburg, MD 20879

(800) 839-1649, FAX: (301) 417-9069
e-mail: info@wll.com

Internet: www.wll.com

EMI Control Courses: Grounding and
Shielding, System EMC Design and Instal-
lation, and Diagnostics & EMI Fixes
August 21-24 (Virginia Beach, VA)

Don White Consultants, Inc.

6187 Finchingfield Rd.

Warrenton, VA 20187

(540) 351-0088, FAX: (540) 347-5813
e-mail: emc-donwhite@crosslink.net

Introductory RF and Microwaves
September 20-21 (Lake George, NY)
R.A. Wood Associates

1001 Broad St., Suite 450

Utica, NY 13501

(800) 966-3606, FAX: (315) 735-4217
e-mail: RAWood@rawood.com
Internet: www.rawood.com

IEEE Topical Workshop on Power Ampli-
fiers for Wireless Communications
September 10-11 (San Diego, CA)

IEEE Microwave Theory and Techniques
Society (MTT-S) in collaboration with the
UCSD Center for Wireless Communications
University of California-San Diego

Michell Parks

microwaves s R B

(858) 534-2498
e-mail: parks@ece.ucsd.edu

> MEETINGS

2001 IEEE Radio and Wireless Conference
(RAWCON2001)

August 19-22 (Boston Hotel, Waltham, MA)
IEEE Microwave Theory

and Techniques Society (MTT-S)

Michael Heutmaker, General Chair

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

e-mail: heutmaker@lucent.com

Internet. www.rawcon.org.

IEEE 4th International Conference on
Intelligent Transportation Systems
August 25-29 (Oakland, CA)

IEEE Intelligent Transportation Systems
Council

Dept. of Electrical Engineering
University of Washington

P.O. Box 352500

Seattle, WA 98195-2500

Internet: www.ieee.org/itsc/2001

2001 IEEE Emerging Technologies
Symposium on Broadband
Communications for the Internet Era
September 10-11 (Dallas, TX)

IEEE Dallas Section

Jon veihl

IEEE ETS

P.O. Box 852492

Richardson, TX 75085-2492

(972) 952-0011, FAX: (972) 952-0054

Silicon Monolithic Integrated Circuits
in RF Systems

September 12-14 (Ann Arbor, MI)

IEEE MTT-S, NASA Glenn Research Center,
the National Science Foundation and the
Army Research Office

Center for Professional Development
University of Michigan,

College of Engineering

Beth Hillis, Program Coordinator

(734) 647-7200, FAX: (734) 647-7182
34th International Symposium on Micro-
electronics (IMAPS 2001)

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

IMAFS

611 2nd St. NE

Washington, DC 20002

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

Internet: www.imaps.org

2001 IEEE GaAs IC Symposium

October 21-24 (Renaissance Harborplace
Hotel, Baltimore, MD)

IEEE MTT-S, Electron Devices Society, and
Solid State Circuits Society

2001 IEEE GaAs IC Symposium
Piscataway, NJ 08855

Mary Clemente

(732) 562-5350, FAX: (732) 981-1203
e-mail: m.e.clemente@ieee.org.
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NO sc1Ssors.

Now, without fuss or special know-how,
you can produce customized paper “topos”
— computer quick. For pennies!

With Maptech’s Terrain Navigator software series, it’s a snap.
: (If you know Windows? you're already an expert!)
Simply install our digital versions of USGS topos in
your computer. Each Super Region CD includes over
4,000 sharp, high-quality maps. Access the ones you want,
and automatically stitch together adjacent maps to cover any size project.
Next, edit your topos, adding notations and drawings. Hook up a handheld GPS to
input field measurements. Then use our simple tools to create profiles and 3-D renderings.
Finally, copy your maps into MS Word® or PowerPoint® for :

reports or presentations, print them on any office printer, or email ‘ »-
them to your client. A

The cost? Not $4 to $7 like a paper USGS topo, but under MAPTECH
4¢ per map! For a product “tour” see our website. 001 v i The leader in digital mapping

www.maptech.com/engineering or call 1-888-839-5551
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Researchers
mate solar cells
with antennas
to save space
on satellites

O

 R&D roundup

COMMUNICATIONS SATELLITES NOR-
MALLY use separate solar cells and antennas.
These two components compete with each
other for the scarce surface area available on
the satellite. Solar cells form a large part of com-
munications satellites, providing large, flat sur-
faces over which antennas can be mounted or
printed. If they could somehow be combined
into one element, it would save valuable real estate.
Printed antennas, commonly used in microwave
communications, are naturally suited for this
combination, especially if their radiating patch-
es can be isolated from their feed circuits. S. Vac-
caro, J.R. Mosig, A.K. Skrivervik, and J.F.
Zurcher of the Ecole Polytechnique Federale
(EPFL) in Lausanne, Switzerland, P. Torres
and A. Shah of the University of Neuchatel in

Neuchatel, Switzerland, and P. de Maagt and
L. Gerlach of the European Space Agency in
Noordwijk, The Netherlands have introduced
such a hybrid device—a solar antenna, or solant.
The device uses uses a patch antenna printed
in a multilayer substrate and incorporates solar
cells as additional thin layers. The combination
is made possible through the use of two break-
throughs: the use of amorphous-silicon, thin-
film solar cells, and their inclusion in the EM
design to achieve a compact, optimized struc-
ture. The 2 X 4 array operates at 3.76 GHz and
supplies +5 VDC at 100 mA. See “Combina-
tion of Antennas and Solar Cells for Satellite Com-
munications,” Microwave and Optical Tech-
nology Letters, April §, 2001, Vol. 29, No. 1,
pp. 11-17.

GaAs MESFET
model predicts
large-signal,
optoelectronic
behavior

O

IT IS WELL-known that, when a GaAs MES-
FET is illuminated by a laser at a fixed wave-
length, absorption effects take place at the gate-
drain and gate-source interelectrode spaces,
and free-carrier photoexcitation is induced in
the active-area level of the device. Thus, this type
of FET can be embedded on a monolithic chip
as a photodetector to act as an optical port in
optoelectronic circuits. With the growing inter-
est in the large bandwidth that these devices can
handle, much research has been devoted to
characterizing them and modeling their behav-
ior under optoelectonic conditions. A complete
nonlinear-device model must take the effects opti-
cal illumination on the bias-dependent dynam-
ic behavior that effects the output power and
efficiency of these devices into account. A study
undertaken by J.M. Zamanillo, C. Navarro,
C Perez-Vega, A. Mdiavilla, and A. Tazon of

the University of Cantabria, Santander, Spain
modeled the optical large-signal behavior of
this device and contributes to the knowledge of
the optical laws responsible for the most depen-
dent parameters, including the nonlinear capac-
itances Cy, and Cy,. The researchers used an 830-
nm laser diode pigtailed to a single-mode optical
fiber to illuminate a GaAs MESFET at optical
power levels ranging from 0.01 to 10 mW. The
test setup also included a pulsing system cou-
pled to the drain and source and their DC
power supply through bias tees. A standard
PC controlled the optical incident power, the
pulsing system, and a network analyzer. See
“Large-Signal Model Predicts Dynamic Behav-
ior of GaAs MESFET Model Under Optical
Mlumination,” Microwave and Optical Tech-
nology Letters, April 5,2001, Vol. 29, No. 1,
pp. 25-31.

Resistive
sheets mini-
mize edge
diffraction in
parabolic
reflectors

PARABOLIC REFLECTORS ARE often used in
small, indoor test ranges to generate plane waves
for testing antennas. But the edges of these reflec-
tors generate stray signals that interfere with
the desired plane wave and cause measurement
errors. These unwanted signals arrive at the test
zone at the same time as the desired plane-wave
signal and, therefore, cannot be separated by
time gating. To minimize these stray reflections,
the edges of the parabolic reflector are often
modified using serrations or blended rolled edges.
Blended rolled edges are superior to serrated
edges, but these modified reflectors are costly to
manufacture. To overcome this problem, three
researchers propose using resistive cards to block

the diffractions. Mohamed Sameh A. Mahmoud
of Loral Space Systems, (Palo Alto, CA), IEEE
Senior Member Teh-Hong Lee, and Walter D.
Burnside of Ohio State University (Columbus,
OH), performed a study using resistive sheets,
or R-cards, as fences to block the edge reflections.
The cards are not mounted to the reflectors, but
simply mounted at a short distance from the
edge of the reflectors to control the direction of
the diffracted rays and attenuate their ampli-
tude. See “Enhanced Compact Range Reflector
Concept Using an R-Card Fence: Two-Dimen-
sional Case,” IEEFE Transactions on Antennas
and Propagation, March 2001, Vol. 49, No. 3,
pp. 419-428.
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WORLDWIDE

WIDEBAND
COVERAGE

Transceivers
® 26,28, 31 & 38 GHz
® 7 GHz to 38 GHz
Point-to-Point
e Pout up to 2 Watts
o N.F as Lowas 3.0 dB
o [SK, QPSK & QAM

Nextec Microwave & RF, Inc. designs,
manufactures and markets high quality
components and subsystems for wideband
communications applications — worldwide.

Up & Downconverters

:g?d(;”;p"::g V[;E;s Focusing on LMDS and the new IMT-2000 and
« Rugged Thin-Film UMTS standards, Nextec is positioned to provide
Construction you with the design and production know-how to

meet your requirements from component to
subsystem levels.

Nextec is committed to providing on-time
delivery of specification compliant, high quality
products at optimum value for your investment.

E&

INCORPORATED

® Gain or Power Control
Option

* Optional Highly Stable
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CHANNEL EMULATORS

Emulator Mimics Mobile

ﬁ\,ﬂs,wd Qf!yuje quality
software is needed in m
to accu ativ emulate

mobile communications

obile communications systems continue to increase in com-
plexity, with higher bandwidths and faster data rates.
Because of this complexity, test equipment must be able to
emulate the environments experienced by radio channels
under a wide range of conditions. This article reviews a spe-
cial type of test instrument developed for this purpose, the
channel emulator. These instruments can create the effects

Communication Channels

munications system by using
a time-variant channel, reduc-
ing the need for making out-
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1. This diagram shows D'i}
) BTS-N igital
a narrowband multi- attenuator
channel emulator Q
developed for testing
channels in cellular

systems. |

of signal fading, propagation, multi-
path, Doppler spectrums, and phase
variations. They can greatly simplify
the testing of a modern wireless com-

Multichannel emulator

door measurements.
Modern communications systems,
such as digital television, local multipoint-
distribution systems (LMDS), and Uni-
versal Mobile Telecommunications Sys-

N-channel
combiner
P-channel

splitter

\
\
\
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Continued from page 61

tem (UMTS) are in their final stages of
development with projected widespread
global acceptance. All of these systems
employ broadband-communications
channels and high data rates, with point-
to-multipoint distribution and tech-
niques such as orthogonal frequency-
division multiplexing (OFDM) and
wideband code-division multiple access
(WCDMA) to overcome multipath
problems.

New test tools are required to fully
evaluate these emerging communica-
tions systems and, during the last few
years, many hardware-based commu-
nications channel emulators have been
developed by several test-equipment
manufacturers, including Agilent Tech-
nologies (Santa Rosa, CA), Noise Com,
Inc. (Paramus, NJ), and Spirent Com-
munications (formerly Telecom Anal-
ysis Systems, Eatontown, NJ).

These test systems can emulate a
mobile propagation channel by using
a sophisticated RF signal-processing
chain controlled by an embedded or
external computer running a software
propagation model. What follows is a
review of some of the hardware and
software capabilities, requirements,
and applications of modern channel
emulators, with a brief description of
a channel emulation system developed
by the authors.

Hardware Emulators

Hardware emulators can duplicate
propagation conditions for a commu-
nications channel at a specific frequency,
to simplify testing of a mobile-com-
munications link. These emulators can
work with a transmitter’s (Tx’s) signal
and create multipath effects, signal
attenuation, Doppler shifts (as in a
moving vehicle), and other signal effects
according to a parameterized propa-
gation model. Hardware emulators can
be characterized according to narrow-
band and broadband units.

The principal applications for nar-
rowband channel emulators are in the
testing of cellular-communications and
satellite-communications networks.'”

S ——

® %
These emulators E
are specially focused h(t, A7) | hit, 2A7) g
in the reproduction g
of a network with ’
several base sta- J
tions (or satellites) )
and several mobile At At |-
terminals. The _ e — ‘ E
objective of the test 2. This block diagram shows the multipath propagation model
equipmentis tosim- used in a channel emulator.

ulate handovers,

interference, power control, and any
other functionality of the network. An
example of this kind of narrowband emu-
lator system is shown in Fig. 1.

The basic architecture of a narrow-
band channel emulator is fairly sim-
ple, and only requires some fast digital
attenuators, in-phase/quadrature (I/Q)
modulators, and vector generators to
reproduce amplitude and Doppler shifts
for several communications channels.
Although the RF components are ana-
log, they operate through digital inter-
faces. The control of the whole system
is performed through a personal com-
puter (PC) with a propagation model.

In a broadband system, however, it
is necessary to split an input signal into
several rays to simulate propagation
through different signal paths froma t
Tx to a receiver (Rx). The transfer func-

tion of this broadband system is mod-
eled according to the schematic dia-
gram of Fig. 2. In this model, the prop-
agation channel is created by splitting
an input signal into six to 12 taps, and
controlling the amplitude, frequency,
phase, and delay of each resulting sig-
nal.

This type of model is considerably
more complex than a narrowband emu-
lator, and requires sophisticated hard-
ware for high resolution over broad
bandwidths. A main difficulty in this
model is the dynamic generation of
long delays. In this model, variable
delay lines are achieved through digi-
tal circuits. The input signal is sampled
with an analog-to-digital converter
(ADC) and output data are saved in a
first-in, first-out (FIFO) memory for

Continued on page 64
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3. This block diagram shows the multipath emulator, with numerically controlled
oscillators (NCOs) and digital attenuators.
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Continued from page 62
the desired time delay and then converted
back to analog form. This process must
deliver high resolution for six to 12 sig-
nal paths. This process must be per-
formed with high resolution for the six
to 12 paths. For this reason, the input
signal must be converted to a low inter-
mediate frequency (IF) [8 to 10 MHz]
and sampled with a 12-to-14-b, high-
speed ADC,

Another problem with the broad-
band model is that all channel param-
eters must change over a large range,
and at a high rate to reproduce the
time-variable channel. That is why the
digital processors must be fast and the
RF analog circuits must provide a wide
dynamic range. Different propagation
requirements may involve amplitude
changes in excess of 50 dB, Doppler
shifts of hundreds of hertz, and delays
from a few nanoseconds to several
microseconds.

A channel emulation system is con-
trolled with a PC and a special soft-
ware program. The software must cal-
culate statistical and deterministic
variations of each channel according to
the speed of the mobile unit, the simu-
lation frequency, the environmental
conditions, and other factors. For exam-
ple, requirements for different channel
parameters include simulation of ampli-
tude for line-of-sight propagation, with
log-normal distributions hav-
ing 2-to-10-dB standard devi-
ation; non-line-of-sight prop-
agations with Rayleigh
distributions having a K fac-
tor of 5§ to 40 dB; Doppler
shifts in excess of 1000 Hz to
accommodate transmission
frequencies from 0 to 10 GHz;
and vehicle (mobile-unit) speeds
of 0 to 500 km/hr with wide
variations in distributions.
These include Rayleigh, uni-
form, log-normal, and asym-
metrical spectrums that are
used.* Control of phase from
0 to 360 deg. with a variety of
different distributions (most
often uniform distributions) is
another; along with control

B

of delay times to accom-
modate most propagation
environments, typically 30
ns (9-m transmission dis-
tance) to 15 ws (4.5-km
transmission distance).
The authors have devel-
oped a complete six-chan-
nel emulator that includes
broadband frequency con-

version, wide emulation
bandwidth, and full con-

4. This photograph illustrates the tight integration of

A BTN

trol of multipath effects. components in the six-channel multipath unit.

The emulator
includes a frequency converter and a mul-

system

tipath unit. The frequency converter
consists of a dual- frequency down-
converter/upconverter for use from 800
to 2000 MHz. An input signal is first
converted to an IF of 9 MHz that can
be used by the multipath unit, before
reconversion back to the §00-to-2000-
MH?z range. The frequency converter
must provide high-quality frequency-con-
version steps, since it is necessary to
amplify, filter, and translate (in fre-
quency) an input signal several times prior
to producing the desired output signal.
As aresult, any noise contributions can
result in distortion of the output signals.

For this reason, the frequency converter
must be precisely built for low distor-
tion while maintaining an IF bandwidth
of 15 MHz centered at 9 MHz. The
phase noise of all oscillators used in

Ly oS enct st oAb oot

5. Control of the multipath unit is performed through this on-
screen software control window.

the unit is also critical to achieving the
desired final converter low-noise per-
formance.

The multipath unit is based on the
use of discrete blocks. It has six or more
channels each with maximum 15-MHz
bandwidth and high-resolution digital
control of every emulation parameter
(Fig. 3). The principal characteristics
for the multipath unit include a choice
of 6 to 12 channels, an emulation chan-
nel bandwidth of 10 to 15 MHz, total
amplitude control per channel of 50
dB that is adjustable in 0.1-dB increments,
a Doppler control range of =10 kHz that
is adjustable in 0.1-Hz steps, a phase-
control range of 360 deg. that is adjustable
in 1-deg. steps, and a total delay range
of 0 to 12,500 ns with 25-ns resolution.

The first of the discrete blocks is a six-
channel delay unit. It features a high-qual-
ity input ADC with 12-b res-
olution. The ADC operates at
40 MSamples/s to sample the
9-MHz input IF. The output
data are sent to a FIFO mem-
ory bank. Delays are created
by storing the data in these
memories, and shifting data
from cell to cell during each sam-
pling period. The memory bank
has six concatenated outputs
to create six output signals.
The delay of the firstis (1, the
second is (1+ (2, etc., and the
| duration of the delay of each
channel is controlled by the
computer with the clock of the
input ADC and FIFO (Fig. 4).

The FIFO memory bank

Continued on page 66
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Continued from page 64

has six blocks of 512 X 12 b
each. With a sampling clock fre-
quency of 40 MSamples/s, this
results in 25-ns delay resolu-
tion and a maximum delay of
12,800 ns per stage. This trans-
lates into propagation-distance
resolution of 8 m with a max-

[REF| LEVEL]

imum equivalent transmission
distance of 10 km. These val-
ues are adequate for all outdoor
environments and also for
large indoor areas.

The output of each chan-
nel is converted from digital
to analog with a 12-b digital-to-analog
converter (DAC) and multiplied by the
transfer function of each path. This mul-
tiplication is performed with a high-
quality analog multiplier.

The second important discrete block
generates the propagation function for
each channel. This block must control
the frequency, phase, and amplitude
variations of the input signal. There
are several solutions for this function,
and the most classical uses I/Q modu-
lators controlled with DACs and a dig-
ital signal processor (DSP) to calculate
the variations of each channel.

In the case of the authors’ channel
emulator, propagation is achieved by
using an advanced version of a numer-
ically controlled oscillator (NCO). This
device includes a digital oscil-
lator and I/QQ modulator on a sin-

»1.Transmission Log Mag 5 dB/Ref -55dB

resolution is 0.1 deg., and the amplitude
resolution is 0.1 dB, so it is possible to
generate accurate Doppler shifts, ampli-
tude fading, and phase variations.
The output of each NCO is multi-
plied by the output of each delay and
the contributions of the NCOs are com-
bined with an analog adder. The result
is a system with a very-flat frequency
response and more than 50 dB of spu-
rious-free dynamic range (SFDR).
The channel emulation system is con-
trolled by a PC through a 48-line paral-
lel interface and a program running under
the Windows operating system. The soft-
ware controls the parameters of each sig-
nal tap, including amplitude, frequency,
phase, and delay characteristics, and
makes it possible to apply one or sever-

6. This on-screen display shows the plot of a channel with
severe multipath distortion recorded at a modern mobile
speed (low Doppler shift) and measured at the intermediate
frequency.

al statistical variations to any
one of the channels. Each chan-
nel is modeled by applying the
desired delay and statistical
variations to the amplitude,
frequency, and phase of each tap.
The software employs a sim-
ple control interface where val-
ues can be entered by comput-
er keyboard or mouse (Fig. 5).
Input parameters include
frequency of operation and
speed of the mobile unit, These
data are used to calculate the
speed of variation of the chan-
nel and the maximum Doppler
shift. The remaining control parameters
are programmed by the user with data
available from measurement or models.
One of these steps, for example, is to
program the delay profile of a channel.
As noted previously, this delay is con-
stant for a particular emulation period,
depending upon the environment where
the mobile unit is located. The emula-
tor system contains suitable memory
to store different delay profiles when the
mobile unit is moving from one envi-
ronment (for example, a city) to anoth-
er environment (such as open ground).
The mean value of amplitude of each
channel is programmed using data from
the power-delay profile, and it is pos-
sible to apply several statistics to each
channel. Typically, a Rayleigh distri-
bution is used to model fast

| variations due to multipath

gle chip. The NCO makes it | >2:0ff conditions while a log-normal

possible to digitally generatea | ©B distribution is used to model

. . | =35 ..

signal with frequency that can | [ /\ N the slower variations of the
ly. The | ~40/) a inci :

i}e écc);m‘olled very gchcuratfs yl e | e / V \ \ r v / A /‘\ \/ \ prlr%clipell)l rayl .

. (AIESS) andarllt r?(etlc Og(le j 5 v [ U \ ~ The _b(l)pc}i). er if)ec.:truml as
unit and a look-upread- | _g six possible distributions: clas-
only memory (ROM) to access ; 1 \ sic, uniform, Gaussian, Ricean,
amplitude values for a sinu- | | positive asymmetric, and neg-
soidal function.The phase can | =60 ative asymmetric. It is also
also be controlled with high =65 possible to program a fixed
precision adding a phase regis- | -7 1 | deviation of the mean value
ter to the output of the fre- | ;g of the frequency of a signal
quency ALU. g tap to simulate a constant

Typically, these devices use | Start 0.30 MHz Stop 18.00MHz = Doppler shift. The channel

20-b internal processing, with
32 b for frequency control and
12 b for phase. The frequency
resolution is 0.01 Hz, the phase

7. Channel frequency response is shown here, using IF mea-
surements (1 to 16 MHz). The channel emulation featured
moderate multipath propagation with a dominant ray.

¢ emulation phase can be pro-
grammed using three statisti-
cal distributions: uniform,

Continued on page 94
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_High Performance Electromagnetic and Network
Simulation and Optimization Tools

From: Zeland Software, Inc., 39120 Argonaut Way, PMB 499, Fremont, CA 94538, U.S.A,,
Phone: 510-623-7162, Fax: 510-623-7135, E-mail: zeland@zeland.com, Web: http://www.zeland.com

Products:

IE3D planar and 30 Electromagnetic Simulation and Optimization Package
FIDELITY Time-Domain FOTD Full 3D Electromagnetic Simulation Package
MDSPICE Mmixed Frequency Domain and Time-Domain SPICE Simulator
COCAFIL Cavity coupled wavguide filter synthesis package

LINMIC Microwave Network Simulator from Jansen Microwave GmbH

Applications:

Microstrip, CPW, striplines, suspended-strip lines, coaxial Lines, rectangular waveguides, high speed
digital transmission lines, 3D interconnects, decoupling capacitors in digitial circuits, PCB, MCM, HTS
circuits and filters, EMC/EMI, wire antennas, microstrip antennas, conical and cylindrical helix antennas,
inverted-F antennas, antennas on finite ground planes, and other RF antennas.

Important Announcements:

e The IE3D Release 7 has robust and efficient advanced symbolic electromagnetic optimization.

o The FIDELITY Release 3 has complete SAR analysis features for the wireless applications.

o The IE3D with precise modeling of enclosure will be added soon. The IE3D has been known for its
open structure formulation and its flexibility and capability in modeling 3D and planar structures of
general shape. The implementation of enclosure will make the IE3D more flexible in the modeling of
microwave circuits and antennas. Microwave designers will no longer be locked to a uniform grid for
enclosed structures,

IE3D Simulation Examples and Display FIDELITY Examples
The current distribution on an AMKOR SuperBGA The current distribution and radiation pattern of The near field and Poynting vector display on a
model at 1GHz created by the IE3D simulator a handset antenna modeled on IE3D packaged PCB structure with vias and connectors
I£3D modeling of a circular spiral inductor with 1E3D modeling of an IC Packaging with Leads and FIDELITY modeling of a cylindrical dielectric
thick traces and vias Wire Bonds resonator and the Poynting vector display

and E-5eld dhstabubon
on a desbecine resonator

Zeland Software, Inc. provides excellent technical support and services.
Zeland Software, Inc. is also the north American exclusive representative for the LINMIC product from Jansen Microwave GmbH
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HIGHER-ORDER PLLs
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Becker Electronics, 53-234
Wroclaw, Grabiszynska 281,

Poland; +48(71)3 609 148, FAX:

+48(71)3 609 149, e-mail:
stepinski@becker.k.pl

Design

High- Order PLLs

This article presents a linear model of a PLL
with various types of lowpass filters, and
describes a phase-stability criterion that can
be used to simplify calculations.

hase-locked loops (PLLs) are among the most fundamental
technologies used in modern telecommunication systems.
The optimization of a PLL very often boils down to calculat-
ing an adequate lowpass loop filter, which involves a trade-
off among several conflicting requirements. This article
describes the issues that one must consider when devel-
oping the loop filter. Part 1 describes the development of

Xd

Ep(S)
) kd F(s)

kyco/S + ) —>
bo(S)

1/N

A

fourth-order second- type PLL loops. Part
2 focuses on the development of "equal-
pool" filters of any order, and may be
treated as the generalization of the
most-often-used practical cases.

Part1

A simple, low-frequency, negative-
feedback linear loop is the PLL model
most often used in engineering prac-
tice. It describes the stability conditions
as well as frequency and transient-time
solutions for small disturbances near the
steady-state working point.

Figure 1 shows a simplified diagram
of a single-loop synthesizer. In this fig-

1. This is a simplified
diagram of a single-loop
synthesizer.

ure, jris the reference (input)-phase sig-
nal, &y is the voltage-controlled-oscil-
lator (VCO) output phase, e, is the
phase error, x is the phase detector's
spurious signals, x, is the VCO's noise
and distortion, k is the phase-detector
constant, F(s) is the lowpass-filter trans-
mittance, k.., is the VCO constant,
and N is the frequency-divider ratio.
Ky and F(s) depend on the specific
type of phase detector, The phase detec-
tor is the main cause of nonlinearity in
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aPLL. For a limited e, range, one may
approximate it as linear. In this linear
range, one uses the average value of its
output. This average value is produced
by the lowpass filter of the loop and can
be considered as the phase detector's out-
put with additional spurious signal, x;.
For charge-pump phase detectors, the
problem is somewhat more complicat-
ed. A better model would be "z" rather
than a Laplace transform” but, in prac-
tice, the model most often used is the
previously mentioned approximation,
where averaging requires the use of an
additional integrator and leads in a nat-
ural way to the second-type loop. The
loop "order" determines the number of
open-loop transfer-function poles. The
loop "type" determines the number of

e e

i
these poles that decay to zero.

In a synthesizer application, where
requirements for characteristics such
as frequency range, spectral purity, and
transient time are imposed arbitrarily,
the only way to meet these require-
ments is to calculate the appropriate
lowpass filter F(s). Meeting the band-
width requirement of this filter is always
a trade-off among competing charac-
teristics. For instance, phase detector x4
attenuation, which demands narrower
filters, competes with reduction of VCO
noise x, as well as short transient times,
which require higher-frequency band-
width. For a more-accurate approach,
the noise generated by reference sig-

Continued on page 72
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Generation Il
YIG-Based Synthesizers

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

Tunable bandwidths of either 2 GHz

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

Applications include QAM and QPSK
modulated Digital Radio’s and a multi-
tude of general purpose applications.
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pending on frequency, with a standard tun-
ing step size of 500 kHz. Input tuning com-
mands are via 3-Line Serial interface. The
size of these compact units is 2.5" x 2.5" x
1.0" without mounting plate and consume
less than 6 watts of prime power. The units
have an internal memory capability which
“recalls” the last frequency programmed
when the prime power is removed and reap-
plied. Standard models include 2-4 GHz,
4-6 GHz, 5-7 GHz, 7-9 GHz and 9-11 GHz.
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nals, dividers, and phase detectors
should be also taken into considera-
tion. Better performance leads to high-
er loop-filter orders and generally
requires a numerical method to find
the optimal solution.

One can describe a second-order
loop using two elementary parameters:
damping factor and natural-loop fre-
quency.”* Applying a loop filter with
one pole and one zero, it is possible to
independently select the loop band-
width, defining stability, and damping
factor. The effectiveness of phase-detec-
tor spur attenuation in this loop is not
very good.

Fourth-Order Loop

Adding another pole and zero to the
integrator creates a second-order fil-
ter, forming a third-order type-two
PLL. Stability in this loop is described
by the phase margin in unity open-loop
gain. For better x4 attenuation, a filter
with an additional pole is often used,
creating a fourth-order type-two loop.
In practice, this pole is set approxi-
mately and the next whole filter is indi-
vidually adjusted for acceptable phase
margin. An analysis begins with a third-
order loop filter, described as:

_ 1+ Ts
Ds(1+ As)(I+ Bs)

F(s) (1)

This results in a fourth-order type-
two PLL. The closed-loop transfer func-
tion Fc for Fig.1 can be written as:
Qo(s) _ NG(s)
o.(s) 1+ G(s)

where

F.(s) = (2a)

Gs) = Kakeo prs)  (2p)
Ns

and
Fys)=2o = L0 g
Xd kq

G(s) is the open-loop transfer func-
tion. For the filter described in Eq. 1,

Continued on page 74
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JESIGH

. 4. Phase margin

604 !
dm | by, versus a(b)
=8 i :
50 — =7 § depending on -y
-6 . can be seen here.
v= |
40f y=5
)
s v=a
30 7=3
20 -
10 1 1 1 L I ! >
0 0.3 0.6
aforb)
Continued from page 72
the closed-loop function F_(s) is thus given
as: A+B AB 0
kT
R A+B>0 (4
k ND
F.(s)=—
D 0 ko kT
1+Ts/ABs* + (A + B)s® + ND ND
52+ AT s+ L After some elementary transforma-
ND ND tions, one can write Eq. 4 as:
where k = k,k,., (3)

To find the stability conditions, use
the Hurwitz-Lienard criterion for the
denominator of F_(s). Writing the Hur-
witz matrix of the fourth-order poly-
nomial, the condition for all poles left
plane of s reduces to check only one deter-
minant:

20[™ 2010gN for [Fc()|

o |,\+2(JIogN/kd for [Fx(j<)|

'y:d d:m-37deg

(a)

5 s R 5 0 2 3 S G 5 4

T(A+B)—(A+ B >

2
kL AB

ND
The right side of Eq. 5 is higher than
zero since the sign of k and D should
be the same (for negative feedback) and
N, T, A, and B must be positive. Involv-

(5)

20 +20logN for |Fc(j$)]

+20logN/kd for |Fx(j()|
0

y=6 ¢m~45deg.

5. This shows normalized frequency dépéh&ehée Bf .d)uo"()n. d), and x@l for two values

of .

ing new value v, one can write the first
term:
y>1

where T = y(A+ B) (6)
From Eq. 5, the stability condition
can be written as:
v-I bk

5 —

Y2 AB~ N

(7)

This is the global-stability condi-
tion for the fourth-order loop. The con-
dition described by Eq. 6 is clear. Hav-
ing two integrators in an open loop
makes everywhere —r phase shifting.
To keep the open-loop phase higher
than —m for gain higher than unity,
the zero of Eq. 1 should be closer to s
= 0 than the other poles. This decreas-
es the phase for higher frequencies and
it means that the phase of the open
loop should be maximum (Fig. 2).

Generally, a PLL is nonlinear. One
can talk about its stability only at a
particular point on its phase space
("phase" has another meaning here,
specified by state variables). But depend-
ing on initial conditions, this point may
never be achieved. So the usefulness of
this formula is limited. For stability,
more "reserve" is required. In practice,
the open-loop criterion is used with
adequately high-phase margin.

Now A, B, T, and D must be assigned.
The loop frequency, w, is defined by
the following condition:

G(jw,) =1 (8)

It is very useful to treat w, as one
of the fundamental-loop-design param-
eters. In particular, one can normalize
the frequency transmittances to wg to
simplify these expressions. From Egs.
1, 2, and 8, one can write:

k
b= No}
| 1+ jTw, |

5 : 5 (9)
(1 + jAwy)(1 + jBay,)|

And substituting:

Continued on page 76
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Continued from page 74

g5 -9
® @y
b
A b LT
@y Wy @y
D= ko)
Nwj

where © = —#m?— (10)
(I+a” )(1+b7)

Equations 2 and 6 can be rewritten
as:

| HIGHER-ORDER PLLs |

T=vy(a+b) (lla)
G(jL2) =

G’ =

|
o0’
1+ jQt
(1 + jQa)l+ jLb)

(11b)

F(S)=N
1+ 15/ oabS* +
o’(a+b)S’? +

oS° + 18+ 1 (lic)

6. This shows nor-

malized frequency

20
dependence ¢,
on ¢ .fora=h
and some values 0

of vy.

+20logN for |Fc (j1)]

+20logN/kd for |Fx (j)|

(dB)

F.(S)

Fi(8)= =
d

(11d)

As in ref. 1, the open-loop phase,
¢, 2, has a maximum Q = 1, which is
also the phase-stability margin &,,,. All
of this can be written as:

@, = arctan(t) —

arctan(a) — arctg(b) (12a)

(rad)

7. This shows nor-
malized output-
phase response for

wot

reference Ad step
(a = b, input signal
br = Ad/s).

de,(L2) 1
Q1+l
a b

I+ a’ - 1+ b°
Jor Q=1 (12b)

These relationships are shown in
Fig. 2.

From Eq. 12b, making use of Egs.
6 and 10, one can perform dependence
a and b on v as in Fig. 3. All of the
curves in Fig. 3 are symmetrical to line
a =b and one can consider only param-
eter a, (or b) from zero to a = b (for
instance, whena =0, —b ™ 'isa pool in
a second-order filter). Increasing a to a
= b, one gets a third-order filter with a
double pole —a~'. From Eq.12b, the
extreme values of a and b are:

a=0:>b:—]?

(13a)

Figure 4 shows phase margins (Eq.
12a) for some values of .

With a small error, y describes phase
margin &,,. For the case where v = 6,
b, ~ 45 deg., so the stability also can
be described by v. For () >> 1, Fc (jQ))
~ NG(j€)), which means that the atten-
uation of x4 directly depends on loop-
filter F (jQ)). Figure 5 shows some loop
functions for two stability factors of y

Continued on page 78
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Continued from page 76

and some values of a(b). For Q0 > §, the
most attenuation is fora = b = g. Tak-
ing a = b as most favorable in this case,
the frequency relation mentioned before
for some values of vy is presented in
Fig. 6.

Less-stability margin leads to longer
transient times and higher overshoots
of output phase. Some responses of
output phase, ¢y, for input reference Ad
phase step are shown in Fig. 7.

Loop-Filter Calculations

Here, one can take the equal-pole
a = b case since it provides better x4 atten-
uation and is easy to calculate. When
loop parameters kg, ki, and N are
established, one can determine F(s) by
choosing loop frequency w, and the
phase margin. Taking an arbitrary sta-

8. This shows one
realization of F(s)
for current input

—f

sources. C2 is
taken freely.

®

€1 Fis)-us)Tis) =D
Cq=AD/T A
M
lk/ :1— R=T-A/D|
k— - Ry = A/Cy

bility factor, for instance Yy=6 (d)m ~

45 deg.), using Eqgs. 11a and 13b yields
tand a = b. Using a particular value of
wy, real filter parameters T, A, and D
can be calculated from Eq. 10. One
example of an active-filter realization
is shown in Fig. 8.

From the previous discussion, one
can see that fourth-order loop calcula-
tions for active filters are quite simple.
The only problem with the a = b condition
is that it is impossible to achieve an
exact passive realization of this filter
using only resistors and capacitors. So
in this case, the poles must be slightly
extended. One practical method of

. T
T s

achlevmg an apprommate reallzatlon
would be to build the first part of filter
F(s) with only one of both poles —a™"
(similar to a typical second-order fil-
ter), and to add another RC = A section
under the condition that the additional
capacitance should be much less than that
indicated by the previous calculation. The
disadvantage of this is the high value of
the last resistor R, which may cause too
much noise in the VCO's input. Practi-
cally, to achieve the required phase mar-
gin, it may be necessary to adjust some
of the component values in such a pas-
sive realization. Since k., is generally a

Continued on page 80
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Continued from page 78

nonlinear function of the control volt-

age, one should check the stability mar-

gin in worst case, which often occurs as

a highest k., and lowest N (Eq. 7).
Thus, the only design parameter in

this case is the loop frequency, w, and,

in a limited range, the stability factor +.

Part 2

The next loop-filter type that may be
easily implemented using a phase-mar-
gin stability criterion is described by
the function:

1+ Ts
Ds(1 + As)"

n — natural number

F(s) =

(14)

This may be treated as a general-
ization of the second-order (n = 1) and
third-order (n = 2) filters analyzed ear-
lier. Using Eqgs. 2 and 8, one can nor-
malize the filter parameters in the same

1 — =

a \n =1 :
0.75 : . : :
0.50[\2 - ;

0.25

(b)

9. This shows stability phase margin &,,, versus 7. (a). The relation between aand +

can also be seen (b).

way as for a fourth-order PLL:

T

== oA=L (5
Wy Wy
D= k“g (15b)
Nwy
where 0, =
1+ 12
— (15¢)
(1+a° )"

With  and S (Egs. 2 and 10), some
loop-transfer function can be written as:

G(jR2) =
I+ j1Q

-—— 16a
0,2°(1 + jaQ)" (1o

Continued on page 82
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Continued from page 80
E(S) =
N 1+15/
0,58°(1+aS)" +

S+ 1 (16D)

e,(S) =
0,8%(1+18)" /
0,8 (1+aS)" +

S+ 1 (16¢)

| HIGHER-ORDER PLLs |

The phase-stability condition, sim-
ilar to Eq. 12, can now be expressed as:

®,, = arctan(T) —

n(arctan(a)) (17a)
de,(2)  ©
dQ 1+7°
a
=0
" I+a’
for Q=1 (17b)

From Eq. 17b, the requirement for
shape of ¢, (shown in Fig.2), the rela-
tionship between t and a can be described

as: 2
a=n(l+1°)—

\/nz(] + 12)2 - 47/
21 (18)

This is a general relationship, includ-
ing the second- and third-order filter men-
tioned earlier, whose root one should
always take as a positive value. Now one
can describe direct relationships between
¢, and 7 without additional stability
factors, presented in Fig. 9a, for some
values of n.

The condition n = 1 yields a third-
order loop. For n > 1, all curves are
close to each other, which means that
for a particular phase margin, T changes
insignificantly with n. Figure 9b shows
the dependence between 7and a. To com-
pare frequency properties, Fig. 10 shows
the absolute value of the loop-transfer
function |Fc(jQ)| for two stability mar-
gins.

To illustrate the transient times, Fig.
11 shows the phase-error response (nor-
malized by Aw, /Aw,) for input-fre-
quency step Aw, and n = 3. The curves
for other n values differ insignificant-

T 1 T
+20logN for F¢ (j€2)

-120 I
(a) 0 10 20 Q 30 40 50

+20l0gN fové Fe (i)

-120
(b 0 10 20 30 40 50

- S —

10. This shows the absolute value of the loop-frequency transfer functions depend-

ingon ¢, and n.

11. This shows

1.2
phase-error

time response €p
for input-fre-
quency step
Ao, (input sig-
nal b, = Aw,
/s%).

X Aoy fog

(rad)

bm 35 deg.

S

bm 45 deg.

i
|
i
i
i
1

|
|
|
!

=

S R A 8 L

e

12. This shows an example of realization p+1 order-loop filter F(s).

ly from those presented, and do not
qualitatively change this description.
One should treat time responses
with care, remembering the phase detec-
tor's limitation, which limits the entire
linear model. As a first approximation,
one can take transient time as approx-
imately 12/w, for a "typical" ¢, of
approximately 45 deg. Frequency depen-
dencies allow one to estimate, for
instance, the x4 attenuation. For a bet-
ter comparison among different order
loops, The table shows the attenuations

relative to a third-order loop (second-
order filter, n = 1) in decibels, where n
changes from 1 to 7, for two frequen-
cies, and &, =45 deg.

From Fig. 11 and the table, one can see
that high-order filters (14) are more
effective for high (). This is not practi-
cal since, in this frequency range, the VCO
noise dominates the signal quality (inde-
pendent of the filter in this range). Often
the goal in loop design is to have high
x4 attenuation for small €). For instance,

Continued on page 84
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RF test spec V0.09. And that's Anritsu’s MT8850A. consumer products that use a Bluetooth radio.

So what’s our secret? The Bluetooth Test Set from Anritsu is
also easy to use and even easier to
afford. It’s perfectly priced for a wide
variety of production line applications.

The core of Anritsu’s measurement
system is a reference Bluetooth
transceiver, not an off-the-shelf radio.
That means we can deliver a higher level
of performance, offering full

user control of a variety of test
parameters including test frequency,
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The BLUETOOTH trademarks are owned by Bluetocth SIG, Inc. U.S A Enter No. 207 at mwrf.com Discover What's Possible

The Bluetooth Test Set from Anritsu. It's
going to make a lot of people smile. Call
us for details at 1-800-ANRITSU, or visit
us at www.us.anritsu.com/bluetooth
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Continued from page 82
if x4 is a spurious signal at ) =25, one
can find from the table that applying
this filter with n > 3 is rather ground-
less and may even worsen the required
parameters.

For particular values of ¢, and n,

Attenuations relative to a third-order loop
(second-order filter, n=1) in decibels, where n changes

from 1 to 7, for two frequencies, and ¢, = 45 deg.

2 3

25 0 7.5 111
50 0 13.3 22.2

4 5 6 7
12.5 12.7 12.1 11.1
28.0 328 357 37.5

the calculations for these filters are sim-
ple. From Fig.9a, one can estimate 7 (or
calculate it numerically involving Eqs.

The most advanced package
for 3D microwave design

Applications include
e Waveguide components
e Antennas

e Resonators

¢ Microstrips

® Microwave heating

For further information contact:
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Vector Fields Inc

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

Email: info@vectorfields.com

Web: http://www.vectorfields.com
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17a and 18) and determine a from Eq.
18. For k = kyk,,, a particular N and
an assumed wg, one can obtain D, T, and
Ausing Eq. 15a and b. One of the sim-
plest possible active realizations, using
ideal unity-gain buffers, is shown in
Fig.12.

In this solution, one can assume that
the output of the phase detector is mod-
eled as a current source. Thus, it is pos-
sible to apply the active integrator as a
first-order filter (n = 1) as shown in Fig.
8. This figure also shows the calculations
for C, C1, and R1.

Finally, consider the case where n has
a high value. First, after some algebra-
ic manipulation of Eq. 18:

T

-— 19
n(l+1?%) (49)

For example, taking T = 2, even with
n up to 3, results in an error of only
approximately 2 percent, and it is clear-
ly seen that for a high n, a approaches
0. For the value shown in Eq. 17a, one
can determine phase margin (n approach-
es o as:

@, = arctg(t) —
T
1+1°

(20)

This provides a curve that is very
close to that shown in Fig. 9a forn > 1.
In this case, "very close" means a neg-
ligible influence on loop performance,
taking into account other practical
disturbances.

Consider the following equation:

lim,_.(1+3)" =¢*  (21)
n
After substituting Eq. 19 into Eq.

14 with Eq. 15, one can write (n
approaches «):

1 -T
F(.S) _ + Ts e oS
Ds
T
where T, = = (22)
I+7

This means that with the n approach-
Continued on page 86
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RDL gives it ALL to you
on a silver platter.

For > 85 dB SFDR
IMD tests, it’s the
only one you need.

Multi-carrier amplifiers that power next-generation wireless services need to have rock-bottom
levels of adjacent channel power. To test them, you can cobble together an expensive rack full
of signal generators -- or use just one MTG-2000 from Aeroflex RDL.

The MTG-2000 is the only generator solution that delivers the 85 dB spurious-free dynamic
range you need to accurately evaluate 2G, 2.5G, and 3G amplifier performance, and the only
one that lets you vary the phase of the signals to produce the peak power conditions these
amplifiers will actually experience in service. Imagine, one generator for COMA2000, EDGE,
GSM, CDMA, GPRS, UMTS, or any other proposed standard.

To find out more, call us today at

QEROFIl_zIIE))é 1 o ratimtrimentation.com

www.rdl-instrumentation.com
Enter No. at www.mwrf.com

7th Ave. & Freedley St., Conshohocken, PA 19428
Telephone: 610-825-3750 Fax: 610-825-3530



"MN" SERIES A SIGNIFICANT IMPROVEMENT IN VCO
PHASE NOISE IN A SMALL 0.500” SQUARE FOOTPRINT.
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R4 _{ 2710

MN3100MS | 3050 +3 -15 -100 -120
-3150

"MN3300MS | _ 3300 3 20 5100 120

"MN380OMS | 3740 +5 20 8 A7
-3840

MN4290MS 4250 +3 -20 -95 115
-4330
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THE WORLD’S “REALLY”
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Phone: (775)331-2442
Fax: (775)331-6266
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sales@modcoinc.com
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Continued from page 84

es = function, Eq. 14 reduces to a first-
order filter with an ideal integrator (n
=0) and an additional delay line, delay-
ing the loop low-frequency signal on T,
For high values of n, Egs. 15 and 19 yield
T, =nA. This is not surprising, since the
RC = A chain is a part of the realiza-
tion from Fig. 12. For n approaching
infinity, the transmittance Fc (j2) is:

F.(jQ)=N
1+ j12/
—G,-,,IQZ +

—Jjtg2  —jt, 02

(T2 + e e

where

Oip = N1+ t? and

T

ty = (23)
0 7

This is presented in Fig. 10. All of these
properties depend on the phase condi-
tion in Eq. 17. It determines whether t
and a maintain a suitable stability level,
and explains the deterioration of atten-
uation xd closer to the loop frequency
for higher-order loop filters (Eq. 14). To
achieve better performance closer to
the loop frequency, additional notch
filters can be used.” © But to attain the
required stability margin, one must
numerically adjust some component
values. To decrease the active compo-
nent noise in the output signal phase for
frequencies higher than the loop fre-
quency, wg, one can use the method
described in reference 7. Here, the addi-
tional "attenuator" should be placed after
the last active circuit. And, having some
loop properties, the first filter part
ought to be adequately corrected. [Ei
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' /‘Expenence the cutting-edge precision and state of the art
features included in every Focus product:

~ Prematching* and Harmonic* coaxial tuners, 0.2 - 50 (65) GHz
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OF NONLINEAR SIMULATION PERFORMANCE

Power, Accu racy and Speed. That's what you get with Eagleware’s new harmonic balance
simulator, HARBEC™. From real-time tuning, to application of artificial intelligence techniques, to co-simulation with
electromagnetics, HARBEC does it all ... with a powerful set of features that includes:
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- unlimited, arbitrary circuit power, current, waveform) - Al performance optimization
topology - DC analysis and optimization - fast tuning
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models (diodes, JFET, BJT, analysis and optimization Extensive Parts Library
MOSFETS, MESFETS) EM Co-simulation Equations and Post Processing

And it’s fully integrated into the GENESYS suite of synthesis, S-parameter, electromagnetic and physical design tools.

So Grab a Seat and Hold On! with nonlinear modules priced at $4990, they're going fast. And so will your desi
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COUPLER DESIGN

This versatile coupling

Test RF Equipment With An
Isolated T Capacitive Coupler

device can be used

to test various RF equipment without sus-
pending the operation of the equipment or

disturbing impedances.

hether the isolated T capacitive coupler (iso-T) is home-built
or commercially manufactured, it is an essential device for
investigating almost any two-way-radio interference (Fig.
1). This device allows engineers and technicians to measure
test signals while the radio equipment is operating under
normal conditions. Test personnel can use it to couple sig-
nals into and out of the system without upsetting

ibrated isolation. At 850 MHz,
the capacitive reactance of a
0.1-pF gap is approximately

BOB SWINNEY

Applications Engineer, Andrew
Corp., 2601 Telecom Parkway,
Richardson, TX 75082; (972) 952-

9719, FAX: (972) 952-0019, e-mail:

bob.swinney@andrew.com

impedance or damaging test equip-
ment. This article describes the function
of the iso-T, investigates some of its
applications, and offers directions for
constructing a homemade coupler.
Almost any measurable gap in the T
can protect test equipment from trans-
mitter (Tx) power. Normally, the device
yields an unknown amount of isola-
tion (capacitive coupling), but this is of
little consequence since most measure-
ments are made
against relative val- |
ues. Actual isola- |
tion varies direct- |
ly with gap size
and inversely with
frequency. If de-

|
From Tx

1. Unscrew and

(Amphenol 83-IT)

1.7 k€. This would not appre-
ciably upset the nominal 50- or 70-()
impedance of most RF equipment.

Test Applications

The iso-T, while ordinarily used in
two-way-radio interference investiga-
tions, is also a handy device for check-
ing the operation of bidirectional ampli-
fiers (BDAs). These amplifiers carry
critical communications into isolated loca-

2R22P5 T adapter

| To resistive
|| termination

sired, actual isola-
tion can be mea-
sured with a
receiver (Rx) [or
spectrum analyz-
er] and signal gen-
erator. If needed,
commercial T's are
available with cal-

discard
center pin

| 2.When tighter
. coupling is needed,
run in 8-32
machine screw

T 2R22P4 straight adapter

3. Screw together
tightly

(Amphenol 83-1J)

1. A capacitive coupler permits "closed" coupling without risk

of damaging sensitive test equipment.
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tions throughout the world. A long
transportation tunnel, for example,
may require communications access
with the "outside world." Typically,
tunnels using radiating cable have broad-
band distribution BDAs installed in a
booster scheme that places one in the
cable at each point where the signal
has deteriorated by 20 dB. In cases
where the downlink signal is partially
disrupted at some point, an iso-T can
be quickly installed at the output (down-
link) port of a suspected BDA in the area.
Service needs to be interrupted only as
long as it takes to install the iso-T. The
BDA "envelope" can then be exam-
ined to bracket the problem to a par-
ticular amplifier or section of radiating
cable. In extreme cases, two iso-T's can
be installed, one on each port of the
BDA, enabling low-level signal substi-
tution testing without taking the BDA
out of service. As with all signal-injec-
tion tests, there is the potential for inter-
modulation (IM) in the amplifier, so
only very low levels of extra signal
should be injected into the system.
The described tests may suggest tech-
niques that can be employed in other
communications systems. For exam-
ple, two calibrated iso-Ts could be used
to measure the gain and frequency
response of a BDA as described before.

Rx Sensitivity Test

A radio Rx's sensitivity can be mea-
sured with an iso-T during the Rx's
normal operation (Fig. 2). The mea-
surements can show actual usable sen-
sitivity or effective sensitivity resulting
from various degrading effects. Man-
made noise and RF interference (RFI)
are examples of unwanted radiation
that can degrade Rx sensitivity. To
evaluate the effects of these phenome-
na in a working Rx, the antenna is dis-
connected at the Rx input and replaced
with a 50-Q) dummy load and a series
iso-T. A signal generator is connected
to the isolated port, and an on-channel
signal is injected to obtain a reference
level of Rx activity, such as 12-dB
SINAD, or a specific limiter reading. The
signal level is recorded. Next, the anten-

Rec. Signal

generator

2. In this configuration, the iso-T can
measure unwanted signals coming from
the antenna that can degrade Rx sensi-
tivity. Measurements are taken with
either a dummy load or the antenna
connected.

na is connected in place of the dummy
load and the amount of signal required
to produce the reference level is mea-
sured and recorded. The difference
between the two signal generator set-
tings represents the Rx desensitization
caused by RF and/or noise coming from
the antenna.

For example, with a dummy load
on the iso-T's antenna port, assume it
takes 11 wV (—86 dBm) to reach 12-
dB SINAD. With the antenna in place
of the dummy load, it takes 63 pV
(—71 dBm) to obtain the same amount
of Rx activity. The difference (15 dB)
is the amount of Rx desensitization
caused by interference coming from

Rec. signal

generator

3. The iso-T can measure RFI or ambient
noise, including inaudible noise desense
forms. Measurements are taken with
interference present and not present.

the antenna. Thus, the Rx's effective sen-
sitivity is 15 dB less than its normal
rated sensitivity. In this example, if the
basic Rx sensitivity is 0.35 wV, it would
have been degraded by 15 dB of "desense"
to an effective sensitivity of 2 pV.

Ambient Noise Test

It is usually surprising to find several
decibels of base-station-Rx desense
from ambient noise at the site. This can
be a real problem in Land Mobile Low
Band and very-high-frequency (VHF)
systems. Sometimes, Rxs in these bands
show up to 20 dB of degradation caused
by factors such as noisy power lines,
switch yards, defective power-line insu-
lators, etc. At ultra-high-frequency
(UHF) frequencies, ambient noise gen-
erally accounts for much less Rx desense
than in the lower bands.

A typical noisy location should cause
no more than 1.5 dB of Rx desensiti-
zation in the UHF bands. If more than
2 or 3 dB of desense to UHF channels
is measured, the Rx's performance is prob-
ably being degraded by RF signals rather
than ambient noise. RFI is the main
cause of degraded Rx performance at
UHF and higher frequencies. As outlined
previously, an effective Rx-sensitivity
check will reveal Rx desense, regardless
of the source. More tests are necessary
to determine whether the source is RF
or ambient noise, or perhaps both.

RFI Test

The iso-T can be used to measure RFI
(Fig. 3). The signal generator's output must
be measured twice to acquire a reference
level of Rx activity. The first measure-
ment must be taken during a "quiet
time" when the interference is not pre-
sent. The second measurement must
be taken when the interference is pre-
sent. Listening to the channel may be
helpful in making this determination,
though some forms of interference,
such as noise desense, are not audible.
With noise desense, the Rx often seems
to "go dead." An effective sensitivity test
through the antenna will reveal this.

Continued on page 92
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Milmega’s strength lies in our ability to produce a family
of high quality octave band solid state microwave amplifiers, and yet maintain
the flexibility to design and build high quality amplifiers /amplifier systems
to meet your specific requirements. This strength has created Milmega’s global
reputation as experts in the field of high power microwave engineering.

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

Physics research
Colliding electrons and positrons in the search

for quarks and the testing of nuclear theory.

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

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

built into sophisticared jamming systems.

Communications testing
Where Milmega amplifiers are often used in

pairs for Passive Intermodulation (PIM) testing.

© MILMEGA

Designers and Manufacturers
of High Power Microwave Amplifiers and Systems

Milmega Ltd, Ryde Business Park, Nicholson Road, Ryde, Isle of Wight, PO33 1BQ, UK
Tel: +44(0) 1983 618000 Fax: +44(0) 1983 616864
E-mail: sales@milmega.co.uk Web: www.milmega.co.uk
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Continued from page 90
With the iso-T connected through the
antenna, all interference coming in on
the antenna can be measured. One can
experience RF and ambient noise desense
at the same time. A quiet-time check and
a check when interference is present
are needed. The difference between
these two readings represents the amount
of degradation caused by interference.
The RF could be from other near-
by Txs, IM from two or more Txs,
RF leaking into the Rx due to inade-
quate duplexers or combiners, or from
loose or arcing components within
the antenna under test. Oftentimes,
offending Txs can be identified by
observing desense when suspicious
Txs are keyed and then unkeyed.
Regardless of its source, two iso-T Rx
measurements, one with and one with-
out interference present, will provide
an estimate of the size of an interfer-
ence problem. Identifying the magni-
tude of the problem is the first step
toward eliminating it. For example, if
the Rx is getting "hit" with strong RF
(10 dB greater than the carrier’s power)
two channels away in frequency, the
Rx's front end may be sharpened with
a bandpass or notch filter, providing
at least 10-dB roll-off or rejection at
the offending frequency.

IM Test

The iso-T can also be used to mea-
sure Rx desensitization effects caused
by IM (Fig. 4). IM is a form of RFI gen-
erated by the mix of two or more sig-
nals in a nonlinear device such as an Rx
front end, a Tx final amplifier, or a
corroded metallic joint behaving sim-
ilar to a diode. Passive external mixes
such as those occurring in a corroded
joint are rather rare, and only two types
of IM are usually present: Rx IM and
IM from external active mixers such
as Txs. The iso-T can measure the mag-
nitude of desensitization caused by IM
and help locate the source.

The most common type of IM is
third-order Tx IM. Order indicates the
numbered rank of harmonics participating
in an IM mix. A typical third-order

case results from a mix represented by
2A minus B, where A is the base station's
Tx frequency and B is the frequency of
another nearby Tx. This mix very like-
ly occurs in the final amplifier of the Tx
under test because the second harmonic
(the 2A term) is very strong there. The
resulting IM signal is quite capable of
degrading the performance of nearby
Rxs, including the one under test. IM
interference always occurs in odd orders
such as third, fifth, seventh, etc. This dis-
cussion focuses on Tx IM, which can
occur in the final stages of power ampli-
fiers (PAs). Very strong desense usual-
ly indicates a Tx mix that is close by and
is generally on the same site.

IM from within the Rx is another dis-
tinct possibility (Fig. 3). In fact, Rx IM
is about as common as Tx IM, but it is
a little more difficult to identify. The iso-
T is a useful tool for determining whether
IM is occurring externally or in the Rx
under test. To find IM in the Rx, first
a reference amount of Rx activity is
obtained with the antenna connected nor-
mally and a test signal injected through
the iso-T. Then, a small amount of
attenuation or pad, approximately 6
dB, is connected in the receive coaxial
cable coming from the antenna. The
reference amount of Rx activity is re-
established. If the second signal-gen-
erator reading is exactly 6 dB less than
the first, it indicates that the IM mix-
ing point is external to the Rx. If the

]

Rec. ") signal
generator

4. In this configuration, the iso-T can
measure the magnitude of Rx desensiti-
zation caused by IM and help locate its
source—either within the Rx or exter-
nally. Measurements are taken straight

in from the antenna or through a pad.

amount of signal required to re-estab-
lish the reference level is substantially
less than the pad, this indicates Rx IM.
This is because each IM component is
attenuated by 6 dB before mixing in
the Rx. A difference of 18 dB would be
a theoretical third-order response to
three signals of equal amplitude mix-
ing in the Rx. Reverting to a lower-
value pad, approximately 3 dB, might
be helpful in cases where the difference
in signal-generator levels is hard to
determine.

For example, with an iso-T con-
nected in line with the Rx coaxial cable
and a signal generator feeding the iso-
lated port, assume it takes a signal of
—75 dBm to obtain a reference level of
Rx activity. (Note that the reference
level could be a benchmark, such as
12-dB SINAD, or a limiter reading.)
Then, a 6-dB pad is installed in the Rx
coaxial cable, and the reference level of
Rx activity is re-established. In this
example, assume the amount of signal
required to reach reference level is —87
dBm. In as much as this is substantial-
ly less than the amount of in-line atten-
uation (pad), it indicates IM is occur-
ring in the Rx. Had the IM been occurring
externally, the signal-level difference
would have been very nearly equal to
the value of the pad.

Repeater Desensitization

Repeater desense caused by a station's
Tx is easy to prove with an iso-T (Fig.
5). The iso-T is placed in the input port
of the Rx as shown, and two sensitiv-
ity measurements are made, one with
the Tx unkeyed and the other with the
Tx keyed. The difference between these
two readings is the amount of Rx desense
caused by the Tx. If duplexers or com-
biners are operating properly, there
will be 0 dB of desense. Any degrada-
tion at all indicates inadequate RF iso-
lation between Tx and Rx. The duplex-
er may be damaged, mistuned, or simply
incapable of delivering enough isolation |
to protect the Rx. In a combiner, desense
can be caused by any Tx in the system,
including the one under test. Tx noise

Continued on page 94
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Richardson Electronics is pleased to provide the market with the next generation of
SMT coaxial connectors from Radiall. The outstanding benefit of this product line called
MMP (Micro Miniature Pressure contact) is cost reduction thanks to Radiall's innovative technology.

Included in the MMP product line is Radiall’s patented UMP (Ultra Miniature Pressure
contact) which features 2 mm high mated connectors (board to board cable link). It can be used either on
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Richardson can provide you with Radiall's entire surface mount connector offering. Whether itis MMS, MMT,
SMB, MC-CARD, SMA, QMA, MCX, MMCX, DIN 1.0/2.3 or SMB CARLOCK. turn to Richardson
Electronics—the global provider of engineered solutions. Call 1-800-737-6937 today with all your
connector requirements.
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Continued from page 92 ;
is the culprit and may be found |
by a process of elimination.
Desense may be caused by arc-
ing somewhere in the system. |
Noise desense from arcing can |
frequently be traced to faulty |
connections inside duplexers, |
combiners, and even anten- |
nas. If the coaxial cable and |

antenna are suspected, and if

. n: Ll Tx
IM is not "inbound," the anten-

na system can be connected 9
into the test in place of the

Duplexer

generator

is capacitive coupling between
them. The T adapter is installed
in-line between Tx and RF
wattmeter. Test equipment is
energized from the straight
adapter. If loss is too great,
capacity (and coupling) can be
increased by threading a
- machine screw into the unex-
posed end of the straight adapter.
Coarse adjustment can be
achieved by running the screw
in and out. However, direct
contact between the screw head

Signal

dummy load.

A workable, home-built
capacitive coupler can be
improvised from commonly
available coaxial connectors. The male
center pin of the common UHF series
T adapter threads into a tube, which serves
as the two female contacts. The pin
should be unscrewed and discarded.
This leaves the tube loose. A drop of

5.In fhis cbnﬁguration, an iso-T can measure repeater
desense caused by the station's Tx. Measurements are taken
with the Tx keyed and unkeyed.

epoxy will hold it in place. When a
straight adapter is screwed into the
modified T adapter, there is no direct
contact between the center conductor
of the T adapter and the center conductor
of the straight adapter. However, there

and the "through" path must
be avoided.

All engineers should have
an iso-T in their toolboxes. It
maintains proper termination while
isolating instruments from the Tx and
outside RF signals and noise. Whether
working at "low band" or 1900 MHz,
the iso-T is a valuable assistant to mea-
sure and identity RFI. [I&

DESIGN

| CHANNEL EMULATORS |

Emulator Mimics Mobile

Communication Channels
Continued from page 66

Gaussian, or Ricean. The standard devi-
ation for phase can be adjusted from 0
to 180 deg. Calculation of all emulation
parameters is performed in real time, so
that it is possible to modify any param-
eter during an emulation. The channel
emulation simulation also allows oper-
ators to save system-level configura-
tions in different files, making it pos-
sible to reproduce complex signal
environments, such as combinations
of urban and forest areas.

The channel emulator system has many
possibilities and capabilities. The emula-
tor can be used alone to measure and
study the response of a channel, while the
multipath unit can be used to create a
delay profile that is then measured with
anetwork analyzer. Examples of this lat-
ter application are shown in Figs. 6 and
7. Figure 7 shows the frequency response

of a channel measured at IF. The test
results show one dominant signal ray and
five multipath components. The channel
emulator system’s fading depth capabil-
ity of more than 40 dB can be seen from
these measurements.

The channel emulator can also be used
for performing closed-loop emulations
of communications channels for bit-
error-rate (BER) measurements. It is
possible to connect a modulator and a
demodulator through the system and mea-
sure the BER and I/Q diagram of a
received signal. This test evaluates the
effect of a digitally modulated channel
with very high accuracy and in a very
short period of time. With the channel
emulator, it is possible to create a chan-
nel and measure the behavior of different
modulation schemes under a variety of
conditions. Measurements of this kind®
have been performed with binary phase-
shift keying (BPSK), quadrature phase-
shift keying (QPSK), and CP-FSK for-
mats at different data rates.

The system developed by the authors
represents a complete laboratory for the
study of mobile radio channels under
multipath conditions. The low-cost
system was developed with available
hardware and specialized control soft-
ware, enabling full control of all prop-
agation parameters and thorough inves-
tigation of communications-channel
characteristics. [l
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High Frequency >12GHz
Flip Chip PIN Diode
FEATURES
B 0.2 pF Capacitance
B Rs of 2.5 Ohms
B Vb of 7 Volts
B Operating Freq up to 12GHz
Handles 10 Watts of RF power
Patented hermetic flip chip
Flip Chip is tape and reel compatible

APPLICATIONS

B |SM Band Antenna Switching

B 802.11a 5GHz antenna switching

B MMDS and LMDS Antenna Switching
B 3G Fixed Microwave Infrastructure
B 2.4GHz High Frequency Switches
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FESD 1/0 Port Protection

FEATURES

Single and Two-Line protection
Stand-Off 5.0 Volts max
Breakdown 6.0 Volts min
Clamping 9.8 Volts max
Capacitance 5 pF typical
Temp Coefficient 3mV/°C max
IEC-6000 ESD compliant

APPLICATIONS
® PDAs USB Port Protection
B Data line Protection

Vbus
PIN1

PROTECTED
DATA -
PIN3

SIGNAL IN

GND

PIN4=—
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UPP1001

__ High Isolation, Low Loss Low
Distortion Power PIN Diode

FEATURES

100, 200, and 400V versions

Patented Powermite Surface Mount

Low Bias Current requirements

High Zero Bias Impedance

0.75 Ohm resistance

1.6 pF Capacitance rating

Handles 2.5 Watts of RF power

Full metal bottom eliminates flux

entrapment in automated assembly

APPLICATIONS
® Two way radio antenna switch
B High density Wireless messaging

SMPELCXX

— T1/Ethernet Line Protection

FEATURES

Rugged 600 Watt device
10/1000us surge protection
Breakdown 6.0-13.3 Volts min
Clamping 9.6-19.9 Volts max
Capacitance 30 pF typical

Peak Pulse Current 10 Amp max
Standby Current 300uA max

APPLICATIONS
B T1/E1 Protection
W Data line Protection

TO T1/E1

T1/E1 LINE TRANSCEIVER

MWS11-PH41

InGaP HBT WCDMA
[ Power Amplifier

The MWS W-CDMA is a high-efficiency
linear amplifier targeting 3V mobile
handheld systems. The device is
manufactured in an advanced InGaP/
GaAs Heterojunction Bipolar Transistor
(HBT) RF IC fab process. It is designed
for use as a final RF amplifier in 3Volt
W-CDMA and CDMA2000, spread
spectrum systems, and other linear
applications in the 1800MHz to 2000MHz
band. There are two 16-pin package
versions for this power amplifier. One is
a 3mm x 3mm chip scale package
(CSP) with external input/output match
and the other is an internally I/O
matched module.

FEATURES

Single 3V Supply, 70mA Idle Current
27 dBm Linear Power Output

26 dB Linear Gain

40% Linear Efficiency

70mA Idle Current

3mm 16 Pin MLP or Flip Chip

APPLICATIONS

B 1920-1980 MHz W-CDMA Handsets
B 1850-1910 MHz CMDA2000 Handsets
W Spread Spectrum Systems

Visit our website for all our RF
devices, data sheets, and application notes:
www.Microsemi.com/rf

Microsemi
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Visit our web site for all our TVS
devices, data sheets, and
application notes:
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MRF5812

Surface Mount Bipolar RF
Mobile Radio Transistor

Designed for high current, low power,
low noise amplifiers up to 1.0 GHz.
Broad MRF Series can cover
applications ranging from 2MHz to 4GHz.

FEATURES

B |ow noise: 2.5dB @ 500 MHz

B Associated gain: 15.5 dB @ 500 MHz
B Ftau: 5.0 GHz @ 10 V, 75 mA

APPLICATIONS
® Two way radio power amplifiers
B High density wireless messaging

Visit our website for all our RF
devices, data sheets, and appiication notes:
www.Microsemi.com/rf

Microsemi
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lower thermal resistance
better gain flatness
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wide choice of gain
high IP3
high reliability *

TYPICAL SPECIFICATIONS AT 25°C:
Flatness Max. Power OutA

Freq.®
Model (MHz)

GAL-1  DC-8000
GAL-21  DC-8000
GAL-2  DC-8000
GAL-33 DC-4000
GAL-3  DC-3000

GAL-6  DC-4000
GAL-4  DC-4000
GAL-51 DC-4000
GAL-5  DC-4000
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2 year guarantee*
in stock!

Thermal DC Price
Resist.  Operating Power ~ $ea.
NF(dB) 1P3(dBm) 6jc,°C/W Current(mA) Volt (25 Qty)
108 40 3.4 .99
128 40 3.5 .99
101 40 3.5 99
110 40 4.3 .99
127 35 33 .99
93 70 5.2 149
93 65 46 149
78 65 45 1.49
103 65 4.4 1.49

35

35

® ow freq. cutoff determined by external coupling capacitors. AModels tested at 2GHz except GAL-4, -5, -6, -51 at 1GHz.
*SuUJec: to terms and conditions of the warranty published in our current Designer's Guide. Complete specifications,
performance data, and reliability report available on our web site

Designer’s Amplifier Kit K1-GAL: Includes test board and 10 of each model
GAL-1,-2,-3,-4,-5,-6,-21,-33,-51 (90 pieces). Price only $99.95.
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MEMS TECHNOLOGY

Increasingly Toward

MEMS of
PDOWEr-COl

D)
)

mobile phones for messaging, wireless
Internet accessing for e-commerce, as
well as wireless data links such as the
Global Positioning System (GPS) and
Bluetooth. A technology that can con-
tribute to these efforts is MEMS, a pla-
nar fabrication process compatible with
existing integrated-circuit (IC) and
monolithic-microwave-integrated-cir-
cuit (MMIC) processes. In the 21st cen-
tury, the state of the art in multichip mod-
ules (MCMs) for RF and microwave
systems will be the development of an
advanced technology that can integrate
silicon/germanium (SiGe)-based active
devices, MEMS devices, and micro-
machined components into one wafer.!

A MEMS is a miniature device or an
array of devices combining electrical
and mechanical components and fab-
ricated with IC batch-processing tech-
niques. It can range in size from micro-
meters to millimeters. MEMS fabrication
techniques employ conventional IC fab-
rication processes to produce three-
dimensional (3D) mechanical struc-

QUN WU BUMMAN KIM
Professor

Dept. of Electronics &
Communications Engineering, Harbin
Institute of Technology, P.O. Box
341,92 Xidazhi St., Harbin, 150001,
Peoples Republic of China; e-mail:
gwu@public.hr.hl.cn

MEMS Technology Moves

Microwave Applications

fer reduced cost, size, and
nsumption advantages to RF
and microwave hardware designers.

icroelectromechanical systems (MEMS) represent an excit-
ing technology based on the same fabricating processes
used to make integrated circuits (ICs). Current and future
RF, microwave, and millimeter-wave systems will require
more flexible and sophisticated devices, but with very low
weight, small volume, and low power consumption. Exam-
ples include wireless communications equipment such as

tures. Accordingly, there are
several MEMS fabrication
techniques currently in
widespread application, includ-
ing bulk micromachining, surface micro-
machining, fusion bonding, and a pro-
cess known as LIGA, which is a German
acronym that means Roentgen-
Lithographie, Galvanik, Abformung,.

The most important technique is
surface micromachining, which con-
sists of the deposition and lithograph-
ic patterning of various thin films, usu-
ally on a Si substrate. MEMS devices
for RF and microwave applications can
provide the advantages of fast actuation,
low losses, and high quality factors
(Qs), which is an attractive option.?
To some extent, MEMS represents the
new revolution in microelectronics.’
An alternative to Si as a substrate mate-
rial came about with the intent of apply-
ing surface-micromachining techniques
to incorporate microwave MEM devices
in MMICs.

Most RF MEMS are fabricated using
gallium-arsenide (GaAs), ceramic, high-
resistivity Si, or other RF-compatible mate-
rials. Employing flip-chip assembly and
Si-removal techniques,” it is possible

microwaves s R LI JuLy zoor
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for a MEMS device to be integrated on
any RF-compatible substrate without
Si semiconductor effects, to fabricate com-
plex MEMS cost-effectively for a new
generation of RF MEMS with superi-
or functionality.

From an RF and microwave view-
point, current MEMS technology focus-
es on switches, filters, inductors, vari-
able capacitors, and phase shifters for
wireless-communication applications.’
In the future, integrated MEMS will
become a reality.

MEMS Fabrication

In the MEMS fabrication process, per-
mitting one or more of the ("release")
films to be free standing over a select-
ed part of the substrate, including polysil-
icon, enables the film to undergo the
mechanical motion or actuation char-
acteristic of all MEMS. This is per-
formed by depositing a "sacrificial”
film (or films) below the released onefs),
which is removed in the last step of the
process by selective etchants. Materials
for the release and sacrificial layers
include metals [gold (Au), aluminum (Al),
etc.], ceramics [Si dioxide (S10,) and Si
nitride (Si;Ny4)], and plastics [photore-
sist, polymethyl methacrylate (PMMA),
etc.], depending on the details of the
MEMS process and other materials in
the thin-film stack. The release and sac-
rificial layers can be deposited through
evaporation, sputtering, electrodeposition,
or other methods. Currently, the sub-
strate materials used for MEMS fabri-
cation include quartz (e, = 3.8); semi-
insulating GaAs, high-resistive Si substrate
(e, = 11.9); alumina; strontium titanate
oxide (SrTi03); SiO2; and more.

The next important achievement in
the development of surface-microma-
chining technology was its exploita-
tion of structural polysilicon and sac-
rificial $iO, to fabricate free-moving
mechanical gears, springs, and sliding
structures. Since systems applications
require that sensors and actuators inter-
face with electronic circuitry, attention
turned to the simultaneous fabrication
of micromechanical devices with ICs.

Already well-known, good packaging

practice is essential for the successful
performance of conventional RF and
microwave components. The case for
MEMS is no different. Indeed, in addi-
tion to ensuring the absence of unwant-
ed resonance and electromagnetic inter-
ference (EMI) and coupling, MEMS
packaging techniques aim at preventing
moisture and particulates, which may
impair the movement of freestanding
MEMS structures, and the various types
of energy losses (e.g., acous-
tic and thermal).

RF and microwave
components benefit great-
ly from MEMS technol-
ogy due to the low-loss
characteristics of low-
resistance metal contacts
and the elimination of
dielectric losses in planar
waveguides. Due to the
miniaturization feature,
many different compo-
nents can be integrated on a single chip
to achieve more functionality without
extra connector losses or impedance-mis-
match losses. The movable feature of
MEMS devices enables dynamic adjust-
ment of the component value.

Switches/Capacitors

Perhaps the most prolific RF and
microwave MEMS device is the switch.
Promising realizations of the switch
have been demonstrated as cantilevers,
membranes, shape-memory alloy, and
multipole/multi-throw devices that
deform when subjected to electrostat-
ic actuation forces.® The actuation
mechanisms include electrostatic, piezo-
electric, thermal, magnetic, and bi-
metallic (shape-memory alloy). While
various actuation mechanisms are under
investigation for MEMS device appli-
cations, electrostatic actuation is the
most mature, perhaps due to the fact that
surface micromachining, the most com-
mon technology used to produce elec-
trostatically-based actuators, 1s com-
patible with IC fabrication processes.

As a basic device, the MEMS switch
has been used to form other components,
such as tunable filters, switched atten-

The advantage
of RF and micro-
wave MEMS
switches
traditional semi-
conductor devices

is their low series

uators, reconfigurable antenna ele-
ments, phase shifters, analog single
multiplexers, and other circuits or
systems.”

Si micromachining has been used
effectively for RF and microwave switch-
es with an insertion loss of less than 1
dB over frequencies ranging from 100
MHz to 30 GHz."” It is compatible
with Si processing and is orders of mag-
nitude lower in cost than current GaAs
technology. The advan-
tages of the microma-
chining switch structure
are that it needs very low
power and has a long
lifetime. The switches
can provide speeds of
0.1to 1.0 ps witha DC
voltage of less than +3
VDC. The advantages
of integrating these
devices into existing pas-
sive circuitry on ceram-
ic or glass substrates are that one can
build very- low-loss interconnects with
low parasitic parameters.

Current RF and microwave MEMS
switches have been fabricated in series
and shunt configurations. In the series
configuration with the MEMS switch
actuated (i.e., the top electrode pulled
down), the signal path is completed,
whereas in the shunt configuration, the
signal path is shorted to ground with
the switch actuated.!! The typical shunt-
capacitive MEMS switch consists of a
thin metal membrane "bridge" sus-
pended over the center conductor of a
coplanar waveguide (CPW) and fixed
at both ends to the ground conductors
of the CPW. Metal membrane switch-
es show good insertion loss, reason-
able switching voltages, fast on/off
speeds, and excellent linearity.'? Using
this approach, a novel tunable cross-
switch is fabricated. The tuned cross-
switch has an on-state capacitance of
0.05 pF and an off-state capacitance
of 0.8 pF. The reflection coefficient in
the on-state is less than —20 dB over 22
to 38 GHz with an insertion loss of 0.6
dB. The isolation of the cross switch is
greater than 40 dB from 20 to 40 GHz.

Continued on page 100
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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
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Ensemble handles realistic circuits with straight and curved traces,
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Continued from page 98
The pull-down voltage for the mem-
branes is +15 to +20 VDC."?

The advantage of RF and microwave
MEMS switches over traditional semi-
conductor devices, such as FETs or PIN
diodes, is their extremely low series
resistance and low drive-power require-
ments, resulting in extremely low loss.
In addition, RF and microwave MEMS
switches without a semiconductor-junc-
tion effect exhibit negligible inter-
modulation distortion (IMD) in wire-
less-communication applications.

Various RF and microwave MEMS
switches used in every application have
been reported. Most of them consist
of sputtered or evaporated thin-metal
films and Si;N or SiO, using rotary,'”
cantilever,'>'® 1719 topolo-
gies. Usually, the switches are electro-
static in nature and are commonly driv-
en by bias voltages ranging from +30
to +50 VDC. To obtain low insertion
loss and low actuation voltage, vari-
ous transmission-line structures, such
as hinge and movable-plate construct-
ed from electroplated Au or Cu, are
being investigated. To obtain high on/off
isolation, strontium titanate oxide
(SrTi4O,) with a high dielectric con-
stant is used. A recently fabricated
switch with insertion loss as low as
0.08 dB at 10 GHz and isolation up to
42 dB at 5 GHz, has been realized.”® Even
better performance of RF and microwave
MEMS switches with actuation voltages
as low as +9 VDC?' and isolation over
45 dB have also been demonstrated.**

Recently, for applications in 3D
MMIC transmitter (Tx)/receiver (Rx)
modules, an interlayer RF and microwave
MEMS capacitive-switch structure sand-
wiched between two polyimide layers
and two ground planes was proposed.
The switch structure and the CPW in
the switch region were optimized for low
insertion loss in the on-state and high
return loss and high isolation in the
off-state.”’

There are two forms of variable

or membrane

capacitors—parallel plate and inter-
digital. In the parallel-plate approach,
the top plate is suspended a certain dis-
tance from the bottom plate by sus-

pension springs, and this distance is
made to vary in response to the elec-
trostatic force between the plates induced
by an applied voltage. The parallel plate
type has a measured nominal capacitance
of 2.05 pF, a Q of 20 at 1 GHz, achieves
a tuning range of 1.5:1, a tuning-volt-
age range of 0 to +4 VDC, and a self-
resonant frequency of greater than 5 GHz.
In the interdigitated approach, the effec-
tive area of the capacitor is varied by
changing the degree of engagement of
the fingers of comb-like plates. Typical
performance includes a Q of 34 for
5.19 pF at 500 MHz, a tuning range of
200 percent, a tuning-voltage range of
+2 to +14 VDC, and a self-resonant
frequency of 5.0 GHz for 5.19 pF. The
reported linearity, as measured by the
third-order IM product, is greater than
+50 dBm.

A variable capacitor fabricated in
a Multiuser MEMS Processes (MUMPs)
or surface polysilicon micromachining
process, has a nominal capacitance of
l.4pFanda Qof23at1 GHzand 14
at 12 GHz. As the bias voltage is swept
from 0 to +5 VDC, the capacitance is
tunable from 1.4 to 1.9 pF. It is used
for a 2.4-GHz complementary-metal-
oxide-semiconductor (CMOS) voltage-
controlled oscillator (VCO) as the fre-
quency-tuning element. The VCO
achieves a phase noise of —122 dBc/Hz
at 1-MHz offset from the carrier and
has a tuning range of 3.4 percent.”* An
excellent example is the use of MEMS
switches in digital capacitor banks or
arrays. In addition, different fixed-value
thin-film capacitors connected to exter-
nal circuits through MEMS switches
make up a capacitance bank, so that the
total capacitance can be changed in a
digitally controlled manner.*’

A novel surface-micromachined
Micro-Flevator by Self-Assembly (MESA)
technique is used to build suspended
inductors and variable capacitors. The
MESA technology is unique since it
offers a new approach to achieve large
out-of-plane structures without using
thick sacrificial layers or LIGA pro-
cess.”® The inductance is measured to
be 24 nH and the capacitance varied from
20 to 500 pF.

In the design of RF and microwave
MEMS switches, two important factors
must be considered—electrical design
parameters including transition time,
switching speed, switching transients,
RF power handling, intercept point, RF
insertion loss, and isolation. The second
factor is RF characteristics including low-
est possible insertion loss, highest possi-
ble isolation, highest possible switching
frequency, and lowest possible actua-
tion voltage. The insertion loss is affect-
ed by mismatch loss where the charac-
teristic impedance is different from 50 Q.*”

Phase Shifting

Traditional electronic phase shifters
are generally built on GaAs and use
metal-semiconductor field-effect tran-
sistors (MESFETs) or pseudomorphic
high-electron-mobility transistors
(PHEMTs) as switches. These devices
switch between different line lengths
or switch between different low and
highpass filters to achieve the desired
phase shift. However, these are com-
paratively lossy switches, with the aver-
age loss at Ka-band being approxi-
mately 6.5 dB for a 4-b phase shifter that
uses the best pHEMT switches. Ka-
band 3- and 4-b phase shifters have
been built using a resonant-switched
transmission-line microstrip topology.
To shift the phase, two RF and microwave
MEMS capacitive switches were used
to form two quarter-wave transfor-
mations for the different path delays.
The results show a 0-to-337.5-deg.
phase shift with 22.5-deg. steps for the
4-b phase shifter, and 0- to-315-deg. phase
shift with 45-deg. steps for the 3-b
phase shifter. The average insertion
loss is 2.25 dB and 1.4 dB*® for the
4-b phase shifter and 1.7 dB for the
3-b phase shifter.?’

The compatibility of membrane-
switch construction with Si-CMOS pro-
cessing makes it possible to integrate
switches with other passive RF and
microwave devices. Using this switch,
a 4-b time-delay phase shifter where
various transmission-line lengths are
interconnected, has been investigat-

Continued on page 102
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Continued from page 100

ed.?® Measured results show that any
differential phase value from 0 to 360
deg. can be achieved in 22.5-deg. incre-
ments by tuning the switch positions.
A large, low-cost phased array was
built using the integration properties of
the membrane switch with other devices.
A distributed 1-b phase shifter based on
RF and microwave MEMS capacitors
with the lowest insertion loss at K/Ka-
band has been reported.>! The phase
shifter demonstrated a phase shift of 180
deg. with an insertion loss of 1.17 dB
at 35 GHz, a 270-deg. phase shift with
an insertion loss of 1.69 dB at 35 GHz,
and a return loss of better than 11 dB
over the 0-to-35-GHz band.

A new type of tunable filter using
micromachined cantilever-type vari-
able capacitors is in development. The
capacitors are used as a part of the res-
onators in bandpass filters for frequency
tuning. The bandpass filters operate at
Ka-band with a tuning range of 1.1
GHz for a two-pole lumped-element
filter, and 0.8 GHz for a two-pole res-
onator filter.>? These experimental
results show that micromachined tun-
able filters are candidates in highly inte-
grated Rx applications.

Resonators And Lines

The performance levels typical of
macroscopic waveguide resonators can
be approached at the microscopic pla-
nar level by exploiting micromachining
techniques. In one particular demon-
stration, an unloaded Q of 506 for a cav-
ity with dimensions 16.00 X 32,00 X
0.465 mm® was obtained. This was
only 3.8 percent lower than the unload-
ed Q obtained from a rectangular cav-
ity metal of identical dimensions.

The performance of bulky mechani-
cal resonators, particularly the fact that
they are capable of exhibiting Q in the
10,000 to 25,000 range, is well-known.
The maximum resonant frequency report-
ed for these resonators is less than 200
MHz. A film-bulk-acoustic-resonator
(FBAR) device consists of a layer of piezo-
electric material [for example, aluminum
nitride (AIN)] disposed between top and

bottom metal electrodes. The typical Q
and resonance frequency are more than
1000 and between 1.5 and 7.5 GHz,
respectively.

The limitations of transmission lines
include frequency dispersion, inser-
tion loss, and the properties of the
substrate. RF and microwave MEMS
technology has been successfully exploit-
ed to diminish the influence of the sub-
strate in four types of transmission
lines: the membrane-supported
microstrip, coplanar microshield, top-
side-etch CPW, and micromachined
waveguide. In the membrane-sup-
ported microstrip, the transmission
line is defined on a thin membrane
with dielectric constant close to unity
by bulk-etching the substrate under-
neath the trace through backside pro-
cessing. A drawback is that it pos-
sesses no intrinsic ground plane. The
coplanar microshield overcomes this
limitation by including the ground
planes defining the ground-signal-
ground structure. The top-side-etch
CPW does away with the potential
complications of backside-etching of
the membrane and microshield lines and,
instead, relies on opening etch win-
dows through the top passivation layer
to create a pit underneath the line.
The micromachined waveguide is a
technique where micromachining and
wafer-bonding techniques attempt to
overcome the lower-dimension bound
of conventional machining techniques.*

MEMS Modeling

Since MEMS technology is a com-
bination of micromachining and IC
technology, its computer-aided-design
(CAD) packages include the following
functions:

e The layout and processing for the
MEMS device itself.

® The circuitry for the surrounding sys-
tem and its interaction with the MEMS
components.

e The package that will fit the MEMS
component or subsystem into an appli-
cation.

CAD for MEMS, therefore, uses
tools from mechanical and IC design.

Some specific CAD tools for MEMS
based on IC CAD tools have been devel-
oped in the past. The first MEMS design
system MEM CAD was built in the
Senturia Lab at the Massachusetts Insti-
tute of Technology (MIT).** Others,
such as those reported by S.B. Crary,*
include design rules and anisotropic
etching verification, parameter extrac-
tion, system-level simulation, and
schematic-driven layout generation that
enable MEMS designs to be ready to go
to fab.*®

Some MEMS CAD tools address
specific demands, such as 3D analysis
(OYSTER?”) MEMCAD, and etching
(ASEP?®).

In the design of MEMS-based RF
and microwave switches, full-wave EM
simulators, such as Agilent's Momen-
tum, are used>”* to obtain parameter
extraction from S-parameter measure-
ments and modeling.*' Numerical sim-
ulation for high-frequency behavior of
MEMS switches using Method-of-Lines
(MoL)** and Transmission-Line-Method
(TLM) methods shows very good agree-
ment with measured results, so that the
element extraction of accurate equiva-
lent circuits using time-domain analy-
sis can be realized.** The model param-
eters are obtained to fit the S-parameters
simulated from full-wave EM simula-
tion in Ansoft's HFSS.**

The current CAD environment pro-
vides a complete design flow for system
designers. However, the integration of
tools used by device designers is still being
investigated.

RF and microwave MEMS tech-
niques have been used to create smart
or tunable antennas for military air-
craft. With evolving development trends,
RF and microwave MEMS will sup-
plant discrete inductors, capacitors,
ceramic filters, and even transistor
switches in navigation radios, airborne-
communications equipment, and per-
sonal-communications devices. They
can be integrated with amplifiers, VCOs,
phase-locked loops (PLLs), and other
ICs.

Although the superiority of MEMS
has been demonstrated in many RF and

Continued on page 104
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microwave applications, much work
remains through the further study of
switch layout as well as materials pack-
aging and processing.*’ [T
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of harmonic tuners with high-resolution
tuning adds a new dimension to load-
pull testing, allowing characterization
to be performed under controlled con-
ditions of second- and third-order har-
monic impedances.

The highly reflective frequency-selec-
tive harmonic impedance tuners provide
fine tuning accuracy between 0.2 and
0.7 deg. over a full 0-to-360-deg. inter-
polated tuning range. The tuning pre-
cision is obtained through precise align-
ment supported by calibration and
nonlinear interpolation algorithms that
enable reproduction of arbitrary
impedances with accuracy typically
exceeding —50 dB at the edge of the Smith
chart.

Increasing demand for wireless ser-

1. The principle ofa | 2fo

harmonic load-pull
tuner is based on
sliding resonator cir-

Harmonic Tuners Support
Accurate Load Pull Testlnq

> can bhe Integr

oad-pull testing is an important tool in the characterization
of high-power, high-frequency transistors. By using load-
pull tuners in an integrated test system to precisely control
the impedance of a microwave transistor, it is possible to
characterize the device's strongly nonlinear behavior, thus vices has made the job of the
generating hot current-voltage (I-V) curves, plots of satu- 2amplifier designer more chal-
rated power, and plots of load-pull contours. The availability

lenging, requiring designs
with improved linearity and
power-added-efficiency (PAE) perfor-
mance. The need for fast design
turnaround has brought harmonic tun-
ing, considered an exotic technique
until recently, to the foreground. Among
the three device-characterization tech-
niques typically used," including active
harmonic load-pull testing, passive tun-
ing using triplexers, and passive tuning
using frequency-selective harmonic
tuners, the last method became the most
popular due to the compact nature of
the setup, the affordability of the hard-
ware, the ease of operation, and the
wide frequency range. The method also
delivers very useful, highly accurate
data that can be incorporated into most
nonlinear device characterization and
amplifier-design schemes.

3fo
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Passive tuning through
frequency-selective harmonic
tuners is a technique that
uses patented harmonic load-
pull tuners developed by
Focus Microwaves (Ville St.
Laurent, Quebec, Canada).
These tuners can be used as
part of a dedicated test sys-
tem or as an extension to
existing load-pull systems.
The harmonic tuners are based on the
principle of sliding resonator circuits con-
nected in parallel to a low-loss trans-
mission line. Tuners usually employ
two sets of two resonators to cover the
second- and third-harmonic frequencies—
2f, and 3f, (Fig. 1). The use of two res-
onators per harmonic frequency is nec-
essary to provide compensation of the
residual reflection at the fundamental
frequency that would result from a sin-
gle harmonic resonator.

These harmonic tuners (Fig. 2) gen-
erate a very high reflection factor between
0.95 and 0.99 at both harmonic fre-
quencies over an adjustable phase range
of 360 deg. and are connected direct-
ly to the device under test (DUT). Their
insertion loss at the fundamental fre-
quency is very low (0.05 to 0.10 dB) and
does not noticeably reduce the mini-
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mum reflection factor of the funda-
mental tuners. This performance is typ-
ical to 2 GHz, beyond which the trans-
mission-line insertion loss reduces the
reflection factor to values of approxi-
mately 0.92 t0 0.95. Although the har-
monic tuners do not permit changing
the amplitude of the reflection factor,
all experimental and theoretical evi-
dence to date has shown that the vari-
ation of the reflection factor amplitude
is not required to fully characterize a
power transistor. Figure 3 shows the
typical frequency response of the har-
MOnicC tuners.

The harmonic tuners are calibrated
on an automatic vector network ana-
lyzer (VNA) at the fundamental and
both harmonic frequencies simultane-
ously. For each adjustment position of
the first set of resonators, the user-
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2. Harmonic tuners are
part of this compact
harmonic load-pull
measurement system
which also employs a
VNA and DC power
supplies.

defined impedances of the
alternate harmonic are cali-
brated. This information is
then used to develop second-
order polynomial algorithms that inter-
polate between calibration points with
very high accuracy. These algorithms
can provide performance with phase
errors on the order of only 0.1 to 0.3
deg. and amplitude errors between —40
and —60 dB (Fig. 5). Additional algorithms
are used with the harmonic tuners to com-
pute and display the impedances asso-
ciated with any arbitrary position of
the sets of resonators.

The step size of the tuning mecha-
nism (i.e., a stepper motor or other
device) dictates the limit of the har-
monic load-pull tuner's tuning resolu-
tion, typically 12 to 25 pm. This cor-
responds to minimum phase steps of
0.026 to 0.052 deg. at 900 MHz. The
phase resolution decreases in inverse
proportion to frequency, but can be
Continued on page 110
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factor.

4. This plot above shows a third-harmonic calibration pattern
that is for harmonic tuners which operate at 1.9 GHz. The sec-
ond-harmonic pattern features an even higher reflection
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to propose a session for the upcoming Wireless Symposium & Exhibition Spring
2002 Conference. Much of the rapid growth of the wireless and portable industry
has been due to the ongoing interchange of professional expertise. Your participa-
tion helps to further that growth. It's also a great opportunity to meet your peers,
showcase your ideas, and build your career. Your ideas are valued!

About the Wireless Symposium &
Exhibition

The conference will take place February 19-21,
2002 at the San Jose Convention Center,

San Jose, CA. For over nine years the Wireless
Symposium & Exhibition has been a place for
engineers to investigate new technologies and tech-
niques. It has become the preeminent technical
conference for designers and engineers of portable
and wireless products.

Acceptance Guidelines

Sessions are selected based on content originality,
quality and timeliness. We do not imitate programs
found at other conferences. If you are planning to
present the same topic within the next 12 months,
please indicate where so your program can be
adjusted appropriately. We do not accept canned
topics, or overtly commercial content. Each session
must be one-of-akind and intended to inform,

not sell attendees. All submitted material

becomes the property of Penton Media, Inc.

About Penton Media

Wireless Symposium & Exhibition is managed and
produced by Penton Media, Inc., publishersof
Microwaves & RF, EE Product News, Wireless
Systems Design, Internet World, Electronic Design,
Boardwatch, and Netronics.

Penton Media, Inc., 611 Route 46 West,
Hasbrouck Heights, NJ 07604

Phone: 201-393-6060 Fax: 201-393-6297.

Submission Guidelines

To be considered as a speaker, please submit
the following information:

1. Your name, title, company or organization,

2.

address, phone, fax and email address.

A short professional biography
(50 words maximum).

. Proposed session title and a 150-word

abstract. This material must be included
or your submission will not be considered.

Please indicate what type of session you
are proposing. We offer three types of
sessions at the Wireless/Portable
Symposium & Exhibition:

* Paper Presentation Session: Led by a “Session
Chair” and includes a number of papers on a
general theme. Each speaker/author makes a
20-30 minute presentation based on their paper.

¢ Mini-Tutorial “Expert” Session: Presented by an
expert instructor on one concise topic, a case
study, a narrow discipline, or “tips and tricks”.
1 to 1.5 hours in length.

* Full-Day Workshop Tutorial Session: 1 or 2 day
session presented by an expert instructor.

. If you will be speaking elsewhere within the next

twelve months, please indicate where.

Submit your session proposal by
September 7, 2001 to Betsy Tapp,
Conference Manager, via fax 201-393-6297
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For these "hot" measurements,
the IV characteristics have
been measured as the transis-

In evaluating an impedance
tuner, two performance barom-
eters are of interest—the
mechanical repeatability, which can be
expressed in terms of measured quan-
tities (such as Sy, and S;;) that are
obtained between repeated settings of
the tuner motors and the tuning accu-
racy, which is the vector difference
between a tuned impedance and the
value measured by the VNA.

For testing the tuning accuracy of a
harmonic tuner, the tuner is calibrated
at a number of points, typically 20 X
20 = 400 points or 40 X 40 = 1600
points. The first number of points rep-
resents the positions of the second-har-
monic resonators, while the second
number of points represents the posi-
tions of the third-harmonic resonators
(Fig. 4). A special measurement routine
is then executed, where the phase of
S,q (for 2f,) and S, (for 3f,) are swept
in equal-phase steps between 0 and 360
deg., using step sizes varying between
1 and 10 deg. It should be noted that

5. The tuning accuracy of a harmonic tuner operating at 870
MHz is shown for second-harmonic impedance tuning.

these are not calibrated points. Rather,
they are interpolated points since, even
at the highest calibration density, the dis-
tance between calibrated points is at
least 9 deg. (360 deg./40 points). As
an example, the tuning accuracy of a har-
monic tuner is shown in Fig. 5, using a
test frequency of 870 MHz and tuning
2f,. The evaluation, with a calibrated
phase step of 9 deg. and a measure-
ment phase step of 2 deg., reveals max-
imum errors of 0.23 deg. at 2f; and
0.65 deg. at 3f,.

The harmonic tuners were installed
in a compact load-pull measurement
system (Fig. 2). The test system includes
up to two harmonic tuners (for source
and/or load-pull testing) and two fun-
damental frequency tuners, generally used
with a prematching configuration for
high VSWRs (up to 150:1). All of the
test-equipment components and asso-
ciated general-purpose-interface-bus
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6. These hot IV curves were measured with the help of harmonic tuners, first using
open-circuit second-harmonic impedance and short-circuit third-harmonic
impedance (left) and then short-circuit second-harmonic impedance and open-cir-

cuit third-harmonic impedance (right).

tor is injected with nominal RF
power-sufficient input power
to drive the device into 1-dB
gain compression. The lefthand plot
shows the IV curves under full-load
conditions, with the source and load
power-matched at the fundamental fre-
quency (fy) of 1.7 GHz, the second-
harmonic source impedance (Z,) equal
to the second-harmonic load impedance
for an open circuit [Zg(2fy) = Z(2fy)
= ], and the third-harmonic source
impedance equal to the third-harmon-
ic load impedance for a short circuit
[Zs(3f0) = Z(3fp) = 0].

The righthand plot of Fig. 6 shows
the IV curves for the bipolar transistor
under matched conditions, but with
reversed conditions for the second- and
third-harmonic source and load
impedances {i.e., with the second-har-
monic source impedance equal to the
second-harmonic load impedance for a
short circuit [Z¢(3fy) = Z; (3fy) = 0] and
the third-harmonic source impedance
equal to the third-harmonic load
impedance for an open circuit [Zg(2f)
= Z1(2f,) = ]}. A difference in the col-
lector current of 50 percent can be
observed by swapping the harmonic
loads from open to short circuit.

The harmonic tuners can enhance
transistor output power, intermodula-
tion (IM), and PAE. When the test sys-
tem of Fig. 2 was used to evaluate PAE,
it was found that tuning of the second-
harmonic impedances resulted in a 20-
percent increase in PAE, whereas third-
harmonic tuning resulted in a PAE
improvement of about 3 percent. [T

REFERENCE
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cal Note 1-2000, Focus Microwaves, Inc., 1999.
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Modern Signal Generators
Emulate Complex Waveforms

The latest synthesis techniques combined
with advanced modulators result in the
availability of signal generators that are
accurate, flexible, and easy to use.

ignal generators have evolved rapidly in recent
years, in response to the dramatic changes in com-
munications systems during the 1990s. As a result,
modern signal generators must often incorporate a
wide range of analog and digital modulation capa-
bilities in addition to functions such as frequency
sweeps and power sweeps. And phase noise, spu-
rious noise, and harmonics must be almost negli-
gible to perform accurate measurements of phase-
modulated systems and their components.

Signal generators were once categorized as being
either RF or microwave units, although several
models are now available that cover RF and
microwave applications. The newly announced
model MG3690A frequency synthesizer from Anrit-
su Co. (Morgan Hill, CA), for example, combines
the bandwidths of RF and microwave signal gen-
erators in a single housing (Fig. 1). The unit oper-
ates from 0.1 to 40 GHz with 0.1-Hz frequency res-

JACK BROWNE
Publisher/Editor

olution. It features leveled output power from —129
to +17 dBm, adjustable in 0.01-dB steps. By inte-
grating a digital downconverter into the MG3690A,
the generator achieves low phase noise across its full
operating range.

The MG3690A (Fig. 1) combines the bandwidths
of separate RF and microwave signal generators with
the spectral purity and frequency stability of a
phase-locked source. The measurement-grade syn-
thesizer achieves frequency resolution of 0.1 Hz
from 0.1 Hz to 40 GHz, with leveled output power
thatis adjustable in 0.01-dB steps from —120 to +17
dBm (with an option).

The broadband synthesizer combines a low-
noise yttrium-iron-garnet (YIG) oscillator as the
source of fundamental frequencies, a digital down-
converter (DDC) module to generate low-noise sig-
nals from 10 MHz to 2.2 GHz, and a 48-b numer-
ically controlled oscillator (NCO) to achieve the
high-frequency resolution. The architec-
ture includes several phase-locked loops
(PLLs) for stability, along with an auto-
matic-level-control (ALC) circuit that pro-
vides leveled output power over the wide
amplitude range. The DDC produces sig-
nals below 2.2 GHz with successive bina-
ry division of the YIG oscillator; each divi-
sion reduces phase noise.

The single-sideband (SSB) phase noise of
a standard MG3690A is —88 dBc/Hz off-
set 1 kHz from a 6 GHz or lower carrier,

tesy of Anritsu Co., Morgan Hill, CA.)

1. The MG3690A RF/microwave frequency synthesizer offers
a broadband frequency range of 0.1 Hz to 40 GHz with low
phase noise and various sweep modes. (Photograph cour-

rising to —75 dBc/Hz phase noise offset 1
kHz from carriers of 20 to 40 GHz. At 100
kHz from the carrier, the phase noise is
—102 dBc/Hz when measured from a 6-
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GHz carrier and better than —100
dBc/Hz when measured from carriers
to 20 GHz. An option provides improved
phase noise of —101 dBc¢/Hz offset 100
Hz from a S00-MHz carrier and —142
dBc/Hz offset 1 MHz from the same car-
rier frequency. At a 6-GHz carrier fre-
quency, the phase noise with this option
is —107 dBc/Hz offset 1 kHz from the
carrier and — 130 dBc/Hz offset 1 MHz
from the same carrier.

The MG3690A can be used as a
continuous-wave (CW) source of sin-
gle RF and microwave frequencies, or
as a swept source, sweeping frequency,
power, or both. As a CW
source, it features up to 20
independent markers, allow-
ing an operator to set as many
as 20 independent CW fre-
quencies. As a sweeper, sweep
widths with the MG3690A
can be set from as narrow as
1 kHz (0.1 Hz with option
11) to as wide as the full fre-
quency range (40 GHz). The
number of sweep steps can be
adjusted from 1 to 10,000,
with every frequency step in
the range phase locked. The
MG3690A also offers a list
sweep mode, controlled
through the front panel or remotely by
general-purpose interface bus (GPIB).
It provides for up to four data tables with
2000 nonsequential frequency/power sets
to be stored in memory and then
addressed as a phase-locked step sweep.
The MG3690A can also perform a
basic frequency-hopped or frequency-
agile function under GPIB control.

In addition to the MG3690A, the firm
offers a wide range of analog and dig-
ital signal generators for frequency cov-
erage through 65 GHz, including the dig-
ital modulation model MG3681A which
is a digital modulation signal generator
designed for frequency coverage from
250 kHz to 3 GHz. The source offers
amplitude-modulation (AM) and fre-
quency-modulation (FM) analog mod-
ulation as well as a wideband in-
phase/quadrature (I/Q) modulator for
creating advanced digital modulation
formats.

On a humbler scale, low-cost sig-
nal sources from April Instrument (Sun-
nyvale, CA) are designed as basic mea-
surement tools for the test laboratory
and limited production environments.
The company's model 8001 signal gen-
erator, for example, operates from 2 to
8 GHz with 1-MHz resolution and
+15-MHz frequency accuracy. Fre-
quency-switching speed is 350 ms in
full-band normal mode and less than 20
ms in a fast-switching mode. Spurious
content is typically —50 dBc, while lev-
eled output power is typically +13 dBm.
The source includes TTL-compatible

|

0000000

2. The PSG Performance Signal Generator line of sources
includes synthesizers with frequency coverage as wide as
250 kHz to 40 GHz with 0.01-Hz resolution.
(Photograph courtesy of Agilent Technologies, Inc., Santa
Rosa, CA).

remote control and FM at rates of DC
to 200 kHz.

The company's model 8002 extends
this frequency range from 2 to 10 GHz,
with at least +10-dBm output power and
typically +13-dBm output power, while
the model 8004 features 1-MHz fre-
quency resolution and +10-MHz fre-
quency accuracy from 2 to 26.5 GHz.
Model 8004 provides at least +8-dBm
unleveled output power through
26.5 GHz.

IFR Systems offers one of several
commercially available VXI signal gen-
erators, the model 3002. With swept-
frequency capability, the source provides
output levels from —137 to +25 dBm
over a frequency range from 9 kHz to
2.4 GHz. The VXI plug-&-play-com-
patible generator includes a modulation
source with sine-wave, square-wave,
and triangle-wave capability for gen-
erating AM, FM, phase-, pulse-, and FSK-

modulation formats.

The firm also offers conventional
signal generators with either analog or
digital modulation capabilities, as well
as the novel dual-source model 2026Q
with two independent 10-kHz-to-2.4-
GHz signal generators. The 2026Q is
designed for multi-tone generation for
code-division-multiple-access (CDMA)
interference testing.

IFR's analog-modulation 2030 series
includes models 2030, 2031, and 2032.
Model 2030 operates from 10 kHz to
1350 MHz, model 2031 operates from
10 kHz to 2700 MHz, and model 2032
operates from 10 kHz to 5400
MHz. The sources offer 0.1-
Hz frequency resolution, AM,
FM, and GPIB programma-
bility.

The company's digital mod-
ulation 2050 series includes
the models 2050, 2051, and
2052. Model 2050 operates
from 10 kHz to 1350 MHz,
model 2051 operates from 10
kHz to 2.7 GHz, and model
2052 operates from 10 kHz to
5.4 GHz. These sources fea-
ture DC- or AC-coupled stan-
dard FM (1-MHz bandwidth)
and wideband FM (10-MHz
bandwidth) modes. In addition to the
two FM modes, the 2050 series also
offers phase modulation, AM, and pulse
modulation, and accepts digital input
signals through a 10-MHz-wide I/Q
input port. It converts these digital
input signals to quadrature-amplitude-
modulation (QAM), phase-shift-key-
ing (PSK), Gaussian minimum-shift-
keying (GMSK), or frequency-shift-keying
(FSK) modulation formats.

The synthesizers have a built-in
Rician and Rayleigh fading simulator
with programmable path ratio. Doppler
shift supports the testing of communi-
cations receivers (Rxs) under simulat-
ed propagation conditions. The sources
offer 0.1-Hz frequency resolution, an
output-power range of —144 to +13
dBm in analog mode, and peak-enve-
lope-power levels of —138 to +6 dBm
in digital modulation mode. Output

Continued on page 114
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Continued from page 114

levels can be set with 0.1-dB resolu-
tion. Nonharmonic spurious levels are
less than —70 dBc and phase noise of
less than —116 dBc/Hz offset 20 kHz
from a 470-MHz carrier.

IFR also offers owners of analog
signal generators a cost-effective tran-
sition to digital modulation through
the model 2029 vector modulator. The
vector modulator, which can be used from
800 to 2510 MHz, includes a wide-
band I/Q modulator with bandwidth in
excess of 10 MHz and a built-in arbi-
trary waveform generator is equipped
with 14-b digital-to-analog converters
(DACs) operating between 35 and 66
MSamples/s. The modulator is assist-
ed by RF level-control circuitry which
allows the 2029 to provide output-
power levels from —138 to 0 dBm with
a resolution of 0.01 dB and RF-level accu-
racy of typically better than +0.25 dB.

The 2029 vector modulator achieves

repe

a noise floor of ~138 dBc/Hz when
modulated with an arbitrary-wave-
form-generator (AWG) file having a
value of +0.2-VDC root mean square
(RMS) of full scale. The noise floor
improves with increasing drive levels.
The 2029 exhibits adjacent-channel
power (ACP) of typically —70 dBm for
an 1S-95 pilot-channel file with a crest
factor of 5.5 dB, which has been opti-
mized for ACP.

The 6060A series of synthesized RF
signal generators from Giga-tronics
(San Ramon, CA) was originally devel-
oped by Fluke (Everett, WA) to meet the
needs of low-phase-noise measurement
applications. Model 6061A operates
from 10 kHz to 1050 MHz with 10.00-
Hz resolution. It features an output-
level range of —127 to +13 dBm that
is adjustable with 0.1-dB resolution.
The 6061A offers amplitude accuracy
of +1dB from —127 to +13 dBm along
with AM and FM capability. The model
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6062 A operates from 100 kHz to 2100
MHz with 10-Hz resolution to 1050
MHz and 20-Hz resolution from 1050

to 2100 MHz. It has an output-level range
of =127 to +16 dBm at frequencies to
1050 MHz and up to +13 dBm for fre-
quencies to 2100 MHz. The output
level is adjustable with 0.1-dB resolu-
tion. In addition to AM and FM, the
model 6062 A offers pulse and phase mod-
ulation capabilities.

Giga-tronics also offers a VXI
microwave synthesizer, the series SO000A.
The two-slot synthesizer module is
designed to work with a model 52000A
single-slot VXI control module to form
a flexible and accurate frequency-syn-
thesizer system. Based on a YIG-tuned
source, the VXI synthesizer series can
be specified in 11 different frequency con-
figurations totalling 0.01 to 20 .0 GHz.
The synthesizers offer 1-Hz frequency
resolution and more than +9-dBm lev-
eled output power through 20 GHz,
adjustable with 0.1-dB resolution. The
phase noise is less than —97 dBc/Hz
offset 100 kHz from a 2-t0-20-GHz
carrier.

In addition, the company's latest
synthesizer line—the 12000A series—
includes models with coverage of 2 to
8 GHz, 10 MHz to 8 GHz, 2.0 to 20
GHz, and 10 MHz to 20 GHz. Fre-
quency resolution of 0.1 Hz is stan-
dard, with an output-power range of —20
to +20 dBm adjustable in 0.01-dB steps.
The synthesizers offer CW and list-
mode frequency-switching formats.
The frequency-switching speed in the
CW model is less than 35 ms to with-
in 1 kHz of a new frequency. In list
mode, the frequency-switching speed is
less than 500 ps to settle within 1 kHz
of a new frequency.

Easily the most diversified line of
RF and microwave signal generators
belongs to Agilent Technologies (Santa
Rosa, CA). As with several other sup-
pliers, the firm offers a VXI synthesiz-
er, the model E6432A, which operates
from 10 MHz to 20 GHz with 1-Hz res-
olution. The C-size VXI module features
an amplitude range of =90 to +17 dBm, |
less than 400 s frequency-switching
speed, AM, FM, pulse modulation, and
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typically less than —70-dBc spurious
content.

The company's 83750 series of syn-
thesized sweepers provides frequency cov-
erage to 20 GHz with 2-MHz swept-
frequency accuracy and 1-Hz frequency
resolution. The synthesizers provide
up to +17-dBm output power at 20
GHz. The 83750 series features a 25-
dB power-sweep range and an inter-
nal pulse generator.

Agilent's 8360 family of synthesized
swept-signal and CW signal generators
includes models for coverage from 10
MHz to 50 GHz. The sources offer cal-
ibrated output power from —110 to
+20 dBm with typically better than
—50-dBc harmonics at 26.5 GHz. The
phase noise is better than — 80 dBc/Hz
offset 10 kHz from a 10-GHz carrier.
The standard frequency resolution for
these models is 1 kHz, with 1-Hz res-
olution available as an option.

The company's model 8645A is a fre-
quency-agile signal generator that oper-
ates from 252 kHz to 1030 MHz, with
optional coverage available to 2060
MHz. It features frequency-switching
speed of 15 ws, making it suitable for
testing frequency-agile radios and surveil-
lance Rxs. The generator can be used
to create complex signal simulations
that combine several modulation types.
The fast-hop mode activates a fre-
quency-locked loop to enable frequency
switching as fast as 15 s from 128 to
2060 MHz, 85 ps from 8 to 2060 MHz,
and 500 ps below 8 MHz. The fre-
quency accuracy is better than =2 PPM
while in fast-hop mode. At each fre-
quency, a specified amplitude can be
assigned within a 20-dB range. For fre-
quency-agile applications, up to 4000
frequencies can be loaded into the syn-
thesizer's internal memory, with sequences
of as many as 8000 frequencies speci-
fied. Modulation, such as AM and FM,
can also be added during fast-hop mode.

In the RF range, Agilent offers a
variety of synthesized signal genera-
tors with analog and digital modulation
formats. The 8648A/B/C/D series of
economy signal generators is designed
for general-purpose applications from
9 kHz to 4000 MHz. Model 8648A

operates from 100 kHz to 1000 MHz,
model 8648B operates from 9 kHz to
200 MHz, model 8648C operates from
9 kHz to 3200 MHz, and model 8648D
operates from 9 kHz to 4000 MHz.
The frequency resolution for all mod-
els is 0.001 Hz (with display resolu-

tion of 10 Hz). Typical frequency-
switching speed is less than 100 ms.
The signal sources deliver better than
—136 to +10 dBm output levels across
all operating-frequency ranges with
0.1-dB displayed output-level resolution.
Harmonic content is less than —30 dBc,
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while spurious content is less than —60 dBc. The phase
noise offset 20 kHz from a 500 MHz carrier is less than —120
dBc/Hz.

For high RF performance, the company offers the 8643 A
from 0.252 to 1030 MHz (with optional coverage to 2060
MHz), the model 8644B from 0.252 to 1030 MHz (with option-
al coverage to 2060 MHz), the model 8664A from 0.1 to 3000
MHz, the model 8665A from 0.1 to 4200 MHz, and the model
8665B from 0.1 to 6000 MHz. These sources feature AM,
FM, and pulse modulation, and phase noise of less than
~130 dBc/Hz offset 20.0 kHz from a 1-GHz carrier for the
8643A and phase noise of less than —136 dBc/Hz offset 20
kHz from a 1-GHz carrier for the 8644B.

The 8662A and 8663 A synthesized signal generators are
designed for applications requiring very-low absolute phase
noise. The 8662A operates from 10 kHz to 1280 MHz while
the 8663 A operates from 100 kHz to 2560 MHz, both with
0.1-Hz frequency resolution. They achieve less than —147-
dBc/Hz phase noise offset 10 kHz from a 120-MHz carri-
er, spurious-signal levels of generally less than —90 dBc,
and a level range of —140 to +13 dBm with 0.1-dB resolu-
tion. Both generators offer AM, FM, phase, and pulse-mod-
ulation capabilities.

Several years ago, the firm launched its ESG lines of ana-
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log and digital signal generators to provide affordable solu-
tions for older systems employing analog modulation (such
as AM, FM, and phase modulation), as well as newer sys-
tems incorporating complex digital modulation based on the
combination of I and Q modulation components. The instru-
ments are designed for reasonably quick frequency-switch-
ing speed, low phase noise, generous output power, and
high-frequency resolution for bench and production-line
testing.

For evaluating older communications systems and their
components, the ESG-A and ESG-AP series instruments are
designed for those applications requiring conventional ana-
log modulation, such as AM, FM, and phase modulation.
The ESG-A line includes the 250-kHz-to-1000-MHz model
E4400B, the 250-kHz-to-2000-MHz model E4420B, the
250-kHz-to-3000-MHz model E4421B, and the 250-kHz-
t0-4000-MHz model E4422B. With somewhat better phase
noise, the ESG-AP series includes the 250-kHz-to-1000-
MHz model E4423B, the 250-kHz-to-2000-MHz model
E4423B, the 250-kHz-t0-3000-MHz model E4425B, and the
250-kHz-to-4000-MHz model E4426B. Standard output
levels are —136 to +13 dBm from 250 kHz to 1000 MHz,
with —13- to +10-dBm output power available through
3000 MHz. An option boosts output power to +16 dBm through
3000 MHz.

The difference in phase noise between the two signal-
generator versions is considerable. For example, at 500
MHz, the phase noise for the ESG-A models is —120 dBc/Hz
offset 20 kHz from the carrier, but a miniscule —138 dBc/Hz
under the same conditions for the ESG-AP models. At 1000
MHz, the phase noise for the ESG-A models is —116 dBc/Hz
offset 20 kHz from the carrier, but less than —134 dBc/Hz
under the same conditions for the ESG-AP models.

The ESG-D and ESG-DP series of digital signal genera-
tors provides similar phase noise and electrical performance
to their analog counterparts, but adds full digital modula-
tion capabilities for recreating the complex modulation for-
mats found in systems such as time-division-multiple-access
(TDMA) and CDMA cellular systems. The ESG-D series
includes the 250-kHz-to-1000-MHz model E4430B, 250-
kHz-t0-2000-MHz model E4431B, the 250-kHz-to-3000-
MHz model E4432B, and the 250-kHz-to-4000-MHz model
E4433B. The ESG-DP series includes the 250-kHz-to-1000-
MHz model F4434B, the 250-kHz-to-2000-MHz model
E4435B, the 250-kHz-to-3000-MHz model E4436B, and the
250-kHz- to-4000-MHz model E4437B. The sources include
an I/Q modulator with 20-MHz bandwidth in addition to
capabilities for producing wideband AM, FM, and phase mod-
ulation. An optional internal dual AWG is available for pro-
ducing statistically accurate waveforms from files created in
mathematical modeling programs, such as Matlab.The arbi-
trary waveform generator features 14-b DAC resolution.
In addition, the ESG-D and ESG-DP signal sources are avail-
able with firmware personalities for testing according to

Continued on page 137
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RF power
transistors
from the
mechanical
side

An introduction
to the digital
radio Rx

application notes

DEFINING THE SPECIFICATIONS for an RF power
transistor usually focuses on the device’s elec-
trical performance, but its mechanical structure
is also an important factor in reliability and
cost. While a designer may not have control over
how the transistor is manufactured, it is impor-
tant to understand which fabrication methods
and mechanical specifications can impact its oper-
ation in the field. These factors are explained
in a five-page application note from M/A-COM
entitled “Specifying RF Power Transistors.”

The principal advice for the designer is not
to load down a specification with process
requirements and test parameters that add no
value to the transistor, but do increase its cost.
Subject areas covered in the note include how
the die is mounted; wirebonding; capping (lid
attachment); and tests such as temperature
cycling, fine- and gross-leak testing, DC test, RF
test, and burn-in. Of course, the specification
must reflect the end application of the device.
For example, fine- and gross-leak tests are used
to check the hermiticity of a sealed cavity, but
if a hermetically-sealed transistor is not required,
neither is the test unless it is routine in the man-
ufacturing process.

Temperature cycling (thermal shock) is a
worthwhile test for transistors expected to serve

A MULTICHANNEL DIGITAL radio Rx is a device
that offers the benefits of cost reduction and the
use of digital, rather than analog, techniques in
wireless base-station architectures. Before
embarking on the design of this type of Rx,
however, there are a number of fundamental
concepts about this technology that should be
understood. That is the goal of a nine-page
application note entitled “Basics of Designing
a Digital Radio Receiver (Radio 101)” from Ana-
log Devices.

As the note states, its focus is the radio rather
than the DSP and how to predict and design it
for the necessary performance. Since ADCs are
central to a digital Rx, the note begins with
the concepts of Nyquist and those of over and
undersampling. The high sampling rates that are
made possible by advanced ADC devices lead
to a low noise floor and the reduction of noise
and spurious signals in the radio through dig-
ital filtering.

in high-reliability applications. Temperature
cycling subjects the transistor to the stresses it
may experience in the field and is also a good
indicator of any mechanical weak points in the
wirebonds, lid, and package-solder combina-
tions. DC testing can consist of a tricky set of
specifications because, as the note points out,
“over specifying can be like painting yourself
into a corner.” A designer should decide before-
hand which parameters are important to per-
formance in the application. If there is any
doubt about a parameter, it should be mea-
sured and recorded in case problems arise later.
In the matter of RF testing, the note states
that it is a very complex and important subject
since the test circuit and test conditions exert
much influence over many transistor parame-
ters. Therefore, designing a high-quality test
circuit enables key performance parameters to
be identified and specified from the beginning.
The note is included in a recently issued
CD-ROM that contains a large number of
application notes covering semiconductors,
passive components, and other topics.
M/A-COM, 1011 Pawtucket Blvd., Lowell, MA

01853; (800) 366-2266, Internet:
WWwW.macom.com.
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Temperature cycling (thermal shock) is a worthwhile test for
transistors expected to serve in high-reliability applications.

What kind of performance can a designer expect
from such a radio? This is where the note begins
with an analysis that starts at the antenna and
ends at the digital tuner/filter —the last stage before
the DSP. Reducing noise is critical to radio per-
formance, so the first item to be considered is
the available noise power at the antenna. The
analysis proceeds through successive stages to
explain the idea of cascaded noise figure, how
to calculate the total noise present in the ADC,
how the technique known as dither can improve
spurious-free dynamic range, and how noise volt-
age contributes to the overall performance of
the ADC. Other important areas covered include
IP3, clock jitter in ADCs, and phase noise. The
note is included in a CD-ROM known as
“Advanced Signal Processing for Wireless.”
Analog Devices, Inc., Three Technology Way,

Norwood, MA 02062; (781) 329-4700, Internet:
www.analog.com
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This highly integrated GPS RX IC
improves upon an earlier-gen-
eration device by including
more components in a smaller
package with a reduction in
power consumption.

Low-Power IC Packs
GPS Receiver

lobal Positioning System (GPS) receivers (Rxs) have proven
to be tremendous time-saving devices, as well as invaluable
safety tools, when position location is required in an emer-
gency. Five years ago, California Eastern Laboratories (CEL)
[Santa Clara, CA] and NEC (Tokyo, Japan) made a huge
impact on the design of handheld GPS Rxs through a highly
integrated GPS Rx integrated circuit (IC). But with the

increased demand for embedded GPS functionality in per-
sonal digital assistants (PDAs) and cellular telephones, the firms
have redefined the state of GPS integrated circuitry through
the development of the model UPB1007K GPS Rx IC, which
is smaller and more integrated than previous-generation GPS
Rx ICs. The UPB1007K, which is supplied in a 36-pin QFN
package, consumes only 75 mW of power when running on
a single +3-VDC supply.

The first venture by CEL/NEC into GPS integration —the

3'5,',!;55 SErElIthlgi%Engrketing UPB1004GS Rx IC—found its way into the GPS2000 Satel-
ERIC BAUSBACK lite Navigator from Magellan Systems Corp. (San Dimas,
Manager, Product Development CA), helping the compact Rx become the first handheld

GPS unit to sell for less than $200. Today, these Rx ICs are
EEJ,—LRE,,&E&MMENACKER found in many applications besides GPS handsets. They are
california Eastern Laboratories, installed in dashboard navigation systems, asset-tracking sys-
4590 Patrick Henry Dr., Santa Clara, CA 95054; tems, satellite-dispatch systems and, most recently, in PDAs
(408) 988-3500, FAX: (408) 988-0266, e-mail: and cellular handsets.

olivier.b@cel.com, Internet: www.cel.com. Regarding cellular systems, recent Federal Communications
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RECEIVER IC

1575.42 MHz WF610A
SAW
filter

UPB1007K
GPS Rx IC ’

NE661M04

1. The UPB1007K GPS Rx IC features an on-chip frequency synthesizer, LNA, and
crystal-oscillator circuitry for low-power reception of GPS signals.

Commission (FCC) regulations have mandat-
ed the introduction of enhanced-911 (e-911)
call-location functionality. Cellular carriers
will be required to provide latitude and longjtude
data—known as Automatic Location Identi-
fication (ALI)—to all public-service answering
organizations that receive emergency calls from
cellular users. To comply, carriers are looking
at GPS-enabled handsets, network-based solu-
tions, or a combination of both. To date,
approximately half have announced they will
opt for the GPS-enabled handsets.

Location-based services (LBS) is another
emerging market that is driving the develop-
ment of GPS-enabled handsets. A sample sce-
nario would involve two cellular users deter-
mining a meeting point or selecting a restaurant
location through the LBS capability. LBS ser-
vices are available now on a limited basis in Europe
and Japan—with global revenues expected to
grow from $1.6 billion last year to $40.7 bil-
lion in 2006.

PDA manufacturers are also looking at
GPS. With screens that are larger and more col-
orful than those of their cellular cousins, PDAs
seem like the ideal vehicle for displaying GPS-
based information. But PDA manufacturers
are wary of widespread acceptance for GPS. Not
yet convinced of the demand for GPS services,
their approach is to provide GPS functionali-
ty in add-on external modules, which are rather

embedded in their PDA chip sets.

Cellular-system designers have issues with
embedded GPS as well. The fact is that the
two technologies really do not fit well togeth-
er. With the GPS receiving signals from satel-
lites in space and cellular receiving signals from
approximately a mile away, the power levels
are vastly different. Also, with two different RF
front ends, crosstalk is a major concern.

While companies are working on solving the
problems of embedded GPS, handset manu-
facturers, especially those in the cellular mar-
ket, need solutions now. In the case of e-911,
the FCC has mandated that the new ALI-
enabled handsets be available on the market
by this October. By December 2002, all hand-
sets that are sold in the US must include the
technology.

NEC has responded with a new GPS Rx IC.
Smaller and more highly integrated than previous
NEC Rx ICs, the UPB1007K was developed at
the NEC/California Eastern Laboratory Design
Center (Santa Clara, CA) and is fabricated at
NEC facilities in Japan using NEC’s latest ultra-
high-speed UHSO 25-GHz transition-frequen-
¢y bipolar process. The high-cutoff-frequency
process results in good gain figures at very low
bias, and much lower current consumption
than earlier Rx ICs—only 25 mA, which is cur-
rently the lowest on the market for a device
offering the UPB1007K’s level of integration.
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Another benefit of the UHSO process | charge-pump circuitry. First, its constant | times to drive the varactor, the charge
is that it has PNP and NPN transistors | amplitude signal has a duty cycle that | pump consumes only as much current
in a vertical structure. This enables the | is directly related to the phase difference | as required to correct the phase error.
IC designer to configure high-frequen- | between the local oscillator (LO) and | Once the LO is locked to the crystal ref-
cy charge-pump circuits in the device. | thecrystal reference. Therefore, unlike | erence—barring any major system dis-
There are many advantages to using | loop amplifiers that are "on" at all | ruption — very little current is used.

- ) 2. This typical application schematic diagram for the

r RF in UPB1007K GPS Rx IC shows the connections for power-sup-
E ply circuitry and other external components.
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The UHSO ProcCess resuits in improved

Charge pumps also support a sim-
plified loop-filter circuit, resulting in
fewer components and a more com-
pact system design. In the UPB1007K
(Fig. 1), the charge pump is driven by
a flip-flop-based digital phase detec-
tor, a scheme that was chosen due to its
insensitivity to incoming power levels
from the LO or crystal oscillator—and
its digital output is suitable to run the
charge pump.

The new UHSO process also results
in improved noise figures which, in
turn, has enabled NEC to integrate the
low-noise amplifier (LNA) on-
chip with the remaining GPS Rx
circuitry. This means that appli-
cations that employ active anten-
nas can now feed signals direct-
ly into the UPB1007K. With the
addition of one external single-
stage LNA, such as the
NE661M04 from CEL/NEC,
excellent sensitivity can also be
achieved with passive antennas.
The on-chip LNA features cascode
architecture for higher gain and
lower power consumption than
a cascade scheme: 2.5 mA, with
a noise figure of less than 3 dB and
an associated gain of 15 dB.

In addition to the LNA, the
GPS chip includes an integrated
mixer, a voltage-controlled oscil-
lator (VCO), and crystal oscillator.
Besides the obvious savings in real
estate, the integration of these last two
functions helps improve frequency sta-
bility, resulting in less frequency pulling
on the phase-locked loop (PLL) and
the phase detectors. This crystal oscil-
lator also features a buffered output,
which allows it to be used to time the
central processing unit (CPU). This
eliminates the need for a second crys-
tal oscillator, which simplifies the
design, saves space, and reduces power
consumption. And since the crystal
oscillator and Rx power-down cir-
cuitry are separate, the Rx can be turned
off when no GPS reception is required,

while the crystal oscillator continues to
drive the CPU.

The UPB1007K features a super-
heterodyne dual downconversion Rx
architecture. The Rx is designed to pro-
cess 1575.42-MHz signals from the
antenna through either a discrete LNA
or the onboard LNA. The signals are
downconverted to a first intermediate
frequency (IF) of 61.38 MHz by mix-
ing with the 1636.8-MHz signals from
the onboard LO. The LO is also used
to create a second set of signals at
65.472 MHz for the second down-

3. The UPB1007K GPS Rx IC can be used with an eval-
uation board that contains all of the required RF and
IF filtering as well as an external LNA.

conversion process, which results in a
typical second IF of 4.092 MHz.

The onboard crystal oscillator gen-
erates a set of 16.3667-MHz reference
signals which are sent with the second
[F signal to the GPS system’s digital sig-
nal processor (DSP) for analysis and
subsequent display on the system’s screen.

The RF downconversion chain fea-
tures 36-dB typical power-conversion
gain, delivering a maximum first IF
output power of —5 dBm. The LO leak-
age at the IF or RF point is below —45
dBm, while the single-sideband (SSB) noise
figure is typically 3.5 dB for an RE
input-power level of —40 dBm.

figures which has

The IF downconversion chain, with
a minimum 40-dB voltage-gain-con-
trol range, features typical second IF out-
put levels of 1.2 Vpp into a 2-kQ) load.
The LO leakage at the first and second
IF pinis typically —80 dBm minimum.
The second IF amplifier provides an
additional 40-dB gain, for total con-
version gain through the entire device
of 120 dB.

The UPB1007K is supplied in a
miniature 36-pin QFN package, which
represents a 62-percent reduction in
size compared to earlier 30-pin small-
shrink-outline-package (SSOP)
GPS Rx ICs. It operates on a sin-
gle +3-VDC supply (approxi-
mately 25-mA typical current
draw) and is designed for 1575.42-
MHz input signals. It translates
input signals into 4-MHz baseband
output signals. The IC provides
typical peak-to-peak output volt-
age of +1 VDC and achieves more
than 120-dB on-chip gain with an
automatic-gain-control (AGC)
range of 40 dB. The phase noise
is only —88-dBc/Hz offset 10
kHz from the carrier. The onboard
LNA achieves a typical noise fig-
ure of 2.8 dB at 1575 MHz with
15-dB gain.

The GPS Rx IC is rated for
operating temperatures from —40Q
to +85°C. The maximum LO
leakage at the RF input pin is —48
dBm. In a typical application (Fig. 2),
well-distributed ground pins in each
corner maintain good RF integrity,
while an external LNA helps maxi-
mize Rx sensitivity, An evaluation
board is available for the UPB1007K
(Fig. 3) that combines the IC with RF
and TF filtering and an external LNA
to simulate a complete GPS Rx. P&A:
$5.36 each (10,000 qty.); stock. Cali-
fornia Eastern Laboratories, 4590
Patrick Henry Dr., Santa Clara, CA
95054; (408) 988-3500, FAX: (408) 988-
0266, Internet: www.cel.com.
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YROs

YROs Combine Wide
Band With High Speed

These oscillators have the ample
bandwidth of YIG-based oscillators,
but are more frequency agile and
less susceptible to vibrational effects.

IG-based oscillators are renowned for their ability to gener-
ate clean sine waves at very high frequencies, but they are
not known for their frequency agility. Nor are they immune
to vibrational effects such as microphonics, phase hits, and
EM effects. To overcome these limitations, APA Wireless ~based synthesizer can generate
Technologies (Fort Lauderdale, FL) has developed a series of frequencies from 10 to 12 GHz

DON KELLER

Senior Editor

at output levels to +8 dBm

Yi nt oscil YRO ir . L
G replacement oscillators ( s) that can serve as direct with only a +1-dB variation

substitutes for YIGs and DROs in appli-
cations such as frequency synthesizers,
upconverters, downconverters, phase-
locked oscillators, microwave com-
munications, test equipment, radar,
LMDS, and MMDS (see figure).
Unlike a YIG-based oscillator,
a YRO does not contain a
rare-earth alloy sphere.

does not use a dielec-

tric “puck.” There

are no mechanical 2

components.
Instead, YROs .

employ a proprietary,

voltage-controlled design

and pick-and-place compo-
nents. The result is an oscilla-
tor that generates a very clean
sine wave at very high fre-
quencies, but is also very frequency
agile, relatively immune to vibration-
al effects, and inexpensive to
manufacture.

Like a YIG-based synthesizer,a YRO-

i i / T o
And, unlike a DRO, it~ Ze97A

using standard PCB technology St

The YRO can be
adapted easily to
existing systems.

over its operating temperature range.
Harmonics are —15 dBc and spurious
responses above 10 kHz are —70 dBe.
Unlike a YIG-based oscillator, the YRO
boasts phase noise levels of —83 dBc at
100-Hz offset, —96 dBc at 1-kHz off-
set, — 98 dBc at 10-kHz offset, and
—115 dBc at 100-kHz offset.
And, unlike a YIG-based
oscillator, which typ-
ically has a minimum
”? step size of 500 kHz
' andaswitching speed
f of 100 ms, the YRO
: ’, boasts a minimum step size
of 100 kHz and a switching
speed of 0.5 ms.
The YROs require a 50-or 100-
MHz external reference for full
frequency coverage, and draw
300 mA from a single +12-
VDC power supply. APA Wire-
less Technologies, 4050 NE 5th Ave.,
Fort Lauderdale, FL. 33334; (954) 563-
8833, Internet: http:// www.apawire-
less.com. [T
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Link Balancers Extend
Cellular-Receiver Range

A series of diversity-receive link balancers
works with existing base stations to preserve or
extend the receive range of AMPS, GSM. and
PCS communications systems.

overage is a critical requirement in cellular systems. Coverage
can be boosted by adding more PAs to a base-station's trans-
mit section. When the Rx’s range must also be extended, the
simplest solution is the addition of a Link Balancer from Narda
(Hauppauge, NY). A Link Balancer can increase the sensitivity
of a base station’s Rx, while maintaining high linearity. A vari-
ety of models is available at cellular and pPCS frequencies from

from 824 to 849

3 MHez. It features a
. - 15-dB gain range
Mechanical , = .

s Barflicl:lt;;arss switch Digital o that is adjustable in

linput [~C N LNA Pad attenuator Pad | output | 1-dB steps, with

JAC_K BROWNE ; = Ly E <& A < | A* » maximum gain vari-
Publisher/Editor ]; 5 é §RF relay ~ ation over temper-
; switch switch - ature of only 1 dB.

| § control The typical noise fig-
' DC power/alarm/attenuator - ure is 1.8 dB at

PCB

- +25°C. The Link Bal-

Link Balancers provide high-
rejection bandpass filters
and a high-linearity LNA to
improve the sensitivity of
cellular and PCS base-sta-
tion receive circuitry.

824 to 1910 MHz.

Each Link Balancer includes a band-
pass filter with low insertion loss and
high rejection of transmit signals, as
well as a balanced LNA with a typical
noise figure of 1 dB and typical output
IP3 of +42 dBm. A mechanical switch
(see figure) selects a low-loss (typical
insertion loss of 2.4 dB) bypass mode
in the event of an LNA failure or inter-
ruption of DC power.

Link Balancers are available for cel-
lular and PCS frequencies. For exam-
ple, model 70316A is designed for cel-
lular AMPS A-band receive operation

ancer achieves an
input IP3 of typically +15 dBm. Trans-
mit signals from 869 to 894 MHz are
rejected by at least 75 dB.

For PCS frequencies, the model
70318A is designed for A-band receive
frequencies from 1850 to 1865 MHz.
It achieves a typical noise figure of 2.0
dB at +25°C. The PCS Link Balancer fea-
tures minimum rejection of 60 dB at 1785
and 1930 MHz. Narda, an L3 Com-
munications Co., 435 Moreland Rd.,
Hauppauge, NY 11788; (631) 231-
1700, FAX: (631) 231-1711, Internet:
www.nardamicrowave.com. [
Enter No. 53 at www.mwrf.com
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DAVID KRAUTHEIMER

Director of Marketing and Sales
BOB PFLIEGER
Department Head

MITEQ, Inc., 100 Davids Dr.,
Hauppauge, NY 11788-2086;

(631) 436-7400, FAX: (631) 436-7430,
Internet; www.miteq.com.

1.The output voltage of a
JST series modulation driver
is plotted as a function of
baseplate temperatures
from —10 to +708C.

MODULATION DRIVERS

Modulation Drivers Push
Optical Systems To 12.5 Gb/s

This series of extremely stable modulation

Ql

drivers

supports Mach-Zehnder-based opti-

cal-communications systems at operating

rates to 12.5 Gb/s.

outputs that remain stable over tem-
perature (0 to +70°C) and time with
less than +0.1-VDC variation for a +6-
VDC ramp.

The Mach-Zehnder modulation-
driver line includes model JST100
G3S7VPC for clock rates to 10 Gb/s,
model JST107G3S7VPC for clock rates
to 10.7 Gb/s, and model JST125
G3S7VPC for clock rates to 12.5 Gb/s.

ach-zehnder modulation drivers from MITEQ, Inc. (Haup-
pauge, NY) are built upon the company’s expertise in wide-
band, low-noise-amplifier (LNA) technology and provide
clean, stable output voltages that are suitable for error-free
transmissions in optical-communications systems operat-
ing at rates to 12.5 Gb/s. The new JST modulation driver line
features a low-frequency limit of 20 kHz and +7-VDC

Figures 1and 2 show typ-
ical output voltage perfor-
mance for a model JST125G
3S7VPC modulation driv-
er as a function of temperature and
input level, respectively. These modu-
lation drivers are so stable over tem-
perature and time, in fact, that output
detectors are not needed.

The JST modulation drivers exhib-
it peak-to-peak gain flatness of typical-
ly 1 dB from 20 kHz to 8 GHzand *2.5
dB to 12 GHz with an 800-mV input sig-
nal. They achieve input return loss of 10
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dB minimum to 12 GHz and output
return loss of 10 dB minimum to 12
GHz. They feature maximum jitter of 10
ps, a maximum 10-to-90-percent rise
time of 30 ps, and a maximum 10-to-90-
percent fall time of 30 ps. The modula-
tion drivers are designed for operating
temperatures from 0 to +70°C.

In standard JST models, the output
level can be adjusted through a 0- to +15-
VDC low-current control voltage. Other
versions are available for adjustment
through 0- to -15-VDC low-current
control voltages. The JST modulation
drivers are designed for maximum input
voltages to +1.5 VDC.

The MITEQ JST series of light mod-
ulator drivers has been fielded in quan-
tities of well over 10,000. They are used
to drive various Mach-Zehnder lithi-
um-niobate electro-optic modulators.
MITEQ has worked with optical sys-
tem suppliers and Mach-Zehnder mod-
ulator designers to optimize the driver-
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2. The output voltage of a JST series modulétioh driver is plotted as a function of

input voltages from 500 to 1000 mv.

modulator combination. Light extinction
ratios of greater than 13 dB can be
achieved over temperature and input-level
variations, without requiring driver AGC
and without precise MZM bias control,

The devices use hermetic glass-to-metal

seals and are seam-welded for envi-
ronmental protection. MITEQ), Inc.,
100 Davids Dr., Hauppauge, NY 11788-
2086; (631) 436-7400, FAX: (631)
436-7430, Internet: www.miteq. com.
Enter No. 54 at www.mwrf.com

www.temex.ch

info@temex.fr
America: +1.623.780.1995
Worldwide: +33 1 46 90 23 33

Only TEMEX makes it happen.

COMPONENTS

Capacitors s Crystals « Diodes s Duplexers « Ferrite Devices s Filters »
Oscillators « Microwave Ceramic Materials « Rubidium Atomic Clocks « VCO/PLL

@® Enter NO. 416 at www.mwrf.com

microwaves s rF [EEI July 2001

-



JACK BROWNE
Publisher/Editor

LAMINATE MATERIAL

Laminate Fashions

Microstrip Antennas

This ceramic-filled, glass-reinforced laminate
material provides the dielectric-constant
consistency and low loss needed for high-
frequency microstrip antenna applications.

board material features the tightly con-
trolled dielectric-constant consistency
and low-loss performance cherished by
designers of wireless base-station and
other microstrip antennas.

The laminate features a dielectric
constant of 3.2 with a tolerance of
+0.05 and a loss tangent (dissipa-
tion factor) of only 0.0018 at 2.5
GHz. These values translate into
improved antenna gain with low
signal loss. Dimensional stability in
the X and Y directions is better than
0.05 mils/in. When tested at tem-
peratures from —55 to +125°C, the
CTE is typically 20 PPM/°C in the X
direction, 17 PPM/°C in the Y direc-
tion, and 25 PPM/°C in the Z direc-
tion. In fact, the CTE of the
RO4232 material is similar in the X
and Y directions to that of copper,
minimizing cladding stress.

The RO4232 material has a spe-
cific gravity of 1.72 at +23°C. It
exhibits very low moisture absorp-
tion of only 0.05 percent when
immersed underwater for 48 hours.

ntenna designers have long sought their own line of high-
frequency laminate materials with unique mechanical and
electrical requirements. At long last, their supplications
have been answered in the form of the R04232™ high-fre-
quency circuit from Rogers Corp. (Chandler, AZ). Based on This is an indication that
the company’s successful RO4000™ material line, this the material will hold up
ceramic-filled, glass-reinforced hydrocarbon-based circuit-

well under a wide range of
environmental extremes.

RO4232 can be fabricated into
PCB antennas using standard FR4
processing techniques. Additional-
ly, the material is also well-suited
for use with automated handling
systems and scrubbing equipment
designed for copper-surface
preparation.

The standard RO4232 is sup-
plied in a thickness of 0.060 =0.004
in. (1.52 £0.1016 mm). The mate-
rial is available in untrimmed panel
sizes of 50 X 61 in. (1.273 X 1.529
m) and 50 X 122 in. (1.273 < 3.099
m), with electrically certified dimen-
sions of 48 X 60 in. (1.219 X 1.524
m) and 48 x 120in. (1.219 X 3.048
m). Standard cladding consists of 1-
oz. zinc-free copper electrodeposit-
ed on both sides of the RO4232
material. Rogers Corp., Advanced
Circuit Materials Division, 100 S.
Roosevelt Ave., Chandler, AZ
85226-3415, (480) 961-1382,
FAX: (480) 961-4533, Internet:
www.rogers-corp.com [
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The millimeter-wave chip sets
include GaAs PHEMT mixers designed
to be used as frequency upconverters

or downconverters.

Radio Chip Sets Power
Millimeter-Wave Systems

Based on a reliable GaAs PHEMT process,
these millimeter-wave chip sets clear the
way for high-performance line-of-sight
radios at 23, 26, and 38 GHz.

for line-of-sight communications appli-
cations at 23, 26, and 38 GHz. The chip
sets include low-noise amplifiers (LNAs),
power amplifiers (PAs), and low-noise
mixers that can be used as frequency
upconverters or downconverters.

The chip compo-
nents are designed to
operate at supply volt-
ages of +4 or +5 VDC,
with nominal nega-
tive gate voltage on
the order of —0.5
VDC. The common
supply voltage helps to
simplify transmitter
(Tx) power-supply
requirements. The
chip-set components
are fabricated with a
reliable GaAs pseu-
domorphic-high-elec-
tron-mobility-tran-
sistor (PHEMT) process. In addition to
the LNAs, PAs, and mixers (see figure),
the firm also supplies buffer amplifiers and
frequency multipliers.

vailable bandwidth is scarce at cellular and personal-com-
munications-services (PCS) frequencies, prompting the
development of point-to-point and point-to-multipoint com-
munications systems at higher, millimeter-wave frequen-
cies. In support of these communications systems,
Raytheon Co.’s RF Components Division (Andover, MA) has
made a family of integrated radio chip sets available

Each LNA is optimized in terms of
small-signal performance and noise,
allowing the mixer to be driven with-
out the need for extra amplifier com-
ponents. The LNAs include the 21.0-
t0-26.5-GHz model RMWIL.26001 and
the 37-t0-40-GHz model RMW1.38001.
The RMWL26001 is a four-stage design
that features 22-dB typical gain from 21
t0 26.5 GHz with +1.4-dB total gain vari-
ations with frequency. The typical noise
figure is 2.9 dB across the operating
frequency range. The amplifier achieves
+10-dBm output power at 1-dB com-
pression, with 12-dB input return loss
and 12-dB output return loss. The out-
put third-order intercept point (IP3) is
+22 dBm. The amplifier draws 80-mA
drain current at 1-dB compression and
+4 VDC, and 65-mA drain current with
—15-dBm input power.

The model RMWL38001 is also a
four-stage design that offers 2.7-dB
typical noise figure from 37 to 40 GHz,
with 22-dB typical gain and 1.5-dB
total gain variation with frequency.
The LNA, which can handle maximum
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The model RMWL38001 is also a
four-stage design that offers 2.7-dB
typical noise figure from 37 to 40 GHz,
with 22-dB typical gain and 1.5-dB
total gain variation with frequency.
The LNA, which can handle maximum
RF input power of +6 dBm, delivers
+13.5-dBm output power at 1-dB com-
pression and +15-dBm saturated out-
put power. The amplifier features an out-
put IP3 of +23 dBm, with 12-dB input
return loss and 13-dB output return
loss. It draws 55-mA drain current at
1-dB compression and +4 VDC, and
50-mA drain current when operating with
-20-dBm input power.

The models RMWM26001 and
RMWM38001 are 26- and 38-GHz
diode monolithic-microwave-integrat-
ed-circuit (MMIC) mixers, respective-
ly, that can be used as upconverters or
downconverters with only slight dif-
ferences in conversion loss. Both mix-
ers are designed for use without DC

bias. The model RMWM?26001 can
handle RF input-power levels up to
+25 dBm. It has an RF range of 21.0 to
26.5 GHz, a local-oscillator (LO) range
of 17.0 to 24.1 GHz, and an interme-
diate-frequency (IF) range of 4.02 to 4.12
GHz. It is designed for LO drive of typ-
ically +12 dBm. The MMIC mixer
exhibits 7.5-dB typical upconverter
loss, 8.5-dB typical downconverter loss,
and typically 2-dB conversion-loss vari-
ation with frequency. The mixer has
12-dB typical RF port return loss,
10-dB typical LO port return loss, and
8-dB typical IF port return loss. The
LO-to-RF isolation is typically 20 dB,
while the LO-to-IF isolation is typical-
ly 35 dB. The mixer reaches 1-dB com-
pression at IF port for upconversion
with +8-dBm input power and 1-dB
compression at RF port for downcon-
version with +9-dBm input power.
The model RMWM38001 can han-
dle RF input-power levels up to +25

dBm. It has an RF range of 37 to 40 GHz,
an LO range of 32 to 35 GHz, and an
IF range of 4.7 to 5.3 GHz, with a typ-
ical LO drive requirement of +12 dBm.
The mixer exhibits 7.5-dB typical upcon-
verter loss, 8.0-dB typical downcon-
verter loss, and typically 3.0-dB con-
version-loss variation with frequency.

PAs for the chip sets include the
models RMPA19000, the RMPA29000,
and the RMPA39000 with frequency
ranges spanning 18 to 22 GHz, 27 to
30 GHz, and 37 to 40 GHz, respec-
tively. All three amplifiers are three-
stage designs and fabricated with a
0.15-pm gate-length power GaAs
PHEMT process.

The RMPA29000 delivers +30-dBm
output power at 1-dB compression and
+30.5-dBm saturated output power
from 27 to 30 GHz. The RMPA39000
measures 4.28 X 3.19 mm and deliv-
ers +27-dBm output power at 1-dB
compression and +28-dBm saturated

® Enter NO. 401 or visit www.mwrf.com
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SWITCRH SYSTEM

JERRY JANESCH,
ROBERT GREEN

Product Marketing Managers,
Keithley Instruments, Inc.,
28775 Aurora Rd., Cleveland,
OH 44139; (440) 248-0400,
FAX: (440) 248-6168, Internet:
www.keithley.com

Switch System Aids

Microwave Testing

This svvitchmg system maintains signal
Integrity at microwave frequencies and can
be integrated transparently into test and

evaluation systems.

ommon sense dictates that a test instrument requires a
level of sensitivity, resolution, and accuracy beyond the lim-
its of the product being tested. But testing high-frequency
and microwave RF devices is especially challenging since
the quality of measurements depends not only on the
instrumentation used, but also on the characteristics of the
signal path itself. Inserting connectors, switches, extra

cabling, and other devices into an RF
circuit can introduce mismatch condi-
tions that result in reflections, signal
loss, and degraded measurements. To
meet this challenge, Keithley Instru-
ments (Cleveland, OH) has developed
a switching array that maintains signal
integrity from DC to microwave fre-
quencies for evaluating and testing a mul-
titude of RF devices, products, and
systems.

The S46 Microwave Switch targets
design evaluation, production testing,
and environmental testing for cellular
phones, pagers, base stations, person-
al digital assistants (PDAs), Web-enabled
handsets, cordless phones, wireless-
computing (Bluetooth) peripherals,
broadband wireless-communication
transceivers, RF integrated circuits (RF
ICs) and other RF components, wide-
band circuits, subsystems, instruments,
and high-speed digital circuits. The
standard 546 system is specified for a

bandwidth of 18 GHz, while custom sys-
tems can support bandwidths up to 40
GHz. Typical VSWRis 1.1:1 from DC
to 15 GHz. Typical insertion loss is 0.5

dB at 5 GHz and 1.0 dB at 15 GHz.
The 546 has up to 32 channels to facil-
itate the configuration of numerous
standard or fully custom systems for con-
trolling microwave relays, programmable
attenuators, and other types of active
and passive RF components. The actu-
al complement of relays (or other con-
trollable channel devices) is specified by
the user at the time of order, permitting
the basic $46 mainframe to be used in
a variety of multiplexers, matrices, inde-
pendent relays, or combinations of con-
tigurations. Matrix configurations can
be as large as a 2 X 6 nonblocking
matrix or a 12 X 12 blocking matrix.
An TEEE-488 interface simplifies the
creation of programmable systems with
other IEEE-488 instruments. The $46's
Continued on page 139
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SYSTEM ANALYZER

Group-Delay Option Enhances
Microwave Analyzer

The addition of a group-delay module to
this microwave analyzer helps engineers
track amplitude and phase response in
high-bandwidth applications to 46 GHz.

onveying information without distorting it is essential to
any communications link or signal-processing device. To
achieve this, the link or device requires a flat amplitude
response and a linear phase response over the bandwidth
of interest. Phase linearity is commonly specified in terms  1tsupports simultaneous mea-
of group-delay flatness. Traditionally, VNAs and spectrum Surement and display of group

analyzers have been used to perform group-delay

measurements. But VNAs are complex,
costly, and require highly skilled oper-
ators, limiting their usefulness. And
spectrum analyzers require a separate syr-
thesized source to perform converter
measurements, making frequency sweeps
difficult to control. However, a few pre-
sent-day microwave system analyzers,
such as the model
6845 from IFR
(Wichita, KS), offer

delay and amplitude response.
Group-delay range is from 1
ns to 10 s with a resolution of 0.1 ns.
A sophisticated marker system enables
measurement of peak-to-peak ripple, and
the group-delay characteristic’s devia-
tion from linear and from parabolic
measurements in any operator-speci-
fied sub-band within the passband can
be displayed as maximum peak-to-peak
ripple in amplitude
and group-delay,
maximum slope,

a group-delay option
to simplify the pro-
cess of performing
such measurements

| and maximum rate
| of change of the
slope. During com-
parative peak-to-

(see figure).
IFR’s group-

ment, providing 46 GHz.
group-delay mea-

surements and frequency modulation for
microwave test applications to 46 GHz.
Designed for engineers who manufac-
ture, install, and maintain radio and
satellite links and microwave systems,

peak measurements,
the accuracy is gen-

delay module plugs  The group-delay option allows the erally greater than
into an expansion model 6845 microwave analyzer to 0.1 ns. The group-
slot inside the instru-  measure and display group delay to delay module also

provides frequency
modulation of the
source from 0.1 Hz to 500 kHz. IFR,
10200 West York St., Wichita, KS
67215-8999; (316) 522-4981, Inter-
net: www.ifrsys.com. [I
Enter No. 58 at www.mwrf.com
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TWO-STAGE AMPLIFIER

C.LIN

Infineon Technologies, Silicon
Discrete Group, Balanstrasse 73, D-
81541-Munich, Germany, Internet:
www.infineon.com, and

GLENN HOWARD

Agilent Technologies, 5301 Stevens
Creek Blvd., Santa Clara, CA 95052

!

Silicon MMIC Ambplifier

Boasts Low Noise Figure

This two-stage amplifier is a cost-effective
solution for Rx front ends requiring moderate
linearity in GSM, DCS-1800, and PCS-1900

applications up to 2 GHz.

t s

BGA428

w

mall

s

1. This simple ROF—|||1 HCe
circuit requires
few external
components.

fier (LNA) features noise figure of 1.4
dB and gain of 20 dB at 1.8 GHz (see
table). It consumes only 8 mA at +2.4
to +3.0 VDC while achieving those per-
tormance levels. The noise performance
of the BGA428 is believed to be the
best yet achieved for a commercially
available silicon (Si) bipolar-based
monolithic-microwave-integrated-cir-
cuit (MMIC) LNA.

The BGA428 is based on Infineon's
B6HFy; 55 SIEGET 45 process, and is
housed in a six-lead SOT-363 surface-
mount package. The design was opti-
mized to provide designers with the
ability to produce
a low-parts-count
RF matching solu-
tion that requires
only two external
passive devices and
blocking capacitors
(Fig. 1).

An integrated
gain-step function
allows gain to be
adjusted by approx-

RF out =

o

Vee

Ll

l

eceivers (Rxs) in wireless handsets must frequently detect
signals at very low levels, which challenges designers to
improve their noise performance. The BGA428 two-stage
monolithic amplifier from Infineon Technologies (Munich,
Germany) provides a firm foundation for low-noise Rx
designs, with outstanding gain and noise-figure perfor-
mance through 2 GHz. The BGA428 low-noise ampli-

imately 35 dB from 20 dB
down to —15 dB in one step
when the gain-step voltage
1s increased to +2.7 VDC,
and the common-collector-voltage
(Vee), as well as the RF output (RFo 1)
pins, are DC-grounded or left in a float-
ing-ground condition. Gain step is a
necessary feature since the 20-dB gain
of the BGA428 required for operation
when receive signals are weak would
cause distortion in the RF path when
signals are strong. The options for
implementing gain-step control typi-
cally require either an external switch
to reduce gain to 0 dB, or to turn off the
amplifier entirely.

The first option requires the unde-
sirable use of external components, and
the second reduces gain so dramati-
cally that the Rx may no longer be able
to detect the signal, resulting in a
dropped call. The BGA428 provides
the option of reducing gain to an
intermediate level (—15 dB), deliver-
ing full gain (+20 dB), and reducing
gain to —25 dB by removing power.
Together, these three options pro-
vide the designer with more flexibil-
ity to handle changing signal condi-
Continued on page 132

microwaves s RF - [JIEEI oLy 2001




| TWO-STAGE AMPLIFIER |

teék;nology

The BGA428 at a glance (at 1.8 GHz)

Power gain
Noise figure (Zs = 500)
Maximum input power
Input third-order intercept point
Total current consumption
Insertion loss in gain-step-
mode (V. = 0 VDC, Vgs =
+ 27 VDC, Rgs = 3k()
Dynamic gain range

OH—Galn |521|2 f(VCTRL)
Vee = 0VDC: Vot = 0 VDC: ReTRL = 2.7 k()

20dB

1.4dB
8 dBm

-9.dBm
8.2 MA

1800 MIHz

61

1990 MHZ™

35dB

Continued from page 131
tions.

The BGA428 reduces circuit loss when
Ve is turned off (either Ve and Vo
are equal to 0 VDC, or Vecand Vout
are equal to a high impedance). This mode
is enabled by switching the gain-step pin
to a voltage of +2.7 VDC through an
external resistor. The base-collector
junction is forward biased, and its junc-
tion capacitance increases and resis-
tance decreases, bypassing the RF sig-
nal to the RF output. This causes a
low-impedance RF path from base to
collector. The resulting off-mode gain
for the BGA428 is shown in Fig. 2.

Modifying device input and output
matching, noise matching, stability,
and linearity is commonly achieved by
intentionally inserting additional induc-
tance (or resistance) between device
emitter connections and RF ground.
Although inductive degeneration does
not seriously impact noise-figure per-
formance (as resistive degeneration
does), it must be realized by using bond-
wire or Spiral Inductors On Silicon

SIOS) and results in some uncertain-

Insertion gain—dB

ty in length. In con- |

trast, resistive degen-

eration requires large
chip area and results

in low-circuit quali-

ty factor (Q). On-chip 5

prematching is desir- |
able to counteract the |
effects of both tech- |

2.2

2.4 2.6

VeTrL—V

2.8 3.0 32

niques.

Since the BGA428
employs a two-stage,
common-emitter amplifier followed by
a degencrated open-collector, common-
emitter stage, it is possible to tune the
matching condition between the first and
second stages using interstage tuning.
This allows prematching to be achieved
while maintaining low noise figure.
The technique makes use of the non-
vanishing reverse isolation (S;,) of the
first stage, which increases with the
size of emitter area. This increase, in turn,
improves the noise figure since the
resulting base resistance is lower.

By providing the proper load
impedance, a good input match can be
achieved without using additional ele-

2. off-mode gain performance is retained when using the
base-collector diode to bypass the RF signal.

ments at the input. In the BGA428,
interstage tuning provides the required
load at the expense of power matching.
However, by properly scaling the cur-
rent and area of the two transistors,
and by defining an appropriate inter-
stage match, Infineon produced a good
compromise between noise figure, gain,
and matching. The resulting input match
and gain for the BGA428 are shown in
Fig. 3. Good input match is achieved over
a wide frequency range, and despite
the interstage mismatch, the circuit still
provides high gain.

Noise figure is an excellent way to
characterize an entire system, as well as

(
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3. Input matching is achieved over a wide frequency range, and gain remains greater than 18 dB from 1.6 to 2.1 GHz.
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“technolo gy

Matching 50 () Noise
network source
i 50 O NFA series
puT “f.zmlf:f noise-figure
analyzer

4. The test setup using the NFA series noise-figure analyzer has the performance
required to measure the low noise figure of the BGA428.

its component parts, such as the pream-
plifier, mixer, and intermediate-frequen-
cy (IF) amplifier. The low noise figure
achieved by the BGA428 requires a test
setup with excellent noise performance,
as well as the ability to deliver repeat-
able, accurate results without operator inter-
vention and calculations. The noise-mea-
surement system created to evaluate this
device (Fig. 4) is built around the NFA series
noise-figure analyzer from Agilent Tech-
nologies (Santa Clara, CA). This instru-

ment provides simultaneous noise-figure
and gain measurement in graphical for-
mat, as well as internal data storage. Use
of the instrument was necessary due to its
very low levels of uncertainty, which pro-
duces higher accuracy and increased mea-
surement reliability. Without the noise-
figure analyzer, it would have been difficult
to find an affordable way of performing
meaningful measurements at such low
levels of noise figure.

The common-emitter measurement mode,

where a calibrated noise source is connected
to the base of the device, was chosen for
the measurements. Tunable input/out-
put (I/O) matching networks enable eval-
uation of the noise figure at the matched
condition with minimal uncertainty. The
analyzer is first configured for the correct
frequency sweep and calibrated by feed-
ing the noise-source signal directly into the
instrument and then measuring the noise
figure of the analyzer at various attenu-
ator settings. The test setup allows the match-
ing network to be fully characterized,
including frequency-dependent loss com-
pensation before and after the device
under test (DUT).

The BGA428 is available on tape and
reel for manufacturing. P&A: $0.36
(100,000 qty.). Infineon Technologies,
Silicon Discrete Group, Balanstrasse 73,
D-81541-Munich, Germany, Internet:
www.infineon.com. K&
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Space reservation:

Microwave/Millimeter Wave
R&D Engineer

GE Corporate Research and Development has an exciril]&ri()sirion
available for a Microwave/Millimeter

%_,

ave R&D Engineer. The ri%ht

$225 per column inch
Commissionable to agencies

SALES STAFF

Loree Poirier

(216) 931-9201

Fax: (216) 931-9441

e-mail: Lpoirier@penton.com

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!

5th of month preceding
issue date

Ad material to:
Penton Media Inc.,
Classified

Hashrouck Heights, NJ
07604

A World of Possibilities
A Window of Opportunity

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
Fax: 800.838.8789
mrf@nesnet.com

IMMEDIATE OPPORTUNITIES
Communications (Data, PCS,
Cellular, Networks, Satcom,
GPS), Digital Imaging, CATV,
Medical, Computers, Defense,
Consumer Electronics
Skills in any of the following:
High Speed Digital & Analog
Design, Mixed Signal, ASIC,
FPGA, MMIC, AD/DA, BiCMOS,
‘ - Synthesizers, WCDMA, GSM,
See many of our opportunities on-line: Spread Spectrum, VHF/UHF,
nesnet.com Antennas, Embedded Software

What are you Worth?

See our On-Line Salary Survey!

Dept. 611, Route 46 West,

individual will be able to invent leading edge solutions for
communications and radar systems. This position requires a Ph.D.
degree, or M.S. degree with two years' experience. Qualified candidates
should have a proven record of developing advanced technologies as
well as project leadership and communication skills. Job Code:

CRD/252304/AN00.

Other Requirements: Must be able to design microwave/millimeter
wave hybrid circuits. Must be able to design microstrip line filters,
circulators, and other transmission line elements. Must be able to use
CAD rools such as HFSS, SONNET, and MENTOR. Must be able to
test microwave circuits and use network analyzers, vector impedance
meters, and other equipment. Must have a record of innovation
demonstrated by published technical papers and/or patents.

This b{posilion requires US Citizenship or permanent US residency; if
you do not meet this please do not apply.

What we offer: Ac GE CRD, you will enjoy the rewards of a
competitive salary, an outstanding benefits package and the professional
advantages of an environment ﬁmt supports your development and
recognizes your achievements.

How to apply: For confidential consideration, please send an e-mail
with the text of your resume to: opportunities@gecareers.com Please
reference the Jog Code (located at the end of each job description) in
the subject line of your e-mail. You may also mail your resume,
referencing the job code, to our processing center ar: GE Resume
Processing, 37 Whitcomb St., Waltham, MA 02453. An equal

opportunity employer.

GE Corporate Research & Development Center

www.crd.ge.com
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Inductors Range From
DC To 800 MHz

THE MODEL 7000 coaxial relay model
features 2 to 24 throws, with a fre-
quency range of DC to 800 MHz depend-
ing on the number of throws. Switch-
points are individually field replaceable
and signal circuits are isolated from
control circuitry. Built-in amplifiers are
available for video and RF applica-
tions. Matrix and hybrid systems are con-
structed by using 2000-series push-on
cross straps which mate with BNC con-
nectors on the switch module. Typical
applications include RF and intermediate-
frequency (IF) switching, baseband
video and pulse switching, and switch-
ing balanced audio.

Matrix Systems, 5177 Douglas Fir Rd.,
Calabasas, CA 91302; (818) 222-2301,
FAX: (818) 222-2304, e-mail: tech@matrix
systems.com, Internet; www.matrixsys
tems.com.

@® Enter No. 83 at www.mwrf.com

Isolators Work
To 40 GHz

A LINE OF single- and dual-junction
coaxial isolators and circulators covers
standard bands in narrowband, octave,
and multioctave frequency ranges up to
40 GHz. Waveguide isolators and cir-
culators cover 12.4 to 18.0 GHz (WR62)
and 18.0 to 26.5 GHz (WR42) in 10-
percent bandwidths. Isolated wave-
guide flanges in 200-MHz bandwidths,
as well as ISO-guide waveguide to coax-
ial adapters including integral isolators
can be supplied. The model M312640
covers the 26.5-t0-40.0-GHz frequen-
cy range with a typical isolation of
15 dB and an insertion loss of 0.8 dB,
while the M315964 spans 5.9 to 6.4
GHz with an isolation of 26 dB typical,
an insertion loss of 0.1 dB, and a VSWR
of 1.10:1. Coaxial units are supplied with
nickel (Ni)-plated housings and a chem-
ical-film finish per MIL-C-5541B
Class 3.

Midisco, 1707 Veterans Memorial High-
way, Unit 32, Islandia, NY 11749-1581;
(800) 637-4353, (631) 234-3505, FAX: (631)

1CW products

234-3913, Interent: www.microwavedis
tributors.com/midisco.

@ Enter No. 84 at www.mwrf.com

Detectors Cover
10 MHz to 40 GHz

THE MODEL 603SK planar-doped barri-
er detector spans 10 MHz to 40 GHz.
The unit is available with an input con-
nector of 3.5 mm, 2.4 mm, or K male.

Frequency fesponse is =0.3 dB to 20
GHz, +0.6 dBto 26.5 GHz,and =1 dB
to 40 GHz. Maximum VSWR s 1.3 to
20 GHz, 1.4 t0 26.5 GHz, and 1.5 to
40 GHz. With a low-level sensitivity
of 0.4 mV/pW minimum, video
impedance is 0.8 to 3.0 k). P&A: stock
to 6 wks.

Krytar, 1292 Anvilwood Ct., Sunnyvale,
CA 94089; (408) 734-5999, FAX: (408) 734-
3017, Internet: www.krytar.com.
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PA Operates From
290 To 320 MHz

THE MODEL A020 is a Class AB high-
performance power amplifier (PA) cov-
ering the 290-t0-320-MHz frequency
range. Output power is 120 W CW
typical, gain is 35 dB typical, efficien-
cy is 55 percent, and DC power is +28
VDC. Connectors are surface-mount
architecture (SMA) female. Automat-
ic current limiting, forced air cooling,
current meter, and overcurrent and
thermal protection are offered. The
high-performance PA is housed in a
4.8 % 2.0 X 1.0-in. (12.19 X 5.08 X

2.54-cm), 1-1b. package.

LCF Enterprises, 570 W. Clearwater Loop,
Bldg. A, Post Falls, ID 83854, (208) 457-
0292, FAX: (208) 457-0296, e-mail:
info@lcfamps.com, Internet:
www.lcfamps.com.

® Enter No. 86 at www.mwrf.com

TCXO Spans
10 To 20 MHz

THE FOX801BE SERIES of temperature-
controlled crystal oscillators (TCXOs)
displays an inclusive frequency stabil-
ity of 2.5 PPM over a frequency range
of 10 to 22 MHz. Operating tempera-
ture range is —30 to +75°C, with a
choice of +3 or +5 VDC. An optional
trimmer supports frequency adjust-
ments of =3 PPM, while an optional volt-
age control creates a VCTCXO with a
range of either =5 or =8 PPM. Avail-
able frequencies include 10.0, 12.8,
14.4,16.0,19.2, and 20.0 MHz. P& A:
less than $5.00 ea. (10,000 qty.); stock.
Fox Electronics, 5570 Enterprise Park-
way, Fort Myers, FL 33905; (888) GET-2-
FOX, FAX: (941) 693-1554, e-mail:
sales@foxonline.com, Internet: www.fox-
online.com.

@ Enter No. 87 at www.mwrf.com

Chokes Reduce
EMI

THE 1110, 1120, 1130, and 1140 series of
RF chokes are designed to reduce elec-
tromagnetic interference (EMI). Induc-
tance range is 1 to 15,000 wH, operating
temperature range is —55 to +105°C,
and dielectric voltage strength is +2500
VDC root mean square (RMS). The
chokes are manufactured with an epoxy-
coated ferrite bobbin core with VW-1-
rated shrink tubing to cover the wind-
ing. The devices are self-leaded and
feature fixed lead spacing. P&A: $2.00
to $7.28 each (250 qty.).

J.W. Miller Magnetics, 306 E. Alondra
Blvd., P.O. Box 2859, Gardenia, CA 90247,
(310) 515-1720, FAX: (310) 515-1962,
Internet: www.jwmiller.com.

@ Enter No. 88 at www.mwrf.com
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Diplexers Cover
GSM Band

THE VAD SERIES of high-performance
compact diplexers is suitable for use
in the specialized-mobile-radio (SMR),
Cellular A and B, Advanced Mobile
Phone Service (AMPS) A and B, third-
generation (3G), and Global System

for Mobile Communications (GSM)

bands. Using patented technology, these
diplexers have temperature stability
ranging from —40 to +75°C. Applica-
tions include repeaters and range exten-
ders. The unit is housed ina 3.0 X 6.0

X 1.4-in. (7.62 X 15.24 X 3.56-cm)
package and features SMA connectors.
P&A: $140.00 each (1 to 9 qty.).
Wireless Technologies Corp., P.O. Box
7033, springdale, AR 72762; (501) 750-
1046, FAX: (501) 750-4657, e-mail: wire-
less@ipa.net, Internet; www.duplexers.
com.

® Enter No. 89 at www.mwrf.com

Connectors Work
Up To 18 GHz

THE TNC SERIES of coaxial connectors fea-
tures a frequency range that has been
extended to 18 GHz by modifying their
interface dimensions, while conforming
to MIL-C-39012 interface standards.
Constructed of brass outer shells with
silver (Ag), nickel (Ni), or Trulustre
plating or from stainless steel, gold
(Au)-plated beryllium-copper (BeCu)
center conductors, and Teflon® insu-
lators, the connectors can be attached
to cables by crimp, standard, and con-
ical taper clamps. Applications include
military, aviation, and telecommuni-
cations, P& A: $9.95 each.
Tru-Connector Corp., 245 Lynnfield St.,
Peabody, MA 01960-5094; (800) COAX-
TRU, (978) 532-0775, FAX: (978) 531-6993,
e-mail: trusales@tru-con.com, Internet:
WWWw.tru-con.com.

® Enter No. 90 at www.mwrf.com

SSPAs Support L-Band
Input Operations

A SERIES OF compact outdoor solid-state
power amplifiers (SSPAs) for satellite-
communications applications is avail-
able in power levels ranging from 10 to
70 W at Ku-band frequencies and from
30 to 200 W at C-band. Extended fre-
quency-band operation and L-band
input operations are supported. The
amplifiers can be mounted on an anten-
na strut, a pedestal, or inside a hub.
Paradise Datacom LLC, 1012 E. Boal Ave.,
Boalsburg, PA 16827; (814) 466-6275,
FAX: (814) 466-3341, e-mail: sales@para
disedata.com, Internet: www.paradise.
co.uk.

@ Enter No. 91 at www.mwrf.com

Gaskets Feature
Conductive Traces

MICROSCOPIC CONDUCTIVE TRACES are
co-extruded through the interior sponge
core of the Microbridge® RF-interfer-
ence (RFI) shielding gaskets, placing
the conductors only where they are
needed. The result is an RFI shielding
gasket that retains all of the pure sili-
con (S1) substrate characteristics with-
out compromising the physical properties
of low-compression force, resiliency,
tear resistance, tensile force, and long-
life aging.

Vanguard Products Corp., 87 Newtown
Rd., Danbury, CT 06810; (203) 744-7265,
FAX: (203) 798-2351, e-mail: vanguard@
worldnet.att.net, Internet: www.van-
guardproducts.com.

@ Enter No. 92 at www.mwrf.com

Oscillators Operate
To 60 MHz

THE MODEL VPC1 programmable crys-
tal-controlled oscillators are housed in
an industry-standard 5 X 7-mm ceram-
ic surface-mount package and have a fre-
quency range up to 60 MHz. The units
are high-performance complementary
metal-oxide semiconductor (HCMOS)
or TTL compatible and available with

either a supply voltage of +5.0 VDC =10
percent or +3.3 VDC *10 percent.
Operating temperatures are 0 to +70°C
or —40 to +85°C. Options include
+25-, *50-, or =100-PPM frequen-
cy stabilities and a tristate or power-down
function. P&A: $2.05 (1000 qty.) for
the metal can and plastic-package units
and $2.16 (1000 qty.) for the VPCI; 2
days.

VITE Technology Express, 166 Glover
Ave., P.0. Box 5160-5160, Norwalk, CT
06856, (203) 853-4433, FAX: (203) 849-
1423, Internet: www.viteonline.com/
products/index.htm

® Enter No. 93 at www.mwrf.com

Antenna Feed
Offers 6-dBi Gain

THE MODEL 0027 is a prime-focus, S-
band, dual-circular-polarized antenna
feed that is environmentally sealed with
aradome and gaskets. Frequency range
is 2.332 to 2.345 GHz with a gain of
6 dBi. With an isolation of 30 dB min-
imum and a VSWR of 1.5:1 maximum,
the temperature range is —50 to +52°C.
Seavey Engineering Associates, Inc., 28
Riverside Dr., Pembroke, MA 02359; (781)
829-4740, FAX: (781) 829-4590, Internet:
www.seaveyantenna.com.

@ Enter No. 94 at www.mwrf.com

Relay Targets
Test Equipment

THE MW IS a microwave frequency
relay that provides signal isolation at 6
GHz of 18 dB. Insertion loss is 0.38
dB and VSWR is 1.30:1. Coil-input
voltages of +5.0, +12.0, +18.0, and
+26.5 VDC are available. The MW6 relay
offers a printed-circuit-board (PCB)
footprint of 0.108 in.” and is 0.280 in.”
high. Applications include precision
test equipment and communications
systems. P& A: $50.00 to $60.00 each.
Cli Technologies, Inc., 1200 Ridgefield
Blvd., Suite 200, Asheville, NC 28806;
(828) 670-5300, FAX: (828) 670-6132,
Internet: www.ciitech.com.

@ Enter No. 95 at www.mwrf.com
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Diplexer Offers 60-MHz
UMTS/DCS Bandwidth

THE MINIATURE INTERMODULATION-
distortion (IMD)-free W2446D diplex-
er is designed for video reception and
transmission applications in the Universal
Mobile Telecommunications System
(UMTS)/digital-communications-ser-
vices (DCS) band. With an operating tem-
perature that spans the —40 to +70°C
range, standard +43-dBm input test
signals produce less than —100 dBm of
IMD signals. Bandwidth spans across
the 2110-to-2170-MHz frequency range,
while insertion loss is rated at less than
1 dB with a return loss that is better than
—17 dB. Transmitter (Tx)-to-receiver
(Rx) isolation is greater than 65 dB.
Power handling is greater than 100 W
continuous wave (CW) and peak power
rating is greater than 1.5 kw. P&A:
less than $150.00.

Wireless Technologies Corp., P.O. Box
7033, Springdale, AR 72762; (877) 420-
7983, (501) 750-1046, FAX: (501) 750-
4657, e-mail: wireless@ipa.net, Internet:
www.duplexers.com.

® Enter No. 96 at www.mwrf.com

Connectors Are Suitable
For Cellular Devices

TWO APPLICATION CONNECTORS are
designed for use in cellular device appli-
cations where board and chassis space
are limited. These right-angle connec-
tors mate with printed-circuit-board
(PCB) and card-mounted jacks. The
RMC-6010-A connector is available
for RG-178-U cable while the RMC-
6010-B is designed for use with RG-
174/U, RG-188/U, along with RG-
316/U cables. The connector bodies
are comprised of nickel (Ni)-plated and
machined brass. The connector con-
tacts consist of gold (Au)-plated beryl-
lium copper (BeCu) with the insula-
tion being Teflon.

RF Connectors, 7610 Miramar Rd., San
Diego, CA 92126, (858) 549-6340, FAX:
(858) 549-6345, e-mail: rfi@rfindustries.
com, Internet: www.rfindustries.com.

@ Enter NO. 97 at www.mwrf.com

Termination Spans
DC To 3 GHz

THE MODEL 100 NST-FN is a termina-
tion that uses aluminum-nitride (AIN)
as an alternative to beryllium-oxide
(BeO) substrates. Covering DC to 3

GHz, VSWRis 1.1:1 maximum at DC
to1 GHzand 1.15:1 maximum at 1 to
3 GHz. The power rating is 100 W
average. BNC, N, TNC, and 7/16 con-
nectors are available.

Bird Component Products, 10950 72nd St.
N., Suite 107, Largo, FL 33777; (727) 547-
8826, FAX: (727) 547-0806, e-mail:
sales@birdfla.com, Internet: www.birdfla.
com.

@ Enter No. 98 at www.mwrf.com

Epoxy Delivers
2400-psi Lap Shear

THEPF20101S a silver (Ag)-filled unsup-
ported epoxy adhesive film that provides
very thin, uniform bond lines and com-
bines electrical and thermal conduc-
tivity. Typical properties include an
aluminum-to-aluminum (Al-to-Al) lap
shear of more than 2400 psi, thermal
conductivity at 121°C of 3.5 W/m°K,
and volume resistivity of 0.0002 Q-cm.
It has a room-temperature work life of
90 days and a long shelf life when store
frozen. The epoxy is available in sheet,
tape, or die-cut pieces for specific bond

lines.

National Starch and Chemical Co., 10
Finderne Ave., P.O. Box 6500, Bridgewa-
ter, NJ 08807; (978) 436-9850, e-mail:
cAaD@preformadhesives.com.

® Enter No. 99 at www.mwrf.com

Test Kit Covers
40 To 220 GHz

THE FCC SPURIOUS and Harmonic Test
Kit are designed for use with popular
spectrum analyzers. Each kit contains
four mixers, providing continuous cov-
erage from 40 to 220 GHz. Each mixer
is equipped with an appropriate horn
antenna for accomplishing the Feder-
al Communications Commission (FCC)-
desired rated spurious-level measurement.
Oleson Microwave Labs, 355 Woodview
Dr., Suite 300, Morgan Hill, CA 95037;
(408) 779-2698, FAX: (408) 778-0491,
Internet: www.oml-mmw.com.

® Enter No. 100 at www.mwrf.com

Converter Accepts
160-MHz IF Signals

THE CS-1024G 1S a dual-channel, inter-
mediate-frequency (IF)-to-baseband
converter that accepts IF input signals
at 70 MHz, 140 MHz, or 160 MHz and
converts those signals to a baseband
output. The unit features matched-gain
and phase characteristics between its dual
channels. This instrument, combined with
the CS-5038 Dual Channel Microwave
Receiver (Rx), can produce matched-path
characteristics over the entire receiv-
ing signal path, from the microwave
antenna-signal input to the baseband out-
put where the signals can then be dig-
itized and processed. The converter can
handle signal bandwidths between
250 kHz and 80 MHz and has greater
than 60 dB of gain control. A trigger
option is included.

Communication Solutions, Inc., 10552
Philadelphia Rd., P.O. Box 43550, Balti-
more, MD 21236; (410) 344-9000, FAX:
(410) 344-1790, e-mail: sales@comsol
inc.com, Internet: www.comsol-inc.com.

@ Enter No. 101 at www.mwrf.com
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Continued from page 116
cdma2000, wideband CDMA
(WCDMA), and Enhanced Data-rates-
for-Global-Evaluation (EDGE) stan-
dards. The signal generators feature
level accuracy of better than +0.5 dB
for output levels above —127 dBm and
frequencies below 2 GHz.

The company's latest line of syn-
thesized signal generators, the Perfor-
mance Signal Generator (PSG) series,
provide frequency coverage as wide as
250 kHz to 40 GHz with
low phase noise, 0.01-
Hz frequency resolution,
and high output power for
a wide range of broad-
band commercial and
military measurement
applications (Fig. 2). The
PSG sources are code
compatible with the ear-
lier 8360 and 8370 sig-
nal generators to simpli-
fy installation in automatic-test-equipment
(ATE) systems. The front panels of the
PSG sources are clean and straightfor-
ward, resembling the firm's ESG digi-
tal signal-generator line.

The PSG line includes the 250-kHz-
t0-20-GHz models E8241A and 8251A
and the 250-kHz-to-40-GHz models
E8244A and E8254A. The E8241A
and E8244A are meant for use as cal-
ibrated local oscillators (LOs) and do
not include modulation, while the
E8251A and E8254A provide AM, FM,
phase modulation, as well as pulse
modulation.

The PSG sources achieve low phase
noise of —110 dBc/Hz offset 20 kHz from
a 10-GHz carrier. Through option UNJ,
the phase noise can be improved close
to the carrier to — 104 dBc/Hz offser 500
Hz from a 10-GHz carrier. The low
phase noise is based on the use of a
precise oven-controlled crystal oscilla-
tor (OCXO) in both cases.

Both 20-GHz models feature an out-
put power range of —20 to +13 dBm from
250 kHz to 20 GHz, with higher out-
put levels available through an option.
The 40-GHz models offer output-power
levels of —20 to +10 dBm across the full
250-kHz-to-40-GHz range, also with

Aeroflex
comstron
and Programmed
Test Sources offer
high-speed solu-
tions suitable for
RF testing.

an option for higher output power. For
power levels greater than +10 dBm, the
level accuracy is £1.3 dB from 250
kHz to 20 GHz. For power levels of —10
to +10 dBm, the level accuracy is bet-
ter than £0.9 dB from 250 kHz to 40
GHz. Power levels in the PSG synthe-
sizers can be adjusted with 0.01-dB
resolution. ‘

Another major supplier of high-qual-
ity signal sources, Rohde & Schwarz
(Munich, Germany) offers the SME an
SMR lines of analog sig-
nal generators for RF and
microwave applications,
respectively. The SME line
includes the 5.0-kHz-to-
1.5-GHz model SME 02,
the 5-kHz-to-3-GHz model
SMEO03, the 5.0-kHz-to-
2.2-GHz model SMEO3E,
and the 5-kHz-to-6-GHz
model SMEO6. The SMR
series includes the 1-to-
20-GHz model, the 1-to-27-GHz model
SMR27, the 1-to-30-GHz model SMR 30,
and the 1-to-40-GHz model SMR40.
All of the generators offer an option for
coverage to 10 MHz. The source provides
+10-dBm leveled output power to 20
GHz and +9-dBm leveled output power
to 40 GHz, with amplitude coverage as
low as —130 dBm through an optional
step attenuator.

The company's SMIG line of vector
signal generators addresses the require-
ments of testing with digitally modulated
signals. The line includes the 300-kHz-
to-2.2-GHz model SMIQO2B, the 300-
kHz-to-3.3-GHz model SMIQ03B, the
0.3-to-4.4-GHz model SMIQO04B, as
well as the 0.3-t0-6.4-GHz model
SMIQO6B. All of these sources offer
0.1-Hz frequency resolution and out-
put levels from —140 to +13 dBm that
can be set with 0.1-dB resolution. The
phase noise for the 02B and 03B mod-
els is less than —126 dBc/Hz offset 20
kHz from a 1-GHz carrier. In addition
to conventional analog modulation,
the generators incorporate an extreme-
ly broadband 30-MHz vector modulator
tor creating the complex modulation for-
mats common to modern communica-
tions systems.

MICROWAVES & RF

For multi-tone testing, the MTG
2000 multi-tone signal generator from
Aeroflex RDL (Conshohocken, PA)
can provide up to 16 independent CW
signals for testing multi-tone cellular
power amplifiers (PAs). Each tone is
generated by a separate source with
10-Hz frequency resolution, with fre-
quency ranges of 800 to 1000 MHz
and 1700 to 2200 MHz available for
cellular and personal-communications-
services (PCS) testing. The firm also
offers the model CSG multicarrier sig-
nal generator for cable-television (CATV)
testing. The CSG can be supplied with
capability for generating up to 159
simultaneous tones.

For high-speed frequency switch-
ing, Aeroflex Comstron (Plainview,
NY) and Programmed Test Sources
(Littleton, MA) offer high-speed solu-
tions for RF testing. The FastSource
1200 from Aeroflex Comstron operates
from 4.5 to 6010 MHz with less than
100-ps switching speed to within 1
radian of the final phase/frequency.
The phase noise is typically =110
dBc/Hz offset 1 kHz from the carrier and
—125 dBc/Hz offset 10 kHz from the
carrier. The synthesizer delivers +7-
dBm output power with +1.5-dB flat-
ness across its frequency range. The
frequency resolution is 1 Hz from 4.5
to 1999 MHz, 2 Hz from 2000 to 3999
MHz, and 4 Hz from 4000 to 6010
MHz. The firm also offers the rack-
mount model FS-2000 synthesizers for
applications through 18.4 GHz and
the modular model FS-5000 synthe-
sizer for use through 18 GHz, the lat-
ter with better than 200-ns switching
speed.

The PTS 3200 frequency synthesiz-
er from Programmed Test Sources pro-
vides frequency coverage from 1 to
3200 MHz with switching speeds in
excess of 20 ws. The source provides out-
put levels to +13 dBm with =0.7-dB flat-
ness, as well as 1-Hz frequency resolution.
The phase noise is less than =116
dBc/Hz offset 10 kHz from the carri-
er, with a noise floor of =130 dB¢/Hz.
The firm also manufactures the model
PTS 1000 for applications from 0.1 to
1000 MHc. [I3d
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Epoxy Preforms

A BROCHURE CONTAINS an overview of
standard and custom epoxy preform
applications. A description of the advan-
tages of epoxy preforms compared to
traditional liquid dispensing systems is
provided. Product specifications, as
well as an introduction to automatic,
semi-automatic, and manual-loading
systems are included.

Multi-Seals, Inc.; (860) 643-7188, FAX:
(860) 643-5669, e-mail: sales@multi-
seals.com, Internet: www.multi-
seals.com.

@® Enter No. 60 at www.mwrf.com

Conformal Encapsulants

A BROCHURE DESCRIBES a line of sol-
vent-free, light-curing conformal coat-
ings and encapsu-

lants. The brochure
R Contormal Coatings and Encapsulants
features processing
information, as well
as a selector guide
that lists five con-
formal coatings
along with four
encapsulants. Fea-
tures, benefits, and agency approvals
that differentiate the line from traditional,
slower- curing conformal coatings are
provided.

Dymax Corp., (877) 396-2988, (860) 482-
1010, FAX: (860) 496-0608, e-mail:
info@maxcorp.com, Internet:

www.dymax.com.

® Enter No. 61 at www.mwrf.com

Heat Sinks

A 24-PAGE catalog offers extruded and
special heat sinks. Specifications include
dissipated power, thermal resistance, air-
temperature rise, time constant, air-
volume stream, fan-power input, fan-
nominal voltage, speed, bearings,
materials, finish, mounting surface, and
weight with or without fans.

Alutronic Kuhlkorper GmbH & Co. KG; (0
23 53) 9 15-5, FAX: (0 23 53) 91 53 33, e-
mail: alutronic@t-online.de, Internet:

www.alutronic.de.

® Enter No. 62 at www.mwrf.com

Heat-Activated Adhesives

A CATALOG PROVIDES specifications,
tape constructions, and suggested end
uses for four classes of pressure-sensi-
tive adhesives. Rubber-based (double-
coated foams, single-coated foams, and
double-coated films), acrylic-based
(doubled-coated films, transfer adhesives,
double-coated foams, and single-coat-
ed foils), silicone-based (double-coat-
ed films, transfer adhesives, and sin-
gle-coated foils), and heat-activated
adhesives are offered. Descriptions of
the PSA-tape systems for industrial end-
use markets are included.

Adhesives Research, Inc.; (717) 235-7979,
(717) 235-8320, Internet: www.adhe-
sivesresearch.com.

® Enter No. 63 at www.mwrf.com

Cable Assemblies

A SIX-PAGE brochure discusses design
and manufacturing services for a range
of custom cable assemblies, various
types of battery packs and technolo-
gies, and interconnection components.
Design- and reverse-engineering ser-
vices, documentation preparation, com-
ponent sourcing, manufacturing and
testing, and vendor-managed invento-
ry are covered.

Aved/Generation Electronics, Inc.; (800)
441-2833, (978) 453-6393, FAX: (978) 453-
6470, e-mail: info@aved.com, Internet:
www.aved.com.

@ Enter No. 64 at www.mwrf.com

Oscillator Jitter

AN EIGHT-PAGE technical application
note discusses the causes and conse-
quences of oscillator jitter in wireless and
data-communications circuits and sys-
tems. Twelve frequently-asked ques-
tions (FAQ), touching upon measure-
ment, readability, rise time, as well as
clock-waveform symmetry, are listed and

answered. Technical drawings are includ-
ed.

MF Electronics; (914) 712-2200, FAX: (914)
576-6204, e-mail: sales@mfelectronics.
com, Internet: www.mfelectronics.com.

® Enter No. 65 at www.mwrf.com

Industrial Materials

A 24-PAGE brochure provides informa-
tion on the capabilities of a company
that supplies metals, polymers, ceram-
ics, as well as other materials to meet
the research, development, and spe-
cialist production requirements for sci-
entific and industrial applications. Com-
pany structure and material availability
are covered. A product guide is
included.

Goodfellow Corp.; (800) 821-2870, (610}
640-1612, FAX: (800) 283-2020, (610) 993-
8065, e-mail: info@goodfellow.com, Inter-
net: www.goodfellow.com.

® Enter No. 66 at www.mwrf.com

Power Conversion

POWER-CONVERSION SYSTEMS are the
subject of a 68-page catalog. DC-to-
DC and AC-to-DC converters, DC-to-
AC and AC-to-AC inverters, and bat-
tery chargers are offered. Mechanical
specifications are included.

Schaefer, Inc.; (508) 881-7330, FAX: (508) 231-
0861, e-mail: sales@schaeferpower.com,
Internet: www.schaeferpower.com

® Enter No. 67 at www.mwrf.com

DAQ Systems

A CATALOG INCLUDES a selection of
benchtop programmable function,
pulse/function, and universal/arbitrary
waveform generators. Counters and
frequency standards; portable, net-
worked, and wireless data-acquisition
(DAQ) systems; and plug-and-play VXI
products are presented.

Fluke Corp.; (888) 492-7554, FAX: (425)

446-5116, e-mail: fluke-info@fluke.com,
Internet: www.calibration.fluke.com.

@ Enter No. 68 at www.mwrf.com
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LNBs/Tuners

A BROCHURE COVERS high-frequen-
cy products. Low-noise block down-
converters (LNBs), tuners, modula-
tors, and antenna units are offered.
Specifications include supply volt-
age, current consumption, local-oscil-
lator (LO) frequency, intermediate-
trequency (IF) output, conversion
gain, operating temperature, and
operating voltage. Application infor-
mation is presented.

Alps Electric Europa GmbH; (+49)
211/5977-0, FAX: (+49) 211/5977-146,
e-mail: alpseuropa@alps-europe.com,
Internet: www.alps-europe.com.

@ Enter No. 69 at www.mwrf.com

Military Connectors

A 266-PAGE catalog offers solutions
for connector needs regarding com-
mercial, industrial, harsh-environ-
ment, as well as military applica-
tions. Comparison charts for 23
connector series, layouts, dimensions,
and illustrations are included. Test data,
technical specifications, selection
guides, and assembly instructions are
provided.

PEI-Genesis; (800) 773-3840, Internet:
WWW.pei-genesis.com.

® Enter No. 70 at www.mwrf.com

Connectors/Cable

A 280-PAGE catalog features compo-
nents and assemblies that are suit-
able for a variety of applications.
Connectors, cable, integrated-circuit
(IC) sockets, semiconductors, tran-
sistors, diodes, rectifiers, crystals,
oscillators, inductors, coils, filters,
capacitors, and resistors are speci-
fied. Potentiometers, thermistors,
switches, relays, test equipment, bat-
teries, fuses, transformers, and power
supplies are also included.
Digi-Key Corp.; (800) 344-4539, (218)
681-6674, FAX: (218) 681-3380, Inter-
net: www.digikey.com.

@ Enter No. 71 at www.mwrf.com

Pick-And-Place System

A BROCHURE COVERS the general-pur-
pose model 830 semiautomatic pick-
and-place system for die- and sur-
face-mount components. The system
works with any tape-mounted die-
removal system. Product features,
including optional epoxy die-bond-
ing capability, and specifications are
offered.

Semiconductor Equipment Corp., (805)
529-2293, FAX: (805) 529-2193, Inter-
net: www.semicorp.com.

@ Enter No. 72 at www.mwrf.com

Technical Computing

THE MATLAB 6 Information Kit includes
an overview of MATLAB, with tech-
nical data sheets and code examples.
Information shows how MATLAB and
its companion products can help
users interface to external devices
and data, perform complex analy-
ses, visualize data, and develop algo-
rithms and applications faster and
more effectively.

The MathWorks; (508) 647-7000, FAX:
(508) 647-7101, e-mail: info@math-
works.com, Internet: www.math-
works.com/mtlbé.
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Power Amplifiers

A BROCHURE DETAILS wireless com-
munications products. Power ampli-
tiers (PAs), local multipoint-distri-
bution services (LMDS), point-to-
multipoint amplifiers, very-small-
aperture-terminal (VSAT)/satellite-
communications (SATCOM) ampli-
fiers, super-broadband amplifiers for
fiber optics, high-power amplifiers,
as well as up and downconverters
are covered. Information that focus-
es on design, quality, and manufac-
turing is provided. Specifications are
included.

CTT Wireless; (408) 988-2999, e-mail:
wireless@cttinc.com.
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technology

Continued from page 129

compact 2U [3.50-in. (8.89-cm)-high]
form factor conserves rack space, and
the physical layout of the front and/or
rear panel can be designed to customer
specifications.

Standard versions of the S46 can
accommodate up to eight single-pole,
double-throw (SPDT) coaxial microwave
relays and four multipole coaxial
microwave relays. Any of the four mul-
tipole coaxial relays can be single-pole,
three throw (SP3T); single-pole, four
throw (SP4T); single-pole, five throw
(SP5T); or single-pole, six throw (SP6T).
Relays can be added to the system as test
requirements evolve. The modular
nature of the $46 minimizes the num-
ber of subassemblies in the system,
resulting in easier system specification
at the time of order.

A contact-closure counter in the S46
allows users to monitor the remaining ser-
vice life of relays. Relays are rated for a
minimum of two million cycles, and the
system counts and stores the number of
contact closures for each relay in nonvolatile
memory. These data enable maintenance
to be scheduled proactively when relays
are nearing the end of their mechanical
life, rather than in response to unex-
pected failures that can result in lost pro-
duction time. In addition to counter data,
the S46's nonvolatile memory can store
up to 68 B of parameter information for
each relay contact or pathway. If a spe-
cific performance parameter is critical, such
as VSWR or insertion loss, the parame-
ter can be stored in memory for trend anal-
ysis between scheduled maintenance
shutdowns.

Other sourcing, switching, and mea-
surement instruments for use with the
546 are also available from the manu-
facturer. This allows the user to spec-
ify and obtain complete test solutions
where instruments share common pro-
gramming requirements, and can be
supported by a single, comprehensive
product-service-and-support organi-
zation. Keithley Instruments, Inc., 28775
Aurora Rd., Cleveland, OH 441309;
(440) 248-0400, FAX: (440) 248-6168,
Internet: www .keithley.com I3
Enter No. 57 at www.mwrf.com
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new literature |

GPS Networking

A 40-PAGE catalog offers books and soft-
ware covering communications engi-
neering and management. Subjects such
as wireless third generation (3G), gen-
eral-packet radio service (GPRS), Glob-
al System for Mobile Communications
(GSM), satellite communications, intel-
ligent transportation systems (ITS), and
Global Positioning System (GPS), net-
working, Internet, security, and e-com-
merce are detailed. Software engineer-
ing and computing are also presented.
Artech House; (800) 225-9977, (781) 769-
9750, FAX: (781) 769-6334, e-mail: artech@
artechhouse.com, Internet: www.artech-
house.com.
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Coaxial Cables

A 10-PAGE selector guide includes coax-
ial cables with single, double, and triple
shielding. These cables are suitable for
communications infrastructure as well
as test and measurement, where per-
formance and repeatability are required.
Cables with stainless-steel armor are
offered, along with such options as
removable connector heads.

Avnet; (800) 778-4401, (480) 985-9000,
FAX: (480) 985-0334, Internet: www.sem-
flex.com.
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Power Amplifiers

AN 18-PAGFE catalog features analog-
design solutions. Low-noise amplifiers
(LNAs), power amplifiers (PAs), volt-
age-controlled oscillators (VCOs), mix-
ers, upconverters, downconverters,
driver integrated circuits (ICs), as well
as receivers (Rxs) are examined. Mod-
ulators, demodulators, transceivers,
transmitters (Txs), buffer amplifiers,
data converters, power controls,
and power supplies are offered.
Specifications, such as supply voltage,
resolution, input channels, sample rate,
voltage reference, data-bus interface,
output power, and power control, are

included.

Maxim Integrated Products, Inc.; (800)
998-8800, (408) 737-7600, FAX: (408) 737-
7194.
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DAQ Recorder

A 12-PAGE brochure describes the com-
pact, high-speed Dash 18 "One Touch"
data-acquisition (DAQ) recorder. The
brochure contains complete specifica-
tions of the unit and a variety of close-
up photos of the monitor in various
configurations. The brochure also pro-
vides unretouched chart samples from
the optional printer, as well as other
options such as microphones and
webcams.

Astro-Med, Inc.; (877) 867-9783, e-mail:
MTGroup@astromed.com, internet:
www.astro-med.com.
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Input/Outputs

A 32-PAGE catalog focuses on personal-
computer (PC)-based analog input/out-
puts (I/Os). Ultra-high-speed PC-inter-
face (PCI)-bus-compatible four-channel
12-b analog input boards; ultra-high-
speed PCl-bus-compatible 14-b, 64-
channel analog input boards; and ultra-
high-speed PCI-bus-compatible 16-b,
64-channel analog input boards; PCI-
bus-compatible analog I/O boards; and
ultra-high-speed four-channel, 12-b
analog input boards are specified. ISA-
bus-compatible analog 1/Os and
counter/timer boards and PC-card-com-
patible analog I/O and counter/timer
boards are also available.
Measurement Computing; (508) 946-5100,
FAX: (508) 946-9500, Internet: www.Mea-
surementComputing.com.

@ Enter No. 79 at www.mwrf.com

Resistance Testers

A FOUR-PAGE brochure highlights the
3711 and 3731 models of clamp-on
ground-resistance testers. Product

descriptions, features, constructions,
and functions are covered. Specifications,
such as resistance and current mea-
surement frequencies, current overload,
power supply, battery life, operating
humidity, and operating temperature,
are provided.

AEMC Instruments; (800) 343-1391, (508)
698-2115, FAX: (508) 698-2118, Internet:
WWW.aemc.com.
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High-Current Pulsers

A FOUR-PAGE short-form catalog fea-
tures nanosecond waveform electron-
ics. High-current pulsers, high-speed
pulsers, laser-diode drivers, convert-
ers, burst generators, function genera-
tors, power amplifiers (PAs), impulse
generators, DC offset options, and gen-
eral-purpose-interface-bus (GPIB) com-
puter controls are offered. Medium-
current pulsed-laser diode drivers,
frequency dividers, burst generators,
high-voltage pulse generators, high-
voltage function generators and ampli-
fiers, impulse generators, 100-ps rise-
time pulsers, high-current laser-diode
drivers, and general-purpose lab-
pulse/delay generators are presented.
Avtech Electrosystems; (800) 265-6681,
FAX: (800) 561-1970, e-mail: info@avtech-
pulse.com, Internet: www.avtechpulse.
com.

@ Enter No. 81 at www.mwrf.com

Coatings/Encapsulants

ASELECTOR GUIDE describes a line of sol-
vent-free, light-curing conformal coat-
ings and encapsulants. The brochure fea-
tures processing information, as well as
a selector guide listing five conformal
coatings and four encapsulants. Fea-
tures, benefits, and agency approvals
which differentiate the line from tra-
ditional slower-curing conformal coat-
ings are listed.

Dymax Corp.; (860) 482-1010, FAX: (860)
482-1308, e-mail: info@dymaxcorp.com,
Internet: www.dymax.com.

@ Enter No. 82 at www.mwrf.com
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Easily
Configurable
High
Thru-put

A compact, full featu f configurable, manually operaled test fixture
ith rapid load unlo bility. Useful for production meas
thin film and packaged microwave components with NIS

 Benchtop:
* Top Plate 2-lift « Stage * Integral Vacuum Accessory Manitold
* 7X-40X Stereo Zoom Micrescope & Adjustable Halogen lliuminator «
* Viacuum Accessories ® Compatible with 40GHz« probes

Standard and custom chuck plates lor festing

MICROSTRIP PACKAGES

ﬁ:~ chnology

The Standard for Test L‘arrelatmn

o mccmTeclmology

i jmicrotee

R N R LN el L E LE LR

FREQUENCY

SYNTHESIZERS

interface

PLCRO’s
PLDRO’s

CUSTOM

OURCES

Your Source for World Class Performance, Quality & Low Cost

Tel: (516) 358-2880 Fax: (516) 358-275

20 N. Tyson Ave., Floral Park, NY 11001

Web: www.luffresearch.co
E-mail: sales@luffresearch.co

JMICROTECHNOLOGY Enter No. 550 at www.mwrf.com LUFF RESEARCH Enter No. 551 at www.mwrf.com
””” | ¢ =
0.5 TO 26.5 GHz | B > | !
SIGNAL GENERATORS AT K S I ers o z

S t
even compact, P ° .
programmable ELECT * ONICS . Wegve.guade. n

Stripline/Microstrip

models cover ] "Where your dreams turn into reality.” I ® PP .

0.5 to 26.5 GHz Transmission Line

with 1 MHz

resolution.
Prices start at
$3,750

April Instrument
Sunnyvale, CA
Web site:
http://www.aprilinstrument.com
Tel: (650) 964-8370 + Fax: (650) 965-3711

* Std. 5 and 10 MHz OCXO
+ TCXO VCXO TC-VCXO
* WIDE BAND VCXO +/- 5000 ppm pull
* Customized crystal and L/C filters
* std. 10.7/21.4/45/70 MHz two pole crystal filters
* Phase noise measurement services
Call / fax for the quote.

Call or Fax your requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Ph: (602) 971-3301 Fax: (602) 867-7250

Visit our website www kselectronics.com

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NI

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 " 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http:/iwww.microwavefilter.com

APRIL INSTRUMENTS Enter No. 552 at www.mwrf.com

K S ELECTRONICS Enter No. 553 at www.mwrf.com
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RETURN LOSS BRIDGES

(5

TYPES: Fixed and Variable Bridges
FREQUENCY RANGES:

Models available from .03 - 1000 MHz
DIRECTIVITY: 40 dB minimum
WBE Bridges are Broadband RF transformer type RF
In-RF Qut Impedance Bridges. Insertion loss of the
bridge is read directly as return loss (VSWR).a
Options include impedance conversion |i.e. for

taking 75 ohm measurements on a 50 ochm
system), DC blocking, Test Data, and connectors.

WIDE BAND ENGINEERING CO. INC.

P.O. Box 21652, Phoenix, AZ 85036
Phone & Fax (602) 254-1570

WIDE BAND ENGINEERING Enter No. 555 at www.mwrf.com

PLDROs, PLCROs
Surface Mount DROs
PLDRO Modules

YIG SYNTHESIZERS

Princeton Microwave Technology

3 Nami Lane, Unit C-10, Mercerville, NJ
Tel: 609-586-8140 Fax: 609-586-1231
www.Pmmt.net email: PmmT@aol.com

PRINCETON MICROWAVE Enter No. 556 at www.mwrf.com

Personal
Probe
Station

Very Low Cost
High Function

ted probe station

A compact full featured, modest!

developed for
RF and DC p:
d Assemblie:

onductor Devices,
IST !ram ability

) ® Vacuum chuck ® X-Y-0 stage =
Z

® 7X- dUX Stereo Zoos
sVacuum A
* Acg

e * Adjustabie Halogen liuminalor &
ries ® Compatible with 40GHz+ probes »
or Thermal Chucks and Probe Cards »

Ori

o Test wafers, microstrip packages and surface mount componentse

@w}nw&m

A Probe Station Qn Every Bench
J MICROTECHNOLOGY

o nucmTk‘z'hnologv
¥7. {l NW Biue rry
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FRONT-TO-BACK

Accelerating Tomorrow’s Designs

NOT Just Another Tradeshow

EDA: Front to Back features a unique test-drive

another showcase. You will be able to select from a wide

Each “Test-Drive” Demo is equipped with a maximum

of 6 computer workstation/PCs to demonstrate to a
small group of designers. You'll see the software in action and try it out
for yourself in an intimate classroom-like setting.

This is the hands-onrevolutionary forum
that puts you in the driver’s seat...

Open the door-turn the key and Register Now!

Lead Sponsor:
R Crya
@Sun

Media Sponsors:

Supporting Sponsor:

Affiliate Sponsors:

range of educational sessions presented by vendors.

$XILNX

Test-Drive Showcase:
September 25-26, 2001

Each conference track
consists of instruction
training classes on the
prime areas of design:

* Field Programmable
Gate Arrays (FP)
* System Design (SD)

* Functional Verification (FV)
¢ Functional Design (FD)
* Physical Design (PD)

¢ Analog/Mixed Signal
Design (MS)

« Design For Test (DT)

e Design Languages
(DA, DB, DC, DD, DE, DF )

* DSP Design (DS

L MERE

Hospitality Sponsor: Associate Sponsor:
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Do your
latest

design ideas
seem like

INITS 30TH ANNIVERSARY ISSUE 10 years ago,

this magazine remembered such key moments as the invention

of the klystron by the Varian brothers, Russell (left) and

Sigurd (right), in 1953.

»next month

Microwaves & RF August Editorial Preview
Issue Theme: 40th Anniversary/

Wireless Applications

News

In celebration of 40 years
in publication, Microwaves
& RF takes a fond look back
over the events, technolo-
gies, and people who have
shaped the high-frequen-
cy/high-speed industry
since 1962. This will be an
issue to cherish, loaded
with interviews of key indi-
viduals at leading compa-
nies and classic photog-
raphy to tell the story of an
industry's moments of glory
and failure during the past
40 years, as well as the
magazine that has tried to
capture those moments.
There will also be a report
on one of the longest suc-
cess stories in this indus-
try: Agilent Technologies/
Hewlett-Packard Co.

ROWA

Design Features

In the August issue, the
historical coverage will be
backed by a strong lineup
of technical articles, includ-
ing features on designing
high-frequency oscillators
and simulating IM distor-
tion in high-power ampli-
fiers. Additional articles
will examine a high-power
LDMOS transistor for IFF
avionics systems, tech-
nigues for the noncoherent
detection of standardized
FQPSK modulation, meth-
ods for making triggered
measurements with a sam-
pling power meter, how
to design microstrip-cou-
pled-line filters for WCDMA
applications, as well as
a review of SOS switch
technology.

& R 144

Product
Technology

The Product Technology
section will continue cov-
erage of key product devel-
opments from the recent
MTT-S conference and exhi-
bition. Product reviews will
cover an automated system
for reliability testing of
wideband RF devices, an
automated assembly sys-
tem that promises new
levels of consistency in
high-power RF transistors,
and a line of low-noise frac-
tional-N and integer phase-
locked loops (PLLs). Addi-
tional product features will
highlight a 100-W WCDMA
PA for IM testing and a
series of high-speed op-
tical devices for OC-192
(10-Gb/s) systems.




Get a piece of the ARRA pie...

We’ve said a mouthful with these
pie a la mode units . . . A truly
time-tested ARRA product. Mod-
ified along the way into a lightweight
rugged, dependable product. Prac-
tically shockproof (can stand up to

any environmentals). Broadband, lin-

ear phase slope, great specs!
® Three sized units for maximum, medium, or
trim-type phase adjustments
e Lowinsertion loss & excellent VSWR

® Completely enclosed sliding mechanism offers
maximum protection

Visit our webstte at www.arra.com

Phase Shifters
DC-18 GH7

e Available with micrometer or locked shaft
® Unique matching structure
¢ RF power, 100 W average

Some of the best darn component
recipes you can find are cooking at
ARRA right now! Send for your

copy today and get a piece of the
ARRA pie.

..the last word in variable attenuators

rl lRRI llNC.
ANTENNA & RADOME RESEARCH ASSOCIATES l

15 Harold Court, Bay Shore, N.Y. 11706 ¢ 631-231-8400

Enter No. 213 at www.mwrf.com




~ g? ‘Want a higher return on your amplifier

Ve 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)

150 9001 certified

Enter No. 205 at www.mwrf.com

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.

10% watt 50° hybrid SMD coupler —
“E” case. Application for balanced amplifiers
and signal distribution.

Jinaren

What'll we think of next?™
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